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Abstract

Background. Cardiovascular disease is a major cause of death globally, taking over one-
third of all deaths worldwide. Multiple research results are confirming coronary heart disease
and depression as highly comorbid, associating depression with an increased risk of incidents
of coronary heart disease and vice versa, and depression is a strong predictor of coronary heart
disease outcome. One of the mechanisms that may explain the interaction between depression
and cardiovascular diseases is oxidative stress. Assessment of oxidative stress markers could
modify risk stratification, diagnosis and prevention, and treatment of coronary heart disease
and depression patients.

Aim. To investigate the relationships between oxidative stress biomarkers, the
prevalence of depression, and the risk of recurrent stable coronary heart disease.

Methods. A retrospective case-control study, comparing patients with primary stable
coronary heart disease with patients who have recurrent stable coronary heart disease by
determining oxidative markers levels and depression signs and severity. Medical record
analysis, structured interview, Geriatric Depression Scale, and blood samples to detect
oxidative stress markers MDA and GPx were used as investigation methods.

Results and discussion. 174 patients were included in this study — 49.4% with primary
coronary heart disease and 50.6% with recurrent. The majority of the sample (83.9%) had high
levels of MDA and for the rest of them, the MDA level was considered normal. MDA level
was slightly higher in primary stable coronary heart disease group without depression. For the
majority of the patients (72.4%) the GPx level was normal, for 17.8% it was high, and for
9.8% — low. Slightly more than half of the patients were experiencing depression (44.3% — mild
and 6.9% — severe). Oxidative stress is a risk factor for coronary heart recurrence, especially in
depressed patients. The prevalence of depression was higher in patients with recurrent coronary
heart disease. Patients with both high GPx and depression had 10.6 times higher chances of
recurrent stable coronary heart disease compared to those with normal GPx and without
depression.

Conclusions. Elevated GPx level was more common among patients with recurrent
stable coronary heart disease. GPx levels were also higher in depressed patients with recurrent
stable coronary heart disease. The majority of patients had high levels of MDA with higher
rates in patients with primary stable coronary heart disease. More than a half of patients were
experiencing mild or severe depression symptoms with higher rates among patients with
recurrent stable coronary heart disease. Patients with high GPx and depression have higher

chances of recurrent stable coronary heart disease. Increased MDA level is a risk factor for



stable coronary heart disease in general but it does not link to depression severity and recurrence
of stable coronary heart disease. Hence antioxidant enzyme GPx is a more significant marker
of the risk of depression and recurrence of stable coronary heart disease.

Keywords: stable coronary heart disease, depression, oxidative stress, MDA, GPx.



Anotacija
Oksidativa stresa markieri GPx un MDA un depresijas smagums ka atkartotu stabilas
koronaras sirds slimibas notikumu prognostiskie faktori

levads. Kardiovaskularas slimibas ir galvenais naves c€lonis pasaulé — vairak neka
tresdalai visu navju. Vairaki petijumu dati apstiprina, ka koronarajai sirds slimibai un depresijai
ir augsta komorbiditate, depresija ir saistita ar paaugstinatu koronaras sirds slimibas attistibas
risku, un otradi, ka arT depresija ir specigs koronaras sirds slimibas iznakuma prognostiskais
faktors. Viens no galvenajiem mehanismiem, kas izskaidro mijiedarbibu starp depresiju un
koronaro sirds slimibu, ir oksidativais stress. Oksidativa stresa markieru novértéSana var
savlaicigi mazinat atkartotas hospitalizacijas risku sakara ar koronaro sirds slimibu, uzlabot
diagnozes noteik$anu, arstésanu un profilaksi pacientiem ar koronaro sirds slimibu un
depresiju.

Merkis. Izpétit oksidativa stresa biomarkieru limena izmainas un to iesp&jamo
prevalgjoSo korelaciju ar depresiju un atkartotu stabilas koronaras sirds slimibas (SKSS)
notikumu riskiem.

Metodes. Retrospektivs gadijumu kontroles pé&tijums, kura salidzinati pacienti ar
primaru un atkartotu koronaras sirds slimibas notikumu, nosakot oksidativa stresa markieru
Iimeni un depresijas smagumu. Tika izmantotas $adas metodes: medicinisko ierakstu analize,
struktur€tas pacientu intervijas, geriatrijas depresijas skala, asins analizes MDA un GPx limena
noteikSanai.

Rezultati un diskusija. Petijuma tika ieklauti 174 pacienti: 49,4 % ar primaru stabilu
koronaras sirds slimibas notikumu un 50,6 % ar atkartotu notikumu. Lielakajai izlases dalai
(83,9 %) bija augsti MDA raditaji, bet paréjiem MDA bija normas robezas. MDA limenis bija
nedaudz augstaks pacientiem bez depresijas ar primaru stabilu koronaro sirds slimibu.
Lielakajai dalai pacientu (72,4 %) GPx limenis bija normals, 17,8 % tas bija augsts, bet
9,8 % — zems. Nedaudz vairak neka pusei pacientu konstat&ja depresiju (44,3 % vidgji smagu
un 6,9 % smagu). Oksidativais stress ir viens no riska faktoriem atkartotai stabilai koronarajai
sirds slimibai, it Tpasi pacientiem ar depresiju. Depresijas izplatiba bija augstaka pacientiem ar
atkartotu stabilas koronaras sirds slimibas notikumu. Pacientiem ar augstu GPx Iimeni un
depresiju ir 10,6 reizes augstaks risks, ka koronara sirds slimiba attistisies atkartoti
salidzinajuma ar pacientiem bez depresijas un ar normalu GPX Iimeni.

Secinajumi. Paaugstinats GPX limenis ir biezak sastopams pacientiem ar atkartotu
stabilas koronaras sirds slimibas notikumu. GPx limenis bija augstaks depresiviem pacientiem
ar atkartotu stabilas koronaras sirds slimibas notikumu. Lielakajai dalai pacientu bija augsts

MDA ar augstakiem raditajiem pacientiem ar primaru stabilu koronaro sirds slimibu. Vairak



neka pusei pacientu tika konstatéti vidéji Smagas vai smagas depresijas simptomi ar augstakiem
raditajiem pacientiem ar atkartotu stabilu koronaro sirds slimibu. Pacientiem ar augstu GPx
Iimeni un depresiju ir augstaki atkartotu stabilas koronaras sirds slimibas notikumu riski.
Paaugstinats MDA limenis ir riska faktors stabilai koronarajai sirds slimibai kopuma, bet nav
saistits ar depresijas smagumu un atkartotu stabilas koronaras sirds slimibas notikumu
varbiitibu. Lidz ar to GPX ir nozimigaks depresijas un atkartotu stabilas koronaras sirds slimibas
notikumu riska faktors.

Atsléegvardi: stabila koronara sirds slimiba, depresija, oksidativais stress, MDA, GPx.
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CAD
CHD
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CVvD
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GPx
GR
GSH
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HPA
HRV
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LP
MDA
MDD
Ml
NADP+
NADPH
NSTEMI
OR

0S
PSCHD
RAAS
ROS
RSCHD
SCHD
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SSRIs
TAC
TBA

Abbreviations used in the Thesis

Antidepressant

Apoptosis index

Antioxidant

Body mass index

Coronary artery disease

Coronary heart disease

Confidence interval
Cardio-cerebrovascular diseases
Depression

Geriatric Depression Scale
Glutathione peroxidase
Glutasereductase

Glutathione

Glutathione disulphide
Hypothalamus—pituitary—adrenal axis
Heart rate variability

Kynurenine

Lipopolysaccharide

Malondialdehyde

Major depressive disorder

Myocardial infarction

Nicotinamide adenine dinucleotide phosphate
Reduced nicotinamide adenine dinucleotide
Non-ST elevation

Odds ratio

Oxidative stress

Primary stable coronary heart disease
Renin—angiotensin—aldosterone system
Reactive oxygen species

Recurrent coronary heart disease
Stable coronary heart disease
Subsequent ST elevation

Selective serotonin reuptake inhibitors
Total antioxidant capacity
Thiobarbituric acid



TRP Tryptophan

WHO World Health Organization
YLDs Years lived with disability
YLLs Years of life lost



Introduction

Epidemiological data indicate that cardiovascular diseases (CVD) and depression pose
a huge global disease burden. The Global Burden of Disease 2016 (GBD, 2016) study showed
that CVD was the number one reason for years of life lost (YLLSs) globally (Moraga, 2016).
Also, in 2017, GBD reported that major depressive disorder (MDD) was the third cause of years
lived with disability (YLDs) after low back pain and headache disorders (James et al., 2017).
Both, coronary heart disease (CHD) and depression (D) are leading causes of disability in high-
income countries and are expected to become so globally by 2030 (Murray&Lopez, 2013).

Over the past 20 years, a multitude of research has found that not only is D more
common in cardiac patients than in the general population, but D is also a risk factor for cardiac
morbidity and mortality, associated with adverse cardiovascular outcomes, independent of
traditional risk factors (Huffman et al., 2013). D in cardiac disease is common, persistent,
underrecognized, and deadly. The prevalence of D is, compared with the general population,
significantly higher in patients with coronary heart disease (CHD) (Whooley&Wong, 2013).
Besides impairing patients’ quality of life, D has profound negative effects on the long-term
prognosis of individuals with any type of cardiovascular disorder. These facts further
underscore the importance of the proper treatment of D in patients with CVD (Yekehtaz, 2013).

There is a lack of a definitive correlation between high-risk profiles, biological profiles,
and the occurrence of CVD (Khawaja et al., 2009). The role of oxidative stress in cardiovascular
disease processes, such as atherogenesis, ischemic-reperfusion injury, and cardiac remodelling,
has been increasingly recognized in the past few decades. Oxidative stress is defined by the
imbalance between the production of reactive oxygen species (ROS) and the endogenous
antioxidant mechanisms to counteract the effects of ROS or to repair the resulting damages
(Antoniades et al., 2009). Much of the recent research in these areas has focused on the role of
the immune system and inflammation in both depression and CVD. Currently, an increasing
number of studies suggest that levels of oxidative stress markers in body fluids correlate with
atherosclerotic disease activity (Vichova&Motovska, 2013). The common risk factors increase
the production of OS and reduce AO defences, thereby promoting the occurrence and
development of interacted ischemic CVD and D. OS can also contribute to depressive disorder
by acting on established etiopathological components of D, including lipid signalling,
monoamine regulation, and inflammation (Moylan et al., 2014; Maes et al., 2011). Therefore,
there is a need to understand the underlying mechanisms and find effective therapies to control
CVD and D (Lin et al., 2019).
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The role of OS in Stable CHD (SCHD) recurrence in patients with SCHD and D has not
been studied previously. At the moment, there is insufficient evidence that routine screening of
D in patients with SCHD will ultimately help improve the patient's condition (Hasnain et al.,
2011; WHO, 2017), which is why the study of the relationship between SCHD, D and OS is

very important.

Aim of the Thesis
The present study aimed to investigate changes in oxidative stress biomarker levels and

its possible correlation with depression and recurrent stable coronary heart disease risks.

Objectives of the Thesis

1. To determine the prevalence and severity of depression among patients with
primary and recurrent stable coronary heart disease.

2. To determine and compare oxidative stress marker MDA in patients with primary
stable coronary heart disease and recurrent stable coronary heart disease.

3. To determine and compare oxidative stress marker GPx in patients with primary
stable coronary heart disease and recurrent stable coronary heart disease.

4. To analyse correlations between oxidative stress marker MDA and severity of
depression in patients with primary and recurrent stable coronary heart disease.

5. To analyse correlations between oxidative stress marker GPx and severity of
depression in patients with primary and recurrent stable coronary heart disease.

6. To determine possible biomarkers as a risk factor for SCHD recurrence.

Hypothesis

Patients with recurrent stable coronary heart disease and depression would have a higher
level of oxidative stress biomarkers than patients with primary stable coronary heart disease
without depression, which can be used in diagnostic tools for the risk of recurrence of SCHD

in patients with depression.

Novelty of the Thesis

For the first time in Latvia, the relationship between primary hospitalization,
rehospitalization, and its possible connection with depression and oxidative stress markers was
investigated. Also, before 2015 risk factor correlations between primary and recurrent stable
coronary heart disease, depression, and oxidative stress (GPx and MDA) were not investigated.

Those oxidative stress biomarkers were found more significant in D and RSCHD development.

11



Currently, there is no such institution in Latvia that collects and studies data about the
interaction between somatic and mental diseases. On a national level, there are no
systematically collected statistics about somatic patients with mental diseases and behavioural
disorders and vice versa — patients with mental disorders who have somatic comorbidities, death

causes, and drugs used in psychiatry that cause somatic side effects.

Practical significance of the work

The current study can contribute to creating a better understanding of the relationship
between oxidative stress, depression, and coronary heart diseases. Also, it can help to improve
risk assessment strategies for cardiovascular diseases and depression among patients with
coronary heart disease, therefore reducing rehospitalization risks.

It is important to mention several revealed facts:

1. Thereis a link between depression and oxidative stress, and depression, oxidative

stress, and stable coronary heart disease.

2. Depression screening in a hospital setting can significantly improve healthcare for
patients with stable coronary heart disease.

3. Timely and adequate therapy (for example, antidepressants) reduces risks of
rehospitalization, improves patients’ quality of life, and reduces the average length
of stay in hospitals and rehabilitation facilities, which is economically beneficial
for the state.

Oxidative stress markers can be used as a diagnostic tool for depression and recurrent
cardiac events. There is a wide variety of different oxidative stress markers, and in this study
two of them were investigated (MDA and GPx). Unlike GPx, results show contradictory data
of MDA assessment in patients with coronary heart disease. Therefore, GPx could be used as a
diagnostic tool for >45 years old patients to evaluate recurrent coronary heart disease risk. It is
fast, informative and reliable, could be used by cardiologists, general practitioners,
gerontologists, psychiatrists and other specialists, who are involved in coronary heart disease
treatment. Identifying patients with high risk of recurrent coronary heart disease early allows
better patient follow-up assessment and evaluate the need for antidepressant and/or antioxidant
therapy.

As mentioned above, barriers to recognition of depression include a lack of mental
health expertise and training in cardiology practices, and many symptoms of D, such as fatigue,
weight loss, poor appetite, or trouble sleeping, are easily confused with physical disease.
Therefore, the measurement of oxidative stress marker GPx can be used as a diagnostic tool for

D and the risk of recurrence in patients with CHD.

12



1. Literature
1.1. Cardiovascular Disease (CVD)

According to the World Health Organization data, cardiovascular disease (CVD) is
the number 1 cause of death globally, taking an estimated 17.9 million lives each year,
an estimated 31% of all deaths worldwide (WHO, 2017). European Heart Network report states
CVD is the leading mortality cause in Europe, responsible for over 45% of all deaths —
3.9 million lives a year. Mortality rates of CVD are higher in males. It is important to mention
strong geographical disparities with higher mortality rates in Eastern and Central Europe
(EHIG, 2020; Wilkins et al., 2017).

In Latvia, CVD was the most common cause of death — 54.6% of all deaths, according
to 2019 data (Erglis et al., 2020). Moreover, CHD was the cause of 32.9% of total deaths
(GBD, 2019).

The latest available statistics confirm that on average 15 000 people die from CVD in
Latvia every year — in 2017 there were 815 people per 100 000 inhabitants and in 2019 the
indicator slightly decreased to 784 people per 100 000 inhabitants (SPKC, 2020).

According to the World Health Organization, “CVD is a group of diseases that include
both the heart and blood vessels, thereby including coronary heart disease (CHD), coronary
artery disease (CAD), stroke, hypertensive heart disease, inflammatory heart disease, rheumatic
heart disease, and other cardiovascular diseases” (WHO, 2011). CAD is usually used to refer
to the pathologic process affecting the coronary arteries (usually atherosclerosis) whilst CHD
includes the diagnoses of angina pectoris, MI, and silent myocardial ischemia. In turn, CHD

mortality results from CAD (Sanchis-Gomar et al., 2016).

1. CVD incidence, prevalence, and healthcare burden

In a survey conducted in Latvia in 2018, it was found that people with CVD most often
had: 28.5% hypertension, 16.8% high cholesterol, 8.7% arrhythmia, 4.4% heart failure,
4.2% CHD, 2.5% stroke, and 2.4% myocardial infarction. 23.4% of people noted that they tend
to have pain or heaviness in the chest — with the highest proportion in the age groups of 55 years
for men and 45 years for women (Erglis et al., 2018).

As stated in the European Heart Network report, there were over 11.3 million new cases
of CVD registered in Europe in 2015. The incidence of CVD increased over the last decades
and the only countries to show a decrease in CVD cases in both sexes were Latvia and United
Kingdom (Wilkins et al., 2017).

13



Prevalent cases of total CVD nearly doubled from 271 million in 1990 to 523 million in
2019, and the number of CVD deaths steadily increased from 12.1 in 1990, reaching
18.6 million in 2019 around the globe (Roth et al., 2020). As for prevalence in Europe, statistics
claim there are 85 million people in Europe (49 million within European Union (EU)) living
with CVD. Prevalence rates are higher in Eastern and Central Europe and over the past 25 years,
the absolute number of CVD cases rose by 26% in females and by 32% in males which has
corresponded with population aging. It is essential to specify the prevalence rates of CVD in
the Baltic states. In 2015 CVD rates in males per 100 000 were: 7197 in Estonia, 7298 in Latvia,
and 8226 in Lithuania with an average rate of 6308 in the EU. Prevalence rates of CVD
per 100 000 females are lower: 5669 in Estonia, 5582 in Latvia, and 6346 in Lithuania with an
average rate of 4921 in the EU (EHIG, 2020; Wilkins et al., 2017).

High CVD rates place a significant economic burden on the healthcare system. It should
be noted that patient hospitalization rates in EU countries remain very high (Roth et al., 2020).
However, the rates were lower in Cyprus (6.1 per 1000 patients hospitalized among men and
2.9 per 1000 among women), while the rates were higher in Lithuania (45.4 cases per 1000 men
and 50.1 per 1000 women). It should be noted that even though men are hospitalized more
often, it is women who spend longer time in hospitals — 12% longer with CVD in general, but
the time spent in the hospital with acute myocardial infarction is 17% longer. Statistics on the
Baltic States for 2012 are available: the average number of hospitalized patients per 1000 in
Latviawas 31.2, and in Lithuania—45.4, but the data on Estonia was not published. The average
length of time spent in the hospital was 6.6 days in Latvia and 8.3 days in Lithuania.
The average hospital discharge rate, or the number of patients discharged per 100 000 residents
admitted due to CVD, is one of the indicators of the burden on the healthcare system.
The average number in Europe in 2013 was 2,500 patients per 100 000 inhabitants. It should
be noted that this number has increased over the last 30 years. The lowest rates are
in Cyprus — 672 per 100 000, while the highest in the European Union is in Lithuania —
4765 per 100 000 inhabitants (Wilkins et al., 2017).

Data on drug treatment also indirectly indicates the prevalence, importance, and burden
CVD places on healthcare. According to statistics, the use of antihypertensives and cholesterol-
lowering drugs has changed: for example, in Estonia during the period since 2000. By 2013,
the use of antihypertensive drugs had tripled, and in Luxembourg, it had quadrupled. The
highest rates of the use of antihypertensive drugs are in Germany and Hungary, almost three
times higher than in Austria and Turkey. The situation with cholesterol-lowering drugs is
similar, as their use has increased, with the highest rates of use being in Slovakia and the United

Kingdom, and the lowest — in Austria and Turkey. It is worth taking a separate look
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at the medications prescribed to patients during inpatient hospitalization: statin use ranges from
73.5% in Lithuania to 96.1% in Greece, while the average use of b-blockers is lower, from
67.8% in the UK to 89.5% in Spain (Wilkins et al., 2017). The largest differences can be seen
in prescribing Angiotensin-converting-enzyme inhibitors and Angiotensin receptor blockers —
the lowest rate is in Belgium, which is 49%, and the highest is in the Czech Republic, which is
82.2% (Kotseva et al., 2015).

According to the data on the population of Latvia compiled in 2018, it was found that
the most common reason for using medication was hypertension — 48.7% of respondents,
the second most common reason was pain — 22.7%, and the third — was heart rhythm
disorders — 16.6%. Other mentioned reasons included also anxiety (10.1% of people),
hyperglycaemia (8.6%), and heart failure (7.5%) (Erglis et al., 2020).

Separately the severity of CVD and the burden it places on healthcare and economics
can be evaluated by the prevalence of surgical manipulations, however, it is difficult to analyse
data on surgical procedures performed on patients hospitalized due to CVD, because some of
this data is not available from private hospitals. But as an example, heart bypass anastomosis
surgery was most commonly performed in Denmark (72.8 procedures per 100 000 residents)
and least commonly in Spain (17.8 per 100 000 residents). In contrast, rates of transluminal
coronary angioplasty procedures were the highest in Germany (385.9 procedures
per 100 000 residents) and lowest in Romania (95.2 procedures per 100 000 residents). It is also
important to look at fatality rates within a year from diagnosis. It should be mentioned that
Latvia is one of the countries with the highest fatality rate — 15.4% of patients die within a year
after being diagnosed with acute myocardial infarction, compared to 4.5% in Sweden (EHIG,
2020; Wilkins et al., 2017).

According to statistics, the average CVD-related costs in Europe are € 210 billion per
year, of which 53% (111 billion) are direct healthcare costs, 26% (54 billion) are incapacity-
related costs and 21% (45 billion) are informal care costs. In the meantime, coronary artery
disease (CAD) related costs amount to € 59 billion a year. The amount of money spent varies
greatly from country to country, depending on a variety of factors. For example, the cost per
capita in Bulgaria is € 48 per CVD patient, while in Finland it is € 365. There is an opinion that
the real costs are much higher due to indirect costs that are difficult to track, such as the impact
CVD has on the family — the ability of relatives to continue working, pay for care and
rehabilitation, and pay bills (Wilkins et al., 2017).

According to the collected data, in 2015, the CVD cost Latvia 130 thousand euros, with
a 66 euro cost per capita, which makes up 10% of all health care funds. In Lithuania, the total

cost was 226 thousand euros, with a 78 euro cost per capita (also 10% of all health care
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expenses), while in Estonia 177 thousand euros were spent, with a 135 euro cost per capita
(14% of all health care expenses) (Erglis et al., 2020).

2. CVD risk factors

In line with previous publications, there are eight main risk factors for CVD, which can
be divided into two groups:

e Medical risk factors: high blood pressure, high body mass index (BMI), high

cholesterol, and high fasting plasma glucose.

e Behavioural risk factors: alcohol consumption, smoking, low levels of physical

activity, and an unhealthy diet (Wilkins et al., 2017).

All risk factors can be divided into modifiable and non-modifiable:

e Nonmodifiable cardiovascular risk factors are age, gender, family history, and race.

e Modifiable risk factors are hypertension, weight, smoking, sedentary lifestyle,

abnormal lipid profiles, inflammatory markers, diabetes, metabolic syndrome, and
subclinical CAD (Khawaja et al., 2009; Kuller et al., 2006).

According to statistics, in 2015, out of all behavioural risk factors, in the European
region, unhealthy diets had the greatest impact on mortality rates for both sexes. Taking into
account the interaction of risk factors in calculating the average contribution to CVD-related
death, it was found that diet-related factors had the highest impact on mortality rates — 47% of
men and 38% of women in the European region and 67% of men and 61% of women in Central
Asia (GBD, 2019; Wilkins et al., 2017).

According to published data, smoking not only promotes the formation of blood clots,
increases blood pressure, and provokes inflammation of vascular walls and atherosclerosis, but
also reduces exercise tolerance and increases the density of cholesterol in the blood plasma
(Piepoli et al., 2016).

The latest data on Latvia show that smoking has decreased among men from 52% in
2014 to 38.3% in 2019. In total, 24.5% of people in Latvia are smokers (Erglis et al., 2020).

The level of physical activity among the population of the European Union remains very
low: only 8% state that they engage in physical activity five times a week or more, while 42%
state that they never engage in physical activity. Lower rates are more common in southern and
eastern European countries. Describing the situation in the Baltic States, it should be mentioned
that 46% of people in Lithuania, 36% in Estonia, and 39% in Latvia never engage in physical
activity (Wilkins et al., 2017). According to statistics from 2018, 36.3% of Latvians spend their

free time sitting, while 46.2% do light physical activities and walk at least four times a week.
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In addition, 15.2% of the population purposefully engages in regular physical activities (Erglis
et al., 2020).

Alcohol consumption is known to have negative effects because alcohol raises blood
pressure and increases the number of triglycerides in the blood. And although in low doses it
has a positive effect on the cardiovascular system, its negative effects usually outweigh all
the benefits (Piepoli et al., 2016).

Alcohol consumption is highest in Eastern European countries and much lower in
Southern and Northern Europe, and overall alcohol consumption in Europe has decreased over
the past 30 years (Wilkins et al., 2017). In 2018, 79.2% of the population in Latvia consumed
alcoholic beverages during the year (Erglis et al., 2020).

In terms of medical risk factors, high blood pressure has the greatest negative impact —
slightly stronger in Central Europe (62% of men and 60% of women) than in Western Europe
(51% of men and 50% of women). The next most important factor was high cholesterol level,
while BMI and high fasting plasma glucose made the smallest contributions to CVD-related
deaths (Wilkins et al., 2017).

According to the data from 2018, 39.5% of the Latvian population had a normal BMI,
which increased — 34.6%, and 24.1% of people were found obese. Compared to the data from
2009, the average BMI has increased (Erglis et al., 2020).

According to statistics, high blood pressure is more common in Central and Eastern
Europe, with the highest rates in Estonia, at 32% of the population. The lowest rate is in the UK
—15% of people living with hypertension. In contrast, the situation with blood cholesterol levels
is the opposite — elevated cholesterol levels are more common in Western and Northern Europe,
compared to Eastern European countries (Wilkins et al., 2017). Data on the population of Latvia
show that slightly more than a quarter of the population lives with arterial hypertension. Its
average duration is 16.2 years. 86.2% of people who have been diagnosed with hypertension
take regular measurements of their blood pressure, and among them, 34.3% of arterial blood
pressure measurements are usually optimal or not higher than 120/80 mmHg (Erglis et al.,
2020).

Data on cholesterol levels is available for 2009 when a study found that 75.2% of people
had a total cholesterol level above 5 mmol/l. Compared to the data of 2018, this indicator has
decreased to 63.2%. Also, according to the data from 2009, hyperglycaemia was detected in
28.7% of people, the highest prevalence being among men over the age of 45 (hyperglycaemia
rates reached as high as 51%) (Erglis et al., 2020).
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According to compiled data, an average of 62% of men and 55% of women in Europe
are overweight, of which 21% of men and 25% of women are obese (Wilkins et al., 2017).

According to the data from 2018, 39.5% of the Latvian population had a normal BMI,
increased — 34.6%, and 24.1% of people were found obese. Compared to the data from 2009,
the average BMI has increased. It is interesting to mention that 56.6% of people believe that

their weight is normal (Erglis et al., 2020).

1.2. Depression and Cardiovascular Disease

A person's psycho-emotional state plays an important role because stress, anxiety, and
depression (D) become the cause of rapid heartbeat and high pressure. In addition, the European
Society of Cardiology Guidelines for the Prevention and Treatment of Cardiovascular Disease
mentions depression, anxiety, and stress as psycho-emotional risk factors for CVD. Several
psychological states and traits, such as D, anxiety, anger, and stress, have also been implicated
as potential risk factors for coronary artery disease (CAD) (Erglis et al., 2020; Khawaja et al.,
2009).

1.2.1. D prevalence among CVD

According to the literature, D has affected more than 264 million people worldwide.
According to US data for 2017, 7.1% of adults (8.7% women and 5.3% men) experienced at
least one episode of depression per year, most often between the ages of 17 and 25. Data on
the European region show that 6.9% of the population suffers from depression (Wilkins et al.,
2017).

According to Centre for Disease Prevention and Control of the Republic of Latvia
(SPKC) data, during 2017 an average of 148.7 people per 100 000 residents with a diagnosis of
F32 were registered, of which 30.6 cases per 100 000 residents had a mild depressive episode
(F32.0), 107.9 people per 100 000 had a major depressive episode (F32 .1), 4 per 100 000 had
a major depressive episode without psychotic features (F32.2), 3 per 100 000 had a major
depressive episode with psychotic features (F32.3). It should be noted that in 2017, an average
of 259.8 people per 100 000 residents with recurrent depressive disorders (F33) were registered
(SPKC, 2020a).

In Latvia in 2018, according to self-reported data, 16.2% of the population mentioned
that they suffer from anxiety and depression. However, examining the prevalence of depression,
it was found that only 2.3% of respondents had depressive symptoms, with a higher proportion

of respondents being in the age group from 65 to 74 (up to 5%). Out of all the detected cases,
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5.4% were characterized by subclinical depression. It is an interesting fact that among
the Latvian population, D was one of the causes of disability for 10% of women and 0% of men
(Erglis et al., 2020). Primary care numbers are significantly higher: 14.4% of primary care
patients had D symptoms. 24.4% of those patients with D symptoms had a CVD. At the same
time, there was almost half (13.1%) of many CVD patients without D (Vrublevska, 2018).

Published data suggest that D in cardiac disease is common, persistent,
underrecognized, and deadly. Over the past 20 years, research has found that not only is D more
common in cardiac patients than in the general population, but D is also a risk factor for cardiac
morbidity and mortality, independent of traditional risk factors (Huffman et al., 2013).
The authors concluded that D is an independent risk factor for CHD and is not related to other
previously determined cardiac risk factors. This association persisted across all demographic
groups in this well-designed, case-control study (Khawaja et al., 2009).

Based on the literature on patients with CVD, D is often chronic and recurrent.
(Yekehtaz, 2013). Among patients with CVD hospitalized for acute cardiac events and found
to meet criteria for depression during or shortly after admission, approximately 50-70% had
ongoing depressive symptoms that preceded their cardiac event (Glassman et al., 2006;
Lesperance et al., 2007). Furthermore, 15-20% of patients with CAD meet the criteria at any
given time for the full syndrome of MDD (Kaptoge et al., 2014; Polanka et al., 2018); this rate
of MDD is roughly threefold higher than in the general population (Cooper et al., 2011) and is
similar to the rates of MDD in patients with chronic kidney disease and cancer (Huffman et al.,
2013; Tomfohr et al., 2011).

The prevalence of D is, compared with the general population, significantly higher in
patients with CHD (Whooley&Wong, 2013). More than one-fifth of all patients with CHD are
depressed (with the risk of D highest in the most severe CHD cases), and up to one-third of
them report elevated depressive symptoms. These are prevalence figures that are at least 4 times
greater than in the general population (Hert&Detraux et al., 2018). Another 30-45% of patients
with CHD suffer from clinically significant symptoms consistent with a minor D
(Celano&Huffman, 2011).

If we look at figures from the community through to those who are hospitalized, we see
rates of depression of 10% in general practice clinics (Cassano&Fava, 2002; Brown et al.,
2009), which then increases to up to 30% in those with CHD in outpatient clinics
(Dhar&Barton, 2016). In several studies, 17-44% of patients with CAD also have a diagnosis
of major D (Yekehtaz et al., 2013).
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The literature describes persistent D in patients with stable CAD. Furthermore, rather
than being a transient reaction to a cardiac event, D for many patients exists for months or years
before and persists long after the event (Huffman et al., 2013; Glassman et al., 2006; Lesperance
et al., 2007; Huffman et al., 2011).

Statistics in Latvia show that in 20% of cases patients with CHD also have D, and this
number increases to 30% among hospitalized patients. It should be noted that in the acute phase
of M1 depression is experienced by 65% of patients, but 25% of people experience depression
between 18 and 24 months after M1 (Erglis et al., 2020).

1.2.2. Depression as an independent risk factor

There are three extensively replicated epidemiological observations regarding CHD and
depression:

1. These conditions are highly comorbid.

2. Dis associated with an increased risk of incident CHD and vice versa.

3. D is astrong predictor of poor prognosis in people with CHD (Khandaker et al.,

2020)

Comorbidity. According to statistics, the prevalence of depression among CVD patients
is significantly higher than in the general population (Glassman et al., 2006; Lesperance et al.,
2007; Erglis et al., 2020). Compared with non-depressed patients, the risk of cardiac arrest
increased in less severely depressed patients. We can mention the fact that patients before Ml
experienced progressive worsening of depressive symptoms as an example (Khawaja et al.,
2009). A meta-analysis has demonstrated that the overall risk of depressed but otherwise
healthy individuals developing heart disease is 64% higher than for those without D (Van der
Kooy et al., 2007). Five meta-analyses reported a 60-80% increased risk of CHD in participants
with D (Lin et al., 2019).

The bidirectional link between CVD and depression. It should be noted that nowadays
the public health sector faces a huge challenge as a result of the high prevalence and burden of
disability caused by CVD and D. D, a frequently occurring disease, has a bidirectional
relationship with ischemic CVD and partially shares common risk factors (such as obesity,
hypertension, diabetes) and mechanisms (such as inflammation and oxidative stress (OS),
immune response, cell death signalling pathway, and microbiome-gut-brain axis) with CVD,
correlate with atherosclerotic disease activity (Khawaja et al., 2009; Lin et al., 2019).

D as a strong predictor of poor prognosis for CVD. Minor D symptoms are a risk factor
for the future of a major depressive episode in patients with CHD, associated with an increased

risk of secondary acute ischemic events, lower interventions, and increased mortality regardless
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of traditional cardiac risk factors (Barth et al., 2004; Januzzi et al., 2000; Carney et al., 2004;
Van Melle et al., 2004).

In addition, major D worsens the cardiovascular prognosis, particularly for CHD, by
significantly increasing the risk of recurrent CHD. The relative risk of death in depressed
patients during the 18 months following the cardiac event is twice that in non-depressed
patients. Recent studies have also shown the harmful nature of D after myocardial infarction in
terms of rehospitalization or getting access to cardiac rehabilitation, which is particularly
beneficial in this context (Myers et al., 2012; Chauvet-Géliniera et al., 2013). D is a predictor
of congestive heart failure after M1, and observation of patients 30 months after an M1 episode
revealed an increased risk of complications in patients with depression, an increased risk of
arrhythmias and recurrent M1, and a risk of re-hospitalization for CVD (Khawaja et al., 2009).

It is important to note that D increases all causes of cardiac mortality. For example,
according to published data, patients with CVD and D are 2.8 times more likely to die within
a year after Ml than people without CVD (Khawaja et al., 2009).

One of the factors influencing poor prognosis is the fact that patients with D have poor
medication adherence, which directly affects the CVD treatment process. In addition, patients

with D are more likely to have an unhealthy and sedentary lifestyle (Khawaja et al., 2009).

1.2.3. D diagnostic features of patients with CVD

By collected data, depressive symptoms are diagnosed in less than 15% of cases (Guck
et al., 2001) and only 25% of patients with CHD and severe D are diagnosed with the psycho-
emotional disorder and approximately only half of them receive adequate antidepressants (AD)
therapy (Morys et al., 2016). Barriers to the recognition of depression include a lack of mental
health expertise and training in cardiology practices and the perception that this is not part of
the treatment mission. Additionally, many symptoms of psychological distress are easily
confused with physical disease, for example, fatigue, weight loss, poor appetite, or trouble
sleeping. It is believed that all patients with CAD should also be screened for D, as this not only
affects CVD outcomes but also affects secondary prevention outcomes (Glassman et al., 2006).

According to US data, only half of the patients with CAD are asked about D symptoms.
Standardized D-detection tools are not used by cardiovascular physicians who nevertheless try
to determine the presence of D. One of the reasons why patients with CVD are not adequately
screened for D is the fact that 49% of cardiovascular physicians are unaware that D is an
independent risk factor for CAD (Khawaja et al., 2009). But it is important to mention, that
these data were published a decade ago, therefore the situation might have changed over the
years.
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It is also important to mention, D in Latvia is not only underdiagnosed but also most
likely confused with neurotic disorders, thus supporting the need to implement depression
screening tools in primary care in Latvia (Vrublevska, 2018).

According to the literature, the recommended test time is one month after
revascularisation as two months and six months post-revascularization are stronger predictors
of D (Khawaja et al., 2009).

The diagnosis of D can be difficult in people with CVD, as D symptoms such as fatigue
and low energy are common in people with CVD and may also be a side effect of some drugs
used to treat CVD such as beta blockers. The diagnosis may be further complicated in such
patients by their responses to their disease, which may include denial, avoidance, withdrawal,
and anxiety (Goodman et al., 2008; Carney&Freedland, 2008).

Given the sometimes-sudden onset of a cardiovascular event, the normal psychological
reaction to disease requires the patient to adapt, which leads to a certain physiological D in
mood, the time to come to terms with the possible loss related to the disease, and the sometimes
very much changed prospects for life (Chauvet-Géliniera et al., 2013).

In a study of hospitalized patients with a variety of cardiac conditions, those who met
the criteria for clinical D during admission had improvement in adherence (to diet, exercise,
and medication) if their D improved following hospitalization. This suggests that reduced
adherence to key secondary prevention behaviours in D cardiac patients may be modifiable
with the treatment of the D symptoms (Bauer et al., 2012). Non-completion rates in cardiac
rehabilitation are in the order of 44% compared to 29% in the non-depressed group (Swardfager
etal., 2011).

1.3. Inflammation as a pathophysiological link between D and CVD

Literature data suggest that inflammation is very often an initial step in the disease
process followed by an immunological response. But the immunological response may be
initiated practically at the same time as the onset of inflammation. During the inflammatory
process, dysfunctions develop over time in various molecules, which can contribute to the
development of a form of chronic disease. Such a process has been confirmed in the
development of diabetes, cancer, and CVD (Armstrong&Stratton, 2016).

Although CVD and D are very different pathologies, they share some common
pathophysiological characteristics and risk factors, such as the increased production of pro-
inflammatory cytokines, endothelial dysfunction, blood flow abnormalities, decreased glucose

metabolism, elevated plasma homocysteine levels and disorder in vitamin D metabolism
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(Trebaticka et al.,, 2017). Possible mechanisms of how D and CHD are related via

pathophysiological changes are shown in Figure 1.1.
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Figure 1.1 Possible mechanisms whereby depression confers elevated cardiac risk
(by Dhar&Barton, 2016)

As pathophysiological mechanisms, we may also count inflammatory processes and
abnormal platelet functioning, microbiome-gut-brain pathway, the hyperactivity of
noradrenergic and hypothalamic pituitary adrenal cortisol system, effects of brain-derived
neurotrophic factor (BDNF) and related factors, changes in serotonin / kynurenine pathways

and D-induced altered autonomic tone (Khawaja et al., 2009).

1.3.1. Chronic inflammatory hypothesis

The inflammatory hypothesis as a common physiopathological pathway in mood
disorders and CVD is being put forward more and more frequently (Frasure-
Smith&Lespérance, 2010). C-reactive protein (CRP) is a non-specific marker of systemic
inflammation that can be found practically in all patients with D and is often elevated. CRP can
activate coronary endothelium and accumulates in the plaques. Elevated levels are one of the
predictors of the incident and recurrent MI and cardiac death (Khawaja et al., 2009).

Also, C-reactive protein correlates with peripheral arterial disease. Similar observations
have been reported in patients with inflammatory markers such as IL-6 and serum amyloid A.
This is one of the reasons why the US Heart Association recommends C-reactive protein
analysis as a screening tool to detect asymptomatic patients and those who are at high risk for
CVD. It is important to note that in CVD cases, the immunological response in the infarcted

area is very important, as it initiates repair processes in cardiac tissue — leukocytes ensure the
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removal of dead cells and molecular fragments, while cytokine and growth factor release
facilitates the formation of highly vascularized granulation tissue to maintain myocardial wall
integrity (Khawaja et al., 2009).

However, prolonged inflammation or inflammatory mediator feedback dysregulation
may reduce collagen deposition and provoke ventricular dilatation. In addition, poor control of
the inflammatory response may also increase immune infiltrate in the unaffected part of the
myocardium, increasing matrix protein deposition, provoking increased fibrosis, and impairing
diastolic function (Fioranelli et al., 2018).

According to the literature, D is associated with abnormal platelet functioning, which
manifests as platelet activation and increased adhesiveness in response to physiological stress,
thus possibly triggering an adverse coronary event. It should be noted that patients with major
D are hypersensitive to thrombin stimulation, which may affect the course of D and promote
the development of CVD (Khawaja et al., 2009).

Researchers suggest a hybrid model like the hybrid dependence of D and CHD, in which
there is a bi-directional relationship between D and inflammation (Matthews, 2010). It is worth
noting that chronic inflammation of a low degree is an inalienable component of D (Adifbair
etal., 2016).

D is associated not only with inflammatory reactions taking place in the body but also
with an increased amount of pro-inflammatory cytokines and increased lipid peroxidation
(Vavakova et al., 2015). D is connected with current inflammatory reactions in the body and an
increased level of lipid peroxidation, leading to oxidative stress (OS) (Lin et al., 2019).
Moreover, the hypothesis that inflammation and OS are factors in both mood disorders and
CHD seems to be growing stronger (Chauvet-Géliniera et al., 2013). It should be noted that
postmortem analysis of depressed patients who committed suicide showed robust microglial
activation (which promotes neuroinflammation) in the brain, as well as elevated serum levels
of IL-1B, IL-6, and TNF-a (Armstrong&Stratton, 2016).

1.3.2. Endothelial dysfunction

Prolonged mental stress, which is commonly experienced in those suffering from major
depression, has been shown to induce prolonged endothelial dysfunction. This endothelial
dysfunction is one of the early signs of future cardiovascular deterioration (Dhar&Barton,
2016). Endothelial dysfunction has been linked to the development of ischemic CAD in patients
with atherosclerosis. For example, while a normal endothelium typically releases nitric oxide
in response to serotonin to ensure adequate blood flow through the coronary arteries, in
atherosclerotic arteries it fails to do so. This results in vasoconstriction in areas of
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atherosclerosis and may provide a mechanism for myocardial ischemia and coronary
thrombosis. (Huffman et al., 2013) The relationship between depression and endothelial
dysfunction is likely due to reduced endothelium-derived nitric oxide (NO). The reduced NO-
dependent response is likely due to lower expression of endothelial NO synthase (eNOS).
Higher levels of cortisol and increased inflammation in depression can down-regulate eNOS.
Endothelin is a powerful vasoconstrictor, and its levels are higher in patients with D (Vaccarino
etal., 2019).

D also has been associated with impaired endothelial function in healthy patients
(Cooper et al., 2010; Tomfohr et al., 2011), in those at risk for CVD (Pizzi et al., 2008), and
those with established CVD (Huffman et al., 2013).

1.3.3. Increased platelet activity and thrombosis

Increased platelet activation and thrombosis, increased susceptibility to blood
coagulation due to changes in several stages of the coagulation cascade, including activation
and aggregation of platelets; decrease in the number of circulating endothelial progenitor cells
and associated processes of arterial reconstruction represent another pathological mechanism
for the association between depression and CHD (Nemeroff 2012). D has been implicated with
increased platelet reactivity, which will increase the relative risk of thrombus formation and
arterial occlusion (Dhar&Barton, 2016). The platelet hyper-reactivity could at least partially
explain the increased vulnerability of depressed patients to acute thrombotic events and
ischemic heart disease (Amadio et al., 2020). Platelet adhesion, activation, and aggregation are
important components of cardiac disease, and increased platelet activity may lead to coronary
events on this basis. Serotonin plays a key role in platelet biology through its binding with
5-hydroxytryptamine (5-HT) receptors on platelets. In atherosclerotic arteries, serotonin leads
to platelet aggregation. (Huffman et al., 2013). Further evidence of platelet activation can be
shown by elevated levels of beta-thromboglobulin, which are raised in depressed CHD patients
(Dhar&Barton, 2016). High white blood cell counts, fibrinogen, and raised platelet activation
contribute to a prothrombotic state, thrombus formation, and myocardial ischemia (Barth et al.,
2004).

1.3.4. Microbiome-gut-brain pathway

CHD and D share some common pathophysiological characteristics and risk factors,
such as cell death signalling pathway, and microbiome-gut-brain axis (Lin et al., 2019),

increased susceptibility to blood coagulation due to changes in several stages of the coagulation

25



cascade, including activation and aggregation of platelets; oxidative stress; subclinical
hypothyroidism; decrease in the number of circulating endothelial progenitor cells and
associated processes of arterial reconstruction; increased variability of heart rate; and the

presence of genetic factors (Nemeroff, 2012).

1.3.5. Homeostatic regulation changes in CVD and D

Individuals with comorbid depression and CVD may also have imbalances in
the homeostatic regulation of different biological systems, with alterations observed in
the hypothalamus—pituitary—adrenal (HPA) axis, renin—-angiotensin—aldosterone system
(RAAS), and serotonin / kynurenine pathways that are accompanied by inflammation and
endothelial dysfunction (Mattina et al., 2019; Halaris, 2017).

Another system that plays a significant role in the inflammatory response is the renin-
angiotensin-aldosterone-system (RAAS), whose main function is blood pressure regulation.
When dysfunctional, the RAAS appears to contribute to the comorbidity of CVD and
depression (Mattina et al., 2019). According to the literature, the hyperactivity of the
noradrenergic system is observed in patients with CVD and D. Sympathetic outflow is
increased in depressed patients as compared to non-depressed patients through negative stress
effects of catecholamines on the heart, blood vessels, and platelets. Further support of
the catecholamine association with D is that increased urinary catecholamine levels are
associated with negative emotions and decreased social support, and high norepinephrine and
low platelets serotonin are associated with Ml and D (Khawaja et al., 2009). Following the
chronic activity, the RAAS becomes maladaptive, resulting in endothelial dysfunction and
a pro-inflammatory milieu that advances the progression of atherosclerosis and leads to CVD
development. (Mattina et al., 2019). Though much of the research examining RAAS activity
has focused on its relation to CVD risk and outcomes, recent research has implicated RAAS
dysfunction in depression, as well (Murck et al., 2014). Findings from both human and
nonhuman animal studies have linked aldosterone to depression. A depressed individual has
greater aldosterone levels when coupled with a social stressor (Hafner et al.,2012). In a cross-
sectional study was found that individuals suffering both, depressed symptomatology and
hypertension, exhibited highly significantly increased aldosterone levels (p <0.001) and
slightly, not significantly increased renin levels (p =0.08) compared to individuals with no
depressed symptomatology and no hypertension. Notably that no significant activation of the

RAAS was seen in only depressed or only hypertensive individuals (Héafner et al., 2013).
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Depression is associated with autonomic imbalance and activation of the Hypothalamic-
Pituitary-Adrenal axis. Studies over the last 40 years have identified stress-responsive HPA
axis dysregulation to be the most consistent biological mechanism, with the toxicity arising
from excessive glucocorticoid (GC) and corticotropin-releasing hormone (CRH) release
(Athira et al., 2020). Endocrine changes associated with depression include alterations in
corticotropin-releasing factor (CRF), dysregulated adrenocorticotropic hormone (ACTH)
responses to CRF,83 enhanced adrenal responses to ACTH, and elevated circulating cortisol
levels. Several of these changes may affect the immune system leading to excessive secretion
of cytokines such as interleukin (IL)-1, IL-6, and tumour necrosis factor (TNF)-a. (Vaccarino
etal., 2019).

Hypercortisolaemia causes an increased risk of a metabolic syndrome-type state, which
includes glucose intolerance, hyperlipidaemia, and increased visceral fat mass. This metabolic
syndrome not only confers a higher risk of cardiovascular disease but has also been shown to
drive sympathetic activation (Dhar&Barton, 2016). The stimulation of the HPA axis could thus
correlate with the development of atherosclerosis and show another biological similarity
between mood disorders and CHD (Chauvet-Géliniera et al., 2013). Depressive disorders have
been also associated with alterations in adrenergic and dopaminergic receptors availability, the
consequent modification in the downstream pathways in the brain (Pecina et al., 2017; Grace
et al., 2016), and changes in peripheral levels of catecholamines. The catecholamines are
adaptive and maladaptive stress hormones; they activate behavioural and physiological
processes facilitating the overcoming of stress (Motiejunaite et al., 2020). In agreement with
previous data, more recent studies showed that patients suffering from depression and other
major affective disorders have increased urinary levels of adrenaline (epinephrine / EPI),
noradrenaline (norepinephrine / NE), and dopamine (DA). Catecholamines are essential
constituents of physiologic cardiovascular regulation, since human platelets express both
adrenergic and dopaminergic receptors, the high catecholamine levels may easier explain
the association between depression and CVD (Amelirad et al., 2019; Amadio, 2020).

Post-mortem studies show that patients with D have many more neurons that produce
corticotropin-releasing factor compared to people without D. Thus, D leads to CVD causing
the hypothalamus to release corticotropin-releasing factor, which in turn raises corticosteroid
levels and may trigger atherosclerosis, hypertension, hypertriglyceridemia, and
hypercholesterolemia (Khawaja et al., 2009). Studies show that changes in the HPA axis also
led to the formation of atherosclerotic plaques, promoting insulin resistance and dyslipidaemia
(Fioranelli et al., 2018).
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1.3.6. Changes in serotonin / kynurenine pathways

This type of inflammatory-mediated change to the kynurenine pathway appears to be
involved in both CVD and MDD diseases. Seventeen studies examined levels of kynurenic acid
(KYNA), quinolinic acid (QUIN), and KYN, respectively. This meta-analysis revealed that
patients with depression had decreased levels of KYNA and KYN, in comparison to controls.
(Ogyu et al., 2018). Thus, people with CVD often have increased serum Kynurenine to
tryptophan ratios (KYN/TRP), a result of an increased tryptophan (TRP) breakdown.
Furthermore, the KYN/TRP ratio, as well as other kynurenine metabolites, are strongly
associated with an increased risk of poor outcomes following stroke (Brouns et al., 2010), and
cardiovascular-related mortality in the general population (Zuo et al., 2016). TRP is
an important source for protein production, but also the generation of one of the most important
neurotransmitters, 5-hydroxytryptamine (serotonin). Tryptophan breakdown leads to reduced
serotonin availability. Additionally, the accumulation of neurotoxic KYN metabolites such as
quinolinic acid produced by microglia can contribute to the development of depression via
NMDA glutamatergic stimulation. Thus, increased TRP catabolism was proposed as a pathway
leading to mood dysregulation (Schrocksnadel et al., 2006). Furthermore, syndromal depression
and adjustment disorder with depressed mood were proposed as contributors to CVD and
myocardial infarction (“broken heart syndrome”) (Lewis, 2005). Moreover, increased
cardiovascular comorbidity and adverse cardiovascular event endpoints have been reported in
subjects with depressive mood disorders (Kuehl et al., 2012; Goldstein, 2006; Patel, 2013;
Mangge et al., 2014). Depressed coronary heart disease patients show greater serum
KYN / TRP ratio compared with those without depression (Nikkheslat et al., 2015), suggesting
that depression coupled with CVD leads to increased activation of the kynurenine pathway
(Mattina et al., 2019).

1.3.7. Effects of brain-derived neurotrophic factor (BDNF)

and related factors.

In addition to the previous mechanisms, BDNF may also play an important role in
the connection between depression and cardiac outcomes. BDNF has an important role in
several physiologic processes important to cardiovascular health BDNF influences endothelial
function (Alhusban et al., 2017), monocyte activation (Amadio et al., 2016)], and thrombus
dimension and stability (Amadio et al., 2019]. It takes part in cardiovascular development
(Emanueli et al., 2014) but also in the onset of cardiovascular alterations and disease (Pius-
Sadowska et al., 2017), including hypertension (Becker et al., 2015, Becker et al., 2017),
atherosclerosis (Lee et al., 2012; Chaldakov et al., 2004) and thrombosis (Amadio, 2020).
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Endothelial cells are vital to vascular health and, as noted, endothelial function is independently
associated with cardiac outcomes (Huffman, 2013)

Depression has been strongly and consistently linked to low levels of BDNF (Hashimoto
et al., 2010), and it is thought that BDNF signalling mediates the hippocampal neurogenesis
that has been linked to depression recovery (Castren&Rantamaki, 2010, Huffman, 2013).
Reductions in serum and plasma BDNF have been found in patients affected by depression
(Yoshida et al., 2012, Shimizu et al., 2003), and in those who committed suicide (Birkenhager
etal., 2012, Kim et al., 2007).

Furthermore, BDNF may be an important mediator of the previously noted HPA axis
effects on depression and cardiovascular disease. The glucocorticoid receptor interacts with
the specific receptor of BDNF, TrkB, and excessive glucocorticoid interferes with BDNF
signalling; therefore, excess glucocorticoids may be associated with adverse outcomes via
BDNF-mediated effects on endothelial cells and cardiomyocytes. (Kunugi et al., 2010,
Huffman et al., 2013).

1.3.8. D-induced altered autonomic tone

The autonomic nervous system maintains homeostatic balance in the body in response
to environmental changes and physiological stimuli. Autonomous dysregulation acts as an
intermediary in the pathological processes of CVD and during stress. This is due to central and
peripheral neurophysiological mechanisms involved in the development of arrhythmias, acute
coronary events, and worsening heart failure. The neuro-cardiac axis is a series of complex
reflex control networks that include afferent, efferent, electrical, and mechanical components
of the heart that participate in the formation of autonomic response to stress stimuli (Vaccarino
et al., 2019, Penninx et al., 2017).

Chronic dysregulation of autonomic function, characterized by an imbalance between
the sympathetic and parasympathetic systems, is thought to be a key mechanism linking
depression to CHD risk and adverse cardiovascular outcomes (Penninx et al., 2017).
Sympathetic hyperactivity and parasympathetic withdrawal may lower the threshold for
myocardial ischemia and ventricular arrhythmias and potentially predispose to sudden cardiac
death. (Vaccarino et al., 2019, Penninx et al., 2017). The sympathetic outflow is increased in
depressed patients as compared to non-depressed patients through the negative stress effects of
catecholamines on the heart, blood vessels, and platelets. Further support of the catecholamine
association with D is that increased urinary catecholamines levels are associated with negative
emotions and decreased social support, and high norepinephrine and low platelets serotonin are
associated with myocardial infarction (MI) and D. (Khawaja et al., 2009).
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Heart rate variability (HRV) is one of the non-invasive markers of life-threatening
arrhythmias and endothelial damage. It is also an indirect marker of chronic stress. Heart rate
variability is a dynamic variation of heart rate and if it is reduced, it indicates excessive
sympathetic activity and reduced vagal tone (Fioranelli et al., 2018). HRV is considered
a measure of neurocardiac function that reflects heart-brain interactions and autonomic nervous
system dynamics. An optimal level of HRV within an organism was found to reflect healthy
function and an inherent self-regulatory capacity (Reynard et al., 2011), adaptability (Thayer
et al., 2009), or emotional and stress resilience (Appelhans et al., 2006; An et al., 2016).
By contrast, reduced HRV has been linked to stress vulnerability (Penninx et al., 2017). Shifted
sympathovagal balance toward the sympathetic branch leads to electric instability of the heart.
Reduced HRV was shown to be an independent risk factor for sudden cardiac death, while
increased HRV was associated with reduced cardiac mortality (Vaccarino et al., 2019).

HRV is modulated by the cardiac vagus and has been described in MDD patients. Where
were analysed 21 studies in total, were published between 2002 and 2017. In total, 967 patients
with MD, were enrolled in these studies. Their results were compared to 1,050 healthy controls.
Eighteen studies investigated autonomic nervous system function measured by HRV in
depression, and 14 (78%) studies have reported reduced variability of the heart rate, compared
to healthy controls (Pinter et al., 2019).

It should be noted that patients with D may have reduced parasympathetic nervous
system responses, which leads to a disturbed balance between the sympathetic and
parasympathetic nervous systems. As a result, heart rate variability decreases rapidly.
D-induced altered autonomic tone associated with low heart rate variability leads to
dysrhythmias. Such changes are most expressed in depressed patients with CAD and CHD and

negatively affect survival after MI (Khawaja et al., 2009).

1.4, Cardiovascular Disease, Depression, and Oxidative Stress

Oxidative stress as a concept appeared in 1985 and its definition was supplemented in
2007 and reads as follows: “oxidative stress is an imbalance between oxidants and antioxidants
in favour of the oxidants, leading to a disruption of redox signalling and control and/ or
molecular damage” (Sies&Jones, 2007). Oxidative stress activates the immune-inflammatory
pathways (Liu et al., 2015; Moylan et al., 2014). According to the literature, OS provokes
a whole cascade of reactions: the initiation of the disease began at the molecular level — with
the development of OS, free radicals are formed and lipid peroxidation begins, which initiates
an inflammatory response. In turn, inflammation initiates a neovascular response and begins to

form proinflammatory cytokines. At this stage, patients usually have no symptoms, but the next
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level is already clinical, when the person is in a pre-disease state and, as OS reactions continue,
the acute phase of the disease begins, which then progresses to the chronic phase
(Armstrong&Stratton, 2016).

According to Lin (2019), many studies have shown that D is an independent factor in
the pathogenesis of CVD, but it is still unclear whether D can cause CVD and how it affects
the course of CVD. One of the mechanisms that may explain the interaction between D and
CVD is oxidative stress (Lin et al., 2019). Because it was studied that OS is an emergency
mechanism that relates to both CVD and D pathophysiology (Adifbair et al., 2017; Kander
et al., 2017). In addition, the role of OS is related to common risk factors for CVD and D:
obesity, diabetes, and hypertension. These three factors intensify the OS response in the body
and reduce the anti-OS response (Lin et al., 2019).

Despite the potentially important role of the OS in the pathogenesis of CVD and D,
according to available research results, by 2015, the role of OS in the development of D in
patients with CHD has not been studied (Vavakova et al., 2015).

1.4.1. Oxidative stress pathophysiology

Under normal conditions, oxidation and antioxidative systems work in balance and are
beneficial to physiological processes. On the other hand, when this balance is disturbed,
excessive reactive oxygen species (ROS) are formed, which the antioxidant system cannot hold.
As a result, OS and a number of pathological reactions, including mitochondrial dysfunction
and destruction of homeostasis, develop (Lin et al., 2019).

ROS is a collective term to include superoxide (O2=—), hydrogen peroxide (H20>),
hydroxyl radical (OH»), singlet oxygen (10.), peroxyl radical (LOO=), alkoxyl radical (LO»),
lipid hydroperoxide (LOOH), peroxynitrite (ONOO-), hypochlorous acid (HOCI), and ozone
(O3). Some of these substances have unpaired electrons, so they belong to free radicals —
superoxide, hydroxyl, peroxyl, and alkoxyl radical. There are several ways in which free
radicals can be formed in the organism because a chain reaction can occur when the formation
of one free radical promotes the formation of other free radicals and is therefore divided into
primary, secondary, and tertiary (Vichova&Motovska, 2013; Bartekova et al., 2016).
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It is also important to mention the redox or oxidation-reduction described in the
literature, which is a type of chemical reaction that involves a transfer of electrons between two
species. According to the data collected, redox includes four principles, also called “redox
code’:

1. The first redox principle is the use of the reversible electron accepting and donating
properties of nicotinamide in NAD and NADP, which ensures the organization of
metabolism and acts almost in equilibrium. Substrate oxidations are linked to the
reduction of NAD+ and NADP+, which in turn are linked to ATP production,
catabolism, and anabolism, respectively.

2. The second principle is that metabolism is linked to structure through Kkinetically
controlled redox switches in the proteome, which determine macromolecular
interactions, activity, and function.

3. The third principle is that activation / deactivation cycles of redox metabolism
support spatio-temporal sequencing in the differentiation and life cycles of cells.

4. The fourth principle states that redox forms an adaptive system that responds to
environmental changes through subcellular systems to the levels of cell and tissue
organization. The redox network must be adaptive to be able to maintain the health
of the organism even in changing environmental conditions and, in cases where this
system is functionally impaired, it contributes to the development of diseases.
(Jones&Sies, 2015; Bartekova et al., 2016).

Any oxidative imbalance resulting in the accumulation of oxidants will inflict oxidative
damage on cells, such as alteration of cellular macromolecules, lethal changes in genetic
materials, such as DNA and RNA, an increase in the rate of cell death by programmed- and
non-programmed-cell death (apoptosis / pyroptosis / necroptosis / ferroptosis or necrosis), and
structural damage to tissues and organs (Dhama et al., 2019). The highest levels of OS are in
the plasma membrane, mitochondria, nucleus, Golgi, and lysosomes (Armstrong&Stratton,
2016).

Accumulation of oxidants induces lipid peroxidation and disturbances in physiological
adaptation and cellular signalling pathways; which, together, inflict oxidative stress (Puppel
et al., 2015). Lipid peroxidation products, such as malondialdehyde (MDA), cause changes in
the metabolism of dopamine, induce the synthesis of protein-reactive dopaminergic toxins
(Rees, 2007), and have an inhibitory effect on the reduction of nucleotide excision by direct
interaction with cellular repair proteins (Feng, 2006).
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1.4.2. Oxidative Stress and Cardiovascular Disease

OS is considered an important mechanism for the development of CVD (Kander et al.,
2017). In the past two decades, numerous studies have demonstrated the importance of
oxidative stress in the development of atherosclerosis and ischemia-reperfusion injury
(Vichova&Motovska, 2013). OS may be an early causative factor in CVD pathology rather
than a late consequence (Vavakova et al., 2017).

As described in the literature, patients with CHD develop coronary artery obstruction,
which can significantly reduce myocardial perfusion. Obstruction is usually caused by
atherosclerosis, which provokes a decrease in the lumen of the blood vessel. This results in
reduced blood flow, resulting in insufficient oxygen and metabolic substrates in the area
(Kander et al., 2017).

This phenomenon is commonly called low-flow ischemia. However, in cases where
vascular spasms occur or if a blood clot forms in the coronary artery, there is a possibility that
the vascular lumen will be completely closed and this is called no-flow ischemia
(Armstrong&Stratton, 2016).

The most effective way to restore blood flow to the myocardial area is through
reperfusion. As the body responds to ischemia, collateral blood vessels open, but very often this
does not solve the problem, and intervention is required when reperfusion is provided by
coronary bypass or thrombolytic therapy (Lee et al., 2012).

However, if reperfusion is initiated too late, an ischemia-reperfusion injury develops,
which can be explained by the development of irreversible pathological changes in the heart,
and reperfusion ischemic damage can only exacerbate and promote greater cardiac dysfunction
(Bartekova et al., 2016; Armstrong&Stratton, 2016).

One of the main causes of ischemia-reperfusion injury is oxidative stress and
intracellular Ca?*-overload. The OS can be characterized by reduced functional performance,
metabolic changes, and ultrastructural changes. Excessive oxyradical formation provokes
a number of changes in the organelles of the heart cells — in sarcolemmas, mitochondrias,
myofibrils, and sarcoplasmic reticulum (Nakamura et al., 2011).

It should be noted that ROS causes changes in proteins that lead to enzyme malfunctions
and changes in activity. Lipid peroxidation not only reduces membrane fluidity and increases
its permeability, but also alters gene expression, which ultimately leads to impaired cardiac
function recovery due to ischemia-reperfusion injury (Bartekova et al., 2016;
Armstrong&Stratton, 2016).
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The primary sources of ROS in heart tissue are mitochondrial cytochromes, as well as
xanthine oxidoreductase, nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, and
nitric oxide synthase (NOS) (Lee et al., 2012).

In cardiomyocytes, ROS production is stimulated by norepinephrine via the
al-adrenergic receptor, but in smooth muscle and endothelial cells, ROS is mainly formed by
NADPH oxidation, where vasoconstrictive agents such as angiotensin Il (through angiotensin-
1 receptor) receptors ETA and ETB) (Lee et al., 2012).

In turn, NOS catalyses the formation of nitric oxide (NO) from the substrate L-arginine
in the presence of tetrahydrobiopterin (BH4) as a co-factor. When this co-factor level decreases,
so do the chemical reactions that result in the formation of O+ instead of NO, which acts
protectively, which, in turn, further increases the amount of ROS in the cell. Another substance
that affects the formation of ROS is xanthine oxidoreductase, which can promote the formation
of superoxide as a result of chemical reactions and its role in the pathophysiology of ischemia-
reperfusion injury has been studied in recent years (Vichova&Motovska, 2013; Bartekova
et al., 2016).

As described in the literature, mitochondria play a critical role in cellular energy
metabolism when ATP is formed in the cell by oxidative phosphorylation
(Armstrong&Stratton, 2016).

The process takes place in the inner mitochondrial membrane to form ATP through
electron transport from NADH and FADH2 to oxygen and during this process, ROS is formed
as by-products (Vichova&Motovska, 2013).

Thus, oxidative phosphorylation also contributes to oxidative damage to the cell. There
are grounds to believe that the pathophysiology of ischemia-reperfusion injury is also closely
related to the cell's incapability of adequate energy production due to ischemia. In addition,
reduced oxygen levels contribute not only to the overproduction of ROS but also to
mitochondrial Ca?*-overload and activation of apoptosis, which ultimately causes
cardiomyocyte death. Moreover, the heart has a much higher number of mitochondria than other
organs, and it is mitochondria that are the largest source of intracellular ROS in cardiomyocytes.
It should be emphasized that OS provokes disturbances in the flow of Ca?* ions through
sarcolemmas and the sarcoplasmic reticulum, resulting in excessive accumulation of Ca?* in
the cells. It is important to note that it is not entirely clear whether mitochondria promote OS
formation by producing large amounts of ROS, or vice versa — ROS alters mitochondrial
function and depresses cardiac function. Both mechanisms may work simultaneously
(Bartekova et al., 2016; Nakamura et al., 2011).
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According to the authors of the research, one of the main manifestations of OS in
cardiomyocytes is phospholipid membrane oxidation. ROS and reactive nitrogen species are
electrophilic substances that are most commonly involved in lipid peroxidation, and these
reactions result in the formation of lipid peroxidation products. The most immediate targets of
lipid peroxidation are those lipids that form the phospholipid bilayer of mitochondrial
membranes (Vichova&Motovska, 2013; Armstrong&Stratton, 2016).

It should be noted that there are huge numbers of unsaturated phospholipids in
mitochondria, and among those is cardiolipin — a phospholipid that is found exclusively in
mitochondria and is prone to peroxidation. Cardiolipin levels decrease rapidly when
peroxidation takes place, and this phenomenon is observed in various kinds of CVD as one of
the pathological processes. As a result, mitochondria are not only the largest source of
endogenous LPPs but also the peroxidation target of LPPs in the heart (Vichova&Motovska,
2013; Armstrong&Stratton, 2016).

Studies looking at the role of lipid peroxidation have shown that the peroxidation
process reduces membrane fluidity (lipid structure becomes more rigid) and increases
membrane permeability — substances that normally cannot pass through entering through
membrane pores. Another process is the formation of lipid radicals as a result of a peroxidative
chain reaction. This means that phospholipid changes in the membrane resulting from OS play
an important role in the impairment of cardiac mitochondria and promote depressed cardiac
function (Bartekova et al., 2016; Armstrong&Stratton, 2016).

OS also causes protein alternations, which become the cause of myofilament protein
degradation and changes in sarcomeric proteins, which are very important for heart
contractions. It should be noted that OS can alter DNA transcription, translation, and integrity
of the DNA repair systems. Changes also affect intracellular signalling (Vichova&Motovska,
2013; Bartekova et al., 2016).

It should be noted that OS also has a negative effect on endogenous antioxidants.
Antioxidants are substances that are formed in the body and inhibit or prevent oxidative damage
to subcellular molecules. Typically, antioxidants act through several mechanisms, such as
inhibiting ROS formation, scavenging ROS and their precursors, facilitating endogenous
antioxidant formation, and reducing apoptotic cell death by upregulating the anti-apoptotic
Bcl-2 gene (Steven et al., 2019).

Superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) act as
endogenous antioxidants. Under the influence of SOD, superoxide becomes oxygen and H202.
CAT, in turn, converts H202 into oxygen and water. GPx catalyzes H202 peroxidation,

forming water and oxidized glutathione. Its activity is much higher compared to CAT, so GPx
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plays a very important role as an H202 scavenger (Bartekova et al., 2016; Cheraghi et al.,
2019).

Redox status in cardiomyocytes largely depends on the balance between ROS
production and the availability of endogenous antioxidants, so great efforts are required to
maintain redox balance in cases of CHD when normal blood flow in the coronary arteries is
impaired. On the one hand, cardioprotection can also be ensured with exogenous antioxidants,
which accordingly increase the availability of endogenous antioxidants and therefore can
reduce and impede further oxidative damage to the organelles (Steven et al., 2019).

Thus, antioxidant therapy is one of the promising treatment strategies for reducing
cardiac dysfunction caused by ischemia-reperfusion injury. On the other hand, the results of
research on exogenous antioxidants are ambiguous. The question of whether exogenous
antioxidants are effective in combating OS and its consequences has been addressed in studies
repeatedly. Decreased CVD morbidity and mortality were observed in people on a polyphenol-
rich diet, as they had a positive effect on SOD and GPx function while reducing MDA levels.
Selenium, which is an active component of the GPx centre, had a positive effect on
the reduced / oxidized glutathione ratio, and vitamin E reduced mortality caused by CVD. It
should be noted that N-Acetyl Cysteine (NAC) demonstrated significant exogenous antioxidant
properties, reducing OS and improving glutathione redox status. It is important to note that part
of the studies was experimental and performed on animals, the real results of the use of
exogenous antioxidants by patients with CVD are controversial (Lee et al., 2012; Bartekova
etal., 2016).

1.4.3. Oxidative Stress and Depression

The literature suggests that OS is the leading cause of D (Bhatt et al., 2020).
D pathogenesis is influenced by genetic factors, psychosocial, environmental, and biological
factors. A study of the pathophysiology of MDD concludes that it is associated with genetic
predisposition, deranged monoamine synthesis, and function, as well as changes in brain
function and structure — changes in neuroplasticity, decreased volume of hippocampal and
frontal cortex. But one of the main causes of structural change during D is OS. Increased lipid
peroxidation has been associated with the presence and severity of depressive symptoms
(Mazereeuw et al., 2017). D is associated not only with inflammatory reactions taking place in
the body but also with an increased amount of pro-inflammatory cytokines and increased lipid

peroxidation leading to oxidative stress (Vavakova et al., 2015).
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Studies have suggested that depression was accompanied by oxidative stress
dysregulation, including abnormal total antioxidant capacity (TAC), antioxidants, free radicals,
oxidative damage, and autoimmune response products (Adifbair et al., 2016; Liu et al., 2015).
Preclinical and clinical studies suggest that increased ROS formation and exhaustion of the
antioxidant system are responsible for changes in brain structure. The oxidative products
include products of oxidative damage of LP, protein, and DNA in depression. Abnormal
malondialdehyde (MDA) levels in depression have been reported (Liu et al., 2015; Bal et al.,
2012).

As a consequence of OS, pro-inflammatory signalling pathways are activated, and they
are associated with D pathogenesis, because, for example, MDD is associated with various
inflammatory processes and increased pro-inflammatory cytokine levels, and reduced nerve
growth (Chauvet-Géliniera et al., 2013).

It should be noted that the negative effects of OS become more expressed with age. OS
in the brain not only damages neuronal DNA but also causes molecular abnormalities that lead
to psychological conditions. ROS is closely associated with a number of pathophysiological
processes, including inflammation, mitochondrial dysfunction, hypoactive NMDA receptor,
and the impairment of fast-spiking GABA interneurons (Kaya et al., 2012).

These facts suggest that OS is associated with neurodegeneration. Elevated ROS
modulate the HPA axis and this in turn alters GABA and serotonergic transmission. Activation
of the HPA axis increases the levels of OS and glucocorticoids released during stress. The
literature suggests that treatment of patients with D with antidepressants leads to suppression
of the HPA axis (Bhatt et al., 2020; Chauvet-G¢éliniera et al., 2013).

Increased ROS and amplified expression of the genes correlate with MDD pathogenesis
and its progress. The brain is much more susceptible to the negative effects of OS and ROS
than all other organs because the brain is a major oxygen consumer and is rich with oxidizable
lipids. Increased oxygen consumption leads to increased ROS. Changes in the balance between
ROS and the antioxidant system cause changes in brain function and changes in neuronal
signalling. It should be noted that physiological ROS levels are important in the maintenance
and regulation of vital physiological functions (Bhatt et al., 2020).

Elevated lipid peroxidation in the brain is a contributing factor for MDD. The amount
of MDA in the brain that is formed as a result of lipid peroxidation indicates OS processes
during the depression. Similarly, the activity of antioxidant enzymes such as catalase and
superoxide dismutase suggests an important role of OS in D development. One of the indicators
is also reduced GSH. When ROS production exceeded the ability of the antioxidant system to

deal with them, massive protein oxidation and lipid peroxidation began. This is important for
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the brain, as it has not only a high lipid content but also increased energy requirements.
As a result of the chain reaction, apoptosis is activated in the neurons, leading to neuronal death
(Pinchuk et al., 2019; Bhatt et al., 2020).

Patients with D have markedly lower plasma levels of antioxidants, such as zinc, Q10,
vitamin E and GSH (especially important as they regulate and regenerate immune cells),
compared to healthy individuals, and have reduced antioxidant capacity. The activity of
antioxidant enzymes in patients with D is also reduced — GPx activity is significantly lower,
which allows ROS to accumulate. This reduced activity correlates with the severity of
depression and neuroprogression. It should be noted that some studies did not reveal any
differences between GPx levels in patients with D and controls. Therefore, it can be assumed
that GPx activity in patients with D is not completely clear (Kaya et al., 2012; Bhatt et al.,
2020). But it is possible that higher GPx activity could have been a compensatory mechanism
for the excess production of free radicals in depressed patients (Liu et al., 2015).

Also, when comparing serum MDA levels, the study authors conclude that it is higher
in patients with MDD compared to controls. Also, when testing in groups of patients with other
conditions, if the patient also has D, MDA levels are higher (Bhatt et al., 2020).

According to data, D symptoms due to OS are more expressed in obese women.
Increased activity of OS biomarkers is observed in both overweight and depressive conditions.
Reduced n3-PUFA, OS, and chronic proinflammatory signalling mechanisms are thought to
play an important role in D development. It also supports the hypothesis that D
pathophysiological processes are based on a combination of OS and inflammation (Bhatt et al.,
2020; Trebaticka et al., 2017).

Thus, many clinical studies have accordingly associated D with an increase in the level
of OS markers and lower overall antioxidant (AO) activity (Adifbair et al., 2016; Cumurcu
et al., 2009; Black et al., 2015; Sarandol et al., 2007).

1.4.4. Oxidative stress biomarkers — MDA and GPx

According to the literature, OS biomarkers can be analysed in cells and tissues, blood,
urine, saliva, tears, and synovial fluid samples (Armstrong&Stratton, 2016). Heart failure under
both acute and chronic conditions is associated with increased levels of OS markers (e.g., MDA,
glutathione peroxidase GPx). These findings suggest that CHD status may be determined by
OS activity rather than the degree of coronary stenosis. Elevated concentrations of a variety of
oxidative stress markers were linked with a more frequent occurrence of cardiac events
(Vichova&Motovska, 2013).
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One of the most important and extensively studied oxidants is MDA. In the field of
modern biology to assess oxidative stress, MDA is an extensively utilized biomarker. MDA is
one of the most commonly used indicators of lipid peroxidation (Del Rio et al., 2005), it can
also be more resistant than other markers of the late stage (4-HNE, 8-1SO) of lipid peroxidation
(Mazereeuw et al., 2017). The MDA molecule is stable and relatively inactive, compared with
free radicals, however, it can not only significantly affect the stability and function of cells, but
can also be indirectly involved in the OS reaction (Voicehovskis, 2013). And being a marker
of lipid peroxidation, the MDA level increases significantly with D (Frey et al., 2006). Results
of the studies (Pezeshkian et al., 2001) showed that MDA levels increased significantly in heart
diseases.

An important moment is that most potent antioxidant actions are mediated by enzymes,
especially superoxide glutathione peroxidase (GPx) (Dhama et al., 2019). The main biological
role of GPx in the body is protection against damage caused by free radicals and active forms
of oxygen (Vavakova et al., 2015). The level of serum glutathione peroxidase is an excellent
measure of the oxidative status of an individual and is most often employed in diagnostics
(Dhama et al., 2019). The higher GPx activity could have been a compensatory mechanism for
the excess production of free radicals in depressed patients (Liu et al., 2015).

Researchers also reported an increase in MDA and GPx levels in patients with coronary
artery disease. GPx activation was significantly higher in patients with coronary artery disease
than in healthy controls (Kaya et al., 2012). It was found that serum GPx and MDA were
significantly greater in CHD patients than in healthy controls (Cheraghi et al., 2019). Some
other investigations have also reported an increase in MDA and GPx levels in patients with
CAD (Pezeshkian et al., 2001).

It has been demonstrated that AO enzyme activities are reduced in CHD, and this is
linked to increased disease risk. Many studies have indicated that free radical generation
increases and AO defences decrease in response to increased OS in CHD patients. Activity
levels of the AO enzymes GPx, and non-enzymatic AOs, are considered predictors of CHD
(Vichova&Motovska, 2013; Cheraghi et al., 2019).

1.4.5. Oxidative Stress as Mediating Factor Between Depression

and Coronary Heart Disease

The hypothesis that inflammation and OS are factors in both mood disorders and CHD
seems to be growing stronger (Chauvet-Géliniera et al., 2013). Increased lipid peroxidation may
be particularly relevant to depressive symptoms among patients with coronary artery disease

(CAD) given the involvement of oxidative stress in that condition (Mazereeuw et al., 2017).
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Moreover, other researches confirm that the OS directly increases the risk of D in patients with
CVD whereas it increases the risk of CVD in depressed people. In summary, the common risk
factors increase the production of OS and reduce AO defences, thereby promoting the
occurrence and development of interacted ischemic CVD and D (Lin et al., 2019). It has been
shown that depressed patients have elevated levels of platelet adhesion and aggregation leading
to increased risk for cardiovascular events (Nezafati et al., 2015). OS can independently and
directly affect stroke, CHD, and D (Lin et al., 2019).

Several pieces of evidence have pointed to the involvement of altered tryptophan
metabolism in inflammation and the development of mood disorders (Mattina et al., 2019).
Higher levels of serum kynurenine compared with tryptophan (KYN / TRP ratio), have been
demonstrated in CVD patients and provide evidence for altered kynurenine synthesis
(Wirleitner et al., 2003). The KYN / TRPratio, as well as other kynurenine metabolites, are
strongly associated with an increased risk of poor outcomes following stroke (Brouns et al.,
2010) and cardiovascular-related mortality in the general population (Zuo et al., 2016).
Furthermore, depressed coronary heart disease patients show greater serum (KYN / TRP) ratio
compared with those without depression (Nikkheslat et al., 2015), suggesting that depression
coupled with CVD leads to increased activation of the kynurenine pathway (Mattina et al.,
2019). Activation of the kynurenine pathway following chronic inflammation is modified to
increase the production of neurotoxic metabolites and release reactive oxygen species, resulting
in lipid peroxidation and neurodegenerative brain changes (Wang et al., 2015; Jeon&Kim,
2017).

1.4.6. Oxidative Stress and Antidepressant Therapy

Considering the negative cardiac and cognitive effects of persistent D in patients with
CHD, adequate treatment with antidepressants is a clinically important need in the case of CHD
Patients who respond to antidepressant therapy within the first year of treatment have shown to
experience significantly lower rates of morbidity and mortality (Jiang, 2011). Several studies
have shown that the new generation of antidepressants, in particular selective serotonin
reuptake inhibitors, are well tolerated, have a satisfactory efficacy-tolerance profile, and are
easy to use in patients with cardiovascular disease (Chauvet-Géliniera et al., 2013). In addition,
these molecules show clinical efficacy, acting on physio-pathological elements by improving
endothelial function while reducing the concentration of inflammation markers (C-reactive
protein, interleukin-6) (Pizzi et al., 2009). In the same way, a meta-analysis showed that
selective serotonin reuptake inhibitors used in the wake of acute coronary syndrome led to
fewer rehospitalizations (Chauvet-Géliniera et al., 2013; Mazza et al., 2009).
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There is an increasing body of evidence supporting that D may be associated with
changes in OS markers and that AD agents (especially long-term treatment) may increase AO
defences. Augmentation of AO defences may be one of the mechanisms underlying the
neuroprotective effects of ADs observed in the treatment of D (Celano&Huffman, 2011). The
meta-analysis supports the fact that the serum total antioxidant capacity (TAC), paraoxonase,
and antioxidant levels are lower, and the serum-free radical and oxidative damage product
levels are higher than controls in depressed patients. Meanwhile, the antioxidant levels are
increased and the oxidative damage product levels are decreased after antidepressant
medication (Liu et al., 2015).

The use of SSRIs may prevent the development of atherosclerotic plaques and also
arterial thrombosis (Nezafati et al., 2015). Normalization of the levels of Reactive Oxygen
species and AO activity after successful AD therapy (Cumurcu et al., 2009) suggests that OS
mechanisms can be especially important in the study of the pathophysiology and prognosis of
D (Adifbair et al., 2016). Patients with heart failure, who respond to AD therapy within the first
year of treatment have been shown to experience significantly lower rates of morbidity and
mortality (Jiang et al., 2011). Several lines of evidence indicate that different cardiovascular
considerations should be inspected in patients who need to take AD medications (Yekehtaz
etal., 2013).

Normalization of the levels of reactive oxygen species and antioxidant (AO) activity
after successful antidepressant (AD) therapy (Cumurcu et al., 2009) suggests that OS
mechanisms can be especially important in the study of pathophysiology and prognosis of D
(Adifbair et al., 2017).

1.5.  Summary of the literature

In this part were reviewed epidemiological and pathophysiological aspects underline the
frequent co-occurrence of D and CVD. OS is considered an emergency mechanism that relates
to both CVD and D pathophysiology (Adifbair et al., 2016). OS directly increases the risk of D
in patients with CVD, whereas it increases the risk of CVD in depressed people. Furthermore,
OS acts as a link between ischemic CVD and D (Lin et al., 2019). Despite the potentially
important role of the OS in the pathogenesis of CHD and D, only a few researchers studied the
role of OS in the development of D in patients with CHD. Furthermore, the role of OS in stable
CHD (SCHD) recurrence in patients with SCHD and D has not been studied previously.

Clinicians should investigate the presence of D in patients with heart disease. When
D screening is paired with a management protocol or system of care (e.g., a care management

program) to treat D in persons with CVD, there has been consistent evidence for improved
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patient outcomes (including, in some studies, improved adherence, reduced cardiac symptoms,
reduced cardiac events, and improved blood pressure and lipids). Patients who meet the full
criteria for D should be treated, whether cardiac events are recent or remote (Celano&Huffman,
2011).

Assessment of oxidative stress markers could modify risk stratification, diagnosis and
prevention, and treatment of patients with both coronary artery disease and depression, in
patients with and without previous cardiac history (Vichova&Motovska, 2013). Appropriate,
individualized antidepressant therapy by reducing the level of oxidative stress may help reduce
the risk of SVD (both primary event and recurrence) in patients with depression. This requires

further longitudinal, large-sample-size, cohort studies to provide more conclusive outcomes.
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2. Methods

It is a retrospective case-control study that was conducted to compare patients with
PSCHD with patients who have RSCHD by determining oxidative markers levels and D signs
and severity. No intervention was attempted to alter the course of the SCHD.

2.1.  Study participants and research locale

To test the hypothesis that patients with RSCHD have higher OS and D scores than
patients with PSCHD, it was decided to create two groups of patients and compare them by OS
marker levels and D symptoms and their severity. Re-evaluation of the same patients (who were
diagnosed with PSCHD and subsequently hospitalized with RSCHD) was not performed due
to geographical barriers, difficulties in communicating with the patient electronically or by
telephone, the fact that the actual place of residence of some patients does not match their
registered address, the possibility that they will receive further care in another health care
facility, as well as taking into account the age of the patients and the relatively high mortality
rates. Therefore, it was decided to create two patient groups — with PSCHD and with RSCHD,

and to compare one to the other.

2.2.  Criteria for inclusion and exclusion of research participants

The inclusion and exclusion criteria for both groups were the same, with the only
difference: for PSCHD patients — primary hospitalization due to first event of CHD, while for
RSCHD -hospitalization due to recurrent event of CHD.

Inclusion criteria:

a) patients with SCHD — by classification ICD-10: 120 Angina pectoris; 125 Chronic

ischemic heart disease;

b) patients are stable, with stable vital signs;

c) age > 45 years;

d) non-smokers;

e) not vegetarian;

f) do not drink alcohol at least during the last 1 year;

g) use prescribed drugs regularly.

Exclusion criteria:

a) patients with diagnoses 121 Acute myocardial infarction; 122 Subsequent ST

elevation (STEMI) and non-ST elevation (NSTEMI) myocardial infarction;
123 Certain current complications following ST elevation (STEMI) and non-ST
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elevation (NSTEMI) myocardial infarction (within 28 days); 124 Other acute
ischemic heart diseases;

b) unstable patients, patients in intensive care unit;

c) age <45 years;

d) approved diabetes mellitus type 1 and 2;

e) glucose tolerance disturbances;

f) any acute illnesses;

g) irregular usage of prescribed drugs;

h) any F diagnosis;

i) obesity (BMI > 30).

Data on the regularity of medication use and adherence were obtained in the form of
a self-report. People who drink alcohol, smoke, or have excluded meat from their diet, as well
as patients with low medication adherence, were excluded from the study because these are
confounding factors that potentially affect OS levels.

Patients were selected based on convenience, including all patients with PSCHD or
RSCHD who met the study inclusion criteria over a certain period. Time period: from
November 1, 2015, to July 15, 2017, until the required number of study participants was
collected.

The sample size was calculated based on several factors. First of all, it should be taken
into account that the calculation requires data on the difference in the prevalence of D between
PSCHD and RSCHD patients, but currently, there is no such data on the situation in Latvia.
Also, the hospital database does not specifically indicate for which patient the hospitalization
is primary and for which it is repeated, at least roughly determine the flow of patients according
to these criteria.

According to the Centre for Disease Prevention and Control of the Republic of Latvia,
processing statistics by these criteria violates the terms of confidentiality and therefore cannot
be provided. For the reasons mentioned above, the sample size was calculated using foreign
data, which indicate that 15-18% of patients with medically stable CHD have major depression,
and the 1-year prevalence of clinically significant depression is about 30% in these patients
(SPKC, 2020a; Carney&Freedland, 2008). Obtaining partial statistical data from the Latvian
centr of cardiology, it is known that in 2014, 2264 patients were discharged with the diagnosis
120.8, 909 patients were discharged with the diagnosis 125.1 and 35 patients were discharged
with the diagnosis 125.0. As a result, the sample size with 80% statistical power was

calculated — 86 study participants in each group.
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It should be noted that the selection process in both groups was identical according to
the set criteria. A total of 191 people were invited to participate in the study, and 17 patients
refused to participate in the study. A total of 174 participants were enrolled in this study:

1) 86 in-patients with a RSCHD;

2) 88 in-patients with a PSCHD.

There were no statistically significant differences between the two groups by gender
and age (Chi-square test, p=0.1 and p = 0.2, OR p < 0.05).

2.3. Research site

The study site was the Latvian Centre of Cardiology in Pauls Stradin$ University
Hospital — the leading hospital in cardiology, invasive cardiology, transplantology, vascular
diseases, neurology and neurosurgery, and internal medicine in Latvia. It is important to
mention, that patients were diagnosed by cardiologists of Latvian Centre of Cardiology.

The Latvian Centre of Cardiology provides a set of highly qualified third-level
healthcare services in the field of cardiology (including CHD cases) to patients from all regions
of Latvia.

2.4.  Ethical aspects

Information about the nature and course of the study was provided to all study
participants. Patients filled out an informed consent form and a questionnaire. To ensure the
anonymity of personal data, all patient personal data (name, surname) were coded.

All procedures complied with the ethical standards on human experimentation (World
Medical Association Helsinki Declaration). The approval for this study was obtained from the
Ethics Committee of Riga Stradins University. RSU Ethics Committee’s decision to “agree to
a study” was received on October 29, 2015 (No. 22/29.10.2015).

2.5.  The course of the research

The primary selection of patients was done with the assistance of the Latvian Centre of
Cardiology medical staff, including all those who were admitted to the Latvian Centre of
Cardiology due to CHD. To understand whether each patient met the study criteria, their
medical records were further examined, determining their diagnosis and comorbidities. In cases
where the patient met the criteria, he / she was invited to participate in the study. If the

prospective study participant agreed, he / she was then interviewed.
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Compliance with the study criteria was examined in depth during the interview. If the
patient complied, he/she was asked to complete the Latvian version of the Geriatric
Depression Scale questionnaire, and the study participant was asked to submit to a blood test
in the morning. Patients’ blood samples were delivered to the RSU Scientific Laboratory of
Biochemistry, where their OS parameters — MDA and GPx — were further analysed.

The RSU Scientific Laboratory of Biochemistry is a certified laboratory involved in the
national comparative interlaboratory quality system and is part of the international (Labquality

QY, Finland) external quality control system.

2.6. Investigation methods
2.6.1 Analysis of medical records

With the permission of the Latvian Centre of Cardiology, when a potential study
participant joined, data from his/ her history after the primary doctor's examination were

analysed — primary diagnosis, co-morbidity, and examination results, as well as BMI.

2.6.2 Structured interview

The interview was conducted to make sure that the potential study participant met all
the criteria of the study, as patients' histories usually do not include data on bad habits, eating
habits, and medication adherence.

After getting the necessary information, if the patient met the criteria, he / she was asked

to complete the GDS questionnaire.

2.6.3 Geriatric Depression Scale

The severity of depressive symptoms was assessed using the long 30-item form of the
Geriatric Depression Scale (GDS), (Yesavage, 1982-1983), a valid Latvian version of GDS-
LAT (Voicehovskis, 2013). It is a 30 “yes or no” self-report questionnaire. One point is
assigned to each answer and the cumulative score is rated on a scoring grid. The grid sets

a range of 0-9 as “normal”, 10-19 as “mildly depressed”, and 20-30 as “severely depressed”.

46



2.6.4 Blood sample analysis

From each patient the blood samples were taken to measure OS parameters: MDA and

GPx.

MDA levels are determined using thiobarbituric acid reactive substance:

a)
b)
c)
d)
e)

Test object: plasma (anticoagulant — Li heparin; EDTA).

Method: manual, spectrophotometric, according to the manufacturer's instructions.
Device: Sunrise Basic absorption microplate reader (TECAN, Austria).

Reagent kits: OxiSelect™ TBARS Assay (MDA Quantitation), Cat. STA-330.
Manufacturer: CellBiolabs, Inc. (USA).

The principle of the method: MDA determines the color intensity of the reaction with

thiobarbituric acid (TBA) in an acid medium at 95 °C, after optical density in butanol extract

at 532 nm. MDA is calculated from the standard curve using the MDA reference substance

1,1,3,3-tetraethoxypropane (Armstrong&Browne, 1994; Armstrong, 1998; Boyum, 1966).

Reference interval: 3,45-7,45 umol/L. The results are interpreted for scientific purposes

because the number of people in the control group is too small to develop reference values.

GPx determination method:

a)
b)

h)

Test object: blood (anticoagulant — Li-heparin).

Sample preparation: dilute 0.05 ml of heparinized blood with 1 ml of dilution
solution and incubate for five minutes at 37 °C; add one ml of Drabkin's reagent,
mix well and use for analysis.

Method: automatic spectrophotometric, according to the manufacturer's
instructions for the RX Daytona RX Daytona Analyser (Randox laboratories, Ltd.,
Crumlin, UK).

Technology code: La/ Kim 184.

Device: RX Daytona Analyser (Randox laboratories, Ltd., Crumlin, UK).

Reagent kit: RANSEL, Cat. No. RS504.

Quality control: Calibrator and control — lyophilized bovine serum — RANSEL
Control Cat. No. SC 692.

Manufacturer: Randox Laboratories, Ltd., Crumlin, UK.

The principle of the method: glutamate peroxidase catalyses the oxidation of glutathione

(GSH) in the presence of opaque hydroperoxide. Oxidative glutathione (GSSG) under the

influence of glutasereductase (GR) and NADPH transforms into reduced form — GSH,

simultaneously oxidizing NADPH to NADP+. Glutathione peroxidase activity corresponds to

an absorption drop at 340 nm due to the oxidation of NADPH. One unit corresponds to the
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amount of enzyme produced by 1.0 uM NADPH oxidation at NADP+1 minute at 340 nm at
37 °C (Paglia, 1967).
Reference interval:
a) RSU Biochemistry Lab.: 8530 + 2352 U / L (average + standard deviation (SD)).
b) RANDOX: 7526 + 3355 U / L (average + SD).

2.7.  Statistical analysis

Data were analysed using SPSS 23.0 officially licensed software. Statistical significance
of the prevalence of dependent variables between the strata of independent variables was tested
by using the Chi-square test. The normal distribution of parametric variables was checked using
the Kolmogorov-Smirnov test. In case of normal distribution, the means of dependent variables
were compared between strata of independent variables using the T-test of ANOVA. If the
criteria of normal distribution were not met the alternative tests (Mann-Whitney U test and
Kruskal-Wallis test) were used. For the detection of correlations between parametric variables
Spearman correlation analysis was used (correlation considered as weak if r < 0.3, mean, if r is
ranged from 0.3-0.8 and as strong if r >0.8). For multivariate analysis linear, binary, and
multinomial logistic regressions were applied. Results are considered statistically significant if
p <0.05.
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3. Results

3.1. Patient demographics

In the study, there were 174 responders participating — 49.4% (n = 86) of them had
experienced recurrent SCHD and 50.6% (n = 88) of them formed a control group (patients of
primary SCHD).

There were no differences between the distribution of patients in the primary and the

recurrent groups by gender and mean age (Figure 3.1).
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Figure 3.1 The proportion by age a) and gender b) in patients with PSCHD and RSCHD

Half of the total sample (53.4%) were males. The majority of the sample (83.9%) had a
high level of MDA and for the rest of them, the MDA level was considered normal (i.e., a low
level of MDA was not detected for any of the patients). For the majority of the patients (72.4%)
the GPx level was normal, for 17.8% it was high, and for 9.8% — low. Slightly more than half
of the patients were experiencing a D (44.3% — mild D and 6.9% — severe D) (Table 3.1).

Table 3.1
Description of the sample (total and stratified by SCHD status)
Independent Total Primary SCHD Recurrent SCHD N
variable n % n % n % P
Sex
Male 93 53.4 43 48.9 50 58.1
Female 81 46.6 45 51.1 36 41.9 0.2

49



Table 3.1 continued

Independent Total Primary SCHD Recurrent SCHD N
variable n % n % n % P
Age
81+ 13 7.5 7 8.0 6 7.0
71-80 48 27.6 27 30.7 21 24.4
61-70 71 40.8 30 34.1 41 47.7 03
<60 42 24.1 24 27.3 18 20.9
MDA
Low - - - - - -
High 146 83.9 76 86.4 70 81.4
Normal 28 16.1 12 13.6 16 18.6 031
GPx
Low 31 17.8 17 19.3 14 16.3
High 17 9.8 2 2.3 15 174 0.003
Normal 126 72.4 69 78.4 57 66.3
GDS
Severe 12 6.9 6 6.8 6 7
Mild 77 44.3 36 40.9 41 477 0.65
No 85 48.9 46 52.3 39 45.3

* Statistically significant if p < 0.05

As Table 3.1 shows, groups of recurrent and primary SCHD did not differ according to
any of the aforementioned variables except the GPx level —among patients of recurrent SCHD
there was a lower proportion of individuals with a normal level of GPx when compared to
primary SCHD patients (66.3% and 78.4%, respectively) (p = 0.003).

3.2. MDA level

There was a high MDA level found in 146 patients and a normal MDA level — in
28 patients in both groups together. In the primary SCHD group a high MDA level was in
76 (86,4%) patients, in the recurrent SCHD group a high MDA level was in 70 (81,4%) patients.
The mean score was slightly higher in the primary SCHD group, but, based on the binary
logistic regression test, there was no statistically significant difference between the subgroups

(p = 0.23). MDA indicators distribution depending on the deviation from the norm is shown in
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Table 3.1. The mean score, minimum, maximum indicators, and standard deviation are
illustrated in Table 3.2.

Table 3.2

Factors associated with recurrent SCHD in univariate and multivariate analysis

(if independent variables are nonparametric measures)

Primary | Recurrent Adjust

Independent | SCHD | SCHD | or« | 9506CI | p** | ed | 95%CI | p**
variable S S OR*

n Yo n Yo
Sex
Male 43 146.2| 50 |[53.8| 1.45 | 0.80-2.65 | 0.22 1.63 0.85-3.12 | 0.14
Female 45 |55.6| 36 |[444 1 - - 1 — -
Age
81+ 7 |538| 6 [46.2| 1.14 | 0.33-3.99 | 0.83 | 1.48 | 0.35-6.28 | 0.60
71-80 27 |56.3| 21 |43.8| 1.04 | 0.45-2.39 | 0.93 1.34 0.52-3.43 | 0.55
61-70 30 [423| 41 |57.7| 1.82 | 0.84-3.94 | 0.13 2.25 0.96-5.31 | 0.06
<=60 24 |57.1| 18 | 429 1 - - 1 - -
MDA
Low - - - - - - - - - -
High 76 |52.1| 70 | 479 0.69 | 0.31-1.56 | 0.37 0.53 0.22-1.27 | 0.15
Normal 12 1429 16 |57.1 1 - - 1 - -
GPx
Low 17 | 54.8| 14 |45.2| 1.00 | 0.45-2.20 | 0.99 0.96 0.42-2.19 | 0.92
High 2 [11.8| 15 |88.2| 9.10 |1.99-41.37| 0.004 | 11.29 | 2.31-55.06 | 0.003
Normal 69 |548| 57 [452] 1 - - 1 - -
GDS
Severe 6 |500| 6 |50.0]| 1.18 | 0.35-3.95 | 0.79 | 0.82 | 0.18-3.67 | 0.80
Mild 36 [46.8| 41 |53.2| 1.34 | 0.72-2.49 | 0.35 1.31 0.66-2.60 | 0.44
No 46 |54.1| 39 |45.9 1 - - 1 — —

*OR - odds ratio; **Statistically significant if p < 0.05

In the next part, GPx levels are analysed.
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3.3. GPxlevel

There was found a high GPx level in 17 patients, a low level —in 31, and a normal level
in 126 patients in both groups together. In primary SCHD group high GPx level was in 2 (2,3%),
patients, low — in 17 (19,35) and normal — in 69 (78,4%) patients. In recurrent SCHD group
high GPx level was found in 15 (17, 4%), patients, low — in 14 (16,3 %) and normal — in 57
(66,3%) patients. The mean score was slightly higher in the recurrent SCHD group. Based on
the binary logistic regression test, there was no statistically significant difference between the
subgroups (p = 0.06). GPx indicators distribution depending on the deviation from the norm is
shown in Table 3.1. The mean score, minimum, maximum, and standard deviation are
illustrated in Table 3.2.

3.4. Depression prevalence and severity

Mild depression was detected in 77 patients (44,3%), and severe depression — in 12
(6,9%) in both groups together. In the primary SCHD group, severe depression was detected in
6 (6,8 %) patients and mild depression — in 36 (40.9%) patients. In the recurrent SCHD group,
severe depression was detected in 6 (7%) patients and mild depression —in 41 (47,7%) patients.
No depression was found in 46 (52,3 %) in the primary SCHD group and 39 (45,3%) in the
recurrent SCHD group. Based on the binary logistic regression test, there was no statistically
significant difference between the subgroups (p = 0.42) by depression prevalence and severity.
GDS distribution depending are shown in Table 3.1. The mean score, minimum, maximum,

and standard deviation of the GDS scale are illustrated in Table 3.2.

3.5. Correlation between OS markers

The correlation of OS factors (MDA and GPx indicators) was found to be positive and

statistically significant but yet weak (r = 0.18, p = 0.017) (Figure 3.2).
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Figure 3.2 The correlation between GPx and MDA indicators

The correlation of OS indicators in women with PSCHD was not statistically significant
(r=0.12, p=0.414) and in men (r = —-0.11, p = 0.946) (Figure 3.3).
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Figure 3.3 The correlation of OS markers in women (a) and men (b) with PSCHD

On the contrary, the correlation of OS indicators in women with RSCHD was
statistically significant, but low positive (r = 0.39, p = 0.017). The correlation of OS markers in
men with RSCHD was not statistically significant (r = 0.26, p = 0.06) (Figure 3.4).
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Figure 3.4 Correlation of OS markers in women (a) and men (b) with RSCHD

3.6.  Factors associated with the recurrent SCHD

When the independent variables are analysed as parametric values, it was found that the
only factor statistically different between primary and recurrent SCHD patients, was GPx, i.e.,
among patients of recurrent SCHD mean GPx value is significantly higher than among patients
of primary SCHD (8329.8 and 7474.5 U/g Hb, respectively) (p = 0.01) (see Table 3.2, Figure
3.5).
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Figure 3.5 GPx value among patients with PSCHD (a) and RSCHD (b)

The mean age was slightly higher among patients of primary SCHD as well as the
median MDA, whereas the median GDS value was higher among patients with recurrent
SCHD. But, as has been mentioned already before, these tendencies cannot be considered
statistically significant. The multivariate analysis hasn’t changed the conclusion. After the

adjustment, the only factor significantly associated with the recurrent status of SCHD was
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GPx (p = 0.008). But as regards the measure of OR — the increase in GPx per unit is making so
small changes in OR that it was not detectable within two decimal figures. This was the reason
why in the further data analysis the parametric measures were categorized and analysed as
nonparametric variables.

As it’s seen in Table 3.2, there is a tendency for the odds of recurrent SCHD to be higher
among males, older patients, and persons with mild D. Interestingly that the odds of recurrent
SCHD are lower among patients with high levels of MDA. But these observations are not
statistically significant in univariate, or multivariate analyses. The only factor showing stable
and statistically significant association with recurrent SCHD is GPx level, i.e., in multivariate
analysis independently from other factors high levels of GPx are associated with 11.29 times
higher odds of having recurrent SCHD status (p = 0.003).

3.7. Factors associated with the D

Patients with present D were experiencing both — high levels of MDA and GPx — more
often than responders with no D (11.2% and 8.2%, respectively). But this trend cannot be
considered statistically significant (p =0.51). And vice versa — among patients with
simultaneously high levels of MDA and GPx the prevalence of D is higher than among patients
with normal levels of MDA and GPx or with high or low levels of just one of the indicators
(58.8% and 50.3%, respectively). And the level of statistical significance of the mentioned
observation is surely the same, i.e., not reaching the level of significance (p = 0.51) (Table 3.3).

Table 3.3
Prevalence of high levels of MDA and GPx simultaneously in relation to the presence of D
High both — MDA Normal MDA and GPx Total
Status and GPx or high one of them
of depression
n % n % n %
Present 10 11.2 79 88.8 89 100.0
Absent 7 8.2 78 91.8 85 100.0

And vice versa — among patients with simultaneously high levels of MDA and GPx the
prevalence of depression is higher than among patients with normal levels of MDA and GPx or
with high or low levels of just one of the indicators (58.8% and 50.3%, respectively). And the
level of statistical significance of the mentioned observation is surely the same, i.e., not
reaching the level of significance (p = 0.51) (see Table 3.4).
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Table 3.4

Prevalence of depression according to the status of simultaneously high levels of MDA and GPx

High both — MDA Normal MDA and GPx
Status and GPx or high one of them
of depression
n % n %
Present 10 58.8 79 50.3
Absent 7 41.2 78 49.7
Total 17 100.0 157 100.0

If the measures of the severity of depression (GDS) and levels of OS are analysed as

parametric variables, there a slightly negative correlation can be observed between GDS and
MDA (p=-0.035) and a slightly positive correlation between GDS and GPx (p=0.087). So, both

of the correlations have to be considered as weak. And both of them are lacking statistical

significance (p = 0.65 and p = 0.25, respectively) (see Figure 3.6).
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Figure 3.6 Correlation between GDS and MDA indicator (a) and GDS and GPx indicator (b)
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When the dependent and independent variables are analysed as nonparametric ones, it

can be seen from the univariate analysis that there is a tendency that higher odds of severe or

mild depression there are for people of older age, for those having high levels of GPx and for

people with the recurrent status of SCHD. Whereas odds are lower among males, people with

high levels of MDA, and low levels of GPx. But it must be underlined that all the mentioned

associations are not statistically significant. The only significant association was found between

severe depression and age over 81 years (vs 60 or fewer years OR 18.67; p = 0.006) and mild

depression and age group “71-80 years” (vs 60 or fewer years OR 4.51; p = 0.001) (Table 3.5).
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Table 3.5
Factors associated with severity of D in univariate analysis

" Se‘éere MildD | NoD | __ or
e?ldg;wt (severe 95% (mild 95%
pen n| % |n| % |n| % cl P cr | P
variable vs no D) vs no D)
12| 6.9 | 77| 443 | 85488
Sex
0.16— 0.45-
Male 5|54 40| 43.0 |48 |51.6| 0.5 188 0.34 0.83 155 0.56
Female 7 | 86 |37 457 |37 |45.7 1 - - 1 - -
Age
2.35- 1.00—
81+ 4 1308|6 | 462 | 3 |23.1| 18.67 14843 0.006 | 4.67 21 81 0.05
0.61- 1.80- | 0.00
71-80 4 183 ]29| 604 |15|31.3 3.73 22 80 0.15 451 1132 1
0.10- 0.79—
61-70 2 | 28 |30| 423 |39|54.9 0.72 541 0.75 1.80 4.10 0.17
<= 60 2 | 48 (12| 28.6 |28 |66.7 1 - - 1 - -
MDA
Low - == - |=-1] - - - - - - | -
. 0.07- 0.25-
High 8 | 5,5 |63 | 432 |75|514| 0.27 105 0.06 0.60 144 0.25
Normal 4 1143|114 | 50.0 |10 |35.7 1 — — 1 - —
GPx
0.05- 0.37-
Low 1]32|13| 419 |17 (548 0.45 384 0.46 0.82 184 0.63
. 0.70- 0.35-
High 31176 7 | 412 | 7 |41.2 3.27 15.95 0.13 1.07 324 0.91
Normal 8 | 6.3 57| 45.2 |61 |484 1 - - 1 - -
SCHD
Recurrent | 6 | 7.0 | 41 |47.7|39|453| 118 | %35 | 079 | 134 (%" |oss
ecurren : . : : 305 : : 249 |0
Primary 6 | 6.8 | 36 [40.9|46|52.3 1 - - 1 - -
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After the adjustment (see Table 3.6) the association between older age and severe or

mild depression became stronger.

Table 3.6
Factors associated with severity of D in multivariate analysis
Independent (;1(359 95% Cl 0 (argilFfj 95% Cl D
variable vs no D) vs no D)
Sex
Male 0.48 0.12-1.93 0.30 0.91 0.47-1.76 0.79
Female 1 - - 1 - -
Age
81+ 38.01 3.35-431.96 0.003 5.43 1.10-26.77 0.04
71-80 5.89 0.72-48.40 0.10 4.63 1.80-11.92 0.002
61-70 0.69 0.08-5.82 0.73 1.75 0.75-4.09 0.19
<=60 1 - - 1 - -
MDA
Low - - - - - -
High 0.16 0.03-0.82 0.03 0.60 0.23-1.53 0.28
Normal 1 - - 1 - -
GPx
Low 0.19 0.02-1.95 0.16 0.67 0.28-1.63 0.38
High 11.69 1.60-85.46 0.02 1.66 0.52-5.27 0.39
Normal 1 - - 1 - -
SCHD
Recurrent 0.93 0.15-5.95 0.94 1.39 0.58-3.34 0.46
Primary 1 — — 1 - -

Thus, it can be concluded that the age of 81 years or older increases the odds of severe

depression 38.01 times (p = 0.003) (when compared to people of the age 60 years or less) and

increases the odds of mild depression 5.54 times (p = 0.04). And the age of 71-80 years

increases the odds of mild depression 4.63 times when compared to younger patients.

Also, both indicators of oxidative stress are showing statistically significant associations

with severe depression. High GPx levels are increasing the odds of severe depression 11.69

times (p =0.02) independently from other factors (including SCHD status). Whereas high
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levels of MDA are decreasing the odds of severe depression more than six times (OR 0.16;
p =0.03).

The rest of the factors (sex and the status of SCHD) are not showing significant
associations with D.

3.8.  Factors associated with the recurrent SCHD in relation to the presence of D

If only people with D were analysed (n=89), the findings remained the same as for the
total sample — the only factor significantly increasing the odds of experiencing recurrent SCHD
was the high level of GPx (OR 12.76; p = 0.03). As regards the other factors — there was
a tendency that higher odds of experiencing recurrent SCHD for males and people aged 61-71
(compared to the younger ones). People with high levels of MDA are having almost 40% lower
odds of experiencing recurrent SCHD. But the mentioned tendencies cannot be considered

statistically significant (see Table 3.7).

Table 3.7
Factors associated with recurrent SCHD in univariate
and multivariate analysis among patients with D
Primary | Recurrent )
ndependent | SCHD | SCHD | ope | gsosct | pev | AU | gsgpcr | pos
n % n %

Sex
Male 20 (444) 25 |55.6| 1.25 | 0.54-2.88 |0.60 1.16 0.46-2.91 |0.76
Female 22 |50.0| 22 |50.0 1 - - 1 - -
Age
81+ 7 |700| 3 [30.0| 032 | 0.06-1.79 |0.20 0.56 0.09-3.71 |0.55
71-80 17 |515| 16 |485| 0.71 | 0.20-2.49 |0.59 1.43 0.33-6.15 | 0.63
61-70 12 |375| 20 |625| 1.25 | 0.34-4.49 |0.73 2.60 0.58-11.78 | 0.22
<=60 6 [429| 8 |57.1 1 - - 1 - -
MDA
Low - - - - - - - - - -
High 34 (479 37 |52.1| 087 | 0.31-2.46 |0.79 0.64 0.21-1.97 |0.44
Normal 8 [44.4) 10 |55.6 1 - - 1 - -
GPx
Low 5 1357 9 |643| 2.23 | 0.68-7.40 |0.19 3.04 0.80-11.60 | 0.10
High 1 [10.0| 9 |90.0|11.18 | 1.34-93.37 |0.03| 12.76 |1.34-121.84|0.03
Normal 36 |554| 29 |446| 1 - - 1 - -

* OR — odds ratio; **Statistically significant if p < 0.05
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Further — by switching the D and SCHD from being the dependent variables
to being independent ones (and making markers of oxidative stress the dependent variables),
it can be concluded that high levels of GPx are more frequent among patients of
recurrent SCHD regardless of the status of depression whereas the low levels of GPx are
more prevalent among primary SCHD patients with no depression. These tendencies
seem to be statistically significant (p = 0.02). When the four strata of depression and
SCHD status are further compared pairwise, it is concluded that the high levels
of GPx are significantly more frequent within the group “depression and recurrent
SCHD” (19.1%) than within the groups “no depression and primary SCHD”
(2.2%; p = 0.03) or within the group “depression and primary SCHD” (2.4%; p = 0.03).
The rest of the pairwise combinations are not statistically significant
(see Table 3.8).

Table 3.8
Prevalence of high levels of GPx in relation to the presence of D and recurrent SCHD

Status of depression Low GPx High GPx Normal GPx

in relation to SCHD n % n % n %
Depression + recurrent SCHD 9 19.1 9 19.1*» 29 61.7
Depression + primary SCHD 5 11.9 1 24" 36 85.7
No depression + recurrent SCHD 5 12.8 6 154 28 71.8
No depression + primary SCHD 12 26.1 1 2.2* 33 71.7

*p=0.03, "p = 0.03

The same observations are present for high levels of both — MDA and GPx. They are
more frequent among patients of recurrent SCHD regardless of the status of depression. And
the observation can be considered statistically significant (p = 0.006). But when the four strata
are further compared pairwise, it is concluded that the high levels of MDA and GPX are
significantly more frequent within the group “depression and recurrent SCHD” (19.1%) than
within the groups “no depression and primary SCHD” (2.2%; p = 0.03) or within the group
“depression and primary SCHD” (2.4%; p = 0.04) (see Table 3.9).
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Table 3.9

Prevalence of simultaneously high levels of MDA and GPx in relation
to the presence of D and recurrent SCHD

) ) High both — MDA Normal MDA and GPx
Status of D in relation and GPx or high one of them
to SCHD
n % n %
D + recurrent SCHD** 9 191 38 80.9
D + primary SCHD” 1 2.4 41 97.6
No D + recurrent SCHD 6 15.4 33 84.6
No D + primary SCHD* 1 2.2 45 97.8

*p =0.03, *p = 0.04, statistically significant if p < 0.05

Tables 3.10 and 3.11 show that the frequency of recurrent SCHD is the highest
within the groups with high levels of GPx regardless of the presence of depression
when compared to the strata with normal or low levels of GPx. And this tendency is
statistically significant (p = 0.006). Analyzing the strata pairwise it is concluded
that the prevalence of recurrent SCHD is significantly higher among patients
with depression and high levels of GPx (90.0%) when compared to people with no

depression and normal or low levels of GPx (42.3%; p 0.02) or patients
with depression but normal or low levels of GPx (48.1%; p = 0.04) (Table 3.10,

Figure 3.7).

Table 3.10
Prevalence of simultaneously high levels of MDA and GPx in relation
to the presence of D and recurrent SCHD
Recurrent SCHD Primary SCHD
Status of depression and GPx
n % n %
Depression + high GPx*» 9 90.0 1 10.0
No depression + high GPx 6 85.7 1 14.3
Depression + normal or low GPx" 38 48.1 41 51.9
No depression + normal or low GPx* 33 42.3 45 57.7

*p=0.02, "p =0.04
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Figure 3.7 shows the prevalence of high levels of GPx in relation to the presence of D.
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Figure 3.7 Prevalence of high levels of GPx in relation to the presence of D
and recurrent SCHD in men and women

The levels of MDA are not giving any additional impact on the relationship between the
status of depression in combination with levels of GPx and the status of SCHD. The conclusions
are identical to the ones described above for the combination of the depression and GPx alone
(see Table 3.11, Figure 3.8).

Table 3.11

Prevalence of high levels of MDA in relation to the presence of D and recurrent SCHD

Recurrent SCHD Primary SCHD
Status of depression, MDA and GPx

n % n %
Depression + high MDA + high GPx 9 90.0 1 10.0
No depression + high MDA + high GPx 6 85.7 1 14.3
Depression + normal MDA + normal or low GPx 38 48.1 41 51.9
No depression + normal MDA + normal or low GPx 33 42.3 45 57.7

*p=0.02,"p=0.04
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Figure 3.8 shows the prevalence of high MDA levels in relation to the presence of

depression.
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Figure 3.8 Prevalence of high levels of MDA in relation to the presence of D
and recurrent SCHD in men and women

When the levels of MDA and GPx are analysed as parametric variables, it can be seen
that the mean value of MDA is the highest among patients with no depression and primary
SCHD (11.04, SD 3.05) and the lowest among people with no depression and recurrent SCHD
(9.68, SD 2.40). But the differences in mean MDA among the four strata of depression and
SCHD status are not statistically significant (p = 0.40) (Figure 3.9).

Whereas for the mean values of GPx the conclusion is the opposite — the mean level is
the highest among people with no depression but recurrent SCHD (8458.36, SD 1949.61) and
the lowest among patients with no depression and primary SCHD (7011.76, SD 1882.16). l.e.,
both groups of recurrent SCHD have the highest mean values of GPx regardless of the status
of depression. And these observations are statistically significant (p =0.008). Further
comparing the mean GPx between strata of the status of D and SCHD it has been found that the
mean level of GPx is significantly lower among patients with no depression and primary SCHD
when compared to the people with no depression but recurrent SCHD (p = 0.001), among
patients with depression and primary SCHD (p =0.009) and people with depression and
recurrent SCHD (p = 0.01) (Figure 3.9).
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Figure 3.9 Mean levels of MDA (a) and GPx (b) according to the presence of D
and recurrent SCHD

Further, the cross-tabulation analysis revealed that the group “D + high GPx” had 10.6
times higher chances of recurrent SHCD compared to the “no D + normal GPx” group
(Table 3.12).

Table 3.12

Prevalence and odds of recurrent SCHD stratified by the presence of D
and the level of GPx

Dependent variables (9530RCI) p
D, low GPx 2.12 0.22
D, high GPx 10.61 0.03
D, normal GPx 0.95 0.89
No D, low GPx 0.49 0.23
No D, high GPx 7.07 0.08
No D, normal GPx 1 -

Statistically significant if p < 0.05.
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4. Discussion

As mentioned above, the present study aimed to investigate the relationships between
OS level, the prevalence of D, and the risk of recurrent SCHD. The hypothesis was that in
recurrent SCHD patients and D would be a higher level of OS than in patients with primary
SCHD without D.

4.1. Prevalence of D

The result of the research revealed that the prevalence of D was in 51.2% of all patients,
which is in accordance with previous research. Basing on the literature, between 31-45% of
patients with coronary heart disease (CHD), including those with stable coronary artery disease,
unstable angina, or myocardial infarction (MI), suffer from clinically significant depressive
symptoms (Celano&Huffman, 2011).

By our expectations in the recurrent SCHD patients’ the prevalence of D was higher
(47.7 % in the primary group and 54.7 % in the recurrent group), though the difference between
primary and recurrent patients wasn’t statistically significant (p = 0.44). Multivariate logistic
regression results indicated that as the D indicators increase by 1 unit, the chances of recurrent
SCHD increase 1.04 times or 4%, but it wasn’t statistically significant.

The small difference between groups could be explained by 1) the presence of D a long
time before primary hospitalization, not only after the cardiac event; 2) all the patients were
enrolled in the research before hospital discharge, which means sometimes after 7-10 days of
treatment and adherence to sleep and nutrition. In a study of hospitalized patients with a variety
of cardiac conditions, those who met the criteria for clinical depression during admission had
improvement in adherence (to diet, exercise, and medication) if their D improved following
hospitalization. This suggests that reduced adherence to key secondary prevention behaviours
in depressed cardiac patients may be modifiable with the treatment of the depressive symptoms
(Bauer et al., 2012).

4.2. OS level

There were analysed two markers of OS: were MDA — lipid peroxidation product, which
shows OS level, and antioxidant(AO) enzyme GPx — a marker of the body’s defence against
Os.

In most of all patients was found high MDA level (in 146 patients, or 83.9 %) from 174,
which is similar to the literature. Results of the studies of Pezeshkian et al. (2001). showed that

MDA levels increased significantly in heart diseases. Some other investigations have also
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reported an increase in MDA and GPx levels in patients with CAD (Armstrong, 1998). Despite
our expectations, in the primary SCHD group, the MDA level was slightly higher, though there
was no statistically significant difference between the subgroups. Moreover, cross-tabulation
analysis indicates that a higher MDA level was in a patient with primary SCHD without
depression (in 91.3% of patients). Though there weren’t statistically significant differences
between subgroups (p = 0.38), this tendency could be taken into account.

In turn, the GPx level was significantly higher in the recurrent SCHD subgroup
(p = 0.01). Multivariate analysis showed that a higher GPx level 11.29-fold increased the risk
of SCHD. Kaya et al. (2012), also reported an increase in MDA and GPx levels in patients with
coronary artery disease. GPx enzyme activation was significantly higher in patients with
coronary artery disease than in healthy controls (Kaya et al., 2012). As well the result of the
present research revealed that in patients with recurrent SCHD is a slightly lower GPx level
than in patients with primary SCHD. It has been demonstrated that AO enzyme activities are
reduced in CHD, and this is linked to increased disease risk. Many studies have indicated that
free radical generation increases and AO defences decrease in response to increased OS in CHD
patients. Activity levels of the AO enzymes GPx, and non-enzymatic AO, are considered
predictors of CHD (Cheraghi et al., 2019).

The discrepancies — higher MDA levels in patients with primary SCHD — can be
explained by several factors. First, OS may be an early causative factor in CVD pathology
rather than a late consequence (Vavakova et al., 2017) and OS and inflammation develop long
before the onset of the first symptoms. We could suppose that OS in recurrent SCHD patients
was longer than in the primary, but activation of AO enzymes partially compensated for high
OS level. The fact that GPx level was higher in patients with recurrent SHCD, which means
antioxidative system defence activation, could confirm this assumption. Second, the use of
beta-blockers. All of both groups’ patients took beta-blocker therapy during hospitalization.
Previous research found that treatment with beta-blockers such as metoprolol, carvedilol, and
bisoprolol reduces the levels of OS (Nakamura et al., 2011; Kukin et al., 2011). Unfortunately,
in the present study we didn’t have information on the use of beta-blockers before
hospitalization. We could assume that patients with recurrent SCHD used beta blockers longer
than patients with primary SCHD — a long time before hospitalization. The longer beta-blocker
use could explain lower MDA levels in the recurrent SCHD group. Third, we did not have data
on psychoactive drug use or psychological support of the patients before they were enrolled in
the study or other factors that could affect the MDA level.
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An interesting finding in the present research was the cross-tabulation analysis indicated
that both OS markers (MDA and GPx) together were significantly higher in the recurrent SCHD
subgroup, and compared pairwise, it was found that the high levels of MDA and GPx are
significantly more frequent within the group “D and recurrent SCHD” than within the groups
“no D and primary SCHD” (p = 0.03) or within the group “depression and primary SCHD”
(p = 0.04). Analyzing the strata pairwise it was found that the prevalence of recurrent SCHD is
significantly higher among patients with depression and high levels of GPx (90.0%) when
compared to people without depression and normal or low levels of GPx (p = 0.02) or patients
with depression but normal or low levels of GPx (p = 0.04). Moreover, as it’s the group “D +
high GPx” had 10.6 times higher chances of recurrent SHCD compared to the “no D + normal
GPx” group. Hence, we can suppose that OS indeed is a risk factor for SCHD recurrence,
especially in patients with D. Although the division into groups of combinations entailed
a small number of people in each subgroup, we suggest taking these findings into account in
further studies. As mentioned above, these only in-patients before discharge were included in
the study, who already observed a certain sleep regimen and diet, and received appropriate
treatment and care, which could reduce the symptoms of both depression and OS. That could
explain the small number of patients with both depression and OS in each primary and recurrent
SCHD subgroup.

There is a need to add that it’s the first research comparing OS and depression in primary
and recurrent patients with SCHD. Previous studies compared OS levels in CHD patients and
healthy controls. Cheraghi et al (2019), found that serum GPx and MDA were significantly
greater in CHD patients than in healthy controls (Cheraghi et al., 2019). Moreover, other
researches confirm that the OS directly increases the risk of depression in patients with
cardiovascular diseases, whereas it increases the risk of cardiovascular diseases in depressed
people. In summary, the common risk factors increase the production of OS and reduce
antioxidant defences, thereby promoting the occurrence and development of interacted
ischemic CVD and depression (Lin et al., 2019).

Depression, a frequently occurring disease, has a bidirectional relationship with
ischemic CVD and partially shares common risk factors (such as obesity and diabetes) and
mechanisms (such as inflammation and OS) with CVD, providing a new direction for future
research. Based on the literature on patients with CVD, D is often chronic and recurrent. Among
patients with CVD hospitalized for acute cardiac events and found to meet criteria for D during
or shortly after admission, approximately 50-70% had ongoing depressive symptoms that
preceded their cardiac event. This finding is consistent with literature that describes persistent

D in patients with stable CAD. Depressed patients with unstable CAD appear to be at even
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greater risk for poor cardiac outcomes. OS can independently and directly affect stroke, CHD,
and D. Furthermore, OS acts as a link between ischemic CVD and D. (Lin et al., 2019) Several
lines of evidence indicate that different cardiovascular considerations should be inspected in
patients who need to take AD medications (Yekehtaz et al., 2013). There is an increasing body
of evidence supporting that D may be associated with changes in OS markers and that AD
agents (especially long-term treatment) may increase AO defences. Augmentation of AO
defences may be one of the mechanisms underlying the neuroprotective effects of ADs
observed in the treatment of D (Celano&Huffman, 2011). It has been shown that depressed
patients have elevated levels of platelet adhesion and aggregation leading to increased risk for
cardiovascular events. The use of SSRIs may prevent the development of atherosclerotic
plaques and also arterial thrombosis (Nezafati et al., 2015). Patients, who respond to AD
therapy within the first year of treatment have been shown to experience significantly lower
rates of morbidity and mortality (Yekehtaz et al., 2013).

Further research is necessary to fully understand underlying processes in terms of OS
and D, that provoke recurrence of CHD events. In summary, there is a need to find effective
therapies to control CVD and D. When D screening is paired with a management protocol or
system of care (e.g., a care management program) to treat D in persons with CVD, there has
been consistent evidence for improved patient outcomes (including, in some studies, improved
adherence, reduced cardiac symptoms, reduced cardiac events and improved blood pressure
and lipids). Patients who meet the full criteria for D should be treated, whether cardiac events
are recent or remote (Celano&Huffman, 2011). OS directly increases the risk of D in patients
with CVD, whereas it increases the risk of CVD in depressed people. The common risk factors
increase the production of OS and reduce AO defences, thereby promoting the occurrence and
development of interacted ischemic CVD and D (Lin et al., 2019).

4.3.  Limitations of the study:

1. There were rather heterogenous groups by age and gender in both groups, which
could influence the results. MDA appears to be sensitive to both gender and age. It
is significantly lower and shows a greater age dependence in women than in men.
The age-dependent slope of the steady state concentration is maximal at the age
between 50 and 55 years, indicating that it may be attributed to the change of
metabolism in the postmenopausal period. Interestingly, total glutathione decreased

with age simultaneously with the increase in MDA (Pinchuk et al., 2019).
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In the current study there weren’t take into account patients’ anthropometric dates,
only persons with BMI > 30 were excluded, based on the literature, there was no
clear association between obesity and systemic OS in subjects with BMI add less
than 30 kg/m2 (Ito et al., 2019).

In the present research authors couldn’t exclude other factors that affect D and / or
OS in patients in relation to SCHD recurrence (dietary intake, substance use
disorder, chronic somatic disorder, difficult life events no relationships, no family,

poor social life, lower socioeconomic status, etc.)
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Conclusions

More than a half of patients were experiencing mild or severe depression symptoms with
higher rates among patients with recurrent stable coronary heart disease.

Majority of patients had high levels of MDA with higher rates in patients with primary
stable coronary heart disease.

GPx level was normal in the majority of patients, but the elevated level was more common
among patients with recurrent stable coronary heart disease.

MDA level was slightly higher in the primary stable coronary heart disease group without
depression. Therefore, increased MDA level is a risk factor for stable coronary heart
disease in general but it does not link to depression severity and recurrence of stable
coronary heart disease.

GPx level was significantly higher in depressed patients with recurrent stable coronary
heart disease compared to patients without depression and to patients with primary stable
coronary heart disease. Patients with both high GPx and depression had 10.6 times higher
chances of recurrent stable coronary heart disease compared to those with normal GPx and
without depression.

According to the findings of the study we suppose that a high level of GPx is a risk factor

for SCHD recurrence, especially in patients with D.
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Practical recommendations

It is extremely important to measure depression levels in all patients with SCHD.

It is important to develop a multidisciplinary approach in SCHD patient treatment,
combined with liaison psychiatry.

According to available literature data and research results patients with primary and
recurrent events of SCHD differ biochemically by OS markers, therefore it is important to
analyse the necessity to revise treatment options and combinations, for example,
antidepressant and / or AO use in each case individually. We might suggest timely use
antidepressants can reduce the risk of rehospitalization and increase expenses connected
with treatment.

As GPx is a more significant marker of the risk of depression and recurrence of stable
coronary heart disease, it is important to implement GPx in diagnostics at an early stage of
SCHD.
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Annex 3

Informed Consent Form

IzskaidroSanas formulirs
pétijuma,, Depresijas simptomatika un oksidativa stresa
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Geriatric Depression Scale in Latvian
Vards: Datums:

Annex 4

Izvelieties un apvelciet ar apliti atbildi, kas atbilst Jisu emocijam pedéjas nedéelas laika:

Vai Jis esat apmierinats ar savu dzivi? Ja Ne
Vai Jus esat atmetis daudz savu nodarbosanos un interesu? Ja Ne
Vai Jums skiet, ka Jisu dzivei nav jégas? Ja Ne
Vai Jums biezi ir garlaicigi? Ja Ne
Vai Jums ir pozitivs skats uz nakotni? Ja Neé
Vai Jums traucé domas, no kuram nevarat atbrivoties? Ja Ne
Vai Jums lielakoties ir labs noskanojums? Ja Neé
Vai Jus baidaties no ta, ka ar Jums varétu notikt kas slikts? Ja Ne
Vai Jus lielakoties jutaties laimigs? Ja Neé
Vai Jis biezi jutaties bezpalidzigs? Ja Ne
Vai Jis biezi jutaties nemierigs? Ja Ne
Vai Jus labak paliekat majas, neka dodaties izm&ginat jaunas lietas? Ja Ne
Vai Jis biezi uztraucaties par nakotni? Ja Ne
Vai Jums skiet, ka Jums ir lielakas atminas problémas neka citiem? Ja Ne
Vai Jums skiet briniskigi tas, ka tagad esat dzivs? Ja Ne
Vai Jus biezi jutaties nomakts un melanholisks? Ja Ne
Vai Jus jutaties nevertigs tads, kads esat Sobrid? Ja Ne
Vai Jus daudz uztraucaties par pagatni? Ja Ne
Vai Jus dzivi uztverat ka loti aizraujosu? Ja Ne
Vai Jums ir grati uzsakt jaunus darbus? Ja Ne
Vai Jis jutaties energijas pilns? Ja Né
Vai Jums skiet, ka Jasu stavoklis ir bezcerigs? Ja Ne
Vai Jums skiet, ka liela dala cilveku ir labaki par Jums? Ja Ne
Vai Jis biezi uztraucaties par sikumiem? Ja Né
Vai Jums biezi ir vélme raudat? Ja Ne
Vai Jums ir griitibas koncentréties? Ja Neé
Vai Jiis no rita mostaties ar prieku? Ja Ne
Vai Jus labprat izvairaties no sabiedriskiem pasakumiem? Ja Ne
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Vai Jums ir viegli pienemt lémumus? Ja Ne
Vai Jasu prats ir tikpat skaidrs ka agrak? Ja Né
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zikem opak ho vyskytu stabilni ischemické choroby srdedni (SICHS).

Metody: Retrospektivni studie se 2udastnilo 174 ool ve véiu 45+ Mhupﬂmmy«hpmtuwmo
gickeho oddéleni s rekurentni siCHS a 88 hospitalt ych pacienti k s primarni
SICHS. Yanost symptomi deprese byls hodnocena za pouditl 30bodoveho dmaznlu Gerlatncké Skaly de-
prese {GDS), platné lotylskd verze GDSLAT. Kaldému pacientov byly odebrdny vzorky krve 2a Oteleo zmé-
feni parametrd oxidaéndho stresu malondialdebydu (MDA) & glutathionu peroxidazy (GP).
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% byla hodnota vysoks a v 9,8 % nizka. O néco vice nel poloving padentd ma depresl (44,3 % mirnou O
26,9 % tékkou D). GPx se statisticky lifila u primirnd a rekurentni SCHS (p » 0,003). Pacienti 1 D a vysokym
GPx mil 10,6kt vyiti pravdépodobnost opakovand sICHS ve wrownand 5 padenty bez D a s normaini GPx
(o = padenti s D méli obé hodnoty MDA a GPx vysoke tastéji med (astnicl bez D, ale nebylo to statisticky
vymamaeé [p = 0,51])

dinleni e

Zavér: V uvedené studii bylo zjiiténc, 2e k idatniho (AQ) enzymu GPx byla pod e
vyi$ u depresiwnich pacient( s opak SICHS vo ani spmtybnba$pmtyimmam
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ABSTRACT

Aim: The aém of the study was to investigate the red hips b 2 lavel of
pression (D) and risk of recurrence of stable coronary heart dhease {SCHD)
Mods A retrospective study was conducted on 174 participants, at the age 45+ years: 86 in-patients
of the cardiology department with & recurrent SCHD and 88 in-patients of the cardiology department
with primary SCHD. The severity of d Iy pt wis d using the long 30-item form of
Geriatric Depression Scale (GDS), valid l.nvhn verﬂon of GDS-LAT. The blood sampies were taken from
each patient to maasure oxidative stress paramaters malondialdehyde (MDA) and glutathione peroxi-

dase (GPx).

Results: 83.9% of the sample had high level of MDA In 72.4% of the sample the GPx level was normal, in
17.8% It was high and in 9.8% low. Slightly more than a haif of the patients were experiencing depression
(44.3% — mild D and 6.9% - severe D). GPx was found statistically differing between primary and recurrent
SCHD (p = 0,003). Patients with both D and high GPx had 106 times higher chances of recurrent SHCD com-
pared to those without D and 1GPx(pep with pr O were expariencing both - high levels

i stress (O5), de-
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of MDA and GPx - mare often than responders with no D, but this wasn't statistically significant [p = 0510,

Condlusion: In the present study it was found that fevel of anticxidant (A0} enzyme GPx was significantly

Keywords: higher in depressed patients with recurrent SCHD compared to patients without D and to patients with

Deprassion peimary SCHD and patients with both D and high GPx had higher chances of recurrent SCHD compared 1o

GPx those without D and normal GPx. It could be supposed that GPx i 2 more significant marker of risk of D and

Geriatric depremion scale recurrence of SCHD. The high level of MDA in most of both (primaey and recurrent SCHD) groups patients

MDA could avidence that increased OS5 Is a risk factor for CHD ing il W g 05 blomarkers seems to be

Oxidative stress important in the management of SCHD comorbidity with D, Further studies are warranted to confirm these
Stable coronary heart dasase findings.

In addition, major D worsens the cardiovascular prog-

Introduction nosis, particularly for CHD, by significantly increasing

The public health sector faces a huge challenge as a result
of the high prevalence and burden of disability caused by
ischemic cardiovascular disease (CVD) and depression (D).
Accumulating evidence reveals that CVD and D are cor-
related and share common risk factors, particularly obe-
sity, diabetes, and hypertension. They also share common
mechanisms, incduding oxidative stress (OS), inflamma-
tion, and immune response, cell death signaling pathway,
and microbiome-gut-brain axis.' According to the World
Health Organization data CVDs are the number 1 cause
of death globally, taking an estimated 17.9 million lives
each year, an estimated 31% of all deaths worldwide?
Cardiovascular disease is a group of diseases that include
both heart and blood vessels, thereby including coronary
heart disease (CHD) and coronary artery disease (CAD),
and several other conditions.? CAD is usually used to refer
to the pathologic process affecting the coronary arteries
(usually atherosclerosis) whilst CHD includes the diagno-
ses of angina pectoris, Mi and silent myocardial ischemia.
In turn, CHD mortality results from CAD.*

D in cardiac disease is common, persistent, underrec-
ognized, and deadly. Over the past 20 years, research has
found that not only is D more common in cardlac patients
than in the general population, but D is also a risk fac-
tor for cardiac morbidity and mortality, independent of
traditional risk factors* The prevalence of D is, compared
with the general population, significantly higher in pa-
tients with CHD.* More than one fifth of all patients with
CHD are depressed (with the risk of D highest in the most
severe CHD cases), and up to one third of them report
clevated depressive symptoms. These are prevalence fig-
ures that are at least 4 times greater than in the general
population.” A meta-analysis has demonstrated that the
overall risk of depressed but otherwise healthy individu-
als developing heart disease is 64% higher than for those
without D.* Five meta-analyses reported a 60-80% in-
creased risk of CHD in participants with D'

Depressive symptoms are diagnosed in less than 15%
of cases and only 25% of patients with CHD and severe
D are diagnosed with psycho-emotional disorder and
approximately only half of them receive adequate anti-
depressant (AD) therapy.* " Another 30-45% of patients
with CHD suffer from clinically significant symptoms con-
sistent with a minor D, and this is a risk factor for the fu-
ture of a major depressive episode in patients with CHD,
associated with an increased risk of secondary acute ische
emic events, lower interventions and increased mortality
regardless of traditional cardiac risk factors.'-"

the risk of recurrent CHD. The relative risk of death in
depressed patients during the 18 months following the
cardiac event is twice that in non-depressed patients.
Recent studies have also shown the harmful nature of D
after myocardial infarction in terms of rehospltalization
or getting access to cardiac rehabilitation, which is par-
ticularly beneficial in this context.”* Aithough CVD and D
are very different pathologies, they share some common
pathophysiological characteristics and risk factors, such as
the increased production of pro-inflammatory cytokines,
endothelial dysfunction, blood flow abnormalities, de-
creased glucose metabolism, elevated piasma homocyste-
ine levels and disorder in vitamin D metabolism."

D is associated not only with inflammatory reactions
taking place in the body, but also with an Increased
amount of pro-inflammatory cytokines and Increased lip-
id peroxidation.™ D is connected with current inflamma-
tory reactions in the body and an increased level of lipid
peroxidation, leading to OS. Moreover, OS is considered
an important mechanism for the development of CVD.™
05 is an emergency mechanism that relates to both CVD
and D pathophysiology.™ Inflammation, OS, and activa-
tion of the hypothalamic-pituitary-adrenal (HPA) axis is
D and cardiac co-morbidities. The inflammatory hypoth-
esis as a common physiopathological pathway in mood
disorders and CVD is being put forward more and more
frequently. The hypothesis that inflammatory and OS
are factors in both mood disorders and CHD seems to be
growing stronger.'*

Malondialdehyde (MDA) is one of the most commonly
used Indicators of lipid peroxidation, it can also be more
resistant than other markers of the late stage (4-HNE,
8-150) of lipid peroxidation.®'* Heart failure under both
acute and chronic conditions is associated with increased
levels of OS markers (e.g. MDA, GPx). These findings sug-
gest that CHD status may be determined by OS5 activity
rather than the degree of coronary stenosis.”” And being
a marker of lipid peroxidation, the MDA Jevel increases
significantly with D.** The main biological role of GPx in
the body is a protection against damage caused by free
radicals and active forms of oxygen.™ The higher GPx ac-
tivity could have been a compensatory mechanism for the
excess production of free radicals in depressed patients.”

Despite the potentially important role of the OS5 in
pathogenesis of CHD and D, according to available re-
search results, by 2015, the role of OS in the development
of D in patients with CHD has not been studied."™ Nor-
malization of the levels of reactive oxygen species and
antioxidant (AQ) activity after successful AD therapy sug-
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gests that OS5 mechanisms can be especially important
in the study of pathophysiology and prognosis of D. =
Therefore, there is a need to understand the underlying
mechanisms and find effective therapies to control CVD
and D." The role of OS in stable CHD (SCHD) recurrence
in patients with SCHD and D has not been studied previ-
ously, At the moment, there is insufficient evidence that
routine screening of D in patients with SCHD will ulti-
mately help improve the patient’s condition, that is why
the study of the relationship between SCHD, D, and OS is
very important.”

Based on the foregoing, the aim of the present study
was to investigate the relationships between OS level,
prevalence of D, and risk of recurrent SCHD. The hypoth-
esls was that in recurrent SCHD patients with D would be
higher level or OS than in patients with primary SCHD
without D.

Materials and methods

A retrospective case-control study was conducted on 174
participants, at the aged 45+ years old:

1) 86 in-patients of the cardiology department of the
Paul Stradins Clinical University Hospital (Riga, Lat-
via) at the age of 45+ years, with a recurrence of
SCHD and

2) 88 in-patients of the cardiology department of the
same hospital at the age of 45+ years, with & pri-
mary SCHD. Each participant was a patient and was
examined before discharge from the hospital. There
were no statistically significant differences between
two groups by gender and age (Chissquare test. p =
0.1 and p = 0.2, OR p< 0.05).

Inclusion criteria in research group were: Patients with
SCHD (120-125) - by classification ICD-10: 120 angina pec-
toris; 121 acute myocardial infarction; 122 subsequent ST
elevation (STEMI) and non-ST elevation (NSTEMI) myocar-
dial infarction; 123 certain current complications follow-
ing STEMI and NSTEMI myocardial infarction (within the
28 day period); 124 other acute ischemic heart diseases;
125 chronic ischemic heart disease; primary hospitaliza-
tion related to CHD; re-hospitalization related to CHD;
patients are stable; age 245 years; non-smokers; not veg-
etarian; do not drink alcohol at least during the last 1
year; use prescribed drugs on regular base.

Exclusion criteria in research group were: Age >45
years, approved diabetes mellitus type 1 and 2; glucose
tolerance disturbances; any acute ilinesses; irregular us-
age of prescribed drugs; any F diagnosis; obesity (BMI
230).

Ethical

Information about the nature and course of the study
was provided to all study participants. The patients filled
an informed consent form and a questionnaire. To en-
sure anonymity of personal data, all patient personal
data (name, surname) were coded. All procedures com-
plied with the ethical standards on human experimen-
tation (World Medical Association Helsinki Declaration).
The approval for this study was obtained from the Ethics
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Committee of Riga Stradins University. RSU Ethics Com-
mittee's decision to “agree for a study” was received on
October 29, 2015 (No. 22).

Investigation methods

Diagnoses of SCHD were confirmed using medical records
and by a psychotherapist using a structured interview.
The severity of depressive symptoms was assessed us-
ing the long 30-item form of Geriatric Depression Scale
(GDS), valid Latvian version of GDS-LAT #

The blood samples were taken from each patient to
measure OS parameters: MDA and GPx.

MDA determination method: manual, spectrophoto-
metric. MDA determines the color intensity of the reac-
tion with thiobarbituric acid (TBA) in an acid medium at
95 *C, after optical density in butanol extract at 532 nm.
MDA is calculated from the standard curve using the MDA
reference substance 1,1,3,3-tetraethoxypropane.**

GPx - determination method: automatic spectrophoto-
metric. Glutamate peroxidase catalyzes the oxidation of
glutathione (GSH) in the presence of opaque hydroperox-
ide. Oxidative glutathione (GS5G) under the influence of
glutasereductase (GR) and NADPH transforms into a re-
duced form - GSH, simultaneously oxidising NADPH to
NADP+. GPx activity corresponds to an absorption drop at
340 nm due to oxidation of NAPH. One unit corresponds
to the amount of enzyme produced by 1.0 pMNADPH oxi-
dation atNADP+1 minute at 340 nm at 37 °C.33

Statistical analysis

Data were analyzed using SPSS 23.0 software. Statistical
significance of the prevalence of dependent variables
between the strata of independent variables was tested
using Chi square test. Normal distribution of parametric
variables was checked using Kolmogorov-Smimov test.
In case of normal distribution, the means of dependent
variables were compared between strata of independent
variables using T-test of ANOVA. If the criteria of normal
distribution were not met, the alternative tests (Mann-
Whitney U test and Kruskal-Wallis test) were used. For
detection of correlations between parametric variables
Spearman correlation analysis was used (correlation con-
sidered as week if r< 0.3, mean, if r is ranged from 0.3-0.8
and as strong if r >0.8). For multivariate analysis linear,
binary and multinomial logistic regressions were appiied.
Results are considered as statistically significant if p< 0.05.

Results

Descriptive statistics

174 responders participated in the study - 49.4% (n = 86)
of them have experienced recurrent SCHD and 50.6% (n =
88) of them formed a control group (patients of primary
SCHD). There were no differences between distribution
of patients in the primary and the recurrent groups by
gender and mean age. A half of the total sample (53.4%)
were males. Majority of the sample (83.9%) has high lev-
el of MDA and for the rest of them the MDA level was
considered as normal (i.e. low level of MDA was detected
for none of the patients), For majority of the patients
(72.4%) the GPx level was normal, for 17.8% it was high



Annex 5 continued

558 Oxidative stress, depression, and coronary heart disease risk

B R

i

l
grsil
3 o

81 3 5 7 80 6 ;

7180 - 78 2 307 2 204

R Al s » b o .

560 o 241 kL 73 18

- - = - - -

High s 89 7% %4 n 814 037
Normal b 161 12 136 1% 185

Low n 78 " 93 1 163 0,003
o voow 2w B om

Normal. 6 74 @ T4 57 3

s
Severe 7 69 6 &8 > 7 0ss
Mild n 443 % 03 # a7

o 85 489 “% 23 39 453

. significant if p< 0.05

and for 9.8% low. Slightly more than a half of the pa-
tients are experiencing D (44.3% mild D and 6.9% severe
D) (see Table 1).

As it can be seen in Table 1, groups of recurrent and
primary SCHD did not differ according to none of the
afore mentioned variables except the GPx level - among
patients of recurrent SCHD there was lower proportion of
Iindividuals with normal level of GPx when compared to
primary SCHD patients (66.3% and 78.4%, respectively)
(p = 0.003),

Correlation between OS markers

Correlation of OS factors (MDA and GPx indicators) was
found to be positive and statistically significant but yet
weak (r=0.18, p = 0.017).

Factors associated with the recurrent SCHD
When the independent variables are analyzed as para-
metric values, it was found that the only factor statistically

statistically significant. The multivariate analysis hasn't
changed the condlusion, After the adjustment the only
factor significantly associated with recurrent status of
SCHD was GPx (p = 0.008). But as regards the measure of
OR, the increase in GPx per one unit is making so small
changes in OR that it was not detectable within two deci-
mal figures, This was the reason why in the further data
analysis the parametric measures were categorized and
analyzed as nonparametric variables.

As it's seen in Table 2, there is a tendency for odds of
recurrent SCHD to be higher among males, older patients
and persons with mild D. Interestingly that the odds of re-
current SCHD are lower among patients with high levels
of MDA. But these observations are not statistically sig-
nificant in univariate, or multivariate analyses. The only
factor showing stable and statistically significant associa-
tion with recurrent SCHD is GPx level, L.e. in multivariate
analysis independently from other factors high levels of
GPx is assoclated with 11.29 times higher odds of having

differing between primary and recurrent SCHD patients,  recurrent SCHD status (p = 0.003).
was GPx, i.e. among patients of recurrent SCHD mean GPx
value is significantly higher than among patients of pri-  Factors associated with the D

mary SCHD (8329.8 and 7474.5 U/g Hb respectively) (p =
0.01) (see Table 2). Mean age was slightly higher among
patients of primary SCHD as well as the median MDA,
whereas the median GDS value was higher among pa-
tients of recurrent SCHD. But, as it has been mentioned
already before, these tendencies cannot be considered as

Patients with present D were experiencing both - high
levels of MDA and GPx ~ more often than responders
with no D (11.2% and B.2%, respectively). But this trend
cannot be considered as statistically significant (p = 0.51).
And vice versa - among patients with simultaneously
high levels of MDA and GPx the prevalence of D is higher
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than among patients with normal levels of MDA and GPx
or with high or low levels of just one of the indicators
(58.8% and 50.3%, respectively). And the level of statis-
tical significance of the mentioned observation is surely
the same, i.e. not reaching the fevel of significance {p =
0.51)

Factors associated with the recurrent SCHD

in relation to the presence of D

If only people with D were analyzed (n = 89), the find-
ings remained the same as for the total sample - the only
factor significantly increasing the odds of experiencing
recurrent SCHD was the high level of GPx (OR 12.76; p =
0.03). As regards the other factors there was a tendency
that higher odds of experiencing recurrent SCHD are for
males and people aged 61-71 (compared to the younger
ones). People with high levels of MDA have almost 40%
lower odds of experiencing recurrent SCHD. But the men-
tioned tendencies cannot be considered as statistically
significant (see Table 3).

Further - switching D and SCHD from being the de-
pendent variables to be independent ones {and making
markers of OS as the dependent variables), It was found
that MDA and GPx are more frequent among patients
of recurrent SCHD regardless of the status of D. And the
observation can be considered as statistically significant
(p = 0.006). But when the four strata are further com-
pared pairwise, It is concluded that the high levels of
MDA and GPX were significantly more frequent within
the group "D and recurrent SCHD" (19.1%) than within
the groups “no D and primary SCHD" (2.2%; p = 0.03) or
within the group “D and primary SCHD* (2.4%; p = 0.04)
(see Table 4).

Analyzing the for strata pairwise it was found that the
prevalence of recurrent SCHD was significantly higher
among patients with D and high levels of GPx (90.0%)
when compared to people with no D and normal or low
levels of GPx (42.3%; p = 0.02) or patients with D but nor-
mal or low levels of GPx (48.1%,; p = 0.04).

The levels of MDA were not giving any additional im-
pact on the relation between status of D in combination
with levels of GPx and the status of SCHD. The conclusions
were identical to the ones described above for the combi-
nation of the D and GPx alone (see Table 5).

Further, cross tabulation analysis revealed that the
group "D + high GPx* had 10.6 times higher chances of
recurrent SHCD compared to “no D + normal GPx" group
(see Table 6).

eousty high levels of MDA

vl recurrent SCHD

» "% 1.
D + recurrent SCHD*A @ 19.1 E0.9
D + primary SCHD* 1 24 4 96
No D + recurrent SCHD 6 154 1 us
NoD+primarySCHD* 1 22 45 978

* p=0.03, * p =004 Statistically significant if p< 0.05.

D« high MDA ¢ high GPx* & ®0o0 1 100
No D « high MDA + high GPx* 6 87 1 143
D + normal MDA + :

Dormal or 1w GPY® 38 481 & 519
No D « normal MDA +

normal o low GPx* 13 a3 e i

* p=0.02, * p=0.04, Statistically significant if p< 0.05.

Statistically significant if p < 0.05

Discussion

As mentioned above, the aim of the present study was
to investigate the relationships between OS level, preva-
lence of D, and risk of recurrent SCHD. The hypothesis was
that in recurrent SCHD patients with D would be higher
level or OS than in patients with primary SCHD without D.

Prevalence of D

The result of the research revealed that prevalence of D
was in 51.2% of all patients what is In accordance with
previous research, Based on the literature, between 31~
45% of patients with CHD, induding those with stable
CAD, unstable angina, or myocardial infarction, suffer
from clinically significant depressive symptoms."

In accordance with our expectations in the recurrent
SCHD patients prevalence of D was higher (47.7% in
primary group and 54.7% in recurrent group), though
the difference between primary and recurrent patients
wasn't statistically significant (p = 0.44). Multivariate lo-
gistic regression results indicated that as the D indicators
increase by 1 unit, the chances of recurrent SCHD increase
1.04 times or 4%, but it wasn't statistically significant.

A small difference between groups could be explained
with :1) presence of D long time before primary hospital-
ization, not only after cardiac event; 2} all the patients
were enrolied in the research before hospital discharge,
that means sometimes after 7-10 days of treatment and
adherence to sleep and nutrition. In a study of hospital-
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lzed patients with & variety of cardiac conditions, those
who met criteria for clinical D during admission had im-
provement of adherence (to diet, exercise, and medica-
tion) if their D improved following hospitalization. This
suggests that reduced adherence to key secondary pre-
vention behaviors in depressed cardiac patients may be
modifiable with treatment of the depressive symptoms, ™

OS level

There were analyzed two markers of OS: MDA - lipid per-
oxidation product that shows OS level and AO enzyme
GPx = marker of the body defense against OS.

In the most of all patients high MDA level was found
(in 146 patients or in 83.9 %) from 174, what s similar
with the literature. Results of the studies of Pezeshkian
et al. (2001) showed that MDA levels increased signifi-
cantly in heart diseases.™ Some other investigates have
ako reported increase of MDA and GPx levels in patients
with CAD." In spite of our expectations, in primary SCHD
group MDA level was slightly higher, though there was
no statistically significant difference between the sub-
groups. Moreover, cross tabulation analysis indicates that
higher MDA level was In patient with primary SCHD with-
out D (in 91.3% of patients). Though there weren't sta-
tistically significant differences between subgroups (p =
0.38), this tendency could be taken into account.

In turn, GPx level was significantly higher in recur-
rent SCHD subgroup (p = 0.01). Multivariate analysis
showed that higher GPx level 11,29 fold increased risk
of SCHD. Kaya et al. (2012) also reported an increase of
MDA and GPx levels In patients with CAD. GPx enzyme
activation was significantly higher in patients with CAD
than healthy controls.™ The result of present research re-
vealed also that GPx level in patients with recurrent SCHD
is slightly lower than in patients with primary SCHD. It
has been demonstrated that AO enzyme activities are re-
duced in CHD, and this is linked to the increased disease
risk. Many studies have indicated that free radical gen-
eration increases and AD defenses decrease in response
to increased OS in CHD patients. Activity levels of the AO
enzymes GPx, and non-enzymatic AO, are considered as
predictors of CHD.V

The discrepancies - higher MDA level in patients with
primary SCHD = can be explained by several factors. First,
0OS may be an ecarly causative factor in CVD pathology
rather than a late consequence and OS and inflammation
develops long before the onset of the first symptoms.™
We could suppose that OS in recurrent SCHD patients was
longer than in primary, but activation of AQ enzymes
partially compensated high OS level. The fact that GPx
level was higher in the patients with recurrent SHCD, that
means antioxidative system defense activation, could
confirm this assumption. Second, use of beta-blockers.
All of both groups' patients took a beta-blocker therapy
during hospitalization. In previous researches was found
that treatment with beta-blockers such as metoprolal,
carvedilol and bisoprolol reduces the levels of 05.2% Un-
fortunataly, in the present study we didn’t have informa-
tion of use of beta-blockers before hospitalization. We
could assume that patients with recurrent SCHD used
beta-blockers longer than patients with primary SCHD =
long time before hospitalization. The longer duration of
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beta-blocker therapy could explain lower MDA level in
recurrent SCHD group. Third, we did not have data on
psychoactive drug use or psychological support of the pa-
tients before they were enrolled in the study or other fac-
tors that couid affect the MDA level.

Interesting finding in the present research was the cross
tabulation analysis indicating that both OS markers (MDA
and GPx) together was significantly higher in recurrent
SCHD subgroup, and, moreover, compared pairwise, it
was found that the high levels of MDA and GPx are signif-
icantly more frequent within the group *D and recurrent
SCHD*™ than within the groups “no D and primary SCHD"
(p = 0.03) or within the group “D and primary SCHD" (p
= 0.04). Analyzing for strata pairwise it was found that
the prevalence of recurrent SCHD is significantly higher
among patients with D and high levels of GPx (90.0%)
when compared to people without D and normal or low
levels of GPx (p = 0.02) or patients with D but normal or
low levels of GPx (p = 0.04). Moreover, as it's the group *D
+ high GPx" had 10.6 times higher chances of recurrent
SHCD compared to "no D + normal GPx" group. Hence,
we can suppose that OS indeed is a risk factor of SCHD
recurrence, especially in patients with D. Although the di-
vision into groups of combinations entailed a small num-
ber of people in each subgroup, we suggest taking into
account these finding in further studies. As mentioned
above, there only in-patients before discharge were in-
cluded in the study who already observed a certain sieep
regimen and diets, and received appropriste treatment
and care, which could reduce the symptoms of both D
and 0S. That could explain small number of patients with
both D and OS in each primary and recurrent SCHD sub-
groups.

There is need to add that it's the first research com-
paring OS and D in primary and recurrent patients with
SCHD. Previous studies compared OS level in CHD patients
and in healthy controls. Cheraghi et al. (2019) found that
serum GPx and MDA were significantly greater in CHD
patients than in healthy controls.” Moreover, other re-
searches confirm that the OS directly increases the risk of
D in patients with CVDs, whereas it increases the risk of
CVDs in depressed people. In summary, the common risk
factors increase the production of OS and reduce anti-
oxidant defenses, thereby promoting the occurrence and
development of interacted ischemic CVD and D’

D, a frequently occurring disease, has a bidirectional
relationship with ischemic CVD and partially shares com-
mon risk factors {such as obesity and diabetes) and mech-
anisms (such as inflammation and OS) with CVD, provid-
ing a new direction for future research. Based on the
literature in patients with CVD, D is often chronic and re-
current. Among patients with CVD hospitalized for acute
cardiac events and found to meet criterla for D during or
shortly after admission, approximately 50-70% had on-
going depressive symptoms that preceded their cardiac
event. This finding is consistent with literature that de-
scribes persistent D in patients with stable CAD. Depressed
patients with unstable CAD appear to be at even greater
risk for poor cardiac outcomes. OS can independently and
directly affect stroke, CHD and D. Furthermore, OS acts
as a link between ischemic CVD and D' Several lines of
evidence indicate that different cardiovascular consider-
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ations should be Inspected in patients who need to take
AD medications.*’ There is an increasing body of evidence
supporting that D may be associated with changes in 05
markers and that AD agents (especially long-term treat-
ment) may increase AO defenses, It is possible that aug-
mentation of AO defenses may be one of the mechanisms
underlying the neuroprotective effects of ADs observed
in the treatment of D." It has been shown that the de-
pressed patients have elevated level of platelet adhesion
and aggregation leading increased risk for cardiovascular
events. In fact, the use of SSRis may prevent developing
atherosclerotic plaques and also arterial thrombosis,* Pa-
tients who respond to AD therapy within the first year of
treatment have shown to experience significantly lower
rates of morbidity and mortality.*

In summary, there is a need to find effective therapies
to control CVD and D. When D screening is paired with
a management protocol or system of care (e.q., a care
management program) to treat D in patients with CVD,
there has been consistent evidence for improved patient
outcomes (incduding, In some studies, improved adher-
ence, reduced cardiac symptoms, reduced cardiac events
and improved blood pressure and lipids). Patients who
meet full criteria for D should be treated, whether cardi-
ac events are recent or remote.”’ OS directly increases the
risk of D in patients with CVD, whereas it Increases the
risk of CVD in depressed people. The comman risk factors
increase the production of 05 and reduce AO defenses,
thereby promoting the occurrence and development of
interacted ischemic CVD and D.

Limitations of the study

1) There were rather heterogenous groups as concerns
age and gender in both groups, that could influence
the results. MDA appears to be sensitive to both
gender and age. It is significantly lower and shows
a greater age-dependence in women than in men.
The age-dependent slope of the steady state con-
centration is maximal at the age between 50 and
55 years, indicating that it may be attributed to the
change of metabolism in the postmenopausal pe-
riod, Interestingly, total glutathione decreased with
age simultaneously with the increase in MDA

2) In the current study patients’ anthropometric dates
weren't take into account there, only people with
BMI >30 were excluded, based on literature, that
there was no dlear association between obesity and
systemic OS in subjects with BMI less than 30 kg/m’ ¢

3) In the present research authors couldn't exclude oth-
er factors that affect D and/or OS in patients in rela-
tions to SCHD recurrence (dietary intake, substance
use disorder, chronic somatic disorder, difficult life
events no relationships, no family, poor social life,
lower socioeconomic status etc.)

Conclusions

In the present study was found that AO enzyme GPx sig-
nificantly higher in depressed patients with recurrent
SCHD compared to patients without D and to patients
with primary SCHD. Patiepts with both D and high GPx

had 10.6 times higher chances of recurrent SHCD com-
pared to those without D and normal GPx. It could be
supposed that GPx is more significant marker of risk of D
and recurrence of SCHD. Though MDA level was slightly
higher in primary SCHD group without D, the high level
of MDA in most of both (primary and recurrent SCHD)
groups patients evidences that increased OS is a risk fac-
tor for SCHD in general, but not for recurrence of SCHD.
Monitoring OS biomarkers seems to be important in the
management of SCHO comorbidity with D. Further stud-
ies are warranted to confirm these findings.
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It was concluded that depression (D) is an independent risk factor for cardiovascular diseases
(CVD), and is not related to other previously determined cardiac risk factors. Compared with non-
depressed patients, the risk of cardiac arrest increased in less severely depressed patients. D
worsens the CVD prognosis by significantly increasing the risk of recurrent coronary heart dis-
ease (CHD). Some studies suggest that OS directly increases the risk of D in patients with CVD.
Oxidative stress (OS) is considered an emergency mechanism that relates to both CVD and D
pathophysiology. The common risk factors increase the production of OS and reduce antioxidant
defences, thereby promoting the occurrence and development of interacted ischaemic CVD and
D. At present, there is insufficient evidence that routine screening of D in patients with CHD will
ultimately help improve the patient's condition. This review reiterates the need for a multidisciplin-
ary approach, which is necessary to understand, diagnose and then treat this frequent co-morbid
condition of CHD and D. Assessment of OS markers could modify risk stratification, diagnosis
and prevention and treatment of patients with both CHD and D, in patients with and without pre-
vious cardiac history.

Key words: stable coronary heart disease, mental health disorders, reactive oxygen species,
malondialdehyde, glutatione peroxidase.

INTRODUCTION and Lopez. 2013). Over the past 20 years, research has

found that not only is D more common in cardiac patients
Epidemiological data indicate that cardiovascular disease than in the general population, but D is also a risk factor for
(CVD) and depression (D) pose a huge global disease bur- cardiac morbidity and mortality, independent of traditional
den. The Global Burden of Disease :20l6 sludy. showed that risk factors (Huffman er al., 2013). Besides impairing pa-
CVD was the number one Tearnn of years of life Ios_l glob- tients” quality of life, D has profound negative effects on the
ally (_Mora'iga, 2017). Also.' it was reported “"m majar df" long-term prognosis of individuals with any type of cardio-
pressive disorder was the third cause of years lived with dis- vascular disorder. These facts further underscore the impor-
ability after low back pain and hez.xdachc disorders (GBD, tance for proper treatment of D in patients with CVD (Ye-
2017; 2018). Both coronary heart discase (CHD) and D are vy o g1, 2013). The role of oxidative stress (OS) in
the leading causes of disability in high-income countries,

CVD processes. such as atherogenesis, ischaemic-reper-
and are expected to become so globally by 2030 (Murray

fusion injury and cardiac remodelling, has been increasingly
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recognised in the past few decades. Much of the recent re-
search in these areas has focused on the role of the immune
system and inflammation in both depression and CVD. Cur-
rently, an increasing number of studies suggest that levels
of OS markers in body fluids are raised (Vichova and Mo-
tovska, 2013). The common risk factors increase the pro-
duction of reactive oxygen species (ROS) and reduce anti-
oxidant (AO) defences, thereby promoting the occurrence
and development of interacted ischaemic CVD and D (Lin
et al., 2019).

The aim of this paper was to provide a narrative review of
OS states associated with the risk of CVD in depressed pa-
tients. There is a need to find effective screening tools and
therapies to control CVD and D. At present, there is insuffi-
cient evidence showing that routine screening of D in pa-
tients with CHD will ultimately help improve the patient’s
condition (Hasnain er al., 2011), which is why the study of
the relationship between CHD, D, and OS is very important.

CARDIOVASCULAR DISEASE

According to the World Health Organization data, CVD
is the leading cause of death globally, taking an estimated
17.9 million lives each year. an estimated 31% of all deaths
worldwide (World Health Organization, 2017). Prevalent
cases of total CVD nearly doubled from 271 million in 1990
to 523 million in 2019, and the number of CVD deaths
steadily increased from 12.1 million in 1990, reaching 18.6
million in 2019 around the globe (Roth et al., 2020). In Lat-
via, CVD was the most common cause of death — 54.6% of
all deaths, according to 2019 data (Erglis et al., 2020). CVD
is a group of diseases that include both the heart and blood
vessels (World Health Organization, 2011), thereby includ-
ing CHD and coronary artery disease (CAD), and several
other conditions. CAD usually use to refer to the pathologic
process affecting the coronary arteries (usually atheroscle-
rosis), whilst CHD includes the diagnoses of angina pecto-
ris, myocardial infarction, and silent myocardial ischaemia.
CHD mortality results from CAD (Sanchis-Gomar er al.,
2016). CAD continues to be a major focus of clinical and
epidemiological research. Non-modifiable cardiovascular
risk factors, such as age. gender, family history. and race, as
well as modifiable risk factors. such as hypertension,
weight, smoking. sedentary lifestyle. abnormal lipid pro-
files, inflammatory markers, diabetes. metabolic syndrome,
and subclinical CAD, are associated with increased cardio-
vascular risk (Kuller e al., 2006; Khawaja er al., 2009).
There is a lack of a definitive correlation between high-risk
profiles, biological profiles. and the occurrence of CAD. A
number of psychological states and traits, such as D, anxi-
ety. anger, and stress, have also been implicated as potential
risk factors for CAD (Khawaja er al., 2009).

DEPRESSION AND CARDIOVASCULAR DISEASE

A multitude of studies over the past 15 years have con-
firmed that depression is associated with adverse cardiovas-
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cular outcomes, independent of traditional risk factors. D in
cardiac disease is common, persistent, under-recognised,
and deadly. The prevalence of D is, compared with the gen-
eral population, significantly higher in patients with CHD
(Whooley and Wong, 2013).

There are three extensively replicated epidemiological ob-
servations regarding CHD and depression: 1) these condi-
tions are highly comorbid. 2) depression is associated with
increased risk of incident CHD and vice versa, and 3) de-
pression is a strong predictor of poor prognosis in people
with CHD (Khandaker er al., 2020). Depression, a fre-
quently occurring disease. has a bidirectional relationship
with ischaemic CVD and partially shares common risk fac-
tors (such as obesity and diabetes) and mechanisms (such as
inflammation and OS) with CVD, which are correlated with
atherosclerotic disease activity (Lin ef al., 2019). More than
one-fifth of all patients with CHD are depressed (with the
risk of D highest in the most severe CHD cases). and up to
one-third of them report elevated depressive symptoms.
These are prevalence figures that are at least four times
greater than in the general population (De Hert er al.. 2018).
A meta-analysis demonstrated that the overall risk of de-
pressed but otherwise healthy individuals developing heart
disease is 64% higher than for those without D (Van der
Kooy et al., 2007). Five meta analyses reported a 60-80%
increased risk of CHD in patients with D (Lin ez al., 2019).
If we look at figures from the community through to those
who are hospitalised, we see rates of depression of 10% in
general practice clinics (Cassano and Fava, 2002; Brown er
al., 2009), which then increases to up to 30% in those with
CHD in outpatient clinics (Dhar and Barton, 2016). In sev-
eral studies, 17 to 44 per cent of patients with CAD also
have a diagnosis of major D (Yekehtaz er al., 2013). De-
pressive symptoms are diagnosed in less than 15% of cases
(Guck et al.. 2011) and only 25% of patients with CHD and
severe D are diagnosed with psycho-emotional disorder and
approximately only half of them receive adequate antide-
pressant (AD) therapy (Mory§ et al., 2016). Another
30-45% of patients with CHD suffer from clinically signifi-
cant symptoms consistent with a minor D (Celano and
Huffman, 2011), and this is a risk factor for the future of a
major D episode in patients with CHD, associated with an
increased risk of secondary acute ischaemic events, lower
interventions and increased mortality. regardless of tradi-
tional cardiac risk factors (Januzzi er al., 2000; Barth et al..
2004: van Melle ef al.. 2004). Among patients with CVD
hospitalised for acute cardiac events and found to meet cri-
teria for depression during or shortly after admission, ap-
proximately 50-70% had ongoing depressive symptoms
that preceded their cardiac event (Glassman et al., 2006;
Lesperance et al., 2007) this finding is consistent with liter-
ature that describes persistent depression in patients with
stable CAD. Furthermore, rather than being a transient reac-
tion to a cardiac event, depression for many patients exists
for months or years before and persists long after the event
(Glassman et al., 2006; Lesperance et al., 2007: Huffman et
al., 2011: 2013). Basing on the literature in patients with
CVD. D is often chronic and recurrent. Among patients
with CVD hospitalised for acute cardiac events and found to
meet criteria for D during or shortly after admission, ap-
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proximately 50-70% had ongoing depressive symptoms
that preceded their cardiac event. This finding is consistent
with literature that describes persistent D in patients with
stable CAD. Depressed patients with unstable CAD appear
to be at even greater risk for poor cardiac outcomes
(Yekehtaz et al., 2013). D also has a significant effect on
the outcome of cardiovascular diseases in patients with sta-
ble CHD (Frasure-Smith and Lespérance, 2010). Several
previous papers suggest that depression can influence car-
diovascular function, and vice versa cardiovascular diseases
also influence affective states (Trebaticka er al., 2017).
Compared with non-D patients, the risk of cardiac arrest in-
creased in less severely depressed patients. The authors con-
cluded that D is an independent risk factor for CHD and is
not related to other previously determined cardiac risk fac-
tors. This association persisted across all demographic
groups in this well designed, case-control study (Khawaja er
al., 2009). In addition, major D worsens the cardiovascular
prognosis, particularly for CHD, by significantly increasing
the risk of recurrent CHD. The relative risk of death in de-
pressed patients during the 18 months following the cardiac
event is twice that in non-depressed patients (Chauvet-
Géliniera et al., 2013). Recent studies have also shown the
harmful nature of D after myocardial infarction in terms of
rehospitalisation or getting access to cardiac rehabilitation,
which is particularly beneficial in this context (Myers et al.,
2012). In fact, non-completion rates in cardiac rehabilitation
have been shown to be in the order of 44% compared to
29% in the non-depressed group (Swardfager ef al.. 2011).
Although CVD and D are very different pathologies, accu-
mulating evidence reveals that CVD and D both are corre-
lated and share common risk factors, particularly obesity.
diabetes, and hypertension (Khawaja er al., 2009). Re-
searchers suggest a hybrid model like the hybrid depend-
ence of D and CHD, in which there is a bi-directional rela-
tionship between D and inflammation (Matthews, 2010). It
is worth noting that chronic inflammation of low degree is
an inalienable component of D (Adifbair et al., 2016). The
inflammatory hypothesis as a common physio-pathological
pathway in mood disorders and CVD is being put forward
more and more frequently. CHD and D share some common
patho-physiological characteristics and risk factors, such as
increased production of pro-inflammatory cytokines, endo-
thelial dysfunction, blood flow abnormalities, decreased
glucose metabolism, elevated plasma homocysteine levels
and disorder in vitamin D metabolism (Frasure-Smith and
Lespérance, 2010), cell death signalling pathway, micro-
biome-gut-brain axis (Lin ez al., 2019), increased suscepti-
bility to blood coagulation due to changes in several stages
of the coagulation cascade, including activation and aggre-
gation of platelets, OS, subclinical hypothyroidism, de-
crease in the number of circulating endothelial progenitor
cells and associated processes of arterial reconstruction, in-
creased variability of heart rate, and the presence of genetic
factors (Nemeroff and Goldschmidt-Clermont, 2012). Indi-
viduals with comorbid depression and CVD may also have
imbalances in homeostatic regulation of different biological
systems, with alterations observed in the hypothalamus—pi-
tuitary—adrenal axis, renin—angiotensin—-aldosterone system,
and serotonin/kynurenine pathways that are accompanied
by inflammation and endothelial dysfunction (Halaris,
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2017; Mattina et al., 2019). Sympathetic outflow is in-
creased in depressed patients as compared to non-depressed
patients through negative stress effects of catecholamines
on the heart, blood vessels, and platelets. Further support of
the catecholamine association with D is that increased uri-
nary catecholamine levels are associated with negative emo-
tions and decreased social support, and high norepinephrine
and low platelet serotonin levels are associated with MI and
D. D-induced altered autonomic tone associated with low
heart rate variability leading to dysrhythmias (Khawaja et
al., 2009). The diagnosis of D can be difficult in people
with CVD. as D symptoms such as fatigue and low energy
are common in people with CVD and may also be a side ef-
fect of some drugs such as beta blockers used to treat CVD.
The diagnosis may be further complicated in such patients
by their responses to their disease, which may include de-
nial, avoidance, withdrawal, and anxiety (Carney and
Freedland, 2008: Goodman ef al., 2008). Given the some-
times sudden onset of a cardiovascular event. the normal
psychological reaction to disease requires the patient to
adapt, which leads to a certain physiological D in mood, the
time to come to terms with the possible loss related to the
disease and the sometimes very much changed future pros-
pects for life (Chauvet-Géliniera et al., 2013). In a study of
hospitalised patients with a variety of cardiac conditions.
those who met criteria for clinical D during admission had
improvement of adherence (to diet, exercise. and medica-
tion) if their D improved following hospitalisation. This
suggests that reduced adherence to key secondary preven-
tion behaviours in D cardiac patients may be modifiable
with treatment of the D symptoms (Bauer et al., 2012).
Considering the negative cardiac and cognitive effects of
persistent D in patients with CHD, adequate treatment with
AD is a clinically important need in the case of CHD. Pa-
tients who respond to AD therapy within the first year of
treatment have been shown to experience significantly
lower rates of morbidity and mortality (Jiang et al., 2011).
Several studies have shown that the new generation of AD,
in particular selective serotonin reuptake inhibitors, are well
tolerated, have a satisfactory efficacy-tolerance profile and
are easy to use in patients with cardiovascular disease
(Chauvet-Géliniera et al., 2013). In addition, these mole-
cules show clinical efficacy. acting on physio-pathological
elements by improving endothelial function while reducing
the concentration of inflammation markers (C-reactive pro-
tein, interleukin-6) (Pizzi et al., 2009). In the same way. a
meta-analysis showed that selective serotonin re-uptake in-
hibitors used in the wake of an acute coronary syndrome led
to fewer re-hospitalisations (Mazza et al., 2010: Chauvet-
Géliniera et al.. 2013).

CARDIOVASCULAR DISEASE. DEPRESSION AND
OXIDATIVE STRESS

Oxidative stress. OS is defined by the imbalance between
the production of reactive oxygen species (ROS) and the en-
dogenous AO mechanisms to counteract the effects of ROS
or to repair the resulting damages (Antoniades et al., 2009).
Any oxidative imbalance resulting in the accumulation of
oxidants will inflict oxidative damage on cells, such as al-
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teration of cellular macromolecules. lethal changes in ge-
netic materials, such as DNA and RNA, an increase in the
rate of cell death by programmed- and non-programmed-
cell death (apoptosis / pyroptosis / necroptosis / ferroptosis
or necrosis), and structural damage to tissues and organs
(Dhama et al., 2019). Accumulation of oxidants induces
lipid peroxidation and disturbances in physiological adapta-
tion and cellular signalling pathways, which together inflict
OS (Puppel et al.. 2015). Lipid peroxidation products, such
as malondialdehyde (MDA), cause changes in the metabo-
lism of dopamine, induce the synthesis of protein reactive
dopaminergic toxins (Rees. 2007) and have an inhibitory ef-
fect on the reduction of nucleotide excision by direct inter-
action with cellular repair proteins (Feng, 2006). One of the
most important and extensively studied oxidants is MDA.
In the field of modern biology to assess OS, MDA is an ex-
tensively utilised biomarker. MDA is one of the most com-
monly used indicators of lipid peroxidation (Rio et al.,
2005) and can be more resistant than other markers of the
late stage (4-Hydroxynonenal, 8-isoprotane) of lipid
peroxidation (Mazereeuw ef al., 2017). The MDA molecule
is stable and relatively inactive. compared with free radi-
cals: however, it can not only significantly affect the stabil-
ity and function of cells, but can also be indirectly involved
in the OS reaction (Voicehovskis, 2013). The most potent
AO actions are mediated by enzymes, especially superoxide
glutathione peroxidase (GPx) (Dhama et al., 2019). The
main biological role of GPx in the body is protection
against damage caused by free radicals and active forms of
oxygen (Vavikovi er al., 2015). The level of serum GPx is
an excellent measure of the oxidative status of an individual
and is most often employed in diagnostics (Dhama er al.,
2019). OS is an emerging mechanism relevant to both CVD
and D pathophysiology (Adifbair et al., 2016).

Oxidative stress and depression. Studies have suggested
that depression was accompanied by OS dysregulation, in-
cluding abnormal total AO capacity, AO, free radicals, oxi-
dative damage and autoimmune response products (Liu et
al.. 2015: Adifbair et al.. 2016). The oxidative products in-
clude products of oxidative damage of lipoproteins, proteins
and DNA in D. Abnormal MDA levels in D have been re-
ported (Bal et al., 2012: Liu et al., 2015). Increased lipid
peroxidation has been associated with the presence and se-
verity of D symptoms (Mazereeuw er al., 2017). D is asso-
ciated not only with inflammatory reactions taking place in
the body, but also with an increased amount of pro-inflam-
matory cytokines and increased lipid peroxidation leading
to OS (Vavikova et al., 2015). Thus, many clinical studies
have accordingly associated D with an increase in the level
of OS markers and lower overall AO activity (Sarandol er
al., 2007; Cumurcu et al., 2009; Adifbair et al., 2016; Black
et al., 2015). OS can also contribute to depressive disorder
by acting on established aetiopathological components of D,
including lipid signalling, monoamine regulation and in-
flammation (Maes et al.. 2011: Moylan et al., 2014). The
higher GPx activity might be a compensatory mechanism
for the excess production of free radicals in D patients (Liu
et al., 2015).

184

98

Annex 6 continued

Oxidative stress and cardiovascular disease. OS activates
the immune inflammatory pathways (Moylan er al., 2014;
Liu et al., 2015). It was found that serum GPx and MDA
were significantly greater in CHD patients than in healthy
controls (Cheraghi er al., 2019). Moreover, OS is consid-
ered an important mechanism for the development of CVD
(Kander er al., 2017). In the past two decades, numerous
studies have demonstrated the importance of OS in the de-
velopment of atherosclerosis and ischaemia-reperfusion in-
jury (Vichova and Motovska, 2013). Inflammation, OS and
activation of the hypothalamus—pituitary—adrenal axis are D
and cardiac co-morbidities (Chauvet-Géliniera et al., 2013).
OS may be an early causative factor in CVD pathology
rather than a late consequence (Trebaticka ef al., 2017). Re-
sults of studies (Pezeshkian er al., 2001) showed that MDA
levels increased significantly in heart diseases. Some other
studies also reported increase of MDA and GPx levels in
patients with CAD (Pezeshkian er al., 2001).

Studies have also reported increase of MDA and GPx levels
in patients with coronary artery disease. GPx activation was
significantly higher in patients with coronary artery disease
than in healthy controls (Kaya et al., 2012). It has been
demonstrated that AO enzyme activities are reduced in
CHD, and this is linked to the increased disease risk. Many
studies have indicated that free radical generation increases
and AO defences decrease in response to increased OS in
CHD patients. Activity levels of the AO enzymes GPx, and
non-enzymatic AOs, are considered as predictors of CHD
(Vichova and Motovska, 2013; Cheraghi et al., 2019). Heart
failure under both acute and chronic conditions is associated
with increased levels of OS markers (eg. MDA, GPx).
These findings suggest that CHD status may be determined
by OS activity rather than the degree of coronary stenosis.
Elevated concentrations of a variety of OS markers were
linked with a more frequent occurrence of cardiac events
(Vichova and Motovska, 2013).

Oxidative stress as a mediating factor between depres-
sion and coronary heart disease. The hypothesis that in-
flammation and OS are factors in both mood disorders and
CHD seems to be growing stronger (Chauvet-Géliniera er
al.. 2013). Increased lipid peroxidation may be particularly
relevant to D symptoms among patients with CAD, given
the involvement of OS in that condition (Mazereeuw et al.,
2017). Moreover, other research confirmed that the OS di-
rectly increases the risk of D in patients with CVD, whereas
it increases the risk of CVD in depressed people. In sum-
mary, the common risk factors increase the production of
OS and reduce AO defences, thereby promoting the occur-
rence and development of interacted ischaemic CVD and D
(Lin er al.. 2019). It has been shown that depressed patients
have elevated levels of platelet adhesion and aggregation
leading increased risk for cardiovascular events (Nezafati et
al.. 2015). OS can independently and directly affect stroke,
CHD and D (Lin er al., 2019). Several pieces of evidence
have pointed to the involvement of altered tryptophan me-
tabolism in inflammation and the development of mood dis-
orders (Mattina et al.. 2019). Higher levels of serum kyn-
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urenine compared with tryptophan, have been demonstrated
in CVD patients and provide evidence for altered kyn-
urenine synthesis (Wirleitner er al., 2003). The kyn-
urenine/tryptophan ratio, as well as other kynurenine me-
tabolites, are strongly associated with increased risk of poor
outcomes following stroke (Brouns et al., 2010) and cardio-
vascular related mortality in the general population (Zuo et
al., 2016). Furthermore, CHD patients with D show greater
serum Kkynurenine/tryptophan ratio compared with those
without D (Nikkheslat et al., 2015), suggesting that D cou-
pled with CHD leads to increased activation of the kyn-
urenine pathway (Mattina er al., 2019). Activation of the
kynurenine pathway following chronic inflammation is
modified to increase the production of neurotoxic metabo-
lites and release ROS, resulting in lipid peroxidation and
neurodegenerative brain changes (Wang et al., 2015: Jeon
and Kim, 2017).

Oxidative stress and antidepressant therapy. There is an
increasing body of evidence supporting that D may be asso-
ciated with changes in OS markers and that AD agents (es-
pecially long-term treatment) may increase AO defences. It
is possible that augmentation of AO defences may be one of
the mechanisms underlying the neuroprotective effects of
ADs observed in the treatment of D (Celano and Huffman,
2011). Meta-analysis supports the facts that the serum total
AO capacity, paraoxonase and AO levels are lower, and the
serum free radical and oxidative damage product levels are
higher, in D patients than in controls. Also. the AO levels
are increased and the oxidative damage product levels are
decreased after AD medication (Liu er al., 2015). In fact,
the use of selective serotonin reuptake inhibitors may pre-
vent developing atherosclerotic plaques and also arterial
thrombosis (Nezafati et al., 2015). Normalisation of the lev-
els of ROS and AO activity after successful AD therapy
(Cumurcu et al.. 2009) suggests that OS mechanisms can be
especially important in the study of pathophysiology and
prognosis of D (Adifbair et al., 2016). Among patients with
heart failure, those who respond to AD therapy within the
first year of treatment have been shown to experience sig-
nificantly lower rates of morbidity and mortality (Jiang et
al., 2011). Several lines of evidence indicate that different
cardiovascular considerations should be evaluated in pa-
tients who need to take AD medication (Yekehtaz er al..
2013).

CONCLUSION

Despite the potentially important role of the OS in patho-
genesis of CHD and D, there are only a few studies on the
role of OS in the development of D in patients with CHD.
Furthermore, the role of OS in stable CHD recurrence in pa-
tients with stable CHD and D has not been studied previ-
ously. Assessment of OS markers could modify risk stratifi-
cation, diagnosis and prevention and treatment of patients
with both CVD and D, in patients with and without pre-
vious cardiac history. Appropriate, individualised AD ther-
apy by reducing the level of OS may help reduce the risk of
CVD (both primary event and recurrence) in patients with
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D. This requires further longitudinal. large-sample size. co-
hort studies to provide more conclusive outcomes.
Summarising all of the above, a retrospective case-control
study is necessary to identify and examine the relationship
between the severity of D symptoms and indicators of OS in
primary stable CDH patients and in patients with recurrent
stable CHD.
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DEPRESIJAS UN OKSIDATIVA STRESA MUIEDARBIBA STABILA KORONARA SIRDS SLIMIBA

Depresija (D) ir neatkarigs Imrdxovaskulam shml‘bu (KVS) riska faktors, nesaistits ar citiem iepriekS noteiktiem sirds slimibu riska
faktoriem. Pacientiem ar mazak smagu presiju tika k téts lielaks sirdsdarbibas apstasanas risks neka paci kuriem di ij
nebija. D pasliktina KVS prognozi. ievérojami palielinot atkartotas korondrds sirds slimibas (KSS) risku. DaZi petijumi liecina, ka
oksidativais stress (OS) tieSi palielina D risku pacientiem ar KVS. OS tiek uzskatits par mehanismu, kas saistits gan ar KVS. gan ar D
patofiziologiju. Kopgjie riska fakton palielina OS izstradi un samazina antioksidantu aizsargspéjas, tadejadi veicinot mijiedarbotu iSémisku
KVS un D rasanos un attistibu, Paslaik nav pietiekamu pieradijumu tam, ka profilaktisks D skrinings paci ar KSS palidzés uzlabot
pacientu stavokli. Saja apskata atkartoti uzsvérta nepiecieSamiba péc daudzdisciplinaras pieejas, lai izprastu, diagnosticétu un péc tam
arstétu Sos biezi vien vienlaicigi sastopamos saslim3anas gadijumus ar KSS un D. OS markieru noveértgjums varétu mainit riska
stratifikaciju, diagnostiku, profilaksi un arstéSanu pacientiem. kuriem ir KSS un D. gadijumos ar un bez iepriek3gjam sirds slimibam
anamnézeé.
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