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Volume 2015, Article ID 871656, 2 pages

Icariin Intervenes in Cardiac Inflammaging through Upregulation of SIRT6 Enzyme Activity and
Inhibition of the NF-Kappa B Pathway, Yang Chen, Tao Sun, Junzhen Wu, Bill Kalionis,
Changcheng Zhang, Ding Yuan, Jianhua Huang, Waijiao Cai, Hong Fang, and Shijin Xia
Volume 2015, Article ID 895976, 12 pages

Potential Cardiovascular Risk Protection of Bilirubin in End-Stage Renal Disease Patients under
Hemodialysis, Maria do Sameiro-Faria, Michaela Kohlova, Sandra Ribeiro, Petronila Rocha-Pereira,
Laetitia Teixeira, Henrique Nascimento, Flávio Reis, Vasco Miranda, Elsa Bronze-da-Rocha,
Alexandre Quintanilha, Luı́s Belo, Eĺısio Costa, and Alice Santos-Silva
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As part of the aging process, our bodies accumulate increas-
ing damage at the tissue, cellular andmolecular levels, leading
to a loss of function and to an increased risk of morbidi-
ties and of mortality. Increasing life expectancy has been
associated with increasing risk of aging-associated diseases,
including cardiovascular disease (CVD). CVD is responsible
for over than 4 million deaths in Europe every year.

The majority of CVD is caused by risk factors that
can be controlled, treated, or modified, such as high blood
pressure, cholesterol, overweight/obesity, tobacco use, lack of
physical activity, and diabetes. However, there are also
other major CVD risk factors that cannot be controlled.
The normal process of aging is associated with progressive
deterioration in structure and function of the heart and
vasculature that likely contribute to the development of CVD,
including coronary heart disease, hypertension, and heart
failure. Since elderly is one of the fastest growing segments
of the population, it is of vital importance that we have a
thorough understanding of the physiological changes that
occur with aging that could contribute to the increased risk
for CVD in elderly population. More investigation at both
the basic and clinical levels is necessary to identify therapies
that will benefit older patients on the basis of both the patho-
physiology of age-related CVD and the frequent presence of
comorbid diseases.

This special issue includes review and original research
articles. In one article, E. Bronze-da-Rocha reviews the

biogenesis and processing of miRNAs, as well as their release,
stability, and modulation. The potential use of miRNAs
expression profiles as biomarkers for some human heart
diseases and aging is highlighted. In another review article,
G. D. Kolovou et al. reviewed some ofmechanisms associated
with ageing, such as the pathways involved in oxidative stress,
lipid and glucose metabolism, inflammation, DNA damage
and repair, growth hormone axis, and insulin-like growth
factor, and some environmental factors. Moreover, some
theories of ageing were also discussed. J. Wu et al. reviewed
the role of oxidative stress and inflammation in cardiovas-
cular aging. M. Janić et al. reviewed the different pharma-
cological therapeutic options for decreasing arterial stiffness.
The influence of several groups of drugs is described: antihy-
pertensive drugs, statins, peroral antidiabetics, advanced gly-
cation end-products cross-link breakers, anti-inflammatory
drugs, endothelin-A receptor antagonists, and vasopeptidase
inhibitors. Concerning the research articles, Y. Chen et al.
report an in vitro study showing that icariin, an important
and active component in Herba Epimedii, upregulated the
expression of SIRT6 gene and had an inhibitory effect
on NF-𝜅B inflammatory signaling pathways. These results
provided some evidence that icariin could reduce the body’s
inflammatory response and delay aging. S. Coimbra et al.
showed that adiponectin and leptin levels in elderly patients
with type 2 diabetes mellitus are closely linked to obesity
and to the length of the disease. Moreover, they showed that
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circulating chemerin concentrations are increased and are
independent of the length of the disease and of the bodymass
index, suggesting that adipocyte dysfunction is enhanced
with aging. M. d. Sameiro-Faria et al. showed that in the
end-stage renal disease patients under hemodialysis bilirubin
seem to confer protection for cardiovascular diseases, inde-
pendently of age. C. Rammos et al. showed that nitrate dietary
supplementation is associated with a reduction of circulating
proinflammatory cytokine macrophage migration inhibitory
factor levels, which is associated with an improvement in
vascular function. This work supports the concept of dietary
approaches to modulate age-related changes of vascular
functions. C.-J. Lee et al. evaluate the relationship between
fasting osteopontin serumconcentration and carotid-femoral
pulse wave velocity in geriatric persons. They showed that
osteopontin, which seems to have a role in atherosclerosis,
was an independent predictor of carotid-femoral pulse wave
velocity in geriatric persons. J. M.Morillas-Ruiz et al. showed
that the use of polyunsaturated fat at breakfast is advisable in
women at risk of CVD, since margarine improved the plasma
lipid profile. A. Gawron-Skarbek et al. reported no differences
in total antioxidant activity between men with and without
coronary heart disease. They also demonstrated no changes
of the antioxidant capacity of human blood serum with age.
M. A.Meraz-Rı́os et al. demonstrated that allele 18-vWA (von
Willebrand factor) and 9-human thyroid peroxidase (TPOX)
and 12-TPOXare relatedwith high venous thromboembolism
risk, by using a case-control study. C. E. Wyers et al. showed
that with increasing age the prevalence of CVD, venous
thromboembolic events, hypertension, and diabetes mellitus
type 2 increased up to half in men older than 70 years
and in women older than 80 years. M. E. Mortby et al.
provide further evidence of the protective effect of education
for brain health and cognition. They also highlighted the
importance of considering the possible interactive effects
of comorbid CVD risk factors in increasing the risk of
white matter pathology, irrespective of the protective effect
provided by education-related cognitive and neural reserve.
Finally, Y. H. Kim et al. describe the possibility of using
Hachinski ischemic score in the community dwelling elderly
population for the evaluation of the quantity of vascular
factors. Association of high Hachinski ischemic score in,
elderly community dwelling, with lower cognitive function,
especially in elderly with poorly controlled vascular factors,
was also demonstrated.

The present issue constitutes an important update in a
constantly developing field. We hope this special issue will
provide new inputs for those who are interested in aging
and/or in cardiovascular risk factors.

Eĺısio Costa
Alice Santos-Silva
Constança Paúl

Javier González Gallego
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The aim of the study was to investigate the effect of icariin (ICA) on cardiac aging through its effects on the SIRT6 enzyme and on
the NF-𝜅B pathway. Investigating the effect of ICA on the enzymatic activity of histone deacetylase SIRT6 revealed a concentration
of 10−8mol/L ICA had a maximum activating effect on histone deacetylase SIRT6 enzymatic activity. Western analysis showed that
ICA upregulated SIRT6 protein expression and downregulated NF-𝜅B (p65) protein expression in animal tissues and cell models.
ICA upregulated the expression of SIRT6 and had an inhibitory effect on NF-𝜅B inflammatory signaling pathways as shown by
decreasing mRNA levels of the NF-𝜅B downstream target genes TNF-𝛼, ICAM-1, IL-2, and IL-6. Those effects were mediated
directly or indirectly by SIRT6. We provided evidence that inflammaging may involve a novel link between the effects of ICA on
SIRT6 (a regulator of aging) and NF-𝜅B (a regulator of inflammation).

1. Introduction

Icariin is an important, active component inHerba Epimedii.
This well-known Chinese herbal medicine has proven effi-
cacy in treating cardiovascular diseases and osteoporosis
and in improving sexual and neurological function and
is widely used to treat particular age-related diseases in
oriental countries [1, 2]. Total flavone of Epimedium (TFE)
is generally considered to be the active compound found in
Herba Epimedii. Previous studies found that TFE prolongs
the lifespan and has strong effects in 2BS cells [3], C.
elegans [4], andDrosophila [5]. In addition, urine and plasma
metabonomic studies showed TFE treatment altered age-
related changes in aging rats to levels consistent with younger

rats [6, 7]. Icariin represents an important active component
in TFE and exhibits similar life prolonging effects of TFE in
C. elegans [8] and mice. A significant feature of the natural
aging process is that body function decline is chronic and
progressive; therefore the desired intervention drug must
have a therapeutic effect as well as being safe, have nontoxic
side effects, and be suitable for long-term use. ICA fulfills
these requirements as an aging intervention drug and has
been studied extensively over many years.

Worldwide, research on delaying aging has a major
focus on the silent information regulation protease family of
Sirtuins [9]. Sirtuins belong to the Sir2 family of NAD(+)-
dependent deacetylases and they regulate longevity in yeast,
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C. elegans, and Drosophila. In mammals, there are seven
homologs of the yeast Sir2, Sirt1-7 [10, 11]. Current research on
antiaging focuses mainly on SIRT1 and SIRT6 [12, 13]. There
is strong experimental evidence to support that SIRT6, not
SIRT1, is the enzyme responsible for prolonging the lifespan
of higher organisms. SIRT6-deficient mice are small and at 2-
3 weeks of age develop abnormalities that include profound
lymphopenia, loss of subcutaneous fat, lordokyphosis, and
severe metabolic defects. These mice eventually die after
about 4 weeks. An important function of SIRT6 is to promote
normal DNA repair, and SIRT6 loss leads to abnormalities in
mice that have similaritieswith aging-associated degenerative
processes [14]. Moreover, other research suggests that SIRT6
maintains genomic stability, and SIRT6 regulates glucose
and fat metabolism, thereby inhibiting the inflammatory re-
sponse. In the near future, SIRT6 research is expected to lead
to new therapies for neurodegenerative diseases, metabolic
diseases, and premature aging [15, 16].

Researchers are increasingly linking aging and inflam-
mation, and they are focusing their attention on the NF-
kappa B (NF-𝜅B) signaling pathway [17], which is a conserved
signaling pathway that is active in the host immune response
system. Not only does the NF-𝜅B signaling pathway regulate
inflammation, oxidative stress and genotoxic stress, but it is
also involved in the self-regulation of homeostatic functions
such as apoptosis, autophagy, and tissue atrophy. SIRT1,
SIRT6, and FOXO genes are important genes that can inhibit
inflammaging caused by the NF-𝜅B signaling pathway [18].
NF-𝜅B is a stress-responsive transcription factor that induces
expression of target genes involved in aging-related processes
including cell senescence, apoptosis, and inflammation. NF-
𝜅B signaling is regulated by SIRT6, which is recruited to
NF-𝜅B target gene promoters by physical interaction with
the NF-𝜅B (P65) subunit RELA. SIRT6 deacetylates histone
H3 lysine 9 on target gene promoters, thereby altering chro-
matin structure to facilitate NF-𝜅B destabilization and signal
termination [19].

Numerous studies suggest that ICA can inhibit the NF-
𝜅B signaling pathway and reduce the body’s inflammatory
response. Given the evidence that ICA can delay aging
and prolong average and maximum life expectancy, it is
uncertain whether ICA acts on SIRT6 and the NF-𝜅B sig-
naling pathways. Thus, the aim of the study was to provide
experimental evidence that ICA acts through SIRT6 and the
NF-𝜅B signaling pathway to prevent inflammaging.

2. Materials and Methods

2.1. Animals. Healthy male BALB/c mice that were specific
pathogen-free (SPF) and 8∼9 weeks of age were provided
by Vital River Laboratory Animal Technology Co. Ltd. All
procedures for handling animals were approved by the
Animal Experimentation Committee of Laboratory Animal
Center of Shanghai Public Health Clinical Center. 23 mice
were fed to 12months of age in single cage and then randomly
divided into a normal control group (𝑛 = 11, fed by feed
pellets) and an ICA-treated group (𝑛 = 12, fed by feed pellets
contained in 0.02% ICA for 3 months when the mice were 21
months old). Three-month old mice were used as the young

control group (𝑛 = 10), and when mice were 24 months of
age they were used as the aged group (𝑛 = 10). Mice were fed
ad libitum, and tissue specimens from the heart were taken
for testing.

2.2. Chemicals and Reagents. ICA (98.5% pure and provided
by Shanghai Second Military Medical University) was used
for the preparation ofmouse feed.Mouse feedwasmixedwith
ICA powder, dried at 70∼90∘C, sterilized, and then prepared
into feed pellets. The NF-𝜅B inhibitor pyrrolidine dithio-
carbamate (PDTC), 1-methyl-3-isobutyl-xanthine (IBMX),
dexamethasone, synthetic human insulin, and SIRT6 enzyme
inhibitor nicotinamide were purchased from Sigma (USA).
High glucose DMEM medium and fetal bovine serum were
purchased from Gibco. Trizol was purchased from Invit-
rogen. Real-time PCR kits were purchased from TaKaRa
(Japan). Rabbit anti-SIRT6was purchased fromAbcam (UK).
Mouse-specific NF-𝜅B (p65) antibody was from Cell Signal
Technology (USA) and HRP-conjugated anti-rabbit sec-
ondary antibody was purchased from Beyotime (Shanghai,
China).

2.3. Protocol for Murine Aortic Endothelial Cell (ECs) Cul-
ture. Three-month old murine aortic ECs were isolated and
cultured by enzymatic dissociation as previously described
[20, 21]. Briefly, the full length of the thoracic aorta was
removed from mice under sterile conditions, rinsed 3 times
with phosphate-buffered saline solution (PBS), and placed
into a 100-mm culture dish (Corning, NY, USA) filled
with serum-free Dulbecco modified Eagle medium (DMEM,
Hyclone, Logan, UT) on ice. The vessel was gently cleaned
of periadventitial fat and connective tissue. The thoracic
aorta was opened and rinsed with serum-free DMEM,
placed intimal side down on a sterile plate containing 0.2%
collagenase type I (Sigma, St. Louis, MO), and incubated
at 37∘C for 30min. Cells were gathered by gentle abrasion
with a cell scraper (Costar, Pleasanton, CA) from the edges
to the center of the specimen and then rinsed with 5mL
of DMEM plus serum to arrest the digestion process. The
medium containing detached ECs was collected and the
cell suspension was centrifuged at 2000 rpm for 10 minutes.
The cell pellet was washed twice, suspended in DMEM
supplemented with 10% fetal bovine serum (FBS, Hyclone),
100U/mL penicillin, 100𝜇g/mL streptomycin, and 75 𝜇g/mL
endothelial cell growth supplement (sigma, USA), and placed
into a 60-mm culture dish (Corning, USA). The dish was
then placed in a humidified incubator at 37∘C with 5% CO

2

.
Thereafter, the medium was changed every other day. Once
the cells had formed a monolayer, the cells were subcultured.
More than 95% of the cells were positive for von Willebrand
factor antibody (sc-59810, Santa Cruz, USA) staining (data
not shown).

2.4. Detection of Senescence-Associated 𝛽-Galactosidase (SA-
𝛽-Gal) In Vitro. Cell Grouping: Three-month old murine
aortic ECs were divided into three groups: normal, TNF-
𝛼-treated, and TNF-𝛼-treated with ICA intervention. In
the TNF-𝛼-treated group, exogenous TNF-𝛼 (10 ng/mL) was
added into cell culture solution for 36 hours. Subsequently,
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TNF-𝛼 (10 ng/mL) was added again for 36 hours to the TNF-
𝛼-treated group. In the TNF-𝛼-treated with ICA intervention
group, exogenous TNF-𝛼 (10 ng/mL) and ICA (10−8mol/L)
were simultaneously added into cell culture solution for 36
hours, and then TNF-𝛼 (10 ng/mL) was added separately for
36 hours.

A senescence-associated 𝛽-galactosidase (SA-𝛽-gal)
staining kit (Beyotime, Shanghai) was used according to
the manufacturer’s protocol. Briefly, cells were seeded at
subconfluence in a 6-well plate and further incubated in
serum-free medium for 24 hours. Cells were then treated
according to the above groups. After 72 h, cells were washed
twice with PBS; 1mL X-gal dye was added into each well and
then incubated at 37∘C, 5% CO

2

for 4 hours. The percentage
of SA-𝛽-gal-positive cells was determined by counting the
number of blue cells under bright-field illumination and the
total number of cells in the same field under phase contrast.
At least 5 random fields were counted for each culture dish.

2.5. Administration Aortic Endothelial Cells (ECs) Experi-
ments. Young murine aortic ECs were divided into seven
groups: (1) young treated with PBS, (2) young treated with
DMSO, (3) young + TNF-𝛼, (4) young + TNF-𝛼 + ICA
(10−8mol/L), (5) young + TNF-𝛼 + ICA+ PDTC, (6) young +
TNF-𝛼 + ICA + Nicotinamide, and (7) young + TNF-
𝛼 + ICA + PDTC + Nicotinamide. Groups 1 and 2 were
controls treated with PBS and DMSO, respectively, for 12
hours. Groups 3–6 were all treated with exogenous TNF-
𝛼 (10 ng/mL for 30min to generate mild inflammation).
Treatments with ICA, PDTC (final concentration of PDTC
is 10 𝜇M), and Nicotinamide (final concentration of Nicoti-
namide is 50mM) were for 12 hours.

2.6. SIRT6 Enzyme Activity Test In Vitro. ICA (molecular
weight 676.65) was dissolved in DMSO to prepare different
working concentrations as follows: 10−4, 10−6, 10−8, 10−10,
10−12, 10−14, and 10−16mol/L. The SIRT6 Direct Fluorescent
Screening Assay Kit (Cayman Chemical Company, USA) was
used to test the activation effect of ICA on SIRT6 enzymatic
activity. The assay was carried out according to the manufac-
turers’ instructions. The assay wells comprised 100% initial
enzyme activity wells (added SIRT6 enzyme and DMSO),
background wells (added DMSO alone), and sample wells
(added SIRT6 enzyme and different ICA concentrations).The
plates were read within 30min using a microplate reader
(TECAN,USA)with an excitationwavelength of 350–360 nm
and an emissionwavelength of 450–460 nm.The background
well values were subtracted from the 100% initial activity
wells and from the sample wells. The following equation
was used to calculate the percent activation. %Activation =
[(initial activity − sample)/initial activity] × 100.

2.7. Western Blot Analysis. Murine heart tissue protein was
extracted according to the manufacturer’s instructions. Pro-
tein concentrations were measured using a BCA Protein
Assay (Rockford, IL). Equal amounts of protein were loaded
onto 10%–15% SDS-PAGE gels, transferred to nitrocellulose
(NC) membranes, and blocked with 5% nonfat milk in TBST

buffer (0.121% Tris-HCl, 0.9% NaCl, and 0.1% Tween-20,
PH7.5) for 1 hour. Membranes were incubated with a 1 : 1000
dilution of primary SIRT6 antibody or a 1 : 2000 dilution
of NF-𝜅B (p65) antibody. After washing, the blots were
incubated with a 1 : 2000 dilution of horseradish peroxidase-
(HRP-) labeled IgG secondary antibody for 1 hour. Signals
on the blots were then developed using the enhanced chemi-
luminescence (ECL) system and analyzed by an Odyssey
Imager (Li-COR Biosciences, USA). Densitometric analysis
was performed with ImageJ software (National Institute of
Health, Bethesda, MD, USA).

2.8. Reverse Transcription and Semiquantitative Real-Time
Polymerase Chain Reaction Assay. Lysed murine aortic ECs
were transferred into a tube containing Trizol, and total RNA
was isolated according to the manufacturer’s protocol. Total
RNA was used for cDNA synthesis and the RT-PCR was
carried out according to the manufacturer’s instructions.The
PCR was performed in a commercial real-time thermocycler
(ABI Prism 7000, Applied Biosystems, Germany) using the
following cycle parameters: a 94∘Cpredenaturation for 3min,
followed by 35 cycles of 94∘C for 40 seconds, 56∘C for 50
seconds, and 72∘C for 90 seconds, and an extension cycle
of 70∘C for 10min. The target gene transcripts in each
sample were normalized to the levels of human GAPDH
(glyceraldehydes-3-phosphate dehydrogenase). The primers
used were as follows:

SIRT6

forward, 5-AGGCCGTCTGGTCATTGTC-3,

reverse, 5-GCACATCACCTCATCCACGTA-3;

TNF-𝛼

forward, 5-GCACCACCATCAAGGACTCAAATG-
3,

reverse, 5-GACAGAGGCAACCTGACCACTC-3;

ICAM-1

forward, 5-GGAGACGCAGAGGACCTTAACAG-
3,

reverse, 5-CGACGCCGCTCAGAAGAACC-3;

IL-2

forward, 5-TCACCCTTGCTAATCACTCCTCAC-
3,

reverse, 5-TGCTGCTGCTGCTGCTGTG-3;

IL-6

forward, 5-AACCGCTATGAAGTTCCTCTC-3,

reverse, 5-TCCTCTGTGAAGTCTCCTCT-3;

GAPDH

forward, 5-GGCACAGTCAAGGCTGAGAATG-3,

reverse, 5-ATGGTGGTGAAGACGCCAGTA-3.
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2.9. Immunocytochemistry of NF-𝜅B (p65) Nuclear Transloca-
tion by Confocal Laser Scanning Microscopy. ECs were plated
on glass coverslips and fixed in methanol and acetone (1 : 1)
overnight at 4∘C. After washing, samples were permeabilized
for 15min with buffer containing saponin (50mm Tris,
200mm NaCl, and 0.05% saponin, pH7.5) at room temper-
ature. Cells were subsequently incubated with buffer (50mm
Tris, 200mmNaCl, pH7.5) containing 3% goat serum for 30–
60min to block nonspecific binding. To identify cell nuclei,
cells were stained with DAPI (5𝜇g/mL) at room temperature
for 5 minutes, and then washed with PBS three times. For
NF-𝜅B (p65) staining, cells were incubated with the primary
antibodies (NF-𝜅B antibody, 1 : 500 dilution) for 2 hours at
37∘C. Next, the cells were washed three times and incubated
with secondary antibody (anti-rabbit Cy3, 1 : 500 dilution) for
1 hours at 37∘C. Cells were covered with Prolong mounting
medium and Prolong antifade reagent (Invitrogen, USA) and
stored at 4∘C. Cells were mounted and examined under a
confocal laser scanning microscope (Leica, Germany).

2.10. Relative Quantification Detection of NF-𝜅B (p65) Nuclear
Translocation. NF-𝜅B (p65) relative nuclear translocation
quantitative detection kit (FIVEphoton Biochemicals, USA)
has no radioactivity and high sensitivity and can detect
specific-binding between DNA sites and transcription fac-
tors in nuclear extract protein. According to the manufac-
turer’s protocol, the specific double-stranded DNA (dsDNA)
sequence containing the transcription factor NF-𝜅B (p65)
response element was preplaced inside the 96-well plates.
NF-𝜅B (p65) specific primary antibody (1 : 100 dilution)
was added, followed by horseradish peroxidase-labeled sec-
ondary antibody (1 : 100 dilution). The absorbance was read
at 450 nm on a microplate reader (TECAN, USA).

2.11. Statistical Analysis. Experiments were performed in
triplicate. Each data point was presented as the mean ±
standard deviation (SD). Comparisons between groups were
analyzed using the 𝑡-test. Statistical significance was evalu-
ated using one-way ANOVAwith SPSS 13.0 software. A value
of 𝑃 < 0.05 was considered statistically significant.

3. Results

3.1. ICA Has an Activation Effect on SIRT6 Enzyme Activity
In Vitro. As shown in Figure 1, ICA shows a low percent
activation effect (20% ± 4%) on the SIRT6 enzyme activity at
the highest ICA concentration (10−4mol/L). With decreasing
concentrations of ICA, the activation effect on SIRT6 enzyme
activity increased and reached a maximum (142% ± 10%) at
a concentration of 10−8mol/L. An activation effect of ICA
on SIRT6 enzyme activity was detected even at very low
concentrations of ICA (10−14, 10−16mol/L).

3.2. Experiments on Animals

3.2.1. The Effect of ICA on SIRT6 Protein Expression in Heart
Tissue. As shown in Figure 2, SIRT6 protein expression was
detected in murine heart tissue isolated from the young,
aged, and aged with ICA intervention groups. The results
suggest that SIRT6 protein expression in aged mice hearts
was decreased when compared with young mice. In the aged
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Figure 1: The effect of varying concentrations of ICA on the
activation of SIRT6 enzyme activity. Concentrations of ICA were
in 10−𝑛mol/L, where 𝑛 = 4, 6, 8, 10, 12, 14, 16. The SIRT6
direct fluorescent screening assay was carried out as described in
Section 2.6. ICA shows a low % activation effect on the enzymatic
activity of SIRT6 in high concentrations of ICA (10−4mol/L). With
decreasing concentrations of ICA, the percent activation effect on
SIRT6 enzyme activity increases and peaks at an ICA concentration
of 10−8mol/L.

with ICA intervention group, SIRT6 protein expression was
significantly upregulated in heart tissue compared with the
aged group (Figure 2(b)).

3.2.2. The Effect of ICA on NF-𝜅B (p65) Protein Expression
in Heart Tissue. As shown in Figure 3, NF-𝜅B (p65) protein
expression was detected mouse heart tissue isolated from the
young, aged, and aged with ICA intervention groups. The
results suggest NF-𝜅B (p65) protein expression was increased
in aged mice hearts compared with young mice. In the aged
with ICA intervention group,NF-𝜅B (p65) protein expression
was decreased in heart tissue compared with the aged mice.

3.3. The Result of Detection of SA-𝛽-Gal in In Vitro Mouse
Aortic ECs. Figure 4 shows that the percentage of SA-𝛽-
gal-positive cells in the TNF-𝛼-treated young group was
significantly higher (𝑃 < 0.01) compared with the young
group. After the cells in normal group were treated with
TNF-𝛼 and ICA, the percentage of blue-stained cells was
significantly decreased (𝑃 < 0.01).These data show that TNF-
𝛼 can induce endothelial cell senescence in young cells and
the effect can be suppressed by ICA treatment.

3.4. The Results of Aortic Endothelial Cells (ECs) Experiments

3.4.1. The Effect of ICA on SIRT6 and NF-𝜅B (p65) Pro-
tein Expression in Each Group of Aortic ECs. Figure 5(a)
shows that after induction of mild inflammation in aortic
endothelial cells by addition of exogenous TNF-𝛼, NF-𝜅B
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Figure 2: (a) shows a band of the expected size corresponding to
SIRT6 protein inmurine heart tissue extract prepared from 3-month
old mice (young), 24-month old mice (aged), and 24-month old
mice treated with ICA (aged + ICA). Numbers in brackets are the
normalized OD (optical density) values. (b) shows the OD (optical
density) comparison of SIRT6 protein expression in heart tissue
(fold of control value). Note: aged group compared with the young
group, ∗∗𝑃 < 0.01; aged group compared with the aged + ICA
intervention group, ##𝑃 < 0.01.

(p65) protein expression was upregulated significantly, while
Figure 5(b) shows there was no effect on SIRT6 protein
expression. Addition of ICA to TNF-𝛼 treated cells signifi-
cantly upregulated protein expression of SIRT6 (Figure 5(b))
while downregulating NF-𝜅B (p65) (Figure 5(a)).

3.4.2. The Effect of ICA on mRNA Expression of SIRT6
and NF-𝜅B (p65) Downstream Inflammatory Cytokines. As
shown in Figure 6(a), treatment with the proinflammatory
cytokine TNF-𝛼 increased mRNA levels of SIRT6 compared
with young control cells treated with PBS or DMSO. With
the intervention of ICA, PDTC, Nicotinamide alone, or all
together, compared to TNF-𝛼 group, there was a significant
increase in SIRT6 mRNA level. The increase was highest in
the ICA treatment group. There were no significant differ-
ences between the TNF-𝛼 + ICA + PDTC, TNF-𝛼 + ICA +
Nicotinamide, or TNF-𝛼 + ICA + PDTC + Nicotinamide
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Figure 3: (a) shows a western analysis with a band of the expected
size corresponding to NF-𝜅B (p65) protein in mouse heart tissue
extract prepared from 3-month old mice (young), 24-month old
mice (aged), and 24-month old mice treated with ICA (aged + ICA)
(a). Numbers in brackets are the normalized OD (optical density)
values. (b) shows the normalized OD value comparison of NF-𝜅B
(p65) protein expression in heart tissue (fold increase comparedwith
the control young group set at 1.0). Note: aged group compared with
the young group, ∗∗𝑃 < 0.01; aged group compared with the aged
group + ICA intervention group, ##𝑃 < 0.05.

treated groups compared with the TNF-𝛼 + ICA treated
group (𝑃 > 0.05).

In Figure 6(b) after addition of TNF-𝛼, mRNA levels
of NF-𝜅B (p65) downstream inflammatory cytokines (TNF-
𝛼, ICAM-1, IL-2, and IL-6) were increased compared with
young control cells treated with PBS or DMSO. The increase
in TNF-𝛼 mRNA levels was the highest. After the interven-
tion with ICA, the increased mRNA levels of TNF-𝛼, ICAM-
1, IL-2, and IL-6 were all significantly decreased.The decrease
in TNF-𝛼mRNA levels was the greatest of the four cytokines
tested (𝑃 < 0.01). When ICA and PDTC (NF-𝜅B nuclear
translocation blocker) were added together, this resulted in
a further decrease in mRNA levels of TNF-𝛼, ICAM-1, IL-
2, and IL-6. Nicotinamide treatment partially reversed the
effect of ICA, with significant increases in TNF-𝛼 and ICAM-
1mRNA levels. Treatment with ICA + PDTC +Nicotinamide
significantly increasedmRNA levels of the four inflammatory
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(a) Young aortic EC (magnification ×100 times) (b) Young aortic EC + TNF-𝛼 (magnification ×100
times)

(c) Young aortic EC + TNF-𝛼 + ICA (magnification
×100 times)
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Figure 4: Detection of SA-𝛽-Gal in mouse aortic ECs isolated from young mice (3 months old) and treated with TNF-𝛼 and ICA. (a) shows
a microphotograph with SA-𝛽-Gal stained cells under bright-field illumination. Very few blue cells were detected in the field, with the young
control group. (b) shows that increased numbers of blue-stained SA-𝛽-Gal cells were present in young + TNF-𝛼-treated group. (c) shows a
qualitative decrease in the number of blue-stained SA-𝛽-Gal cells in the young +TNF-𝛼+ ICA intervention group comparedwith the young +
TNF-𝛼 group. (d) shows the quantitation of the percentage of SA-𝛽-gal-positive cells in all fields counted. Young + TNF-𝛼 compared with
the young group, △𝑃 < 0.01; young + TNF-𝛼 + ICA compared with the young + TNF-𝛼-treated group, 𝑃 < 0.01.

genes compared with the TNF-𝛼 + ICA + PDTC treated
group and completely reversed the effect of ICA on ICAM-
1 levels.

3.4.3. Qualitative Assessment of the Effect of ICA on NF-
𝜅B (p65) Nuclear Translocation. NF-𝜅B (p65) is normally
present in the cytoplasm in an inactive state. Figure 7(a)
shows that very low NF-𝜅B (p65) cytoplasmic protein was
detected in young aortic ECs treated with PBS and DMSO.
Following TNF-𝛼 treatment for 30mins, NF-𝜅B (p65) protein
is detected in the cytoplasm and at qualitatively increased
levels in nucleus (Figure 7(b)). After TNF-𝛼 treatment, and
intervention of ICA for 12 hours, NF-𝜅B (p65) protein
decreases in the nucleus (Figure 7(c)) and qualitatively is
further reduced upon addition of PDTC [specific inhibitor
of NF-𝜅B (p65)] (Figure 7(d)). The NF-𝜅B (p65) signal

in the nucleus is qualitatively increased when the Nicoti-
namide (SIRT6 inhibitor) is added in the presence of PDTC
(Figure 7(e)).

3.4.4. The Effect of ICA on NF-𝜅B (p65) Nuclear Translocation
(Relative Quantification). Figure 8 shows that NF-𝜅B (p65)
nuclear translocation relative in the young + DMSO group
is 0.56 ± 0.08. After the addition of TNF-𝛼, the relative
value increased significantly to 1.5 ± 0.1 (𝑃 < 0.01). The
relative values of the young + TNF-𝛼 + ICA (0.9 ± 0.04) were
significantly decreased compared with the young + TNF-𝛼
group (𝑃 < 0.01). Upon addition of PDTC (young + TNF-
𝛼 + ICA + PDTC group) levels were decreased (0.68 ± 0.06)
relative to the young + TNF-𝛼 + ICA group (𝑃 < 0.05).
Treatment with Nicotinamide reversed the effect of PDTC
(𝑃 < 0.05).
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Figure 5: (a) shows a western analysis with band sizes corresponding to NF-𝜅B (p65) and SIRT6 protein, which were obtained from aortic
ECs sampled in the young group (young), young treated with TNF-𝛼 group (+TNF-𝛼), and young treated with TNF-𝛼 + ICA intervention
group (TNF-𝛼 + ICA). Numbers in brackets are normalized OD (optical density) values, where the value of 1.0 was set for the young group.
(b) shows OD comparison of NF-𝜅B (p65) protein expression in aortic ECs (fold increase over the young value set at 1.0). Compared with
young cells, ∗∗𝑃 < 0.01; compared with young cells + TNF-𝛼, ##𝑃 < 0.01. (c) shows OD comparison of SIRT6 protein expression in aortic
ECs (fold increase over the young value set at 1.0). Young + TNF-𝛼 + ICA compared with young + TNF-𝛼, 𝑃 < 0.01.

4. Discussion

A concentration range of ICA from 10−4 to 10−16mol/L was
used in an in vitro assay to detect an activation effect on the
enzyme activity of SIRT6. ICA showed a low activation effect
on the enzymatic activity of SIRT6 at high concentrations of
ICA (10−4mol/L) but, with decreasing concentrations of ICA,
activation of SIRT6 enzyme activity occurred and reached the
peak value at an ICA concentration of 10−8mol/L. There was
evidence for an activation effect of ICAon SIRT6 even at quite
low drug concentrations of 10−16mol/L. These data suggest
that an ICA concentration of 10−8mol/L gives an optimal

activation effect on the enzymatic activity of SIRT6. We
cannot rule out the possibility that at high ICAconcentrations
(10−4mol/L) there is a substrate inhibition or a toxic effect on
SIRT6 enzyme activity.

The natural aging process is associated with chronic,
low-grade, mild inflammation. In 2000, Franceschi et al.
found that the serum level of IL-6 is very low in young
people but with aging to 60 years, the levels of IL-6
increased gradually. This phenomenon, called inflammaging
(inflammation-aging) [22–24], and this condition are now
thought to be critical in the onset of sarcopenia, frailty, and
the pathogenesis of several age-related chronic diseases, such
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Figure 6: (a) Comparison of mRNA level of SIRT6 in different treatment groups. Young aortic ECs + PBS or + DMSOwere controls. Various
treatments of young aortic ECs are shown. After treatment with TNF-𝛼, the mRNA expression level of SIRT6 was increased. Treatment with
TNF-𝛼 and ICA resulted in a significant increase in SIRT6mRNA relative to TNF-𝛼 treatment alone. TNF-𝛼 + ICA treated cells subsequently
treatedwith PDTCorNicotinamide or PDTCandNicotinamide also showed increased SIRT6mRNA levels; however therewere no significant
differences between these treatment groups and treatment with TNF-𝛼 + ICA. Note: TNF-𝛼 + ICA compared with TNF-𝛼 treated group,
∗∗

𝑃 < 0.01; TNF-𝛼+ ICA+PDTC, TNF-𝛼+ ICA+Nicotinamide and TNF-𝛼+ ICA+PDTC(P) +Nicotinamide(N) comparedwith TNF-𝛼 +
ICA group, #𝑃 > 0.05. (b) Comparison of mRNA levels of TNF-𝛼, ICAM-1, IL-2, and IL-6 in different treatment groups. Young aortic ECs
treated with PBS or DMSO were the negative controls. Various treatments of young aortic ECs are shown. When given an exogenous TNF-𝛼
stimulus, mRNA levels of TNF-𝛼, ICAM-1, IL-2, and IL-6 were significantly increased in all treatment groups. Treatments TNF-𝛼 and ICA
resulted in a significant reduction in mRNA levels compared with TNF-𝛼 treatment alone. Treatment with ICA + PDTC further reduced
the mRNA levels of the four inflammatory genes. Treatment with ICA + Nicotinamide partially reversed the effect of ICA, with significant
increases in TNF-𝛼 and ICAM-1 mRNA levels. Treatment with ICA + PDTC + Nicotinamide significantly increased mRNA levels of the four
inflammatory genes compared with the TNF-𝛼 + ICA + PDTC treated group and completely reversed the effect of ICA on ICAM-1 levels.
Note: TNF-𝛼 + ICA compared with TNF-𝛼 treated group, ∗∗𝑃 < 0.01 or ∗𝑃 < 0.05. TNF-𝛼 + ICA + Nicotinamide compared with TNF-𝛼 +
ICA treated group, #𝑃 < 0.05. TNF-𝛼 + ICA + PDTC(P) + Nicotinamide(N) compared with TNF-𝛼 + ICA + PDTC treated group 𝑃 < 0.01
or 𝑃 < 0.05.

as Parkinson’s and Alzheimer’s disease (AD), atherosclerosis,
and type 2 diabetes [25–29]. These diseases (and disabilities)
appear to share the same process of inflammation, leading to
the concept of an age-related “diseasome” [30]. Accordingly,
genes and epigenetic factors involved in the regulatory
pattern of inflammation are expected to play a role in human
ageing.

Through receptor-mediation, inflammatory cytokines
including IL, interferons, TNF, colony stimulating factor,
and TGF can participate in the complex cell-cell regulatory
network in the body through paracrine and/or autocrine
effects. In some cases these factors enter the circulation,
causing systemic effects. By interacting with each other,
many inflammatory cytokines constitute the inflammatory
cytokine network [31], which can be divided into two types:
the proinflammatory cytokine network (TNF-𝛼, IFN-2𝛾,

IL-1, IL-6, and IL-8) and the anti-inflammatory cytokine
network (TGF-𝛽1, IL-4, IL-10, and IL-13).

Important physiological functions regulate the growth
and differentiation of immune cells and the body’s defense
reaction. NF-𝜅B is an important factor that regulates and
controls gene expression of many cytokines, cell adhesion
molecules, chemotactic factors, and the acute response pro-
teins. Following activation, NF-𝜅B can enhance the gene
transcription levels of TNF-𝛼, IL-1, IL-6, IL-8, ICAM-1, and
other cytokines and thereby participate in the body’s immune
defense response [32–34].

The immune response is crucial for the body’s nor-
mal physiological function. Inflammation can be of mod-
erate benefit but is otherwise harmful. The change in the
inflammatory cytokine network controls the direction of the
development of inflammation. The dynamic counterbalance
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Figure 7:The effect of ICA on NF-𝜅B (p65) nuclear translocation was qualitatively assessed on young mouse aortic ECs. Magnification ×650
times. (a) shows the nuclei in aortic ECs by DAPI stain. (b) Red fluorescence signals (represent NF-𝜅B p65 protein) were shown in aortic ECs
both including the areas of nuclei and cytoplasm. (c)The combination of figure A and figure B helps to determine the red fluorescence signal
in the nuclei and thereby indirectly showing NF-𝜅B (p65) nuclear translocation from cytoplasm to nuclear. (a) Young aortic EC group (PBS
and DMSO treatment). (b) Young + TNF-𝛼 group. (c) Young + TNF-𝛼 + ICA. (d) Young + TNF-𝛼 + ICA + PDTC. (e) Young + TNF-𝛼 + ICA
+ PDTC + Nicotinamide. As shown in the Figure 7(a), in the quiescent condition treatment with PBS or DMSO, very low red fluorescence
signals were detected in aortic ECs and in the area of nuclei almost no red fluorescence was detected. After being treated by TNF-𝛼 to induce
cell inflammation, red fluorescence signals were strongly detected in the cell, especially condensed in the nuclear location Figure 7(b). In
the presence of ICA or ICA + PDTC intervention, such condensed red fluorescence signals in the nuclei were both reduced and ICA +
PDTC intervention showed a stronger inhibitory effect than ICA, in Figures 7(c) and 7(d), respectively. As shown in Figure 7(e), adding
Nicotinamide (SIRT6 enzyme inhibitor) red fluorescence signal became stronger than that in Figure 7(d).
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Figure 8: The effect of ICA on NF-𝜅B (p65) nuclear translocation (relative quantification). (a) Young aortic ECs group (PBS and DMSO
treatment). (b) Young + TNF-𝛼 group. (c) Young + TNF-𝛼 + ICA. (d) Young + TNF-𝛼 + ICA + PDTC. (e) Young + TNF-𝛼 + ICA + PDTC +
Nicotinamide. Note: compared with normal group, ∗∗𝑃 < 0.01; compared with TNF-𝛼 group, ##𝑃 < 0.01; compared with young + TNF-𝛼 +
ICA group, ∗𝑃 < 0.05; and compared with young + TNF-𝛼 + ICA + PDTC group, #𝑃 < 0.05.

between the proinflammatory cytokine network and the anti-
inflammatory cytokine network jointly maintain the bal-
ance between the proinflammatory and anti-inflammatory
response systems, thereby safeguarding the normal physio-
logical function of inflammation. The loss of physiological
control of the inflammatory reaction is likely due to an
imbalance of the finely tuned equilibrium between the levels
of pro- and anti-inflammatory cytokines. When the balance
is perturbed, this can lead to a chronic “proinflammatory”
status, which promotes or exacerbates the above mentioned
pathological conditions [31]. The final result of the coun-
terbalance between pro- and anti-inflammatory cytokines
(IL-4, IL-6, IL-13, and IL-10) is an upregulation of the
proinflammatory response [35].

Studies of the functional effect(s) and mechanism of
SIRT6 focus on three aspects [13, 36, 37]. Firstly, the influence
of SIRT6 on the repair of DNA damage. Secondly, the
influence of SIRT6 on aging and inflammation, where the key
target is NF-𝜅B (p65). Thirdly, the influence of SIRT6 on the
steady state that maintains the body’s energy metabolism and
where the key target is hypoxia-inducible factor 1 (Hif-1𝛼).

To date, there is no evidence that ICA can affect NF-𝜅B
(p65), a key regulator of inflammation, by affecting SIRT6,
an important enzyme in aging regulation and control. In
this study we provided experimental evidence for a direct,
or indirect, interaction between ICA, SIRT6, and NF-𝜅B. We
showed that ICA can upregulate SIRT6 protein expression
and downregulate NF-𝜅B (p65) protein expression in animal
tissues and cell models.

We provided evidence that, following treatment of aortic
ECs with TNF-𝛼, the mRNA expression level of SIRT6 was
increased. Treatment with TNF-𝛼 and ICA however resulted
in a significant increase in SIRT6 mRNA relative to TNF-𝛼
treatment alone. TNF-𝛼 and ICA treated cells subsequently
treated with PDTC (NF-𝜅B inhibitor), Nicotinamide (SIRT6
inhibitor), or PDTC and Nicotinamide showed a trend of

decreasing SIRT6 mRNA levels but these decreases were not
significant when compared with TNF-𝛼 and ICA treatment
(Figure 6(a)). Although these data support that ICA upreg-
ulates SIRT6, the effects on SIRT6 and NF-𝜅B, could be
indirect.

We showed that treatment of young aortic ECs with
the proinflammatory cytokine TNF-𝛼 resulted in increased
levels of inflammatory cytokines that are downstream targets
of NF-𝜅B (TNF-𝛼, ICAM-1, IL-2, and IL-6), with TNF-𝛼
mRNA levels showing the greatest increase (Figure 6(b)).
ICA intervention resulted in significantly decreased mRNA
levels of all four inflammatory cytokines. Addition of PDTC
to inhibit NF-𝜅B resulted in a further reduction in the expres-
sion of the four inflammatory cytokines but the reduction
was not significant. These data suggest ICA can act as an
inhibitor of NF-𝜅B. Treatment with TNF-𝛼, ICA and the
SIRT6 inhibitor Nicotinamide partially reversed the effects
of ICA with respect to TNF-𝛼 and ICAM-1 mRNA levels.
These data suggest that ICA can act as an agonist of SIRT6.
Treatment with ICA and PDTC and Nicotinamide increased
the expression of all four proinflammatory cytokines when
compared with ICA and PDTC treatment. Treatment with
ICA and PDTC and Nicotinamide completely reversed the
effects of ICA on ICAM-1 mRNA levels and substantially
reduced the effects of ICA on TNF-𝛼, IL-2, and IL-6 mRNA
levels. These data suggest that ICA can act through either
the NF-𝜅B and SIRT6 pathways to regulate the expression of
inflammatory cytokines. The synergistic effect suggests that
ICA can affect the inflammation signal pathway of NF-𝜅B
through SIRT6.

5. Conclusion

We conclude that ICA had a stimulatory effect on SIRT6
enzyme activity in vitro, even at very low concentrations. ICA



BioMed Research International 11

can upregulate SIRT6 protein expression and downregulate
NF-𝜅B (p65) protein expression in murine heart tissues and
in an aortic EC model. ICA upregulated the expression of
SIRT6 and had an inhibitory effect on NF-𝜅B inflammatory
signaling pathways by decreasing the mRNA levels of NF-
𝜅B downstream target genes TNF-𝛼, ICAM-1, IL-2, and IL-6.
Those effects were mediated directly or indirectly by SIRT6.
We have provided tentative evidence that inflammaging may
involve a link between the effects of ICAonSIRT6 (a regulator
of aging) and NF-𝜅B (a regulator of inflammation).
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We evaluated the potential cardiovascular risk protection of bilirubin in hemodialysis (HD) patients. An enlarged set of studies were
evaluated in 191 HD patients, including hematological study, lipid profile, iron metabolism, nutritional, inflammatory markers,
and dialysis adequacy. The TA duplication screening in the UDP-glucuronosyltransferase 1 A1 (UGT1A1) promoter region was
also performed. The UGT1A1 genotype frequencies in HD patients were 49.2%, 42.4%, and 8.4% for 6/6, 6/7, and 7/7 genotypes,
respectively. Although no difference was found inUGT1A1 genotype distribution between the three tertiles of bilirubin, significant
differences were foundwith increasing bilirubin levels, namely, a decrease in platelet, leukocyte, and lymphocyte counts, transferrin,
oxidized low-density lipoprotein (ox-LDL), ox-LDL/low-density lipoprotein cholesterol ratio, apolipoprotein (Apo) A, Apo B, and
interleukin-6 serum levels and a significant increased concentration of hemoglobin, hematocrit, erythrocyte count, iron, transferrin
saturation, Apo A/Apo B ratio, adiponectin, and paraoxonase 1 serum levels. After adjustment for age these results remained
significant. Our data suggest that higher bilirubin levels are associated with beneficial effects in HD patients, by improving lipid
profile and reducing the inflammatory grade, whichmight contribute to increase in iron availability.These results suggest a potential
cardiovascular risk protection of bilirubin in HD patients.

1. Introduction

Despite the technological advances in hemodialysis (HD)
procedures and medical support in the last years, the mortal-
ity and morbidity of end-stage renal disease (ESRD) patients
under HD remain 10 to 20 times higher than those observed
in the general population [1–3]. Cardiovascular disease
(CVD) events are the main cause of death in these patients
[2]. The prevalence of the classic cardiovascular risk fac-
tors, namely, hypertension, diabetes mellitus, dyslipidemia,
smoking habits, and advanced age per se, cannot explain

the cardiovascular mortality rate. The enhanced inflam-
matory response and oxidative stress usually observed in
HD patients or even other unknown factors may, therefore,
play an important role in the cardiovascular morbidity and
mortality rate in ESRD patients under HD [4].

In 1987, bilirubin was proposed as a potential physiologi-
cal antioxidant and anti-inflammatory agent by Stocker et al.;
they showed that bilirubin, at physiological concentrations,
protects cell membrane fatty acids from oxidation by peroxyl
radicals [5]. It has been shown that both the unconjugated
and conjugated forms of bilirubin can protect low-density
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lipoprotein cholesterol (LDL-c) and other lipids from oxi-
dation by reactive oxygen species [6–8], leading to reduced
baseline levels of oxidized LDL, especially in individuals with
higher bilirubin levels [9]. Several other in vitro and in vivo
studies [5, 10–14] showed bilirubin as an antioxidant and,
therefore, as an important factor in tissue protection against
oxidative and inflammatory damage [12, 15, 16].

Bilirubin is a water-insoluble compound that requires
glucuronidation by a microsomal enzyme, the uridine
diphosphate glucuronosyltransferase-1 A1 (UGT1A1), to be
excreted. The UGT1A1 locus has been mapped to chromo-
some 2q37 [17] and one of the most common genetic variants
that affects the glucuronidation of bilirubin in Caucasians is a
TA duplication polymorphism in the TATA box region of the
promoter.Homozygous individuals carrying theA(TA)7TAA
allele (c.-41 -40dupTA or [TA]7) have higher levels of uncon-
jugated bilirubin, caused by a reduction of 30% in theUGT1A1
transcription [17]. There are few studies on the effect of
bilirubin levels and/or of UGT1A1 gene polymorphism in
the outcome of CVD in the general population, namely,
in the development of coronary artery disease, coronary
heart disease, peripheral vascular disease, and stroke. Recent
epidemiological evidences showed a reduced incidence of
lung disease and all-cause mortality in individuals with high
serum bilirubin levels and with Gilbert’s syndrome [18–
20]. Moreover, a study evaluating the impact of bilirubin
levels and of UGT1A1 polymorphisms on CVD risk and
mortality in ESRD under HD [21] showed that HD patients
with lower serum bilirubin levels presented a more adverse
outcome and, therefore, that the 7/7 genotype might have
an important effect on preventing CVD events and death.
Nevertheless, the mechanisms underlying this protective
effect of bilirubin, in the general population and in ESRD
patients, still remain obscure. Multiple mechanisms could
explain the protective effect of bilirubin, including antioxi-
dant and anti-inflammatory pathways, which may be related
to the powerful redox cycle mediated by biliverdin reductase
that may protect against pathological oxidation processes
occurring during cardiovascular disease [22].

In this work, we aimed to evaluate the potential car-
diovascular risk protection of bilirubin in ESRD patients
under HD. For this, clinical and sociodemographic data,
lipid profile, hematological, dialysis adequacy, inflammatory
and iron metabolism markers, and screening for the TA
duplication in the TATA box of the UGT1A1 promoter were
studied in an ESRD Portuguese sample.

2. Material and Methods

2.1. Subjects. This transversal study included 191 ESRD Por-
tuguese patients under HD (105 males and 86 females, mean
age: 66.13 years; standard derivation [SD]: 14.02 years). All
participants gave their informed consent to participate in this
study that was previously approved by the Ethics Committee
of Fresenius Medical Care, Portugal.

Patients with malignancy, autoimmune disease, and
inflammatory or infectious diseases and with increased levels
of alanina transaminase and/or aspartate transaminase were

excluded. Patients were under therapeutic HD three times
per week, 3–5 hours each session, for a median time of
2.13 (0.82–5.24) years, with a dose of darbepoetin-𝛼 of
0.4 (0.2–0.7)𝜇g/kg/week. For the HD procedure, high-flux
polysulfone FX-class dialyzer of Fresenius (Bad Hamburg,
Germany) was used. The main causes of renal failure in our
patients were diabetic nephropathy (𝑛 = 69), hypertensive
nephrosclerosis (𝑛 = 22), nephritic syndrome (𝑛 = 10), pol-
ycystic kidney disease (𝑛 = 8), obstructive diseases (𝑛 = 7),
hereditary nephropathy (𝑛 = 3), chronic interstitial nephritis
(𝑛 = 2), benign prostate hypertrophy (𝑛 = 1), other diseases
(𝑛 = 8), and uncertain etiology (𝑛 = 61). The Kt/V urea was
calculated using standard formula that takes into considera-
tion the postdialysis serum urea nitrogen concentration and
compares this with the initial or predialysis level.

Blood was collected immediately before the HD proce-
dure, on the second dialysis session of the week, into tubes
containing ethylenediaminetetraacetic acid (EDTA) and into
tubes without anticoagulant, in order to obtain whole blood,
serum, and plasma. Blood samples were processed within
2 hours of collection. Aliquots of plasma, serum, and buffy
coat were immediately stored at −80∘C until the assays were
performed.

2.2. Hematologic and Biochemical Assays. Platelet, leukocyte,
and erythrocyte counts and hematocrit and hemoglobin
concentration were measured by using an automatic blood
cell counter (Sysmex K1000; Sysmex, Hamburg, Germany).
Differential leukocyte counts were evaluated in Wright-
stained blood smears. Reticulocyte count was made by
microscopic counting on blood smears after vital staining
with newmethylene blue (reticulocyte stain; Sigma, St. Louis,
MO, USA). The reticulocyte production index (RPI) was
calculated as an appropriate way to measure the effective
erythrocyte production, by correcting for both changes in
hematocrit (degree of anemia) and for premature reticulocyte
release from the bone marrow [22]. Total bilirubin (TB)
was evaluated using a commercially available kit (diazotized
sulfanilic acid reaction, Roche Diagnostic).

Serum iron concentration was determined using a col-
orimetric method (Iron, Randox Laboratories Ltd., North
Ireland, UK), whereas serum ferritin and transferrin were
measured by immunoturbidimetry (Ferritin, Laboratories
Ltd., North Ireland,UK; Transferrin, Laboratories Ltd., North
Ireland, UK). Transferrin saturation (TS) was calculated by
the formula: TS(%) = 70.9 × serum iron concentration in
𝜇g/dL/serum transferrin concentration in mg/dL. Enzyme-
linked immunosorbent assays were used to measure serum
soluble transferrin receptor (sTfR; human sTfR immunoas-
say, R&D Systems, Minneapolis, MN, USA). Plasma levels
of hepcidin-25 were quantified using a peptide enzyme
immunoassay (Bachem Group, Peninsula Laboratories, LLC,
San Carlos, California).

The lipid profilewas performed in an autoanalyzer (Cobas
Mira S, Roche, Basel, Switzerland), using commercially avail-
able kits; total cholesterol and triglycerides concentrations
were determined by enzymatic colorimetric tests (cholesterol
oxidase-phenol aminophenazone and glycerol-3-phosphate
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oxidase-phenol aminophenazone methods, Roche, resp.);
high-density lipoprotein cholesterol (HDL-c) and LDL-c
were measured using enzymatic colorimetric tests, after
selective separation of HDLc and LDLc fractions (direct
HDL cholesterol and direct LDL cholesterol, Roche, resp.);
oxidized LDL (Ox-LDL) was measured directly in plasma by
using a two-site enzyme immunoassay (oxidized LDL ELISA,
Mercodia, Uppsala, Sweden); serum levels of apolipoprotein
A-I (Apo A-I) and Apo B were evaluated by immunotur-
bidimetric assays (unikit apolipoprotein A-I and B specific
antiserums, Roche); serum lipoprotein(a) [Lp(a)] was quanti-
fied by using an immunoturbidimetric method (Lp(a) Roche
Diagnostics).

Serum C-reactive protein (CRP) was determined by
nephelometry [CRP (latex) high-sensitivity, Roche Diag-
nostics] and serum interleukin-6 (IL-6) was evaluated by
enzyme immunoassays (human IL-6 high-sensitivity ELISA,
eBioscience, Vienna, Austria). Serum albumin levels were
measured using a colorimetric assay end-point method
(albumin plus; Roche GmbH,Mannheim, Germany). Plasma
levels of adiponectinwere evaluated by using a standard com-
mercial enzyme-linked immunoassay (Bender MedSystems,
San Diego, CA, USA).

The activity of paraoxonase 1 (PON1) was assessed
spectrophotometrically and expressed in nmol of p-nitro-
phenol/mL/min. Briefly, paraoxonase activity was measured
by adding serum to 1mL Tris/HCl buffer (100mmol/L, pH
8.0) containing 2mmol/L CaCl

2

and 5.5mmol/L paraoxon
(O,O-diethyl-O-p-nitrophenylphosphate; Sigma Chemical
Co.).The rate of generation of p-nitrophenol was determined
by reading the absorbance at 412 nm, at 37∘C, with the use of
a continuously recording spectrophotometer (Beckman DU-
68).

2.3. DNA Analysis. Genomic DNA was extracted from white
blood cells (buffy coat) by proteinase K/salt precipitation
method. Genotyping TA duplication in the TATA box of
the UGT1A1 promoter was performed by polymerase chain
reaction (PCR). Amplification reaction was carried out in
a thermocycler (MiniOpticon Real-Time PCR Detection
System; Biorad) using 2 𝜇L of DNA, 0.5 𝜇L of each primer at
a concentration of 10 pmol (forward: 5-TAACTTGGTGTA-
TCGATTGGTTTTTG-3; reverse: 5-ACAGCCATGGCG-
CCTTTGCT-3) and 7.5 𝜇L of PCR Master Mix Promega
(M750B) and water for a final volume of 15𝜇L. The first step
of PCR was 95∘C denaturation for 5 minutes, followed by
35 cycles: denaturation at 95∘C for 30 seconds, annealing
at 55∘C for 30 seconds, extension at 72∘C for 45 seconds,
and final extension at 72∘C for 10 minutes. PCR was fol-
lowed by electrophoresis in 15% polyacrylamide gel in a
Tris/borate/EDTA buffer; the gel was stained with silver
nitrate and photographed.

2.4. Statistical Analysis. Statistical analysis was performed
using the Statistical Package for Social Sciences (SPSS, version
21.0) for Windows (SPSS Inc., Armonk, NY, USA). The
normal distribution of continuous variables was analyzed
using the Kolmogorov-Smirnov test. Continuous variables
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Figure 1: Total bilirubin levels in ESRD patients under HD accord-
ing to the number of TA repeats in the promoter region of UGT1A1.

without normal distribution were log transformed. ANOVA,
supplemented with Tukey’s HSD post hoc test, was conducted
in order to evaluate the effect of tertiles of bilirubin on
continuous covariates. ANCOVA analysis was performed for
age adjustment. The association between tertiles of bilirubin
and categorical variables was analyzed using the Chi-squared
test or Fisher’s exact test. Pearson’s rank correlation coefficient
was used to evaluate relationships between sets of data. The
significance level (𝛼) was set at 0.05.

3. Results

The results were analyzed by two ways, according to the
UGT1A1 genotype, in order to evaluate the changes associated
with a decreasing UGT1A1 activity, and in accordance with
bilirubin levels. For the second analysis, we used the tertiles
of TB as follows: TB < 0.21mg/dL (T1), TB 0.21–0.3mg/dL
(T2), and TB > 0.3mg/dL (T3).

The UGT1A1 genotype frequencies in our HD patients
were 49.2%, 42.4%, and 8.4% for 6/6, 6/7, and 7/7 genotypes,
respectively. When we stratified the results according to
the UGT1A1 genotype, we found that HD patients with the
7/7 genotype presented significantly higher TB levels than
patients with 6/6 genotype and that patients with the 6/7
genotype showed significantly higher TB levels than patients
with 6/6 genotype (Figure 1). The HD patients with the 7/7
genotype presented also a significant increase in HDL-c (6/6
genotype: 38.5 ± 13.4mg/dL; 6/7 genotype: 37.0 ± 12.4mg/dL;
7/7 genotype: 52.7± 17.0mg/dL;𝑃 < 0.05, 7/7 genotype versus
6/6 and 6/7 genotypes). Beyond the increase in HDL-c and
bilirubin in HD patients with 7/7 genotype, no additional
significant differences were observed for the other studied
variables.

When performing multiple comparisons between the
bilirubin tertile groups (Table 1), we observed lower values of
platelets, white blood cells, and lymphocytes in HD patients
in the third tertile group. Concerning the iron metabolism,
this third tertile group showed increasing values in iron and
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Table 1: Results of studied variables (sociodemographic data and dialysis adequacy,UGT1A1 genotype, hematological data, iron metabolism,
lipid profile, and inflammatory markers) by tertiles of bilirubin.

All patients
(𝑛 = 191)

Tertiles of total bilirubin

T1
TB: <0.21mg/dL

(𝑛 = 67)

T2
TB: 0.21 to
0.3mg/dL
(𝑛 = 61)

T3
TB: >0.3mg/dL

(𝑛 = 63)
𝑃 valueb 𝑃 valuec

Sociodemographic data and dialysis adequacy
Age, years 66.1 ± 14.0 67.7 ± 13.6 65.5 ± 15.5 65.1 ± 13.0 0.511 —
Gender (male), 𝑛 (%) 105 (55) 33 (49.3) 31 (50.8) 41 (65.1) 0.142 —
Kt/V urea 1.5 ± 0.3 1.5 ± 0.4 1.5 ± 0.2 1.4 ± 0.2 0.360 0.362
Creatinine, mg/dL 8.1 ± 2.8 7.7 ± 2.4 8.2 ± 2.6 8.5 ± 3.3 0.306 0.407
Urea reduction ratio, % 76.0 ± 6.6 76.2 ± 7.6 76.8 ± 6.2 75.1 ± 5.6 0.377 0.382
Dose of darbepoetin-𝛼, 𝜇g/kg/week 0.4 (0.2–0.7) 0.5 (0.3–0.8) 0.4 (0.2–0.6) 0.5 (0.2–0.9) 0.311 0.335
Central venous catheter use, 𝑛 (%) 44 (23.0) 20 (29.9) 14 (23.0) 10 (15.9) 0.167 —
BMI, kg/m2 25.9 ± 4.6 26.3 ± 5.4 26.1 ± 4.1 25.3 ± 4.2 0.370 0.421

UGT1A1 genotype
6/6, 𝑛 (%) 94 (49.2) 33 (49.3) 35 (57.4) 26 (41.3)

0.236 —6/7, 𝑛 (%) 81 (42.4) 31 (46.3) 20 (32.8) 30 (47.6)
7/7, 𝑛 (%) 16 (8.4) 3 (4.5) 6 (9.8) 7 (11.1)

Hematological data
Hemoglobin, g/dL 11.7 ± 1.4 11.4 ± 1.5 12.0 ± 1.4

a 11.8 ± 1.3 0.042 0.041
Hematocrit, % 36.4 ± 4.6 35.3 ± 4.5 37.5 ± 4.7

a 36.6 ± 4.3 0.026 0.022
Erythrocytes, ×1012/L 3.8 ± 0.5 3.7 ± 0.5 4.0 ± 0.5

a 3.8 ± 0.5 0.043 0.042
Reticulocytes, ×109/L 49.3 (27.4–72.8) 56.0 (28.5–75.6) 40.1 (28.3–66.8) 50.8 (26.2–74.7) 0.318 0.325
RPI 0.9 (0.5–1.4) 0.9 (0.5–1.3) 0.8 (0.5–1.4) 1.1 (0.5–1.5) 0.834 0.830
Platelets, ×109/L 183.7 ± 55.1 197.7 ± 59.9 175.8 ± 43.6 164.0 ± 53.6

a 0.027 0.040
White blood cells, ×109/L 6.4 ± 2.0 6.9 ± 2.0 6.3 ± 2.0 6.0 ± 1.9

a 0.046 0.057
Neutrophils, ×109/L 4.0 ± 1.5 4.2 ± 1.3 3.8 ± 1.6 3.8 ± 1.6 0.247 0.287
Lymphocytes, ×109/L 1.7 ± 0.7 1.8 ± 0.9 1.7 ± 0.6 1.5 ± 0.5

a 0.011 0.011
Neutrophil/lymphocyte ratio 2.3 (1.8–3.3) 2.3 (1.8–3.4) 2.2 (1.5–3.0) 2.5 (2.0–3.3) 0.119 0.120

Iron metabolism
Iron, mg/dL 38.0 (30.0–54.0) 36.0 (29.0–43.0) 41.0 (29.0–55.0) 44.0 (32.0–56.0)a 0.005 0.006
Transferrin, mg/dL 184.3 ± 35.6 193.3 ± 34.6 182.4 ± 39.4 176.4 ± 31.1

a 0.023 0.024
Transferrin saturation, % 17.7 ± 10.8 13.9 ± 6.2 17.7 ± 9.4 21.5 ± 14.1

a
<0.001 <0.001

sTfR, nmol/L 23.3 ± 11.9 21.7 ± 9.4 25.0 ± 14.2 23.4 ± 11.7 0.281 0.284
Ferritin, ng/mL 402.0 ± 152.6 369.3 ± 153.9 419.4 ± 162.7 419.8 ± 137.0 0.093 0.090

Hepcidin-25, ng/mL 1599.1
(863.6–2409.0)

1738.0
(1144.3–2637.7)

1649.8
(931.7–2440.1)

1476.6
(537.8–2350.0) 0.108 0.101

Lipid profile
Total cholesterol, mg/dL 154.4 ± 43.4 156.7 ± 34.6 151.3 ± 35.1 155.0 ± 57.3 0.777 0.796

Triglyceride, mg/dL 119.0
(91.0–176.0)

135.0
(91.0–183.0)

113.0
(96.5–172.5)

109.0
(85.0–151.0) 0.156 0.103

HDL-cholesterol, mg/dL 42.3 ± 13.5 41.7 ± 12.1 42.5 ± 13.6 42.7 ± 14.9 0.908 0.888
LDL-cholesterol, mg/dL 73.5 ± 29.5 73.8 ± 28.5 73.2 ± 28.0 73.4 ± 32.2 0.992 0.999
ox-LDL, U/L 36.0 ± 15.4 39.8 ± 21.3 34.5 ± 8.6 33.2 ± 12.0

a 0.033 0.041
ox-LDL/LDL-c ratio, U/mg 0.053 ± 0.019 0.058 ± 0.025 0.051 ± 0.013

a
0.048 ± 0.013

a 0.007 0.005
Lp(a), mg/dL 45.4 (25.2–88.1) 50.4 (27.3–106.2) 45.4 (24.1–89.1) 37.4 (24.7–68.2)a 0.052 0.071
Apo A, mg/dL 123.1 ± 30.5 128.9 ± 32.4 125.7 ± 32.7 114.3 ± 23.8

a 0.017 0.013
Apo B, mg/dL 72.8 ± 21.8 81.8 ± 21.3 70.6 ± 18.9

a
65.4 ± 31.9

a
<0.001 <0.001

Apo A/Apo B ratio 1.83 ± 0.67 1.68 ± 0.54 1.89 ± 0.74 1.85 ± 0.65
a 0.048 0.054
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Table 1: Continued.

All patients
(𝑛 = 191)

Tertiles of total bilirubin

T1
TB: <0.21mg/dL

(𝑛 = 67)

T2
TB: 0.21 to
0.3mg/dL
(𝑛 = 61)

T3
TB: >0.3mg/dL

(𝑛 = 63)
𝑃 valueb 𝑃 valuec

Inflammatory markers
Adiponectin, mg/L 9.2 ± 4.7 7.9 ± 3.7 9.1 ± 4.6 10.7 ± 5.4

a 0.003 0.004
PON1, nmol p nitrofenol/mL/min 398.3 ± 92.6 376.0 ± 70.1 398.5 ± 92.9 418.6 ± 106.2

a 0.040 0.033
CRP, mg/dL 5.2 (2.3–13.3) 7.1 (3.2–14.6) 4.9 (2.1–13.5) 3.6 (1.9–12.7) 0.393 0.453
IL-6, pg/mL 2.3 (1.4–4.3) 3.1 (2.1–5.4) 2.1 (1.4–4.0)a 1.6 (1.1–3.4)a 0.001 0.003
Albumin, g/dL 3.9 ± 0.4 3.9 ± 0.3 3.9 ± 0.4 3.9 ± 0.4 0.936 0.976
a
𝑃 value < 0.05 for post hoc test considering T1 as reference category; bANOVA analysis for continuous covariates and Chi-squared test or Fisher’s exact test
for categorical covariates. cAdjusting for age (ANCOVA). BMI: body mass index; RPI: reticulocyte production index; sTfR: soluble transferrin receptor; HDL:
high-density lipoprotein; LDL: low-density lipoprotein; ox-LDL: oxidized low-density lipoprotein; Lp(a): lipoprotein (a); Apo A: apolipoprotein A; Apo B:
apolipoprotein B; PON1: paraoxonase 1; CRP: C-reactive protein; IL-6: interleukin-6.

transferrin saturation and decreasing values in transferrin.
In the lipid profile, lower values were found for ox-LDL,
ox-LDL/LDLc ratio, Lp(a), Apo A, and Apo B and higher
values for Apo A/Apo B ratio in the third tertile compared
to the first and second tertiles groups. Increasing values of
adiponectin and PON1 were also observed in the third tertile
group. Post hoc analysis showed that HD patients in the
second tertile of bilirubin, as compared with those in the
first tertile, presented a significant increase in hemoglobin
concentration, hematocrit, and erythrocyte count; a signifi-
cant decrease was also observed for ox-LDL/LDLc ratio, Apo
B, and IL-6. Comparing HD patients in the third tertile of
bilirubin with those in the first tertile, we found a significant
reduction in platelet, leukocyte, and lymphocyte counts;
iron metabolism presented significant changes, namely, an
increase in serum iron and in transferrin saturation, and a
decrease in transferrin; several significant changes were also
observed in the lipid profile, namely, a significant decrease in
ox-LDL, ox-LDL/LDLc ratio, Apo A, and Apo B and a signif-
icant increase in Apo A/Apo B ratio; for the inflammatory
markers, we found a significant rise in adiponectin and
PON1 and a significant reduction in IL-6 serum levels. After
adjusting for age, the results remained significant (Table 1).
No statistical significant differences were found in UGT1A1
genotype between the three tertiles of TB, although HD
patients homozygous for the (TA)7 allele showed an increase
in bilirubin levels when compared to those with genotypes
6/7 and 6/6. Additionally, applying Pearson’s rank correlation,
we also found statistically significant correlations between TB
and adiponectin (𝑟 = 0.238; 𝑃 = 0.001), transferrin (𝑟 =
−0.213; 𝑃 = 0.003), iron (𝑟 = 0.201; 𝑃 = 0.005), transferrin
saturation (𝑟 = 0.307; 𝑃 < 0.001), ferritin (𝑟 = 0.173;
𝑃 = 0.017), Apo A (𝑟 = −0.249; 𝑃 < 0.001), lymphocytes
(𝑟 = −0.223; 𝑃 = 0.002), and IL-6 (𝑟 = −0.193; 𝑃 = 0.008).

4. Discussion

Bilirubin is a key metabolic product of hemoglobin
catabolism and seems to have a protective effect in oxidative
stress conditions, such as atherosclerosis, coronary heart

disease, inflammatory diseases, cancer, and renal disease
[8, 21, 23, 24]. Plasma bilirubin concentrations higher than
20mg/mL are associated with deleterious effects in fetus and
newborns, by increasing the risk of neurological dysfunction
[25, 26], as a result of its toxic effect on neuronal tissue.
Under physiological conditions, most of the bilirubin is
bound to albumin. Homozygosis for the TA duplication
in the promoter region of UGT1A1 gene, associated with
higher levels of unconjugated bilirubin, is considered as the
main cause of Gilbert syndrome in Caucasian population
[2, 17] and justifies some of the interindividual variations
in bilirubin levels, even in the normal population [27]. The
estimated frequency of this allele is 0.35 in Caucasians,
leading to a homozygous genotype in about 10% of the
population, but the frequency is highly variable in different
ethnicities [28, 29].

By studying a group of ESRD patients under HD and
by using a very broad analytical panel, we were able to
demonstrate that higher bilirubin levels, within the normal
range (<1mg/mL), are associated with higher hemoglobin
concentration, lower platelet and lymphocyte counts, an
increased iron availability, an improvement in the lipid
profile, and a decrease in the inflammatory status.

This transversal study showed a prevalence of 8.8% for
homozygosity of the TA duplication in theUGT1A1 promoter
region, which is in accordance with the prevalence reported
for a healthy Portuguese population [30, 31]. Moreover, we
found a relationship between bilirubin levels and the presence
of the TA duplication in the promoter region of UGT1A1;
actually,HDpatients homozygous for the (TA)7 allele showed
an increase in bilirubin levels, when compared with those
heterozygous, or with normal number of TA repeats. It is
known that bilirubin is removed during the dialysis process
[32], but the UGT1A1 genotype may modify serum bilirubin
levels, even before the next dialysis session, as suggested
by the increase in bilirubin levels observed in HD patients
homozygous for the (TA)7 allele. When we stratified the
results by UGT1A1 genotype, we only found a significant
increase in HDL-c in the group of HD patients homozygous
for the (TA)7 allele. Nevertheless, we did not find significant
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differences in HDL-c when the results were stratified by
tertiles of bilirubin, suggesting that this increase in HDL-c
in HD patients homozygous for the (TA)7 allele is linked to a
decrease in glucuronidation, related to the presence of this
polymorphism, more than with the bilirubin serum levels.
This association between higher bilirubin concentrations and
higher HDL-c was previously described in a large number
of studies [23]. Only one study reported decreasing HDL-c
concentrations with increasing bilirubin [33].

Stratifying results by tertiles of bilirubin, no significant
differences were found in UGT1A1 genotype distribution
between groups, reflecting the low penetrance of the TA
duplication polymorphism. Actually, ESRD patients present-
ing higher bilirubin levels showed also high hemoglobin
concentration and hematocrit and erythrocyte counts, sug-
gesting that the red cell mass and hemoglobin concentration
are associated with interindividual variations of bilirubin, as
previously reported in a healthy population [30, 34] and in
individuals with Gilbert’s syndrome [35]. High bilirubin lev-
elsmay be associated alsowith a decrease in the inflammatory
status [36]. Actually, moderate and elevated unconjugated
bilirubin concentrations have been associated with a reduced
inflammatory status, namely, with lower levels of IL-6 [34,
35].We also detected an inverse association between bilirubin
levels with platelets and lymphocyte counts, suggesting that
bilirubin levels may influence hematopoiesis. Recently, it was
described that mild elevated serum unconjugated bilirubin
levels could delay atherosclerotic plaque progress by prevent-
ing thrombus formation through the prevention of collagen
induced platelet aggregation [37]. The immunomodulatory
effects of unconjugated bilirubin may explain its ability to
restrain inflammation [24].

As previously described, high bilirubin levels are asso-
ciated with low inflammatory grade in nonrenal patients
[38, 39] and in ESRD patients [21]. Indeed, a significant
decrease in IL-6 levels can be observed in the last tertile of
bilirubin. Although we have not found significant differences
in CRP between tertiles of bilirubin, a trend towards lower
values with increasing bilirubin was found. As previously
reported, unconjugated bilirubin is negatively associatedwith
CRP levels [37, 38], which is a widely used biomarker for
inflammation status and CVD risk. As IL-6 is a known
inducer of hepatic CRP production, the reduction of IL-6
with bilirubin levels could explain, at least in part, the trend
towards lower values of CRP concentration in our ESRD
patients. It has been suggested that bilirubin is associatedwith
lower CRP levels via reduction of blood lipid concentrations
and not by direct inhibition of inflammation [40].

The rise in adiponectin found in HD patients presenting
higher bilirubin levels and the significant positive correlation
between bilirubin and adiponectin, described here by the
first time in HD patients, could justify also the decreased
inflammatory markers in HD patients presenting lower
bilirubin levels. In fact, several reports demonstrated the anti-
inflammatory effects for adiponectin [41–43]. In addition,
the predictive value of adiponectin in all-cause mortality in
ESRD patients appears to be critically dependent on serum
magnesium (s-Mg) and calcium levels (sCa) since strong
positive and negative associations of adiponectin with s-Mg

and s-Ca were found, respectively, in ESRD patients, and
these associations were independent of each other and inde-
pendent of body composition, nutritional, and inflammatory
status [44]. These data are consistent with other studies,
which showed a 3% to 10.3% increased risk for all-cause
mortality for each 1 mg/mL increment of adiponectin in
chronic kidney disease and ESRD patients [45]. Moreover,
plasma adiponectin is an independent (inverse) predictor
of cardiovascular events and mortality among HD patients.
Analysis of adiponectin and several metabolic risk factors
have shown that adiponectin has a protective function in
prevention of CVD [46]. More recently, it was reported
that an increase in obesity-related markers of the metabolic
syndrome might be associated with lower adiponectin [47].

The inflammatory stimulus has an important impact in
iron metabolism, by mobilizing iron from erythropoiesis
traffic to storage sites within the reticuloendothelial system,
inhibiting erythroid progenitor proliferation and differen-
tiation [48]. These modifications in iron mobilization lead
to an iron depleted erythropoiesis. In this work, the lower
grade of inflammation found in the third tertile of bilirubin
was associated with an increase in serum iron levels and
transferrin saturation and with a decrease in transferrin
levels. Additionally, a significant positive correlation between
bilirubin and serum iron and transferrin saturation and a
significant negative correlation between bilirubin and trans-
ferrin were found. We also observed a trend (𝑃 = 0.108)
towards a decrease in hepcidin serum levels that follows
the increase in bilirubin levels and the decrease in IL-6
serum levels.The increased iron serum levels were previously
reported in Gilbert’s syndrome patients [40] similar to our
ESRD patients that present higher bilirubin levels. This
improvement in iron metabolism seems to be due to the
decrease in the inflammatory status that favors ironmobiliza-
tion from macrophages and increases intestinal iron absorp-
tion. Moreover, it has also been hypothesized that bilirubin
could induce a mild hemolytic effect, liberating haem, which
is subsequently degraded to iron, carbon monoxide and,
ultimately, to bilirubin. Carbon monoxide further stimulates
haemoxygenase-1 andproduction/accumulation of bilirubin,
inducing further red blood cell lyses, completing the loop of
anti-inflammatory compound production [40].

An association between TB and an improvement in the
lipid profile has been already described in several studies in
nonrenal patients [49–51]. There are evidences that support
a role for bilirubin in protecting lipids from various oxygen
radical species [52], particularly from lipid peroxidation
induced by copper [8]. Indeed, as bilirubin and copper accu-
mulate in atherosclerotic lesions, bilirubin could delay copper
induced oxidation of lipids; therefore, the susceptibility to
lipid oxidation might be reduced by elevated concentrations
of the endogenous antioxidant bilirubin. This could explain
the negative relationship between circulating bilirubin and
CVD. Moreover, our HD patients presented an association
between high bilirubin levels (third tertile) and a decrease
in ox-LDL, Apo A, and Apo B and an increase in Apo
A/Apo B ratio, in accordance with a previous report [53].
Lipoproteins, particularly LDL-c, are highly susceptible to
oxidation, and it is known that the atherogenic process
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involves an uptake of oxidized LDL by intimal macrophages
leading to accumulation of lipid-rich foam cells [54]. Given
the antioxidant capacity of bilirubin, it is plausible that
bilirubin protects lipids and lipoproteins against oxidation,
protecting, therefore, against atherogenesis [15]. Indeed, we
found in our HD patients a decrease in ox-LDL/LDL ratio,
showing a reduction in LDL oxidation associated with higher
bilirubin levels. Considering the known involvement of
oxidized LDL in the development of atherosclerosis and the
ability of bilirubin to act as a potent lipid chain-breaking
antioxidant under physiological conditions, the rise of plasma
bilirubin concentrations may reduce the atherogenic risk in
HD patients.

We also found an association between higher bilirubin
levels and higher PON1 activity. PON1 presents antioxidant
properties and contributes to control of the development of
oxidative stress at blood level [55, 56]. As referred to, the
oxidation of LDL is a crucial starting step for the athero-
genic process [57]. By preventing oxidative stress, PON1
contributes to protecting LDL from oxidative modifications,
reducing foam cell formation, and inhibiting atherosclerosis
[58]. In line, serum antioxidant activity of PON1 is an impor-
tant factor in cardiovascular diseases, providing protection
from oxidative stress and lipid peroxidation [59]. PON1
concentration has been proposed as a predictive marker
of cardiovascular mortality and all-cause mortality [60].
Reduced serum PON1 activity has been clearly established
in HD patients and could contribute to accelerating the
development of atherosclerosis in these patients [61], as they
are, probably, more susceptible to the harmful effects of
lipid peroxidation than healthy subjects with a normal PON1
activity. An association between PON1 activity after dialysis
with creatinine changes, advanced glycation end products,
and acrolein has been found, suggesting that uremic toxins
could play a mechanistic role in PON1 inactivation [61]. A
reduced PON1 activity in HD patients who are not under
statin therapy is strongly associated with inflammation,
longer time on dialysis, and high recombinant human ery-
thropoietin (rhEPO) doses, suggesting that the reduction in
PON1 activity may worsen the prognosis of these patients
[62]. Treatment with rhEPO seems to reduce the oxidative
stress and to improve PON1 activity in HD patients [63];
patients who are resistant to this therapy present higher
levels of inflammatory and oxidative stressmarkers that could
contribute to the lower PON1 activity [64].

In conclusion, this work shows that higher bilirubin
levels present potential beneficial effects in ESRD patients
under HD, namely, in the prevention and/or development of
CVD, by improving lipid profile and reducing the inflamma-
tory grade, which may increase iron availability. Moreover,
we described for the first time an association between
high bilirubin levels, within the normal range, with higher
adiponectin and PON1 activities.
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Objective. Venous thromboembolism (VTE) is amultifactorial disorder and, worldwide, themost important cause ofmorbidity and
mortality.Genetic factors play a critical role in its aetiology.Microsatellites are themost important source of human genetic variation
having more phenotypic effect than many single nucleotide polymorphisms. Hence, we evaluate a possible relationship between
VTE and the genetic variants in von Willebrand factor, human alpha fibrinogen, and human thyroid peroxidase microsatellites to
identify possible diagnosticmarkers.Methods.Genotypes were obtained from 177 patients with VTE and 531 nonrelated individuals
using validated genotyping methods. The allelic frequencies were compared; Bayesian methods were used to correct population
stratification to avoid spurious associations. Results. The vWA-18, TPOX-9, and TPOX-12 alleles were significantly associated
with VTE. Moreover, subjects bearing the combination vWA-18/TPOX-12 loci exhibited doubled risk for VTE (95% CI = 1.02–
3.64), whereas the combination vWA-18/TPOX-9 showed an OR = 10 (95% CI = 4.93–21.49). Conclusions. The vWA and TPOX
microsatellites are good candidate biomarkers in venous thromboembolism diseases and could help to elucidate their origins.
Additionally, these polymorphisms could become useful markers for genetic studies of VTE in the Mexican population; however,
further studies should be done owing that this data only show preliminary evidence.

1. Introduction

Venous thromboembolism (VTE) is a multifaceted disorder
with high levels of morbidity, mortality, and recurrence
worldwide [1]. Clinically, it is defined by deep vein throm-
bosis, pulmonary embolism, or both [2]. VTE exhibits a
multifactorial aetiology and several risk factors such as age,
trauma, hormonal misbalance, immobility, hypercoagulable
state, thrombophilic defects, and hypertension are involved

in its development [3]. Additionally, genetic factors play a
critical role in the aetiology, and, consequently, the identifi-
cation of predictive biomarkers is an active area, which may
contribute to its diagnosis [4]. Microsatellites, also named
short tandem repeats (STRs), are the most important source
of human genetic variation [5]. STRs are located in 17% of the
human coding genes, exhibiting a wide distribution in regu-
latory regions affecting the transcription and gene expression
[6]. Hence, STRs have been linked to disease phenotypes,
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principally, in neuromuscular and neurodegenerative disor-
ders [7]. Currently, STRs have been also related to complex
diseases such as cancer, diabetes, and cardiovascular diseases
(CVD), suggesting that STRs have more phenotypic effect
thanmany single nucleotide polymorphisms (SNPs) [5, 6, 8].

Within the combined DNA index system (CODIS),
five STRs are located within genes: TH01 (human tyrosine
hydroxylase), TPOX (human thyroid peroxidase), vWA (von
Willebrand factor), CSF1PO (c-fms protooncogene for CSF-1
receptor gene), and FGA (human alpha fibrinogen). Some of
these, such as vWA, FGA, and TPOX, have been associated
with thrombotic events. Von Willebrand factor (vWF) is a
glycoprotein produced by vascular endothelium and platelet
[9]. As well, vWF is essential for haemostasis and promotes
thrombosis by platelet adhesion and aggregation and clini-
cally acts as a biomarker of CVD [10]. Synthesis and secretion
of vWA are regulated genetically and, as of now, more than
19 SNPs in introns regions have been associated with vWF
antigen levels [11]. In addition, a complex STRmarker located
in intron 40 was associated with diseases related to coagula-
tion [12]. With respect to fibrinogen, this is considered the
risk factor for CVD, and genetic variation has been associated
with fibrinogen levels as well as fibrin network structure [13,
14]. Therefore, polymorphisms in FGA have been associated
with a stroke risk as well as an increased risk of VTE [10,
15, 16]. Ultimately, several reports suggest that coagulation
abnormalities and vascular endothelial dysfunctions are cor-
related with thyroid peroxidase (TPOX) activity [17]. As well,
thyroid levels have been associated with a thromboembolic
potential suggesting that TPOX could contribute to VTE [18].
The search of biomarkers associated with thrombosis risk
aims to contribute to and identify molecular bases of this
complex disease using polymorphic markers [4]. In addition,
the implementation of genetic predictive diagnostic tests
could be used for the instauration of preventive treatments
to avoid the onset of illness. However, genotype-phenotype
association studies have been commonly focused on single
nucleotide polymorphisms (SNPs) underestimating markers
of hypervariable polymorphisms [19]. Thus, the major pur-
pose of the present paper is to seek a possible relationship
between VTE and the combined effect of more than one
genetic variant in vWA, FGA, and TPOX microsatellites
in order to identify possible susceptibility markers. We
employed a case-control study using three controls for each
case. Our findings suggest that allele 18-vWA, as well as 9-
TPOX and 12-TPOX, could be related to thrombosis risk in
our population. This association is not an artificial effect,
since it was maintained even after population stratification
correction. Our data corroborates that STR analysis is a good
strategy for developing markers to elucidate the origins of
many human genetic diseases.

2. Materials and Methods

2.1. Subject Selection. We analysed the genetic data of 708
(1416 chromosomes) unrelated individuals born in Mexico
who had at least three generations of ancestors born in
this country. The studied population was subdivided in two

groups: the first group (cases) consisted of 177 individuals
(98 women and 79 men), with unprovoked venous throm-
bosis disease recruited at the Thrombosis, Haemostasis and
Atherogenesis Medical Research Unit (Unidad de Investi-
gación Médica en Trombosis, Hemostasia y Aterogénesis
(UIMTHA)) of the Mexican Institute of Social Security
(IMSS, initials in Spanish) in Mexico City. Unprovoked VTE
was defined as VTE that occurred in the absence of trauma,
surgery, immobilisation during three or more days, and no
evidence of malignant disease for the past five years. Clinical
suspicion of unprovoked venous thrombosis was confirmed
in all patients by a combination of at least two of the following
tests: a positive D-dimer, contrast venography, compression
ultrasonography, ventilation/perfusion scanning, or chest
computed tomography scan. All patients had one (39%) or
more (61%) unprovoked episodes of venous thrombosis. For
the whole group, a family history of venous thrombosis was
found in 32% of the patients while 15% of them had a family
history of arterial thrombosis at young age (<45 years old).
In 29% of the patients, there was a history of death before
45 years old in at least one direct relative due to an arterial
or venous thrombotic event. The second group (controls),
composed of 531 (three controls by each case) nonrelated
healthy individuals (239 women and 292 men), was recruited
by BIMODI laboratory. This population is a representative
group of the Mexican mestizos as has been described pre-
viously by our research group [20]. Each individual signed
an informed consent validated by the Ethics Committee of
the BIMODI Research Unit and the UIMTHA. Genealogical
data were also obtained from each person to ensure that the
individuals were unrelated through at least three generations.
Trained personnel interviewed all individuals in order to
obtain the baseline information (Table 1).

2.2. Polymorphisms Analysis. Genomic DNA was extracted
from peripheral blood leukocytes using QIAamp DNA mini
kit (Qiagen, Düsseldorf, Germany). Polymerase chain reac-
tion (PCR) was performed with oligonucleotide primers
previously reported by Kimpton et al. [21], Anker et al. [22],
and Promega Corporation [23]. Approximately 10 ng target
DNA was amplified using a multiplex reaction standardized
in our laboratory. The reaction was standardized at 6 𝜇L
total volume, containing 0.015𝜇Mprimers, 1X reaction buffer
with NH

4

SO
2

, 2.5mM MgCl
2

, 200𝜇M of each nucleotide
(Thermo Fisher Scientific, Suwanee, GA, USA), 1M betaine
(Sigma-Aldrich, St. Louis, MO, USA), and 1U Taq DNA
polymerase (Thermo Fisher Scientific, Suwanee, GA, USA).
The thermocycling procedure consisted of 35 cycles of denat-
uration at 94∘C for 30 sec, annealing at 55∘C for 1min, and
extension at 72∘C for 1min, followed by a final extension step
of tenminutes at 72∘C.The resulting ampliconswere analysed
by capillary electrophoresis on theABI Prism 3130XLGenetic
Analyser using the GeneMapper ID v. 3.2. software (Applied
Biosystems, Carlsbad, CA, USA). We also used the control
DNA 007 (Applied Biosystems, Carlsbad, CA, USA) as a
validated internal control.
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Table 1: Baseline information obtained from cases and nonrelated healthy individuals.

Variable
Females Males

Cases Controls OR 95% CI 𝑃

Cases Controls OR 95% CI 𝑃

𝑛 = 98 𝑛 = 239 𝑛 = 79 𝑛 = 292

Age 44.68 ± 14.64 25.37 ± 13.20 1.11 1.110–1.113 ≤0.0001 45.36 ± 15.94 30.80 ± 17.87 1.04 1.02–1.05 ≤0.0001
Range 18–80 1 A 52 17–83 1 A 67
Smoking habit
Nonsmoking 78 (79.59) 171 (71.54) 1.51 0.82–2.77 0.15 46 (58.22) 146 (50.00) 1.40 0.82–2.39 0.18
Smoking 20 (20.41) 66 (27.61) 33 (41.77) 147 (50.34)
OR: odds ratio; 95% CI: confidence intervals.

2.3. Statistical Analysis. Allele and genotype frequencies
were performed using Arlequin v. 3.1 software [24]. Hardy-
Weinberg expectation (HWE) was calculated by applying
Weir and Cockerham 𝐹 Statistic (𝐹IS w&C), using Genètix v.
4.05.2 program [25]. The levels of significance were deter-
mined empirically with 10,000 permutations. To examine
allelic and genotype frequencies, differentiation between pair
of groups, defined by disease status, was computed by the
Chi-squared test (𝜒2) using the Epi Info v. 7 software [26].
In order to assess the degree of dependence of disease on
genotypes, we calculated odds ratio (OR) using Epi Info v.
7 software. The associations between alleles of STR’s poly-
morphisms and the risk to develop VTE were estimated by
OR through simple and multiple logistic regression models.
Multivariate model was adjusted using confounders such as
gender, age, smoking status, and family history, with the
STATA 10.0 software package (Stat Corporation, College
Station, TX, USA). Ninety-five percent confidence intervals
(95% CI) and 𝑃 values are reported for the OR.

2.4. Genetic Structure Analysis. Population genetic structure
was inferred previously applying a model based on Bayesian
statistics, using the Structure v. 2.3.3 software [27], which
uses genotypic correlations among unlinkedmarkers to learn
about the structure of the population under study and the
genetic background of the individuals. The program uses the
Markov chain Monte Carlo (MCMC) method to estimate
the number of subpopulations, allele frequencies in each
subpopulation, and the 𝑞 value for each sampled individual.
All runs were performed using the conditions previously
reported by Gómez et al. [28].

2.5. Correction of Admixture. STRAT v. 1.1 software (Univer-
sity of Oxford, Oxford, UK) was used to correct the impact
of admixture over results avoiding spurious association [29].
This software is a companion program to Structure v. 2.3.3
software [27]. Previous results obtained by our research
group demostrated that Mexican mestizo populations shows
trihybrid ancestry as a consequence correction for three
subpopulations (𝑘 = 3) was used [20].

3. Results

3.1. Descriptive Statistics. The distribution of allele frequen-
cies of three loci and descriptive statistics for both studied

populations are shown in Table 2. Results demonstrated that
some allele frequencies in vWA, TPOX, and FGA presented
differences when comparing case and control populations.
In regard to genotypic frequencies, the genotypes, TPOX-
9,9 (0.175), vWA-16,17 (0.153), TPOX-9,12 (0.147), vWA-16,18
(0.113), vWA-23,25 (0.051), FGA-20,25 (0.045), and FGA-
21,25 (0.045), were the most frequent in cases group. Insofar
as control group, the most frequent genotypes were TPOX-
8,8 (0.275), TPOX-8,11 (0.224), vWA-16,17 (0.194), vWA-16,18
(0.105), vWA-16,16 (0.087), FGA-22,24 (0.060), FGA-24,25
(0.051), and FGA-21,24 (0.045) (see Supplemental Material
available online at http://dx.doi.org/10.1155/2014/697689).

On the other hand, the descriptive statistical analysis
showed a Hardy-Weinberg departure (HWD) in vWA and
TPOX in the thrombotic population. Interestingly, this HWD
was related to an excess of homozygotes (𝐹IS > 0) and is
shown only in cases group: vWA (𝐹IS = 0.122, 𝑃 = 0.0005)
and TPOX (𝐹IS = 0.242, 𝑃 = 0.0001) (Table 2). On the
other hand, the control population was in agreement with
HWE even after Bonferroni correction (𝑃 ≤ 0.016). All locus
combinations showed linkage equilibrium adjusting 𝑃 value
for 5% of nominal level (𝑃 = 0.0000480).

3.2. Frequency Differences between Cases-Controls. In order
to detect whether these frequency differences could be
related to a possible association with venous thrombosis, we
determined the statistical significance. All data was adjusted
using Bonferroni correction (𝑃 ≤ 0.016). The possible
risk alleles exhibiting significant differences are shown in
Table 3. Even though all seven alleles in Table 3 exhibited
significant statistical differences (𝑃 ≤ 0.001), only vWA-
18, TPOX-9, TPOX-12, FGA-26, and FGA-27 presented a
possible association with thrombosis due to OR as well
as confidence intervals. Consequently, only these loci were
considered possible candidates in relation to the venous
thrombosis phenotype.With respect to genotype frequencies,
significant differences were found in the following genotypes:
vWA-14,16 (𝑃 = 0.004), vWA-18,18 (𝑃 ≤ 0.0001), TPOX-9,9
(𝑃 ≤ 0.0001), TPOX-9,12 (𝑃 ≤ 0.000), TPOX-12,12 (𝑃 ≤
0.0001), FGA-21,27 (𝑃 = 0.048), FGA-22,26 (𝑃 = 0.01), FGA-
22,27 (𝑃 ≤ 0.001), FGA-23,27 (𝑃 ≤ 0.01), FGA-25,27 (𝑃 =
0.002), FGA-26,26 (𝑃 = 0.02), and FGA-26,28 (𝑃 = 0.02)
(Supplemental Material).

3.3. Admixture Correction. Focused on identifying truly
genetic associations, we corrected the stratification in the
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Table 2: Allelic frequencies and descriptive statistics of vWA, TPOX, and FGA loci in cases and nonrelated healthy individuals.

Allelic frequencies
Allele vWA TPOX FGA

Cases Controls Cases Controls Cases Controls
𝑛 = 177 𝑛 = 531 𝑛 = 177 𝑛 = 531 𝑛 = 177 𝑛 = 531

6 — — 0 0.0019 — —
7 — — 0.0056 0.0104 — —
8 — — 0.1638 0.5075 — —
9 — — 0.3305 0.0642 — —
10 — — 0.0791 0.05 — —
11 0.0113 0 0.1554 0.2462 — —
12 0.0056 0 0.2062 0.1189 — —
13 0 0.0047 0.0565 0.0009 — —
14 0.0678 0.0594 0.0028 0 — —
15 0.0989 0.0972 — — — —
15.2 0 0.0009 — — — —
16 0.2994 0.3019 — — — —
17 0.2486 0.3122 — — 0.0085 0.0009
18 0.2232 0.1396 — — 0.0028 0.0075
18.2 — — — — 0 0 0.0009
19 0.0367 0.0764 — — 0.0254 0.0774
19.2 — — — — 0 0.0009
20 0.0085 0.0075 — — 0.0932 0.084
21 — — — — 0.113 0.1264
21.2 — — — — 0 0.0038
22 — — — — 0.1102 0.1311
23 — — — — 0.1017 0.1387
23.2 — — — — 0 0.0047
24 — — — — 0.1356 0.1613
24.2 — — — — 0 0.0047
25 — — — — 0.1413 0.1491
25.2 — — — — 0 0.0009
26 — — — — 0.1243 0.0774
26.2 — — — — 0.0197 0.0019
27 — — — — 0.0876 0.0217
27.2 — — — — 0 0.0009
28 — — — — 0.0311 0.0057
30.2 — — — — 0.0056 0

Descriptive Statistics
k 9 9 8 8 14 20
Ho 0.6893 0.7887 0.5989 0.6321 0.8983 0.8792
He 0.7828 0.7741 0.7878 0.6619 0.8911 0.8797
𝐹IS 0.122 −0.018 0.242 0.046 −0.005 0.002
HW (P) 0.0005 0.81 ≤0.0001 0.0434 0.6162 0.4806
k: number of alleles; Ho: observed heterozygosity; He: expected heterozygosity; HW:Hardy-Weinberg (Weir andCockerham F Statistic)𝑃 value. Bold numbers
indicate data with significant statistical differences.

population; this parameter is the principal confusing factor
that could lead to spurious association [30, 31]. To avoid
it, we validated our case-control study in the presence of
a population structure using the trihybrid model (𝑘 = 3)
previously reported by our research group in the Mexican
mestizo population [20]. After the admixture correction,

vWA and TPOX loci maintained the statistical differences
with 𝑃 = 0.043 and 𝑃 ≤ 0.0001, respectively (Table 3).
This evidence suggests that the proportion of individuals
carrying a risk allele, either in heterozygote genotype or as
homozygote, can be different among case and control pop-
ulations. Consequently, we did an analysis comparing these
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Table 3: Statistical differences between cases and healthy controls.

Allelic frequency/loci Cases Controls
𝑃
𝑎

𝑃
𝑏

OR 95% CI
𝑛 = 177 𝑛 = 531

vWA-18 0.2232 (79) 0.1396 (148) ≤0.0001 <0.05 1.77 1.29–2.43
TPOX-9 0.3305 (117) 0.0642 (68) ≤0.0001 ≤0.0001 7.22 5.12–10.18
TPOX-12 0.2062 (73) 0.1189 (126) ≤0.0001 ≤0.0001 1.93 1.39–2.68
TPOX-13 0.0560 (20) 0.0009 (1) ≤0.0001 >0.05 63.53 9.04–1276.35
FGA-26 0.1240 (44) 0.0770 (82) 0.007 >0.05 1.7 1.13–2.54
FGA-27 0.0880 (31) 0.0220 (23) 0.0001 >0.05 4.34 2.41–7.81
FGA-28 0.0310 (11) 0.0060 (6) 0.0001 >0.05 5.64 1.92–17.25
OR: odds ratio; 95% CI: confidence interval; 𝑃

𝑎

: statistical differences without admixture correction; 𝑃
𝑏

: statistical differences after admixture correction. Data
are adjusted by Bonferroni correction (𝑃 ≤ 0.016). Significant statistical differences and accurate confidence intervals are shown in bold numbers.

Table 4: Statistical differences between risk allele doses in case and control populations.

Locus Cases Controls P OR (95% CI)

vWA 18, 18 18, X 18, 18 18, X 0.0232 1.51 (1.04–2.20)
𝑛 = 14 (8%) 𝑛 = 50 𝑛 = 4 (0.75%) 𝑛 = 145

TPOX

9, 9 9X 9, 9 9X
< 0.0001 17.06 (11.07–26.36)

𝑛 = 31 (17.5%) 𝑛 = 89 𝑛 = 2 (0.37%) 𝑛 = 57

12, 12 12X 12, 12 12X
< 0.0001 2.3 (1.6–3.3)

𝑛 = 31 (31%) 𝑁 = 47 𝑁 = 9 (12%) 𝑁 = 114

X: any allele accompanying the risk allele; OR: odds ratio; 95% CI: confidence interval.
Significant statistical differences and accurate confidence intervals are shown in bold numbers.

frequencies in both populations (Table 4). Our results showed
that the genetic dose of the venous thrombosis associated
allele vWA-18 was 22% in cases and 14% in controls (OR =
1.51, 95% CI = 1.04–2.20, 𝑃 = 0.0232), whereas the genetic
doses of TPOX-9 and TPOX-12 thrombosis associated alleles
were ≈43% in cases and ≈6% in controls (OR = 17.06, 95%
CI = 11.06–26.36, 𝑃 ≤ 0.0001), and ≈31% in cases and 12%
in controls (OR = 2.3, 95% CI = 1.6–3.3, 𝑃 ≤ 0.0001),
respectively.

3.4. Association of Alleles andGenotypes with VTE byAdjusted
Model. In agreement with Table 4, we analysed the presence
of alleles and genotypes of each of the candidate poly-
morphisms. Table 5 depicts the determination of risk to
present VTE in the Mexican population taking into account
some confounders, such as age, gender, smoking status, and
family history. Under this analysis, we found that individuals
carrying the vWA-18 allele displayed a high risk to present
VTE (OR = 2.32). Consequently, the homozygote genotype
(18, 18) has a higher susceptibility for VTE in comparison
with the heterozygote genotype. Likewise, subjects carrying
the TPOX-9 allele have higher risk to present VTE than
those bearing the other allele (OR = 10.66). In concordance,
subjects with the homozygote genotype to 9 allele (9,9), have
higher association than those bearing the 9 heterozygous
genotypes. Interestingly, the presence of homozygote states
for susceptibility alleles in vWA (8%) and TPOX (17.5%) was
more frequent in patients with VTE in comparison with the
controls (vWA, 0.75%; TPOX, 0.37%). These results showed
the important contribution of these alleles to the development
of VTE. Finally, the allele 12 of TPOX marker did not show

an important implication with VTE, unless it is present in its
homozygous form. These results suggest that vWA-18 allele,
TPOX-9 allele, and TPOX-12,12 genotype act as risk factors
for VTE (Table 5).

3.5. Multiloci Genotype Analysis. Finally, we combined the
risk alleles in both loci (multiloci genotypes) to find a possible
risk combination (Table 6). Our results indicated that the
combination of allele 18 (vWA)with allele 9 (TPOX) as well as
18 (vWA)with 12 (TPOX) yielded a significant difference (OR
= 10.21, 95%CI = 4.93–21.49,𝑃 ≤ 0.0001; OR = 1.94, 95%CI =
1.02–3.64, 𝑃 < 0.05), suggesting that this combination could
be associated with an increase in the venous thrombosis risk.

4. Discussion

Thrombosis is a complex disease associated with genetic
and environmental factors. As some studies have previously
reported, different genes participate in procoagulant and
anticoagulant pathways and have been studied in different
populations. These studies showed that some SNP polymor-
phism markers in PAI-1, Lp(a), JAK2, PON-1,MTHFR, ABO,
and vWF loci, among others [23–26], could be associated
with thrombotic disease [32–35]. Additionally, several studies
related to clinical aspects support some of these hypotheses
[36].

Using population genetics, we have shown evidence with
a strong association between vWA (allele 18) and venous
thrombosis (OR = 1.77, 95% CI = 1.29–2.43, 𝑃 = 0.0001)
even after admixture correction and adjusted confounders
analysis. These findings are supported by previous studies
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Table 5: Contribution of candidate genes (alleles and genotypes) to venous thromboembolisms.

Locus Allele/genotype 𝑃 OR (95% CI)

vWA
18 0.0001 2.32 (1.53–3.53)

18, 18 0.0001 26.59 (6.90–102.48)
18, X 0.103 1.43 (0.93–2.21)

TPOX

9 0.0001 10.66 (6.45–17.62)
9, 9 0.0001 78.27 (18.29–42.59)
9, X 0.0001 4.88 (2.96–8.05)
12 0.057 1.51 (0.99–2.31)

12, 12 0.006 4.22 (1.50–11.85)
12, X 0.443 1.19 (0.76–1.86)

Models were adjusted by age, gender, smoking habit, and family history. OR: odds ratio; 95% CI: confidence interval of logistic multiple regression analysis; X:
any allele accompanying the risk allele.
Significant statistical differences and accurate confidence intervals are shown in bold numbers.

Table 6: Statistical differences between multiloci genotype frequencies in cases and controls (vWA, TPOX).

Multiloci genotypes Frequency
𝜒
2

𝑃 OR (95% CI)
(vWA, TPOX) Cases Controls
18, 9 0.184 0.021 62.15 <0.0001 10.21 (4.93–21.49)
18, 12 0.106 0.057 4.89 0.0269 1.94 (1.02–3.64)
𝜒

2: Chi-square test; OR: odds ratio; 95%CI: confidence interval. Significant statistical differences and accurate confidence intervals are shown in bold numbers.

which exhibited a strong relationship between serum levels of
von Willebrand factor and vWA polymorphic variants (SNP
and (GT)n in promoter region), where both contributed to
the risk of CVD [37, 38]. Therefore, vWA polymorphism
may be involved in thrombosis disease owing to this gene
that has a central role in blood coagulation systems and it
is also the major mediator of platelet adhesion as well as
the carrier for the coagulation factor VIII [12]. Interestingly,
we also found that the TPOX gene, which presents a STR
[AATG]n within intron 10, could be associated with venous
thrombosis. This STR has not been used as a genetic marker
of CVD; however, clinical reports relate high TPOX levels
with hyperthyroidism, supporting a possible association with
thrombosis, since hyperthyroidism is related to hypercoagu-
lable states [18, 39]. Our results showed that alleles (AATG)
≥9 tandem repeats present strong association (OR = 7.22,
95% CI = 5.12–10.18, 𝑃 ≤ 0.0001; OR = 1.93, 95% CI = 1.39–
2.68, 𝑃 ≤ 0.0001, resp.) with venous thrombosis. Mainly, the
presence of the allele 9 and both genotypes in homozygous
and heterozygous form could be important markers for
the risk for developing VTE. Similarly, the allele 12 in its
homozygous form showed an increased risk for VTE.

Both STR markers maintained a significant association
even after population stratification adjustment suggesting
that demographic events in the Mexican mestizo population
such as intercontinental migrations, bottlenecks, high demo-
graphic expansions, and the youth of the population (only
10–15 generations) are not confounder factors. In addition,
the HWD found in cases and not in the controls could
support the possibility of risk alleles [40, 41]. These findings
are principally shown in case-control studies where the excess
of homozygous breaks the randommating. As a consequence,
this HWD could be attributed to the disease association

[42, 43]. Consequently, the strength of the association is
enhanced. As well, it is worthwhile to mention that the
homozygote state of the risk alleles (vWA-18 and TPOX-9)
seems evident, significantly the contribution of double doses
to VTE development. This is blatant when comparing the
genotypic frequency between cases and controls.

On the other hand, FGA did not show any association
with VTE, which is supported by previous reports where
haplotypes between FGA and fibrinogen gamma (FGG) were
not associatedwith coronary events [44]. Nevertheless, a hap-
lotype association (FGA/FGG) was found in ischemic stroke,
carotid artery intima-medial thickness (IMT), and other
CVD events [13, 45]. These discrepancies could be related to
the major confounding factors: the genetic structure, which
principally provokes spurious associations in case-control
studies [31, 46, 47]. However, additional research is required
to clear up these discrepancies.

Our data, as well as the findings by other studies, suggest
that some STR alleles may be associated with different
cardiovascular diseases; however, the functional mechanism
is not clear [12, 48]. STRs are present in untranslated and
promoter regions as well as within coding and intron regions
where they represent 25% and 17%, respectively [19]. Also,
there is evidence that these sequences act as transcription
regulatory elements where the number and type of repeat
units play a crucial role inmodifying the level of transcription
and, therefore, gene regulation even in neighbour genes
[49–52]. Alternatively, STRs may also influence splicing
patterns, mRNA processing, stability, and translation, thus
affecting several protein functions [19, 53, 54]. All of these
characteristics highlight the importance of studying STRs
which have been associated with phenotypic consequences,
cell surface variability, plasticity in skeletal morphology, and
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even drug susceptibility which could be related to other
diseases [19]. Other reports provide compelling evidence
that some CODIS markers (TH01, vWA, TPOX, and D21S11)
could be associated with coronary heart disease, myocardial
infarction, and increased heart weight, which is concordant
with our findings [48, 55, 56]. Although STRs are good
candidate markers that may contribute to understanding the
origins of cardiovascular diseases, the combined effect of
more genetic variants is more useful and notably contributes
to finding biomarkers in complex diseases. Our study does
not pretend to diminish the importance of other polymorphic
markers such as SNPs, which have contributed, notably,
to finding biomarkers in complex diseases. Hence, further
research in other populations using SNPs and STRs is
needed to identify additional genetic determinants. As well,
haplotypes analyses with nearby SNPs would be informative,
particularly, if variants of these proteins are likely to be
causative of the phenotype. Studies in which the levels of von
Willebrand factor A and thyroid peroxidase are measured
and their relationship to different alleles estimated would also
be desirable.

To our knowledge, this is the first study associating
microsatellites with VTE in which the source of false pos-
itive association attributable to population stratification is
avoided. However, some limitations of this study should be
acknowledged, such as the sample size, which, despite being
suitable to sample size calculations, only shows preliminary
evidence of the relationship between VTE and the STRs
analysed. Therefore, it is necessary to increase the sample
size so as to obtain conclusive results about the association
of these markers with VTE. Nonetheless, our study could
be useful to define the size needed to determine a critical
effect. Although all unprovoked VTE events were objectively
documented and our calculations were adjusted taking into
account some factors thatmay influence susceptibility toVTE
such as age, gender, smoking status, and family history, our
study had limitations in the body mass index, which was not
followed by time; as a consequence, it was not documented
objectively. As well, it is important to contemplate the effect
of additional confounders on the VTE development.

In conclusion, the vWA and TPOX microsatellites could
be good candidate biomarkers in venous thromboembolism
diseases and could help to elucidate their origins. Addition-
ally, these polymorphisms could become useful markers for
genetic studies of VTE in the Mexican population; however,
further studies should be done in order to confirm and
validate this preliminary evidence.
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Patients with a low bone mineral density have an increased risk of cardiovascular diseases (CVD) and venous thromboembolic
events (VTE). The aim of our retrospective chart review was to investigate the prevalence of CVD, VTE, hypertension (HT), and
diabetes mellitus type 2 (DM2) in patients with a recent clinical fracture visiting the Fracture Liaison Service (FLS). Out of 3057
patients aged 50–90 years, 1359 consecutive patients, who agreed and were able to visit the FLS for fracture risk evaluation, were
included (71.7%women;mean age 65.2 yrs). Based onmedical history, 29.9%had a history of CVD (13.7%), VTE (1.7%),HT (14.9%),
andDM2 (7.1%) or a combination.Their prevalence increasedwith age (21% in patients aged 50–59 years to 48% in patients aged>80
years) and was higher inmen than in women (36% versus 27%), but independent of bonemineral density and fracture type. Careful
evaluation of medical history with respect to these risk factors should be performed in patients with a recent clinical fracture before
starting treatment with medications that increase the risk of VTE or cardiovascular events, such as raloxifene, strontium ranelate,
or NSAIDs.

1. Introduction

Osteoporosis and cardiovascular diseases (CVD) are two
health care problems with a major impact on mortality and
morbidity. In addition, the prevalence of both conditions
increases as the population ages, and it is expected that the
number of patients suffering from these conditions will rise
in the future due to the increased life expectancy. Patients
with a recent clinical fracture are screened and treated for
osteoporosis, if necessary, at the Fracture Liaison Service
(FLS) according to guidelines on osteoporosis and fracture
prevention [1–6].

Patients with a low bone mineral density (BMD) have an
increased risk for new cardiovascular events [7, 8] and low

BMD is associated with more severe or advanced vascular
calcification [9–16]. Postmenopausal women were reported
to have an increased risk of cardiovascular events [17],
with higher mortality [18], although in other studies these
associations were not observed [19]. On the other hand, in
patients diagnosed with a CVD, bone loss and fracture risk
were increased [20–25].

The association between CVD and low BMD has clinical
consequences for several therapies. Raloxifene is contraindi-
cated in postmenopausal patients with a history of or an
increased risk for venous thromboembolic events (VTE)
[26, 27]. Nonsteroidal anti-inflammatory drugs (NSAIDs),
prescribed for pain management, are contraindicated in
patients with CVD or at risk of CVD including hypertension
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(HT), heart failure, and diabetes mellitus type 2 (DM2) [27,
28]. Strontium ranelate is contraindicated in patients with a
history of cardiovascular diseases [29].

The aim of our retrospective chart reviewwas therefore to
investigate the prevalence of cardiovascular risk factors such
as CVD, VTE, HT, and DM2 in medical history in patients
at highest risk for a subsequent fracture, namely, those with a
recent clinical fracture visiting the FLS.

2. Materials and Methods

2.1. Study Design and Population. This study was designed
as a retrospective chart review to examine the prevalence of
cardiovascular risk factors in postmenopausal women and
men aged between 50 and 90 years with a recent clinical
vertebral or nonvertebral fracture who were evaluated at FLS
of VieCuri Medical Centre Noord-Limburg located in Venlo
(The Netherlands). Patients with metastatic cancer in bone,
fracture due to high energy trauma, or failure of prosthesis
were excluded.

After primary fracture care, a specialised nurse in osteo-
porosis invited all patients with a recent clinical fracture to
the FLS for screening for osteoporosis according to the Dutch
guidelines [1]. Patients who agreed to be evaluated at the
FLS received a detailed questionnaire for evaluation of risk
factors for fractures, falls, detailed medical history including
previous fractures and medication use, and daily dietary
calcium intake. During the visit at the FLS, a trained nurse
measured height and weight and evaluated the questionnaire
with special attention to medical history and daily dietary
calcium intake. In addition a BMD measurement with dual-
energy X-ray absorptiometry (DXA) of the lumbar spine,
total hip, and femoral neck was performed and a blood
sample was collected to detect contributors to secondary
osteoporosis and metabolic bone disease [30]. Depending
on the results of BMD measurement, calcium intake, and
serum 25-hydroxyvitaminD [25(OH)D] levels, patients were
treated with adequate calcium intake, vitamin D supple-
ments, and antiosteoporosis medication according to the
Dutch guidelines for treatment of osteoporosis [1].

Fractures were classified according to Center et al.
into hip fractures, major fractures (vertebra, multiple rib,
humerus, pelvis, distal femur, and proximal tibia), minor
fractures (all remaining fractures except fingers and toes),
and finger and toe fractures [31].

2.2. Bone Densitometry. BMD in the hip and lumbar spine
was measured using DXA with the Hologic QDR 4500
(Hologic, Bedford, MA, USA). Osteoporosis was diagnosed
according to the WHO criteria for BMD [32]. Patients
were classified according to the lowest value of T-score
femoral neck, total hip, or lumbar spine. T-scores of ≤ −2.5
standard deviations (SD) below the reference mean were
classified as osteoporosis; T-scores between −1.0 and −2.5 SD
were classified as osteopenia; and T-scores ≥ −1.0 SD were
classified as normal.

2.3. Cardiovascular Risk Factors. Medical history of all
patients was systematically screened and cardiovascular risk
factors were classified into CVD, VTE, HT, and DM2. CVD
comprised ischaemic heart disease, myocardial infarction,
angina pectoris, percutaneous coronary intervention, coro-
nary bypass, cerebrovascular accident, transient ischaemic
attack, and peripheral artery disease. VTE comprised venous
thromboembolism and pulmonary embolism. In addition,
patients were classified as having at least one cardiovascular
risk factor if CVD or VTE or HT was present in medical
history.

2.4. Statistical Analysis. Results are presented as means ± SD
or percentages. Chi-square tests and Fisher’s exact tests were
used to test whether the variables are independent. Subgroup
analyses were performed for gender, age per decade, BMD
(normal versus osteopenia versus osteoporosis), and fracture
type according to the center classification (finger and toe
versus minor versus major versus hip). Logistic regression
analyses were performed to adjust for age, sex, BMD (normal
versus osteopenia versus osteoporosis), and fracture type
according to the center classification (finger and toe versus
minor versus major versus hip). All analyses were performed
using SPSS for Mac (version 21.0, IBM SPSS Statistics, USA).
A 𝑃 value ≤ 0.05 was considered as statistically significant.

3. Results and Discussion

3.1. Study Population. From January 2009 until June 2011,
3131 patients aged between 50 and 90 years visited the emer-
gency department with a recent clinical fracture. Seventy-
four patients deceased before the invitation for fracture risk
evaluation was sent, resulting in 3057 patients being invited.
Of those, 1694 patients (55.4%) visited the FLS of whom
1359 (44.5%) had a fracture risk evaluation including BMD
measurement. A total of 1359 patients (71.7% women and
28.3% men) with a mean age of 65.2 ± 9.5 years were
evaluated at the FLS (Table 1). Osteoporosis was diagnosed
in 29.6%, osteopenia was diagnosed in 47.7%, and 22.7% had
a normal BMD. According to the center classification [31],
7.9% sustained a hip fracture, 28.7% a major fracture, 57.7% a
minor fracture, and 5.7% a fracture of finger or toe. Based on
medical history, 29.9%of the patients had a diagnosis of either
CVD and/or VTE and/or hypertension and/or DM2. CVD
was present in 13.7%,VTE in 1.7%, hypertension in 14.9%, and
DM2 in 7.1% of patients visiting the FLS with a recent clinical
fracture (Table 2).

3.2. Cardiovascular Risk Factors and Gender. The prevalence
of CVD and/or VTE and/or hypertension and/or DM2 was
significantly higher in men than in women (36.3% versus
27.3%; 𝑃 = 0.001) (Table 2). CVD was more frequently
diagnosed in men (𝑃 < 0.001), whereas the prevalence of
VTE, HT, and DM2 was comparable for men and women.
For the subcategories of CVD, myocardial infarction (𝑃 =
0.001), percutaneous coronary intervention (𝑃 < 0.001), and
peripheral arterial disease (𝑃 = 0.001) were more frequently
diagnosed in men. For other subcategories of CVD and for
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Figure 1: Prevalence of cardiovascular risk factors and diabetes mellitus type 2 according to the center classification.

Table 1: Characteristics of the study population.

Total
(𝑛 = 1359)

Women
(𝑛 = 974)

Men
(𝑛 = 385)

Age, y. (SD) 65.2 (9.5) 65.6 (9.5) 64.2 (9.4)
Sex 𝑛 (%)

Women 974 (71.7)
Men 385 (28.3)

Weight, (kg)a 73.7 (14.6) 70.3 (13.5) 82.6 (13.4)
Height (m)b 1.68 (0.09) 1.64 (0.07) 1.76 (0.08)
BMI (kg/m2)c 26.3 (4.5) 26.1 (4.7) 26.7 (3.8)
Fracture location 𝑛 (%)

Hip 108 (7.9) 68 (7.0) 40 (10.4)
Major 390 (28.7) 281 (28.9) 109 (28.3)
Minor 784 (57.7) 571 (58.6) 213 (55.3)
Finger and toe 77 (5.7) 54 (5.5) 23 (6.0)

BMD 𝑛 (%)
Osteoporosis 402 (29.6) 329 (33.8) 73 (19.0)
Osteopenia 648 (47.7) 457 (46.9) 191 (49.6)
Normal BMD 309 (22.7) 188 (19.3) 121 (31.4)

aWeight was measured in 1194 patients (855 women, 339 men).
bHeight was measured in 1237 patients (885 women, 352 men).
cBMI was calculated for 1150 (824 women, 326 men).

subcategories of VTE, HT, and DM2, the prevalence of those
diseases was comparable between men and women.

3.3. Cardiovascular Risk Factors and Bone Mineral Density.
There was no significant difference in the prevalence of CVD
and/or VTE and/or HT and/or DM2 between patients with

osteoporosis, osteopenia, and normal BMD (28.6%, 31.2%,
and 29.1%, resp.; 𝑃 = NS). Further, there was no significant
difference in the prevalence of CVD, VTE, HT, DM2, and the
subcategories of CVD and VTE (data not shown).

3.4. Cardiovascular Risk Factors and Fracture Type. As shown
in Figure 1, in 34.4% of patients with a major fracture at
least one cardiovascular risk factor or DM2 was present in
medical history, as compared to 28.6% of patients with a
minor fracture, 25.9% with a hip fracture, and 27.3% with
a fracture of finger or toe (𝑃 = NS). In addition, there
was no significant difference in the prevalence of CVD
including its subcategories, VTE, HT, and DM2, if patients
are classified according to fracture type. Only the prevalence
of venous thromboembolismwas significantly different (1.9%
hip versus 0.5% major versus 2.3% minor versus 1.3% finger
and toe; 𝑃 = 0.029) (data not shown).

3.5. Cardiovascular Disease and Age. As presented in Table 3
and in Figure 2, it is shown that the prevalence of CVDand/or
VTE and/or HT and/or DM2 in medical history increased
significantly with age, rising from 20.8% in patients aged
50–59 years to 48.3% in patients aged 80–89 years (𝑃 <
0.001). From the subgroups, CVD, HT, and DM2 increased
significantly with age; CVD was present in 7.6% of patients
aged 50–59 years up to 25.8% in patients aged 80–89 years
(𝑃 = 0.006); HT 11.0% up to 23.3% (𝑃 = 0.001); and DM2
3.6% up to 23.3% (𝑃 = 0.006). For all subcategories of CVD
except percutaneous coronary intervention, the prevalence
increased significantly with age (Table 3). For VTE, only a
significant increase was found for the presence of pulmonary
embolism in medical history (𝑃 = 0.009).
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Table 2: Prevalence of cardiovascular risk factors and diabetes mellitus type 2 in patients presenting with a fracture after age 50.

Total
(𝑛 = 1359)
𝑁 (%)

Women
(𝑛 = 974)
𝑁 (%)

Men
(𝑛 = 385)
𝑁 (%)

Value df 𝑃 value

Cardiovascular disease (CVD)a 186 (13.7) 102 (10.5) 84 (21.8) 30.068 1 <0.001
Ischaemic heart disease 3 (0.2) 2 (0.2) 1 (0.3) NSb

Myocardial infarction 39 (2.9) 19 (2.0) 20 (5.2) 10.418 1 0.001
Angina pectoris 27 (2.0) 18 (1.8) 9 (2.3) 0.340 1 NS
Percutaneous coronary intervention 33 (2.4) 12 (1.2) 21 (5.5) 20.765 1 <0.001
Coronary bypass 22 (1.6) 12 (1.2) 10 (2.6) 3.230 1 NS
Cerebrovascular accident 44 (3.2) 26 (2.7) 18 (4.7) 3.544 1 NS
Transient ischaemic attack 35 (2.6) 24 (2.5) 11 (2.9) 0.170 1 NS
Peripheral artery disease 40 (2.9) 19 (2.0) 21 (5.5) 11.858 1 0.001

Venous thromboembolic events (VTE)c 23 (1.7) 18 (1.8) 5 (1.3) 0.500 1 NS
Venous thromboembolism 15 (1.1) 13 (1.3) 2 (0.5) NS
Pulmonary embolism 10 (0.7) 7 (0.7) 3 (0.8 NS

Hypertension (HT) 202 (14.9) 145 (14.9) 57 (14.8) 0.001 1 NS
Diabetes mellitus type 2 (DM2) 96 (7.1) 68 (7.0) 28 (7.3) 0.036 1 NS
CVD or VTE 202 (14.7) 112 (11.5) 88 (22.9) 28.362 1 <0.001
CVD or VTE or HT 360 (26.5) 233 (23.9) 127 (33.0) 11.644 1 0.001
CVD or VTE or HT or DM2 407 (29.9) 266 (27.3) 141 (36.3) 11.408 1 0.001
aCardiovascular disease: having ischaemic heart disease or myocardial infarction or angina pectoris or percutaneous coronary intervention or bypass or
cerebrovascular accident or transient ischaemic attack or peripheral artery disease in medical history.
bFisher’s exact test.
cVenous thromboembolic events: having venous thromboembolism or pulmonary thromboembolism in medical history.

Table 3: Prevalence of cardiovascular risk factors and diabetes mellitus type 2 according to age per decade in patients with a recent fracture
after age 50.

50–59 y.
(𝑛 = 447)
𝑁 (%)

60–69 y.
(𝑛 = 474)
𝑁 (%)

70–79 y.
(𝑛 = 318)
𝑁 (%)

80–89 y.
(𝑛 = 120)
𝑁 (%)

𝑃-valuea

Cardiovascular disease (CVD)b 34 (7.6) 57 (12.0) 64 (20.1) 31 (25.8) 0.006
Ischaemic heart disease 0 (0.0) 0 (0.0) 1 (0.3) 2 (1.7) 0.013
Myocardial infarction 5 (1.1) 17 (3.6) 12 (3.8) 5 (4.2) 0.030
Angina pectoris 1 (0.2) 5 (1.1) 14 (4.4) 7 (5.8) <0.001
Percutaneous coronary intervention 6 (1.3) 14 (3.0) 9 (2.8) 4 (3.3) NS
Coronary bypass 3 (0.7) 6 (1.3) 10 (3.1) 3 (2.5) 0.038
Cerebrovascular accident 10 (2.2) 6 (1.3) 17 (5.3) 11 (9.2) <0.001
Transient ischaemic attack 7 (1.6) 10 (2.1) 10 (3.1) 8 (6.7) 0.024
Peripheral artery disease 7 (1.6) 13 (2.7) 13 (4.1) 7 (5.8) 0.040

Venous thromboembolic events (VTE)c 4 (0.9) 7 (1.5) 7 (2.2) 5 (4.2) NS
Venous thromboembolism 3 (0.7) 6 (1.3) 4 (1.3) 2 (1.7) NS
Pulmonary embolism 2 (0.4) 1 (0.2) 3 (0.9) 4 (3.3) 0.009

Hypertension (HT) 49 (11.0) 65 (13.7) 60 (18.9) 28 (23.3) 0.001
Diabetes mellitus type 2 (DM2) 16 (3.6) 42 (8.9) 27 (8.9) 11 (9.2) 0.006
CVD or VTE 37 (8.3) 62 (13.1) 67 (21.1) 34 (28.3) <0.001
CVD or VTE or HT 81 (18.1) 120 (25.3) 105 (33.0) 54 (45.0) <0.001
CVD or VTE or HT or DM2 93 (20.8) 142 (30.0) 114 (35.8) 58 (48.3) <0.001
aFisher’s exact test.
bCardiovascular disease: having ischaemic heart disease or myocardial infarction or angina pectoris or percutaneous coronary intervention or bypass or
cerebrovascular accident or transient ischaemic attack or peripheral artery disease in medical history.
cVenous thromboembolic events: having venous thromboembolism or pulmonary thromboembolism in medical history.
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Figure 2: Prevalence of cardiovascular risk factors and diabetes mellitus type 2 according to age per decade.

In Table 4, it is shown that, for each decade except for
the decade 80–89 years, the prevalence of cardiovascular
risk factors is significantly higher in men as compared to
women. Only in women and men aged between 60 and 69
years, the prevalence of having at least one cardiovascular risk
factor and the prevalence of having at least one cardiovascular
risk factor or DM2 is comparable between women and men
(Table 4).

In addition, at least one of these conditions was present
in medical history in 25.6% of patients aged 50–69 years
and in 39.3% patients aged 70 years and older (𝑃 < 0.001).
CVD, VTE, HT, or DM2 increased with age and was more
frequently present in men as compared to women: 23.1% of
women aged 50–69 years versus 35.6% of women aged 70
years and older (𝑃 < 0.001 within women) as compared to
31.2% of men aged 50–69 years versus 50.5% men aged 70
years and older (𝑃 < 0.001 within men) (data not shown).

3.6. Adjusted Analyses. After adjustments for age, sex, BMD,
and fracture type, age and sex remained significant predictors
for CVD (𝑃 < 0.001 for age; 𝑃 < 0.001 for sex), age for VTE
(𝑃 = 0.012), age and osteoporosis for HT (𝑃 < 0.001; 𝑃 =
0.048 resp.), and age and osteoporosis for DM2 (𝑃 < 0.001
for age; 𝑃 = 0.008 for osteoporosis).

In adjusted analyses only age and sex were significant
predictors for the presence of at least one cardiovascular risk
factor (CVD, VTE, or HT), (𝑃 < 0.001 for age; 𝑃 < 0.001 for
sex) and for the presence of at least one cardiovascular risk
factor including DM2 (𝑃 < 0.001 for age; 𝑃 < 0.001 for sex).

4. Discussion

The aim of our retrospective review was to investigate the
prevalence of cardiovascular risk factors including CVD,

VTE, HT, and DM2 in medical history in patients with a
recent clinical fracture visiting the FLS. Based on medical
history, nearly one out of three patients had a medical history
of CVD, VTE, HT, or DM2. CVD was more frequently
present in men, whereas the prevalence of VTE, HT, and
DM2 was similar in men and women. With increasing age,
the prevalence of CVD, VTE, HT, andDM2 increased as well,
up to half ofmen older than 70 years and ofwomen older than
80 years.

There was no significant increase in the prevalence of
these risk factors with decreasing BMD and increasing
severity of fracture, except for BMD and HT and DM2.
Adjusted analyses showed that age and sex remained signifi-
cant predictors for the presence of CVD, VTE, HT, DM2, or
at least one of these conditions, independent of BMD and
fracture type according to the center classification and age
and BMD for HT and DM2, independent of other risks.

The presence of cardiovascular risk factors in patients
with a recent clinical fracture has important implications
with regard to treatment and prevention of osteoporosis.
Raloxifene is contraindicated in women with a history of
VTE (including venous thromboembolism and pulmonary
embolism) or women at risk of VTE [6, 33, 34], resulting in
a contraindication in the prescription of raloxifene in 1.8% of
women in our study. NSAIDs are contraindicated in patients
with a history of CVD, heart failure, myocardial infarction,
cerebrovascular accident, or transient ischaemic attack and
in patients with an increased risk of ischaemic heart disease
such as angina pectoris and percutaneous coronary disease
and should be prescribed with caution in patients with
HT and DM2 [28, 35], resulting in a contraindication for
prescription of NSAIDs in 29.9% of patients (27.3% women
versus 36.3%men). Recently, the EMA has advised to restrict
the prescription of strontium ranelate in patients with a
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history of VTE, in patients at risk of VTE, and in patients
with a CVD or HT in medical history [29], resulting in
a contraindication for prescription of strontium ranelate in
26.5% of all patients (23.9% women versus 33.0% men).

Previous research has recommended that the treatment
of cardiovascular disease should not only prevent new car-
diovascular events, but also prevent fractures by evaluation
and treatment of osteoporosis and vice versa [6].

This study has several limitations. First, the study is
designed as a retrospective chart review. Therefore, we were
not able to investigate the occurrence of new cardiovascular
events after treatment with the antiosteoporosis medications
was initiated. Second, only 55.4% of patients who visited
the emergency department visited the FLS for fracture risk
evaluation. Patients not visiting the FLSmight be older,might
have more severe fractures such as hip or humerus fractures
for which surgical intervention was performed, might have
postoperative complications, andmight be living in a nursing
home and are not able to visit the FLS. In combination with
VTE often occurring after a major orthopaedic operation
such as hip fracture surgery, the prevalence of cardiovascular
risk factors might be underestimated.

5. Conclusions

In conclusion, CVD, VTE, HT, or DM2 was present in medi-
cal history of 29.9% of patients with a recent clinical fracture
after age 50. The prevalence of these diseases increased with
age and was higher in men than in women. These results
emphasise that careful evaluation of medical history with
respect to cardiovascular risk factors such as CVD, VTE,
HT, and DM2 should be performed since medications such
as raloxifene, strontium ranelate, and NSAIDs may increase
cardiovascular risk or even may be contraindicated in a
substantial number of patients with a recent clinical fracture.
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The aim of this study is to investigate the relationship between Hachinski ischemic score (HIS) and vascular factors as well as
between HIS and the cognitive function in elderly community. Demographic characteristics, such as sex, age, education, history
of drinking and smoking, family history of dementia and stroke, diabetes mellitus, hypertension, hyperlipidemia, cardiovascular
disease, stroke, and dementia, were surveyed. Neurological examination was administered to every subject and HIS was checked
by a neurologist. From a total of 392 participants aged 65 and over in a rural community, 348 completed the survey and were finally
enrolled. Among the vascular factors, history of hypertension (𝑃 = 0.008), history of stroke (𝑃 < 0.001), family history of dementia
(𝑃 = 0.01), and history of cardiac diseases (𝑃 = 0.012) showed a significant relationship with HIS. In the cognitive function tests,
both Korean version of the Mini-Mental State Examination and the Clinical Dementia Rating (Global and Sum of Boxes) had a
significant relationship with HIS. Our study suggested HIS may have an association with some vascular factors and cognitive scales
in community dwelling elderly. In this study, the HIS seemed to contribute to the evaluation of the quantity of vascular factors and
to the prediction of status of cognitive function.

1. Introduction

The Hachinski ischemic score (HIS) is known to be a simple
clinical tool, currently used for differentiating major types of
dementia, such as primary degenerative, vascular or multi-
infarct, and mixed type [1, 2]. Though there have been
developments of newer tools for differentiating types of
dementia, HIS has continuously and widely been used for
such purpose [1, 3, 4]. There were many studies on the
utility of HIS in the differentiation of dementia types, but
investigations on the usefulness of HIS in the community
dwelling elderly population are sparse.

Cerebrovascular factors are known to be the cause of vas-
cular cognitive impairment and have negative effects on
cognitive function [5, 6]. Cerebral infarction in itself, with-
out the interaction with AD pathology, contributes to the
likelihood of dementia [7]. When AD and IVD coexist as
a mixed type of dementia, the cognitive symptom may be
worse than when AD exists by itself [6]. Therefore vascular

factors affect cognitive decline of both forms of dementia
and it is important to assess vascular factors of elderly
people. However, screening IVD or measuring the quantity
of vascular risk factors of elderly people in a simple way is
not established yet. Brain imaging techniques, such as CT,
MRI, and MRA, are very good methods to assess cerebral
vascular status and ischemic damages in brain.However, such
methods are not cost effective as screening tools for a large
population because of their high costs and low accessibilities.

High HIS is closely related with cerebrovascular disease
and its vascular factors [8]. The composing items include
history of hypertension and history of stroke as well as symp-
toms suggesting cerebral vascular events [2]. Therefore we
thought HIS can be a useful screening tool representing the
quantity of vascular factors in elderly community dwelling.

For a dementia patient, high HIS indicates high prob-
ability of IVD. Vascular cognitive impairment covers a
continuous wide spectrum of cognitive dysfunction ranging
from mild cognitive impairment of vascular origin to overt
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IVD [9, 10]. Therefore, even nondemented individuals could
be on increased risk of IVD or mild cognitive impairment
of vascular origin when their HIS is high. We also thought
nondemented people with higher HIS have a higher rate
of cognitive decline because vascular risk factors affect
negatively cognition of individuals with vascular cognitive
impairment as well as individuals with AD pathology [6, 11].

To evaluate such hypotheses, we investigated the relation-
ship between HIS and vascular factors and the relationship
between HIS and cognition in a community dwelling.

2. Methods

2.1. Study Participants. This study is an epidemiological sur-
vey. The source of the sample for this study was inhabitants
aged 65 or over recorded in national residents registration
lists within one defined rural geographic area of Goryeong
Province, South Korea, in 2010. Participants were recruited
through a community survey. The survey was announced by
public leaders of each village of the Province and the people
gathered in the community hall. Residents who did not come
to the community hall were checked and a staff of regional
public health center visited their home and encouraged them
to participate in the survey. The residents aged 65 or over
identified from registration lists constituted the population
of 673 people. About 17% (114) did not live at the address.
From the 559 real residents, 96 people refused the interview,
or could not meet 73 people who went to work. Therefore,
392 (70% of real residents) participated in the survey. We
excluded 44 people who did not complete the survey in
analysis and 348 (62% of real residents) who completed
interviews, blood tests, and neurological examinations were
the sample size of this study.

All participants gave their written informed consent
before participating in this study.The data collection protocol
was approved by the Institutional Review Board of Daegu
Catholic University Medical Center in Daegu, Korea.

2.2. Assessment and Measurements. The survey was carried
out within one recruitment phase; five psychologists, 4
research nurses, and 2 neurologists were split into two survey
teams. Each team also had administrative support of the
regional public health centre of Goryeong Province. The
people previously instructed to come in a fasting state and
gathered in the community hall at the survey day. Residents
who supposed to come to the community hall were checked
of attendance. The staff of the regional public health center
visited homes of each nonattendants and encouraged them
to participate in the survey. The psychologists trained and
supervised by the project neurologist carried out cognitive
tests, and research nurses checked blood pressure, height,
body weight, and head circumference and took disease histo-
ries and took blood samples. Neurologists, including a project
manager, took neurological examinations and interviewed all
the participants further about the cognitive function based on
the result of cognitive tests and anthropological data, while
also checking HIS. People who quit during the investigation
were excluded from the statistical analysis of this study.

Height and body weight were measured automatically by
a machine and body mass index (BMI) was calculated by
the results. Information was collected from participants and
their caregivers, like spouses and children, and close friends
living nearby family members, parental occupations, area of
residence before age 20, duration of formal education, and
literacy of the Korean alphabet, Hangul. Self-reported diag-
noses of and treatment histories for diabetes, hypertension,
hyperlipidemia, heart disease, stroke, depression, trauma,
and other illnesses were recorded. Self-reported histories of
alcohol drinking, smoking, and visual and auditory acuity
and family histories of dementia and stroke were recorded
also.

2.3. Cognitive Function Screening Tests and HIS. Cognitive
function was assessed using the Korean version of the Mini-
Mental State Examination (K-MMSE) [12] (rating 0–30,
higher scores indicate good cognitive function) [13] and the
Clinical Dementia Rating (CDR) (rating 0–5, lower scores
indicate good cognitive function) scale including Clinical
Dementia Rating Sum of Boxes (CDR-SB) [14] (rating 0–25,
lower scores indicate good cognitive function) [15]. CDR was
composed of six items, memory, orientation, judgment and
problem solving, community affairs, home and hobbies, and
personal care. Each item rated from 0 to 5. CDR 0 indicates
normal and CDR 5 indicates severe dementia. Modified HIS
byRosen et al. [2]were also administered.This scoring system
was composed of eight items, stepwise deterioration, somatic
complaint, emotional incontinence, history of hypertension,
history of strokes, abrupt onset, focal neurologic symptoms,
and focal neurologic signs. The last four items received 2
points and the others received get 1 point which resulted in
a total score of 12.

2.4. Statistical Analysis. Baseline analyses were carried out to
determine the mean value and standard deviation of demo-
graphic characteristics including the presence of vascular
factors and cognitive scores.

For the analysis of correlation between vascular factors
and HIS, independent 𝑡-test was used. The 𝑃 values are
calculated by independent 𝑡-test between the mean HIS of
participants with described factors and the mean HIS of
participants without the described factors (Table 2).

We divided the sample to three groups according to
K-MMSE scores and compared the HIS scores among the
groups by ANOVA test. For the analysis of correlation
between cognitive function and HIS, we also administered
Pearson correlation coefficient. Simple linear regression anal-
ysis and multiple linear regression analysis were further
performed to verify the results. Initial analyses were carried
out to clarify vascular factors associatedwithHIS score.These
associations were further analyzed dividing the subjects from
low HIS score and to high HIS score and statistical evalua-
tions on these subgroups were made with using independent
𝑡-test and Chi-square tests.

Data were expressed as mean ± standard deviation for
continuous variables and frequency and percentage for cat-
egorical variables. Statistical significance was evaluated with
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Table 1: Demographic characteristics and vascular risk factors of subjects (𝑛 = 348).

Characteristics Number (Percentage)
Age, yr (mean ± SD) 74.06 ± 5.51
Male (%) 112 (32.2)
Education years (mean ± SD) 2.79 ± 3.21
Family history of dementia (%) 19 (5.5)
Family history of stroke (%) 68 (19.5)
Diabetes mellitus (%) 51 (14.7)
Hypertension (%) 127 (36.5)
Hyperlipidemia (%) 18 (5.2)
Cardiac disease (%) 54 (15.5)
Stroke (%) 20 (5.7)
K-MMSE, mean ± SD 23.16 ± 4.73
CDR, mean ± SD 0.23 ± 0.28
CDR-SB, mean ± SD 0.56 ± 1.01
BMI, mean ± SD 22.87 ± 3.19
SD: standard deviation; K-MMSE,Korean version ofMini-Mental State Examination; CDR,ClinicalDementia Rating; SB, Sumof Boxes; BMI, bodymass index.

Table 2: Relationship between HIS and vascular factors.

HIS (mean ± SD)
𝑃 value∗

Yes No
Male 2.52 (2.38) 2.23 (2.09) 0.251
Family history of dementia∗ 3.58 (2.50) 2.25 (2.15) 0.01
Family history of stroke 2.51 (2.08) 2.27 (2.22) 0.419
Diabetes 2.69 (2.62) 2.26 (2.11) 0.199
Hypertension∗ 2.73 (2.31) 2.09 (2.08) 0.008
Hyperlipidemia 3.00 (2.70) 2.28 (2.16) 0.178
Cardiac disease∗ 3.15 (2.64) 2.17 (2.07) 0.012
Stroke∗ 5.40 (3.22) 2.13 (1.97) <0.001
HIS: Hachinski ischemic score; SD: standard deviation; ∗statistically significant with 𝑃 < 0.05 by independent 𝑡-test.

a two-sided significance level of 0.05. All statistical analyses
were performed by the IBM SPSS Statistics 19.0 (IBM Corp.,
Armonk, NY, USA).

3. Results

Baseline characteristics of the study participants were pre-
sented in Table 1.Themean age of the participants was 74.06±
5.51 years old and the male participants were about half of
the female participants, reflecting the longevity of females in
Korea. About one-third of the participants 127 (36.5%) had
hypertension. The mean value of education was 2.79 ± 3.21
years which reflects their poor socioeconomic status during
their school ages. The mean value of K-MMSE was 23.16 ±
4.73, the mean value of global CDR was 0.23 ± 0.28, and the
mean value of CDR-SB was 0.56 ± 1.01.

Statistical analyses were performed to know the relation
of each vascular factor and HIS. There were significant
relationships between history of stroke (𝑃 < 0.001), history of
hypertension (𝑃 = 0.008), family history of dementia
(𝑃 = 0.01), and history of cardiac diseases, respectively
(𝑃 = 0.012). Gender, family history of stroke, history of dia-
betes mellitus, and history of hyperlipidemia did not show

a significant relationship with HIS (Table 2). We further
defined the population for groups of values of theMMSE and
the mean of HIS for each group (Table 3).

In the analysis of relationship between cognitive scales
and HIS, K-MMSE, CDR, and CDR-SB showed significance
relationship with HIS (Figure 1), which were further verified
by simple linear regression analysis and multiple linear
regression analysis.There was negative relationships between
the HIS and K-MMSE score and positive relationships
between HIS and CDR and CDR-SB.

In addition, we divided the study participants according
to their HIS. One group was with HIS between 0 and 2
and the other group with HIS of 3–12 [2]. The analysis was
performed on each variable in two groups. Both groups
did not show any significant difference with age and sex.
History of cardiac disease and history of stroke were higher
in the group with HIS of 3–12 compared to the group
with HIS of 0–2. Also the family history of dementia was
higher in the group with HIS of 3–12. However, history of
hypertension, history of diabetes, body mass index (BMI),
history of hyperlipidemia, and family history of stroke did
not have any significance (Table 4), which were further
verified by simple linear regression analysis and multiple
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Table 3: Relationship between HIS and the three K-MMSE groups according to K-MMSE scores.

K-MMSE
𝑃 value

0–17 (group 1) 18–24 (group 2) 25–30 (group 3)
Number (percentage) 44 (12.64) 141 (40.52) 163 (46.8)
HIS (mean ± SD)∗ 2.93 (2.58) 2.48 (2.32) 2.02 (1.91) <0.028
HIS: Hachinski ischemic score; K-MMSE: Korean version of Mini-Mental State Examination; SD: standard deviation; ∗statistically significant with 𝑃 < 0.05
by ANOVA test.

Table 4: Relationship between HIS and cognitive function and HIS and vascular factors in two groups divided by HIS score.

HIS 0∼2 (𝑁 = 217) HIS 3∼12 (𝑁 = 131) P value
Age, yr (mean ± SD)∗ 73.92 ± 5.40 74.31 ± 5.72 0.388
Male (%)† 63 (29.0) 49 (37.4) 0.105
Family history of dementia (%)† 6 (2.8) 13 (9.9) 0.004
Family history of stroke (%)† 37 (17.1) 31 (23.7) 0.132
Diabetes mellitus (%)† 34 (15.7) 17 (13.0) 0.492
Hypertension (%)† 73 (33.6) 54 (41.2) 0.155
Hyperlipidemia (%)† 11 (5.1) 7 (5.3) 0.911
Cardiac disease (%)† 25 (11.5) 29 (22.1) 0.008
Stroke (%)† 5 (2.3) 15 (11.5) <0.001
K-MMSE, mean ± SD∗ 23.59 ± 4.42 22.43 ± 5.13 0.025
CDR, mean ± SD∗ 0.20 ± 0.26 0.29 ± 0.31 0.008
CDR-SB, mean ± SD∗ 0.43 ± 0.68 0.79 ± 1.37 0.006
BMI, mean ± SD∗ 22.73 ± 3.31 23.10 ± 2.98 0.246
HIS: Hachinski ischemic score; SD: standard deviation; K-MMSE, Korean version ofMini-Mental State Examination; CDR, Clinical Dementia Rating; SB, Sum
of Boxes; BMI, body mass index. ∗statistically significant with 𝑃 < 0.05 by independent 𝑡-test and †Chi-square test.

linear regression analysis. For scales that reflect cognitive
dysfunction, such as K-MMSE, CDR, andCDR-SB, the group
with HIS of 3–12 had significantly low K-MMSE and high
CDR and CDR-SB compared to those of 0∼2 group.

4. Discussion

Our study included a rural community dwelling aged 65 or
over. Among the participants, the relationship between vas-
cular factors, cognitive functions, and HIS was investigated.
In the relationship between HIS and vascular factors, his-
tory of cardiac disease, history of stroke, family history of
dementia, and history of hypertension were the significant
correlation factors. In the correlation analyses between each
cognitive function test and HIS, K-MMSE, CDR, and CD-
SB showed relationship with HIS. K-MMSE showed negative
relationship and the other two scale scores showed positive
relationship.

The history of hypertension and history of stroke are
included in checking items of HIS and that directly related
with HIS. A history of hypertension and cardiac disease are
important risk factors of cerebrovascular disease. In addition,
these vascular factors not only related to high HIS but also
related to vascular cognitive impairment [16–18]. Therefore,
high HIS score may indicate the presence of more vascular
factors which has an effect on the decrease in the cognitive
functions [5, 6].

The relationship between family history of dementia and
HIS is not reported yet as far as we know. In our study,
the higher the HIS score, the higher the family history of
dementia. The incidence of IVD is higher in Asian countries
than in western countries [19, 20]. Therefore, we thought
vascular factors of dementia are more related to the family
history of dementia. As we know, vascular risk factors, such
as hypertension, diabetes mellitus, and hyperlipidemia, could
have some inherited traits. Moreover, the family members,
including siblings and their parents, of the participants of
this study had lived under a poor healthcare environment
based in [21] lower socioeconomic classes before and after
the Korean War which could guarantee poor control of
many vascular factors of the family members. The rate of
smoking in the area was high during the period and the
hazard of chronic smoking of familymembersmay also affect
their descendants directly or indirectly. These factors may
explain the relationship between HIS and family history of
dementia. More investigation should be carried out to verify
the relationship.

The relationship between HIS and dementia subtype of
demented patient is relatively well known [22]. However,
our study was done on the group of community dwelling
elderly and most of the participants were not demented.
Until now there was no known study of such associations
on an elderly community sample. The reason why HIS shows
relationship with vascular factors and cognitive scores of this
community studymay be explained as follows; first, the study
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Figure 1: Relationship between HIS and cognitive function. (a) HIS and K-MMSE, (b) HIS and CDR, and (c) HIS and CDR-SB. Statistical
analysis was made using Pearson correlation coefficient.

participants might include people with cognitive impairment
of vascular origin. The participants with higher HIS had
more vascular factors prone to subcortical vascular dementia;
therefore the possible vascular cognitive impairment led to
a decrease in the cognitive function [21, 22]. Second, even
in normal cognitive status, vascular factors represented as
HIS may be directly related with cognitive decline. Third,
the participants in our study were generally lowly educated
which could have some effect on cognitive performance. In
the previous investigation, the Korean with lower levels of
education was more vulnerable to cognitive impairment with
vascular factors [23]. The education of our sample was 2.79 ±
3.21 years and illiteracy rate was 23.6% (82 people).

Our study is unique because this is the first investigation
done in the elderly community dwelling in Korea. The
participants were based in one rural community with similar

life styles which may help to achieve more meaningful
results. We administered the CDR scale to get more reliable
cognitive function [24] in addition to K-MMSE which has
been a commonly used tool but has less sensitivity and
specificity. The neuropsychological tests and HIS scoring
were done more reliably by experienced neuropsychologists
and neurologists, respectively.

However, our study has a few limitations. First, the partic-
ipants included in our study could not exactly represent the
entire elderly population aged 65 or over. We tried to include
the whole population in the community but we did not
randomly select the study participants. Therefore selection
bias may be present. Secondly, this study is limited by the
lack of pathology or brain imaging which can differentiate
involvement of Alzheimer’s disease or vascular cognitive
impairment [9, 25, 26]. Third, this study was carried out in a
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community dwelling elderlywhere the demented participants
would affect the results of our investigation though the
demented rate was low. Generally, patients with vascular
cognitive impairment have more vascular factors compared
to AD and have higher HIS but it is difficult to state that the
grade of cognitive dysfunction is worse than for AD.

For the conclusion, we provided the new possibility of
using HIS in the community dwelling elderly population for
the evaluation of the quantity of vascular factors. HighHIS in
elderly community dwellingmay also suggest lower cognitive
function especially for the participants with poorly controlled
vascular factors. Further investigation with a larger sample
and longitudinal study will verify such possibilities.
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The protective effect of education on cognitive and brain health is well established. While the direct effects of individual
cardiovascular disease (CVD) risk factors (i.e., hypertension, smoking, diabetes, and obesity) on cerebral structure have been
investigated, little is understood about the possible interaction between the protective effect of education and the deleterious effects
of CVD risk factors in predicting brain ageing and cognition. Using data from the PATH Through Life study (𝑁 = 266), we
investigated the protective effect of education on cerebral structure and function and tested a possible mediating role of CVD
risk factors. Higher education was associated with larger regional grey/white matter volumes in the prefrontal cortex in men only.
The association between education and cognition was mediated by brain volumes but only for grey matter and only in relation
to information processing speed. CVD risk factors did not mediate the association between regional volumes and cognition. This
study provides additional evidence in support for a protective effect of education on cerebral structures and cognition. However, it
does not provide support for a mediating role of CVD risk factors in these associations.

1. Introduction

Numerous epidemiological, imaging, neuropsychological,
and pathological studies have highlighted the protective
effects of higher educational attainment (for a review see [1]),
linking it to more successful ageing [2], better cognitive test
performance [3–5], slower cognitive and functional decline
[6–12], lower incidence rates of dementia [13–15], and larger
regional brain volumes [16–18]. Traditionally, the observed
protective effects of education have been explainedwithin the
theoretical context of the cognitive reserve (CR) hypothesis
[19]. Specifically, the concept of CR is used to explain the
capacity of more highly educated individuals to tolerate a
greater level of age- and disease-related pathology without
obvious clinical symptommanifestation by protecting or pro-
viding resilience against neurodegenerative pathologies [8, 9,
19–24]. Education, amongst other factors (e.g., occupation,

intellectual functioning/IQ, stimulating cognitive, and social
and physical activities), is considered a determinant and
index of CR [25, 26].

The CR hypothesis is commonly used to provide an
explanation for the repeated clinical observation showing
large discrepancies between measured brain pathology (e.g.,
cerebral amyloidosis) and cognitive decline [27–30], as well
as prolonged durations of relatively preserved cognitive
function in highly educated individuals with Alzheimer’s
disease [8, 9]. Several neuroimaging studies have investigated
the brain substrates associatedwith education-relatedCR and
provided support for the hypothesis by demonstrating that
education has a protective effect on brain ageing in healthy
elderly and those suffering from mild cognitive impairment
and Alzheimer’s disease (e.g., [16, 31, 32]). Specifically, these
studies have linked higher levels of education with greater
grey matter volumes and cortical thickness in the temporal,
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temporoparietal, and orbitofrontal cortices and greater white
matter volumes in the inferior frontal areas, as well as
increased fibre connectivity in white matter structures con-
necting the temporoparietal and orbitofrontal lobes [16–18,
33], decreased fibre integrity in the hippocampus [34], and
reduced cortical atrophy [35]. In summary, these findings
highlight the protective effect of early-life cognitive stimu-
lation, as provided by higher levels of education, for brain
health in late-life [16].

Further, accumulating evidence suggests that cardio-
vascular disease (CVD) risk factors such as hypertension,
smoking, diabetes, and obesity play an instrumental role in
neurodegenerative processes and contribute to increasing the
risk of dementia (for a review see [36]). Notably, such CVD
risk factors have been linked to the progression ofMRImark-
ers of brain ageing (e.g., white matter hyperintensities, brain
atrophy, ventricularmass) [37–42] and cognitive decline (ver-
bal memory, visuospatial memory, and executive function)
[42–45]. Specifically, hypertension has been linked to late-life
hippocampal atrophy and decreased neocortical grey matter
volumes [46], as well as the appearance or progression of
white lesions [42]. Smoking and type 2 diabetes [42, 47–
49] have been linked to grey matter volume reductions in
the medial temporal cortex, the precuneus, and posterior
cingulate gyrus, areas implicated in Alzheimer’s disease [39].
Finally, adiposity, commonly assessed using BMI, has also
been linked to atrophy in the temporal cortex, frontal lobes,
putamen, caudate, precuneus, thalamus, and white matter
[40, 42, 50–52].

While research has started to consider the direct effect
of individual CVD risk factors on brain structure, little is
known about how such factors modulate or contribute to
the effect of education on brain structure and cognition.
The aim of this study is therefore to examine the interplay
between education, regional brain volumes, and cognitive
function,while assessing the extent towhichCVDrisk factors
mediate these associations. The theoretical model depicting
the hypothesised relationships is displayed in Figure 1(a).This
model proposes that (1) regional brain volumes mediate the
relationship between education and cognitive function and
(2) CVD risk factors mediate, at least in part, the relationship
between education and regional brain volumes.

Using data from the PATH Through Life project [53],
this study will therefore be guided by four main aims: (i)
to establish the association between level of education and
regional grey and white matter volumes; (ii) to identify
bivariate associations between these regional brain volumes
and cognitive functioning; (iii) to determine whether these
identified regional grey/white matter volumes mediate the
association between education and cognition; and (iv) to
ascertain whether number of CVD risk factors mediate
the association between education and regional grey/white
matter volumes.

2. Material and Methods
2.1. Subjects. Subjects were sampled from the Personality
and Total Health Through Life (PATH) project, a large
longitudinal study of ageing aimed at investigating the course

of mood disorders, cognition, health, and other individual
characteristics across the lifespan [53]. PATH surveys 7485
individuals in three age groups of 20–24, 40–44, and 60–
64 years at baseline. Follow-up is every four years over a
period of 20 years. PATH surveys residents of the city of
Canberra and the adjacent town of Queanbeyan, Australia,
who were randomly recruited through the electoral roll [53].
Enrolment to vote is compulsory for Australian citizens,
making this cohort representative of the population. The
study was approved by the Australian National University
Ethics Committee.

The present investigation is focused on the older partici-
pants (60s cohort).Of the 2551 randomly selected older PATH
subjects included in the study at wave 1, 2076 consented to
be contacted regarding an MRI scan. Of these, a randomly
selected subsample of 622 subjects was offered an MRI scan.
478 (77%; 252 men) eventually completed MRI scanning.
Of these, 360 subjects (198 men; age range 68–74) were
rescanned at wave 3. Of those with MRI scans, ninety-four
(26.1%) were excluded from the current analyses due to gross
brain abnormalities (e.g., tumours, hydrocephalus; 𝑛 = 18), a
history of epilepsy, Parkinson’s disease, or stroke (𝑛 = 30) or a
clinical diagnosis of mild cognitive impairment or dementia
(based on a full neuropsychological assessment using the
criteria for mild cognitive impairment by Winblad [54] and
the Diagnostic and Statistical Manual of Mental Disorders,
4th edition criteria for dementia; 𝑛 = 46; see Anstey et al.
[55] for detailed information on the diagnostic procedure).

Following all exclusions, the final sample included 266
cognitively healthy participants. Using this total sample,
initial voxel-wise regression analyses with education as pre-
dictor and controlling for age and gender were performed.
Sensitivity analyses identified a significant education-by-
gender interaction. Subsequent analyses were therefore strat-
ified by gender (male = 144; female = 122) (Figure 2). The
final sample did not differ from the larger PATH sample on
gender (𝜒2 (1, 𝑁 = 2551) = 0.748, 𝑃 = 0.387) but had
completed significantly more years of education (14.3 versus
13.7; 𝑡 (2544) = −2.96, 𝑃 < 0.01).

2.2. Sociodemographic and Health Measures. Sociodemo-
graphic information for race, alcohol consumption, smoking,
hypertension, diabetes, and depression were assessed using
self-report. Participants were asked about their current or
past history of smoking, hypertension, and diabetes at each
wave of the study. Questions include “Do you currently
smoke?”; “Have you ever smoked regularly”; “Has your
doctor told you that you suffer from high blood pressure?”;
and “Have you been told by your doctor that you suffer from
diabetes?”. Body mass index (BMI) was based on subjects’
self-report of weight and height and computed using the
formulaweight (kg)/height(m)2. Overweight was classified as
a BMI score of 25 or higher.

2.3. Years of Education and Cardiovascular Disease Risk
Factors. Years of education was assessed at baseline and
represented total years of education (range 5 to 19 years).
Briefly, the highest level of education attained was com-
puted based on a combination of responses to the following
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Figure 1: (a) Theoretical model testing: (1) the association between education and regional grey and white matter volumes (Aim i); (2) the
mediating effects of regional grey/white matter volumes on the association between education and cognition (Aim ii); and (3) the mediating
effects of number of cardiovascular disease risk factors on the association between education and regional grey/white matter volumes (Aim
iii). (b) Significant bias corrected standardised regression weights from a bootstrap of 1000 samples. The final model depicts the significant
associations between education, cardiovascular disease risk factors, regional brain volumes, and cognitive test performance.
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Figure 2: Sample inclusion.
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items: (i) the amount of primary (elementary) and secondary
schooling; (ii) the highest level of postsecondary/tertiary
education attained; (iii) number of years taken to complete
postsecondary/tertiary education; (iv) present courses of
study; (v) time taken on present courses of study; and (vi)
whether present study is being completed on a full- or part-
time basis.

A composite score for CVD risk factors (score range 0–
4) was calculated based on self-reported (current or past)
history of smoking, hypertension, and diabetes, as well as a
BMI greater than 25 (i.e., cutoff for overweight). Specifically,
CVD risk factors are defined as the total number of these risk
factors that each participant screened positive for. Individuals
not reporting any of these risk factors were scored 0. Individ-
uals reporting only one of these risk factors (either smoking,
hypertension, diabetes, or a BMI over 25) were scored as
1. Individuals reporting a combination of any two of these
risk factors (either smoking, hypertension, diabetes, or a BMI
over 25) were scored as 2. Individuals reporting any three of
these risk factors (either smoking, hypertension, diabetes, or
a BMI over 25) were scored as 3. Individuals reporting all four
of these risk factors (smoking, hypertension, diabetes, and a
BMI over 25) were scored as 4.

2.4. Neuropsychological Tests. Cognitive performance was
assessed at wave 3. All participants completed all cognitive
assessments as part of the standardised procedure for test
administration (same order of test administration for each
participant). To avoid possible interaction effects between
cognitive assessments the neuropsychological tests were sep-
arated by physical measure assessments (e.g., measuring of
blood pressure, waist circumference, or lung capacity).

Information processing speed were assessed using the
Symbol-DigitModalities Test (SDMT) [56]. Participantswere
given 90 seconds to complete this task. Episodic memory
was assessed using the first trial of the California Verbal
Learning Test for both immediate (IR) and delayed recall
(DR) [57]. Participants were read words at one second
intervals and there was approximately one minute between
immediate and delayed recall tests. Participants were not
limited in the amount of time they could take to recall at
either trial. Executive function of verbal fluency was assessed
using the Controlled Oral Word Association Test (COWAT)
for both A- and F-words. Participants were timed for 60
seconds to list as many words starting with the letters A and
F, respectively. Verbal intelligence (lexical decision making
ability) was assessed using the Spot-the-Word Test (STW)
[58]. Participants were asked to decide between a real word
and a nonsense word invented to look like a real word but
has no meaning (e.g., to decide between the words: “bread”
and “glot”). The Boston Naming Test (BNT) [59] was used
to assess language function. Participants were shown pictures
of objects and asked to name the object. Verbal working
memory was assessed through the Digit-Backwards Span test
(DB), a subtest of theWechsler memory scale [60]. In the DB
test, participants were read numbers at one-second intervals.
When participants incorrectly repeated both trials no further
trials were given. Attention and executive function of task
switching were assessed using the Trail Making Test (TMT)

parts A and B [61]. For both tests (TMT-A and TMT-B)
completion times and number of errors were recorded. TMT-
A and TMT-B were discontinued if 5 errors were made or the
completion time exceeded 300 seconds.

2.5. Data Acquisition. MRI scans used in this study were
taken at wave 3. Subjects were scanned on a Siemens 1.5 T
Avanto scanner (SiemensMedical Solutions) for T1-weighted
three-dimensional structural MRI. The T1 weighted MRI
was acquired in sagittal orientation using the following
parameters: repetition time (TR)/echo time (TE) = 1.16/∼
0.8ms; flip angle = 15∘; matrix size = 512 × 512; and slice
thickness = 1.0mm, resulting in a final voxel size of 1 × 0.5 ×
0.5mm.

2.6. Image Processing. All images were preprocessed using
the MINC imaging toolbox (MINC; http://en.wikibooks
.org/wiki/MINC). Images went through automatic QC to
identify outliers via image histogram clamping and com-
parisons to the group minimum deformation average [62].
Images were then B0 MRI inhomogeneity corrected using
N3 [63] and normalised via a linear correction to a global
intensity model [62].

Optimized voxel-based morphometry (VBM) analyses
were conducted using Statistical Parametric Mapping 8
(SPM8; Wellcome Department of Cognitive Neurology,
London, UK, 2003) on Matlab 7.12 (Math Works, Natick,
MA, USA, 2002). Images were first segmented into grey
matter, white matter, and cerebrospinal fluid [64]. Grey
and white matter segmentations were further normalised
to the sample template (population representative) which
was generated by the diffeomorphic anatomical registration
through exponentiated lie algebra (DARTEL) algorithm from
participants’ complete images [65]. DARTEL is a nonlin-
ear warping technique that minimises structural variation
between subjects and has been evidenced to bemore accurate
than the standard normalisation approach in SPM [66, 67].
Briefly, segmented images were registered, normalised, and
modulated to fit the DARTEL space, creating a DARTEL
template based on the deformation fields produced in the
segmentation procedure in which all individual deformation
fields are warped (and modulated) to match this template
[68]. Images were smoothed using a 8mm, full-width-at-
half-maximum Gaussian kernel to increase the signal-to-
noise ratio, with each voxel of the resulting grey and white
matter images representing the absolute amount of grey and
white matter volume equivalent to their volume per unit
before normalisation [68].

2.7. Image Data Analyses. Absolute total grey and white
matter volumes were calculated using the native space grey
and white matter segmentations. Smoothed grey and white
matter density images were used in the voxel-wise regression
analyses with total years of education as predictor. To account
for the effects of possible confounding factors, age was con-
trolled for. Results were assessed at a family-wise corrected
level of 𝛼 = 0.05. To avoid false positives resulting from noise
only, clusters >20 voxels were considered significant.
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Figure 3: Sagittal, coronal, and axial representation of larger regional grey and white matter associated with education in men (𝑃 < 0.05,
FWE).

2.8. Statistical Analyses. Demographic characteristic analyses
were conducted using IBM SPSS Statistics 21.0. All analyses
were stratified by gender. To explore our aims we first
used VBM to identify associations between education with
regional grey and white matter densities. Grey and white
matter densities at significant voxels were extracted at the
cluster level using the SPM8 “eigenvariate” extraction tool and
standardised to 𝑍-scores. To identify significant associations
between the variables of interest (i.e., education, CVD risk
factors, regional grey/white matter volumes, and cognition)
bivariate Spearman’s Rank Order correlation analyses were
performed. Significant bivariate associations provided the
framework for inclusion in subsequent analyses. To explore
possible mediating effects of regional grey/white matter
volumes and CVD risk factors on the association between
education and cognition, a path analysis was utilised within a
structural equation modelling (SEM) framework using IBM
AMOS version 21. Benefits to using an SEM framework
include exploring multiple mediation and multiple outcome
variables in a single model, the capacity to utilise alternative
estimation methods such as maximum likelihood (MLE), or
asymptotically distribution-free (ADF) estimation and the
ease of producing robust standard errors or bias corrected
confidence from bootstrapping techniques. To adjust for
non-Gaussian scale distributions and likely violations of
multivariate normality, we estimated our SEM with ADF
estimation and undertook a bootstrap of 𝑛 = 1000 samples
to generate robust standard errors. Missing data for cognitive
measures were imputed using the EM algorithm in SPSS.

3. Results
Participants’ demographic characteristics are presented in
Table 1.

3.1. Associations between Education and Regional Brain Vol-
umes. Using family-wise corrected VBM analyses (𝑃 < 0.05,
FWE) adjusted for age, higher education was associated with
larger regional grey matter volumes of the Right Middle
Frontal Gyrus; (Region 1) and larger regional white matter
volumes of the Right Middle Frontal Gyrus (Region 2) in men
(Table 2 and Figure 3). No significant family-wise corrected
associations between education and regional volumes were
reported in women. Consequently further analyses focused
only on men.

3.2. Bivariate Relationships. Bivariate Spearman’s RankOrder
correlations between education, CVD risk factors, regional
grey/white matter volumes, and cognitive function in men
are reported in Table 3. A number of bivariate associations
were found. Regional grey matter volumes of the Right
Middle Frontal Gyrus (Region 1) were associated with better
performance on the cognitive measures of IR (𝑟

𝑠

= 0.173, 𝑃 =
0.038), SDMT (𝑟

𝑠

= 0.267, 𝑃 = 0.001), COWAT-A words (𝑟
𝑠

=
0.188, 𝑃 = 0.024), TMT-A (𝑟

𝑠

= −0.183, 𝑃 = 0.028), and STW
(𝑟
𝑠

= 0.175, 𝑃 = 0.035). Overall it would appear that only the
association with SDMT reported a substantive association,
with the others only just reaching statistical significance. No
significant bivariate correlationswere foundbetween regional
white matter volumes of the Right Middle Frontal Gyrus
(Region 2) and cognitive test performance.

Level of educationwas positively associatedwith greymat-
ter volumes of Region 1 (𝑟

𝑠

= 0.424, 𝑃 = 0.000), white matter
volumes of the Region 2 (𝑟

𝑠

= 0.437,𝑃 = 0.000), and CVD risk
factors (𝑟

𝑠

= 0.185, 𝑃 = 0.026). Level of education was also
associated with better performance on the cognitive assess-
ments of SDMT (𝑟

𝑠

= 0.240, 𝑃 = 0.004), COWAT-A (𝑟
𝑠

=
0.240, 𝑃 = 0.004), TMT-A (𝑟

𝑠

= −0.197, 𝑃 = 0.018), and STW
(𝑟
𝑠

= 0.331, 𝑃 = 0.000).
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Table 1: Sample descriptive.

Characteristics Overall Sample
(𝑁 = 266)

Male
(𝑁 = 144)

Female
(𝑁 = 122)

𝐹/𝜒2
male versus female

Age, years (SD) 70.4 (1.42) 70.4 (1.44) 70.4 (1.40) 0.003
Range 68–73 68–73 68–73

Race 1.74
Caucasian,𝑁 (%) 254 (95.5) 137 (95.1) 117 (95.9)
Asian,𝑁 (%) 6 (2.3) 4 (2.78) 2 (1.64)
Other,𝑁 (%) 4 (1.5) 1 (0.694) 3 (2.46)

Education, years (SD) 14.2 (2.57) 15.0 (2.27) 13.3 (2.61) 32.3∗∗∗

Range 5–19 9–19 5–19
Cardiovascular disease risk factors 7.41

None,𝑁 (%) 15 (5.6) 7 (4.9) 8 (6.6)
One,𝑁 (%) 70 (26.3) 36 (25.0) 34 (27.9)
Two,𝑁 (%) 102 (38.3) 49 (34.0) 53 (43.4)
Three,𝑁 (%) 62 (23.3) 39 (27.1) 23 (18.9)
Four,𝑁 (%) 17 (6.4) 13 (27.1) 4 (3.3)

MMSE, score (SD) 29.4 (0.874) 29.3 (0.881) 29.4 (0.862) 2.13
Range 26–30 26–30 26–30

BMI, score (SD) 26.6 (4.91) 26.5 (3.73) 26.8 (6.02) 0.141
Range 18–60 20–39 18–60

Mean arterial blood pressure, level (SD) 103.9 (11.2) 105.0 (11.5) 102.6 (10.7) 3.02
Range 81–155 82–155 81–130

Average systolic pressure, level (SD) 149.7 (19.5) 150.3 (19.9) 148.9 (18.9) 0.334
Range 108.5–219.0 108.5–219.0 109–205

Average diastolic pressure, level (SD) 81.0 (9.84) 82.4 (10.0) 79.5 (99.41) 5.75∗

Range 57.5–124 59.5–124 57.5–104.5
Smoke 4.25∗

History or current,𝑁 (%) 114 (42.9) 70 (48.6) 44 (36.1)
Cognitive test performance

Immediate recall, mean (SD) 6.89 (2.03) 6.47 (1.74) 7.40 (2.24) 14.7∗∗∗

Range 2–13 3–11 2–13
Delayed recall, mean (SD) 6.07 (2.18) 5.70 (1.90) 6.50 (2.41) 9.13∗∗

Range 0–12 1–11 0–12
Digit backward, mean (SD) 5.28 (2.03) 5.62 (2.01) 4.88 (1.99) 9.07∗∗

Range 1–10 1–10 1–10
Symbol Digit Modalities Test, mean (SD) 49.7 (8.53) 49.4 (8.32) 49.9 (8.79) 0.32

Range 16–75 20–75 16–71
COWAT A-words, mean (SD) 12.8 (5.39) 13.3 (5.39) 12.3 (5.38) 2.49

Range 0–30 2–30 0–29
COWAT F-words, mean (SD) 14.3 (4.94) 14.7 (4.98) 13.9 (4.88) 1.59

Range 4–31 6–31 4–30
Spot the Word, mean (SD) 53.5 (5.08) 54.4 (4.55) 52.4 (5.46) 10.2∗∗

Range 34–60 34–60 37–60
Boston Naming Test, mean (SD) 13.9 (1.31) 13.9 (1.29) 13.8 (1.34) 1.51

Range 7–15 7–15 9–15
∗

𝑃 < 0.05; ∗∗𝑃 < 0.01; ∗∗∗𝑃 < 0.001.
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Table 2: Education-related atlas coordinates, cluster extents, 𝑃 and 𝑇 values, and regional descriptions in men.

MNI coordinates (𝑥, 𝑦, 𝑧) Cluster extent (𝑘) Cluster-level 𝑃 corrected 𝑇
Region description
(for cluster peak)

Grey matter
Region 1 39, 39, 22 37.8 FWE 𝑃 < 0.05 5.65 Right middle frontal gyrus

White matter
Region 2 33, 41, 28 29 FWE 𝑃 < 0.05 5.36 Right middle frontal gyrus

Finally, a higher number of CVD risk factors were
associated with smaller regional white matter volumes of
Region 2 (𝑟

𝑠

= −0.235, 𝑃 = 0.005) and poorer performance
on the TMT-A (𝑟

𝑠

= 0.174, 𝑃 = 0.037). No significant
bivariate associations were demonstrated between CVD risk
factors and regional grey matter volumes (𝑟

𝑠

= −0.108, 𝑃 =
0.196; n.s.). Overall, these findings justified the exploration
of the associations between education, CVRF, regional brain
volumes, and cognitive function in an SEMmodel in order to
examine possible mediation mechanisms.

3.3. Modelling the Education-Volume-Cognition Relationships.
Following our theoretical baselinemodel (see Figure 1(a)), we
examined the possible mediating role of regional grey/white
matter volumes on the relationship betweenCVDrisk factors,
education, and cognitive functioning. All cognitive function-
ing indicators were regressed onto education, except for IR
which did not have a statistically significant bivariate associ-
ation with education (𝑃 > 0.05). Following from the results
of the VBM analyses, extracted regional grey (Region 1)
andwhitematter (Region 2) volumeswere also regressed onto
education, whilst only the white matter region regressed on
CVD risk factors since grey matter reported no significant
bivariate association. Those bivariate associations with CVD
risk factors which reached statistical significance were also
included in the SEM (e.g., TMT-A: 𝑟

𝑠

= 0.174, 𝑃 = 0.037;
regional white matter volumes: 𝑟

𝑠

= −0.235, 𝑃 = 0.005).
Overall, results indicated that data fit our baseline model well
(𝜒2 (𝑑𝑓 = 11, 𝑁 = 144) = 4.578; 𝑃 = 0.950, RMSEA = 0.000
(90% CI = 0.000–0.002), and BIC = 173.552; AGFI = 0.981).

However, not all parameters were statistically significant
in the SEM. Of particular note, TMT-A was now not asso-
ciated with either regional grey matter volumes (𝛽 = −1.266
(95% CI = −.3.011–0.380), 𝑃 = 0.209), education (𝛽 = −0.360
(95% CI = −1.098–0.330), 𝑃 = 0.358), or CVD risk factors (𝛽
= 1.286 (95% CI = −0.050–2.987), 𝑃 = 0.105). Examination
of the covariances and correlations between the dependent
variables indicated a substantial correlation between SDMT
and TMT-A (𝑟 = −0.505, 𝑃 < 0.001). Although multi-
collinearity is typically problematic where 𝑟 > 0.7, a partial
correlation analysis removing the effect of SDMT from the
associations among TMT-A, regional grey matter volume,
and education rendered TMT-A nonsignificant. Therefore,
this latter variable was excluded from further analyses and
SDMT retained in the model.

Also nonsignificant associations were reported between
regional grey matter volumes and both COWAT-A (𝛽 =
0.731, (95% CI = −0.294–1.505), 𝑃 = 0.245) and STW (𝛽 =
0.201 (95% CI = −0.343–0.899), 𝑃 = 0.498) when adjusted

for education. Based on the size of the previously reported
bivariate correlations and associated significance values, it is
not surprising that these effects now failed to reach statistical
significance in the adjusted SEM model. Importantly, the
association between education and SDMT (𝛽=0.460 (95%CI
= −0.078–1.074), 𝑃 = 0.156) was now also nonsignificant in
the SEMmodel, suggesting that regional greymatter volumes
fully mediated the effect of education on SDMT.

Due to the large number of redundant parameters in
the baseline model, a second adapted and reduced model
was therefore reestimated excluding these nonsignificant
parameters. Standardised effects are reported in Figure 1(b).
Bias-corrected unstandardised estimates and 95% CI from a
bootstrap of 1000 samples are reported in Table 4, Reduced
Model. Although the reduced model reported some decline
in model fit for some indices (𝜒2 (𝑑𝑓 = 16,𝑁 = 144) = 17.316,
𝑃 = 0.365; AGFI = 0.951, RMSEA = 0.024 (90% CI = 0.000–
0.083)) in comparison with the baseline model, these indices
are still within acceptable norms to reflect goodmodel fit and
the BIC (BIC = 116.713) even reported an improvement of fit
to the data.

A number of important findings are worth highlight-
ing. The bootstrap analysis indicated significant positive
associations between education and the regional grey/white
matter volumes, STW, and COWAT-A (see Table 4). Also, a
substantive association was reported between regional grey
matter volumes and SDMT. Education had direct effects on
COWAT-A and STW but regional grey and white matter
volumes were not associated with COWAT-A or STW.There-
fore, no indirect effects for education were reported for these
cognitive indicators. Despite a significant negative bivariate
correlation, the association between education and CVD risk
factors was now no longer statistically significant. Similarly,
the association between regional grey matter volumes and
IR was also now no longer significant. Whilst there is little
support for an overall mediation role of regional volumes on
the association between education and cognitive function,
the SEM indicated one strong full mediation effect of regional
grey matter. The direct effect for education on SDMT was
fully mediated by regional grey matter, with approximately
46% of the association between regional grey matter volumes
and SDMT being attributable to education.

3.4. Sensitivity Analyses. While age was not included in the
mainmodel due to the study design using a narrow age cohort
(age range 68–73 years), supplementary SEM analyses were
performed controlling for those bivariate associations with
age which reached statistical significance (e.g., SDMT: 𝑟

𝑠

=
−0.169,𝑃 = 0.043; STW: 𝑟

𝑠

= 0.214,𝑃 = 0.010).These analyses
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produced essentially the same results, including a goodmodel
fit (𝜒2 (𝑑𝑓 = 18, 𝑁 = 144) = 20.376; 𝑃 = 0.312, RMSEA =
0.030 (90%CI = 0.000−0.083), BIC = 204.260; AGFI = 0.986)
and no association between TMT-A with either regional grey
matter volumes (𝛽 = −1.124 (95% CI = −3.938–0.832), 𝑃 =
0.203), education (𝛽 = −0.379 (95% CI = −1.405–0.595), 𝑃 =
0.463), or CVD risk factors (𝛽 = 1.456 (95% CI = −0.344–
3.735), 𝑃 = 0.100). Additionally, no significant associations
were reported between SDMT and age (𝛽 = −0.706 (95%CI =
−1.513–0.068), 𝑃 = 0.079) or STW and age (𝛽 = −0.393 (95%
CI = −0.173–0.869), 𝑃 = 0.142), indicating their redundancy
in the current model.

4. Discussion

This study investigated the extent to which (1) associations
between education and cognitive function are mediated
by regional brain volumes and (2) the extent to which
associations between education and regional brain volumes
are mediated by CVD risk factors. Three important findings
were made: (1) higher educational attainment was associated
with larger regional grey and white matter volumes, but in
men only; (2) larger regional grey matter volumes mediated
the association between education and cognition but only in
relation to information processing speed; and (3) the number
of CVD risk factors did not mediate the association between
education and regional volumes. The following sections will
discuss the implications of these findings.

4.1. Regional Volumes: An Index of Cognitive/Neural Reserve.
The current study found higher educational attainment to
be associated with larger regional grey and white matter
volumes in the prefrontal cortex, specifically in the right
middle frontal gyrus. These findings are in line with findings
from animal studies, which have shown different experiences
to affect brain structure, including vasculature, number of
cells and synapses, and brain cell connections in adult life
[69, 70], thus contributing to a “reserve” which may buffer
against neuropathological effects by providing structural and
functional compensation. Stern et al. [71] refers to this as
“neural reserve,” where modulating factors such as life events
(e.g., educational or occupational experience, leisure activity)
contribute to more efficient brain networks or networks
which have greater capacity when faced with increased
demand. Interestingly in this study, higher educational attain-
ment was specifically associated with larger grey and white
matter regional volumes in the middle frontal gyrus, an area
associated with volume reductions and functional changes
in healthy ageing [72, 73]. These findings therefore provide
additional evidence in support of a protective effect of
education by contributing, not only to a cognitive reserve, but
also to a neural reserve, whichmay provide compensation for
ageing and pathological processes.

4.2. Regional Volumes: A Mediator. Importantly, while this
study identified regional grey and white matter volumes,
these regional volumes were not associated with cognitive
function, except for the association between regional grey
matter volumes and SDMT performance (i.e., larger regional

grey matter volumes in the middle frontal gyrus are asso-
ciated with better SDMT performance). Notably, divided
attention, visual scanning, visual tracking, perceptual speed,
motor speed, and memory all contribute to SDMT perfor-
mance [74]. Previous anatomical studies have linked regional
grey and white matter volumes in the prefrontal cortex with
working memory performance [75] andmore specifically the
rightmiddle frontal gyrus with spatial workingmemory [76].
This association may thus provide a possible explanation for
the observed mediation of regional grey matter volumes on
the association between education and performance on the
SDMT in the current study.

4.3. Cardiovascular Disease Risk Factors: Not a Mediator.
Finally, a higher number of CVD risk factors were only asso-
ciated with smaller regional white matter volumes and did
not mediate the association between education and regional
white matter volumes. These findings are interesting as they
suggest that exposure to a higher number of CVD risk factors
may increase the risk of white matter pathology, irrespective
of the protective effect provided by higher educational attain-
ment and its associated cognitive and neural reserve. These
findings are in accordance with the literature linking these
individual vascular factors to cerebral ageing and cognitive
decline (e.g., [42]) but extend them to consider the comorbid
effect of multiple CVD risk factors on cerebral structure
and cognition. Further, while these findings extend previous
research linking individual CVD risk factors to more severe
AD pathology, when compared to individuals without risk
factors (e.g., [77, 78]), future research is needed to improve
understanding of the impact that comorbid CVD risk factors
have on white matter structures and the protective effect
associated with higher educational attainment, especially in
a longitudinal framework.

4.4. Limitations and Strengths. The limitations and strengths
of this study must also be considered. First, while this study
has a cross-sectional design, there is a strong theoretical
argument why higher education may impact cerebral struc-
tures, cognitive performance, andCVDrisk factors.However,
longitudinal studies which consider other possible pathways
and reciprocal effects between education, cerebral structure,
cognition, and CVD risk factors, as well as the possible role of
other factors, are needed. Further, the use of a cross-sectional
design may have limited our ability to detect a mediating role
of CVD risk factors in the associations between education,
cerebral structures, and cognition, as it is possible that effects
may only become evident at an older age. Longitudinal
studies are therefore needed in which the role of CVD
risk factors in the associations between education, cerebral
structures, and cognition is further investigated. Second,
while PATH is a population representative study in which
participants were randomly selected into the neuroimaging
substudy from the larger population-representative cohort,
it may not be completely representative of the population
at large. Further, the selection procedure which excluded
those with neurocognitive disorders and brain abnormalities
as well as the use of a narrow age cohort also decreases the
representativeness of the sample, making it more difficult to
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generalise the current findings to other age groups. Nonethe-
less, the overall effect of thismethodologywas to select overall
healthier individuals and therefore any effect detected in this
study is likely to be an underestimate of those applying to
the general population. Third, it is well known that SDMT
performance is sensitive to level of education [79]. This may
have biased the current findings, as regional volumes were
identified based on their association with education in the
VBM analyses. Fourth, the summation of CVD risk factors
may be a somewhat simplistic approach, limiting the range
and attributing equal importance to all four variables. Future
research is needed in whichmore sensitive measures are used
to better reflect the complex interplay between individual
CVD risk factors.

Despite these limitations, this study is characterised by
significant strengths. Study strengths include the large sample
size and a population-based sampling frame. Further, to
ensure the effects detected related to educational attainment,
individuals with other neurological disorders were excluded.
This allowed for the investigation of long term associations
between level of education, brain structure, CVD risk factors,
and cognitive performance despite a cross-sectional design.

4.5. Conclusion. In conclusion, the current findings provide
further evidence of the protective effect of education for
brain health and cognition. However, it also highlighted the
importance of considering the possible interactive effects
of comorbid CVD risk factors in increasing the risk of
white matter pathology, irrespective of the protective effect
provided by education-related cognitive and neural reserve.
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Whether the incidence of coronary heart disease (CHD) is related to a decrease in total antioxidant capacity (TAC) has not
yet been completely clarified. We assessed TAC of blood serum in a group of 163 men with CHD aged 34.8–77.0 years and in
163 age-matched peers without CHD. Two spectrophotometric methods were applied to assess TAC: ferric reducing ability of
serum (TAC-FRAS) and 2.2-diphenyl-1-picryl-hydrazyl (TAC-DPPH) tests. In the CHD group, multivariate analysis revealed that
uric acid (UA), triglycerides, and systolic blood pressure contributed independently to the TAC-FRAS variance. TAC-DPPH was
favorably predicted by UA concentration, but negatively so by current smoking and glucose levels. In men without CHD, UA was
the only independent determinant of both TAC-FRAS and TAC-DPPH. Presence of CHD was not an independent predictor of
TAC—observed between-group differences (higher TAC in CHD patients) disappeared after adjustment for other confounders.
We conclude that UA is the main determinant of TAC of blood serum in men. TAC is not directly influenced by age or CHD but is
related to several indices of overweight/obesity and laboratory measures of metabolic syndrome, especially in patients with CHD.

1. Introduction

An increasing number of studies focus on the role of reactive
oxygen species (ROS) in the pathogenesis of premature
ageing as well as of numerous civilization diseases, such
as cardiovascular diseases [1–3]. It has been suggested that
higher antioxidant potential can protect the organism against
undesirable ROS activity and thus prevent disease incidence
[1]. However, the present state of knowledge on such depen-
dence is still not complete [4].

Coronary heart disease (CHD) is the most important
cause of mortality in developed countries. Numerous dis-
crepancies have been observed in the study results and no
unequivocal answer has been reached whether the incidence
of CHD is related to a decrease in antioxidant potential. Rela-
tionship of CHD to antioxidant defensesmay bemodified not
only by many demographic, anthropometric, physiological,
and biochemical confounders but also by different exogenic
substances such as applied medications or cigarette smoking
[5, 6].
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Total antioxidant capacity (TAC) assessment is an estab-
lished methodology to measure different elements of antiox-
idant defense system together [7]. In order to assess TAC
several methods are available. The final value of measured
TAC in the sample often depends on the procedure used in
every specific assay. Ferric reducing ability of serum (FRAS)
is an established TAC measuring test, being a modification
of the ferric reducing ability of plasma (FRAP) [8] method
commonly used for TAC measurement. Recently, a new
spectrophotometric 2.2-diphenyl-1-picryl-hydrazyl (DPPH)
test has also been proposed to measure TAC even more
reliably [9].

Therefore, the aim of the present study was to compare
TAC in CHD patients and in healthy age-matched subjects,
taking into account anthropometric and biochemical corre-
lates.

2. Methods

2.1. Subjects. The study was carried out in the two age-
matched groups of men. Group I consisted of 163 CHD
patients aged 34.8–77.0 (56.59 ± 8.04) years. In the course
of myocardial ischemia and reperfusion the increased con-
centration of free radicals may also cause an increase in
antioxidant enzymes activities. In order to exclude the pos-
sibility of acute ischemia-reperfusion reactions we qualified
the patients in whom the most recent acute coronary event,
cardiac or cardio-surgery intervention had occurred at least
a minimum of one month earlier. Among the males with
CHD 130 had a history of myocardial infarction (MI) (13
patients-twice), 137 underwent coronary catheterization, 107
underwent percutaneous transluminal coronary angioplasty
(PTCA), 23 underwent coronary artery bypass surgery
(CABG), 107 men demonstrated arterial hypertension (HA),
and 25 displayed diabetes mellitus (DM). An applied phar-
macotherapy regimen usually involved aspirin (𝑛 = 147),
statins (𝑛 = 142), fibrates (𝑛 = 4), beta-blockers (𝑛 =
134), angiotensin-converting enzyme (ACE) inhibitors (𝑛 =
87), ticlopidine (𝑛 = 51), long-acting nitrates (𝑛 = 48),
clopidogrel (𝑛 = 25), diuretics (𝑛 = 25), calcium channel
blockers (𝑛 = 16), oral antidiabetic drugs (𝑛 = 18;
sulfonylureas-11, metformin-9, acarbose-2), and insulin (𝑛 =
4).

To every patient, an age-matched peer without CHD
was assigned. Control group consisted of men who attended
the Healthy Men Centre of the Medical University of Lodz
and were regularly monitored at least once a year. All
the participants were relatively healthy community-dwelling
men able and willing to visit the outpatient clinic as well as to
take part in the multiple examinations. Group II comprised
163 males aged 34.3–76.1 (56.66 ± 7.99) years. Thirty-five
of these men had HA and were treated with beta-blockers
(𝑛 = 13) and ACE inhibitors (𝑛 = 24). Fourteen men
were treated for hypercholesterolemia with statins and 16
used preventive treatment with low-dose aspirin. All the
subjects in the study were free from known malignant
diseases, important chronic inflammatory diseases, renal
disorders, disability, or dementia. Apart from salt, glucose,

and cholesterol limitations, none of the subjectswas following
a special diet. The presence of CHD was excluded in the
control group based on clinical examination and exercise
testing. The graded submaximal exercise test was carried
out on a Monark type 818E (Stockholm, Sweden) bicycle
ergometer with 30 watt increments every 3min to achieve at
least 85% of maximal age-predicted heart rate (220-age) with
a continuous ECG tracing. All the subjects were informed
of the purpose of the study. The study had been approved
by the Ethics Committee and written informed consent was
obtained from all the subjects.

2.2. Protocol andMeasures. The subjects were asked to report
to the Research Centre between 8.00 and 9.00 a.m. after
overnight fasting for a minimum of 12 hours (they could
consume a light supper without animal-derived fats the
previous day, but no other particular dietary instructions
were given) and after overnight rest, restraining fromphysical
exercises, smoking, and alcohol for at least 12 h before
laboratory measurements. After fasting blood drawing all the
participants were given a light breakfast and a multidimen-
sional assessment was performed with each subject. During
the standardmedical interview the applied pharmacotherapy
regimen was assessed. The smoking and usual dietary habits
were evaluated using the World Health Organization Coun-
trywide Integrated Noncommunicable Diseases Intervention
(WHO CINDI) questionnaire [10].

2.3. Anthropometric Data. Anthropometric data was col-
lected by standard methods. Height and weight were mea-
sured and the bodymass index-BMI (kg⋅m−2) was calculated.
Skinfold measurements were taken at four sites: triceps,
biceps, subscapula, and supraileum. The percentage of body
fat was estimated from skinfold measurements according to
Durnin and Womersley [11]. Measurements of waist and hip
circumference were taken and waist-to-hip ratio (WHR) was
calculated as an index of visceral obesity.

2.4. Laboratory Measurements. Fasting blood samples were
drawn from the antecubital vein: for measurements of TAC
into Vacuette tubes (Greiner Bio One GmbH, Kremsmun-
ster, Austria) with sodium heparin (200mg⋅L−1) or into
siliconized tubes (for other tests). Enzymatic methods
were used to determine serum total cholesterol (TC;
CORMAY LiquickCor-CHOL), triglycerides (TG; COR-
MAY LiquickCor-TG), glucose (CORMAY LiquickCor-
GLUCOSE), and uric acid concentrations (UA; CORMAY
LiquickCor-UA). High density lipoprotein cholesterol (HDL-
C) was measured by the precipitation method (CORMAY-
HDL). Low density lipoprotein cholesterol (LDL-C) was
estimated using the Friedewald formula.

2.5. Total Antioxidant Capacity. Blood samples were incu-
bated for 30 minutes at 37∘C and then centrifuged for
10 minutes (4∘C, 1500×g) for further TAC measurements.
Subsequently the samples were stored at −80∘C for no longer
than 30 days prior to the assays of antioxidant activity [9].
The measurements of blood serum TAC were performed
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using two spectrophotometric methods: the FRAS method
(ferric reducing ability of serum) originally described by
Benzie and Strain [8] with some modifications [9] and
the DPPH method (2.2-diphenyl-1-picryl-hydrazyl) [9]. To
get reliable data, all individual results were calculated as a
mean from three separate measurements. Mean coefficients
of variation across the triplicate measurements (𝑛 = 30)
calculated for TAC-DPPH and TAC-FRAS were 0.049 and
0.018, respectively. In addition, both TAC assessments were
performed in parallel using the same laboratory equipment
(spectrophotometer) and within the same time frame. TAC-
FRAS values are expressed in mmol⋅L−1 of formed FeCl

2

(mmol FeCl
2

⋅L−1). DPPH test consists of the scavenging of
free radical DPPH (a relatively stable compound in alcoholic
solution with a peak absorbance at 𝜆 = 517 nm) by a complex
of antioxidants in the assayed sample of deproteinized serum.
A decline of absorbance values equivalent to % of DPPH
reduction expresses the level of the TAC-DPPH. The precise
methodology of both tests has been described elsewhere [9].

2.6. Statistical Analysis. Data were verified for normality of
distribution and equality of variances. Variables that did
not meet the assumption of normality were analyzed with
nonparametric statistics. A one-way analysis of variance
(ANOVA) with Bonferroni post hoc testing, the Kruskal-
Wallis test, and chi-square test (with Yates’ correction for 2×2
tables) were used for comparison between the two groups
of men. Pearson product moment or Spearman correlations
were used to determine the relationships between variables.
Multiple linear regression (with forward stepwise technique)
was used with all the independent variables to select variables
that independently predict TAC levels. Comorbidities, drugs,
and current smoking were entered as dummy variables (yes
= 1; no = 0). TAC-FRAS values were normalized using a
log transformation and TAC-DPPH values were normalized
using a square root transformation for the purpose of statisti-
cal analyses.The results are presented as the mean ± standard
deviation. The level of significance was set at 𝑃 ≤ 0.05 for all
the analyses.

3. Results

Table 1 shows baseline characteristics of both groups. Men
withCHDwere characterized by higher values of BMI,WHR,
and percentage of body fat in comparison with the men
without CHD. CHD patients had lower values of TC, LDL-
C, and HDL-C concentrations, lower TC/HDL-C ratio, and
higher values of TG. CHD patients had higher values of both
TAC-FRAS and TAC-DPPH (Table 1).

Correlations between TAC, UA, and selected anthropo-
metric, biochemical, and blood pressure characteristics for
both groups are shown in Table 2. Age was not a deter-
minant affecting the antioxidative barrier, regardless of the
presence of CHD. In both groups TAC and UA were posi-
tively related to several anthropometric overweight/obesity
measures (Figure 1). In CHD patients, SBP and DBP were
positively correlated with TAC-FRAS (Figure 2) while DBP
was positively correlated with UA. In the CHD group, higher

Table 1: Age, selected anthropometric and biochemical charac-
teristics, cigarette smoking, blood pressure, and total antioxidant
capacity in men with CHD and in their peers without CHD.

Variable
Group I

(CHD patients)
𝑛 = 163

Group II
(without CHD)
𝑛 = 163

Age (years) 56.59 ± 8.04 56.66 ± 7.99
Body mass (kg) 85.4 ± 13.5 83.0 ± 13.1
BMI (kg⋅m−2) 28.4 ± 3.9† 27.1 ± 3.8
Waist circumference (cm) 101.8 ± 9.6‡ 94.9 ± 10.1
WHR 0.98 ± 0.05‡ 0.94 ± 0.06
Percentage of body fat 24.9 ± 5.3∗ 23.6 ± 5.8
Past smokers (% of 𝑛) 83.9‡ 56.4
Current smokers (% of 𝑛) 13 13
SBP (mmHg) 127.3 ± 14.7 127.8 ± 13.9
DBP (mmHg) 81.9 ± 9.1 82.6 ± 9.3
TC (mg⋅dL−1) 179.1 ± 42.7‡ 217.1 ± 43.2
LDL-C (mg⋅dL−1) 104.3 ± 37.1‡ 142.6 ± 40.6
HDL-C (mg⋅dL−1) 45.1 ± 9.5‡ 50.7 ± 11.6
TC/HDL-C ratio 4.05 ± 1.1† 4.48 ± 1.3
TG (mg⋅dL−1) 150.1 ± 91.3‡ 125.6 ± 85.2
Glucose (mg⋅dL−1) 100.1 ± 30.1 99.3 ± 21.1
UA (mg⋅dL−1) 6.13 ± 1.35 5.98 ± 1.23
TAC-FRAS (mmol FeCl2⋅L

−1) 1.32 ± 0.27∗ 1.26 ± 0.26
TAC-DPPH (% reduction) 12.5 ± 4.9∗ 11.2 ± 4.4
∗

𝑃 < 0.05, †𝑃 < 0.01, and ‡𝑃 < 0.001 as compared to the healthy subjects.
BMI: body mass index; WHR: waist-to-hip ratio; SBP: systolic blood
pressure; DBP: diastolic blood pressure; TC: total cholesterol; LDL-C: low
density lipoprotein cholesterol; HDL-C: high density lipoprotein cholesterol;
TG: triglycerides; UA: uric acid; TAC: total antioxidant capacity; FRAS: ferric
reducing ability of serum; DPPH: 2.2-diphenyl-1-picryl-hydrazyl; CHD:
coronary heart disease.

values of TC and TG concentrations corresponded with
higher values of TAC-FRAS, while TAC-DPPH was inversely
related to glucose concentration. In both groups, TAC-
FRAS and TAC-DPPH strongly positively correlated withUA
(Figures 3 and 4). A positive intercorrelation was also found
between TAC-FRAS and TAC-DPPH both in men without
CHD (𝑟 = 0.38; 𝑃 < 0.001) and in CHD group (𝑟 = 0.17;
𝑃 = 0.03).

Currently nonsmoking cardiac patients (𝑛 = 140) were
characterized with significantly higher (𝑃 < 0.01) values of
TAC-FRAS (1.33 ± 0.27mmol FeCl

2

⋅L−1) and TAC-DPPH
(13.0 ± 4.93% reduction) than ones who were currently
smoking (1.20 ± 0.27mmol FeCl

2

⋅L−1 and 9.4 ± 3.56%
reduction, resp.).

Higher values of TAC-DPPH were found in patients
taking aspirin, beta-blockers, ACE inhibitors, ticlopidine, and
clopidogrel in the CHD group. In individuals without CHD,
TAC-FRAS was higher in males taking statins and beta-
blockers.

3.1. Multivariate Analyses. All the comorbidities, cardio-
vascular risk factors assessed, and pharmacotherapy were
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Table 2: Correlation coefficients of total antioxidant capacity measures and uric acid concentration to age, selected anthropometric,
biochemical, and blood pressure characteristics in men with and without CHD.

Variable
Group I (CHD patients) Group II (without CHD)

TAC-FRAS
(mmol FeCl2⋅L

−1)
TAC-DPPH
(% reduction)

UA
(mg⋅dL−1)

TAC-FRAS
(mmol FeCl2⋅L

−1)
TAC-DPPH
(% reduction)

UA
(mg⋅dL−1)

Age (years) −0.09 −0.06 −0.08 0.08 0.006 0.01
Body mass (kg) 0.33‡ 0.05 0.28‡ 0.20† −0.06 0.30‡

BMI (kg⋅m−2) 0.41‡ 0.04 0.28‡ 0.25† 0.02 0.33‡

Waist circumference (cm) 0.32‡ 0.16∗ 0.25† 0.21† −0.02 0.35‡

WHR 0.22† 0.23† 0.18∗ 0.22† 0.13 0.33‡

Percentage of body fat 0.30‡ −0.02 0.16∗ 0.11 0.07 0.26†

SBP (mmHg) 0.25† 0.01 0.10 0.09 0.06 0.05
DBP (mmHg) 0.28‡ 0.02 0.18∗ 0.14 0.09 0.06
TC (mg⋅dL−1) 0.16∗ −0.06 0.08 −0.01 −0.11 −0.07
LDL-C (mg⋅dL−1) 0.04 −0.10 −0.07 −0.03 −0.11 −0.07
HDL-C (mg⋅dL−1) −0.05 −0.04 −0.04 −0.05 −0.09 −0.11
TC/HDL-C ratio 0.12 −0.03 0.05 0.03 0.02 0.04
TG (mg⋅dL−1) 0.24† 0.07 0.31‡ 0.12 −0.01 0.13
Glucose (mg⋅dL−1) 0.14 −0.25† 0.09 0.06 0.02 0.09
UA (mg⋅dL−1) 0.60‡ 0.36‡ 0.70‡ 0.34‡
∗

𝑃 < 0.05, †𝑃 ≤ 0.01, ‡𝑃 < 0.001.
BMI: body mass index; WHR: waist-to-hip ratio; SBP: systolic blood pressure; DBP: diastolic blood pressure; TC: total cholesterol; LDL-C: low density
lipoprotein cholesterol; HDL-C: high density lipoprotein cholesterol; TG: triglycerides; UA: uric acid; TAC: total antioxidant capacity; FRAS: ferric reducing
ability of serum; DPPH: 2.2-diphenyl-1-picryl-hydrazyl; CHD: coronary heart disease.
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Figure 1: Correlation between TAC-FRAS and body mass index in
men without CHD and in patients with CHD. TAC—total antioxi-
dant capacity; FRAS—ferric reducing ability of serum; BMI—body
mass index; CHD—coronary heart disease.

included, together with age, smoking habit, and CHD pres-
ence, into multiple regression models. Continuous variables
such as BMI or WHR were introduced unchanged to those
models in order to retain precision which would be lost
while converting those data to categorical variables (e.g.,
overweight/obesity categories).
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Figure 2: Correlation between TAC-FRAS and values of blood
pressure in patientswith coronary heart disease. TAC—total antioxi-
dant capacity; FRAS—ferric reducing ability of serum; SBP—systolic
blood pressure; DBP—diastolic blood pressure.

In group I (CHD patients), TAC-FRAS was favorably
predicted by UA, TG, and SBP:

log TAC-FRAS = −0.589 + 0.0777 × UA + 0.000473 × TG

+ 0.00234 × SBP (adjusted 𝑅2 = 44.8%) .
(1)
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Figure 3: Correlation between TAC-FRAS and uric acid concen-
tration in men without CHD and in patients with CHD. TAC—
total antioxidant capacity; FRAS—ferric reducing ability of serum;
CHD—coronary heart disease.

TAC-DPPH was favorably predicted by UA while nega-
tively so by glucose and current smoking. Consider

squared root TAC-DPPH

= 2.782 + 0.2038 × UA − 0.00532 × glucose

− 0.3965 × current smoking∗ (adjusted 𝑅2 = 23.8%) ,
(2)

∗yes = 1; no = 0.
When current pharmacotherapy was taken into account,

ticlopidine and clopidogrel contributed also to the TAC-
DPPH variance [12].

In group II (men without CHD), both TAC values were
predicted only by UA. Consider

log TAC-FRAS = − 0.4311 + 0.1081

× UA (adjusted 𝑅2 = 47.4%)

squared root TAC-DPPH = 2.209 + 0.1806

× UA (adjusted 𝑅2 = 11.4%) .
(3)

Presence of CHD was not an independent predictor
of TAC—observed between-group differences for TAC dis-
appeared after adjustment for other confounders. In the
combined population of all 326 studied men, TAC—FRAS
was favorably predicted by UA, TG, and DBP. Consider

log TAC-FRAS = −0.559 + 0.0935 × UA + 0.00027 × TG

+ 0.00232 × DBP (adjusted 𝑅2 = 45.3%) .
(4)
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Figure 4: Correlation between TAC-DPPH and uric acid concen-
tration in men without CHD and in patients with CHD. TAC—
total antioxidant capacity; DPPH—2.2-diphenyl-1-picryl-hydrazyl;
CHD—coronary heart disease.

TAC-DPPH was favorably predicted by UA while nega-
tively so by glucose and current smoking. Consider

squared root TAC-DPPH

= 2.555 + 0.1992 × UA − 0.00368

× glucose − 0.2183 × current smoking∗

× (adjusted 𝑅2 = 16.7%) ,

(5)

∗yes = 1; no = 0.

4. Discussion

Previous studies provided confusing results on the rela-
tionship of the presence of cardiovascular diseases to TAC.
Several studies found significantly lower blood antioxidants
and TAC in patients with CHD [13, 14]. Similarly, several
studies found that in metabolic syndrome and HA patients
exhibit decreased antioxidant protection and increased lipid
peroxidation [15, 16]. However, no significant changes of
TAC were observed during and after the incidence of MI
[17] or between hypertensive patients and normal controls
[18]. Vassalle et al. [19] identified higher values of TAC
measured by OXY-adsorbent test in hypertensive individuals
in comparison to subjects without HA. Elevated values of
TAC were also found in patients with atherosclerosis in
comparison with healthy age-gender-matched counterparts
[20]. The analysis performed in the present study showed
an increase of TAC in men with CHD or HA, but only
in bivariate associations. After adjustment for common car-
diometabolic risk factors, these changes were not detectable.
Instead, positive correlations of TAC with indices of over-
weight/obesity in both groups and positive relationships to
blood pressure and laboratory lipid indices of metabolic
syndrome in CHD patients were found. One possible expla-
nation of these findings may be that in the course of
many diseases, lower TAC may be due to the depletion of
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the antioxidant barrier as an effect of long term oxidative
stress [21, 22]. In early stages of those disorders, but already
in the presence of risk factors (overweight/obesity, elevated
blood pressure, and laboratory lipid indices of metabolic
syndrome), the antioxidant defense system may respond to
sustained oxidative stress by increasing its activity. Similar
observations have been reported in some earlier studies [19,
23, 24]. For example, Vassalle et al. [19] observed higher
TAC in patients with hypertension while in several studies
a positive relationship between antioxidant potential and
BMI was found [23, 24]. On the other hand, an inverse
correlation between dietary TAC and BMI in obese children
and adolescents [25] and between dietary TAC and central
adiposity measurements in healthy young adults [26] was
found. Plasma TAC values were also not different between
pre- and postoperative morbid obesity patients, as well as
versus controls [27].

In our study, several direct correlations for obesity mea-
sures and TAC were observed both in healthy men and in
men with CHD. These associations were more visible for
TAC-FRAS and in CHD patients. In CHD patients several
significant positive correlations were also observed between
TAC-FRAS and other cardiovascular risk factors as elevated
TC, TG, and blood pressure. The explanation of these asso-
ciations may be based on the classical physiological concept
of hormesis. This Greek word means a state in which a
sublethal dose of toxin can increase the tolerance of organism
to stand up to higher doses of toxin [28]. In obese subjects,
higher levels of derivatives of ROS metabolites were found
[29]. Thus, the best strategy to enhance endogenous antiox-
idant level may actually be the oxidative stress itself [30].
It means that overweight/obesity may stimulate TAC and
high values of antioxidant potential among obese individuals
may be explained by secondary response to intensified
oxidative stress characterizing subjects with higher amount
of adipose tissue [31–33]. Therefore, these two phenomena
should not be separated but rather seen as a sequence of
incidents.

The next discrepancy appears in correlation with TAC
and age. Our findings are contrary to several other studies
which report that antioxidant capacities of human blood
serum decrease along with age [34, 35] and the systemic
oxidative stress status is higher in older subjects [36]. Com-
parison between middle-aged and older subjects suggested
a progressive and slow decline of antioxidant status [37].
On the other hand, comparison of active elderly group
with active younger one did not show the difference in the
level of antioxidant defence and in the level of peroxidation
[38]. Interestingly, in the study involving 2828 subjects from
the Framingham Heart Study age was inversely related to
urinary creatinine-indexed 8-epi-PGF2alpha levels (marker
of systemic oxidative stress) [32]. Some data showed that
TAC did not differ between healthy elderly men and young
ones, but some individual indices of antioxidant defence
systemwere even higher in the elderly, for instance, red blood
cell and plasma GSH-Px [39]. In our study, there was no
statistically significant relation between age and blood serum
TAC in men either with or without CHD. These results may
suggest that along with age the activity or the amount of

single antioxidants may alter but TAC remains essentially
unchanged.

Depletion of the antioxidant barrier may occur during
prolonged exposure to sustained oxidative stress, with this
being the case with current smoking and probably also
elevated glucose levels in our CHD patients. It has been
well documented that cigarette smoke increases the level
of oxidative stress, decreases antioxidant capacities, and
induces several chronic diseases (especially CHD, HA, MI,
and stroke) [40]. It has been found that acute and chronic
cigarette smoking impairs the relaxation of large blood vessels
mediated by nitric oxide synthase. Cigarette smoke extract
is known to contain a considerable amount of ROS such as
superoxide anions, hydroxyl radicals, or hydrogen peroxides
[41]. Our results are in agreement with these investigations.
In the present study currently smoking subjects with CHD
demonstrated lowered antioxidant capacities of blood serum.
These relations were less visible in individuals without CHD,
suggesting that in CHD patients, the antioxidant defense
system is more vulnerable to permanent oxidative stress
connected with cigarette smoke.

UA, which also serves as a water-soluble antioxidant and
a free radical scavenger in humans, is an end-product of
purine metabolism and is present in high concentrations in
plasma [20, 42]. Systemic administration of UA causes an
increase in serum antioxidant capacity [43]. There is some
evidence that increased oxidative stress is associated with
higher level of circulating UA and that it may protect against
oxidative modification of endothelial enzymes and preserve
the ability of the endothelium to mediate vascular dilatation
in oxidative stress [42, 44, 45]. Hyperuricemia may be a
compensatory mechanism to counteract oxidative damage
related to atherosclerosis and ageing in humans [20]. On the
other hand, its high concentration is one of the risk factors
of CHD [5]. Our data bring some interesting information, as
uric acid levels were not different in the two groups and were
not related to age in any of the studied groups. UA was found
to be the strongest predictor of antioxidant status, irrespective
of TAC assay and studied group. Similar predominant effect
on antioxidant potential has also been noted in other studies
[46]. Undoubtedly, this two-directional activity of uric acid,
as both potent antioxidant and cardiovascular risk factor,
would require further studies [45–47].

Several shortcomings of the present study should be
acknowledged. This is a cross-sectional study performed
in volunteers: CHD patients and their age-matched peers.
Active well-educated subjects in relatively good health are
more prone to participate in such studies. Antioxidants
status is the result of the interaction of many different
compounds and systemic metabolic connections and the
TAC is modulated either by ROS overload (not measured
in the present study) or by antioxidants concentration. Cor-
relations between TAC and selected patients characteristics
were relatively modest. Although both DPPH and FRAS tests
measure the TAC of blood serum, they reflect somewhat
different physiological properties [9]. Future studies, taking
into account also oxidative and inflammatory stress indices,
are needed to confirm these associations. Future studies
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should also relate compensatory antioxidative response to the
duration of distinct diseases and disorders.

We conclude that TAC, assayed with either the FRAS
or the DPPH methods, does not differ between men with
and without CHD when additional confounders are taken
into consideration. Age was not a determinant affecting the
antioxidative barrier, regardless of the presence of CHD. In
both groups,UAwas the strongest determinant of TAC-FRAS
and TAC-DPPH. TAC is directly related to several indices
of overweight/obesity and laboratory measures of metabolic
syndrome, especially in patients with CHD.
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The world population is aging and the number of old people is continuously increasing. Arterial structure and function change
with age, progressively leading to arterial stiffening. Arterial stiffness is best characterized by measurement of pulse wave velocity
(PWV), which is its surrogate marker. It has been shown that PWV could improve cardiovascular event prediction in models
that included standard risk factors. Consequently, it might therefore enable better identification of populations at high-risk of
cardiovascular morbidity and mortality. The present review is focused on a survey of different pharmacological therapeutic
options for decreasing arterial stiffness.The influence of several groups of drugs is described: antihypertensive drugs (angiotensin-
converting enzyme inhibitors, angiotensin receptor blockers, calcium channel blockers, beta-blockers, diuretics, and nitrates),
statins, peroral antidiabetics, advanced glycation end-products (AGE) cross-link breakers, anti-inflammatory drugs, endothelin-A
receptor antagonists, and vasopeptidase inhibitors. All of these have shown some effect in decreasing arterial stiffness. Nevertheless,
further studies are needed which should address the influence of arterial stiffness diminishment on major adverse cardiovascular
and cerebrovascular events (MACCE).

1. Introduction

The world population is aging so the number of old people
is continuously increasing [1, 2]. With increasing age, arterial
structure and function change, progressively leading, among
other deteriorations, to arterial stiffening [3, 4]. One of
the most important parameters most commonly measured
and understood, being also the best surrogate for arterial
stiffness, is pulse wave velocity (PWV) [5–7]. In a recent
meta-analysis, aortic PWV was found to improve cardio-
vascular event prediction in models that included standard
risk factors (arterial hypertension, smoking, diabetes, etc.)
and might therefore enable better identification of high-risk
populations [8, 9]. Even though this data exists, there is
still no pharmacological approach regularly used in clinical
practice aiming to decrease arterial stiffness. In other words,
the therapeutic approach does not aim at arterial stiffness
decrease per se.Although evidence of the importance of PWV
is growing, therewas no study reported inwhich a decrease of
cardiovascular mortality due to reducing arterial stiffness by
pharmacologic approaches had been observed. Nevertheless,
we believe that there is sufficient proof of PWV being an

important cardiovascular risk factor and that such a study
is very much needed. Therefore, in what follows we review
all known pharmacological approaches capable of decreasing
arterial stiffness. Importantly, it should be noted that the
effects of pharmacologic agents on stiffness are usually
slight or modest, but not substantial. Thus, new therapeutic
approaches to decrease arterial stiffness are highly desirable.

2. Pathophysiological Aspects of
Arterial Stiffness

Conductive arteries propel the pressure wave generated by
the heart, that is, the ejection of blood from the left ventricle.
This wave is reflected at the impedance mismatch points
(junctions of large conduit arteries, high-resistance arteries,
and bifurcations), from where it travels backwards to the
heart. Consequently, the observed generated wave is the sum
of the forward travelling wave (moving from the heart) and
the reflected wave (travelling backwards towards the heart)
[10]. In young healthy subjects who have compliant arteries
the reflected waves return to the ascending aorta at the
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time of diastole, thus leading to pressure amplification in
this part of cardiac cycle, leading to an increase in diastolic
blood pressure (DBP) [11]. As pulse waves travel faster in
stiffer arteries, PWV measurement is consequently the best
surrogate for arterial stiffness evaluation in everyday practice.
It also increases with age and is a predictor of cardiovascular
risk. It has been calculated that an increase in PWVby 1.0m/s
increases the risk of cardiovascular events by 14% [12].

The low blood pressure elastic modulus of the elastin
component of arterial media dominates the mechanical
behavior of the arterial wall, making it distensible [10]. At
higher blood pressures, the wall is less extensible, due to
the low elastic modulus of the collagen component of the
arterial media that dominates at these pressures [13]. It can
be concluded that at low blood pressures a small amount of
collagen fibers is recruited. When the blood pressure rises,
more and more collagen fibers are engaged, the elastin com-
ponent having relatively less influence, leading to sufficient
support of the arterial wall and stabilization of aortic root
distension. To sum up, arterial wall compliance and distensi-
bility progressively decrease with increasing blood pressure.
Blood pressure-dependent changes in elastic modulus are
nonlinear; that is, the change in elastic properties is much
greater at high blood pressures than at low blood pressures
[10]. Blood pressure increase leads to PWV increase. The
consequence is pressure wave propagation, which is a result
of the increase in amplitude of the wave travelling from
the heart. It means that the top of the wave travels faster
than the rest of the wave. This leads to the physiological
findings of a consistent difference between blood pressure
values in the ascending aorta and brachial artery. In young
healthy subjects, the difference between pulse pressure (PP)
and systolic blood pressure (SBP) in the ascending aorta and
at the level of brachial artery can be as much as 20mmHg,
while in patients treated for hypertension it is considerably
lower (6 to 11mmHg) [11].

The arteries become stiffer with increasing age and
disease (e.g., hypertension, chronic kidney disease, dia-
betes, and atherosclerosis). Increased stiffness results from
structural changes, such as fragmentation of elastin, an
increased amount of collagen, arterial calcification, glycation
of both elastin and collagen, and cross-linking of collagen
by advanced glycation end- products (AGE) [14–17]. These
changes could be measured quantitatively in the pathology
department. On the other hand, clinical evaluation of arterial
mechanical properties is far more complex and a complete
description of the strain-stress relationship in vivo is not
possible due to uncertainties arising fromnonlinear behavior,
viscoelasticity, anisotropy, active tone, residual stresses, and
tethering [18]. The methods most commonly used measure
transit times between different sites in the arterial tree and
calculate arterial PWV and measure local arterial com-
pliance, the distensibility or stiffness index, and also the
augmentation index (Aix) [19].

Increased arterial stiffness leads to increased PWV and
central arterial pressure, resulting in higher arterial pulsatil-
ity. The latter leads to damage of the microcirculation in
several organs, especially the highly perfused ones, such as
myocardium, the kidneys, and brain (Figure 1). Taking into

account that the population is aging, stiffness is an important
factor in pathophysiological aspects [20].

3. Endothelial Function and Arterial Stiffness

Endothelial function and arterial stiffness are two different
aspects of arterial disease, which are interconnected as
their pathophysiological background is similar. Nitric oxide
(NO) has been shown to contribute importantly to arterial
compliance or distensibility [21]. Arterial stiffness can be
regarded as composed of two distinct components: a struc-
tural and a dynamic component. These two are obviously
interconnected. The structural component is represented by
the collagen and elastin fibers in arterial media, as well as
other connecting molecules [22]. The dynamic component
is represented by the tone of smooth muscle cells, also in
the arterial media. This tone is dependent on vasoactive
substances released from the endothelium [23]. As men-
tioned above, the artery becomes stiffer due to an increase
in the collagen-elastin ratio. On the other hand, the stiffer the
artery gets, the greater the hemodynamic load to which its
endothelium is exposed, resulting in its earlier damage. The
dynamic and structural components of arterial stiffness are
interconnected and lead to a vicious cycle (Figure 2).

4. Influence of Drugs on Arterial Stiffness

According to the literature, several drugs have been shown to
influence arterial stiffness: antihypertensives, statins, peroral
antidiabetics, AGE cross-link breakers, anti-inflammatory
drugs, endothelin-A receptor antagonists, and vasopeptidase
inhibitors. The majority of them act predominantly on the
dynamic component of arterial stiffness and to a lesser extent
on the structural component in arterial wall remodeling,
whereas only AGE cross-link breakers act directly on the
structural component. Influence of particular drugs or drug
groups on arterial stiffness is summarized in Table 1.

4.1. Antihypertensive Drugs. Antihypertensive drugs have
been implicated in arterial stiffness diminishment but vary
in their degree of effect. The various antihypertensive drug
classes have been more or less extensively evaluated in
this regard. Unequivocally, the renin-angiotensin system
inhibitors proved to be superior to all other antihypertensive
drugs in reducing arterial stiffness.There are different reasons
for and understanding of this phenomenon, but the most
probable explanation lies in the profibrotic action of the
renin-angiotensin system, as the turnover of the extracellular
matrix in the arterial wall per se leads to a change in the
properties of the vessel [24]. Inwhat follows, antihypertensive
drugs are listed according to the amount of evidence and their
effect on arterial stiffness.

4.1.1. Angiotensin-Converting Enzyme Inhibitors. There had
been some evidence that angiotensin-converting enzyme
(ACE) inhibitors lead to arterial compliance improvement
[25], but it was the REASON (pREterax in regression
of Arterial Stiffness in a contrOlled double-bliNd) study
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that first evaluated the long-term influence of these drugs
on arterial stiffness. This study was performed using the
perindopril/indapamide combination and compared it to
the use of atenolol. The former combination proved to
be more efficacious in reducing systolic blood pressure as
well as pulse pressure. The effect was more pronounced in
the central indices. Interestingly, PWV showed a similar
reduction in both groups, while on the other hand Aix was
more significantly reduced in the combination group. The
effect obtained in the combination group lasted even after
9 months of treatment without additional blood pressure
reduction [26, 27]. In the ADVANCE (Action in Diabetes
and Vascular Disease: Preterax and Diamicron Modified
Release Controlled Evaluation) trial, the same combination
of perindopril/indapamide was also evaluated, and it was
this study that proved the importance of arterial stiffness
and its association with cardiovascular risk [28]. The effect
of ACE inhibitors on pulsatile hemodynamics in patients
with stable coronary artery disease was evaluated in the
PEACE (Prevention of Events with Angiotensin-Converting
Enzyme Inhibition) substudy. This study showed that tran-
dolapril moderately decreased PWV, beyond expectations
and without relation to blood pressure reduction. Never-
theless, no improvement in aortic compliance or decrease
in Aix was observed [29]. All the studies described were
long-term studies, but even some short (evaluating acute

effects) to medium (less than 6 months) term studies showed
a reduction of arterial stiffness when ACE inhibitors were
used [30]. These effects were obtained for most drugs in
this class, that is, captopril [31], perindopril [32], trandolapril
[29], enalapril [33], lisinopril [34], ramipril [35], quinapril
[31, 36], and fosinopril [37]. These effects were attributed
to the ACE inhibitors’ capability of chronically reducing
remodeling of the small arteries, leading to reduction of
reflection coefficients.

4.1.2. Angiotensin Receptor Blockers. Intuitively, it might be
expected that angiotensin receptor blockers (ARBs or sar-
tans) would produce the same effect as ACE inhibitors. In
a trial with patients with resistant hypertension who were
receiving three antihypertensive drugs in maximal dosages,
including ACE inhibitors, the addition of valsartan for two
weeks resulted in reduction of Aix [41]. When valsartan was
compared to captopril, the two drugs equally reduced PWV
as well as Aix [42]. As far as Aix reduction is concerned,
losartan (see the LIFE (Losartan Intervention For Endpoint
reduction in hypertension) [43] and OPTIMAAL (Optimal
Trial in Myocardial Infarction with Angiotensin Antagonist
Losartan) [44] studies) and candesartan [45, 46] were proven
to reduce it. Other ARBs, such as valsartan (the VALUE (Val-
sartan Antihypertensive Long-Term Use Evaluation) study)
[47–49], olmesartan [50], telmisartan [51], and eprosartan
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Table 1: Influence of particular drugs or drug groups on arterial stiffness. Uniform effect—the drug or drug group definitely improves arterial
stiffness; prevailing effect—the drug or drug group improves arterial stiffness in the majority of studies; conflicting effect—the drug or
drug group effect is homogeneously distributed between improving arterial stiffness or not; neutral effect—the drug or drug group does
not influence arterial stiffness.

Effect on arterial stiffness
reduction/improvement Drug group Drug class/drug References

Uniform effect
Antihypertensive

Angiotensin converting enzyme inhibitors [25–40]
Angiotensin receptor blockers [38, 40–54]
Calcium channel blockers [32, 34, 37, 46, 49, 55–60]
Aldosterone antagonists-spironolactone [61–63]

Peroral antidiabetic drugs Glitazones-pioglitazone [64–66]
AGE cross-links breakers Aminoguanidine [67–70]

Prevailing effect

Antihypertensive Direct renin inhibitors [39, 71–73]
Beta-blockers [27, 39, 53, 54, 74–78]

Lipid lowering drugs Statins [79–87]
Peroral antidiabetic drugs Metformin [88, 89]
AGE cross-links breakers Alagebrium chloride [16, 90–92]
Anti-inflammatory drugs Corticosteroids [93]
Endothelin-A receptor
antagonists Sitaxsentan, BQ-123 [94, 95]

Conflicting effect

Antihypertensive Nitrates [96]
Aldosterone antagonists-eplerenone [97–99]

Peroral antidiabetic drugs Glitazones-rosiglitazone [100–103]

Anti-inflammatory drugs
Antibodies against tumor necrosis factor
alpha (anti-TNF-𝛼) [104–110]

Acetylsalicylic acid [111, 112]

Neutral effect Antihypertensive Diuretics [34, 37, 46, 55, 59, 61, 113,
114]

Vasopeptidase inhibitors Omapatrilat [115, 116]

[52], were proven to reduce central blood pressure more than
the systolic blood pressure and increase pulse pressure, while
reducing Aix and PWV. In addition, when ACE inhibitor and
sartan were combined, they proved to achieve even greater
effect on PWV reduction in patients with chronic kidney
disease [38].

4.1.3. Beta-Blockers. Beta-blockers without vasodilating pro-
perties have been shown to have a weaker effect on arterial
stiffness and central pulsatile hemodynamics than vasodi-
lating drugs of other groups. Nevertheless, they showed the
same extent of reduction of arterial stiffness per se as the other
mentioned drugs. The mechanism of action is through heart
rate reduction, as this influences the viscoelastic properties of
the arterial wall. Reduced heart rate also leads to increased
wave reflections, a lower reduction in aortic than brachial
systolic blood pressure, and reduced pulse pressure amplifi-
cation. Peripheral vasoconstriction, achieved by, for example,
atenolol, is an additional mechanism responsible for the neg-
ative effect on wave reflections [74–77]. The REASON study
evaluated the effect of atenolol on pulsatile hemodynamics.
In this particular study central PP slightly increased, while
peripheral PP drastically decreased. Also PWV decreased
substantially, while Aix increased to a substantial degree.

These effects were attributed to the heart rate reduction
[27]. Different studies are consistent, showing that atenolol
negatively affects both pulse and systolic blood pressure (by
increasing them) and wave reflections, increasing Aix, but,
on the other hand, reducing aortic stiffness [53]. Thus the
CAFÉ (Conduit Artery Functional Evaluation) study showed
the superiority of amlodipine in this regard, leading to
challenging the recommendation for the use of classical beta-
blockers in hypertension treatment [32]. New, increasingly
prescribed agents such as nebivolol and carvedilol, that
also have vasodilating properties, seem to be more effective
in improving central pulsatility. These effects appear to be
related to their ability to donate NO, which dilates the small
resistance arteries.The effects observed lead to pulse pressure
amplification, but Aix reduction [39, 74–77].

4.1.4. Calcium Channel Blockers. Calcium channel blockers
also lower PWV and reduce wave reflections, but to a lesser
degree than renin-angiotensin inhibitors.The largest amount
of evidence is for the dihydropyridine calcium channel
blocker amlodipine [32, 34, 37, 46, 49, 55]. This drug was
evaluated in the CAFÉ study, among other trials, where it
proved to reduce central blood pressuremore than peripheral
blood pressure; it amplified pulse pressure and reduced Aix
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and PWV, thus displaying its destiffening effect [32]. Similar
results were obtained for the other calcium channel blockers
that were evaluated, namely, azelnidipine [56], barnidipine
[57], nitrendipine [58], felodipine [55], lercanidipine [59],
and verapamil [60].

4.1.5. Diuretics. Diuretics seem to have no beneficial effect
on pulsatile hemodynamics. Many agents were studied,
including hydrochlorothiazide, which showed a neutral effect
on reduction of central blood pressure and a neutral effect
on pulse pressure amplification [37, 55]. Consistent data is
available for bendrofluazide [34, 59, 61, 113] and indapamide
[37, 46, 113, 114], which also have a neutral effect on Aix and
PWV, respectively.

4.1.6. Aldosterone Antagonists. The aldosterone antagonist
spironolactone proved to reduce PWV and Aix when
adjusted for blood pressure, compared to bendrofluazide [61].
The beneficial effect of spironolactone in this regard was
also obtained in early stage chronic kidney disease and in
patients with nonischemic dilated cardiomyopathy [62, 63].
Similar results were obtained for eplerenone when compared
to amlodipine, but its effect proved to be much greater
in reducing vascular stiffness and the collagen-elastin ratio
when compared to atenolol [97, 98]. These effects were not
observed in chronic kidney disease patients stages 3 and 4
[99].

4.1.7. Direct Renin Inhibitors. Direct renin inhibitor, that is,
aliskiren, the only one available, was evaluated in diabetes
mellitus type 1 and type 2 patients where it reduced PWV
as well as Aix, thus showing a beneficial destiffening effect
[39, 71, 72]. On the other hand, in patients with essential
hypertension, it reduced PWV without influencing Aix [73].

4.1.8. Nitrates. Nitrates have also been studied in this regard.
As vasodilating drugs, they influence the smooth muscle
cells of large arteries, leading to possible arterial destiffening.
Their effect was evaluated in hypertensive patients, where
isosorbide mononitrate proved to amplify systolic and pulse
pressure but substantially reduced Aix. On the other hand,
they did not influence PWV, therefore leading to the conclu-
sion that their effect on arterial stiffness was minimal [96].

It seems that arterial stiffness reduction can be obtained
with different antihypertensive drugs. The highest effects
are exerted by inhibitors of the renin-angiotensin system.
Stiffness reduction seems to be correlated with the dose
of antihypertensive drug. Long-term treatment also seems
to have a greater effect. Mechanisms behind this are the
slow extracellular matrix turnover, the long-term constant of
arterial remodeling, and the necessity that the target tissue
systems influence changes in arterial stiffness more than
blood pressure [117].

4.2. Statins. Statins (HMG-CoA reductase inhibitors), be-
sides their basic action in reducing low-density lipoprotein
(LDL) cholesterol, also have several additional protective/
beneficial effects (pleiotropic effects) on the cardiovascular

system [79]. There are conflicting reports in the literature
on whether statins could improve arterial stiffness directly.
Rizos et al. reviewed 9 randomized controlled studies (RCT)
with 471 participants. In four of them central aortic PWVwas
assessed; fluvastatin decreased PWV in two studies, whereas
in one study the change was not significant and in another
study a significant increase in PWV was observed. In the
other five studies peripheral (mainly brachial-ankle) PWV
was assessed; fluvastatin decreased PWV in all except one
study [80]. Arterial stiffness was improved with atorvastatin
(40mg daily) in patients with ischemic heart failure [81].
Low-dose atorvastatin (10mg daily) was shown to improve
arterial stiffness in a double blind, randomized, placebo-
controlled study on hypertensive and hypercholesterolemic
patients after 26 weeks of treatment [82]. Similarly, it also
prevented an increase in arterial stiffness in patients with
chronic kidney disease [83]. Statin treatment significantly
improved arterial stiffness through decrease of PWV in
normotensive patients with coronary artery disease (CAD),
but not in hypertensive patients with CAD [84]. The possible
mechanisms behind these observed phenomena are that
statins act in an anti-inflammatory and antioxidative manner
in the arterial wall, which was shown only in relatively small
studies [85–87].

4.3. Peroral Antidiabetic Drugs. Treatment with glitazones,
peroxisome proliferator-activated receptor gamma (PPAR-𝛾)
agonists, was shown not only to improve insulin resistance
and glycemic control, but also to decrease arterial stiffness
in patients with type 2 diabetes mellitus [64, 100, 101].
PPAR receptors were also proven to be expressed in the
vascular tissue and influence vascular homeostasis [118]. In
the literature it was shown that pioglitazone decreased arterial
stiffness in patients with diabetes mellitus type 2 [64] and in
obese glucose tolerant men [65]. For rosiglitazone there are
conflicting results; in some studies it decreased PWV, which
was associated with anti-inflammatory action [100–102]. In
another study, eight-week treatment with rosiglitazone failed
to improve arterial stiffness in patients with chronic kidney
disease, but the study was small (70 patients, divided equally
among treatment and placebo groups) [103]. Treatment with
pioglitazone and rosiglitazone was associated with improve-
ment in adiponectin levels [66]. Besides glitazones, met-
formin was also shown to reduce arterial stiffness in several
studies, including women with polycystic ovary syndrome
[88, 89].

4.4. AGE Cross-Link Breakers. Cross-links between collagen
and elastin in the vascular wall are important in providing
strength and elasticity to the vessels. Due to nonenzymatic
glycation of proteins, especially collagen, AGE are formed,
which accumulate and increase collagen cross-linking and
consequently progressively increase arterial stiffness. Forma-
tion of AGE occurs with aging and is accelerated in diabetes
mellitus and hypertension [119]. Newer therapeutics are
directed at the cross-linking of collagen, a process previously
thought to be irreversible. They can either block the forma-
tion of AGE (aminoguanidine) or nonenzymatically break
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AGE cross-links (alagebrium chloride) and could potentially
decrease arterial stiffness [120]. Aminoguanidine was tested
mainly in animal studies, where it decreased arterial stiffness
parameters [67–69], and only in one human study [70].
Alagebrium chloride (ALT-711) was shown to decrease arte-
rial stiffness in several animal and human studies [16, 90, 91],
but not in all [92]. Drugs that block the receptor for AGE
(RAGE), or serve as a sham RAGE, are under development
[120].

4.5. Anti-Inflammatory Drugs. Inflammation states, such as
inflammatory bowel disease [121, 122], rheumatoid arthritis,
and low-grade systemic inflammation with increased C-
reactive protein [123], are associated with the arterial stiff-
ening process. Several anti-inflammatory drugs tested were
shown to reduce arterial stiffness [124]. Antibodies against
tumor necrosis factor alpha (anti-TNF-𝛼) were shown to be
effective in improving arterial stiffness in several studies,
including patients with chronic inflammatory diseases [104–
107]. In contrast, in recent studies they failed to influence arte-
rial stiffness [108–110]. Corticosteroids could also improve
arterial stiffness [93]. Conflicting results were also published
for acetylsalicylic acid (Aspirin), which could potentially
improve arterial stiffness due to its anti-inflammatory effect
[111, 112].

4.6. Endothelin-A Receptor Antagonists. The serum concen-
tration of endothelin-1 was shown to correlate with aortic
elasticity parameters in 152 subjects with essential hyperten-
sion [125]. Therefore, selective endothelin-A receptor antag-
onists could improve arterial stiffness. The beneficial effect
of selective endothelin-A receptor antagonists (sitaxsentan,
BQ-123) in improving arterial stiffness was shown in studies
including patients with chronic kidney disease [94, 95].
Obviously large clinical studies are needed to definitely prove
this effect.

4.7. Vasopeptidase Inhibitors. Vasopeptidase inhibitors are a
new class of drugs that act on two key enzymes in the
metabolism of vasoactive peptides: they inhibit ACE to
reduce vasoconstriction and inhibit endopeptidase, which is
involved in the degradation of several natriuretic peptides,
to enhance vasodilation [126, 127]. In a study performed on
167 patients the vasopeptidase inhibitor omapatrilat reduced
Aix but failed to influence arterial stiffness [115]. Vascular
stiffness was also unaltered by omapatrilat in a study on
stroke-prone spontaneously hypertensive rats [116]. There-
fore, further studies are needed to investigate the influence
of vasopeptidase inhibitors on arterial stiffness.

5. Emerging Pharmacological Approaches

New, innovative therapeutic pharmacological options are
emerging and show somepromise [128]. Short term, low-dose
treatment with a statin and sartan separately, but particularly
their combination, was shown to improve endothelial func-
tion and arterial stiffness parameters in apparently healthy
participants, as well as in patients with diabetes mellitus type

1 [129–132]. This approach is oriented directly to arterial
function improvement and represents a simple preventive
approach against arterial aging.

6. Conclusion

Arterial stiffness progressively increases with age and was
found to be a risk factor of cardiovascular disease. There-
fore, besides identifying solely classical cardiovascular risk
factors, it appears to be more and more important to assess
arterial stiffness, which could be easily measured noninva-
sively and expressed as PWV. This modified or advanced
approach enables better cardiovascular risk stratification. We
believe that such an approach should be introduced into the
treatment and prevention of cardiovascular disease. At the
present there are several pharmacological agents which could
influence arterial stiffness. Consequently, the present review
focused on a survey of different pharmacological therapeutic
options for decreasing arterial stiffness. However, new and
more effective treatment is highly desirable. Furthermore,
future studies should address the influence of decrease in
arterial stiffness on major adverse cardiovascular and cere-
brovascular events (MACCE).
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To assess whether the type of fat ingested at breakfast can modify the plasma lipid profile and other cardiovascular risk variables
in postmenopausal women at risk of cardiovascular disease, a longitudinal, randomized, and crossover study was carried out with
postmenopausal women at risk of CVD. They were randomly assigned to eat each type of breakfast during one month: 6 study
periods (breakfast with the same composition plus butter/margarine/virgin olive oil) separated by two washout periods. On the
first and last days of each study period, weight, arterial blood pressure, heart rate, and body mass index were recorded in fasting
conditions and a blood sample was collected to measure plasma lipid profile. When comparing final values to baseline values,
we only found out statistically significant differences on plasma lipid profiles. Butter-based breakfast increased total cholesterol
and HDL, while margarine-based breakfast decreased total cholesterol and LDL and increased HDL. After the olive oil-based
breakfast intake, a tendency towards a decrease of total cholesterol and LDL levels and an increase of HDL levels was observed.
No statistically significant differences were observed in triglycerides levels, BMI, and arterial pressure in any breakfast type. The
margarine-based breakfast was the only one which significantly increased the percentage of volunteers with optimal lipid profiles.
The polyunsaturated fat at breakfast has improved the plasma lipid profile in the analyzed sample population, suggesting that PUFA-
based breakfast can be advisable in women at risk of CVD.

1. Introduction

There is consistent evidence that the intake of different fatty
acids through diet can modify plasma lipid profile and,
therefore, CVD [1–5]. Nevertheless, there are no studies
which analyze whether the type of fat consumed at breakfast
could change the plasma lipid profile.

Gender (female), physiological-age (postmenopausal),
and obesity (defined as a BMI > 30 kg/m2) are also risk
factors related to the development of CVD [6–8]. The
prevalence of these risk factors in the developed countries
has been doubled from 1960 until now. Moreover, during the
same period of time, although there is an inverse relationship
between BMI and having breakfast, [9, 10] the number of
adults who do not have breakfast has been almost doubled,

due to different reasons such as lack of time or overweight
[11]. On the other hand, it is also well known that the type
of food ingested at breakfast influences BMI [12, 13]. In
relation to this, a study carried out by González-Ortiz et al.
[14] with healthy subjects showed that a daily fat-enriched
breakfast intake significantly increased triglycerides plasma
levels and BMI, in comparison with a carbohydrate-enriched
breakfast. Furthermore, Pasman et al. [15], in a crossover
study, showed that the consumption of a breakfast containing
simple carbohydrates resulted, after 30 minutes, in higher
glucose, insulin, triglycerides, and free fatty acids levels than
after a breakfast containing complex carbohydrates.

While there is a wide range of studies which suggest that
the quantitative and qualitative composition of food ingested
at breakfast could influence plasma biochemical parameters,

Hindawi Publishing Corporation
BioMed Research International
Volume 2014, Article ID 815915, 7 pages
http://dx.doi.org/10.1155/2014/815915

http://dx.doi.org/10.1155/2014/815915


2 BioMed Research International

there is still a lack of studies which have specifically assessed
the intake effect of different types of fat at breakfast on plasma
lipid profile.

In this context, the aim of this study was to assess the
effect of three types of fat (SFA, PUFA, andMUFA) ingested at
breakfast (as butter, margarine, and olive oil, resp.) on plasma
levels of total cholesterol, LDL, HDL, triglycerides, and other
cardiovascular risk variables (BMI and arterial pression) in
postmenopausal women at risk of CVD.

2. Material and Methods

2.1. Study Population. Sixty Caucasian white senior post-
menopausal women and resident in Murcia (Spain) were
recruited, of whom 53 (88%) completed the study (evaluable
population). All volunteers fulfilling the inclusion criteria
were enrolled in the study after the formal signature of their
informed own consent. The study was performed following
the principles of Helsinki declaration and the protocol was
approved by the Ethic Committee of Catholic University San
Antonio fromMurcia (Spain).

2.2. Experimental Design. This was a longitudinal, random-
ized, and crossover clinical trial designed to evaluate the
effect of the intake of three types of fat, as part of a break-
fast, on plasma biochemical parameters and anthropometric
variables. Breakfast A contained 20 g of butter (SFA source),
breakfast B contained 20 g of margarine (PUFA source), and
breakfast C contained 20 g of virgin olive oil (MUFA source).
The fatty acid composition of butter was 81.1 g fat/100 g food
[51.4 g SFA (butyric acid 3.2 g, caproic acid 2 g, caprylic acid
1.2 g, capric acid 2.5 g, lauric acid 2.6 g, myristic acid 7.4 g,
palmitic acid 21,7 g, and stearic 9.9 g), 21 gMUFA (palmitoleic
acid 0.96 g, oleic acid 19.9 g), 3 g PUFA (linoleic acid 2.7 g,
linolenic acid 0.3 g), and 215mg of cholesterol].The fatty acid
margarine profile was 60 g fat/100 g food[12.8 g SFA (caprylic
acid 0.1 g, capric acid 0.1 g, lauric acid 1.7 g,myristic acid 0.6 g,
palmitic acid 5.6 g, and stearic 4.2 g), 15.3 g MUFA (oleic acid
15.3 g), 29.2 g PUFA (linoleic acid 28.9 g, linolenic acid 0.3 g),
and 0mg cholesterol]. The fatty acid composition of virgin
olive oil was 99.9 g fat/100 g food [14.5 g SFA (palmitic acid
14.4 g, myristic acid 0.1 g), 71 g MUFA (oleic acid 71 g), 10 g
PUFA (linoleic acid 9.1 g, linolenic acid 0.9 g), and 0mg of
cholesterol].

In addition to the source of fat, breakfast also consisted of
semiskimmedmilk (200mL), 18 g soluble coffee (1monodose
sachet), 8 g of sugar (1 monodose sachet), and toasted white
bread (2 toasts of 10 g/u). The washing breakfast contained
pineapple juice (200mL) and peach jam (50 g), instead of
butter, margarine, or virgin olive oil. The rest of the daily
meals had the same nutritional composition for all the volun-
teers (1636 ± 527Kcal/day, 61 ± 23 g proteins/day, 202.8 ±
58.5 g carbohydrates/day, 53, 8 ± 21, 8 g lipids/day, 15, 1 ±
8, 3 g SFA/day, 21, 9 ± 9, 7 gMUFA/day, 15, 1 ± 8, 3 g SFA/day,
8, 1 ± 4, 6 g PUFA/day, and 189 ± 114mg cholesterol/day),
with the exception of the type of fat chosen in the breakfast.
Diet was designed based on the nutritional habits of all
volunteers in order to avoid rejections. All volunteers were

committed to faithfully fulfill the diet and to keep their
lifestyle (physical activity, tobacco consumption, sleeping
habits, meal schedules, etc.) during the study.

Experimental design included six phases: three phases of
dietetic intervention in which each volunteer was randomly
assigned to ingest during a month each type of breakfast
and three washout periods (45 days each one). As shown in
Table 1, it was verified that this washout period was sufficient
to return the biochemical parameters to their baseline values.

During the selection period, weight of each subject
was measured and each subject was required to fill out a
questionnaire on nutritional habits and lifestyle for inclusion
purposes. Each subject was also further surveyed in three
occasions with 24 h dietary recalls (including three noncon-
secutive days and one festive day) to realize the nutritional
valuation of the habitual diet of the voluntary, using a suitable
software (Dietsource v.3). Menus were designed for 30 days
and they were repeated during the three months of dietetic
intervention. Therefore, the type of fat consumed at the
breakfast was the only nutritional variable of the study.

Due to the fact that the amount of butter, margarine,
or olive oil provided was the same (20 g) for each type of
breakfast, theywere not isocaloric.The reasonwhywe did not
homogenize calories and the amount of fat was that the aim
of the study was to find out whether a practical application
could modify CDV risk factors or not.

The first and last day (pre/post) of each one of the three
breakfast periods, in fasting conditions, weight, arterial blood
pressure, and cardiac frequency were measured and a blood
sample was taken for each volunteer.

2.3. Analytical Determinations. All blood extractions were
performed in fasting conditions by puncture of the cubital
vein. All the extractions were performed in the same
conditions and samples were processed by the same staff
(clinical biochemists), following the recommendations of the
National for Committee Clinical Laboratory Standards [16]
and using the reference values of Roche Diagnostics GmbH
[17]. After centrifugation at 3000 rpm/15 minutes to obtain
serum, the following determinations were performed using
the analyzer Roche/Hitachi Cobas C711): Glucose (kitGLUC3
of Roche Diagnostics), Urea (kit UREAL of Roche Diag-
nostics), Creatinine (kitCREJ2 of Roche Diagnostics), Uric
acid (kitUA2 of Roche Diagnostics), Total protein (kit TP2
of Roche Diagnostics), Albumin (kit ALB2 of Roche Diag-
nostics),Cholesterol Total (kit CHOL2 of Roche Diagnostics),
Triglycerides (colorimetric and enzymatic test), HDLc (kit
HDLC3 of Roche Diagnostics), LDLc. (Friedewald, Levy and
Fredrickson formula), AST (aspartate aminotransferase, kit
ASTL of Roche Diagnostics),ALT (alanine aminotransferase,
kit ALTL of Roche Diagnostics), and Sodium, Potassium, and
Chloride (ion-selective electrodes using neutral carriers for
sodium and potassium determinations and ion exchangers
for chloride determinations). Quality controls conducted at
any moment of the study using serum controls (Roche Diag-
nostics) were valid and all techniques underwent satisfactory
daily internal andmonthly external quality controls (by Span-
ish Society of Clinical Chemistry), with satisfactory analytical
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Table 1: Basal and final metabolic profile before and after ingestion during 1 month of each type of breakfast.

Breakfast with margarine Breakfast with butter Breakfast with olive oil 𝑃 (ANOVA)
intertypes of breakfast

Basal Final Basal Final Basal Final Basal Final
Glucose Mean: 97.57 95.09 93.84 97.14 97.62 92.80

𝑃 > 0.05 𝑃 > 0.05

(mg/dL) SEM: 1.71 1.62 1.47 1.56 2.00 1.36
Urea Mean: 36.83 35.17 35.96 34.82 35.82 36.80

𝑃 > 0.05 𝑃 > 0.05

(mg/dL) SEM: 1.00 1.66 1.91 1.43 1.64 1.95
Creatinine Mean: 0.74 0.74 0.77 0.72 0.76 0.75

𝑃 > 0.05 𝑃 > 0.05

(mg/dL) SEM: 0.02 0.02 0.02 0.02 0.02 0.02
Uric acid Mean: 4.11 4.06 4.20 4.03 4.09 4.09

𝑃 > 0.05 𝑃 > 0.05

(mg/dL) SEM: 0.15 0.14 0.15 0.14 0.15 0.18
Total protein Mean: 7.40 7.44 7.42 7.48 7.51 7.34

𝑃 > 0.05 𝑃 > 0.05

(g/dL) SEM: 0.06 0.05 0.05 0.07 0.06 0.06
Albumin Mean: 4.52 4.51 4.50 4.52 4.48 4.48

𝑃 > 0.05 𝑃 > 0.05

(g/dL) SEM: 0.04 0,03 0.03 0,04 0.03 0,03
Total cholesterol Mean: 204.09 194.15 201.56 208.21 198.36 195.75

𝑃 > 0.05 P = 0.050
(mg/dL) SEM: 4.25 3.65 4.71 4.67 4.45 5.19
Triglycerides Mean: 90.47 89.11 98.56 94.46 91.78 88.73

𝑃 > 0.05 𝑃 > 0.05

(mg/dL) SEM: 6.34 5.24 5.64 5.69 6.28 6.10
HDL cholesterol Mean: 65.04 68.60 63.10 68.35 66.78 67.58

𝑃 > 0.05 𝑃 > 0.05

(mg/dL) SEM: 1.66 1.78 1.40 1.85 1.91 1.85
LDL cholesterol Mean: 121.02 107.85 118.70 120.89 113.20 111.00

𝑃 > 0.05 P = 0.042
(mg/dL) SEM: 3.75 3.10 3.85 4.01 3.66 4.76
AST Mean: 20.79 21.13 19.76 21.38 19.82 21.08

𝑃 > 0.05 𝑃 > 0.05

(U/L) SEM: 0.71 0.73 0.68 0.79 0.65 1.16
ALT Mean: 16.77 17.91 14.88 18.81 15.73 18.95

𝑃 > 0.05 𝑃 > 0.05

(U/L) SEM: 1.03 1.23 1.11 1.62 0.75 2.90
Sodium Mean: 140.98 141.36 141.64 141.14 141.11 141.20

𝑃 > 0.05 𝑃 > 0.05

(mE/L) SEM: 0.22 0.25 0.22 0.24 0.23 0.27
Potassium Mean: 4.45 4.44 4.53 4.47 4.47 4.38

𝑃 > 0.05 𝑃 > 0.05

(mE/L) SEM: 0.06 0.06 0.05 0.05 0.06 0.05
Chloride Mean: 104.02 104.34 104.14 103.71 103.60 104.08

𝑃 > 0.05 𝑃 > 0.05

(mE/L) SEM: 0.28 0.31 0.26 0.28 0.34 0.34

variation (precision) and analytical deviation (exactitude).
The coefficient of variation for the parameters studied ranged
from 1.9 to 2.8%.

2.3.1. Sample Size and Statistical Analysis. Sample size was
estimated as described previously [18], with a confidence level
of 95%, a power of 80%, and a twofold expected difference of
the standard deviation obtained for each lipid determination.
All values were expressed in International Units as mean ±
SEM (standard error of the mean).

Statistical analyses were performed using SPSS statis-
tical software (Version 17.0, SPSS Inc., Chicago, IL, USA).
The Kolmogorov–Smirnov test showed agreement of the

empirical distribution of the data with normality assumption.
Descriptive variables were analyzed, frequency distribution
table was obtained, and means of each group were com-
pared using Student’s 𝑡-test in conditions of normality and
homoscedasticity. For other conditions, comparisons were
performed using Wilcoxon’s 𝑡-test (for paired data). In all
cases, statistical significance was reached at bilateral 𝑃 values
<0.05.

3. Results

Results showed that recruited populationwas a homogeneous
group of postmenopausal women (age 63.5 ± 2.5 years)
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Table 2: Descriptive characteristics of the population sample.

Means ± SEM
Age (years) 63.5 ± 2.5

Weight (kg) 63.1 ± 1.2

Height (m) 1.53 ± 0.10

BMI (kg/m2) 27.8 ± 0.6

SAP (mmHg) 130.35 ± 2.99

DAP (mmHg) 72.62 ± 1.32

Cardiovascular risk factors Prevalence in the
analyzed population

Arterial hypertension 27%
Diabetes mellitus 13%
Hypercholesterolemia 38%
History of CVD 17%
History of familiar CVD 32%
Overweight/obesity 73%
The data are expressed as mean ± SEM (standard error of the mean) of the 53
subjects of the study. BMI: body mass index, SAP: systolic arterial pression,
DAP: diastolic arterial pression, and CVD: cardiovascular diseases.

with cardiovascular risk, since they were overweight or
obese (BMI = 27, 8 ± 0, 6Kg/m2) and they had other risk
cardiovascular factors, such as CVD history, hypertension, or
diabetes (Table 2).

As shown in Table 1, there were no statistical significant
differences in the basal metabolic profile among the three
breakfasts (A, B, and C) showing the homogeneity of the
sample before breakfast ingestion and the suitability of the
washout period (45 days).

At the end of each treatment (daily ingestion of one
type of breakfast during one month), statistical significant
differences among groups were observed only in lipid pro-
file parameters (total cholesterol and LDL) (Table 1). By
comparing before and after differences for all biochemical
parameters, we found out that breakfast A intake produced
a statistically significant increase on total cholesterol levels
(𝑃 = 0.01) and HDL (𝑃 = 0.0001), while breakfast B intake
produced a statistical significant decrease on total cholesterol
levels (𝑃 = 0.005) and LDL (𝑃 = 0.0001) and a concomitant
statistical significant increase on HDL levels (𝑃 = 0.0001).
Breakfast C intake did not produce any statistically significant
variations in biochemical parameters. However, a tendency
towards a decrease of total cholesterol and LDL levels and an
increase of HDL levels was observed (Figure 1). No statisti-
cally significant differences were observed in the triglycerides
concentration after the ingestion of any breakfast (data not
shown).

With respect to the influence of the type of fat ingested at
breakfast on cardiovascular risk parameters, no statistically
significant changes were observed during the three treatment
periods in BMI, neither heart rate nor arterial blood pressure
(data not shown).

Finally, we also studied the influence of the different
breakfasts on the percentage of subjects with optimal lipid
profile, defined as HDL > 35mg/dL, LDL < 150mg/dL, and

total cholesterol < 200mg/dL, according to NCEP-ATP III
(National Cholesterol Education Program-Adult Treatment
Panel III) and SEA (Sociedad Española de Arteriosclero-
sis) recommendations [19]. As shown in Figure 2, only the
breakfast with margarine was able to produce a statistically
significant increase of the percentage of subjects with optimal
lipid profile.

4. Discussion

Studies performed to date which evaluate the effect of the
different types of fats on lipid profile have been performed
by analyzing the content of fat from the total daily diet of the
subjects.These studies have rendered a great variety of results,
which in some cases are discordant, maybe due to differences
on the experimental design of these works.

In this context, the aim of this study was to evaluate
whether the different types of fat ingested at breakfast are
sufficient to cause variations in the plasma lipid profile of a
group of women at risk of CVD. A methodological aspect to
note is the fact that in our study the three types of breakfasts
were not isocaloric and they did not provide the samenumber
of grams of fat, either. In this regard, practical considerations
dominated and we decided to keep the rest of breakfast
components identical (and the rest of meals). Thus, the only
variable was the fat source of breakfast that was provided in
the most frequent form used by general population, that is, as
monodose sachettes and envelopes.

Regardless of this, we think that the results obtained are
relevant in terms of clinical intervention to prevent CVD.
We observed that the breakfast with a polyunsaturated fat
source, margarine, was able to improve the lipid profile (by
decreasing cholesterol and the LDL levels and by increasing
the HDL levels), while butter, as source of saturated fat in
the breakfast, was only able to increase cholesterolemia at the
expense of the HDL without decreasing LDL levels, the most
important atherogenic agent. Moreover, it was observed that
breakfast with a source of monounsaturated fat as olive oil
did not modify the lipid profile of the analyzed population,
maybe due to the sample size and the time of intervention or
the genetic background of the subjects.

The increase in the percentage of subjects with optimal
lipid profile after ingestion of breakfast containing margarine
also suggests that consumption of PUFA at breakfast can
be advisable in subjects at risk of CVD due to the positive
effects on the lipid profile and, in consequence, decreasing the
cardiovascular risk. The results obtained are also important
since, according to Bray et al. [20], the type of nutrients
ingested during the first meal of the day are able to program
the metabolism for the rest of the day. In this regard, if high
amounts of carbohydrates are ingested in the morning, they
will be used more extensively for the rest of the day. If a
fat-enriched breakfast is taken, the metabolism will be more
flexible using both carbohydrates and fat as energy source
for the rest of the day and, therefore, the fat accumulation
in the adipose tissue would decrease and it would favour
fat mobilization as lipoproteic cholesterol. According to
our work, the mobilized fractions of lipoproteic cholesterol
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Figure 1: Variations in total cholesterol, HDL cholesterol, and LDL cholesterol serum concentrations with the three types of breakfast (A
with butter, B with margarine, and C with olive oil). (∗∗ ): Student’s 𝑡-test, significance level, 𝑃 < 0.05. (∗∗∗ ): Wilcoxon test, significance level,
𝑃 < 0.05.

(HDL and LDL) could be different according to the type of fat
ingested at breakfast, having PUFAahigher positive influence
on lipoproteic metabolism.

Our results indicate that the substitution of saturated fat
for polyunsaturated fat in the diet decreases total cholesterol
levels (204.09 versus 194.15;𝑃 = 0.005) and LDL levels (121.02
versus 107.85; 𝑃 = 0.0001) that could provide huge benefits
to decrease the cardiovascular risk as many studies indicate
[5, 21]. These results support current recommendations to
modify or change the type of fat of the diet since nowadays
CVD constitutes the main cause of death in developed
countries. Results of the present work are in agreement
with previous studies in which PUFA tend to lower plasma
cholesterol levels, while saturated fatty acids tend to increase
them [22, 23] and supporting that PUFA may be an ideal
replacement for SFA.

In previous decades, it was thought that the use of
PUFA reduced serum cholesterol and also HDL levels [24].
Mozaffarian et al. [25] also reported that PUFA lowered HDL
levels and, at the same time, improved insulin resistance
and reduced systematic inflammation. Results of the present
study have shown the opposite, since significantly increased
HDL levels were obtained (65.04 versus 68.60; 𝑃 = 0.0001)
after the intake of PUFA at breakfast, thus showing that PUFA
do not always decrease HDLc levels.

On the other hand, in our study we observed that the use
of monounsaturated fat in breakfast lowers total cholesterol

and LDLc levels and a tendency towards an increase of
HDLc, although no statistically significant differences were
observed.

Pelkman et al. [26] reported that low-fat diets and
monounsaturated fat-enriched diets decreased LDLc levels,
although HDLc concentrations did not increase as in our
work. Moreover, MUFA diets exerted favourable effects on
CVD risk because the ratio of LDL to HDL improved
significantly more with the MUFA diet than with either the
low-fat diet or the control diet [27].

Finally, it should be noted that participants in this study
had cardiovascular risk factors (overweight, arterial hyper-
tension, diabetes, etc.), and, in this condition, the present
study has shown that the fat ingested in breakfast can induce
modifications on their lipid plasma profile.

5. Conclusion

Results of this work suggest that the use of polyunsaturated
fat at breakfast is advisable in women at risk of CVD, since
margarine has shown to improve the plasma lipid profile
in the studied sample. It is necessary to emphasize the
importance that the intake of polyunsaturated fat can have
in the breakfast, as a measure of both primary and secondary
prevention in women at CVD risk.
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Age is an independent risk factor of cardiovascular disease, even in the absence of other traditional factors. Emerging evidence
in experimental animal and human models has emphasized a central role for two main mechanisms of age-related cardiovascular
disease: oxidative stress and inflammation. Excess reactive oxygen species (ROS) and superoxide generated by oxidative stress
and low-grade inflammation accompanying aging recapitulate age-related cardiovascular dysfunction, that is, left ventricular
hypertrophy, fibrosis, and diastolic dysfunction in the heart as well as endothelial dysfunction, reduced vascular elasticity, and
increased vascular stiffness. We describe the signaling involved in these two main mechanisms that include the factors NF-𝜅B,
JunD, p66Shc, and Nrf2. Potential therapeutic strategies to improve the cardiovascular function with aging are discussed, with a
focus on calorie restriction, SIRT1, and resveratrol.

1. Introduction

The average age of the world’s population is steadily increas-
ing. For example, in the United States, in 2008, the number of
people 65 years or older was 38.9 million, which accounts for
12.8% of the population. By 2030, that number is predicted to
rise to 72.1 million, comprising almost 19% of the population
[1].

Emerging evidence reveals that the rising epidemic of
cardiovascular disease (CVD) is fuelled by obesity, hyper-
tension, and diabetes [2]. However, the aging population is
also an independent and cumulatively factor in CVD. Aging
results in well-defined phenotypic changes, which render the
cardiovascular systemprone to disease, even in the absence of
traditional risk factors [3]. Intrinsic cardiac aging is defined
as the slowly progressive age-dependent degeneration and
decline in function that make the heart more vulnerable to
stress and contribute to increased cardiovascular mortality
and morbidity in the elderly [4]. Remarkably, a host of
molecular, cellular, structural, and functional alterations that

are operative in accelerated arterial aging have also been
implicated in the pathogenesis and progression of arterial
diseases.

Considerable published evidence shows that with ad-
vanced age, production of ROS significantly increases in
both the heart [5] and the vasculature [6]. Indeed, there
exists an imbalance between the oxidative and antioxida-
tive system that accompanies aging, which culminates in
cardiovascular injury. On the other hand, provoked by a
continuous antigenic and oxidative stress, a phenomenon
appears in the elderly denoted by “inflammaging”, which is
used to elucidate the low-grade chronic inflammatory state
in the aged population [7]. A large body of evidence suggests
that low-grade chronic inflammationmakes aged individuals
more susceptible to age-related disease [8–10], especially
CVD [11–13]. In this review, insights gained from oxidative
stress and inflammation studiesmay reveal important aspects
of the mechanisms of cardiovascular aging and provide
rational approaches to develop novel therapies for age-related
cardiovascular disease.

Hindawi Publishing Corporation
BioMed Research International
Volume 2014, Article ID 615312, 13 pages
http://dx.doi.org/10.1155/2014/615312

http://dx.doi.org/10.1155/2014/615312


2 BioMed Research International

2. Changes in the Vasculature with Aging

Findings from studies of changes in the vasculature that
accompany aging in human and animal models support the
concept that aging is an independent risk factor for cardio-
vascular disease [14–17]. Salient features of age-associated
changes in the vascular system include luminal dilation, inti-
mal and medial thickening, vascular stiffening, and endothe-
lial dysfunction [18]. Accumulating evidence shows that even
in apparently well-aged populations there is increased large
artery thickening and stiffness [19], endothelial dysfunction,
and ensuing increases in systolic and pulse pressure. These
events precede clinical disease and increase the risk of
developing clinical atherosclerosis, hypertension, and stroke
[20].

2.1. Structural and Functional Changes in the Vasculature
with Aging. Age-associated changes in the arterial proper-
ties of individuals who are considered otherwise healthy
may have relevance to the steep age-dependent increase in
vascular diseases. Cross-sectional studies in humans have
found that wall thickening and dilatation are prominent
structural changes that occur within large elastic arteries
during aging [19]. Progressive intima thickening (IM), which
can bemeasured by pulsewave velocimetry (PWV), is usually
a risk factor for cardiovascular disease with aging in humans
[18]. Furthermore, the degree of IM thickness as a risk factor
in other individuals equals or exceeds that of most other
conventional risk factors [18, 21].Other than stiffness, another
prevalent vascular alteration is calcification in the aging
population [22].

2.2. Molecular and Cellular Changes in Vasculature with
Aging. Insights gained from cellular and molecular studies
in aged vasculature help our understanding of the formation
and development of cardiovascular disease. Age-associated
remodeling of the walls of large arteries of rodents and
nonhuman primates is quite similar to that observed in
humans. These changes include luminal dilatation, intimal
and medial thickening, vascular stiffening, and endothelial
dysfunction [20]. The development of physiological aging
is subject to the regulation by signaling pathways, which
are influenced by endogenous and exogenous factors. At
the cellular level, decreased protein synthesis, increased
angiotensin II levels, mitochondrial dysfunction, oxidative
stress, and altered patterns of calcium regulation as well as
increased DNA, protein, and lipid oxidation are held mainly
responsible [23].

The thickened intima in older rats is composed of matrix
molecules including collagen, proteoglycans, and vascular
smooth muscle cells (SMCs), which migrate into the intima
from the media in aged vascular systems. Intimal thickening
is the key step in the formation of atherosclerosis. Further-
more, the thickened intima exhibits increased immunostain-
ing for transforming growth factor-𝛽 (TGF-𝛽) and inter-
stitial cell adhesion molecule-1 (ICAM-1) as well as zinc-
dependent endopeptidase type-2 metalloproteinase (MMP-
2) and its activator, membrane type metalloproteinase-1.

TGF-𝛽, an important factor for vascular remodeling, is
a potent factor in the synthesis of extracellular matrix
proteins and is associated with an age-induced increase in
arterial fibronectin and collagen [24]. Aging also impairs
the intracellular signal transduction system and reduces the
activity of nitric oxide (NO), which is derived from the
endothelium and exhibits vasodilatory effects [25]. Concur-
rently, the expression of endothelium-derived NO synthase
(eNOS), which influences the production of NO is reduced,
whilst expression of cytokines and ICAM increases [26].
Moreover, in aged endothelial cells, increased expression
of a cell cycle-controlling factor, senescence-associated 𝛽-
galactosidase (SA𝛽gal), as well as telomere shortening and
inhibition of telomere activity, have all been observed
[27].

3. Changes in the Heart with Aging

Theheart is a vital organ in the body responsible for pumping
blood throughout the circulatory system via continuous
rhythmic contractions. The proper functioning of the heart
is entirely dependent on a constant supply of oxygen and
energy. Therefore, it is not surprising that the heart has
a limited life span. Indeed, intrinsic cardiac aging, in the
absence of other cardiovascular risk factors, has been shown
in many species [3, 28, 29].

There is a continuum of expression of cardiac structural
and functional alterations that occurs with age in healthy
humans, and these age-associated cardiac changes seem to
have relevance to the steep increases in left ventricular hyper-
trophy (LVH), chronic heart failure, and atrial fibrillation
(AF) that are seen with increasing age [30].

3.1. Structural and Functional Changes in theHeartwithAging.
Increased left ventricle (LV) wall thickness, alterations in the
diastolic filling pattern, impaired LV ejection, and heart rate
(HR) reserve capacity as well as altered heart rhythm are
the most dramatic changes in cardiac function that occur
with aging in healthy persons, when assessing cardiovascular
function in healthy adult subjects ranging in the age from 20
to 85 years [30].

3.2. Cellular and Molecular Changes in Heart with Aging.
The heart is comprised of multiple cell types and tissues, in
addition to myocytes, that is, interstitial fibroblasts, matrix
and arteries. The number of cardiac myocytes becomes
reduced as a result of necrosis and apoptosis, along with
enlargement of myocyte size. The expression of atrial natri-
uretic [31] and opioid peptides [32],molecules that are usually
produced in response to chronic stress, is increased in the
senescent rodent heart. Coordinated changes in the function
or expression of proteins that regulate several key steps in the
cardiac cell excitation-contraction coupling process occur in
the rodent heart with aging and result in a prolonged action
potential (AP), a prolonged cytosolic calcium transient after
excitation and a prolonged contraction. This altered pattern
of Ca regulation and myosin protein expression allows
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the myocardium of older hearts to generate force and active
stiffness for an extensive period after excitation [24].

4. Oxidative Stress and Cardiovascular Aging

4.1. The Relationship between Oxidative Stress and Cardio-
vascular Aging. First proposed by Harman, in 1956, the
free radical theory of aging postulates that the produc-
tion of intracellular reactive oxygen species is the major
determinant of lifespan [33]. Currently, oxidative stress and
impaired antioxidant defense mechanisms are believed to be
key contributors to the cardiovascular aging process [34].
Oxidative stress develops as a consequence of excessive gene-
ration of reactive oxygen species (ROS), by enzymes such
as NADPH oxidase, uncoupled nitric oxide synthase, and
xanthine oxidase, by the mitochondrial electron transport
chain, and as a result of reduced antioxidant capacity [35]. In
the vessel wall, the majority of cellular ROS are generated by
the mitochondrial oxidative phosphorylation system, which
is a vital component of the mitochondrial free radical theory
of aging [36]. In the senescent heart, the majority of ROS
are derived from NADPH oxidase and the mitochondrial
electron transport chain (ETC) [29]. There is substantial
evidence supporting the involvement of oxidative stress in
the genesis of vascular damage within the aging process.
Increased oxidative stress and ROS production, associated
with decreased endothelial NO bioavailability, have been
detected during the aging process in different vascular beds in
various animal models including the rat aorta [37], coronary
arteries [38], and mouse aorta [39]. Elevated oxidative stress
in the senescent myocardium has several consequences such
as enhanced protein oxidation/nitration, reduced bioavail-
ability, lipofuscin formation, activation of inflammatory
response, antioxidative stress response, apoptosis, and endo-
plasmic reticulum (ER) stress [29]. Importantly, superoxide
anion (O

2

−) reacts with endothelium-derived NO to form
peroxynitrite (ONOO−), a potent nitrating and oxidizing
agent. There is a growing body of evidence that demon-
strates substantially enhanced cardiovascular peroxynitrite
(OONO−), superoxide anion (O

2

−) formation, and decreased
NO bioavailability, with aging. Experimental studies show
that aging leads to reduced NO production and endothelial
dysfunction, regardless of other risk factors [25, 39]. More-
over, another theory posits that the endothelium of aged
subjects produces enough NO to reach full relaxation of the
mesenteric vasculature, but this NO is partially counteracted
by COX-derived vasoconstricting compounds and reactive
oxygen species, probably superoxide anions, which are also
produced by endothelial cells [40]. In any case, increasedROS
production ultimately initiates the endothelial dysfunction
and myocardium damage. Impaired endothelial vasodilation
is early manifestations of arterial aging. These impaired
processes precede, by years, the clinical manifestations of
vascular dysfunction, which are the first step toward cardio-
vascular disease and influence vascular outcome in the elderly
[41].

NO, produced by endothelial NO synthase (eNOS), is
the most important vasodilator and is a marker of vascular

health. Impaired NO bioavailability is observed in hyperten-
sion, diabetes, and atherosclerosis [42]. Aging may impair
eNOS functionally via several mechanisms. During the aging
process in rat arteries, the expression of eNOS is lowered,
resistance to oxidation is weakened, and the response of
vascular smooth muscle to NO is apparently decreased [43].
The decreased expression of eNOS that accompanies aging
is attributed partly to L-arginine, a major eNOS substrate,
which is degraded by arginase II [44]. Interestingly, arginase
II activity and expression increase with age, resulting in
decreased eNOS availability and reduced NO synthesis
and thus contributes to endothelial dysfunction. Besides L-
arginine, tetrahydrobiopterin (BH4) is an important cofactor
for eNOS activity, which is involved in age-related endothelial
dysfunction [44]. Indeed, increased oxidative stress rapidly
degrades BH4 leading to altered eNOS efficiency whereas
exogenous administration improves endothelium-dependent
vasodilation in human aging [45]. Worthy of note is that age-
related eNOS dysfunction is critically involved in microvas-
cular dysfunction and impaired ventricular contractility in
elderly patients [46].

5. Antioxidant Response in
Cardiovascular Aging

As previously stated, oxidative stress may result from
increased ROS generation, a defective antioxidant defense
system, or both.

5.1. Nrf2 Signaling Associated with Cardiovascular Aging.
Among transcription factors involved in the cellular response
to ROS generation, nuclear factor erythroid-2 related factor-2
(Nrf2) is an evolutionarily highly conserved redox-sensitive
transcription factor that is activated byROSproduction in the
vasculature of young animals, leading to the upregulation of
various antioxidant genes [47]. Despite an increase in super-
oxide production, aortas from Fischer 344 × Brown Norway
rats show that aging results in a progressive increase in O

2

−

production, as well as downregulation of protein and mRNA
expression of Nrf2. Consequently, there is decreased nuclear
Nrf2 activity and decreased expression of Nrf2 target genes
(i.e., NADPH quinine oxidoreductase-1, glutamylcysteine
synthetase, and heme oxygenase-1) [48]. In aging vessels,
increased production of ROS fails to activate Nrf2, resulting
in increased blood vessel sensitivity to the deleterious effects
of ROS [48]. An impairment of the Nrf2 system could
contribute to the reduced angiogenic capacity of aged vas-
culature and its defective response to ischemic injuries, since
disruption of Nrf2 signaling impairs angiogenic processes in
human coronary arterial endothelial cells [49]. Vascular Nrf2
dysfunction associated with aging would exacerbate cellular
oxidative stress and increase the sensitivity of aged vessels
to cellular damage. Interestingly, Nrf2 dysfunction exerts
proinflammatory effects by exacerbating ROS-mediated NF-
𝜅B activation (as described below) in aging [47]. Thus,
aging is associated with Nrf2 dysfunction in the vasculature,
which likely exacerbates age-related cellular oxidative stress
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and increases sensitivity of aged vessels to oxidative stress-
induced cellular damage.

5.2. Superoxide Dismutase Activity. Despite a higher capacity
of ROS production in the heart, this organ is well equipped
with antioxidant enzymes capable of scavenging free rad-
icals. However, the literature has been controversial about
the changes that occur in the antioxidant reserve during
cardiac aging, with some studies showing enhanced content
and activity [5], whilst others reported no change [50].
An efficient defense mechanism against superoxide radi-
cals produced during oxidative stress is provided by the
activity of superoxide dismutase (SOD). The three distinct
isoforms of SOD, the cytosolic copper-zinc SOD (Cu/Zn
SOD, SOD-1), mitochondrial manganese (MnSOD, SOD-
2), and extracellular SOD (EcSOD, SOD-3), have evolved
as the key enzymatic system for converting oxygen radicals
to hydrogen peroxide and molecular oxygen [51]. MnSOD
is the main antioxidant enzyme that scavenges superoxide
anions in the inner mitochondrial matrix and acts as a first
line of defense against mitochondrial oxidative stress [52].
Studies conducted in MnSOD-deficient mice demonstrate
the detrimental effect of superoxide anions and therefore of
ROS inmitochondria [53]. Several studies reported decreased
expression of MnSOD antioxidant enzyme in aortas of
old mice [54]. In humans, while some authors have not
observed an alternation inMnSOD expression in endothelial
progenitor cells with aging [55], others have demonstrated
a decrease of this enzyme’s expression in endothelial cells
of sedentary aged subjects [56]. The role of Cu/ZnSOD
is to limit the increase in superoxide and therefore to
maintain normal endothelial vasodilation in vascular vessels.
In humans, a reduction in Cu/ZnSOD protein expression
and total SOD enzymatic activity were observed in aged
mesenteric lymphatic vessels [57]. The ecSOD is the major
SOD isoform in the vascular extracellular space, thereby
protecting it against NO inactivation by free radicals during
its diffusion to smooth muscle [58]. Reduced mRNA levels
of ecSOD, but not Cu/ZnSOD or MnSOD, were reported in
aged mice when compared with younger mice [59].

6. Gene Regulation of Transcription

6.1. JunD Signaling Is Involved in Endothelial Dysfunction.
Activator protein-1 (AP-1) is a collection of dimeric com-
plexes made by different members of three families of DNA-
binding proteins; Jun, Fos, and ATF/CREB [60]. JunD is
the most recently discovered gene of the Jun family. JunD
regulates cell growth and survival and protects against
oxidative stress by modulating genes involved in antioxidant
defense and ROS production [61]. There is a conspicuous
link between the deletion of the JunD gene, ROS generation,
and endothelial dysfunction. Evidence has been presented
for increased ROS generation in immortalized JunD−/− cells
[62]. Furthermore, gene expression profiling of JunD−/− cells
showed downregulation of several free radical scavenging
enzymes associated with an increase in the expression of
ROS-producingNADPHoxidase [63]. Interestingly, evidence

that JunD may be a critical regulator of vascular homeostasis
was obtained by investigating its role in ROS-driven vascular
aging [63]. Young JunD−/− mice showed an impairment
of endothelium-dependent relaxation, as a result of acetyl-
choline stimulation, that was similar to that observed in aged
WT mice, suggesting premature endothelial aging in ani-
mals lacking the AP-1 transcription factor JunD. Moreover,
JunD overexpression performed by intravenous injection of
a predesigned JunD cDNA clone improved acetylcholine-
dependent relaxation compared with vector-treated mice.
Therefore, aged mice showed a downregulation of JunD
expression compared with younger animals. Together with
diminished expression, it was also reported that JunD tran-
scriptional activity is reduced in aged vessels [63]. Oxidative
stress in JunD−/− mice was associated with early features
of vascular aging, including reduced telomerase activity,
increased 𝛽-galactosidase staining, and upregulation of the
senescence markers p53 and p16INK4a [63]. Finally, JunD
protein levels are decreased in patients with end-stage heart
failure suggesting that the transcription factor may protect
against age-related cardiac dysfunction [64].

6.2. The 𝑝66𝑆ℎ𝑐 Signaling Pathway in Endothelial Dysfunction.
p66Shc functions in the intracellular pathway that converts
intracellular oxidative signals into apoptosis.Multiple lines of
evidence implicate p66Shc in aging and in the pathogenesis of
aging-associated diseases in mammals [39]. Intracellular free
radicals are reduced in cells lacking the p66Shc gene (p66Shc−/−
cells), and both systemic as well as intracellular free radicals
are diminished in p66Shc−/− mouse models exposed to high
oxidative stress [65]. Accordingly, mice lacking the p66Shc−/−
gene display a prolonged lifespan as well as increased resis-
tance to oxidative stress and apoptosis. p66Shc−/− signaling
is required to induce a ROS-driven vascular senescent phe-
notype [39]. Importantly, p66Shc activation is thought to be
upstream of NADPH and to be a mammalian target of the
rapamycin (mTOR) pathway, two important determinants
of vascular damage [66]. p66Shc−/− mice showed increased
NO bioavailability and decreased production of superoxide
O
2

−, compared with WT aged mice [39]. Indeed, diabetic
p66Shc−/− mice were protected against myocardial oxidative
stress, apoptosis, and telomere shortening [67]. Moreover,
ablation of the p66Shc gene in cardiac stem cells preserved
the growth reserve of the heart [67]. The clinical relevance of
p66Shc is supported by the notion that p66Shc gene expression
is increased in mononuclear cells obtained from patients
with type 2 diabetes and coronary artery disease [68]. Most
important is that p66Shc is part of a signal transduction
pathway relevant to endothelial integrity. The long-lived
p66Shc−/− mice are protected against age-related endothelial
dysfunction [39].

7. Inflammation in Cardiovascular Aging

ROS, as mentioned above, is produced increasingly with
age as a result of a variety of stimuli including physical,
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chemical, and biological agents. These factors predispose to
endothelial dysfunction and cellular damage that lead to the
process of aging. Interestingly, emerging evidence provides
a close link between oxidation and inflammation, since
excessive or uncontrolled free radical production can induce
an inflammatory response and free radicals are inflammation
effectors [69]. Indeed, a low level of chronic inflamma-
tion is associated with most age-related diseases including
atherosclerosis, cardiovascular diseases, and diabetes [70].
This phenomenon is provoked by continuous antigenic load
and stress and is accompanied by a global reduction in the
capability to cope with a variety of stressors as well as a
concomitant, progressive increase in proinflammatory status
[7]. The term “inflammaging” was coined by Franceschi et
al. to denote the upregulation of the inflammatory response
with progressing old age and the ensuing low-grade chronic
systemic proinflammatory state that underlies most age-
associated diseases [7].

7.1. The Role of Inflammation in Cardiovascular Aging. Aging
is accompanied by immune, hormonal, and adipose changes
leading to a chronic inflammatory state. Inflammation may
constitute a biological foundation for the pathophysiological
process of frailty. These changes influence the onset of frailty
and cognitive decline as well as cardiological, neurological,
and vascular events. However, inflammation is not a negative
phenomenon per se, since it is needed tomaintain life through
a constant struggle to preserve the integrity of the individual.
Importantly, if the levels of inflammatory compounds exceed
the control of anti-inflammatory compounds, an imbalance
occurs and an inflammatory state is established [70]. Still
under debate is the precise cause that underlies the low-grade
inflammatory process associated with aging which leads to
the development of the age-related inflammatory chronic
diseases such as atherosclerosis [71] and hypertension [72]. A
current hypothesis is that chronic stimulation of the immune
systemcontributes to the proinflammatory shift [73, 74].Mul-
tiple lines of evidence demonstrate that aging is commonly
accompanied by a progressive deregulation of the immune
response, mainly due to alterations of the cellular/adaptive
immune response, especially T cell responses [73]. Compared
with these changes in cellular immunity, some features of
innate immunity are relatively well maintained with age [73].
Thus, this apparent disequilibrium between the retention
of relatively reactive innate immune response with aging
leads to the presence of a low-grade inflammatory status
commonly present in the elderly.The cause of this is certainly
multifactorial. One of the likely principal causes is chronic
antigenic stimulation by cytomegalovirus (CMV), bacte-
ria, and other viruses or endogenous cellular factors such
as posttranslationally modified macromolecules, including
DNA, or proteins that can be modified or continuously
released from tissues such as the elastin peptides (EPs) [71].
These modifications may also result in chronic stimulation
of adaptive immune responses, recognized by an inverted
CD4 : CD8 ratio that is caused by an overwhelming expan-
sion of CD8+ cells [74]. The processes described above are

thought to culminate in the chronic low-grade inflammatory
process that accompanies aging.

Low-grade systemic inflammation characterized by the
elevation of circulating acute-phase proteins and proin-
flammatory cytokines is associated with frailty as well as
the development and progression of severe, age-related con-
ditions such as cardiovascular disease (CVD). Atheroscle-
rosis/atherothrombosis is the major cause of the rising
epidemic of CVD. Just three decades ago, atherosclerosis
was envisaged as a bland proliferative process [75]. Multiple
independent pathways of evidence now pinpoint inflam-
mation as a key regulatory process that links multiple risk
factors for atherosclerosis and its complications with altered
arterial biology [76]. The endothelium, the inner lining of
all blood vessels, maintains homeostasis through a balance
of endothelium-derived factors. Disruption by inflammatory
and traditional cardiovascular risk factors leaves the vascu-
lature susceptible to atherogenesis, the process of forming
plaques in arteries. Inflammatory mediators play a fun-
damental role in the initiation, progression, and eventual
rupture of atherosclerotic plaques. TNF-𝛼 activates a proin-
flammatory gene expression profile in endothelial cells that
promotes adherence of monocytes and their migration into
the subendothelial layer. At a molecular level, E-selectins
mediate leukocyte rolling, whereas chemokines lead to leuko-
cyte activation, whilst intercellular adhesion molecule-1 and
vascular cell adhesion molecule-1 contribute to leukocyte
adhesion. In the vasculature, monocytes undergo transfor-
mation into macrophages that internalize modified lipopro-
teins and give rise to foam cells. In parallel, upregulation
of hemostatic proteins induces a highly procoagulative state
of activated endothelium. The evolution of a fatty streak
towards a complex atherosclerotic lesion is characterized
by amassed oxidized low-density lipoproteins (LDLs) exert-
ing toxic effects on macrophages and smooth muscle cells
(SMCs), which culminates in the formation of a necrotic
core [77]. In this process, SMCs migrate from the tunica
media into the intima via degradation of the extracellular
matrix, which is mediated by MMP-9 as well as other
proteinases [78]. In the intima, SMCs proliferate under the
influence of various growth factors and secrete extracellular
matrix proteins, including interstitial collagen, especially
in response to transforming growth factor-𝛽 (TGF-𝛽) and
platelet-derived growth factor. These molecular processes
cause the lesion to evolve from a lipid-rich plaque to a fibrotic
and then calcified plaque, which may create a stenosis [79].
Acute thrombotic complications such as atherothrombosis
can result in vessel occlusion and the restriction in blood
flow may trigger the manifestation of disease, heart attacks.
We have emphasized that endothelial dysfunction is an early
hallmark of vascular disease that can occur well before
the structural manifestation of atherosclerosis. Endothelial
dysfunction can serve as an independent predictor of future
cardiovascular episodes and we highlighted the vital role
that inflammation plays in initiating many of the adverse
events. Indeed, increased arterial stiffness, as revealed by a
greater pulse pressure and pulse wave velocity (PWV), has
been associated with many cardiovascular risk factors and
is reflected by raised inflammatory biomarkers such as high
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C-response protein levels [21]. Notably, increasing evidence
links inflammatory processes to atherogenesis. Markers of
inflammatory activation and endothelial dysfunction provide
useful information about a patient’s risk and stage of develop-
ing cardiovascular disease, as described below.

In humans, considerable evidence supports that essential
hypertension is a condition of chronic low-grade inflamma-
tory status [80, 81]. Evidence of immune system involve-
ment in the vasculature from patients with hypertension
or cardiovascular disease is beginning to appear in the
literature. Inflammation participates in many processes that
contribute to the development of elevated blood pressure
(BP). In the vasculature, inflammation can enhance the
proliferation of smooth muscle cells and play a role in
vascular remodeling [80]. In animal models of hypertension,
there is evidence of infiltration of inflammatory cells from
the innate immune system (i.e., dendritic cells, NK cells,
monocytes, and macrophages) in perivascular fat and adven-
titia of blood vessels as well as in other target organs (i.e.,
kidney and heart) [81]. Osteopetrotic mice have a mutation
in the macrophage colony-stimulating factor (Csf1) gene and
thereby have macrophages that are functionally deficient.
Osteopetrotic mice remain normotensive and develop less
endothelial dysfunction, vascular remodeling, and oxidative
stress, despite infusion of angiotensin II (Ang-II) [82] or
deoxycorticosterone acetate (DOCA) salt treatment [83],
compared with wild-type littermates. Together, these studies
suggest a role for macrophages in the pathogenesis of hyper-
tension and vascular damage. Monocytes and macrophages
express functional Ang-II and mineralocorticoid (MR)
receptors, the activation of which lead to ROS generation
via activation of NADPH oxidase and cytokines [13]. Mono-
cyte and macrophage-derived vascular ROS may upregu-
late the expression of chemokines and adhesion molecules,
reduce NO bioavailability, stimulate VSMCs hypertrophy,
and activate matrix metalloproteinases leading to vascular
dysfunction and remodeling [84, 85]. Furthermore, Treg
cells involved in adaptive immunity produce IL-10, a sig-
nificant anti-inflammatory cytokine that exerts an effect on
the improvement of microvascular endothelial function in
hypertension [72]. Aortic stiffness, measured by carotid-
femoral PWV, constitutes a hallmark of the aging process
and is an independent predictor of adverse cardiovascular
events in hypertension [86]. Indeed, low-grade inflammation
in conjunction with hypoadiponectinemia exerts an additive
detrimental effect on aortic stiffness thereby accelerating
the vascular aging process [87]. However, it is not evident
whether vascular inflammation causes the arterial stiffen-
ing and hypertension or it is a consequence of high blood
pressure stiffening the arteries that favors a cascade which
culminates in vascular inflammation and increased arterial
stiffness.

Arterial fibrillation (AF) is the most common cardiac
arrhythmia and its prevalence in the general population is
increasing rapidly [88]. An analysis from the Framingham
Heart Study reports that the associations could be due to in
part the well-established associations between inflammation
and prevalent cardiovascular conditions that predispose to
AF [89]. Conen et al. provide evidence that inflammation,

which is measured by plasma levels of high-sensitivity C-
reactive protein, sICAM-1, and fibrinogen, is significantly
associated with AF events in a female population without
a history of cardiovascular disease and where traditional
risk factors were controlled for [90]. These findings suggest
that inflammation may be involved in the pathogenesis of
AF. A substantial body of evidence reveals that patients
with rheumatoid arthritis (RA) have an increased risk of
coronary heart disease, an increased standardized mortality
ratio, and a shortened life expectancy by 3–18 years when
compared with the matched non-RA population [91]. An
abundance of data identifies enduring systemic inflammation
as the pathophysiological basis for linking RA to accel-
erated heart disease development. Although the specific
pathophysiological link between systemic inflammation and
cardiovascular disease is not completely clear, the promotion
of accelerated coronary atherosclerosis is considered themost
important mechanism for the higher prevalence of ischemic
heart disease (IHD) in RA [92]. In fact, systemic release
of proinflammatory cytokines (IL-1, IL-6, and TNF-𝛼) in
RA synovial tissue could boost the immunoinflammatory
process underlying atherogenesis either directly by affecting
the cells of the plaque or indirectly by stimulating a number
of proatherogenic functions of liver, adipose tissue, skeletal
muscle, and vascular endothelium [93]. A plethora of data
investigating HIV-positive patients demonstrates increased
coronary arterial disease rates compared with a non-HIV
population, particularly among women [94, 95]. Nordell
et al. [96] assessed the prognostic value of inflammatory
and coagulation markers with respect to fatal outcomes
among patients with HIV who experience CVD events.Their
findings suggest that chronic inflammation and activated
coagulation associated with HIV lead to a poor outcome
when CVD event occurs.

7.2. Predictors of Cardiovascular Disease That Are Involved
in Inflammation. As mentioned above, inflammation plays
an important role in cardiovascular disease. The immune
system produces more proinflammatory cytokines under
the chronic stimulus that accompanies aging. Knowledge
has flourished regarding the predictive value of several
inflammatory markers, on the incidence of cardiovascular
events, even in the apparently well healthy population [97–
99]. Among the inflammatory markers, interleukin-6 (IL-
6), C-reactive protein (CRP), and TNF-𝛼 have generated
considerable attention. Over 15 years ago, an association
between enhanced inflammations, as demonstrated by higher
plasma levels of CRP in middle-aged men without previous
cardiovascular disease, was reported using data from the
Multiple Risk Factor Intervention Trial (MRFIT) [100]. Low-
density lipoprotein (LDL) is the focus of current guidelines
for the determination of the risk of cardiovascular disease
[101]. Ridker et al. [102] conducted a study to determine
whether CRP is a stronger predictor of future cardiovascular
events than LDL cholesterol. Findings from the Health ABS
Study [103] indicate that IL-6, TNF-𝛼, and CRP markers
predicted the onset of cardiovascular events. Individuals with
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high levels of the three markers had the greatest risk of car-
diovascular events. Moreover, increased IL-6 levels were the
strongest and most consistent risk factor for cardiovascular
events. According to this study, IL-6 andTNF-𝛼 showedmore
consistent results than CRP in predicting cardiovascular
events. Concomitantly, it was suggested that TNF-𝛼 and IL-6
are associated with the severity of left ventricular dysfunction
and with the degree of activation of the sympathetic and
renin-angiotensin systems [11]. In humans, many lines of
evidence that established essential hypertension as a condi-
tion of chronic low-grade inflammatory status also revealed
a strict and independent association between CRP, TNF-𝛼,
and IL-6 or adhesion of molecules and vascular changes in
essential hypertensive patients [72]. Therefore, HIV-positive
patients with higher levels of inflammatory markers, that
is, IL-6 and hsCRP, showed an increased risk of more fatal
CVD events [96]. Worth noting is that further studies are
needed to determine whether inflammatory markers might
represent valid targets for new medications that modify the
atherosclerosis process and prevent cardiovascular disease.

7.3. The Inflammatory Phenotype of Senescent Cells. As stated
above, a common feature of aging tissues is low-grade chronic
inflammation, termed “inflammaging” thatmay derive partly
from an age-related decline in homeostatic immune function
or resistance to endogenous microbes. Nevertheless, chronic
inflammation may also derive in part from senescent cells,
and proteases, termed the senescence-associated secretory
phenotype (SASP). The SASP, through the inflammatory,
growth-promoting, and remodeling factors that it produces,
can potentially explain how senescent cells alter tissue
microenvironments, attract immune cells, and unexpectedly
induce malignant phenotypes in nearby cells [103]. Proteins
that are associated with the SASP, such as TNF-𝛼, IL-6,
MMPs, monocyte chemoattractant protein-1(MCP-1), and
IGF binding proteins (IGFBPs), increase in multiple tissues
with chronological aging and occur in conjunction with
systemic inflammation [104].

Endothelial dysfunction, vascular smooth cell (VSMC)
proliferation/invasion/secretion, matrix fragmentation, col-
lagenization, and glycation are characteristics of an age-
associated arterial phenotype that creates a microenviron-
ment enriched in reactive oxygen species (ROS) needed for
the pathogenesis of arterial disease. This niche creates an
age-associated arterial secretory phenotype (AAASP), which
is orchestrated by the concerted effects of numerous age-
modified angiotensin II signaling molecules. The arterial
wall is remodeled by the joint effects of fluctuating levels
of numerous proteins [105]. Age dramatically alters the
volume and contents of the arterial intima in rats, nonhuman
primates, and humans [18], which was described above.
Small, disoriented vascular smooth muscle cells (VSMCs)
and collagen type I and type III markedly increase within
the thickened intimae of old rats [106]. Molecular elements
of the Ang-II signaling cascade are upregulated in aged
arterial walls and play a causal role in arterial aging and in
vessel disease [27]. The levels of transcription, translation,

and activity of MMP-2 are enhanced within the arterial wall
with aging [20]. TGF-𝛽, VSMCs, and senescence-associated
𝛽-gal activity also vary with aging.The novel AAASP concept
provides an explanation for the observation that the arterial
wall of younger animals, in response to experimental induc-
tion of low-grade chronic inflammation by hypertension or
early atherosclerosis, is transformed into a phenotype that
is strikingly similar to that which develops during aging
[107].

7.4. NF-𝜅B Signaling Regulation in Cardiovascular Aging Asso-
ciated with Inflammation. NF-𝜅B, an important transcrip-
tion factor, is regarded as a molecular switch of inflammatory
pathways. It is responsible for regulating the gene expression
of factors that control cell adhesion, proliferation, inflam-
mation, redox state, and tissue specific enzymes [108]. The
NF-𝜅B signaling pathway may regulate inflammaging [109].
Indeed, activation of NF-𝜅B mediates vascular and myocar-
dial inflammation inmetabolic and age-related diseases [110].
However, the longevity gene, SIRT1, can be combined with
a subunit of NF-𝜅B, Rel/p65 to generate K310 deacetylase,
which inhibits the transcriptional activity of NF-𝜅B [111, 112].
NF-𝜅B can enforce aging, whereas SIRT1 may regulate NF-
𝜅B to delay aging [113]. NF-𝜅B can regulate both aging and
inflammation [114] and it can also inhabit inflammatory
reaction by regulating SIRT1 (Sir2 homolog) and FoxO
(DAF-1) [109].

MicroRNAs (miRs) are a broad class of small, noncod-
ing RNAs that have revolutionized our understanding of
gene transcription and translation. Recent data show that
miR regulation entails far more complex posttranscriptional
control, with the ability to both repress and activate gene
expression by interacting with complementary sequences in
coding and noncoding regions of their mRNA targets [115].
Moreover,most of themiRs targeting theNF-𝜅B pathway and
its modulators affect NF-𝜅B signaling dynamics primarily
through a negative feedback loop aimed at restraining the
excessive proinflammatory response induced by signaling
activation [116]. An altered expression of the miRs targeting
the NF-𝜅B pathway may thus contribute to the dysregulation
of the inflammatory/anti-inflammatory balance, promot-
ing carcinogenesis [117]. Interestingly, it has recently been
observed that miRs can act as agonists of single-stranded
RNA-binding Toll-like receptors (TLRs) both in NF-𝜅B
signaling activation and interleukin secretion, thus triggering
a proinflammatory response that can promote the creation
of a microenvironment favorable to cancer development
[118]. Therefore, it is possible that senescent cells contribute
to inflammation not only by producing proinflammatory
and proangiogenic molecules typical of SASP but also by
transferring miRs into other proinflammatory cells, namely,
macrophages [119].

In addition, a recent study clearly showed that endothelial
suppression of NF-𝜅B prolongs the lifespan of mice and
ameliorates obesity-induced endothelial insulin resistance
[120]. Impaired insulin signaling is indeed an important
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hallmark linking metabolic disease with premature aging of
the cardiovascular system [121]. Moreover, age-dependent
NF-𝜅B activation was associated with systemic inflammation
and impaired endothelial dependent vessel dilation [122]. All
these finding validateNF-𝜅B as a therapeutic target to prevent
cardiac disease in elderly.

8. Therapeutic Implications Involved in
Inflammation and Oxidation

8.1. Caloric Restriction. Caloric restriction (CR) is a dietary
regimen, which improves health and slows the aging pro-
cess in evolutionarily distant organisms by limiting dietary
energy intake [123]. There is increasing epidemiological and
experimental evidence that CR plays an important role in
vasoprotection in aging and in pathological conditions asso-
ciated with accelerated vascular aging [124].Themechanisms
underlying the beneficial cardiovascular effects of CR are
multifaceted and include normalization of mitochondrial
biogenesis, attenuation of mitochondrial ROS production,
increased bioavailability of NO, and consequential inhibition
of signaling pathways regulated by mitochondria-derived
ROS. The cellular pathways involved in mitochondrial pro-
tection induced by calorie restriction appear to depend
on increased expression/activity of the NAD+-dependent
histone deacetylase SIRT1 [111]. Expression of SIRT1 in mice
confers vasoprotection, reduces endothelial ROS production,
inhibits NF-𝜅B signaling, and attenuates vascular inflamma-
tion, thus mimicking the effects of CR [125]. Furthermore,
evidence supports that aortic mTOR signaling was increased
with aging in mice but maintained at young adult levels with
CR [126]. In addition, CR can also activate the transcription
factor Nrf2, which controls the expression of numerous ROS
detoxifying and antioxidant genes involved in regulation of
mitochondrial redox homeostasis [127].

A recent study of mice demonstrated that CR can pre-
vent, or significantly lessen, multiple adverse features of
arterial aging, as well as age-related increases in arterial
blood pressure [126]. The research extended insight into the
physiological benefits of CR by providing the first direct evi-
dence that CR partially, or completely, prevents large elastic
artery stiffening, wall hypertrophy, endothelial dysfunction,
reduction in NO bioavailability and increases arterial blood
pressure associated with aging in mice [126].

8.2. SIRT1. Increasing evidence shows that sirtuins, a con-
served family of proteins, mediate a large number of the
beneficial effects of CR [126, 128]. Sirtuins function as
NAD+-dependent deacetylases, which are also called class
III histone deacetylases (HDAC). SIRT1 in mammals, the
closest homologue of the yeast Sir2 protein, is considered
to be a novel antiaging protein involved in the regula-
tion of cellular senescence/aging and inflammation. The
mechanism of SIRT1-mediated protection against inflam-
maging involves the regulation of inflammation, prema-
ture senescence, telomere attrition, senescence-associated

secretory phenotype, and DNA damage response [129].
SIRT1 upregulation, induced by CR, was also attenuated
in eNOS−/− mice, which indicated that NO derived from
eNOS played an important role in SIRT1 expression [130].
Indeed, eNOS acts as a direct substrate for SIRT1. In
summary, SIRT1 deacetylates eNOS and increase its activ-
ity. The inference is that mechanisms of SIRT1 antiaging
effect lie partly in its beneficial role of reducing oxidative
stress and improving endothelial function. As explained
above, SIRT1 can directly inhibit the activity of NF-𝜅B
signaling by deacetylating RelA/p65 [111]. Worth mentioning
is that the aggravated inflammation in vascular aging was
inversely related to the expression of SIRT1, whereas CR
upregulated SIRT1 expression [131]. There is confirmation
that SIRT1 modulates vascular cell senescence during vas-
cular aging [132]. Indeed, senescent endothelial cells were
observed in the coronary arteries of patients with ischemic
heart disease. The inhibition of SIRT1 by sirtinol leads
to increased p53 acetylation, increased PAI-1 expression,
and decreased eNOS activity in HUVECs and induces
senescence-like behavior including flattened and enlarged
cell morphology, increased SA-𝛽-gal activity, and growth
arrest [132]. The exacerbated senescence was accompanied
by SIRT1 downregulation, increased p53 acetylation, and
p21 expression. In addition, SIRT1 overexpression attenu-
ated high-glucose-induced senescence in HUVECs, whereas
SIRT1 inhibition had the opposite effect [132]. Interest-
ingly, SIRT1 can also affect atherosclerosis. Worthy of note
is that the endothelium-specific overexpression of SIRT1
decreased atherosclerosis in apoE−/− mice [133]. Taken
together, improving the function of the cardiovascular system
by modulating SIRT1’s activity is vitally important. Clinical
trials of SIRT1 and its activators will help to bring this
promising therapeutic target to reality.

8.3. Resveratrol, Activator of SIRT1. Resveratrol, a diet-deri-
ved polyphenol, is a prototype of a new class of drugs referred
to as CR mimetics, which are being developed to reverse
organ pathologies associated with aging and metabolic dis-
eases [134]. The “French paradox,” which describes the
phenomenon thatmorbidity andmortality of coronary artery
disease are low in southern France and other Mediterranean
territories, is at least partly attributable to resveratrol, which
is an important constituent of Mediterranean diets and is
involved in vasculoprotection [135]. Resveratrol is thought to
have diverse antiatherogenic activities, such as the inhibition
of LDL oxidation and platelet aggregation and regulation
of vascular smooth muscle proliferation [136, 137]. Multiple
lines of evidence indicate that resveratrol inhibits endothelial
activation and monocyte adhesion and attenuates proinflam-
matory gene expression by inhibition of NF-𝜅B activation in
coronary arterial endothelial cells [138]. Indeed resveratrol,
a SIRT1 activator, was associated with upregulation of eNOS
and induction of specific mitochondrial biogenesis factors,
which exert a vasoprotective effect [139]. These studies raise
the possibility that resveratrol supplementation may confer
significant vasoprotection in elderly humans.
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9. Conclusion

With a keen awareness that aging is an independent risk
factor for cardiovascular disease, the means by which to
achieve successful cardiovascular aging whilst decreasing
the risk of CVD is a worthy pursuit. Oxidative stress and
inflammation play a vital role in the process of cardiovas-
cular aging. Endothelial dysfunction that is associated with
oxidative stress and inflammation is a fundamental feature
of CVD. Moreover, the relationship between oxidative stress
and inflammation is bidirectional. A better understanding
of the molecular and cellular mechanisms underlying car-
diovascular aging, as well as their potential interactions,
will provide a growing list of potential targets for specific
interventions aimed at preventing or delaying the cardio-
vascular dysfunction associated with aging. Breakthroughs
in achieving successful cardiovascular aging that focus on
oxidative stress and inflammation are on the horizon.
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Osteopontin (OPN) is involved in the regulation of vascular calcification processes. The aim of this study was to evaluate the
relationship between fasting serum OPN concentration and carotid-femoral pulse wave velocity (cfPWV) in geriatric persons.
Fasting blood samples were obtained from 93 geriatric persons. cfPWVwere performed by SphygmoCor system. SerumOPN levels
weremeasured using a commercially available enzyme-linked immunosorbent assay. Geriatric adults who had diabetes (𝑃 = 0.007)
or dyslipidemia (𝑃 = 0.029) had higher cfPWV levels than those without diabetes or dyslipidemia.The univariable linear regression
analysis showed that age (𝑃 = 0.002), waist circumference (𝑃 = 0.048), body mass index (𝑃 = 0.004), systolic blood pressure
(𝑃 = 0.001), diastolic blood pressure (𝑃 = 0.036), pulse pressure (𝑃 = 0.017), creatinine (𝑃 = 0.002), and log-OPN level (𝑃 = 0.001)
were positively correlated with cfPWV levels, while the high-density lipoprotein cholesterol (HDL-cholesterol) level (𝑃 = 0.007)
and glomerular filtration rate (𝑃 = 0.001) were negatively correlated with cfPWV levels among the geriatric adults. Multivariable
forward stepwise linear regression analysis of the significant variables also showed that log-OPN (𝛽 = 0.233, 𝑅2 = 0.123, regression
coefficient: 1.868, 𝑃 = 0.011) was still an independent predictor of cfPWV levels in geriatric persons.

1. Introduction

Arterial stiffness is increased when elastic properties of the
arterial wall are reduced [1]. Recently, arterial stiffness has
been recognized as an independent risk factor for cardio-
vascular morbidity and mortality [2]. Carotid-femoral pulse
wave velocity (cfPWV), a measure of the intrinsic stiffness of
the aortic wall, is a direct measurement of aortic stiffness and
has been recommended as the gold-standard measurement
for arterial stiffness [3] and is an independent predictor of
cardiovascular mortality and morbidity in elderly subjects
[4, 5].

Advancing age is associatedwith changes in structure and
function of different segments of the vascular system and
is the dominant risk factor for cardiovascular diseases [6,
7]. Age-related vascular changes include intimal and medial

thickening, arterial calcification, and increased deposition of
matrix substances, thus leading to a reduced compliance and
increased arterial wall stiffness [6]. Arterial calcification in
blood vessels is an active, cell-regulated process, in which
mineralization is the net result of a transdifferentiation
process of vascular smooth muscle cells to chondrocyte-like
or osteoblast-like cells, and may lead to increased arterial
stiffness [8]. Osteopontin (OPN) is a potent inhibitor of
mineralization; it prevents ectopic calcium deposits and is
a potent inducible inhibitor of vascular calcification [9].
In recent studies, OPN has been associated with increased
cfPWV in rheumatoid arthritis patients [10], coronary artery
disease patients [11], and healthy subjects [12]. It also has
been hypothesized that OPN has a role in atherosclerosis,
since elevated levels of OPN are associated with both the
extent of cardiovascular disease, independent of traditional
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risk factors [13], and restenosis [14].The aim of this study was
to determine the relationship between fasting serum OPN
levels and cfPWV among geriatric persons.

2. Materials and Methods

2.1. Participants. Between January and December 2012, 93
elderly volunteers aged 65 years or older at a medical center
in Hualien, eastern Taiwan, were enrolled into this study.
Trained staff measured blood pressure (BP) in the morn-
ing for all participants, using standard mercury sphygmo-
manometers with appropriate cuff sizes, after the participants
had been sitting for at least 10minutes. Systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were taken at the
points of appearance and disappearance, respectively, of the
Korotkoff sounds. SBP and DBP were taken three times
at five-minute intervals and were averaged for analysis. In
the prevalence survey, hypertension was defined as SBP ≥
140mmHg, and/or DBP ≥ 90mmHg, or prescription of
antihypertensive medication in the past two weeks. A person
was regarded as diabetic if the fasting plasma glucose was
either 126mg/dL ormore or if he/shewas using diabetesmed-
ication (oral or insulin) [15]. Pulse pressure was calculated
by subtracting DBP from SBP. Dyslipidemia was defined as
triglycerides of 150mg/dL or higher, high-density lipoprotein
cholesterol (HDL-cholesterol) level less than 40mg/dL in
men or less than 50mg/dL in women [16]. The Protection
of the Human Subjects Institutional Review Board of Tzu-
Chi University andHospital approved this study. Participants
were excluded if they had an acute infection, acutemyocardial
infarction, and pulmonary edema at the time of blood
sampling, if they used calcium, active vitamin Dmetabolites,
bisphosphonates, teriparatide, or estrogens medication, or if
they declined to provide informed consent for the study.

2.2. Anthropometric Analysis. Patient weight was measured
in light clothing and without shoes to the nearest 0.5 kilo-
grams, and height was measured to the nearest 0.5 cm. Waist
circumference was measured using a tape measurement
around the waist from the point between the lowest ribs and
the hip bones with the hands on the hips. Body mass index
(BMI) was calculated as the weight in kilograms divided by
the height in meters squared [17–19].

2.3. Biochemical Investigations. Fasting blood samples (ap-
proximately 5mL) were immediately centrifuged at 3000 g
for 10min. Serum levels of blood urea nitrogen (BUN),
creatinine (Cre), fasting glucose, total cholesterol (TCH),
triglycerides (TG), HDL-cholesterol, low-density lipoprotein
cholesterol (LDL-cholesterol), total calcium, phosphorus,
and C-reactive protein (CRP) were measured using an
autoanalyzer (COBAS Integra 800, Roche Diagnostics, Basel,
Switzerland) [17–19]. Serum OPN levels (eBioscience Inc.,
San Diego, CA, USA) were measured using a commer-
cial available enzyme-linked immunosorbent assay (ELISA).
Serum intact parathyroid hormone levels (iPTH) (Diagnostic
Systems Laboratories, Webster, Texas, USA) were measured
using a commercially available ELISA [18]. The estimate

glomerular filtration rate (GFR) calculation in this study used
Modification of Diet in Renal Disease (MDRD) equation.

2.4. Carotid-Femoral Pulse Wave Velocity Measurements.
Measurements of cfPWV were performed using a pressure
tonometer to transcutaneously record the pressure pulse
waveform in the underlying artery (SphygmoCor system,
AtCor Medical, Australia), as previously described [17]. All
measurements were performed in the morning in the supine
position after a minimum 10min rest in a quiet, temperature-
controlled room. Records were made simultaneously with
an ECG signal, which provided an 𝑅-timing reference. Pulse
wave recordings were performed consecutively at two super-
ficial artery sites (carotid-femoral segment). Integral software
was used to process each set of pulse wave and ECG data to
calculate themean time difference between𝑅-wave and pulse
wave on a beat-to-beat basis, with an average of 10 consecutive
cardiac cycles. The cfPWV was calculated using the distance
and mean time difference between the two recorded points.
Quality indices, included in the software, were set to ensure
uniformity of data.

2.5. Statistical Analysis. Data are expressed as the mean ±
standard deviation (SD) and were tested for normal distri-
bution using Kolmogorov-Smirnov statistics. Comparisons
between patients were performed using Student’s indepen-
dent 𝑡-test (two-tailed) for normally distributed data or
the Mann-Whitney 𝑈 test for parameters that presented a
nonnormal distribution. Because the glucose, CRP, iPTH,
and OPN were nonnormal distribution, we used a logarithm
to base 10 and noted log-glucose, log-CRP, log-iPTH, and
log-OPN were normal distribution. Clinical variables that
correlated with cfPWV levels in hypertensive patients were
evaluated by univariable linear regression analysis. Variables
significantly associated with cfPWV in geriatric adults were
tested for independency in multivariable forward stepwise
regression analysis. Data were analyzed using SPSS for Win-
dows (version 19.0; SPSS Inc., Chicago, IL, USA). A 𝑃 value
< 0.05 was considered statistically significant.

3. Results

The clinical and laboratory characteristics of geriatric adults
are presented in Tables 1 and 2. The medical histories of the
geriatric adults included diabetes (𝑛 = 44 (47.3%)), dyslipi-
demia (𝑛 = 44 (47.3%)), and hypertension (𝑛 = 37 (39.8%)).
The medications prescribed to the geriatric adults included
angiotensin-receptor blocker (ARB; 𝑛 = 26 (28.0%)), angi-
otensin-converting enzyme inhibitor (ACEI; 𝑛 = 16 (17.2%)),
calcium-channel blocker (CCB; 𝑛 = 22 (23.7%)), 𝛽-blocker
(𝑛 = 22 (23.7%)), statins (𝑛 = 23 (24.7%)), and fibrate
(𝑛 = 18 (19.4%)). Geriatric adults who had diabetes had
higher cfPWV levels than thosewithout diabetes (𝑃 = 0.007).
It is also noted that geriatric adults who had dyslipidemia
had higher cfPWV levels than those without dyslipidemia
(𝑃 = 0.029). The cfPWV levels did not differ statistically
based on gender, coexisting hypertension, and ARB, ACEI,
CCB, 𝛽-blocker, statins, and fibrate use.
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Table 1: Clinical and analytical characteristics of 93 geriatric adults.

Item Parameter Parameter

Anthropometric findings

Height (cm) 159.51 ± 8.21 Waist circumference (cm) 91.70 ± 10.94
Body weight (kg) 64.62 ± 10.47 Age (year) 72.16 ± 5.39

Body mass index (kg/m2) 25.43 ± 3.85 SBP (mmHg) 131.74 ± 18.13
DBP (mmHg) 70.85 ± 7.38 Pulse pressure (mmHg) 60.89 ± 16.66

Biochemical findings

Triglyceride (mg/dL) 134.58 ± 76.34 Total cholesterol (mg/dL) 173.41 ± 36.05
Fasting glucose (mg/dL) 127.31 ± 49.86 HDL-cholesterol (mg/dL) 47.15 ± 12.59
LDL-cholesterol (mg/dL) 102.90 ± 33.72 Creatinine (mg/dL) 1.19 ± 0.36

BUN (mg/dL) 18.13 ± 6.85 GFR (mL/min) 63.88 ± 20.16
Total calcium (mg/dL) 9.10 ± 0.38 Phosphorus (mg/dL) 3.45 ± 0.48

Ca × P product (mg2/dL2) 31.37 ± 4.56 iPTH (pg/mL) 58.83 ± 34.10
CRP (mg/dL) 0.30 ± 0.37 Osteopontin (ng/mL) 280.16 ± 230.86

Data are expressed as means ± standard deviations.
SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-cholesterol, high-density lipoprotein cholesterol; LDL-cholesterol, low-density lipoprotein
cholesterol; BUN, blood urea nitrogen; GFR, glomerular filtration rate; Ca × P product, calcium-phosphorus product; iPTH, intact parathyroid hormone;
CRP, C-reactive protein.

Table 2: Clinical characteristics and carotid-femoral pulse wave velocity levels of 93 geriatric adults.

Characteristic Number (%) cfPWV (m/s) 𝑃 value

Gender Male 63 (67.7) 10.07 ± 2.60 0.869
Female 30 (32.3) 10.17 ± 3.25

Diabetes No 49 (52.7) 9.37 ± 2.52 0.007∗
Yes 44 (47.3) 10.92 ± 2.92

Dyslipidemia No 49 (52.7) 9.50 ± 2.38 0.029∗
Yes 44 (47.3) 10.77 ± 3.11

Hypertension No 56 (60.2) 9.93 ± 2.80 0.473
Yes 37 (39.8) 10.36 ± 2.85

ACE inhibitor No 77 (82.8) 10.11 ± 2.83 0.973
Yes 16 (17.2) 10.08 ± 2.79

ARB No 67 (72.0) 9.95 ± 2.80 0.409
Yes 26 (28.0) 10.49 ± 2.85

𝛽-Blocker No 71 (76.3) 10.07 ± 2.09 0.841
Yes 22 (23.7) 10.21 ± 2.61

CCB No 71 (76.3) 9.98 ± 2.74 0.457
Yes 22 (23.7) 10.49 ± 3.05

Statins No 70 (75.3) 10.19 ± 2.91 0.583
Yes 23 (24.7) 9.82 ± 2.52

Fibrate No 75 (80.6) 10.11 ± 2.84 0.937
Yes 18 (19.4) 10.06 ± 2.74

Data are expressed as means ± standard deviations.
∗

𝑃 < 0.05 was considered statistically significant after Student’s 𝑡-test.
cfPWV, carotid-femoral pulse wave velocity; CAD, coronary artery disease; CHF, congestive heart failure; ACE, angiotensin-converting enzyme; ARB,
angiotensin-receptor blocker; CCB, calcium-channel blocker.

The univariable linear analysis of cfPWV levels in geri-
atric adults is presented in Table 3. Age (𝑟 = 0.310; 𝑃 = 0.02),
waist circumference (𝑟 = 0.206; 𝑃 = 0.048), BMI (𝑟 = 0.294;
𝑃 = 0.004), SBP (𝑟 = 0.340; 𝑃 = 0.001), DBP (𝑟 = 0.218;
𝑃 = 0.036), pulse pressure (𝑟 = 0.247; 𝑃 = 0.017), Cre
(𝑟 = 0.317; 𝑃 = 0.002), and log-OPN level (𝑟 = 0.351;
𝑃 = 0.001) were positively correlated with cfPWV levels,
while the HDL-cholesterol level (𝑟 = −0.279; 𝑃 = 0.007) and

GFR (𝑟 = −0.330; 𝑃 = 0.001) were negatively correlated with
cfPWV levels among the geriatric adults.

Multivariable forward stepwise linear regression analysis
of the variables that were significantly associatedwith cfPWV
levels (diabetes, dyslipidemia, age, waist circumference, BMI,
SBP, DBP, pulse pressure, Cre, HDL-cholesterol, GFR, and
log-OPN) among geriatric adults showed that log-OPN (𝛽 =
0.233, 𝑅2 = 0.123, regression coefficient: 1.868, 𝑃 = 0.011),
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Table 3: Correlation of carotid-femoral pulse wave velocity and
clinical variables by univariable linear regression analysis among the
93 geriatric adults.

Variable 𝑅 value 𝑃 value
Age (years) 0.310 0.002∗

Height (cm) −0.167 0.110
Body weight (kg) 0.157 0.133
Waist circumference (cm) 0.206 0.048∗

Body mass index (kg/m2) 0.294 0.004∗

Systolic blood pressure (mmHg) 0.340 0.001∗

Diastolic blood pressure (mmHg) 0.218 0.036∗

Pulse pressure (mmHg) 0.247 0.017∗

Total cholesterol (mg/dL) −0.083 0.427
Triglyceride (mg/dL) 0.050 0.635
HDL-C (mg/dL) −0.279 0.007∗

LDL-C (mg/dL) 0.064 0.545
Log-glucose (mg/dL) 0.066 0.531
BUN (mg/dL) 0.163 0.118
Creatinine (mg/dL) 0.317 0.002∗

GFR (mL/min) −0.330 0.001∗

Log-CRP (mg/dL) 0.106 0.316
Total calcium (mg/dL) 0.030 0.776
Phosphorus (mg/dL) −0.002 0.986
Ca × P product (mg2/dL2) 0.009 0.932
Log-iPTH (pg/mL) 0.204 0.050
Log-OPN (pg/mL) 0.351 0.001∗
∗

𝑃 < 0.05 is considered statistically significant in the univariable linear
analyses.
Data of fasting glucose, CRP, iPTH, and OPN levels showed skewed
distribution and therefore were log-transformed before analysis.
BUN, blood urea nitrogen; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; GFR, glomerular filtration rate;
CRP, C-reactive protein; Ca × P product, calcium-phosphorus product;
iPTH, intact parathyroid hormone; OPN, osteopontin.

BMI (𝛽 = 0.333, 𝑅2 = 0.093, regression coefficient: 0.243,
𝑃 < 0.001), Cre (𝛽 = 0.195,𝑅2 = 0.074, regression coefficient:
1.517, 𝑃 = 0.033), age (𝛽 = 0.250, 𝑅2 = 0.047, regression
coefficient: 0.130, 𝑃 = 0.007), and diabetes (𝛽 = 0.195,
𝑅
2

= 0.035, regression coefficient: 1.090, 𝑃 = 0.030) were the
independent predictors of cfPWV levels in geriatric adults
(Table 4).

4. Discussion

The results of our study showed that diabetes, dyslipidemia,
age, waist circumference, BMI, SBP, DBP, pulse pressure, Cre,
and log-OPN level were positively correlated with cfPWV
levels, while HDL-cholesterol level and GFR were negatively
correlated with cfPWV levels among the geriatric adults.
After adjusting significant variables by multivariable forward
stepwise linear regression analysis, it was shown that log-
OPN, BMI, Cre, age, and diabetes were the independent
predictors of cfPWV levels in geriatric adults.

The aorta stiffens with aging, and decreased arterial
compliance is one of the earliest detectable manifestations of

adverse structural and functional changes within the vessel
wall [20]. Pulse wave velocity is calculated as the distance
traveled by a pulse wave divided by the time taken to travel
the distance [21]. cfPWV is a direct measurement of aortic
stiffness and has been recommended as the gold-standard
measurement for arterial stiffness [3]. Diabetes is a disease
of accelerated arterial ageing, as shown by stiffer arteries
and consequently steeper increases in pulse pressure with
age in these subjects [22]. A systematic review study noted
diabetes mellitus was positively associated with cfPWV in
52% studies, but the strength of the association between
cfPWV and diabetes mellitus was weak, with the presence of
diabetesmellitus accounting for amean of 5% of the variation
in cfPWV [23]. Our study showed that diabetes mellitus was
positively correlated with cfPWV among the geriatric adults.
This association remained significant even after adjustment
for various confounders in geriatric subjects and accounting
for a 3.5% of the variation in cfPWV.

Aging of the arterial system is accompanied by pro-
gressive structural changes, consisting of fragmentation and
degeneration of elastin, increases in collagen, thickening
of the arterial wall, endothelium damage, and progressive
dilation of the arteries [24]. Arterial stiffness leads to an
increase in SBP because hearts are pumping into a stiffer
arterial bed that is less able to accommodate the volume
of blood pumped by the left ventricle, which results in a
greater pressure increase in systole exposing themyocardium
to higher SBP [22]. Reduced aortic elastic recoil and reservoir
capacity lead to fall in DBP resulting in the widened pulse
pressure [21]. A systematic review study noted age and blood
pressure were well-established association of cfPWV (91%
and 90% of studies, resp.) [23]. Our study showed that age,
SBP, DBP, and pulse pressure were positively correlated with
cfPWV among the geriatric subjects. In our study after the
multivariable analysis, age was also an independent predictor
of cfPWV in geriatric subjects.

Increased arterial stiffness associated with metabolic
syndrome may in part explain the increased cardiovascular
disease risk observed in these conditions [22]. Waist circum-
ference was positively correlated with cfPWV, while BMI was
not associatedwith cfPWV in a study ofChinese community-
dwelling adults [25]. Increases in waist circumference were
also independently associated with higher cfPWV among
youth with Type 1 diabetes [26]. However, another study
noted cfPWV correlated positively with BMI, but not waist
circumference in the Brazilian population [27]. The conflict-
ing data concerning the effects of waist circumference or
BMI on outcomes of cfPWV may be caused by differences
in study population, study design, age, and inclusion criteria.
Patients with lecithin-cholesterol acyltransferase mutation
noted had low HDL-cholesterol levels that increased arterial
stiffness [28]. Our study showed that dyslipidemia, waist
circumference, and BMI were positively correlated with
cfPWV levels, while theHDL-cholesterol level was negatively
correlated with cfPWV levels among the geriatric adults.
BMI was also the independent predictor of cfPWV levels in
geriatric subjects in our study after multivariable analysis.

There is evidence that cfPWV increases as GFR falls [29].
Decreased GFR exhibited a significant reverse association
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Table 4: Multivariable stepwise linear regression analysis of carotid-femoral pulse wave velocity among 93 geriatric adults.

Items Beta 𝑅
2 change Regression coefficient (95% confidence interval) P value

Log-OPN (pg/mL) 0.233 0.123 1.868 (0.444 to 3.291) 0.011∗

Body mass index (kg/m2) 0.333 0.093 0.243 (0.119 to −0.367) <0.001∗

Creatinine (mg/dL) 0.195 0.074 1.517 (0.123 to 2.911) 0.033∗

Age (years) 0.250 0.047 0.130 (0.037 to 0.223) 0.007∗

Diabetes 0.195 0.035 1.090 (0.108 to 2.072) 0.030∗

Data of osteopontin levels showed skewed distribution and therefore were log-transformed before analysis.
∗

𝑃 < 0.05 was considered statistically significant in the multivariable stepwise linear regression analysis (adopted factors: diabetes, dyslipidemia, age, waist
circumference, body mass index, systolic blood pressure, diastolic blood pressure, pulse pressure, HDL-C, creatinine, GFR, and log-OPN).
HDL-C, high-density lipoprotein cholesterol; GFR, glomerular filtration rate; OPN, osteopontin.

with cfPWV in women with normal to mildly impaired renal
function [30]. Coronary artery disease patients with impaired
renal function had greater cfPWV compared to those with
coronary artery disease patients and normal renal function
[31]. Our study showed that, among geriatric subjects, Cre
was positively correlated with cfPWV levels, while the GFR
was negatively correlated with cfPWV levels among the
geriatric adults. In our study after multivariable analysis, Cre
were also independent predictors of arterial stiffness among
geriatric adults accounting for a 7.4% of the variation in
cfPWV.

Arterial stiffness is associated with vascular calcification
[8]. Vascular calcification is a consequence of tightly regu-
lated processes that culminate in an organized extracellular
matrix deposition by osteoblast-like cells [32]. OPN is a
phosphorylated acidic glycoprotein adhesion molecule and
plays a significant role in a variety of biological processes,
including bone resorption, immune cell activation, inhibition
of vascular calcification, and extracellular matrix remodeling
[33]. OPN is a potent inhibitor of mineralization; it prevents
ectopic calcium deposits and is a potent inducible inhibitor
of vascular calcification [9]. Clinical studies suggest that
serum OPN levels were positively associated with cfPWV
in rheumatoid arthritis patients, coronary artery disease
patients, and healthy subjects [10–12]. Our study showed that
serum log-OPN concentrations were positively correlated
with cfPWV levels among the geriatric adults. Multivariable
forward stepwise linear regression analysis of the significant
variables also showed that serum log-OPN concentrationwas
also an independent predictor of cfPWV levels in the current
study.

Pharmacologic interventions may influence cfPWV in
humans [6].There is some evidence that angiotensin-receptor
blocker, angiotensin-converting enzyme inhibitors, calcium-
channel blockers, beta-blocker, or diuretic reduced signifi-
cantly cfPWVcompared to a placebo beyond blood pressure-
lowering effects [6, 34]. However, other studies showed that
different antihypertension regimens produced clear differen-
tial effects on central aortic systolic and pulse pressures but
little difference in pulse wave velocity between the treatments
compared in the studies [35]. A systematic review paper
also cannot safely conclude the effect of statins on arterial
stiffness, as estimated by pulse wave velocity measurements
[36]. Our results did not show a relationship between statins
or fibrate or other medications (ARB, ACEI, CCB, 𝛽-blocker)

and cfPWV levels among geriatric adults. Further studies
are therefore required to elucidate the relationship between
medication and cfPWV levels in geriatric subjects.

Our previous study noted serum osteoprotegerin (OPG)
levels positively associatedwith cfPWV levels in hypertensive
patients [17]. OPG is an essential secreted protein in bone
turnover due to its role as a decoy receptor for the receptor
activator of NF-𝜅B ligand (RANKL) in the osteoclasts, thus
inhibiting their differentiation [37].The vascular role of OPG
is multifaceted and depends on the interplay with its ligands,
RANKL and tumor necrosis factor- (TNF-) related apoptosis-
inducing ligand (TRAIL), and a bidirectional modulation
involving osteogenic, inflammatory, and apoptotic responses
[38]. OPN is also a potent inducible inhibitor of vascular
calcification [9]. In this study, we also noted OPN level was
still an independent predictor of cfPWV levels in geriatric
persons. The relationship of vascular calcification inhibitor
between OPG and OPN in cfPWV levels needs further
studies.

Our study had some limitations. First, this study had a
cross-sectional design. Therefore, our findings should be
investigated in long-term prospective studies before a causal
relationship between serum OPN levels and cfPWV in
geriatric adults can be established. Second, the study was
restricted to a limited number of geriatric adults, so that
the possibility of indication bias cannot be excluded. Further
studies are needed to show the effects of OPN on cfPWV in
geriatric adults.

In summary, we showed an independent association of
cfPWVwith log-OPN, BMI, Cre, age, and diabetesmellitus of
clinical importance in geriatric adults which requires further
investigation.
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Aging increases the risk for cardiovascular morbidity and mortality. Chronic low-grade inflammation deteriorates vascular
function, increases age-related vascular stiffness, and affects hemodynamics.The proinflammatory cytokinemacrophagemigration
inhibitory factor (MIF) is a major mediator of atherosclerosis. Plasma MIF levels are associated with arterial stiffness, a hallmark
of vascular aging. Preclinical studies show that blockade of MIF leads to atherosclerotic plaque regression. Nutritional approaches
provide opportunities to counteract age-related inflammation. Following a chronic dietary supplementation with themicronutrient
nitrate has been demonstrated to improve vascular stiffness. Whether dietary nitrate affects circulating MIF levels is not known.
In a randomized placebo-controlled, double-blinded study, elderly subjects received a dietary nitrate supplementation for 4 weeks.
Dietary nitrate led to a decrease in plasmaMIF levels in the elderly and to an improvement in vascular functions.Thiswas associated
with a reduction in central systolic blood pressure. Our data show that supplementation with dietary nitrate is associated with a
reduction of circulatingMIF levels alongwith an improvement in vascular function.This supports the concept of dietary approaches
to modulate age-related changes of vascular functions.

1. Introduction

The physiological aging process leads to deterioration of
vascular integrity and homeostasis and these alterations have
a relevant effect on cardiovascular disease [1]. A recent study
demonstrated that vascular stiffness in the elderly precedes
and contributes to incident hypertension with an increase
in cardiovascular morbidity andmortality [2]. Dysfunctional
endothelium and increased vascular stiffness are the main
features of preclinical atherosclerosis and aging blood vessels
supply the environment for vascular disease progression. A
potential cause of vascular dysfunction within advancing
age is considered the chronic low-grade inflammation of
the vessel wall [3]. The upregulation of the inflammatory
response is the consequence of a remodeling of the innate
and acquired immune system with a chronic inflammatory
cytokine production [4, 5].

The proinflammatory cytokine macrophage migration
inhibitory factor (MIF) has gained attention due to its

proatherogenic properties [6]. MIF was shown to be involved
in inflammatory atherosclerosis pathogenesis and is impli-
cated in modulation of disease progression [7, 8]. Clinical
evidence indicates an association of MIF plasma levels
with diminished endothelial function and increased vascular
stiffness in patients with established cardiovascular risk [9].
Plaque regression and a more stable plaque phenotype have
been shown through MIF blockade in a preclinical setting
[6]. Whether modulation of circulating plasma MIF levels is
feasible has not been investigated so far.

Despite efforts in pharmacological advances and ded-
icated medical treatment options, the cardiovascular dis-
ease burden remains high in the elderly population [10].
A healthy lifestyle and in particular a healthy diet may
support physiological and healthy aging. Nutritional inter-
ventions and appropriate diets provide options to delay or
even counteract age-related inflammation [11]. Adherence to
certain dietary patterns is of significant importance and has
been shown to impact mortality [12]. A short-term dietary
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nitrate supplementation affects vascular function and acutely
lowers diastolic blood pressure in young volunteers [13]. The
micronutrient inorganic nitrate is abundant in leafy green
vegetables and is metabolized in vivo to nitrite, nitric oxide,
and other nitrogen oxides [14]. This is particularly relevant,
as nitric oxide regulates cardiovascular homeostasis under
physiological and pathological conditions [15–17]. In elderly
volunteers with moderately increased cardiovascular risk, a
chronic dietary nitrate supplementation reversed age-related
vascular dysfunction and improved prognostic relevant out-
come measures [18].

Based on these findings we sought to investigate the effect
of a chronic dietary nitrate supplementation on circulating
MIF levels following improved vascular functions.

2. Methods

2.1. Study Population. The study was performed in ac-
cordance with the Declaration of Helsinki, and the Hein-
rich-Heine University Dusseldorf Institutional Ethics
Committee approved the study protocol (Clinicaltrials.gov
NCT01729234). 21 elderly volunteers gave informed consent
and were included in a randomized, placebo-controlled
double-blind trial, as published previously [18]. One
volunteer was excluded in the present analysis due to a
gastrointestinal disorder at baseline. Volunteers received
dietary nitrate (sodium nitrate 150𝜇mol/kg body weight;
dose is equivalent to a portion of spinach) for 4 weeks and
were compared to control (sodium chloride 150 𝜇mol/kg
body weight), as previously described [18]. Measurements
were performed before and 1 day after the last intake of
the 4-week ingestion regimen with nitrate and placebo,
respectively.

Blood was drawn for clinical routine and the Institute of
Clinical Chemistry and Laboratory Diagnostics, University
Hospital Dusseldorf, performed all analyses unless noted
otherwise.

2.2. MIF Plasma Levels. MIF was determined as described
previously [19]. Briefly, heparinized full blood was cen-
trifuged at 800 g for 10min (4∘ Celsius).The resulting plasma
aliquots were snap-frozen in liquid nitrogen and stored at
−80∘ Celsius until further analysis. MIF levels were measured
by quantitative sandwich enzyme-linked immunosorbent
assay (ELISA) (Quantikine, R&D Systems, Minneapolis,
USA) according to the manufacturer’s protocols.

2.3. Central Hemodynamics. Brachial blood pressure (BP)
was measured in duplicate by cuff and mercury sphyg-
momanometer after participants had rested in a seated
position for 10min and the average of 2 measurements was
recorded. The indirect measures of central hemodynamics
were obtained with the subject in a supine position by using
the SphygmoCor system (AtCor Medical, Sydney, Australia)
as previously described [9]. Radial arterial pressure wave-
forms were obtained by applanation tonometry and central
arterial waveforms were generated using a validated inbuilt
transfer function. Applanation tonometry has been validated

to yield precise assessments of intra-arterial pressures by
comparison with simultaneous invasive pressure recordings
[20]. The system provided a corresponding central aortic
pulse waveform fromwhich central SBP (cSBP), central DBP,
and augmentation pressure (AP) are identified.

2.4. Statistical Methods. Results are expressed as mean ±
standard error (SEM). Differences between groups were
compared using unpaired Student’s two-tailed 𝑡-test. Within
group analysis was conducted with Student’s paired 𝑡-test.
Correlations between individual parameters were calculated
using univariate analyses. Results are expressed as Pearson’s
𝑟 and corresponding 𝑃 values. 𝑃 values of less than 0.05
were regarded statistically significant. All statistical tests were
conducted using SPSS 21.0 (IBM) and Prism 5.0 (GraphPad)
for Mac OS.

3. Results and Discussion

Aging is the key nonmodifiable cardiovascular risk factor and
leads unequivocally to diverse disadvantageous alterations of
the cardiovascular system with the consequence of increased
cardiovascularmorbidity andmortality [1]. Strategies to delay
the cardiovascular aging process are needed. We included
community-dwelling elderly volunteers, representative for
the general population. Subjects had an increased cardiovas-
cular risk with moderately increased heart score, elevated
cholesterol levels, slightly increased body mass index, and
mild systolic hypertension. No history, signs, or symptoms
of cardiovascular disease were noted. Baseline characteristics
are given in Table 1. The moderate increase in cardiovas-
cular risk is in line with studies examining healthy, well-
functioning men and women free of cardiovascular disease
in the general population [21, 22].

A typical feature and possible key mechanism of the
vascular aging process is believed to be a chronic, low-grade
inflammatory status [3]. Actually, inflammation has emerged
as one potential cause in the pathogenesis of major age-
related diseases such as atherosclerosis, type 2 diabetes, and
renal diseases [23–25].

3.1. Age-Related MIF Expression. The pleiotropic cytokine
MIF has been attributed proinflammatory properties and
is involved in atherogenic and in particular cardiovascular
disease progression [8, 26, 27]. Recent reports have sub-
stantiated the inflammatory link by demonstrating that the
MIF expression is linked to NF-𝜅B signaling network and
that proinflammatory stimuli can activate the expression of
MIF [28]. Age-related modulation was unknown until now.
In the present study we determined increased MIF plasma
levels in the elderly compared to young controls (65.5 ±
4.1 ng/mL versus 17.2 ± 0.5 ng/mL, 𝑃 < 0.0001, Figure 1).
Recently, we used gene expression microarray technology to
determine age-related changes of the vascular transcriptome
in mice. Upregulated MIF levels were shown in the old
aorta compared to young, which emphasizes an age-related
transcriptional regulation of MIF in vascular tissue [29].
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Table 1: Baseline patient characteristics.

Control
𝑛 = 10

Nitrate
𝑛 = 10

𝑃 value

Age (years) 62.6 ± 1.3 63.7 ± 2 0.66
Sex (men/women) 6/4 7/4 0.87
Heart score 4.7 ± 1 4.7 ± 1 0.98
BMI (kg/m2) 26.2 ± 0.8 23.9 ± 1.2 0.13
Creatinine (mg/dL) 0.8 ± 0.04 0.9 ± 0.06 0.41
Hemoglobin (g/dL) 14.5 ± 0.4 14.1 ± 0.2 0.32
Triglycerides (mg/dL) 104 ± 13 126 ± 21 0.38
Cholesterol (mg/dL) 219 ± 14.1 236 ± 12.2 0.40
HDL (mg/dL) 68 ± 6 62 ± 7 0.47
LDL (mg/dL) 154 ± 9 156 ± 13 0.91
Sodium (mmol/L) 142 ± 0.6 142 ± 0.6 1.00
Potassium (mmol/L) 4.1 ± 0.1 4.2 ± 0.1 0.34
CRP (mg/dL) <0.3 <0.3 0.33
Hba1c (%) 5.6 ± 0.1 5.8 ± 0.1 0.15
Selected demographic, clinical, and biochemical parameters. Values are expressed as mean ± SEM.
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Figure 1: MIF plasma levels are increased in old healthy volunteers
compared to young controls (∗ denotes 𝑃 < 0.05).

Corroborating MIF’s role in the age-related atherogen-
esis process we further found significant associations with
established risk factors. Homocycteine, a recognized cardio-
vascular risk factor, was related to MIF in the present study
(𝑟 = 0.64, 𝑃 = 0.002, Figure 2(a)) [30]. Plasma high-density
lipoprotein levels were associated inversely with MIF plasma
levels (𝑟 = −0.64, 𝑃 = 0.006). The contrariwise relation is in
line with the notion that HDL has anti-inflammatory prop-
erties [31]. These results are in line with MIF’s involvement
in the preclinical atherosclerosis process based on low-grade
inflammation [26]. Furthermechanistic studies have to prove
a direct link here. Importantly, experimental data suggest a

beneficial effect through MIF blockade with impaired T-cell
recruitment and atherosclerotic plaque regression [6, 32].

A preclinical study suggested that MIF plays a role in
controlling mammalian life span. The authors observed that
MIF-deficient mice lived longer than their control counter-
parts [33]. Thus, targeting MIF with pharmacological and
nonpharmacological options seems an important matter to
be addressed, with possible beneficial effects affecting health
span or even longevity.

3.2. Dietary Nitrate Reduces MIF Levels. Nutritional inter-
ventions and lifestyle interventions are the cornerstone of
cardiovascular disease prevention strategies. In particular,
adherence to a Mediterranean dietary pattern is of great
importance and has been shown to impact mortality [12].
Although there exists dispute regarding the effect of defi-
nite micro- and macronutrients on vascular functions, the
groundbreaking DASH (Dietary Approaches to Stop Hyper-
tension) trial demonstrated that certain dietary patterns
influence blood pressure [34–36]. Abundant in our everyday
diet and especially in leafy green vegetables is the micronu-
trient inorganic nitrate. Nitrate can be bioactivated via the
reduction to nitrite by symbiotic bacteria in the oral cavity
and is consecutively converted to nitric oxide (NO) [37–
39]. A dietary nitrate supplementation has thus emerged as
a possibility to enhance NO signaling and replenish NO
bioavailability [14, 40]. Improved vascular remodeling was
demonstrated in an animal model of hind-limb ischemia
after dietary nitrate intervention [37]. In healthy volunteers
ingestion of inorganic nitrate enhanced blood flow in com-
bination with a reduction in blood pressure [41]. We showed
that a dietary nitrate supplementation improves endothelial
dysfunction and vascular stiffness in the elderly [18]. These
outcomemeasures have been shown to predict cardiovascular
events in old adults [42, 43]. Succeeding the reversal of age-
related vascular dysfunction with accompanied increased
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Figure 2: (a) MIF levels are correlated with homocysteine levels in the elderly (𝑟 = 0.64, 𝑃 = 0.002). (b) MIF plasma levels are related to
high-density lipoproteins (HDL, 𝑟 = −0.64, 𝑃 = 0.006).

nitrate and nitrate levels [18], we now determined reduced
MIF levels following a 4-week dietary nitrate supplementa-
tion (69.8± 7.1 ng/mL to 49.3± 3.7 ng/mL,𝑃 < 0.05, Figure 3).
No effect was observed for controls (62.9 ± 4.8 ng/mL to 63.3
± 6.0 ng/mL, 𝑃 > 0.05). Clearly, this study cannot provide
a mechanistic link. It remains elusive whether reduced MIF
levels are the consequence of dietary nitrate treatment due
to increased NO bioavailability or the result of improved
vascular functions. Possible interactions following a nitrate-
rich diet have to be considered. MIF has previously been
shown to be targeted by S-nitrosylation and to improve car-
dioprotection after acute ischemia and reperfusion through
modulation of intrinsic oxidoreductase activity [44, 45].
Whether dietary nitrate additionally modifies MIF’s func-
tion in the present study remains speculative and should
be addressed in further research. Nonetheless, there exist
efforts to counteract the age-related low-grade inflammation
through dietary approaches [46]. In a preclinical study
dietary nitrite supplementaton was shown to modulate age-
related inflammatory cytokines in mice [47]. We, however,
only focused on the role of dietary nitrate on MIF. Further
studies are necessary to investigate effects on other cytokines.

3.3. Central Hemodynamics. Chronic inflammation directly
influences premature atherosclerosis and arterial stiffness
[48]. Vascular stiffening is considered one of the most
important alterations to aged vessels. It can be measured
noninvasively and is regarded as an independent predictor of
cardiovascular disease events [43, 49, 50].

Increased vascular stiffness affects timing and magnitude
of central pulse wave reflections, altering central hemody-
namics. Consequently ventricular loading conditions and
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Figure 3: MIF plasma levels are decreased after chronic dietary
nitrate supplementation in elderly volunteers (∗ denotes 𝑃 < 0.05).

coronary blood flow are disturbed and the risk for end-
organ damage is elevated [51]. This impacts on cardiac
functions, limiting prognosis, and is thus implemented in
recent guidelines [52].

Improvements in peripheral vascular functions following
nitrate supplementation with reduced proinflammatory MIF
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Figure 4: Dietary nitrate improves central hemodynamics and arterial stiffness. (a)-(b) Dietary nitrate reduced central systolic blood pressure
(cSBP), while central diastolic blood pressure (cDBP) remains unaffected. (c) Central pulse pressure (cPP) was reduced following nitrate
supplementation. (d) Augmentation pressure (AP) was decreased after nitrate rich diet (∗ denotes 𝑃 < 0.05).

levels suggest an effect on central hemodynamics. Reduced
central systolic blood pressure was determined in the elderly
after nitrate supplementation with no effect on controls
(nitrate 122.5 ± 2.8mmHg to 115.8 ± 4.0mmHg, 𝑃 < 0.05,
and controls 129.8 ± 5.8mmHg to 128.5 ± 4.3mmHg, 𝑃 =
ns, Figure 4(a)). This was accompanied by reduced central
pulse pressure (cPP: nitrate 42.5 ± 2.3mmHg to 38.3 ±
2.8mmHg, 𝑃 < 0.05, and controls 46.8 ± 4.2mmHg to

46.0 ± 3.2mmHg, 𝑃 = ns, Figure 4(b)). No effect was
observed for central diastolic blood pressure in nitrate treated
elderly volunteers (𝑃 = ns, Figure 4(c)). Following inorganic
nitrate ingestion, reduction in diastolic blood pressure has
been described in healthy young volunteers before [13, 53].
We here, however, investigate elderly subjects, who show
alterations in vascular integrity and function. We therefore
suggest an age-dependent effect of dietary nitrate, with no
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effect on diastolic blood pressure. Improvement in central
blood pressure after nitrate supplementation was substanti-
ated by reduced wave reflection and stiffness indices assessed
by augmentation pressure (nitrate 12.4 ± 1.6mmHg to 9.4 ±
1.7mmHg, 𝑃 < 0.05, and controls 15.3 ± 2.1mmHg to 15.2 ±
2.0mmHg,𝑃 = ns, Figure 4(d)).These results are in line with
studies showing attenuation of inflammation through dietary
interventions and associated reductions in arterial stiffness
[54].Theobserved hemodynamic changesmay thus implicate
reduced cardiovascular risk in the elderly following dietary
nitrate supplementation.

4. Conclusion

Our findings show that MIF levels are increased in the
elderly. Following a chronic dietary nitrate supplementation,
reduced MIF plasma levels are observed. Improvement in
vascular functions and inflammation is substantiated by
improved central hemodynamics in the elderly.This supports
the concept of a dietary approach to modulate age-related
vascular alterations.
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Obesity, insulin resistance, and aging are closely associated and adipokines seem to have a crucial role in their pathophysiology. We
aim to study the relationship between aging and chemerin, adiponectin, and leptin levels in type 2 diabetes mellitus (T2DM). Age
correlated positively with chemerin and leptin and inversely with adiponectin. Body mass index (BMI) correlated positively with
leptin (in males) and chemerin and inversely with adiponectin. The patients with ≥65 years (𝑛 = 34) showed significantly higher
leptin and chemerin and lower adiponectin levels than middle-aged (38–64 years) patients (𝑛 = 39) and controls (𝑛 = 20). After
statistical adjustment for length of disease, therewas a loss of significance, betweenT2DMgroups, for adiponectin and, in female, for
leptin. In the older group, BMI correlated with adiponectin and with leptin, but not with chemerin. Adiponectin and leptin levels
in elderly T2DM patients seem to be closely linked to obesity and to length of the disease. In elderly T2DM patients, chemerin
concentrations are increased and seem to be independent of length of disease and BMI, suggesting that adipocyte dysfunction is
enhanced with aging. The understanding of the glucose homeostasis impairment in the elderly is mandatory in order to achieve
ways to improve their quality of life and longevity.

1. Introduction

The world population is rapidly aging and, along with this,
the prevalence of insulin resistance and diabetes is increas-
ing; both conditions are more prevalent in elderly humans
[1]. Type 2 diabetes mellitus (T2DM) is more common at
middle age and afterwards [2]. The impairment of glucose
metabolism in older adults has been associated with a com-
plex group of risk factors that contribute to increase insulin
resistance with aging. Increasing urbanization, aging of the
populations, obesity, and falling levels of physical activity

are important contributors to the rise of diabetes mellitus
worldwide [3].

The growing prevalence of obesity has been reported
as the leading cause of DM prevalence [3]. Indeed, obesity,
especially abdominal obesity, is a strong risk factor for cardio-
vascular disease (CVD) events and for insulin resistance that,
usually, leads to T2DM [4, 5]. A hallmark of human aging
is an increase of adipose mass, especially of visceral adipose
mass, which is an independent risk factor for chronic heart
failure in older people [6]. The age-related increase in hyper-
tension, dyslipidemia, and impaired glucose metabolism, the
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known cluster factors for the metabolic syndrome, seems to
be associated with the increasing prevalence of overweight
and obesity in the elderly. Thus, obesity, insulin resistance,
and aging appear to be closely linked.

Adipose tissue is an active endocrine organ that secretes
several inflammatory cytokines, namely, adipokines, which
interfere with insulin sensitivity, with glucose and lipid
metabolism, and with the inflammatory process [3, 7]. The
pathophysiologic link between obesity and T2DM is not
entirely understood, but adipokines seem to play an impor-
tant role.

Adiponectin is an adipose tissue specific cytokine that
has a protective role against insulin resistance [8] and
anti-inflammatory activity and seems to protect against
metabolic diseases [9]. There are different circulating forms
of adiponectin complexes, low molecular weight (LMW),
medium molecular weight (MMW), and high molecu-
lar weight (HMW) adiponectin; the increase of HMW
adiponectin has been reported as an even better biomarker
of metabolic stress than total adiponectin. Leptin, another
adipokine, enhances the secretion of several cytokines by
inflammatory cells and a reduction in its activity leads to
insulin resistance [10, 11]. Both adiponectin and leptin levels
are known to be altered in obesity [12–15]. According to a
recent study of our group, adiponectin and leptin levels in
T2DM patients are more associated with obesity and less
with diabetes [16]. Actually, high adiponectin levels were
associated with a lower incidence of T2DM [17]. Chemerin, a
more recently identified adipose tissue specific adipokine, has
a crucial role in adipocyte differentiation and development,
as well as in glucose and lipid metabolism [18, 19]. Raised
chemerin levels were found in obese subjects, in prediabetic
states, and in lean, overweight, and obese T2DM patients
[16, 20, 21].

A study on octogenarians with T2DM showed that total
adiponectin, HMW, and MMW adiponectin presented sig-
nificantly higher serum levels, when compared with middle-
aged patients with T2DM [22]. As far as we know, there are
no studies concerning leptin and chemerin levels in older
patients with T2DM.

Our aim was to study the relationship between aging
and the levels of the adipokines, chemerin, adiponectin, and
leptin, in T2DM patients, by studying middle-aged patients
(38–64 years old) and old patients, with more than 65 years
old.

2. Material and Methods

2.1. Subjects. The protocol used was approved by the Com-
mittee on Ethics of the Instituto Superior das Ciências da
Saúde Norte (CESPU), Gandra, Portugal.

We performed a cross-sectional study on Portuguese
adult patients with T2DM. A group of 73 patients with
T2DM selected from the general population was enrolled in
this study, after their informed consent. Patients presenting
inflammatory or infectious diseases and liver or kidney
diseases and receiving any kind of medication that could
interfere with the study evaluations were not included in

the study. An accurate and detailed interview with the
patients was performed in order to collect and record the
clinical characteristics of the disease, sociodemographic data,
and their habits. Patients whose statements were confusing,
unclear, and inconsistent were excluded from the study.
Patients had been diagnosed for a long time with T2DM; the
length of the disease was 9 ± 7 years old (mean ± standard
deviation (SD)). T2DM patients reported that their diet was
low in carbohydrates and fat; all were under treatment with
oral hypoglycemic drugs (sulfonylureas or biguanides).

Patients were divided into 2 groups, according to age, the
middle-aged group, which included patients of 38–64 years
old (56 ± 7 years old; 𝑛 = 39), and the older-aged group
with 65–85-year-old patients (73 ± 5 years old; 𝑛 = 34). Both
groups of patientswerematched for gender (19/18 females and
20/16males, in themiddle and in the older groups, resp.).The
length of disease was 8 ± 6 years for the younger group and
11 ± 8 years for the oldest group; the difference between the
groups was almost not significant (𝑃 = 0.047).

The control group included 20 volunteers without previ-
ous diagnosis of T2DM, who were not under any medica-
tion and matched with both groups of T2DM patients, for
gender, body mass index (BMI), smoking (20% smokers, 16
cigarettes/day for controls; 18% smokers, 17 cigarettes/day for
middle-aged group; 15% smokers, 19 cigarettes/day for older-
aged group), and alcohol drinking habits (55% consume
alcohol, 10 wine glasses/week for controls; 59% consume
alcohol, 10 wine glasses/week for middle-aged group; 53%
consume alcohol, 10 wine glasses/week for older-aged group);
only the middle-aged group of patients was matched for age
with the control.

The type ofmedication, nutrition intake, leisure activities,
smoking, and alcohol drinking habits were similar in both
groups of T2DM patients. Besides the oral hypoglycemic
therapy, none of the patients were receiving any medication
that could interfere with our results (e.g., antioxidants, anti-
inflammatory drugs, and antiobesity therapies).

2.2. Assays. Blood from fasted (12 hours) subjects was col-
lected into tubes without anticoagulant in order to obtain
serum. None of the collected samples was icteric or hemol-
ysed.

Adipokines were evaluated by enzyme immunoassays
(Human Adiponectin, R&D Systems, Minneapolis, USA;
Leptin ELISA, Mercodia, Uppsala, Sweden; Human Chem-
erin ELISA, Biovendor Research and Diagnostic Products,
Heidelberg, Germany). The lipid profile (cholesterol, triglyc-
erides, and high-density lipoprotein cholesterol (HDLc)) and
glucose were evaluated by enzymatic colorimetric methods
(Prestige, PZ Cormay, Lublin, Poland). To determine the
levels of glycated hemoglobin, we used a spectrophotometric
method (Prestige 24i HbA

1C, PZ Cormay, Lublin, Poland).

2.3. Statistical Analysis. We used the Statistical Package for
Social Sciences (SPSS, version 17 for Windows, Chicago,
IL, USA). A 𝑃 value lower than 0.05 was considered as
statistically significant. Comparisons between groups were
performed using Student’s unpaired 𝑡-test or Mann-Whitney
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𝑈 test, according to Gaussian distribution of the substances.
Measurements are expressed as mean ± SD or as median
values (interquartile range), in accordance with Gaussian
distribution. Adjustment for confounding factors was per-
formed using analysis of covariance (ANCOVA), after trans-
formation of variables (when necessary); variables were
linearized by logarithmic transformation and, afterwards,
checked for a Gaussian distribution. The correlation analy-
sis was performed by calculating the Spearman coefficient
correlation. The multiple regression analysis was performed
using stepwise selection with an entry criteria of 𝑃 < 0.05.
All variables included in the regression analysis respected a
linear distribution; when necessary, variables were linearized
and checked for normality.

3. Results

Sociodemographic, clinical, and analytical data of the control
group and T2DM patients are presented in Table 1.

As referred, T2DM patients and controls were matched
for gender, age, and BMI. Patients with T2DM presented
significantly lower levels of adiponectin and higher leptin
and chemerin values, as compared to controls. Concerning
subject gender, we found significantly higher leptin values
for female controls and patients; in addition, female T2DM
patients presented significantly higher values of leptin, as
compared to female controls (Table 1). The female control
group (𝑛 = 12), that included subjects with 62 ± 8 years old
and BMI of 27 ± 2 kg/m2, was matched with female T2DM
patients (𝑛 = 37), who were 64 ± 11 years old (𝑃 = 0.508) and
with a BMI of 28 ± 3 kg/m2 (𝑃 = 0.276). The male control
group (𝑛 = 8) included subjects of 57 ± 10 years old with
a BMI of 25 ± 3 kg/m2 and was matched with male T2DM
patients (𝑛 = 36) which included patients of 64 ± 9 years old
(𝑃 = 0.075) with a BMI of 26 ± 4 kg/m2 (𝑃 = 0.634).

When considering all T2DM patients, their age corre-
lated significantly and positively with chemerin (Figure 1(a))
and leptin levels (Figure 1(b)); a trend towards an inverse
correlation with adiponectin (Figure 1(c)) values was also
observed. Concerning leptin, this correlation was observed
in both females and males (Figure 1(b)). By performing
multiple linear regression analysis, considering adiponectin,
leptin, and chemerin, we found that only Lg

10

leptin was
significantly associated with the age of T2DM patients (𝛽 =
0.371; 𝑃 = 0.001). Moreover, in T2DM patients, BMI was
significantly and positively correlated with chemerin (𝑟 =
0.407, 𝑃 < 0.001) and leptin (𝑟 = 0.490, 𝑃 < 0.001; males: 𝑟 =
0.450, 𝑃 = 0.005; females: 𝑟 = 0.277, 𝑃 = 0.102) and inversely
correlatedwith adiponectin (𝑟 = −0.419,𝑃 < 0.001).Multiple
linear regression analysis showed that Lg
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leptin and Lg
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adiponectin were significantly associated with the BMI of
T2DM patients (𝛽 = 0.352, 𝑃 = 0.003 and 𝛽 = −0.266,
𝑃 = 0.025, resp.).

Analysing our results in accordance with age groups, we
found that glucose, glycated hemoglobin, total cholesterol,
and HDL cholesterol presented similar values for both
groups. The older-aged group, as compared to the middle-
aged group, showed significantly higher levels of leptin (in

both genders) and chemerin and lower values of adiponectin
(Table 2). After statistical adjustment for length of disease,
there was a loss of significance for adiponectin (𝑃 = 0.119)
and for leptin in female patients (𝑃 = 0.117). The female
middle-aged group (𝑛 = 19) included subjects of 55 ± 6
years old with a BMI of 28 ± 3 kg/m2 and the male middle-
aged patients (𝑛 = 20) were 58 ± 7 years old with a BMI
of 25 ± 4 kg/m2. The female older-aged subjects (𝑛 = 18)
were 74 ± 6 years old with a BMI of 28 ± 4 kg/m2 and the
male patients (𝑛 = 16) were 71 ± 4 years old with a BMI
of 27 ± 4 kg/m2. When comparing middle-aged and older-
aged groups, female (𝑃 = 0.469) and male (𝑃 = 0.205) were
matched for BMI.

The middle-aged group, as compared to controls, pre-
sented significantly lower levels of adiponectin (𝑃 =
0.019)and higher levels of chemerin (𝑃 < 0.001). The older-
aged group, as compared to controls, showed significantly
higher levels of chemerin (𝑃 < 0.001) and leptin (𝑃 < 0.001),
both in female (𝑃 < 0.001) and in male patients (𝑃 = 0.002)
and lower values of adiponectin (𝑃 < 0.001). As previously
referred, the control group was matched for gender and BMI
with T2DM patients; however, considering the age groups,
only the middle-aged group was matched for age with the
control group. Therefore, we performed an adjustment for
age, and we found that all differences remained statistically
significant for the older group, except leptin values for males
that lost statistical significance (𝑃 = 0.069).

In the middle-aged group, BMI correlated with
adiponectin (𝑟 = −0.345; 𝑃 = 0.032), leptin (𝑟 = 0.485;
𝑃 = 0.002) at least in females (𝑟 = 0.517; 𝑃 = 0.024), and
chemerin (𝑟 = 0.527; 𝑃 = 0.001). In the older group, BMI
correlated with adiponectin (𝑟 = −0.475;𝑃 = 0.005) and with
leptin when considering both genders together (𝑟 = 0.423;
𝑃 = 0.013), but not with chemerin (𝑟 = 0.190; 𝑃 = 0.282).

4. Discussion

Adiposity and altered adipokine secretion seem to predis-
pose to the development of type 2 diabetes. Adiponectin
plays a protective role against insulin resistance [8] and
has anti-inflammatory activity [9], protecting also against
atherosclerosis [23]. However, the protective role against
cardiovascular diseases is controversial, with several data
reporting a positive association of adiponectin with risk
for all-cause and cardiovascular mortality [24–26]. It has
been proposed that, paradoxically, higher circulating levels
of adiponectin might be a signal of lower diabetes risk and,
simultaneously, a signal of higher CVD risk.

Leptin leads to increased levels of several proinflamma-
tory cytokines and the lack of its activity leads to insulin
resistance [10, 11]. The development of resistance to leptin
effects has been proposed to explain its reduced activity in
obesity [27].

Chemerin plays a vital role in adipocyte differentiation
and development, and it may act as a modulator of different
metabolic pathways in mature adipocyte [18, 19], namely,
in the expression of adipocyte genes involved in glucose
and lipid homeostasis [19]. Moreover, chemerin associates
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Table 1: Sociodemographic, clinical, and analytical data for control group and patients with type 2 diabetes mellitus (T2DM).

Control group
(𝑛 = 20)

T2DM patients
(𝑛 = 73) 𝑃 value

Gender (F/M) 12/8 37/36 0.399
Age (years) 60 ± 9 64 ± 10 0.127
Length of disease (years) — 9 ± 7 —
Body mass index (kg/m2) 26 ± 3 27 ± 4 0.304
Total cholesterol (mg/dL) 210 ± 48 196 ± 52 0.276
HDL cholesterol (mg/dL) 46 ± 18 40 ± 10 0.173
Triglycerides (mg/dL) 97 [64–184] 107 [78–155] 0.633
Adiponectin (𝜇g/mL) 8.3 [6.8–14.2] 6.1 [4.5–7.9] 0.001
Leptin (ng/mL) 6.7 [4.6–14.7] 18.6 [7.1–46.6] 0.004

Male 4.9 [2.2–11.0]a 7.4 [3.2–17.3]b 0.216
Female 15.3 [6.7–25.2] 43.0 [20.8–59.3] 0.002

Chemerin (ng/mL) 89 [66–109] 179 [130–193] <0.001
F: female; HDL: high-density lipoprotein; M: male.
a
𝑃: male versus female <0.01; b𝑃: male versus female <0.001.

Table 2: Body mass index, biochemical, and adipokine data according to age of T2DM patients.

T2DMmiddle-aged group
(𝑛 = 39)

T2DM older group
(𝑛 = 34) 𝑃 value

Gender (F/M) 19/20 18/16 0.721
Age (years) 56 ± 7 73 ± 5 <0.001
Length of disease (years) 8 ± 6 11 ± 8 0.047
Body mass index (kg/m2) 26 ± 4 28 ± 4 0.135
Glucose (mg/dL) 130 [106–172] 126 [100–162] 0.812
Glycated hemoglobin (%) 6.7 [6.1–8.0] 7.1 [6.5–8.0] 0.803
Total cholesterol (mg/dL) 195 ± 56 197 ± 47 0.876
HDL cholesterol (mg/dL) 40 ± 10 40 ± 11 0.970
Triglycerides (mg/dL) 99 [77–152] 129 [92–180] 0.157
Adiponectin (𝜇g/mL) 7.0 [5.2–10.1] 5.4 [3.7–7.6] 0.012∗

Leptin (ng/mL) 12.4 [3.4–21.6] 37.9 [17.7–57.8] <0.001
Male 4.8 [2.0–7.5]a 18.4 [9.4–19.8]a <0.001
Female 21.6 [17.0–48.0] 55.9 [42.4–63.0] 0.001∗

Chemerin (ng/mL) 145 [107–180] 188 [169–219] <0.001
F: female; HDL: high-density lipoprotein; M: male.
∗Loss of significance after statistical adjustment for length of disease.
a
𝑃: male versus female <0.001.

with several metabolic syndrome markers, such as BMI,
triglycerides, blood pressure, and insulin resistance [28, 29].
It was reported recently that insulin resistance seems to be a
predictor of chemerin levels, independent of BMI [30].

In the present work, the studied Portuguese patients with
T2DM, as compared to controls, presented lower levels of
adiponectin and higher values of chemerin and leptin, in
accordance with published data [13, 21, 31].

As referred, aging is known to be associated with increas-
ing insulin resistance, weight, and adiposity gain. According
to our data, aging in T2DM patients is associated with an
altered adipokine secretion, as shown by the significant and
positive correlationswith leptin and chemerin and the inverse

correlation with adiponectin. To further analyze these results
in accordance with age, we studied and compared middle-
aged and older T2DM patients.

Concerning adiponectin, controversial data exists in
literature; some authors reported that, in healthy subjects,
its levels increase with age [32], while others found those
changes only for males [33]; in opposition, Vilarrasa et al.
referred to a decline in adipokine levels with age [34]. A
decrease in adiponectin clearance by the kidney was pointed
as a possible cause for the adiponectin increase with age [32],
while others suggested that the high levels of adiponectin
in those with acute coronary syndrome or heart failure
may be the reflection of a salvage mechanism to improve
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Figure 1: Correlations found between age and levels of chemerin (a), leptin (b), and adiponectin (c).

insulin resistance and fatty acid metabolism [35]. Higher
adiponectin levels were strongly associated with a lower risk
for impaired glucose metabolism and T2DM, suggesting that
adiponectin is involved in the pathophysiologic mechanisms
linking obesity to type 2 diabetes [17]. Indeed, treatment of
elderly T2DM patients with glimepiride improved insulin
resistance, which was linked to an increase in adiponectin
and a decrease in tumour necrosis factor-𝛼 levels [36].
According to Wannamethee et al., the association between
low adiponectin and an increased risk for diabetes appears to
be significantly stronger in older obese men than in leaner
counterparts; low adiponectin levels were also associated
with increased risk of T2DM even after adjustment for BMI,
lifestyle factors, preexisting cardiovascular disease, and sys-
tolic blood pressure [37]. As referred, a study of octogenarian
patients with T2DM showed that total adiponectin, as well
as HMW and MMW adiponectin, levels were significantly

higher, as compared with middle-aged patients with T2DM
[22].

In our study, we found that the older T2DM patients
presented significantly lower adiponectin levels, when com-
pared with middle-aged T2DM patients and with controls.
However, after statistical adjustment for length of disease, the
difference in adiponectin levels found between age groups
was lost. The difference between our results and those from
Graessler et al. [22] might be related to the age of the patients
and/or to the adipose mass content, since our patients were
younger (73 ± 5 years old) and presented a trend towards
higher BMI. We must emphasize that we found a significant
inverse association between adiponectin and BMI values, as
already observed by others [34], when considering all T2DM
patients and when considering middle-aged or older patients
separately, suggesting that, in T2DM patients, adiponectin
levels are dependent on BMI values. Besides, as the significant
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difference of adiponectin levels found between T2DM age
groups was lost after adjustment for length of the disease,
it seems that, in T2DM patients, adiponectin levels are also
dependent on the length of the disease.

Data concerning the relationship between leptin levels
and aging in healthy population is also controversial. While
some authors reported that leptin decreases with age [38],
others did not find any change [39–41]; and others referred
to an increase and a positive correlation of leptin with
aging in elderly subjects [42, 43], at least in the overweight
elderly [44]. Controversial data also exists concerning the
relationship of leptin with BMI; some data refer to a positive
association between leptin and BMI in the elderly [42, 43, 45],
while others reported that leptin values are independent of
BMI [38]. Aging has been also associated with resistance
to leptin and/or with a decrease in leptin receptors [44].
The study by Wannamethee et al. in older men (60–79
years old) showed that the association between leptin and
incident diabetes was mediated by insulin resistance and
that high leptin levels were associated with increased risk
for T2DM, even after adjustment for BMI, lifestyle factors,
preexisting cardiovascular disease, and systolic blood pres-
sure [37]. Another study in elderly men showed that leptin
was increased and positively associated with all metabolic
syndrome components, namely, with insulin resistance and
abdominal fat [46]; aging was associated with an increase
in insulin resistance and with a decrease in glucose uptake,
which is influenced by leptin. Our data in elderly Portuguese
T2DM patients are in accordance with these studies showing
an increase in leptin levels; however, after statistical adjust-
ment for length of the disease, the significant increase in
leptin for older females, as compared tomiddle-aged females,
was lost, suggesting that leptin levels are also dependent
on the length of T2DM. Moreover, we found that leptin
values in T2DMpatients were positively associatedwith BMI.
Increasing leptin might be regarded as a marker of risk
as it has been associated with insulin resistance, increased
secretion of proinflammatory cytokines, increased onset of
depressive symptoms [47], T2DM, and estimated age-related
cognitive change in elderly men [48].

Data regarding the relationship of chemerin levels with
age are scarce; but, according to Aronis et al., age is positively
correlated with chemerin [49]. As far as we know, there is no
evaluation of the relationship between chemerin levels and
age in T2DM. Our results showed that older T2DM patients
presented higher chemerin levels compared to middle-aged
T2DM group and to controls; these results strengthen the
proposal that chemerin increases insulin resistance, which
increases with age. After statistical adjustment for length of
disease, the significant increase of chemerin levels in the
oldest T2DM group remained significant, suggesting that
chemerin levels are dependent on age. In spite of the correla-
tion observed between chemerin and BMI when considering
all T2DM patients, we found that when considering the older
group of patients this correlation was no longer observed,
suggesting that, in older T2DM patients, the chemerin values
are not dependent on BMI. Indeed, insulin resistance seems
to be a predictor of chemerin levels, independent of BMI [30];
actually, in a recent study from our group, we found that

chemerin was raised in lean, overweight, and obese T2DM
patients [16]. It seems that in T2DM, independently of BMI,
a dysfunction in adipose tissue occurs and is enhanced with
age.

A comprehensive understanding of the impairment in
glucose homeostasis in the elderly is necessary in order to
achieve ways to improve their quality of life and longevity.
Older T2DM patients, by presenting an altered adipokine
secretion, may be at a higher risk for CVD events. These
patients should be encouraged to adopt strategies to reduce
the CVD risk, by implementing healthy diet habits and
physical exercise practice. Indeed, we reported recently that
the practice of moderate walking on a regular basis was
sufficient to reduce chemerin levels in T2DM patients [50],
which may improve their insulin sensitivity and lipid profile.

5. Conclusions

In summary, adiponectin and leptin levels in elderly patients
with T2DM seem to be closely linked to obesity and to length
of the disease. In the older group of T2DM patients, circu-
lating chemerin concentrations are increased and seem to be
independent of the length of disease and BMI, suggesting that
adipocyte dysfunction is enhanced with aging.
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weight loss and exercise on chemerin serum concentrations
and adipose tissue expression in human obesity,” Metabolism:
Clinical and Experimental, vol. 61, no. 5, pp. 706–714, 2012.

[31] M. I. Schmidt, B. B. Duncan, A. Vigo et al., “Leptin and incident
type 2 diabetes: risk or protection?” Diabetologia, vol. 49, no. 9,
pp. 2086–2096, 2006.

[32] T. Isobe, S. Saitoh, S. Takagi et al., “Influence of gender, age
and renal function on plasma adiponectin level: the Tanno and
Sobetsu study,” European Journal of Endocrinology, vol. 153, no.
1, pp. 91–98, 2005.

[33] M. Adamczak, E. Rzepka, J. Chudek, and A. Wiecek, “Ageing
and plasma adiponectin concentration in apparently healthy
males and females,” Clinical Endocrinology, vol. 62, no. 1, pp.
114–118, 2005.

[34] N. Vilarrasa, J. Vendrell, J. Maravall et al., “Distribution and
determinants of adiponectin, resistin and ghrelin in a randomly
selected healthy population,”Clinical Endocrinology, vol. 63, no.
3, pp. 329–335, 2005.

[35] M. B. McEntegart, B. Awede, M. C. Petrie et al., “Increase in
serum adiponectin concentration in patients with heart failure
and cachexia: relationship with leptin, other cytokines, and B-
type natriuretic peptide,” European Heart Journal, vol. 28, no. 7,
pp. 829–835, 2007.

[36] T. Tsunekawa, T. Hayashi, Y. Suzuki et al., “Plasma adiponectin
plays an important role in improving insulin resistance with



8 BioMed Research International

glimepiride in elderly type 2 diabetic subjects,” Diabetes Care,
vol. 26, no. 2, pp. 285–289, 2003.

[37] S. G. Wannamethee, G. D. O. Lowe, A. Rumley, L. Cherry, P. H.
Whincup, and N. Sattar, “Adipokines and risk of type 2 diabetes
in older men,”Diabetes Care, vol. 30, no. 5, pp. 1200–1205, 2007.

[38] A. M. Isidori, F. Strollo, M. Moré et al., “Leptin and aging:
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Ageing and longevity is unquestioningly complex. Several thoughts and mechanisms of ageing such as pathways involved in
oxidative stress, lipid and glucose metabolism, inflammation, DNA damage and repair, growth hormone axis and insulin-like
growth factor (GH/IGF), and environmental exposure have been proposed. Also, some theories of ageing were introduced. To
date, the most promising leads for longevity are caloric restriction, particularly target of rapamycin (TOR), sirtuins, hexarelin and
hormetic responses. This review is an attempt to analyze the mechanisms and theories of ageing and achieving longevity.

1. Introduction

Ageing and longevity is unquestioningly complex. The het-
erogeneity of ageing phenotype on the one hand and length
of life span on the other, in subjects of the same species, are
due to input of both genetic and environmental factors.While
everybody is familiar with ageing, the ageing defining it is
not so straightforward. Frequently, it has been defined as the
collection of changes that reduce human length of life span.

The great interest in the ageing researchwhich is observed
lately has been inspired by lengthening of the average human
life span (age at which 50% of a given population survives),
lengthening of the maximum human life span (longest-
lived member of the population), and elevated percentage
of the elderly and very elderly in the populations [1]. Sev-
eral thoughts and mechanisms of ageing such as pathways
involved in oxidative stress, lipid and glucose metabolism,
inflammation,DNAdamage and repair, growthhormone axis
and insulin-like growth factor (GH/IGF) [2], and environ-
mental exposure [3] have been proposed. Also, some theories
of ageing have been introduced.

Generally speaking, ageing humans die from age-related
diseases, such as heart failure, myocardial infarction, stroke,
diabetes mellitus, cancer, Alzheimer’s, Parkinson diseases,
osteoporosis, and osteoarthritis. Lately, many tactics have
been proposed for enhancing human longevity [4] with vary-
ing degrees of success. Such example is a caloric restriction [5,

6], hormonal replacement [7], and antioxidant treatment [8,
9]. Also, some strategies for enhancing human longevity were
introduced, for example, engineered negligible senescence
proposed byDeGrey [10] and nucleic acid therapy; see review
by Lai [11]. Last 2 decades, the genes responsible for ageing or
genes that promote longevity have also begun to be cloned
[12, 13].

In this review, the epidemiological and clinical studies
according to ageing, longevity, and exceptional longevity as
well as the ageing theories, gender differences, and successful
and unsuccessful ageing will be analyzed.

2. Epidemiological Studies of Ageing

Two centuries ago, the human average life span was below 40
years. Fortunately, nowadays, the life span rose to approxi-
mately 80 years in many developed countries (see details at
http://www.mortality.org.) [14, 15].

3. Causes of Ageing (Primary and Secondary)

Causes of ageing can be simplified as primary and secondary.
Primary ageing is not attributed to a specific cause and is
referred to currently expected sum of changes, physiological,
genetic, and molecular, that occurs with the passage of time
from fertilization to death (slowmovements, declining vision
and hearing, inability to adapt to stress, decrease in resistance
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to infections, and others).The aggravated causes of ageing can
be called as secondary causes. For example, secondary age-
ing processes result from degenerative diseases (mentioned
above) and poor health practices (lack of exercise, smoking,
excess fat ingestion, and other forms of self-damage).

3.1. We Are Ageing. We cannot escape the physical nature
of life and the direct relationship of genetics, enviromental
influences (mass/energy and gravity plays a significant role in
all life processes), chemistry, and generally the fundamental
physics of the universe. There are several theories of ageing
which have been developed in the last century.

3.1.1. Theory of Evolutionary Ageing. When words such as life
or ageing are so obvious and at the same time so indefinable
that no definition is provided in the scientific literature,
it is frequently useful to look into the words we routinely
use when talking about them. Thus, life can be defined as
accidental changes in the store of information, which raise
the chance of surviving. Furthermore, life means the ability
to adapt to one’s environment and its own limitations. On the
other hand, we have accepted that ageing is the unchangeable
component of our life.

There are 4 main concepts in current evolutionary geron-
tology based on classical evolutionary process concepts. In
1889, August Weismann theorized that ageing is part of life’s
program because the old need to remove themselves from the
place to make space for the following generations. In 1952,
Peter Medawar suggested (Medawar’s theory) that ageing is
a subject of neglect (late-acting deleterious mutations can
remain in the population simply because natural selection
does not act against them) [16]. He believed that nature is a
very competitive place, and practically all species die before
they reach old age. Thus, there is not any reason why their
bodies should stay fit for long time. Particularly, almost all
will be killed by predators or disease or by accident. In 1957,
Williams further developed Medawar’s theory. He proposed
the theory called antagonistic pleiotropy (one gene that has
two or more effects on the phenotype) [17]. Generally, this
means that genes, which were favorable early in life, will cost
us later on. He also suggested that senescence might cause
many deaths. For example, in the earliest stages of senescence,
even a small loss of speed movement can cost the animal
to be caught by predators, while younger animals can run
away successfully. In 1977, Kirkwood proposed a third theory
of ageing called disposable soma theory (body must budget
the amount of energy available to it) [18]. Natural selection
encourages the spread of traits that enable a higher energy
investment in reproduction, which comes at the expense of
a lower energy investment in maintenance processes. This
is not always a case. For example, the energy required for
body preservation and repair is relatively minor compared
to the energy required for gestation. Yet, the male animals
have similar or even decreased life spans compared to females
who need higher energy (gestation and other reproductive
activities). The fourth theory is the negative senescence theory
introduced by Lee in 2003 [19] and by Vaupel et al. in 2004
[20]. They believed that natural selection forces could be

effective in postreproductive individuals when intergenera-
tional transfers take place.

As a final point, the stochastic factors that influence
the lifespan should be mentioned. Even genetically identical
subjects, who are grown in a common environment, do not
have the same life span [21].

3.1.2. Cellular Theory of Ageing. Hayflick in 1974 introduced
the Hayflick limit, suggesting that primary mammalian cells
grown in culture have a finite replicative capacity and when
the cells achieve their greatest number of divisions, they
undertake growth arrest and become senescent [22]. Another
molecular theory is the telomere shortening theory; see review
by Tzanetakou et al. [23], which suggests loss in telomere
length with every cell division.

Replicative senescence or cellular senescence is weakening
and dyeing of cell after several numbers of times that
cells have been divided [23]. It is noteworthy to mention
the apoptosis hypothesis. Apoptosis is a programmed cell
death, which is responsible for killing infected, cancer,
and other abnormal cells. Thus, the presence of apoptosis
should not be problematic for ageing. However, later in
life, the apoptosis can affect also the healthy cells. This
hypothesis can be viewed as a special case of the antago-
nistic pleiotropic theory; see above. Oxidative stress is also
believed to be a major mediator, since cellular senescence
can be prematurely triggered by various traumatic stim-
uli such as DNA injury and abnormal oncogene activity
[24].

3.2. Gender, Ethnicity, and Ageing/Longevity

3.2.1. Gender. Inmost countries, women live longer thanmen
[25]. Worldwide, 75% and 90% of very elderly individuals
(aged 100 years and 110 years, resp.) are women. This has
occurred due to the following. (1) Lower mortality: the
mortality rate is lower in childhood and adolescence women
compared with men at the same age [25]. The cause of death
in young men is frequently due to accident (motorcycling,
fighting, diving, and other unsafe activities). (2) Evolutionary
theory: a high accidental death rate determines fast ageing
(men do not live long enough to experience ageing) [26, 27].
(3) Mammalian target of rapamycin (mTOR): testosterone
activates the mTOR pathway [28] and in turn the mTOR
stimulate cellular growth and hypertrophy [29]. Thus, the
activation of mTORmay offer a benefit in early life for which
men have to pay by accelerating ageing later. (4) Presence
of two copies of X chromosomes: the occurrence of 2 X
chromosomes in women allows additional cell viability and
proliferative capacity.

3.2.2. Ethnicity. The ethnic differences in ageing and
longevity are still not very well documented. It is possible
that some of the differences in ageing among ethnic
groups may be explained by discrepancies in healthcare,
environmental and economic status, and life occupation
[30].
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Also, genetic factors that play major role in ageing
and longevity are different among subjects with different
ethnicity. Many metabolic-regulating genes were found to
correlate with longevity according to the ethnicity [31].
Barzilai et al. [32] suggested that exceptional longevity was
associated with approximately a 3-fold increased frequency
of homozygosity V of CETP (cholesterol ester transport
protein) I405V gene in the Ashkenazi Jewish. Soerensen et
al. [33] found that CETP gene polymorphism is associated
with longevity in oldest-old (ages 92-93) Danes population.
Our research group [31] have not found any differences
in genotypes/allele frequency of both (TaqB1 and I405V)
CETP gene polymorphisms in Greeks. Similarly, Cellini
et al. did not confirm the association between the CETP
I405V variation and the healthy aging phenotype in Italians
[34].

3.3. Genes Increasing Life Span or Reducing Ageing. Generally,
it is accepted that longevity referred to someone who lives
longer than the age of 90 years. The family longevity can
be considered in the family irrespectively of whether the
individuals still living were over the age of 90 years [35].
Some studies are using family longevity selection score
(FLoSS), which is a summary measure based on the survival
experience of the oldest living generation of siblings relative
to what would be expected based on birth cohort life tables
[36]. The exceptional longevity refers to survival outcomes
and longevity that does not have any threshold; this can
be with/without disease or disability. The disability and/or
morbidity towards the end of very long lives have been found
to be strongly familial [37]. Usually, the exceptional longevity
referred to a personwho lives in good health andmuch longer
than 91 years of age for males and 95 for females. Survival to
age of 100 is an uncommon occurrence (2men and 14 women
out of 1000 from 1900 birth cohort survived to age 100).

On the basis of demographic data, Avery et al. [38] pro-
posed two terms of exceptional longevity: relative and abso-
lute. Relative exceptional longevity suggests that longevity
is concept country/population specific and must take into
consideration the life expectancy of the different popula-
tions/countries, which show great variability owing to his-
torical, anthropological, and socioeconomic differences. In
the absolute exceptional longevity term, longevity could be
defined according to the maximum life span attained and
scientifically validated by human beings in the planet.

The genes, which are associated with longevity such as
insulin-like growth factor 1 (IGF1), IGF1 receptor (IGF1R),
phosphatidylinositol 3-kinase (P13K), PTEN (phosphatase
and tensin homolog), AKT, and FOXO (forkhead box tran-
scription), have primary roles in other physiological proce-
dures and particularly in signal transduction [39]. Thus, it
seems that natural selection does not affect genes that cause
ageing, but ageing occurs as a consequence of pleiotropic
effects of genes that are involved in other procedures [40].
Most life-extension effects have been found to result from
hypomorphic (reduction in gene (protein, RNA) expression,
but not a complete loss) or nullomorphic (complete loss
of function) mutations, which means that the wild-type

gene shortens life span [39]. Thus, the wild-type genes
(gerontogenes) indicate a negative effect on life span longevity
and blocking their expression should increase the life span.
Oppositely, for longevity genes, the nullomorphic alleles result
in life shortening.

Furthermore, the gerontogene mutants show decreased
strength and fail to compete with wild-type animals [41]. On
the other hand, the longevity mutations increase the ability to
handle oxidative stress and starvation [42].

3.3.1. Genes Associated with Longevity. In addition to testing,
genes known to be associated with age-related diseases and
phenotypes for association with longevity and genes known
to promote longevity in model organisms have been exam-
ined in human populations. The insulin-signalling pathway
negatively regulates the FOXO factor [43]. When insulin
or IGF signalling is low, FOXO is activated and life span
extension occurs [44]. An overrepresentation of rare IGF1R
mutations has been observed in centenarians [45]. These
mutations are associated with reduced activity of IGF1R as
measured in transformed lymphocytes [45].

The FOXO3A alleles were associated with longevity in
Asian and European populations [46]. It is noteworthy
to mention that the alleles associated with longevity are
unlinked to known coding single nucleotide polymorphisms
(SNPs), so the functional SNPs may affect gene expression
rather than protein activity. Willcox et al. [44] found that
common, natural genetic variation within the FOXO3A gene
was strongly associated with human longevity and was also
associated with several phenotypes of healthy aging [44]. In
two replication studies, the odds ratios of the FOXO3A alleles
were 1.26 for a German population and 1.36 for a Chinese
population [46, 47]. These alleles in long-lived individuals
may promote better health and contribute towards extended
life span by increasing expression or activity of FOXO3A.

Genes associated with human longevity that have been
replicated in various populations are FOXO3A and APOE
[46–48]. Flachsbart et al. [46] extended the initial finding
observed in Japanese men to women and found that both
genders were likely to be equally affected by variation in
FOXO3A and suggested as a susceptibility gene for prolonged
survival in humans. Also, replication in a French centenarian
sample produced a trend that supported the previous results
[46]. However, these genes account for only a small portion
of the genetic contribution to longevity measured through
family heritability studies [49].Thus, much of the heritability
of life span remains to be clarified.

4. Successful Ageing

The rate of ageing may not be synchronous with chronologic
time. Elderly individuals have very heterogeneous health
phenotypes. A significant number of the elderly are func-
tionally independent and are surviving well into their 9th,
10th, and even 11th decade of life. Nowadays, there is no
shortage of definitions concerning life and successful ageing.
Particularly, there are evidences that interventions such as
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physical activity can reduce disability and promote better
health in late life, and morbidity becomes compressed into a
much shorter duration [50]. It seems that longer-lived species
possess several mechanisms for offsetting damage (oxidation,
telomere shortening, and others) more effective than those of
shorter-lived species.

There are several factors associated with successful age-
ing. One very important factor is the personality, which has
been linked to health outcomes and longevity [51]. Kato
et al. [52] evaluated the personality of centenarians by the
personality outlook profile scale and demonstrated that the
centenariansmay share particular personality characteristics.
They suggested that genetically based aspects of personality
might play an important role in achieving positive health
outcomes and exceptional longevity. Christensen et al. [53]
studied health and performance assessment of Danish elders
who were born in 1905 and reported the functional indepen-
dence (physical and cognitive performance) as definition of
successful ageing. Fried et al. [54, 55] have developed and
implemented standardized tests of physical and cognitive
function measured in a large cohort of studies such as
the cardiovascular health study [54, 55]. The results on
the survivors of this study were published by Newman et
al. [56]. They reported that measurement of physical and
cognitive function, rather than a simple count of comor-
bid conditions, is a key component for a definition of
successful ageing. Similar results were found by Long Life
Family and the Framingham studies [57, 58], the Swedish
Centenarian study [59], and the Honolulu Heart study
[60].

Thus, the successful aging can be characterized by
avoidance (or late onset) of diseases and disabilities and
preservation of desirable cognitive and physical function and
social activities all through the life span.

5. Unsuccessful Ageing

Unsuccessful ageing is characterized by frailties, cognitive
decline, and diminishing of executive function [61]. Many
conditions have been identified to be responsible for decline
of old person. Population-based studies performed in healthy
elderly demonstrated that only 30% of population examined
could be defined as successfully aged [62]. Although disabili-
ties such as heart disease, diabetesmellitus, hypertension, and
infections are regularly assessed in ageing individuals with
possible stabilization, the cognition and neuropsychiatric
disorders in healthy elderly are infrequently evaluated [63].
Particularly, conditions of impaired cognition and of apathy
on nondemented healthy elderly are underestimated, espe-
cially that these conditions can be responsible for reduced
autonomy and increased carelessness and progressive wors-
ening of comorbidities [64]. Also, obesity and/or arthritis are
significantly related to decreased active life expectancy and
higher degrees of disability [65]. Similarly, the osteoporotic
fracture (frequently present in elder noneasy mobile individ-
uals) results in early death or loss of mobility [66]. Addi-
tionally, the elderly with Alzheimer’s disease demonstrate
reduced life expectancy [67].

6. Adaptability

The unique functional flexibility of centenarians suggests
programming of biological pathways that promotewell-being
in old age. The long-term follow-up of the very elderly
populations has provided evidences for adaptive capacity of
certain physiologic systems and promoted long-term survival
beyond reproduction [68]. For example, although ageing
is related to muscle fiber atrophy and declined number of
motor units, there is compensatory increased size of the
averagemotor unit, innervation, and number of acetylcholine
receptors per motor unit [69]. Also, although the decline of
brain volume is observed with ageing, Venkatraman et al.
[70] have shown compensatory increased functional activity
in the right posterior parietal cortex among elders with high
cognitive function. Also, Kantarci et al. [71] reported that
memory, language, attention, and executive functions among
elders without dementia are correlated with increased levels
of activity of the cingulum of posterior cortex.

7. Familial Components of Longevity

There are data which reported that longevity is heritable, with
heritability ranging from 20%–30% [72] to approximately
50% [73]. Also, the factors such as smoking, bodymass index,
and mortality are very crucial for human life span [72].

However, aging is not always hereditary and the aging
process may be different among generations in families. As
is mentioned earlier, many factors can contribute to way of
aging and to life expectancy. Human cells have processes such
as DNAmethylation, histone modifications, and ncRNA that
can be regulated by epigenetic modifications [74]. Longevity
depends, also, on the environment exposure during life span
and through changes that may occur to the epigenome that
affect the rate of aging [74].

8. Candidate Genes

The possible candidate genes responsible for ageing and
longevity in humans are usually identified previously in
animal models [75, 76]. The biggest problem with this
procedure is that some gene families containing one gene
in an animal model have several human homologs [77].
Another approach for identifying candidate gene is to study
the gene expression (changes with ageing), which also has
same limitations (choice of a tissue, studded group) [78].The
range of genes involved in the ageing until now seems to be
widespread [79].

The mutation in the age-1 gene in Caenorhabditis elegans
(free-living and transparent roundworm) was the first to be
identified as longevity mutant [80]. The age-1 gene encodes
PI3K [81] which has a key role in a signaling pathway
(homologous to the mammalian IGF1 pathway) and eventu-
ally targets the transcription factor FOXO. FOXO regulates
the expression of several genes that mediate stress resistance,
metabolic processes, and toxin degradation [82].
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9. Ageing Studies

Genetic studies of human life span have several advantages
and disadvantages. The study cohorts usually vary and
involve cohorts such as individuals born 90–100 years ago,
after adolescence, same-sex twins, deaths after 90 years old,
families with individuals with extreme longevity, and others.

Furthermore, the studies have various study designs such
as linkage analysis (genetic mapping in humans), candidate-
gene association studies, and longitudinal studies. The diffi-
culty with linkage analysis according to longevity studies is
that it requires large cohort study. Concerning the candidate-
gene association studies, they usually compare the genotypes
of subjects with exceptional longevity with those of the
younger, which also have same limitations with the most
serious lack of replication. In the longitudinal studies, the
study cohort is followed for years. This kind of studies is less
prone to biases than candidate-gene association studies.

9.1. Centenarian Studies. One approach to find candidate
gene of ageing is to search for genetic differences between
centenarians and average-aged individuals. The alleles with
higher frequency in centenarians possibly affect genes that are
important for longevity. A genome-wide scan for such predis-
posing loci was conducted by using 308 individuals belonging
to 137 sibships demonstrating exceptional longevity. By using
nonparametric analysis, significant evidence for linkage was
noted for chromosome 4 [83]. Geesaman et al. [84] from
the same research group tested the same variant in a second
cohort of long living individuals from France, and this
association was not replicated. However, genotyping 2000
single nucleotide polymorphisms (SNPs) within this 12Mb
locus revealed an association between microsomal transfer
protein (MTP) and human life span [84]. This finding also
could not be replicated in French or German populations
[85].

The majority of studies comparing the genotypes of
long-lived individuals to those of average-aged individuals
are rather candidate-gene approaches than genome-wide
analysis. For example, the 𝜀4 allele of apolipoprotein E
(APOE) gene is well known to increase risk of cardiovascular
disease and Alzheimer’s disease [48, 86]. The 𝜀4 allele was
found in lower frequency in nonagenarians and centenarians
suggesting that individuals with this allele do not live as
long as those without it [87]. Oppositely, the frequency of 𝜀2
allele is increased in long-lived individuals and may offer a
protective effect for cardiovascular disease and Alzheimer’s
disease [86, 87].

Atzmon et al. [88] genotyped 213 Ashkenazi Jewish
centenarians, their offspring, and an age-matched Ashke-
nazi control group for 66 polymorphisms in 36 candidate
genes related to cardiovascular disease. They found that
the prevalence of homozygosity for the −641C allele in the
APOC3 promoter (rs2542052) was higher in centenarians
(25%) and their offspring (20%) than in controls (10%). This
genotype was associated with significantly lower serum levels

of APOC3 and a favorable pattern of lipoprotein levels and
sizes [88].

Our group has evaluated in nonagenarians, centenari-
ans, andmiddle-aged individuals the angiotensin-converting
enzyme (ACE) gene, which is an important gene of the
renin-angiotensin-aldosterone system (RAAS) that has been
involved in the pathogenesis of hypertension, coronary artery
disease, heart failure, and recently longevity [31]. We found
that the I alleles of ACE gene were more frequent in cente-
narians compared to nonagenarians and controls. However,
Yang et al. [89] did not find any association betweenACE gene
polymorphism and longevity in a Han Chinese population.
Similarly, Blanché et al. [90] in a French centenarian cohort
did not confirm the ACE gene association with longevity and
discussed the risk of reporting false positive associations.

One of the theories of ageing is telomere shortening (see
above). Telomeres are noncoding double-stranded repetitive
structures at the ends of mammalian chromosomes [23].
Among other functions, they prevent chromosome degra-
dation and maintain genome integrity. Telomeres become
shorter with each cell division and once reach a crucial length
they become dysfunctional and are no longer protective
towards chromosomes. Shortening of the telomeres at the
ends of chromosomes has been associated with age-related
disease and mortality [91]. A recent study identified a com-
mon haplotype of four SNPs in the human telomerase reverse
transcriptase gene (hTERT) that is present more frequently
in centenarians and is associated with longer telomere length
[92]. It was also shown that centenarians and their offspring
maintain longer telomeres compared with controls and that
longer telomeres are associated with protection from age-
related diseases, better cognitive function, and lipid profiles
of healthy ageing [93].

Some of the most frequent studied genes concerning
human longevity were summarized in Table 1.

10. Management

To date, the most promising leads for longevity are caloric
restriction [5, 6], targeting of rapamycin (TOR) [123], sirtuins
[124], hexarelin [125], and hormetic responses [126]. Treated
mice with resveratrol histone deacetylase sirtuin-1 (HDAC
SIRT1) and high-fat diet increase life span, apparently mim-
icking the well-established contribution of caloric restriction
to longevity [127].Chromatin-modifying agents are currently
being tested as novel cancer therapies [128].

10.1. Glycogen Synthase Kinase-3 (GSK-3). The GSK-3 family
of serine/threonine kinases was first purified and then later
cloned by Woodgett [129]. Its action is to phosphorylate
and negatively regulate glycogen synthase (the rate-limiting
enzyme in glycogen synthesis) [130, 131]. The substrates that
are phosphorylated by GSK-3s can be classified into four
categories: metabolic enzymes, signaling molecules, struc-
tural proteins, and transcription factors, typically involved
in regulating cell proliferation and differentiation, cellular
metabolism, cell survival, and cell cycle regulation [132]. In
addition, GSK-3 has been related to several chronic diseases
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Table 1: Some of the most frequent studied genes concerning
human longevity.

Gene References

CETP

Barzilai et al. 2003 [32]
Atzmon et al. 2005 [94]
Cellini et al. 2005 [34]
Novelli et al. 2008 [95]
Sanders et al. 2010 [96]
Soerensen et al. 2013 [33]
Kolovou et al. 2014 [31]
Sun et al. 2013 [97]

IGF pathway

Bonafè M et al. 2003 [98]
Suh et al. 2008 [45]
Albani et al. 2011 [99]
Soerensen et al. 2012 [100]

FOXO family

Bonafè et al. 2003 [98]
Willcox et al. 2008 [44]
Soerensen et al. 2010 [101]
Zeng et al. 2010 [102]
Kleindorp et al. 2011 [103]

ACE

Schachter et al. 1994 [87]
Faure-Delanef et al. 1998 [104]
Panza et al. 2003 [105]
Forero et al. 2006 [106]
Nacmias et al. 2007 [107]
Blanchè et al. 2001 [90]
Petranović et al. 2012 [108]
Fiuza-Luces et al. 2011 [109]
Kolovou et al. 2014 [31]

SIRT1

Flachsbart et al. 2006 [110]
Kuningas et al. 2007 [111]
Kim et al. 2012 [112]
Huang et al. 2013 [113]

Klotho
Arking et al. 2002 [114]
Arking et al. 2005 [115]
Invidia et al. 2010 [116]

hTERT Atzmon et al. 2005 [94]
Atzmon et al. 2010 [93]

APOE

Kervinen et al. 1994 [48]
Schachter et al. 1994 [87]
Blanché et al. 2001 [90]
Wang et al. 2001 [117]
Panza et al. 2003 [105]
Feng et al. 2011 [118]
Nebel et al. 2011 [119]
Sebastiani et al. 2012 [120]
Soerensen et al. 2013 [33]
Schupf et al. 2013 [121]
Beekman et al. 2013 [122]

IGF-1R: insulin-like growth factor 1 receptor, CETP: cholesteryl ester transfer
protein, FOXO: forkhead box transcription, SIRT 1: sirtuin 1, hTERT: human
telomerase reverse transcriptase, Apo: apolipoprotein, ACE: angiotensin-
converting enzyme.

such as diabetes and Alzheimer’s disease. However, it was not
clear whether GSK-3 might regulate aging [132].

Zhou and Force [132] through targeting GSK-3𝛼 in mice
found that there was acceleration in development of age-
related pathologies in multiple organ systems (bone/skeletal
system, gut, and liver), followed by increased inflammatory
cytokines.

In addition, Zhou et al. [133] found that GSK-3𝛼 is a
critical regulator of mTORC1, autophagy, and aging. When
GSK-3a is absent, aging/senescence is accelerated in multiple
tissues [133]. A potential medical therapy to elderly people
could maintain GSK-3𝛼 activity and/or inhibit mTOR, in
order to delay the appearance of age-related pathologies.

10.2. Cholesteryl Ester Transport Protein (CETP) Inhibitors.
The CETP may have pro- or antiatherogenic properties
depending upon the lipid metabolic setting [31, 134]. High-
density lipoprotein (HDL) particles are influenced by CETP
activity; CETP promotes the exchange of cholesteryl esters
for triglycerides (TGs) between HDL particles and TG-
rich lipoproteins [31, 135]. Ordovas et al. [136] suggested
that increased HDL cholesterol levels resulting from lower
CETP activity seem to be associated with a lower risk
of coronary heart disease in men. Furthermore, reducing
CETP concentration avoids the formation of small dense low
density lipoprotein particles (LDL) [137].

The most common therapeutic strategies for coro-
nary artery disease include 3-hydroxy-3-methylglutaryl-CoA
reductase inhibitors (statins). Statins are of significant benefit
in the primary and secondary prevention of atherosclerosis
[138]. Statins slow atherosclerosis progression and can even
induce atherosclerosis regression [139]. Moreover, statins can
reduce the level of CETP; see review by Kolovou et al. [137].

CETP inhibition appears to be one particularly promising
strategy, although they still have some difficulties; see review
by Schaefer [140]. The CETP inhibitor torcetrapib increases
plasma HDL cholesterol levels from 40% to 60%, while
modestly decreasing LDL cholesterol [139]. Combining the
HDL cholesterol-elevating properties of a CETP inhibitor
with the LDL cholesterol-lowering properties of a statin may
offer theoretically improved outcomes over targeting LDL
cholesterol alone [139]. Toth [141], based on a number of
considerations, including the complex relationship between
loss of function mutations in CETP and risk for coronary
artery disease and the clinical experience with torcetrapib,
suggested that it is difficult to predict if CETP inhibition
will be associated with reductions in rates of atherosclerosis
disease progression and risk for cardiovascular events.

10.3. Glucagon-Like Peptide 1 (GLP-1). Cells of enteroen-
docrine system are stimulated when food is entered and
release GLP-1 in blood [142]. GLP-1 action is to bind and
activate receptors on pancreatic 𝛽-cells, which produce and
release insulin [143]. Muscle and liver cells are more sensitive
to insulin through GLP-1, which has an antidiabetic effect
[144]. Additionally, GLP-1 has the capability to cross blood
brain barrier and stimulate cells in the hypothalamus causing
suppression of appetite (anorexic effect) [142].
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GLP-1 acts in many sites resulting in reduced circulating
glucose levels and for that reason GLP-1 can be a potential
therapeutic strategy for type 2 diabetes mellitus [142]. The
problem is that GLP-1 has short half time in blood because
it is cleaved and inactivated by dipeptidyl peptidase-4 (DPP-
4) [145] making it impractical for routine use in patients.
Developing peptide analogs of GLP-1 made the solution that
are resistant to inactivation by DPP-4, such as exendin-
4 (exenatide) is used successfully in glucose regulation in
diabetic patients [146].

Moreover, GLP-1 acts through the GLP-1 receptor, which
is present in large amounts in gastrointestinal system but has
also been detected at lower levels in other tissues (nervous
system, heart, vascular smooth muscle, and endothelial cells)
[147–149]. When GLP-1 receptor is activated, it can trigger
at least 2 intracellular pathways: (1) generation of the second
messenger of cyclic adenosine monophosphate (cAMP) fol-
lowed by activation of protein kinase A (PKA) and (2) indi-
rect activation of epidermal growth factor receptor followed
by phosphoinositide 3-kinase (PI3K) and Akt signaling [150].

Oeseburg et al. [151] found that GLP-1 could directly
attenuate endothelial senescence. In addition, GLP-1 treat-
ment had a protective effect on ROS-induced senescence
in HUVEC cells and this was associated with a reduction
in DNA damage, further supporting a protective effect of
GLP-1 [151]. In pancreatic 𝛽-cells, GLP-1 reduced apoptosis,
stimulated survival and proliferation, and increased insulin
secretion [151]. The activation of downstream cAMP/PKA
and PI3K/Akt signaling pathways in these cells primarily
results in these effects of GLP-1 [152–154].

In conclusion, the longevity can be achieved by delay
of apoptotic pathways. Various molecular factors with sig-
nificant role in cell procedures may be potential molecular
biomarkers and treatment targets that promote longevity.
It is necessary to investigate and focus on the mechanisms
that can preserve cells life. Numerous case-control candidate
studies have evaluated the associations of the longevity with
biologically plausible genes but results from these investiga-
tions are still tough to validate. These findings emphasize the
importance of conducting large-scale studies with adequate
replication.
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The current search for new markers of cardiovascular diseases (CVDs) is explained by the high morbidity and mortality still
observed in developed and developing countries due to cardiovascular events. Recently, microRNAs (miRNAs or miRs) have
emerged as potential new biomarkers and are small sequences of RNAs that regulate gene expression at posttranscriptional level by
inhibiting translation or inducing degradation of the target mRNAs. CirculatingmiRNAs are involved in the regulation of signaling
pathways associated to aging and can be used as novel diagnostic markers for acute and chronic diseases such as cardiovascular
pathologies. This review summarizes the biogenesis, maturation, and stability of miRNAs and their use as potential biomarkers for
coronary artery disease (CAD), myocardial infarction (MI), and heart failure (HF).

1. Introduction

Aging is a gradual and multidimensional process of physi-
cal, psychological, and social changes. Different degrees of
molecular and cellular modifications may lead to a variety of
health challenges in an individual and may play a key role
in the development of aging and age-related diseases such
as cardiovascular and neurodegenerative diseases, immune
disorders, and cancer [1–3]. Cardiovascular diseases (CVD)
are the major cause of worldwide death, particularly in the
elderly population presenting an increasing rate of mortality
andmorbidity, and they are a consequence of genetic and epi-
genetic interactions [1–3]. The genetic components include
the genomic instability, cellular senescence, telomere length-
ening, signaling network, dietary restriction,molecular dam-
age, in particular oxidative injury, overactivity during adult-
hood of processes that can lead to hypertrophy-associated
pathologies (hyperfunction), loss of proteostasis, mitochon-
drial dysfunction, stem cell exhaustion, and alterations in
the intercellular communication [4–8]. The most important
epigenetic modifications of mammalian cells are associated
toDNAmethylation, posttranslational histonemodifications,
and to a class of short noncoding RNAs, the microRNAs

(miRNAs or miRs) [6, 9]. microRNAs are key components of
many cellular processes. Different studies have demonstrated
that miRNA expression is tissue-specific, tightly regulated
during embryogenesis, and overexpressed/underexpressed in
many diseases, including cardiovascular pathologies [10, 11].
Presently, most of the studies are investigating the utility
of individual miRNAs or patterns of multiple miRNAs as
biomarkers for diseases and the use of antagomirs and
miRNAs mimics to restore the miRs expression levels.

In this review, the biogenesis and processing of miRNAs,
as well as their release, stability, and modulation, will be
addressed. Regarding the miRNAs expression profiles, the
current potential biomarkers for some human heart diseases
will be summarized and discussed.

2. The Biogenesis, Maturation, and
Nomenclature of miRNAs

microRNAs are a conserved class of small noncoding RNAs
(ncRNAs) endogenously produced that regulate gene expres-
sion at the posttranscriptional level in both physiological
and disease conditions. miRNAs have a function in cell
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proliferation, differentiation, metabolism, apoptosis, devel-
opment, and aging and in the pathophysiology of many
diseases, namely, in oncogenesis, cardiovascular, and neu-
rological disorders [12–15]. They were originally found in
the nematode Caenorhabditis elegans (C. elegans) in 1993
[16] and later identified in many plants and mammals [17].
Modulation of miRNA expression in vitro as well as in vivo
has revealed an important role for miRNAs in the regulation
of heart function, particularly cardiac growth, hypertrophy,
and failure [18].

The miRNA coding regions are present in the genome
as clusters transcribed as polycistronic primary transcripts,
independent units, like intergenic regions, andwithin introns
of protein coding or noncoding sequences [19]. The classical
miRNA production is named the canonical or miRNA
pathway. In general, miRNAs are transcribed in the nucleus
by the RNA polymerase II [20, 21] as a pri-miRNA, a
primary transcript of several hundred nucleotides in length,
bearing a hairpin-shaped structure that temporarily receive
a 5-cap and a 3-poly(A) tail. A small group of miRNA
genes are also transcribed by RNA polymerase III [21, 22].
Pri-miRNAs are cleaved into approximately 70-nucleotide
precursor-miRNAs, the pre-miRNAs, by the microprocessor
complex that contains a RNAse III enzyme called Drosha
and its cofactor DiGeorge syndrome critical gene 8 (DGCR8)
[23]. The pre-miRNAs are then exported to the cytoplasm
by exportin-5 (Exp 5), where they are further cleaved into
mature 20–25 nucleotidemiRNAduplexes by another RNAse
III endonuclease, called Dicer, and by its double stranded
RNA binding cofactor TARRNA binding protein (TRBP, also
called loquacious, Loqs), among other proteins [24]. In the
cytoplasm, the mature miRNA duplexes are separated into
two RNA strands, the guide RNA strand (miRNA) and the
passenger RNA strand (miRNA∗) which is usually degraded.
The RNA-induced silencing complex (RISC), containing the
argonaute (Ago) proteins, is activated by the presence of the
miRNA and directs the miRNA-induced silencing complex
(miRISC) to the target mRNA [24–26]. The miRNA target
site is often present in the 3-untranslated region (3-UTR)
of the mRNA [23] that contains complementary sequences,
designated miRNA recognition elements (MREs). According
to the perfect or imperfect complementarity of the miRNA-
mRNA sequences, miRNAs can repress gene expression by
either inducing mRNA degradation or by blocking transla-
tion [17, 27–29]. It has been reported that miRNAs can also
bind to the 5-untranslated region (5-UTR) [30] or to the
open reading frame (ORF) [31]. However, endogenous ORF
targeting seems to be less frequent and effective than 3-
UTR targeting but still more frequent than 5-UTR targeting
[28]. Prevention of protein translation could be achieved
by: deadenylation of the poly(A) tail; competition of the
Ago-RISC complex with translation initiation factors and
cap structure; blocking translation elongation; promoting
premature dissociation of ribosomes; and degradation of the
nascent polypeptide chain [32, 33].

An alternative nuclear miRNA biogenesis pathway, the
mirtron or microprocessor-independent pathway or non-
canonical pathway, includes a group of short introns, termed
mirtrons which has been described in invertebrates and

mammals [34]. Mirtron biogenesis requires the spliceosomal
machinery and is initiated by splicing and debranching into
a pre-miR hairpin, which is suitable for Dicer cleavage
and is incorporated into silencing complexes [34–36]. This
intron-derived miRNA is not only able to induce RNA
interference (RNAi) in mammalian cells, but also in fish,
chicken embryos, and adult mice, indicating the evolutionary
conservation of this mechanism of gene regulation in vivo
[37, 38]. Some small nucleolar RNAs (snoRNAs) also provide
a secondary source of pre-miRNAs that is independent of the
microprocessor-mediated processing. Additionally, miRNAs
can also derive from endogenous short-hairpin RNAs (endo-
shRNAs) and tRNA precursors [35]. A third pathway for the
production of miRNAs, the Dicer-independent pathway, was
recently identified in zebrafish and mammals [15]. Figure 1
shows a schematic overview of the miRNA and mirton
pathways.

miRNAs are identified using a combination of criteria
for both expression and biogenesis [39]. Names are referred
to by the miRNA Register [40] and numerical identity is
based on sequence similarity [41]. The genes that encode the
miRNA are also named using the same three-letter prefix,
with capitalization, hyphenation, and italics according to
the conventions of each organism (e.g., mir-1 in C. elegans
and Drosophila and MIR156 in Arabidopsis and rice). Plant
and viral naming schemes differ subtly [41]. The identifying
numbers are assigned sequentially, with identical miRNAs
having the same number, regardless of the organism [41].
The database uses abbreviated three or four letter prefixes
to designate the species, such that identifiers take the form
hsa-miR-101 (in Homo sapiens) [41]. The “mir” is followed
by a dash and a number, the latter often indicating order
of naming. For example, mir-318 was named and discovered
earlier than mir-319. The “mir-” refers to the pre-miRNA,
while a capitalized “miR-” refers to the mature form. Pre-
miRNAs that lead to 100% identical mature miRNAs but that
are located at different places in the genome are indicated
with an additional dash-number suffix. For example, the pre-
miRNAs hsa-mir-194-1 and hsa-mir-194-2 lead to an identical
mature miRNA (hsa-miR-194) but are located in different
regions of the genome [39, 41]. miRNAs with nearly identical
sequences except for one or two nucleotides are annotated
with an additional lower case letter. For example, miR-123a
would be closely related to miR-123b [39, 41]. Identical or
very similar miRNA sequences within a species can also
be given the same number, with their genes distinguished
by letter and/or numeral suffixes, according to the conven-
tion of the organism; for example, the ∼22-nt transcripts
of Drosophila mir-13a and mir-13b are slightly different in
sequence, whereas those of mir-6-1 and mir-6-2 are iden-
tical [39]. The gene names are planned to convey limited
information about functional relationships between mature
miRNAs. For example, hsa-miR-101 in human and mmu-
miR-101 in mouse are orthologous. Paralogous sequences
whose mature miRNAs differ at only one or two positions
are given lettered suffixes, for example, mmu-miR-10a and
mmu-miR-10b in mouse [41]. Two different mature miRNA
sequences which were excised from opposite arms of the
same hairpin precursor are currently named as miR-17-5p
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Figure 1: The miRNA or canonical pathway produces pri-miRNA transcripts from miRNA genes by RNA polymerase II or III (RNA pol
II/III) followed byDrosha/DGCR8processing of the pri-miRNA transcripts into pre-miRNAs. Intronic pre-miRNAhairpins of themirtron or
noncanonical pathway, transcribed by RNA polymerase II (RNA pol II), are formed by splicing (spliceosome), debranching, and trimming of
short introns (lariat) without Drosha processing. Pre-miRNAs generated by both pathways are exported from the nucleus via exportin-5 (Exp
5), followed by subsequent Dicer/TRBP which generates double-stranded-RNAs called miRNA/miRNA∗. Argonaute proteins (Ago) unwind
and separate the guide strand (miRNA) and the passenger strand (miRNA∗). The RISC (RNA-induced silencing complex) incorporates
the mature miRNA and interacts with the 3-UTR of the target mRNA and regulates gene expression by translation inhibition or mRNA
degradation.

(5 arm) and miR-17-3p (3 arm). When relative expression
levels are known, an asterisk following the name indicates a
miRNA expressed at low levels relative to the miRNA in the
opposite arm of a hairpin. For example, miR-123 and miR-
123
∗ would share a pre-miRNA hairpin, but more miR-123

would be found in the cell [39, 41].

3. Stability of Circulating miRNAs

Accumulation of a specific miRNA is dependent on the rates
of transcription, processing, and decay. The expression of
miRNAs transcripts is regulated by specific transcription
factors and dependent on the methylation of their promoter
sequences in the sameway as the expression ofmany protein-
coding genes [24, 42].

The availability of argonaute proteins affects the miRNAs
abundance, since loss of Ago2 leads to decreased miRNAs
expression and the ectopic presence of argonaute proteins
(Ago1–Ago3), as well as of TRBP, give rise to increased
levels of pre-miRNA precursor [43]. On the other hand,
depletion of argonaute proteins impaired the processing of
precursor, indicating the requirement of these proteins for
the stabilization of miRNAs [14]. RNA editing of primary
transcripts by ADAR (adenosine deaminases acting on RNA)
or the uridylation ofmiRNA 3-ends could enhance or inhibit
the Drosha-DGCR8 and Dicer-TRBP miRNAs processing
steps [44–46]. Edited miRNAs can change the miRNA com-
plementarity to target sequences and increase the diversity
of miRNAs in the cell [24, 46]. Other modifications on the
miRNAs sequences that could promote its stabilization or
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degradation include the addition of methyl groups to the 3-
ends of miRNAs, the 3-adenylation, the family of exonucle-
ases that catalyze 3-to-5 decay of single-stranded miRNAs,
and the 5-to-3 exoribonuclease 2 (XRN-2) [14]. Neverthe-
less, the mechanisms that control the miRNA turnover are
not yet completely identified.

microRNAs are present in blood platelets, erythrocytes,
and leucocytes. They are unusually stable in plasma and
resistant to some hard conditions such as boiling, low and
high pH, and long storage and can withstand repetitive
freezing and thawing cycles [47–50]. They are also found in
saliva, urine, tears, and breast milk and in other body fluids.
Circulating miRNAs are sheltered from endogenous RNAse
activity [47] since they are linked to lipid-based carriers in a
form associated or nonassociated to vesicles. The nonvesicle
forms account for 80% to 90% of total circulating microR-
NAs, which are bonded to RNA-binding proteins in very
stable complexes, like argonaute 2 (Ago2) and nuclephosmine
1 (NPM1), or to lipoproteins complexes, such as high-density
lipoproteins (HDL) [49–51]. In the cytoplasm, bioactive
miRNAs can also be incorporated intomicroparticles derived
from multivesicular bodies (exosomes and microvesicals),
which are then released from the cell and are involved in
the transfer of genetic information between cells, acting as
mediators of cell-to-cell communication [49, 50, 52].miRNAs
are, therefore, implicated in physiological processes such as
the regulation of the immunity and angiogenesis or cellular
migration, but are also involved in pathological conditions,
such as tumor development [52]. It has also been shown that
miRNAs are released by apoptotic cells [53, 54].

Because of their stability in the circulation, miRNAs are
currently used as potential biomarkers in a wide range of
diseases.They are easily detected in a quantitativeway by real-
time polymerase chain reaction (qRT-PCR) or microarrays
and by other less frequently used identification methods,
such as traditional northern blotting, PCR-based restriction
fragment length polymorphisms (PCR-RLFP), ligation based
measurement, and direct sequencing using next generation
sequencing (NGS) platforms [55]. The ideal biomarker must
be accessible using noninvasive methods, be sensitive and
specific for the disease, allow early detection, be sensitive
to pathologic changes, and have a long half-life within
the sample and the ability of being rapidly and accurately
detected [49, 55, 56].

In pathological conditions, such as cardiovascular dis-
eases or cancer, there are characteristic patterns of circulating
miRNAs that can be used for diagnostic and monitoring
purposes. Since different features of a disease might result in
altered types and amounts of plasmamiRNAs, a combination
ofmiRNAswill provide amore sensitive and specific diagnos-
tic. Moreover, they could give insights for the intermediate
end points in clinical trials [56].

4. Modulation of miRNAs

Theunderstanding ofmiRNA biogenesis and action on target
mRNAs is significantly advanced. Since miRNAs act as “fine
tuners” and/or “safeguards” to maintain the homeostasis

[28], the development of miRNA-based therapeutics relies
on antisense technologies for inhibition or replacement of
miRNA activity. Indeed, miRNAs can be modulated by
oligonucleotides composed of high-affinity nucleotide mim-
ics, designated miR-mimics, and single-stranded antisense
oligonucleotides, termed antimiRs or antagomirs. A potential
advantage of miRNAs therapy compared to conventional
therapies is that they target multiple genes [27, 57] involved
in the same pathway and not a single protein, resulting in
treatments of high specificity, once they have precise and dis-
tinct gene targets in the defined disease pathway [58]. So far,
miRNA therapy to treat cardiovascular disorders in human
clinical trials is still in the preclinical phase. The antagomir,
miravirsen, an anti-miR-122, has been effectively tested in a
phase-II trial for the treatment of patients with hepatitis C
virus infection [59]. The efficacy of miRNA-based therapies
in preclinical small- and large-animal models provides an
important tool for the clinical use and development of such
treatments for cardiovascular disorders in the near future
[60].

ThemiR-mimics are usedwhen there is a downregulation
of a miRNA, as a consequence of a disease, with the aim
of increasing a specific miRNA level. Mimics are artificial
small nucleotide sequences, similar to pre-miRNAS, which
are recognized by the miRNA biogenesis machinery or
loaded into the RISC, acting as the endogenous miRNA of
interest and blocking gene expression [58, 61–63]. They can
be incorporated into a lipid-based formulation improving
their stability and cellular uptake. However, since the miR-
mimics must act only on the tissue targets, the lipid-based
preparations have the disadvantage of increasing the cellular
uptake outside of the target organ or tissue. This can be
overcome with the use of viral vectors that directly deliver
microRNAs [58, 61, 63]. Additionally, successful delivery of
oligonucleotides is done by injection since they are soluble in
water or normal saline; no oral formulation has been devel-
oped [60, 64]. miR-mimics provide an attractive strategy to
modulate myocardial miRNAs that are downregulated.

Antagomirs are used when pathological conditions result
from the upregulation of a specific miRNA. Antagomirs
are modified antisense oligonucleotides (morpholinos) arti-
ficially synthesized that thoroughly target thematuremiRNA
sequence, thereby increasing the amount of mRNA target
of that specific miRNA [61, 62, 65]. Antagomirs sequences
can be modified in order to improve their stability, binding
efficacy, and cellular uptake. These modifications include the
use of 2-O-methyl (OMe) and 2-O-Methoxyethyl (MOE)
modified oligonucleotides, antisense-based oligonucleotides
(ASOs), modified synthetic anti-miRNA oligonucleotides
(AMOs), locked nucleic acid (LNA) oligonucleotides, single-
stranded antimiRs, cholesterol conjugated antagomirs, lipo-
somes, and nanoparticles [58, 61, 62, 65]. The antimiR can
exert its function at different levels of miRNA biogenesis by
interfering with pri-miRNAS and with the export of pre-
miRNA, preventing its processing or access into the RISC,
acting as a competitive inhibitor, linking the mature miRNA
within the RISC or hybridizing with the specific miR target,
preventing the binding of themiRNA to the respectivemRNA
[58].
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Another way of inhibiting miRNA function is achieved
with sponges, masking, and erasers. Sponges prevent the
binding of the miRNA to its target miRNA. They contain, in
their 3-UTR, multiple tandem binding sites to themiRNA of
interest, with perfect or imperfect complementarity, and act
as competitive inhibitors, blocking a whole family of related
miRNAs that have the same target site [58, 61–63]. Masking
uses oligonucleotides that modulate a specific miRNA target,
since they display a perfect complementarity to the target
miR [58, 63]. Erasers are also oligonucleotides with tandem
repeats of a specific sequence of the complementary antisense
sequence of the miRNA [58, 62, 63]. Both, masking and
erasers, prevent the miRNA function.

The possible routes of in vivo application of miRNA
antagonists or mimics to target several cardiovascular cell
types are the administration of intravenous, retroorbital,
subcutaneous, inhalative, intraperitoneal, transcoronary, or
intramuscular injections, but the best method of injection
to target cardiovascular tissues is still unresolved. In a few
cardiovascular models, site-specific delivery of miRNAs was
achieved by cardiac or intracoronary injection [60, 64].

5. microRNAs in Age-Related
Cardiovascular Diseases

Recent evidence have shown circulating miRNAs as novel
biomarkers for cardiovascular diseases since their concentra-
tions in serum are stable and can be reproducibly detected
among healthy individuals and their levels are altered in a
variety of clinical conditions [66].

Cardiovascular diseases include several pathological dis-
orders, namely, the coronary artery disease (CAD) and its
major complication, the acute myocardial infarction (AMI),
heart failure (HF), diabetes mellitus, stroke, essential hyper-
tension, and acute pulmonary embolism [66]. The heart
suffers complex changes during ageing that include hyper-
trophy, altered left ventricular diastolic function, reduced
left ventricular systolic reverse capacity, increased arterial
rigidity, and impaired endothelial function [5, 67, 68]. With
age, the apoptotic and necrotic processes lead to a decrease
of cardiomyocytes, an increase of oxidative stress promoting
a proinflammatory and profibrotic environment, an impaired
neovascularization capacity due to a reduction of proangio-
genic functions, and a decrease capacity of progenitor cells
of the bone marrow-derived cell to contribute to functional
repair [5, 69, 70].

Considering the essential role of miRNAs in the medi-
ation of biological events, any change in homeostasis leads
to an alteration in miRNA expression profile [57, 71]. Over-
expression, deletions, epigenetic modifications, or single-
nucleotide polymorphisms in the mature miRNA may result
in elimination or variations in the binding affinity to the
target mRNA, triggering gene regulation imbalances in both
normal and disease conditions [57]. Moreover, a single
mRNA may be targeted by several miRNAs and a single
miRNA can target many genes [27, 57]. The studies on the
epigenetic regulation of CVD-related pathways have been

growingwith the goal to define novel and potential useful dis-
ease markers, like the circulating miRNAs which are tissue-
cell specific [49, 72]. Actually, some plasmamiRNAs are quite
particular of cardiovascular pathologies and, thus, may be
used for diagnostic, monitoring purposes, and clinical trials
[49, 72].

5.1. Coronary Artery Disease. CAD is caused by the forma-
tion of atherosclerotic plaques and may progress to myocar-
dial ischemia, as a consequence of thrombosis or of acute
coronary atherosclerosis [49, 72]. All cellular components
required for plaque or thrombus formation, in response to
endothelium activation or damage, may potentially release
microRNAs in circulation or, eventually, remove miRNAs
modifying the levels of circulating miRNAs. Thus, the eval-
uation of miRNAs might be used to identify patients at risk
of CAD [56, 72].

The relative expression level of 129 microRNAs was
analyzed in the peripheral bloodmononuclear cells (PBMCs)
of CAD patients suffering from either stable angina pectoris
(SAP) or unstable angina pectoris (UAP) [73]. An increase
in miR-135a and a decrease in miR-147 levels were observed
in CAD patients compared to healthy controls. Patients with
UAP showed a highly significant upregulation of miR-134,
miR-370, and miR-198 compared to those with SAP, and
this may predict the clinical outcome of the disease. In
addition, the elevated expression of miR-370 can possibly be
used to stratify patients that are at risk for acute coronary
events from those with stable CAD. These findings suggest
that CAD patients exhibit a microRNA-driven change in
the inflammatory capacity of blood mononuclear cells [73].
Five miRNAs (miR-19, miR-21, miR-146, miR-155, and miR-
133), identified in microparticles (MPs) from plasma, were
elevated in patients with acute coronary syndrome (ACS),
when compared with patients with CAD [74]. In the absence
of myocardial necrosis leading to increased plasmatic levels
of the cardiac-specific protein Troponin; the diagnosis of
stable angina (SA) or unstable angina (UA) using specific
miRNAs showed that miR-1, -122, -126, -133a, -133b, andmiR-
199a were positively regulated in both UA and SA patients,
while miR-337-5p and miR-145 exhibited an upregulation
only in SA or UA patients, respectively, compared to controls
[75]. A positive modulation of miR-1, miR-126, and miR-
485-3p characterized SA patients versus controls. The cluster
of miR-1, miR-133a, and miR-126 correctly classified UA
patients compared to controls. However, a set ofmiRNAs that
allowed UA to be distinguished from SA was not found [68].
A distinct miRNA profile of upregulation for miR-106b/25
cluster, miR-17/92a cluster, miR-21/590-5p family, miR-126∗,
and miR-451 was observed in the plasma of patients with
typical unstable angina and angiographically documented
CAD, as compared to individuals with noncardiac chest pain
(control group). microRNA expression in MPs form and
in plasma showed also increased levels for miR-106b, miR-
25, miR-92a, miR-21, miR-590-5p, miR-126∗, and miR-451,
indicating that MPs may contribute to the deregulation of
circulating miRNA expression in vulnerable CAD patients
[69]. Besides, activated platelets play a critical role in the
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pathophysiology of CAD, may have a mechanism to selec-
tively transportmiRNAs intoMP, and are a source ofmiRNAs
[74, 76].

In premature CAD patients, microarray analysis of the
relative expression levels of platelet miRNAs showed an
upregulation of sixmiRNAs (miR-340∗, -451, -454∗, -545 : 9.1,
-615-5p, and -624∗) and a downregulation of miR-1280,
compared to controls. The upregulation of miR-340∗ and
miR-624∗ was validated by qRT-PCR, in a larger cohort, and
observed in both young premature CAD and in members of
families with premature CAD [77].

Circulating levels of the muscle-enriched miR-499 (20-
fold), miR-133a (11-fold), and miR-208a (5-fold) were signif-
icantly elevated in the aorta of troponin-positive acute coro-
nary syndrome patients, compared with patients with CAD
[78]. Indeed, miR-499 concentration gradients were signif-
icantly correlated with the extent of myocardial damage, as
measured by high-sensitivity cardiac troponin T (hs-cTnT).
In contrast to the muscle-enriched miRs, the endothelial
cell-enriched miR-126 demonstrated an inverse transcoro-
nary concentration gradient, suggesting either uptake or
degradation of miR-126 during passage through the coro-
nary circulation in patients with troponin-positive ACS.
This different regulation of circulating miRs during the
transcoronary passage might provide important insights to
determine their role as cardiac biomarkers [78]. MiR-499 is
implicated in transcriptional and posttranslational regulation
of pathological hypertrophy [79]. MiR-126 directly represses
the targets’ sprouty-related EVH1 domain-containing protein
1 (SPRED1), vascular cell adhesion molecule 1 (VCAM1), and
phosphatidylinositol 3-kinase (PIK3) regulatory subunit beta
R2/p85-beta (R2/p85-beta). SPRED1 and PIK3R2 negatively
regulate vascular endothelial growth factor (VEGF) signaling
by the mitogen-activated protein (MAP) kinase and PI3K
pathways, respectively. Thus, miR-126, in addition to directly
targeting VEGS, promotes VEGF signaling, angiogenesis,
and vascular integrity by inhibiting protein production of
endogenous VEGF repressors within endothelial cells [80].
The effect of genetic variations in miRNAs evaluated in a
Chinese population of 295 CAD patients, by PCR-RLFP,
did not reveal any association of the two SNPs in miR-
196a2 (rs11614913) and miR-499 (rs3746444) with the risk of
CAD incidence [81]. The evidence that miR-146a (rs2910164)
polymorphismwas related with an increased risk and suscep-
tibility of CAD, in individuals carrying GC and CC genotype,
was evaluated in two CAD groups, a Chinese Han population
[81] and in young South African Indian patients [82].

Reduction of inflammation-associated miR-155 and
smooth muscle cell-associated miR-145 in the whole blood of
CAD patients was consistent with the reduced levels found
in plasma [72, 83, 84]. This alteration of circulating levels of
miR-155 indicates that its downregulation is not limited to
endothelial or vascular miRNAs [83].

MiR-126,miR-130a,miR-221, miR-222, andmiR-92a were
consistently reported as highly expressed in endothelial
cells (ECs). Using miRNAs arrays for serum or plasma of
controls and CAD patients, Fichtlscherer and coworkers
reported that miR-126, miR-92a, and miR-17, predominantly
expressed by endothelial cells, were downregulated, while

cardiac muscle-enriched miRNAs (miR-133 and miR-208a)
were overexpressed though without statistical significance
[83]. Another study in CAD patients showed that the expres-
sion of miR-126 was decreased, while miR-221, miR-222,
and miR-92a were enhanced, and miR-130a remained at the
same level as the controls [85]. MiR-221 and miR-222 are
known to indirectly repress endothelial nitric oxide synthase
required for endothelial progenitor cell function. Thus, the
increased expression of these miRs in patient-derived cells
may contribute to the well-established reduced number and
functional activity of endothelial progenitor cells in patients
with CAD [86].

Patients with peripheral arterial disease, specifically
atherosclerosis obliterans, presented an increase in serums
miR-21, miR-130a, miR-27b, and miR-210, whereas miR-221
and miR-222 were decreased [87]. The increased levels of
miR-130a and miR-27b were correlated with disease severity
[87]. However, the potential function of these two miRs in
atherosclerosis obliterans should be further analyzed.

The pattern of expression of certain miRNAs can be
modified when patients are subjected to medication. It was
reported that levels of miR-146a/b were higher in periph-
eral blood mononucleated cells (PBMCs) of CAD patients
when compared with non-CAD patients, but treatment
with angiotensin II receptor blocker inhibitors and statins
reduced monocytic levels of miR-146a/b [88]. This study
also suggested that dysregulation of miR-146a/b expression
may contribute to prolonging the activation of Toll-like
receptor 4 (TLR4) which, in turn, may induce miR-146a/b
expression as a negative regulator and, so, induce progression
of coronary atherosclerosis in patients with CAD [88]. In
another study, the levels of miR-221 and miR-222 were
significantly higher in CAD patients compared to the non-
CAD group. Although, after lipid lowering therapy (LLT)
with atorvastatin, CAD patients showed an increase in the
number of endothelial progenitor cells (EPCs) and a decrease
in miR-221/222 levels [86]. In the whole blood, miR-140-3p
and miR-182 were enhanced in CAD patients [89], and miR-
19a,miR-484,miR-155,miR-222,miR-145,miR-29a,miR-378,
miR-342, miR-181d, miR-150, and miR-30e-5p were reduced
[84]. However, some of these miRNAs (miR-19a, miR-145,
miR-155, miR-222, miR-342, miR-378, andmiR-30e-5p) were
significantly reduced in patients treated with angiotensin-
converting enzyme (ACE), indicating that medication may
alter miRNA expression [84]. In another study, it was shown
that atorvastatin treatment did not affect miR-126 and miR-
130a, but enhanced the production of miR-221, miR-222, and
miR-92a in cultured EPCs from patients with CAD. The
difference between the two studies, from Minami et al. and
Zang et al., might be explained by the method of atorvastatin
administration, which in the latter work was directly given to
cultured cells [85].

The studies done on the circulatingmiRNAs as diagnostic
makers for CAD are summarized in Table 1.

In conclusion, analysis of miRNAs profiles released into
the blood stream from cells and tissues of the cardiovascular
system in CAD patients revealed the downregulation of miR-
17, miR-92a, miR-126, miR-145, and miR-155 and the upreg-
ulation of miR-133 and miR-208a. Some miRNAs allowed
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Table 1: Circulating miRNAs as diagnostic markers for CAD.

miRNAs Regulation Groups Source Methods Reference
miR-126, -17, -92a, -145, -155 Down Human/36 CAD, Plasma or Array [83]
miR-133, -208a Up 17 controls Serum

miR-92a, -126, -133a, Up ACS versus CAD Human/31 CAD, 19 ACS; Plasma qRT-PCR [78]
-208a, -499 7 controls

miR-140-3p, miR-182 Up Human/12 CAD, 12 controls Whole blood Array [89]

miR-19a, -484, -155, -222, Down Human/10 CAD, 15
controls Whole blood Array [84]

miR-29a, -378, -342, -181d, qRT-PCR
miR, 145, -150, -30e-5p

miR-221, -222 Up Human/44 CAD, 22
non-CAD PBMCs qRT-PCR [86]

miR-146a/b Up Human/66 CAD, 33
non-CAD PBMCs qRT-PCR [88]

miR-19, -21, -146, -155, -133 Up ACS versus CAD Human/5 CAD, 5
non-CAD Plasma MPs qRT-PCR [74]

miR-135a Up versus controls Human/25 UAP; PBMCs Array [73]
miR-147 Down versus controls 25 stable SAP; 20 controls
miR-134, -198, -370 Up UAP versus SAP

miR-1, -126, -485-3p cluster
miR-1, -133a, -126 cluster

Up SA versus controls
Up in UA versus controls

Human/53 CAD: 34 SA, 19
UA, 20 controls Plasma qRT-PCR [75]

miR-337-5p
miR-145

Up SA versus controls
Up in UA versus controls

miR-106b/25 cluster,
-17/92a cluster, Up CAD versus controls Human/134 CAD: 31 SA,

45 UA, 37 controls Plasma qRT-PCR [156]

-21/590-5p family, -126∗,
-451
miR-106b, -25, -92a, -21,
-590-5p, -126∗ Up UA versus controls Human/ 5 UA, 5 controls Plasma MPs qRT-PCR

miR-340∗, -624∗ Up Human/12 premature CAD,
12 controls Platelets Array [77]

Human/40 CAD,
40 controls Platelets qRT-PCR

ACS: acute coronary syndrome; AP: angina pectoris; CAD: coronary artery disease; CHF: congestive heart failure; CVD: cardiovascular disease; Down:
downregulated; miR: microRNA; MPs: microparticles; PBMCs: peripheral blood mononuclear cells; qRT-PCR: quantitative real-time polymerase chain
reaction; SA: stable angina; SAP: stable angina pectoris; UA: unstable angina; UAP: unstable angina pectoris; Up: upregulated.

the identification of patients with elevated risk of devel-
oping acute coronary syndrome (miR-133a and miR-499),
and others (miR-135a and mir-147) discriminate between
patients with stable and unstable angina pectoris. Several of
these patterns could change with the expression of miRNAs
from microparticles (miR-92a), in patients with unstable

angina, or from platelets (miR-340 and miR-624) as shown
in young patients with premature development of CAD
(Figure 2(a)). The identification of RNA signatures and its
SNPs, in patients with CAD, is crucial for the diagnosis, strat-
ification, treatment, and correlation with clinical parameters
of this heart pathology.
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5.2. Myocardial Infarction. Myocardial infarction (MI) or
acutemyocardial infarction (AMI) is usually known as a heart
attack. Chest pain is themost common symptomof AMI, and
when due to ischemia of the heart muscle, it is termed angina
pectoris.Acute coronary syndrome (ACS), characterizedwith
chest pain, refers to any group of symptoms attributed to
obstruction of the coronary arteries. ACS frequently occurs as
a result of ST elevation myocardial infarction (STEMI), non-
ST elevation myocardial infarction (NSTEMI), or unstable
angina [90].

Several studies have been performed to establish the
miRNA profile associated with AMI and MI. miR-1 is the
most abundant heart and muscle-specific miRNA. Under
physiological conditions, only a small amount of miR-1 is
released into the blood. After damage, the released amount of
miR-1 was associated with the extent and size of cardiac cell
injury. The levels of circulating cell-free miR-1 were signifi-
cantly increased in patients with AMI and had a positive cor-
relation with serum creatine kinase-MB (CK-MB) levels [91].
Moreover, in rats with acute myocardial infarction the serum
miR-1 concentration had a strong positive correlation with
myocardial infarct size [91].These outcomes proposed serum
miR-1 as a novel sensitive diagnostic biomarker for AMI
[91–93]. miR-1 controls cardiomyocyte growth responses
by negatively regulating the calcium signaling components
calmodulin (CaM), myocyte-specific enhancer factor 2A
(MEF2A), and the transcription factor GATA-4 [94]. It was
shown that plasma levels of miR-1 were upregulated and
miR-126 were downregulated, with a high sensitivity and
specificity for the detection of AMI patients after the onset
of symptoms (from 4 hours to 1 week) compared to controls.
Furthermore, miR-1 and mir-126 and cardiac troponin-I
(cTnI) expression presented the same trend [93]. Modulation
of the expression of miR-126 in endothelial cells in vitro,
with a morpholino antisense to miR-126, and in vivo, using
a transgenic (Tg) zebrafish, showed that miR-126 directly
repress negative regulators of the VEGF pathway, including
the SPRED1 and PIK3R2/p85-𝛽 [80].The reduced expression
of miR-1915 and upregulation of miR-181c∗ was suggested as
a hallmark of the very early phase of myocardial infarction
[95].

miR-1, miR-133a, and miR-499 are expressed in skeletal
muscle, and the increased level of these miRNAs in plasma
might be due to skeletal muscle damage.These threemiRNAs
presented high levels in plasma from the AMI patients [96].
Other reports also demonstrated increased levels of cardiac-
enriched miR-499 in patients with MI and AMI [97–99], as
well as in hs-cTnT [76, 97, 99] and CK [99], thus providing
an accurate diagnosis of MI. MiR-499 was increased in
human, in murine cardiac hypertrophy and cardiomyopa-
thy, by acting, directly or indirectly, on the expression of
cardiac protein kinases and phosphatases. Whole-genome
RISC sequencing analysis identified 67 direct miR-499 target
mRNAs that included the AKT and MAP kinase pathways,
and the phosphatases tensin homolog (PTEN) and the PH
domain leucine-rich repeat protein phosphatase (PHLPP1)
[79].

The miR-208 family includes two subfamilies: miR-208a
and miR-208b. An upregulation of miR-208 was observed

in samples of infarcted heart tissue from patients with MI
compared to healthy adult hearts [100]. The concentration of
miR-208, produced in the heart, was increased in the plasma
of rats after isoproterenol-induced myocardial injury but not
in rats with hypertensive cardiac hypertrophy, suggesting that
the hypertrophy was not enough for miR-208 to leak out of
cardiac myocytes [101]. However, transgenic overexpression
ofmiR-208a in the heartwas sufficient to induce hypertrophic
growth and arrhythmias in mice. On the contrary, the lack of
miR-208a in a transgenic mouse did not affect the viability
or cause gross morphological heart defects. Electrocardio-
gram analysis of miR-208a in transgenic Mir208a−/− mice
demonstrated that miR-208a was required for the proper car-
diac conduction and expression of the cardiac transcription
factors, like homeodomain-only protein (HOP) and GATA4,
and for the gap junction protein connexin 40 [102]. MiR-
208awas undetectable in plasma fromhealthy people, butwas
upregulated in plasma from AMI patients. In addition, it has
a higher sensitivity in early setting of AMI, especially within
4 h of the onset of symptoms, making miR-208a a more
reliable biomarker for AMI diagnosis in both, human and
rats [103]. In a pig reperfusion model, miR-1, miR-133a, and
miR-208b increased rapidly in plasma with a peak at 120min,
whilemiR-499-5p remained elevated for longer periods [104].
BothmiR-208a andmiR-208b target thyroid hormone recep-
tor associated protein 1 (THRAP1) and myostatin, which
are negative regulators of muscle growth and hypertrophy
[102].

In acute MI patients, miR-1, miR-133a and miR-208a
increased rapidly and peaked within 2 hours following the
onset of cardiac ischemia, whereas miR-499-5p continued
to increase even after 2.5 hours [96, 104]. Moreover, miR-
208b exhibited the highest increase and these values were
correlated with troponin [104]. The association of miR-
208b and AMI was also observed in a cohort of 444 acute
coronary syndrome (ACS) patients [105] and in a cohort of
510 patients with MI [99]. The indirect evidence that miR-
208b and miR-499-5p were released specifically from the
human heart was obtained by performing a study in four
samples from the coronary sinus, before and after cardiople-
gia and reperfusion in patients undergoing coronary artery
bypass grafting (CABG):miR-208b andmiR-499-5p emerged
in the coronary sinus immediately after, but not before,
cardioplegia, supporting the suggestion that these miRNAs
were in fact released directly from the myocardium following
tissue damage [106]. The increased levels of these cardio-
enriched miRNAs in the blood of MI patients were related to
a reduced systolic function afterMI andwith the risk of death
or heart failure [106]. microRNA-133a concentrations were
determined in 216 patients with STEMI undergoing primary
angioplasty less than 12 hours after symptom onset of AMI
and increasing levels of circulating miR-133a were associated
with decreased myocardial salvage, larger infarcts, and more
pronounced reperfusion injury [107].

Cheng and Zhang found that miR-21 expression was
significantly downregulated in infarcted rat heart areas, but
was upregulated in the border areas, at 6 h and 24 h after
AMI [108]. This was previously observed in another animal
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↑ Plasma miR-133, -499 ACS
↓ Plasma miR-133, -208a CAD
↓ Plasma miR-17, -92a, -126, -145, -155 CAD

↑ PBMCs miR-221, -222, -146a/b CAD

↑ PBMCs miR-135a UAP

↓ PBMCs miR-147 SAP

↑ Plasma MPs miR-92a UA

↑ Platelets miR-340∗ , -624∗ Premature and familial
premature CAD

Coronary heart disease

(a)

↑ Plasma miR-1, -133a, -208a, -499-5p 2h after AMI

↑ Plasma miR-30a, 195, - let7b 8h after AMI

↑ Plasma miR-21, -29a, -423-5p Early post-MI
↓ Plasma miR-126, -150 AMI
↑ Plasma miR-1, -21, -133a/b, -208b,

-328, -320, -449 AMI
↓ Plasma miR-150 AMI; LV remodeling
↑ Plasma miR-29a Early MI; remodeling post-MI
↑ Plasma miR-499-5p Acute and geriatric NSTEMI
↓ Platelets miR-186-5p, -342-3p STEMI versus NSTEMI

↑ Platelets miR-25-3p, -221-3p STEMI versus NSTEMI

↑ Serum miR-1 Cell size damage

↓ PBMCs miR-663b, -1291 AMI

↑ PBMCs miR-30c, -145 Cell size damage

Myocardial infarction

(b)

↑ Serum miR-423-5p Chronic HF
↑ Plasma miR-499 HF

↑ Plasma miR-423-5p DCM severity

↑ Plasma miR-210 HF; differentiate NYHA classes

↑ Heart miR-21, -129, -212, -100, -195 HF; FGP

↑ LVB miR-21, -133a AS
↑ LVB miR-214 DCM; AS
↓ LVB miR-19 DCM; AS
↓ EMB miR-122 AS with SF

↓ EOCs miR-126, -130a DCM; ICM
↓ PBMCs miR-107, -139, -142-5p DCM; NIDCM

Heart failure

(c)

Figure 2: The most relevant miRNAs reported as promising biomarkers in coronary heart disease (a), myocardial infarction (b), and heart
failure (c). ACS: acute coronary syndrome; AMI: acute myocardial infarction; CAD: coronary heart disease; DCM: dilated cardiomyopathy;
Down: downregulated; EMB: endomyocardial biopsy; EOCs: early outgrowth cells; FGP: fetal gene program; h: hours; HF: heart failure
ICM: ischemic cardiomyopathy; LV: left ventricle; LVB: left ventricle biopsies; MI: myocardial infarction; MPs: microparticles; NYHA: New
York Heart Association; NSTEMI: non-ST elevation myocardial infarction; PBMCs: peripheral blood mononuclear cells; SAP: stable angina
pectoris; SF: severe fibrosis; STEMI: ST elevationmyocardial infarction; UA: unstable angina; UAP: unstable angina pectoris; UP: upregulated.
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study using cultures of rat myocytes in vitro, suggesting an
important role for miR-21 in the early phase of MI [109]. In
addition, it was demonstrated, in an in vivo cardiac ischemic
preconditioning (IP) model, that miR-21 was quickly upreg-
ulated by IP, an effect that was inhibited by knockdown of
cardiac miR-21 expression [110]. In vivo, the protective effect
of miR-21 on ischemic injury was confirmed in a cardiac cell
ischemic/reperfusion (H/R) model [110], by reducing cardiac
cell apoptosis via its target, the programmed cell death 4
(PDCD4) [109, 110].

Plasma levels of certain microRNAs, such as miR-21
and miR-29a, increase early post-MI, whereas others, such
as miR-1, miR-133a, and miR-208, remained persistently
elevated up to 3 months post-MI. Furthermore, higher levels
of miR-29a early post-MI were related to greater remodeling
after post-MI [111]. In humans and mice with AMI, plasma
levels of miR-1, miR-133a, miR-133b, and miR-499-5p were
upregulated. Increased levels of miR-1 and miR-133a were
detected early just after chest pain and before elevation of CK
and cTnT [112]. In the same study, using a mouse myocardial
infarction model (C57BL/6 male mice) at 24 hours after
coronary ligation, the expression levels of cardiomyocyte-
specific miRNAs, such as miR-1, miR-133a, miR-208, and
miR-499, were reduced in the infarcted region. However, in
situ hybridization of miR-133a clearly showed the absence of
miR-133a in cardiomyocytes, suggestingmiR-133a as amarker
for cardiomyocyte death [112]. In contradiction, there is a
study that found a downregulation of miR-1 and miR-133a/b
in infarcted heart tissue patients compared to healthy adult
hearts [100].

The temporal changes of miR-133a and miR-423-5p
were measured in the plasma of post-MI patients, for one
year, and they were not considered as predictors of left
ventricular function and remodeling, despite their increased
concentrations [113]. However, mir-150 was identified as
biomarker of left ventricular remodeling [114]. The circu-
lating levels of miR-133a can be used as a predictor for
diagnosing AMI and coronary heart disease (CHD), since
its levels increased in a time-dependent manner in the early
phase of AMI and were positively correlated with cTnT
in AMI patients, associating miR-133a with the occurrence
and severity of coronary atherosclerosis in CHD patients
[115].

The expression of miR-423-5p in plasma significantly
increased at the beginning of an AMI event, and this miR
has been suggested as a potential early marker of myocardial
necrosis [116]. Another study demonstrated the increased
levels (3–10 fold) of miR-1, miR-21, miR-133a, miR-423-5p,
and miR-499-5p in the plasma of geriatric patients with
acute non-ST elevation myocardial infarction (NSTEMI).
The authors proposed circulating miR-499-5p as a sensitive
biomarker of acute NSTEMI, in a geriatric population, while
miR-21 was described as upregulated in patients with acute
MI [117]. Increased circulating levels of miR-1, miR-21, miR-
133a, and miR-499-5p were previously reported in patients
and animal models with AMI [76, 91, 103]. MiR-423-5p was
also found elevated in the circulation of patients with CHF
[118].

Other reports revealed a miRNA profile with an upregu-
lation of miR-25-3p, miR-221-3p, andmiR-374b-5p in STEMI
patients compared to NSTEMI; miRNA-30d-5p expression
was associated with plasma, platelets, and leukocytes in both
STEMI and NSTEMI patients; miRNAs (221-3p and 483-5p)
were correlated with plasma and platelets only in NSTEMI
patients [119]. Expression of plasma miR-92a-3p and miR-
30d-5p, platelet miR-186-5p and miR-342-3p, and PBMCs
miR-374b-5p was significantly lower in patients with STEMI
as compared with NSTEMI. In contrast, plasma miR-25-
3p and miR-374b-5p, platelet miR-25-3p and miR-221-3p,
and PBMCsmiR-25-3p and miR-221-3p were significantly
higher in patients with STEMI than in NSTEMI [119].
Circulating miR-133 or miR-328 were upregulated in plasma
and whole blood, and were correlated with the myocardial
damage marker, cardiac troponin I, indicating that these two
miRNAs may be released from damaged myocardium into
circulating blood when heart injury occurs [120]. The levels
of miR-223, miR-320a, and miR-451 were higher than the
cardiomyocyte-enriched miR-133a, miR-208b, and miR-499,
but the circulating levels of miR-208b, miR-320a, and miR-
499 were significantly higher in patients with AMI and in
patients with STEMI compared to NSTEMI [121]. Mir-208b
was exclusively released by myocardial injury and not by
muscle injury, as occurred for miR-133a and miR-499 [72],
demonstrating its highest diagnostic accuracy for AMI [120].
These sixmiRNAs studied had no or very low predictive value
for the occurrence of future AMI or death during long-term
follow-up (730 days) [121].

In patients who survived AMI, miR-155 and miR-380
were differentially expressed and considerably higher in
patients who subsequently died due to cardiac causes [122].
MiR-133a and miR-208b were significantly associated with
the risk of death in patients with acute coronary syndromes
[105]. Meder and collaborators identified 121 miRNAs, which
were significantly deregulated in AMI patients. Among
these, miR-1291 and miR-663b showed the highest sensi-
tivity and specificity, and miR-30c and miR-145 levels were
correlated with infarct sizes as estimated by troponin T
release [123]. Circulating miR-30a, miR-195, and let-7b were
proposed as biomarkers for AMI, as their levels reached a
peak at 8 h after AMI and were well correlated with the
plasmatic concentrations of cTnI [124]. More recently, the
miR-17-92 cluster was identified as key regulator of car-
diomyocyte proliferation in embryonic, postnatal, and adult
heart in transgenic and knock-out mice, by targeting PTEN
[125].

The studies performed for the recognition of circulating
miRNAs as diagnostic makers for MI are concise in Table 2.

It is clear that miRs are responsible for the regulation of
several biological functions, and the alterations in cardiovas-
cular diseases have been analyzed through the identification
and evaluation of miRNAs levels and profiles in patients
as in animal models. For acute myocardial infarction, there
are muscle cells-enriched miRNAs (miR-1, -21 miR-133a/b,
miR-499, miR-663b, and miR-1291), cardiac specific microR-
NAs (miR-208), and smooth muscle-enriched microRNAs
(miR-30c and miR-145) that displayed good associations to
troponins. Mir-499 and miR-208b upregulation was also
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correlated with the hs-cTnT and CK, making these miRNAs
useful tools forMI and AMI diagnosis. A rise of miR-499 was
also found in HF patients. The elevated levels of miR-499-
5p suggest its use as a biomarker for acute non-ST elevation
myocardial infarction, in geriatric patients. In line, patients
with STEMI and NSTEMI can be differentiated according
to specific microRNAs profiles expressed in plasma, leu-
cocytes, and/or platelets. Several microRNAs, like miR-29a
or miR-150, are involved in cardiac remodeling after MI
(Figure 2(b)). Overall, these studies indicate the usefulness of
bloodmiRNAs as stable biomarkers formyocardial infarction
and related conditions. microRNA induction or repression
after myocardial infarction triggers downstream events in a
cell-type-specific manner, and interference with endogenous
miR expression might regulate overall cardiac function.

5.3. Heart Failure. Heart failure is a leading cause of death
in industrialized nations especially in the aging population.
Heart failure, often called congestive heart failure, occurs
when the heart is unable to provide sufficient pump action to
maintain blood flow to meet the body needs. End-stage heart
failure is featured by significantly disturbed neurohormonal
and mechanical stimuli to the heart. Dilated cardiomyopathy
(DCM) is characterized clinically by left ventricular dilata-
tion, ventricular wall thinning, and homogeneous myocar-
dial dysfunction leading to congestive heart failure [126] and
right ventricular dysfunction [127]. The main common cause
of systolic heart failure, particularly in developed nations, is
ischemic cardiomyopathy (ICM), resulting from significant
coronary artery disease as a consequence of multiple fac-
tors, including progressive heart failure and tachyarrhythmia
[128]. Aortic stenosis (AS) is the most usual form of valvular
heart disease and is frequently caused by left ventricular
outflow tract obstruction in adults [129]. In an attempt to
find diagnostic markers for these different etiologies, studies
in humans and animal models have contributed for the
identification of genome wide-expression miRNA profiles in
heart failure, which is specific for each individual form of
heart diseases [11].

microRNA expression patternswere very similar between
patients at end-stage heart failure and fetal human heart
tissues, showing an upregulation of miR-21, miR-129, and
miR-212. Moreover, transfection of isolated adult rat car-
diomyocytes with this set of fetal miRNAs (miR-21, miR-129,
and miR-212) induced morphological changes in neonatal
cardiomyocyte, causing hypertrophy and activation of fetal
gene program [130]. In idiopathic end-stage failing human
hearts, northern blot analysis of the hypertrophy-regulated
miRNAs revealed increased expression of miR-24, miR-125b,
miR-195, miR-199a, and miR-214, whereas the expression for
miR-23 appeared to be variable within the nonfailing and
failing groups. The increased level of these miRNAs (miR-
21, -23, -24, -125b, -195, -199a, and -214) was confirmed
by northern blot analysis of cardiac RNA from wild type
littermates andCnATgmice expressing activated calcineurin
A (CnA) in the heart [131]. A subset of specific miRNAs
was identified in patients with dilated cardiomyopathy and
ischemic cardiomyopathy showing thatmiR-100 andmiR-195

were upregulated while miR-92 and miR-133b were down-
regulated [132]. Myocytes exposed in vitro to overexpression
of miR-195 promoted cardiac growth and may even override
the inhibition of miR-1 on cardiac growth [131]. Cardiac
overexpression of miRNA-195 in transgenic mice leads to
hypertrophic growth and myocyte disarray, resulting in
dilated cardiomyopathy and heart failure [131].These changes
were also observed in primary cultures of neonatal cardiac
myocytes usingmiRNAsmimics or inhibitors ofmiR-100 and
miR-133b, suggesting that both contribute to regulate the fetal
gene program [132]. MiR-100 seems to have a specific role in
the adult isoforms of cardiac genes and miR-133 appears to
regulate the Rho family of small GTP-binding proteins [132].

The upregulation of miR-24, after 4 hours of left anterior
descending (LAD) coronary artery occlusion, was detected
in primary cultured rat cardiomyocytes exposed to ischemia
and in a rat model of myocardial ischemia. Moreover,
overexpression of miR-24 mimic sequence and transfection
of miR-24 inhibitor, respectively, inhibited and intensified
both apoptosis and necrosis in ischemicmyocytes, suggesting
a possible role of miR-24 in cardioprotection [133]. The
protective effects of miR-24 against myocardial ischemia
is related to the inhibition of the gene encoding the B-
cell leukemia/lymphoma-2 like protein 11 (BCL2L11) in rat
cardiomyocytes [133].

In HF of different etiologies (ICM, DCM and AS), miR-
214 was upregulated while miR-19 was downregulated in
DCM and AS, but not in ICM [10]. A specificity of miRNA
expression profile for each form of heart disease was also
observed [11]. Mir-214 was upregulated in several disease
prototypes of hypertrophy and heart failure [131]. In mice,
miR-214 plays a cardioprotective function against excessive
Ca2+ uptake and cardiomyocyte death in vivo and in vitro
[134]. MiR-214 protected the heart against IR injury by
inhibiting its targets: sodium-calcium exchanger 1(NCX1),
Ca2+/calmodulin-dependent protein kinase II 𝛾 (CaMKII𝛾),
cyclophilin D (CYPD), and BCL2-like 11 (BIM) genes
[134].

Data from different studies in patients with heart failure
revealed an upregulation of miRNAs (miR-21, -23a, -125b, -
195, -199A, -214, and -342) and a downregulation of miRNAs
(miR-1, -7, -29b, -30, -133, -150, and -378) [11, 126, 130–
132, 135]. Patients with end-stage DCM showed a consistent
pattern of eight miRNAs, with a downregulation of miR-
7 and miR-378 and an upregulation of miR-214 and miR-
181b. These miRNAs were identified for the first time in these
patients and in mice (C57Bl/6) that underwent transverse
aortic constriction (TAC) surgery [126]. From these eight
miRNAs, only a subset of four miRNAs (miR-7, -378, -214,
and -181b)was altered in the beginning of cardiac dysfunction
at the end-stage heart failure and may potentially deregulate
signaling networks, contributing to pathology [126]. The
predicted targets for miR-7 are the receptor tyrosine-protein
kinase erbB-2 (ERBB2) and collagen1 (COL1) genes, which
are nodal molecules; for miR-214 are the hepatoma-derived
growth factor (HDGF) and BCL1 genes; and for miR-378 the
targets are the cardiotrophin-like cytokine factor 1 (CLCF1)
and solute carrier family 2A (SLC2A) genes [126]. In the
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rat model of myocardial ischemia caused by LAD and in
H9c2 cardiomyocytes under the effect of hypoxia, miR-
378 expression was downregulated. By preventing caspase-
3 expression, the overexpression of miR-378 considerably
improved cell viability and inhibited apoptosis and necrosis.
The miR-378 inhibitor had opposed effects, indicating the
use of this cardioprotector miRNA as a potential therapeutic
device for treatment of ischemic heart disease [136].

A search of miRNAs expressed in patients with HF, non-
HF forms of dyspnea, and controls identifiedmiR-423-5p and
six other miRNAs (miR-18b∗, miR-129-5p, miR-1254, miR-
675,HS 202.1, andmiR-622)with increased circulating levels.
MiR-423-5p was upregulated only in subjects with clinical
HF. MiR-423-5p and miR-675, but not miR-18b∗, were
upmodulated in atherosclerotic forms of HF as compared
to nonatherosclerotic forms of HF. Analysis of miRNAs
that were upregulated in clinical HF and those that were
commonly upregulated in subjects non-HF with dyspnea
indicatedmiR-675 as themostly upregulated in dyspnea [118].
A second group of circulating miRNAs (miR-129-5p, -18b∗,
HS 202.1, -622, and -1254) was significantly upregulated in
non-HF cases, when compared to the healthy controls [118].
A study comparing the profile of circulating microRNAs of
patients with heart failure, chronic obstructive pulmonary
disease (COPD), other breathless patients, and controls
revealed lower levels of expression of miR-103, miR-142-3p,
miR-30b, and miR-342-3p in HF patients, but not for miR-
423-5p [137], which was previously reported as a diagnostic
predictor ofHF [118, 130, 138]. Someof thesemicroRNAshave
specific targets: the miR-199 family regulates the hypoxia-
induced factor-1𝛼 (HIF-1𝛼) and stabilizes the proapoptotic
factor p53 [129]; miR-103 is induced in response to hypoxia;
miR-27b is involved in pyruvate and lipid metabolism [137];
miR-324-5p is implicated in the hedgehog signaling pathway,
increased in angiogenesis, and induced by hypoxia [135, 137].

Elevated serum levels of miR-423-5p, miR-320a, miR-22,
andmiR-92b, identified in systolic heart failure patients, were
correlatedwith important clinical prognostic parameters, like
elevated serum brain natriuretic peptide (BNP) concentra-
tions, a wide QRS, and dilatation of the left ventricle and
left atrium [138]. The levels of circulating miR-423-5p were
elevated in DCM patients, positively related to N-terminal
probrain natriuretic peptide (NT-proBNP) levels and may
reflect the severity ofDCM[139]. In contrast, another study in
patients with a systemic right ventricle and reduced ejection
fraction indicated that miR-423-5p levels were not elevated
and were similar to controls [133]. This was attributed to the
fact that patients were only mildly symptomatic [140] while
in the study done by Tijsen and colleagues patients more
severely affected were included [118].

Plasma concentrations of miR-126 were reduced in
patients with HF, compared to healthy subjects, and inversely
correlated with plasma concentrations of BNP, a classic
marker of heart failure. Indeed, higher levels of miR-126
were found to be associated with a better clinical condition
[141]. Patients with CHF caused by ICM and DCM displayed
a pronounced loss of miR-126 and miR-130a in angiogenic
early outgrowth cells (EOCs) and in circulating CD34+ cells
as well as in their respective targets, the SPRED-1 and the

homeobox A5 (HOXA5) [142]. These alterations were not
found in previous reports [118, 126, 130]. However, experi-
mental studies in miR-126−/− mice suggested a key role for
miR-126 in cardiac neovascularization, by modulating angio-
genesis in vivo. Overexpression of miR-126 prevented the
expression of SPRED-1 on the signaling pathways activated
by VEGF and fibroblast growth factor (FGF), promoting
angiogenesis [143]. Cardiac transplantation angiogenic EOCs
from healthy subjects to nude mice stimulated myocardial
neovascularization and enhanced cardiac function. However,
this effect was not verified after transplantation of angiogenic
EOCs from patients with CHF. Transfection of antimiR-126
of angiogenic EOCs from healthy controls diminished the
capacity of cardiac neovascularization whereas transfection
with miR-126 mimics of angiogenic EOCs from patients
with CHF increased cardiac neovascularization and function
[142].

Endothelial progenitor cells from patients with ICM and
non-ICM expressed several miRNAs differently. Some of
them, like miR-107, miR-139, and miR-142-5p, which were
previously reported as downregulated in PBMCs of NICM
and ICMpatients [144], did not show a changed expression in
EPCs from patients with ICM and NICM [144]. The pattern
of expression of miR-126 (downregulated) and of miR-130a
and miR-221 (upregulated) in EPCs from ICM patients as
compared to controls [145] was also detected in patients with
multiple cardiac risk factors and stable CAD [85]. High levels
ofmiR-508-5pmay downregulate its targetGlu1, in EPCs, and
impair HIF-1𝛼, contributing to a reduced survival of patients
with CHF caused by NICM [145].The low expression of miR-
126 and the increased expression ofmiR-508-5p in EPCswere
independent prognostic factors associated with an increased
risk for cardiovascular death and for a decreased survival
[145].

In acute HF, only miR-499 levels were significantly
elevated when compared to controls [90]. Although, in
another study, the plasma concentrations of miR-499 were
below the limit of detection for both, controls and CHF
patients [98]. Three miRNAs (miR-107, -139, and -142-5p)
were downmodulated in both NIDCM and ICM patients
versus control subjects. Other miRNAs were deregulated
in only one of the CHF classes analyzed compared with
control subjects: miR-142-3p and miR-29b were increased
in NIDCM patients, while miR-125b and miR-497 were
decreased in ICM patients [144]. In the heart of NIDCM
patients, miR-107 and miR-29b were down- and upregu-
lated, respectively [130], and in the ICM class, miR-497 was
expressed at significantly lower amounts than in healthy indi-
viduals, as also observed in end-stage human failing hearts
[18].

The miRNA array analysis of plasma from Dahl salt-
sensitive rats with heart failure showed an upregulation of
miR-15a, miR-15b, miR-20a, miR-103, miR-130a, miR-130b,
miR-195, miR-210, miR-301b, miR-451, and miR-494 [146].
Nevertheless, this array analysis performed in humans with
severe heart failure displayed only a significant upmodula-
tion of miR-210 and miR-451 [141, 146]. MiR-451 is greatly
expressed in erythroid cells, and the hemolysis commonly
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observed in patients with congestive heart failure appears to
be the cause for the upregulation of this miRNA.The upmod-
ulation of miR-494, that activates the AKT pathway and
targets both proapoptotic and antiapoptotic proteins, seems
to act as a protecting factor against ischemia/reperfusion-
induced cardiac injury [146]. The expression levels of miR-
210 in the mononuclear cells of patients with class III and
IV of the New York Heart Association (NYHA) were signif-
icantly higher than in patients with NYHA II heart failure
and healthy controls. Moreover, plasma miR-210 levels were
strongly correlated with BNP, a marker of heart failure, mak-
ing miR-210 a good supplementary prognostic biomarker to
evaluate patients with HF [146]. The upregulation of miR-
210 and miR-30a was detected in the serum of HF patients
and in umbilical cord blood and followed the increased levels
of NT-pro-BNP [147]. Expression of miR-210 is induced by
HIF-1𝛼 during hypoxia, and its upregulation was observed in
rat H9c2 myocardial cells [146]. In addition, miR-210 might
repress iron-sulfur clusters assembly protein (ISCU) thatmay
protect cells from apoptosis [146, 147].

Five miRNAs (miR-101b,-142-3p,-181d,-24-2∗, and-450a)
were identified as negative regulators of cardiac hypertro-
phy, since they abrogated the phenylephedrine (PE)-induced
hypertrophy in neonatal rat cardiomyocytes, and transfection
of antagomirs for thesemiRNAs significantly exacerbatedPE-
induced hypertrophic responses [148].

Overexpression of miR-22 in transgenic mice lead to cel-
lular and organ hypertrophic growth compared to the wild
type mice, and in cultured neonatal cardiomyocytes miR-
22 promoted classic features of hypertrophy [149]. On the
other hand, cardiomyocytes transfected with miR-22 mimic
induced cardiomyocytes hypertrophy, while miR-22-null
mice hearts showed reduced cardiac hypertrophy and cardiac
remodeling [150]. MiR-22 inhibited sirtuin 1 (SIRT1) and
histone deacetylase 4 (HDAC4), two important epigenetic
regulators of cardiac function [150].

MiR-133a is specific for skeletal muscle, promotes myo-
genic differentiation, and has a critical role in determining
cardiomyocyte hypertrophy [151, 152]. In fact, in mice over-
expressing miR-133a there was a reduction of hypertrophy by
suppression of its cardiomyocyte targets [152] that included
RhoA, a GDP-GTP exchange protein regulating cardiac
hypertrophy, cell division control protein 42 (Cdc42), a
signal transduction kinase implicated in hypertrophy, and
the negative elongation factor A/Wolf-Hirschhorn syndrome
(NELF-A/WHSC2), a nuclear factor involved in cardiogene-
sis [151]. Patients with aortic stenosis, who normalized the left
ventricular mass (LVM) one year after aortic valve replace-
ment (AVR), exhibited preoperative high levels of circulating
miR-133a, compared with patients who presented residual
hypertrophy, probably as a consequence of its release by the
myocardium into the circulation in the pressure overload
condition [153]. As a key regulator of cardiac hypertrophy,
miR-133 togetherwith other clinical parameters could be used
to predict the potential reversibility of LV hypertrophy after
AVR [153].

The myocardial and circulating levels of miR-21 were
increased in patients with AS when compared to the group
of surgical controls. This overexpression was confined to

extracellular matrix, absent in cardiomyocytes, and was
inversely correlated with one of its targets, the PDCD4 gene.
Therefore, a possible function as a regulator of the fibrotic
process that occurs in response to pressure overload in
AS patients was suggested for miR-21 [154]. Experiments
in human fibroblasts to analyze the myocardial fibrosis in
AS patents identified several deregulated microRNAs. The
expression of miR-122 was downregulated in patients with
severe fibrosis (SF) when compared with non-SF patients and
controls, probably through the upregulation of transforming
growth factor beta 1 (TGF-b1) [155].

The different studies performed to identify circulating
miRNAs as diagnostic makers for MI are succinct in Table 3.

As stated, there are several microRNAs with aberrant
expression levels in heart failure. Among them, miR-423-
5p was the most closely related to the clinical diagnosis of
HF and miR-675 was the most upregulated in dyspnea. The
elevated levels of miR-423-5p seem to be associated with
the severity of DCM and were positively correlated with
BNP concentrations. Experimental studies suggested that
miR-126 stimulated cardiac neovascularization and improved
cardiac function. MiR-133 levels, together with other clinical
parameters, were proposed as a therapeutic approach to
predict the regression potential of LV hypertrophy after AVR.
The expression of miR-210 allowed distinguishing the extent
of heart failure according to the NYHA functional classifi-
cation. MiR-21 was upregulated in AS patients compared to
the surgical controls, while miR-122 was downregulated in
AS patients with severe fibrosis (Figure 2(c)). In this way,
the assessment of miRNA profiles as a prognostic tool is
promising and represents a challenge for the development of
miRNA-based therapies for cardiovascular diseases.

6. Future Perspectives

The expression of miRNAs is temporally and spatially
regulated, and alterations of their physiological expression
patterns are associated with several human cardiovascular
diseases, suggesting that they may play a role as a novel class
of biomarkers or treatment targets for cardiovascular diseases
[137]. The expression of miRNAs within myocardium is the
most exciting and innovative mechanism in the regulation of
myocardial infarction, heart failure, and hypertrophy [11, 126,
130].

Analysis of differently expressed miRNAs, using recent
development of sequencing technologies and computational
prediction algorithmic methods, revealed that the expected
targets are associated with the network of cardiovascular
development and function [62, 63]. The evaluation of dereg-
ulated miRNAs in distinct disease conditions may help the
diagnosis and prognosis, as well as monitor the development
of drug targeting and the normalization of miRNAs levels.
In that sense, the severity of the affected patients, the
different pathophysiologies of systemic right ventricular and
left ventricular heart failures, the analysis of larger cohort
of patients in each pathology, the time of sample collec-
tion, the way miRs are released in plasma by various cells
and tissues or different blood components, the medication,
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Table 2: Circulating miRNAs as diagnostic markers for MI.

miRNAs Regulation Groups Source Methods Reference
miR-1 Up Human/31 STEM, 20 controls Serum qRT-PCR [91]

Rat/12 Array

miR-1 Up Human/93 MI, 66 controls Plasma qRT-PCR [92]

miR-1, -133, -208b, -499 Up Human/32 AMI, 36 atypical
chest pain, Plasma qRT-PCR [98]

miR-1, -133a Up Human/29 AMI, 49 non-acute
subjects Serum qRT-PCR [112]

miR-1, -133a/b, -499-5p Up Human/33 MI, 17 controls Plasma qRT-PCR [76]
miR-122, -375 Down Mouse/5

miR-1, -133a, -208a, -499-5p Up Human/25 STEMI, 11 controls
Pig/6 Plasma qRT-PCR [104]

miR-1, -133a, -423-5p,
-499-5p, -21 Up Human/92 NSTEMI, 81 CHF,

99 controls Plasma qRT-PCR [117]

miR-1
Down 2-d post-MI, up 5-d post-MI,

elevated up
to 90-d post-MI

Human/12 post-MI, 12 controls Plasma qRT-PCR [111]

miR-21 Down 2-d post-MI, up 5-d post-MI

miR-208a, -133a Up 5-d post-MI, elevated up to 90-d
post-MI

miR-1, -133a/b, -208b Up in STEMI-NSTEMI versus UA Human/444 ACS (196 STEMI,
131 NSTEMI, 117 UA) Plasma qRT-PCR [105]

miR-1, -133a/b Down Human/50 MI, 8 controls,
9 fetuses

Heart
tissue qRT-PCR [100]

miR-208 Up

miR-1, -133, -208b, -499 Up Human/33 MI, 16 CAD non-MI,
17 others CVD, 30 controls Plasma qRT-PCR [103]

Rat/18

miR-208a Overexpression Mouse/16 Tg, 8 miR-208a+/+, Heart qRT-PCR [102]
10 miR-208a−/−, 11 controls

miR-21 Down in infarcted areas; up in
border areas Rat/10 Myocytes qRT-PCR [109]

miR-21 Up Rat/12
Heart
tissue,

myocytes
qRT-PCR [110]

miR-208b, -499 Up Human/510 MI: 397 NSTEMI,
113 STEMI, 87 controls Plasma qRT-PCR [99]
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Table 2: Continued.

miRNAs Regulation Groups Source Methods Reference

miR-499 Up Human/14 ACS: 9 IM, 5 AP,
15 CHF; 10 controls Plasma qRT-PCR [97]

miR-208 Up (after isoproterenol SC) Rat/8 Plasma qRT-PCR [101]
miR-133, -328 Up Human/51 AMI, 28 controls Plasma qRT-PCR [120]

miR-663b, -1291 Down Human/20 STEMI, 20 controls PBMCs Array [123]
mirR-30c, -145 Up

miR-423-5p Up Human/17 MI, 4 CAD, 5 controls Plasma qRT-PCR [116]

miR-133a, -423-5p Up Human/246 MI Plasma qRT-PCR [113]

miR-133a UP AMI versus controls
UP CAD versus non-CAD

Human/
1st cohort:13 AMI, 27 controls;

2nd cohort: 22 CHD, 8
non-CHD;

3rd cohort: 154 CHD, 92
non-CHD

Plasma qRT-PCR [115]

miR-208b, -320a, -499 Up Human/224 AMI, 87 controls Plasma qRT-PCR [121]

miR-155, -380∗ Up Human/19 dead after 1 y AMI; 21
survival Serum qRT-PCR [122]

miR-150 Down Human/60 AMI Plasma Array [114]

miR-1, -133a, -208b, -499 Up Human/67 AMI, 32 controls Plasma qRT-PCR [96]

miR-92a-3p, -30d-5p Down Human/13 AMI Plasma qRT-PCR [119]
miR-25-3p, -374b-5p, Up Plasma
miR-186-5p, -342-3p Down Platelets
miR-25-3p, -221-3p Up Platelets
miR-374b-5p Down PBMCs
miR-25-3p, -221-3p Up PBMCs

miR-133a Up Human/216 AMI with STEMI Serum qRT-PCR [107]

miR-1 Up Human/17 AMI, 25 controls Plasma qRT-PCR [93]
miR-126 Down

miR-30a, 195, -let-7b Up Human/18 AMI, 30 controls Plasma qRT-PCR [124]

miR-1, -208b, -499-5p Up Human/407 MI: 173 STEMI, 146
NSTEMI, 88 non-MI Plasma qRT-PCR [106]

ACS: acute coronary syndrome; AMI: acute myocardial infarction; AP: angina pectoris; CAD: coronary artery disease; CHD: coronary heart disease; CVD:
cardiovascular disease; miR: microRNA; d: days; Down: downregulated; HID: heart ischemic disease; MI: myocardial infarction; HF: heart failure; CHF:
congestive heart failure; NSTEMI: non-ST elevation myocardial infarction; PBMCs: peripheral blood mononuclear cells; qRT-PCR: quantitative real-time
polymerase chain reaction; SA: stable angina; SC: subcutaneously; STEMI: ST elevation myocardial infarction; Tg: transgenic; UA: unstable angina; Up:
upregulated; y: year.
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Table 3: Circulating miRNAs as diagnostic markers for HF.

miRNAs Regulation Groups Source Methods Reference
miR-24, -125b, -195, 199a, -214 Up Human/6 HF, 4 controls Left ventricle Northern blot [131]

miR-24, -125b, -195, 199a, -214 Up Mice/3 Tg, 3 controls Heart Array,
qRT-PCR

miR-214 Up Human/19 ICM, 25 DCM, 13 Left ventricle qTR-PCR [11]

miR-19a/b Downin DCM-AS AS, 10 controls

Bead-based
hybridiza-

tion,
qTR-PCR

miR-21, -129, -212 Up in fetal heart Human/6 HF, 6 fetal hearts,
4 controls Heart Array,

qRT-PCR [130]

miR-100, -195 Up Human/6 IDC, 5 ICM, Heart Array,
qRT-PCR [132]

miR-92, -133b Down 6 controls

miR-125, -181b, -214, -342 Up Human/50 end-stage HF Left ventricle Array [126]
miR-1, -7, -29b, -378 Down (DCM), 20 controls

32 miRs Up Human/17 HF, 10 post-LVAD,
10 controls Heart Array [135]

miR-126 Up Human/33 IHD (MI, UA, SA), Plasma qRT-PCR [141]
miR-122, -499 No variation 10 HF, 17 controls

miR-126, -130a Down Human/45 CHF (ICM),
15 CHF (DCM), 35 controls

Angiogenic
EOCs, CD34+

Array,
qRT-PCR [142]

Mice/8-16

miR-126 Down Human/106 CHF: 55 ICM,
51 NICM; 30 controls

Mononuclear
cells Array [145]

miR-508-5p Up

miR-423-5p, -18∗, -129-5p,
miR-622, HS 202.1, -1254 Up

Human/30 HF, 20 HF with
dyspnea, non-HF with dyspnea,

39 controls
Plasma qRT-PCR [118]

miR-423-5p, -320a, -22, -92b Up Human/30 chronic HF, 30
controls Serum qRT-PCR [138]

miR-423-5p No variation Human/41 right ventricular HF,
10 controls Plasma qRT-PCR [140]

miR-423-5p Up Human/45 DCM, 39 controls Plasma qRT-PCR [139]

miR-103, -142-3p, -30b, -342-3p Down Human/32 HF, 15 COPD, 14
controls Plasma qRT-PCR [137]

miR-499 Up Human/33 HF, 34 controls Plasma qRT-PCR [98]

miR-499 No variation Human/15 CHF, 10 controls Plasma qRT-PCR [97]
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Table 3: Continued.

miRNAs Regulation Groups Source Methods Reference

miR-107, -139, and -142-5p Down in DCM and
NIDCM

Human/15 ICM, 19 NCDCM, 19
controls PBMCs qRT-PCR [144]

miR-142-3p and -29b Up in NIDCM
miR-125b and -497 Down in DCM

miR-210 Up Human/39 HF Plasma qRT-PCR [146]

miR-210 Up Human/13 CHF: 8 NYHA II, 5
NYHA III and IV; 6 controls

Mononuclear
cells qRT-PCR

miR-15a, -15b, -20a, -103, -130a,
-130b, -195, -210, -301b, -451,
-494

Up Rat/13HF, 9 controls Plasma Array

miR-210, -30a Up Human/22 HF, 18 controls,
9 fetuses Serum qRT-PCR [147]

miR-133a Up Human/74 AS Plasma, LV
biopsies qRT-PCR [153]

miR-21 Up Human/75 AS, 32 surgical
patients, 25 controls

Plasma, LV
biopsies

qRT-PCR, in
situ [154]

hybridization

miR-122 Down Human/28 AS: 15 SF,
13 non-SF; 10 controls

Endomyocardial
biopsies qRT-PCR [155]

AP: angina pectoris; AS: aortic stenosis; CHF: chronic heart failure; COPD: chronic obstructive pulmonary disease; DCM: dilated cardiomyopathy; Down:
downregulated; EOCs: early outgrowth cells; HF: heart failure; ICM: ischemic cardiomyopathy; IDC: idiopathic cardiomyopathy; IHD: ischemic heart disease;
ISC: ischemic cardiomyopathy; LVAD: left ventricular assist device; MI: myocardial infarction; miR: microRNA; NICM: nonischemic cardiomyopathy;
NIDCM: nonischemic dilated cardiomyopathy; non-SF: nonsevere fibrosis; NYHA: New York Heart Association; qRT-PCR: quantitative real-time polymerase
chain reaction; SA: stable angina; SF: severe fibrosis; UA: unstable angina; Up: upregulated.

and SNPs are important causes to consider for potential
setting of disease markers. Aging, senescence, and other
associated diseases, like diabetes mellitus, viral infections,
immune reactions, stroke, or hypertension, contribute to a
different miRNA expression profile but, at the same time,
allow the identification of specific miRs for different clinical
conditions. In addition, genetic and epigenetic regulations
have a primordial role in themicroRNAs and gene expression
interactions [1–3]. Moreover, it is essential to determine the
regulation of signaling pathways by miRNAs, since it will
provide an understanding on the global scale of regulation by
miRNAs, instead of looking only to individual targets [126].
Currently, modulation of miRs can be achieved, in vitro and
in vivo, by miRNA therapies which are based in the use of
antagomirs and miR-mimics.

In conclusion, it is well established that miRNAs are
deregulated in most human diseases. The main advantage
of miRNA therapeutics is their innovative mode of action,
apparently without adverse effects [59]. Currently, the miR
delivering system is systemic and not specific to an organ or
tissue and consequently has the ability of exerting adverse
side effects. It would be interesting to identify circulating
miRNAs as markers for diagnosis and prognosis and those

that could predict a response to a particular therapy in car-
diovascular diseases. However, the development of effective
delivery systems, the validation of clinically relevant animal
models, and additional medical trials are required to improve
our understanding of the molecular mechanisms underlying
some diseases, in particular the heart pathologies and the
following of degenerative and regenerative processes.

List of Acronyms

ACE: Angiotensin-converting enzyme
ACS: Acute coronary syndrome
ADAR: Adenosine deaminases acting on RNA
Ago: Argonaute
AMI: Acute myocardial infarction
AP: Angina pectoris
AS: Aortic stenosis
ASO: Antisense-based oligonucleotide
AVR: Aortic valve replacement
BCL2L11: B-cell leukemia/lymphoma-2 like

protein 11
BIM: BCL2-like 11
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CAD: Coronary artery disease
CaM: Calmodulin
CaMKII𝛾: Ca2+/CalModulin-dependent protein

kinase II 𝛾
CHD: Coronary heart disease
CHF: Congestive heart failure
CK-MB: Creatine kinase-MB
CLCF1: Cardiotrophin-like cytokine factor 1
CnA: Calcineurin A
COPD: Chronic obstructive pulmonary

disease
cTnI: Cardiac troponin-I
CVD: Cardiovascular disease
CYPD: Cyclophilin D
DCM: Dilated cardiomyopathy
DGCR8: DiGeorge syndrome critical gene 8
ECs: Endothelial cells
EMB: Endomyocardial biopsy
EOCs: Early outgrowth cells
EPCs: Endothelial progenitor cells
ERBB2: Receptor tyrosine-protein kinase

erbB-2
Exp 5: Exportin-5
FGF: Fibroblast growth factor
HDAC4: Histone deacetylase 4
HDGF: Hepatoma-derived growth factor
HIF-1𝛼: Hypoxia-induced factor-1𝛼
HF: Heart failure
HOP: Homeodomain-only protein
hs-cTnT: High-sensitivity cardiac troponin T
HOXA5: Homeobox A5
ICM: Ischemic cardiomyopathy
IDC: Idiopathic cardiomyopathy
IHD: Ischemic heart disease
ISC: ISchemic cardiomyopathy
ISCU: Iron-sulfur clusters assembly protein
LAD: Left anterior descending
LV: Left ventricle
LVB: Left ventricle biopsy
MEF2A: Myocyte-specific enhancer factor 2A

MEF2A
miRISC: miRNA-induced silencing complex
miRNAs/mIRs: microRNAs
LLT: Lipid lowering therapy
LNA: Locked nucleic acid
LVM: Left ventricular mass
MAP: Mitogen-activated protein
MI: Myocardial infarction
MPs: Microparticles
MOE: 2-O-Methoxyethyl
MREs: miRNA recognition elements
NCX1: Sodium-calcium exchanger 1
NELF-A/WHSC2: Negative elongation factor

A/Wolf-Hirschhorn syndrome
NGS: Next generation sequencing
non-SF: Nonsevere fibrosis
NPM1: Nuclephosmin 1
NSTEMI: Non-ST elevation myocardial

infarction

NT-proBNP: N-terminal probrain natriuretic
peptide

NYHA: New York Heart Association
Omes: 2-O-Methyl modified

oligonucleotides
ORF: Open reading frame
PCR: Polymerase chain reaction
PCR-RLFP: PCR-based restriction fragment length

polymorphisms
PE: Phenylephedrine
PIK3: Phosphatidylinositol 3-kinase
PBMCs: Peripheral blood mononuclear cells
PHLPP1: PH domain leucine-rich repeat protein

phosphatase
PTEN: Phosphatases TENsin homolog
qRT-PCR: Quantitative real-time polymerase

chain reaction
RISC: RNA-induced silencing complex
SA: Stable angina
SAP: Stable angina pectoris
SF: Severe fibrosis
SIRT1: SIRTuin 1
SLC2A: Solute carrier family 2A
SPRED1: Sprouty-related EVH1

domain-containing protein 1
STEMI: ST elevation myocardial infarction
TAC: Transverse aortic constriction
Tg: Transgenic
TGF-b1: Transforming growth factor beta 1

(TGF-b1)
THRAP1: Thyroid hormone receptor associated

protein 1
TRBP: TAR RNA binding protein
XRN-2: 5-to-3 exoribonuclease 2
UA: Unstable angina
UAP: Unstable angina pectoris
3-UTR: 3-Untranslated region
5-UTR: 5-Untranslated region
VCAM1: Vascular cell adhesion molecule 1
VEGF: Vascular endothelial growth factor.
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