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Abstract

Background. Aberrations in endothelial cells, immune and oxidative pathways are associated with
atherosclerosis (ATS) and unstable angina (UA). The role of trace elements, minerals, and the
endogenous opioid system (EOS) in UA are less well established.

Methods. We measured lipid, insulin resistance (IR), and immune, trace element (copper and
zinc), mineral (magnesium, calcium), EOS (B-endorphin and mu-opioid receptor (MOR)) and
antioxidant (vitamin D3) biomarkers in patients with ATS (n=60) and UA (n=60) and healthy
controls (n=58).

Results. ATS patients showed increased atherogenic and IR indices, IL-6, IL-10, B-endorphin,
copper and magnesium, and lower zinc than healthy controls. Logistic regression showed that UA
was significantly discriminated from ATS without UA with an accuracy of 85.5% using calcium,
IL-10, B-endorphin, MOR, triglycerides, IR (all positively), and copper and vitamin D3
(inversely). Neural networks showed that UA was discriminated from ATS without UA with an
area under the ROC curve of 0.942 using MOR, B-endorphin, calcium, insulin resistance, vitamin
D3 and copper as input variables. We found that 50.0% of the variance in IR was explained by the
regression on copper, 1L-10, IL-6 (all positively), and zinc (inversely), while 32.9% of the variance
in the atherogenic index of plasma was explained by copper, IL-10 (both positively), and
magnesium (inversely).

Conclusion. UA is not only mediated by insulin resistance, atherogenicity, and immune disorders,
but also by aberrations in the endogenous opioid system and trace elements as well as lowered

antioxidant levels. Copper appears to play a key role in IR and atherogenicity.


https://doi.org/10.20944/preprints202007.0260.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 July 2020 d0i:10.20944/preprints202007.0260.v1

Keywords: unstable angina, atherogenicity, inflammation, antioxidants, oxidative stress,

biomarkers


https://doi.org/10.20944/preprints202007.0260.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 July 2020 d0i:10.20944/preprints202007.0260.v1

Introduction

Cardiovascular diseases (CVD) are a prominent cause of mortality worldwide [1] with
atherosclerosis (ATS) being the most important risk factor [2]. In a population with low to
intermediate risk of CVD, the prevalence of ATS was 5.3% while about half of the participants
showed at least one vessel with stenosis [3]. Moreover, 38% of women and 75% of men start to
develop ATS at the age of 3035 years [4]. ATS may remain asymptomatic as long as the arteries
are functioning well and until atherosclerotic plaques obstruct more than 40% of the lumen of
blood vessels [5]. Unstable angina (UA), one of the syndromes caused by ATS, is an acute
coronary syndrome that is defined as myocardial ischemia without significant myocardial
necrosis [6]. Most UA patients will develop myocardial infarction (MI) [7]. Currently, UA is a
clinical diagnosis as there are no biomarkers to externally validate the clinical diagnosis [8]. The
incidence and prevalence of UA are not easy to determine because UA is an exclusion diagnosis
[9]. Nevertheless, in the Middle East, UA represents about half of patients with acute coronary
syndrome [10]. Therefore, the early diagnosis of ATS and UA are essential to avoid the
development of UA and myocardial infarction, respectively. Nevertheless, there are no data
whether machine learning models combining different biomarkers may be used to externally
validate the clinical diagnosis of UA.

One of the earliest events in ATS is vascular endothelial dysfunction [11] whereby a
damaged endothelium may become more permeable and facilitates the entrance of lipids into the
arterial wall thereby initiating an immune- inflammatory response with the involvement of
peripheral blood immunocytes, which stick to the endothelium lesions [12]. Proinflammatory
cytokines, including interleukin-6 (IL-6), stimulate the development and progression of ATS,

whereas anti-inflammatory cytokines, including IL-10, may have anti-atherogenic activities [13].
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Moreover, immune activation may impact the ATS plaques, thereby causing a rupture and
accompanying clinical symptoms, including myocardial infarction [14, 15]. The pathogenesis of
ATS not only encompasses hyperlipidemia coupled with aberrations in immune cells and
inflammatory responses [16, 17], but also increased oxidative stress toxicity. The latter is
associated with damage to lipids, proteins and DNA, and formation of oxidized lipids including
low-density lipoprotein (LDL) cholesterol and, consequently, lgG-mediated autoimmune
responses to oxidized LDL and other oxidative specific epitopes [18, 19]. Increased oxidative
toxicity and lowered antioxidant defenses not only participate in the pathogenesis of ATS, but also
in UA [20] while gradual increases in oxidative damage to lipids and proteins and gradually
decreasing antioxidant defenses are associated with the development of ST-segment myocardial
infarction from UA [21].

Low vitamin D status is accompanied by an increased incidence of slow coronary flow rate
while treatment with vitamin D may reduce angina episodes [22]. Zinc, another antioxidant with
anti-inflammatory properties, has some anti-atherogenic effects [23]. Zinc deficiency increases the
oxidative and inflammatory potential and may cause endothelial cell dysfunctions while zinc
supplementation may improve inflammation, LDL oxidation, and vascular endothelial cell
functions [23]. Insulin resistance (IR) is another independent risk factor of CVD in nondiabetic
subjects [24, 25]. IR may directly contribute to the development of ATS by stimulating the
mitogen-activated protein kinase (MAPK) pathway and inhibiting nitric oxide production
(endothelial dysfunction) [26].

Minerals may also contribute to the mechanism leading to ATS or UA, including calcium,
magnesium, and copper. Calcium mineralization of atherosclerotic artery lumen may promote

plaque formation and calcification of plaques, thereby narrowing blood vessels [27]. Moreover,
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increased calcification may cause increased blood vessel rigidity and, consequently, elevated
arterial vascular resistance and left ventricular hypertrophy [28]. Lowered serum magnesium
levels and nutritional magnesium intake are associated with ATS, arrhythmias, and heart failure
[29, 30]. Magnesium deficiency is accompanied by elevated vascular inflammatory responsivity
[31] and lowered expression or activity of antioxidant enzymes including glutathione peroxidase,
superoxide dismutase, catalase, and lowered levels of vitamin C, vitamin E, and selenium [32-34].
Moreover, magnesium deficiency is associated with the development of insulin resistance,
hyperglycemia, and changes in lipid metabolism, which enhance atherosclerotic changes and
arterial stiffness [35-37]. The results on copper in relation to ATS did not show consistent results
[38, 39]. For example, some results show that serum copper is increased in atherosclerotic patients
and is correlated with the severity of illness [40]. On the other hand, there is evidence that copper
deficiency may impact almost all risk factor of ischemic heart disease including cholesterol levels,
glucose tolerance, and inflammatory and oxidative stress processes [41].

Finally, the role of the endogenous opioid system (EOS) in ATS and UA is mostly
unknown. Recently, a report showed that B-endorphins and agonists at the mu-opioid receptor
(MOR) may mediate the development of ATS and additionally play a role in the instability of the
plaques [42]. The same authors showed that B-endorphin is accompanied by IR and endothelial
dysfunctions. Nevertheless, there are no data on whether UA is associated with alterations in the
above-mentioned trace elements and in the EOS system.

Hence, the present study was performed to examine whether a) minerals / trace elements
and B-endorphins and MOR are associated with UA and with ATS independently from the classical
biomarkers (IR and atherogenicity), and b) whether combinations of the various biomarkers may

be used to externally validate the clinical diagnosis of ATS and UA.
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Participants and Methods

Participants

The current study recruited 120 patients with ATS divided into two groups, namely those
with UA (UA group) and without UA (ATS group). The participants were recruited at the Sadr-
Teaching Hospital, Najaf city, Iraq from November 2019 to the mid-January 2020. The diagnosis
of ATS was made according to ICD-10 criteria of CM-170 by using a complete medical history
and physical exam coupled with Doppler sonography, electrocardiogram (ECG),
echocardiography, and blood pressure measurements. The UA patients were diagnosed according
to the established guidelines [43] and further classified by cardiologists as having a severe form of
the disease, namely class Il (n=34) or IV (n=26) according to the Canadian Cardiovascular
Society (CCS) grading of angina pectoris [44]. Diabetes type 2 (T2DM) was diagnosed according
to the World Health Organization criteria [45, 46] when plasma glucose > 7.0 mM, and glycated
haemoglobin (HbAlc) > 6.5%. Hypertension was diagnosed according to the European Society of
Cardiology (ESC) and the European Society of Hypertension (ESH) guidelines [47]. All
hypertension patients had blood pressure measurements of > 140/95 mmHg using a conventional
sphygmomanometer in a seated posture and with the arm in the horizontal position after fifteen
minutes of quiet sitting.

We also recruited 58 healthy controls, age and sex-matched to the patient groups. All
controls were free from any systemic disease. Exclusion criteria for patients and controls were
major medical illness including liver disease, renal diseases, stroke, myocardial infarction, and
cancer. We also excluded patients with an albumin/creatinine ratio above 30 mg/g [48] and with
serum CRP concentrations > 6 mg/dL thereby excluding subjects with overt inflammation. All

patients showed serum FBG <25 mM and fasting insulin <400 pM to comply with the requirements
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of the Homeostatic Model Assessment (HOMA) calculator software and TG <4.5 mM to comply
with the Friedewald’s equation requirements. Written informed consent was obtained from all
subjects before participating in the study. Approval for the study was obtained from the IRB of the
University of Kufa (487/2019), which complies with the International Guidelines for Human

Research protection as required by the Declaration of Helsinki.

Methods

Ten milliliters of venous blood were drawn between 8-10 a.m. from patients and controls
after an overnight fast. The blood was separated, after complete clotting by centrifugation at 3000
rpm for 10 min, and then stored at -80 °C until assay. Total calcium, total cholesterol (TC),
triglycerides (TG), glucose, albumin, urea, creatinine, and magnesium were measured
spectrophotometrically by kits supplied by Biolabo® (Maizy, France). Serum high-density
lipoprotein cholesterol (HDLc) was measured after precipitation of all other lipoproteins by a
reagent consisting of sodium phosphotungstate and MgCly; the cholesterol level in the supernatant
was measured using the automated analyzer. Low-density lipoprotein cholesterol (LDLc) was
computed from Friedewald’s formula: LDLc= TC — HDL¢ — TG/2.19. Serum CRP was measured
using a kit based on the principle of latex agglutination supplied by Spinreact® (Barcelona, Spain).
Copper and zinc in serum were measured spectrophotometrically by Kits supplied by Giesse
Diagnostics (Rome, Italy).

Commercial ELISA sandwich kits were used to measure serum IL-6 and B-endorphin
(Melsin Medical Co, lJilin, China), IL-10 (Elabscience®, Hubei, China), insulin (DRG®
International Inc., NJ, USA), and MOR (Mybiosource® Inc. San Diego, California, USA). The

sensitivities of the kits were for IL-6: 0.1 pg/mL, f-endorphin: 0.1pg/mL, insulin: 12.22 pM, IL-
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10 4.69 pg/mL, and MOR: 7.18 pg/mL. The intra-assay CVs (precision within-assay) of all assays
were less than 10%. The procedures were followed exactly without modifications according to the
manufacturer’s instructions.

Three atherogenic indices were calculated by using z unit-weighted composite scores,
namely zTC — z HDLc (zTC-zHDLc, reflecting the Castelli risk index 1), z LDLc — zHDLc
(zLDLc-zHDLc, reflecting Castelli risk index 2), and z triglycerides — z HDLc (zTG-zHDLc
reflecting the atherogenic index of plasma (AIP)) [49, 50]. The zTC-zHDLc score was
significantly correlated with Castelli risk index 1 (r=0.988, p<0.001, n=161), zLDLc-zHDLc, with
Castelli risk index 2 (r=0.945, p<0.001, n=161) and zTG-zHDLc with the atherogenic index of
plasma (r=0.939, p<0.001, n=161). Likewise, we also computed indices reflecting IR as z glucose
+ z insulin (zIR), B cell function as z insulin—z glucose (zBCell), and glucose toxicity as z Glucose
-z Insulin (zGLUTOX). There were significant associations between zIR and HOMAZ2IR as
defined with HOMAZ2 Calculator® (Diabetes Trials Unit, University of Oxford) (r=0.623, p<0.001,
n=161) and between zBCell and HOMA%B (r=0.991, p<0.001, n=161). Body mass index (BMI)
was calculated from the standard formula by weight in kilograms divided by square of height in

meters.

Statistical analysis

Categorical data are shown as frequencies, and continuous variables are displayed as mean
+ standard deviation (or standard error). The normality of continuous data was tested using the
Kolmogorov-Smirnov test. Differences in the continuous variables between study groups were
assessed by analysis of variance (ANOVA) and associations between nominal variables using

analysis of contingency tables (using 2 test or y coefficient). We employed univariate generalized
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linear model (GLM) analysis to check the relationship among the biomarkers and the diagnosis
(controls versus ATS with and without UA) while controlling for background variables including
age, BMI, nicotine dependence, and sex. We also computed effect sizes using partial n? values,
and GLM-generated estimated marginal mean (SE) values and conducted protected pairwise
comparisons among treatment means. We used p-correction for false discovery rate (FDR) to
adjust for multiple comparisons [51]. Binary logistic regression analysis was used to delineate the
essential explanatory variables that predict UA versus no UA (as the reference group). We used
multiple regression analysis to predict atherogenicity and IR indices (output variables) using
immune, trace element and opioid biomarkers as dependent variables. Tests were 2-tailed, and a
p-value of 0.05 was used for statistical significance.

Multilayer perceptron (MLP) Neural Network (NN) models were used to assess the
complex associations between the diagnoses of UA and ATS and between ATS and healthy
controls as output variables and the measured biomarkers as input variables. We used automated
feedforward architecture models to train the neural networks and employed two hidden layers with
up to 10 nodes and up to 250 epochs and mini-batch training with gradient descent. The stopping
criterion was one consecutive step with no decrease in the error term. We used three samples,
namely a training sample (46.7%) to estimate the network parameters, a testing sample (20%) to
prevent overtraining, and a holdout set (33.3%) to compute the predictive value of the neural
network. Finally, we computed error, relative error, the importance of the explanatory variables
(in an importance chart) and the area under the ROC curve with diagnostic performance. All

statistical analyses were performed using IBM SPSS windows version 25, 2017.

Results.
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Socio-demographic data

Table 1 shows the socio-demographic data of the three different study groups. There were
no significant differences in age, sex ratio, body weight, BMI, and TUD between the three study
groups. Systolic and diastolic blood pressure were significantly higher in patients than in controls

as were the frequencies of T2DM and hypertension.

Intergroup differences in biomarkers

Table 2 shows the measurements of the different biomarkers in the three study groups.
Univariate GLM showed that total cholesterol, zZTC-zHDLc, FPG, insulin, zIR, and IL-6 were
significantly higher in patients than in controls. HDLc was significantly lower in both patient
groups than in controls. The levels of TG, LDLc, zTG-zHDLc, zLDLc-zHDLc, zinc, copper, IL-
10, and B-endorphin were significantly different among the three study groups whereby TG, zTG-
zHDLc, and IL-10 increased from controls = ATS = UA, and zinc decreased from controls -
TS - UA. LDLc, zLDLc-zHDLc, and copper were higher in patients than controls, but lower in
UA than in ATS. Serum vitamin D3 was significantly lower in UA than in controls while MOR
was significantly higher in UA than in controls and ATS. Total calcium was significantly higher
in UA than in controls and ATS, while total Mg was higher in ATS than in controls and UA. The
differences in those biomarkers as shown in Table 1 remained significant after p-correction for
FDR.

We have also examined the effects of the drug state of the patients on the biomarkers. After
FDR p-correction there were significant effects of Glibenclamide on TG (p=0.019; partial eta
squared=0.062) and MOR (p=0.040, partial eta squared=0.051), Bisoprolol on Castelli risk index

1 (p=0.045, partial eta squared=0.044), IR (p=0.03, partial eta-squared=0.055), MOR (p=0.045,
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partial eta-squared=0.042) and urea (p=0.019, partial eta squared=0.0094), and Atenolol on
magnesium (p=0.019, partial eta squared=0.066). The levels of all those biomarkers were
increased in subjects who took the drugs, except IR and MOR which were decreased. The other
drugs, namely Aspirin, Clopidogrel, Atorvastatin, Isosorbide Dinitrate, and Trimetazidine, did not
have any significant effect. By inference, the drug state of the patients has only minimal effects on

a few biomarkers (partial eta squared < 0.1).

Best predictions of UA versus ATS and ATS versus controls

Table 3 shows the outcome of binary logistic regression analysis with UA as dependent
variable (and ATS without UA as the reference group). We found that 8 input variables
significantly discriminated UA from ATS (x>=93.43, df=8, p<0.001), namely total calcium, IL-10,
B-endorphin, MOR, TG, zIR (all positively associated) and copper and vitamin D3 (both inversely
associated). The Nagelkerke effect size was 0.721, and the accuracy of the classification was
85.8% with a sensitivity of 88.3% and a specificity of 83.3%. Table 3 shows also that interleukin-
6 was the single best predictor of CCS class IV (versus CCS class I11) with a pseudo-R? Nagelkerke
value of 0.612 and an overall accuracy of 86.7% with a sensitivity=88.5% and specificity=85.3%.

Table 4 shows the results of the most accurate neural network (NN#1) discriminating UA
patients from ATS without UA using the biomarkers as input variables (the zTG-zHDLc index
was included as lipid variable rather than the separate lipids). We trained the feedforward network
with 2 hidden layers, with 4 units in layer 1 and 3 units in layer 2. Hyperbolic tangent was the
activation function in the hidden layers and identity in the output layer. The sum of squares error
term was much lower in the testing than in the training sample, while the percentage of incorrect

classifications was reasonably constant in the three samples, indicating that the model learned to
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generalize from the trend and is not over fitted. The AUC ROC was 0.942 with a sensitivity of
71.4% and specificity of 93.3%. Figure 1 displays the importance chart and shows that MOR has
the highest predictive power of the model, followed by B-endorphins, total calcium, zIR, and
vitamin D3, again followed at a distance by copper. IL-10, zTG-zHDLc and zGLUTOX were less
significant.

The prediction of ATS (with and without UA) versus no ATS (controls) yielded a perfect
(100%) prediction using logistic regression analysis as well as neural networks. However, since
logistic regression analysis shows a 100% accuracy, the regression parameters cannot be
estimated. Table 4 shows the characteristics of NN#2 discriminating ATS from controls. This
model was trained using 2 hidden layers, with 4 units in layer 1 and 3 units in layer 2, again with
hyperbolic tangent and identity as activation functions in the hidden layers and output layer,
respectively. The percentage of incorrect classifications was 0% in the three sets while the AUC
ROC curve was 1.00. Figure 2 displays the importance and shows that zTG-zHDLc was by far
the most important predictor of the power of the model, followed by urea and IL-10, again at a

distance by zIR, and again at a distance by MOR, vitamin D3 and IL-6.

Prediction of atherogenicity and IR by biomarkers

Table 5 shows the results of different multiple regression analyses with lipid and glucose-
associated biomarkers as dependent variables and the biomarkers as explanatory variables.
Regression #1 shows that 35.8% of the variance in zZTG-zHDLc could be explained by copper, IL-
10 and MOR (all positively associated) and Mg (inversely). Figure 3 shows the partial regression
of zTG-zHDLc on copper after adjusting for the variables listed in Table 5, regression #1. We

found that 32.9% of the variance in zTC-zHDLc (Regression #2) and 24.3% of that in zLDLc-
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zHDLc (regression #3) was explained by copper and IL-10 (positively) and Mg (inversely).
Regression #4 shows 50.0% of the variance in zIR was explained by copper, 1L-10, IL-6
(positively) and zinc (inversely). Figure 4 shows the partial regression of zIR on copper after

adjusting for the variables listed in Table 5, regression #5.

Discussion

The first major finding of the current study is that the combination of increased atherogenicity,
IR, urea, IL-10, IL-6, MOR, and lowered vitamin D3 in a machine learning model may be used to
externally validate the clinical diagnosis of ATS. Moreover, simple ANOVAs showed that also
increased copper, B-endorphin, magnesium, and creatinine and lowered zinc are other features of
ATS. These findings extend the results described in the introduction indicating that increased
atherogenicity, IR, immune-inflammatory pathways (increased I1L-6 and IL-10, and lowered zinc),
oxidative-antioxidant misbalances (lowered vitamin D3 and zinc) are involved in ATS.

Hyperlipidemia as characterized by elevated total cholesterol, triglycerides or LDL-
cholesterol coupled with lowered HDL-cholesterol significantly contributes to the development of
ATS [52-55]. IR in peripheral tissues including in adipocytes may induce a proatherogenic
phenotype through different mechanism including suppression of lipolysis, defective storage of
lipids in adipose cells, increased lipid levels, limited degradation of apoB, and lowered lipoprotein
lipase activity [56]. Hyperinsulinemia may accelerate atherosclerotic processes through
stimulation of lipogenesis leading to increased LDL synthesis, enhanced LDL-cholesterol
transport into smooth muscle cells of arteries, activation of inflammatory genes, stimulation of
growth and proliferation of vascular smooth muscle cells, and increased collagen synthesis [57-

61]. As described in the introduction, activated immune pathways, including increased levels of
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IL-6, take part in the onset of ATS [62-67]. Activated macrophages secrete proinflammatory
cytokines and chemokines that recruit other immune cells into the atherosclerotic lesions thereby
intensifying the inflammatory environment [68, 69]. Also, during an inflammatory response,
macrophages secrete various enzymes that damage the extracellular matrix of the atherosclerotic
plaque contributing to the pathogenesis of ATS [70]. One study reported a robust inverse
correlation between ATS severity and the frequency of IL-10" B cells [71]. IL-10 can inhibit
macrophage foam cell formation [72] by enhancing the uptake of modified LDL and cholesterol
efflux [73]. IL-10 inhibits macrophage activation as well as matrix metalloproteinase,
proinflammatory cytokines, and cyclooxygenase-2 expression in lipid-loaded and activated
macrophage foam cells [74]. Therefore, increased IL-10 in ATS is probably a compensatory
mechanism to attenuate the inflammatory response.

In the present study we found that lowered levels of the key antioxidants zinc and vitamin
D3 were inversely associated with ATS. As discussed in the introduction vitamin D deficiency
may increase risk to ATS and cardio-vascular disease [22, 75-78]. Vitamin D may protect against
ATS trough antioxidant, anti-inflammatory and anti-atherogenic effects as well as modulation of
endothelial functions, IR, and vascular cell differentiation and growth [76, 77]. Our findings on
zinc extend those of previous papers reporting lowered serum zinc in ATS [79]. Zinc deficiency
is associated with an increased vulnerability to formation of reactive oxygen species and
consequent oxidative stress toxicity, endothelial cell apoptosis, and atherogenesis [80], while lipid
and protein peroxidation frequently occur in ATS and play a role in mechanical and bioenergetic
incompatibilities [81, 82]. In addition, zinc protects against LDL oxidation and atherogenesis [83,
84] and loss of metallothionein in zinc as a consequence of ROS [85]. Moreover, zinc antagonizes

copper driven pro-atherogenic effects via balancing the bioavailability and metabolism of copper
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[39, 86]. This is important as we found that ATS is associated with increased copper levels. In
obese patients, however, copper levels were inversely associated with intima-media thickness and
predicted early ATS [87]. Copper ions may participate in LDL oxidation and are a constituent of
antioxidant enzymes including superoxide dismutase and caeruloplasmin [88]. In our study, ATS
was associated with increased magnesium levels while previous clinical studies, which examined
the effects of magnesium supplementation, yielded inconsistent results but raised potential adverse
effects of magnesium overload [89].

The positive association between B-endorphin and ATS found in the current study may be
explained by the known effects of f-endorphins on the development of atherosclerotic plaques
[42]. For example, chronic administration of f-endorphin to Apoe —/— mice increases vascular
inflammation and has an atherogenic effect thereby participating in the development of ATS
lesions [42]. Moreover, B-endorphins contribute to a disbalance between lowered nitric oxide
release and increased endothelin (ET)-1, which appears to be mediated by MOR [90]. In humans,
opioid receptors are present in the heart [91] and cardiac MORs are substantially up-regulated
during heart failure [92]. Finally, the association between increased urea and creatinine and ATS
extend previous reports that increased serum creatinine is associated with ischemic heart disease
[93] and that proteinuria is associated with intima-media thickness [94].

The second major finding of this study is that a neural network algorithm allowed to externally
validate the clinical diagnosis of UA CCS class Il + IV vs. ATS without UA with an AUC ROC
curve of 0.942 and with MOR, B-endorphin, calcium, IR, vitamin D3 and copper as most important
discriminatory variables, while logistic regression showed that IL-10 and triglyceride levels had

additional effects. Moreover, simple ANOVA showed that also the AIP was significantly and
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positively associated with UA, whereas zinc and magnesium were lowered in UA as compared
with ATS without UA.

Our results indicate that the development of UA CCS class Ill + IV from ATS is associated
with a further increase in atherogenicity which is determined by increased triglyceride levels. It is
interesting that, in our study, lowered LDL-cholesterol increased risk to UA while total cholesterol
was not associated with UA vs. ATS without UA. These findings do not support the theory that
the “LDL-cholesterol paradox” [95] or the “cholesterol paradox™ [96] may be involved in UA.
Hyperglycemia, hyperinsulinemia and IR can all cause disorders in lipid metabolism, oxidative
stress toxicity and vascular endothelial damage, ultimately leading to the aggravation of coronary
ATS [97]. As such, hyperlipidemia may contribute to the development of UA [98] while
interactions between immune-inflammatory and atherogenic pathways may further contribute to
UA [99]. However, in our study, IL-6 was not significantly increased in UA vs. ATS without UA,
although our results agree with previous data, which reported that IL-6 (and TNF-o. and CRP)
levels are higher in UA patients than in healthy controls [100, 101]. Moreover, increased IL-6 is
an independent predictor of myocardial infarction or cardiac death in UA [102]. This is further
substantiated by our findings that IL-6 is the single best predictor of CCS UA class IV vs. class
I11. We found that IL-10 is not only associated with ATS (vs. controls) but also with UA vs. ATS
without UA. Previous papers reported a positive association between IL-10 and proinflammatory
cytokines (TNF-a) in patients with UA [103]. As such, increased IL-10 in UA may be a
compensatory mechanism which offers protection against the immune-inflammatory response
[104], which is one of the critical factors in the progression of atherosclerotic plaques, plaque

rupture, and atherothrombosis [105, 106].
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The most important biomarkers of UA CSS classes 11l and 1V were increased levels of f3-
endorphin and MOR. Previous data showed that B-endorphin levels may be raised in a meaningful
part of patients with UA and in most patients with myocardial infarction [107] [108]. Patients
undergoing pacing-induced angina pectoris show a local myocardial release of p-endorphin (and
leu-enkephalin, met-enkephalin, and dynorphin) in the human heart [109] while patients with acute
myocardial infarction show increased plasma B-endorphin concentrations [110]. On the other
hand, other authors reported lower or no changes in B-endorphin levels in patients with myocardial
infarction [108]. In humans, cardiac opioid receptors play an important role in myocardial
ischemia [91], whereby MOR may have cardioprotective properties as detected in an in vitro
ischemia-reperfusion model [92]. In this respect, it is thought that activation of peripheral opioid
receptors may protect cardiac tissues by suppressing cardiac nociceptive signaling [111].

In our study, lowered levels of vitamin D3 and zinc were other hallmarks of UA indicating
that the latter condition is accompanied by an increased vulnerability to immune-inflammatory
and oxidative toxicity. Vitamin D deficiency has been reported in patients with chronic stable
angina [112] and acute coronary syndrome [113]. Nevertheless, in patients with acute coronary
syndrome no significant association could be detected between 25-OH-Vitamin D3 and
proinflammatory cytokines including IL-6 and TNF-a [114]. Lowered levels of zinc were
previously reported in UA [115] while zinc replenishing has protective effects in coronary artery
disease [116].

Our results that lowered magnesium is associated with UA extend those of a previous
report that lower serum magnesium levels predict major adverse cardiac events [37, 117]. Our data
that calcium is increased in UA do not agree with a previous report that men with UA show

significant decreases in plasma Ca [115]. It is interesting to note that, in our study, copper was
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significantly increased in ATS versus controls, but was lower in UA than in ATS without UA.
These results in UA may be explained by the knowledge that lowered copper may impact many
risk factors of ischemic heart disease including glucose tolerance, cholesterol levels, and immune
and oxidative mechanisms [41].

The third major finding of this study is that IR and atherogenicity indices were strongly
associated with different biomarkers, namely atherogenicity with increased copper, IL-10, and
MOR, and lowered magnesium, and IR with increased copper, IL-6, and IL10, and lowered
magnesium. These associations with the above-mentioned immune biomarkers and MOR and
magnesium may be explained by the different properties of those molecules as discussed above
and indicate that their effects on ATS and UA are in part mediated by increased atherogenicity
and/or IR. Nevertheless, the strong associations between copper and both IR and atherogenicity
need further discussion.

There are some papers that lowered copper or marginal copper deficiency is associated
with an increased risk of atherosclerosis and ischemic heart disease [41, 118], although other data
showed that high copper levels may contribute to atherosclerosis [119]. In physiological
conditions, copper levels are tightly regulated while copper deficits and excess are both deleterious
to the body, a phenomenon described as the “Blue Janus” effect [88, 120]. Thus, in inflammatory
conditions, increased copper is associated with increased ROS and oxidative stress toxicity while
copper may induce inflammatory responses thereby playing a role in atherogenesis [88, 120].
Moreover, increased copper levels are reported in diabetes [121]. Copper overload-induced
oxidative stress is associated with T2DM thereby causing diabetes complications [122].
Nevertheless, as the latter authors describe, currently it is unknown whether changes in copper

homeostasis are the consequence of diabetes or whether copper overload contributes to diabetes.


https://doi.org/10.20944/preprints202007.0260.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 July 2020 d0i:10.20944/preprints202007.0260.v1

In any case, selective copper chelation may improve the function of diabetic hearts by removal of
copper, reducing ROS and attenuating IR and glucose intolerance [122].

Conclusion. Figure 5 reviews the findings of the present study. The development of ATS
is characterized by increased atherogenicity (higher triglycerides and LDL-cholesterol but lowered
HDL cholesterol), IR (higher insulin and glucose), immune activation (increased IL-6 and IL-10),
lowered antioxidants (zinc and vitamin D3), EOS dysfunctions (increased -endorphin and MOR),
disorders in trace elements/minerals (increased copper and magnesium), and increased urea and
creatinine. The development of UA CCS Classes IlIl and IV is characterized by increased
atherogenicity (increased triglyceride levels), IR, immune activation (elevated 1L-10), lowered
vitamin D3 and zinc, aberrations in the EOS (increased MOR and B-endorphins), increased
calcium but lowered zinc, copper and magnesium, and increased urea levels. Increased IL-6 is,
additionally, associated with the transition of CCS class Il into class IV UA. Combinations of
these biomarkers in machine learning models allow to differentiate ATS from normal controls,
UA from ATS without UA, and UA CCS class IV from class Ill. Treatments of ATS and UA
should use a combinatorial approach targeting not only atherogenicity and IR, but also immune
activation, especially 1L-6, redox imbalances including lower vitamin D3, the EOS, and calcium

and copper metabolism.

Acknowledgements
The authors would like to thank the staff of the CCU unit and the internal medicine clinic
in Al-Sadr Teaching Hospital-Najaf City-lraq for their help in the collection of samples. Also, we

acknowledge the highly skilled work of the staff of Asia Laboratory in measuring the biomarkers.


https://doi.org/10.20944/preprints202007.0260.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 July 2020 d0i:10.20944/preprints202007.0260.v1

Declaration of interest

The authors have no financial conflict of interests.

Funding

There was no specific funding for this specific study.

Authorships.

All authors contributed significantly to the paper and approved the final version.

References

[1] K. Mc Namara, H. Alzubaidi, J.K. Jackson, Cardiovascular disease as a leading cause of death: how are
pharmacists getting involved?, Integrated pharmacy research & practice 8 (2019) 1-11.

[2] M.S. Rahman, K. Woollard, Atherosclerosis, Adv Exp Med Biol 1003 (2017) 121-144.

[3] M.A. Lambert, J.R. Weir-McCall, M. Salsano, S.J. Gandy, D. Levin, I. Cavin, R. Littleford, J.A.
MacFarlane, S.Z. Matthew, R.S. Nicholas, A.D. Struthers, F. Sullivan, S.A. Henderson, R.D. White, J.J.F.
Belch, J.G. Houston, Prevalence and Distribution of Atherosclerosis in a Low- to Intermediate-Risk
Population: Assessment with Whole-Body MR Angiography, Radiology 287(3) (2018) 795-804.

[4] C. Dima-Cozma, Atherosclerosis in the Young Adult: Fewer Hypotheses, More Facts, Rev Med Chir
Soc Med Nat lasi 120(4) (2016) 768-76.

[5] P. Marchio, S. Guerra-Ojeda, J.M. Vila, M. Aldasoro, V.M. Victor, M.D. Mauricio, Targeting early
atherosclerosis: A focus on oxidative stress and inflammation, Oxidative medicine and cellular longevity
2019 (2019).

[6] S.D. Wiviott, E. Braunwald, Unstable angina and non-ST-segment elevation myocardial infarction:
part I. Initial evaluation and management, and hospital care, Am Fam Physician 70(3) (2004) 525-32.
[7] S. Mendis, K. Thygesen, K. Kuulasmaa, S. Giampaoli, M. Mdhonen, K. Ngu Blackett, L. Lisheng,
W.g.0.b.o.t.p.e.o.t.W.c.f.r.o.W.d.o.m. infarction, World Health Organization definition of myocardial
infarction: 2008-09 revision, International journal of epidemiology 40(1) (2011) 139-146.

[8] J.W. Deckers, Classification of myocardial infarction and unstable angina: a re-assessment,
International journal of cardiology 167(6) (2013) 2387-2390.

[9] G. Cioni, N.A. Abouzaki, I.S. Jovin, Chapter 10 - Acute Coronary Syndrome: Thrombotic Lesions in
Patients With Unstable Angina, in: O. Topaz (Ed.), Cardiovascular Thrombus, Academic Press2018, pp.
147-161.

[10] F. EI-Gamal, R. Alshaikh, A. Murshid, S. Zahrani, S. Alrashed, A. Alnahdi, T. Alawi, A. Aljudaibi, Risk
factors of clinical types of Acute Coronary Syndrome, Middle East Journal of Family Medicine 18(1)
(2020).

[11] M.A. Gimbrone, Jr., G. Garcia-Cardefia, Endothelial Cell Dysfunction and the Pathobiology of
Atherosclerosis, Circ Res 118(4) (2016) 620-36.


https://doi.org/10.20944/preprints202007.0260.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 July 2020 d0i:10.20944/preprints202007.0260.v1

[12] M.-Y. Wu, C.-J. Li, M.-F. Hou, P.-Y. Chu, New insights into the role of inflammation in the
pathogenesis of atherosclerosis, Int. J. Mol. Sci. 18(10) (2017) 2034.

[13] H. Ait-Oufella, S. Taleb, Z. Mallat, A. Tedgui, Recent Advances on the Role of Cytokines in
Atherosclerosis, Arteriosclerosis, Thrombosis, and Vascular Biology 31(5) (2011) 969-979.

[14] B. Legein, L. Temmerman, E.A. Biessen, E. Lutgens, Inflammation and immune system interactions in
atherosclerosis, Cellular and Molecular Life Sciences 70(20) (2013) 3847-3869.

[15] A. Gistera, G.K. Hansson, The immunology of atherosclerosis, Nature Reviews Nephrology 13(6)
(2017) 368-380.

[16] G. Hansson, Hermansson A, The immune system in atherosclerosis. Nat Immunol 12 (2011) 204-
212.

[17] D. Frasca, B.B. Blomberg, R. Paganelli, Aging, Obesity, and Inflammatory Age-Related Diseases,
Front. Immunol. 8 (2017) 1745.

[18] J.A. Leopold, J. Loscalzo, Oxidative risk for atherothrombotic cardiovascular disease, Free Radic Biol
Med 47(12) (2009) 1673-706.

[19] K. Sinha, J. Das, P.B. Pal, P.C. Sil, Oxidative stress: the mitochondria-dependent and mitochondria-
independent pathways of apoptosis, Arch Toxicol 87(7) (2013) 1157-80.

[20] J. McMurray, S. Ray, I. Abdullah, H. Dargie, J. Morton, Plasma endothelin in chronic heart failure,
Circulation 85(4) (1992) 1374-1379.

[21] Z. Serdar, A. Serdar, A. Altin, U. Eryilmaz, S. Albayrak, The relation between oxidant and antioxidant
parameters and severity of acute coronary syndromes, Acta Cardiol. 62(4) (2007) 373-380.

[22] S.V. Sagarad, N. SukhaNi, B. MaChaNur, S. Patil, Effect of Vitamin D on anginal episodes in vitamin D
deficient patients with chronic stable angina on medical management, Journal of clinical and diagnostic
research: JCDR 10(8) (2016) OC24.

[23] B. Bao, A.S. Prasad, F.W. Beck, J.T. Fitzgerald, D. Snell, G.W. Bao, T. Singh, L.J. Cardozo, Zinc
decreases C-reactive protein, lipid peroxidation, and inflammatory cytokines in elderly subjects: a
potential implication of zinc as an atheroprotective agent, Am. J. Clin. Nutr. 91(6) (2010) 1634-41.

[24] S.H. Golden, A.R. Folsom, J. Coresh, A.R. Sharrett, M. Szklo, F. Brancati, Risk factor groupings related
to insulin resistance and their synergistic effects on subclinical atherosclerosis: the atherosclerosis risk in
communities study, Diabetes 51(10) (2002) 3069-3076.

[25] E. Bonora, S. Kiechl, J. Willeit, F. Oberhollenzer, G. Egger, J.B. Meigs, R.C. Bonadonna, M. Muggeo,
Insulin resistance as estimated by homeostasis model assessment predicts incident symptomatic
cardiovascular disease in caucasian subjects from the general population: the Bruneck study, Diabetes
care 30(2) (2007) 318-324.

[26] A. Di Pino, R.A. DeFronzo, Insulin Resistance and Atherosclerosis: Implications for Insulin-Sensitizing
Agents, Endocr Rev 40(6) (2019) 1447-1467.

[27] A. Kalampogias, G. Siasos, E. Oikonomou, S. Tsalamandris, K. Mourouzis, V. Tsigkou, M. Vavuranakis,
T. Zografos, S. Deftereos, C. Stefanadis, D. Tousoulis, Basic Mechanisms in Atherosclerosis: The Role of
Calcium, Med Chem 12(2) (2016) 103-13.

[28] R. Matecki, R. Adamiec, [The role of calcium ions in the pathomechanism of the artery calcification
accompanying atherosclerosis], Postepy Hig Med Dosw (Online) 59 (2005) 42-7.

[29] B.C. Kieboom, M.N. Niemeijer, M.J. Leening, M.E. van den Berg, O.H. Franco, J.W. Deckers, A.
Hofman, R. Zietse, B.H. Stricker, E.J. Hoorn, Serum magnesium and the risk of death from coronary heart
disease and sudden cardiac death, Journal of the American Heart Association 5(1) (2016) e002707.

[30] W. Zhang, H. Iso, T. Ohira, C. Date, A. Tamakoshi, J.S. Group, Associations of dietary magnesium
intake with mortality from cardiovascular disease: the JACC study, Atherosclerosis 221(2) (2012) 587-
595.

[31] X. Qu, F. Jin, Y. Hao, H. Li, T. Tang, H. Wang, W. Yan, K. Dai, Magnesium and the risk of
cardiovascular events: a meta-analysis of prospective cohort studies, PLoS One 8(3) (2013) e57720.


https://doi.org/10.20944/preprints202007.0260.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 July 2020 d0i:10.20944/preprints202007.0260.v1

[32] A.A. Zheltova, M.V. Kharitonova, I.N. lezhitsa, A.A. Spasov, Magnesium deficiency and oxidative
stress: an update, Biomedicine 6(4) (2016).

[33] E. Gueux, V. Azais-Braesco, L. Bussiéere, P. Grolier, A. Mazur, Y. Rayssiguier, Effect of magnesium
deficiency on triacylglycerol-rich lipoprotein and tissue susceptibility to peroxidation in relation to
vitamin E content, Br. J. Nutr. 74(6) (1995) 849-56.

[34] M. Barbagallo, L. Dominguez, Magnesium and aging, Curr. Pharm. Des. 16(7) (2010) 832-839.

[35] M. Barbagallo, L.J. Dominguez, A. Galioto, A. Ferlisi, C. Cani, L. Malfa, A. Pineo, A. Busardo’, G.
Paolisso, Role of magnesium in insulin action, diabetes and cardio-metabolic syndrome X, Mol. Aspects
Med. 24(1) (2003) 39-52.

[36] R.J. Belin, K. He, Magnesium physiology and pathogenic mechanisms that contribute to the
development of the metabolic syndrome, Magnes. Res. 20(2) (2007) 107-129.

[37] K. Kostov, L. Halacheva, Role of magnesium deficiency in promoting atherosclerosis, endothelial
dysfunction, and arterial stiffening as risk factors for hypertension, Int. J. Mol. Sci. 19(6) (2018) 1724.
[38] Y. Islamoglu, O. Evliyaoglu, E. Tekbas, H. Cil, M.A. Elbey, Z. Atilgan, H. Kaya, Z. Bilik, A. Akyuz, S. Alan,
The relationship between serum levels of Zn and Cu and severity of coronary atherosclerosis, Biol Trace
Elem Res 144(1-3) (2011) 436-44.

[39] N.M. Tasi¢, D. Tasi¢, P. Otasevi¢, M. Veselinovié, V. Jakovljevi¢, D. Djuri¢, D. Radak, Copper and zinc
concentrations in atherosclerotic plague and serum in relation to lipid metabolism in patients with
carotid atherosclerosis, Vojnosanit Pregl 72(9) (2015) 801-6.

[40] B. Bagheri, N. Akbari, S. Tabiban, V. Habibi, V. Mokhberi, Serum level of copper in patients with
coronary artery disease, Niger. Med. J. 56(1) (2015) 39-42.

[41] J.). DiNicolantonio, D. Mangan, J.H. O’Keefe, Copper deficiency may be a leading cause of ischaemic
heart disease, Open heart 5(2) (2018).

[42] T. Okano, K. Sato, R. Shirai, T. Seki, K. Shibata, T. Yamashita, A. Koide, H. Tezuka, Y. Mori, T. Hirano,
B-Endorphin Mediates the Development and Instability of Atherosclerotic Plaques, Int. J. Endocrinol.
2020 (2020).

[43] J. Anderson, C. Adams, E. Antman, C. Bridges, R. Califf, D. Casey Jr, W. Chavey 2nd, F. Fesmire, J.
Hochman, T. Levin, American College of Cardiology Foundation/American Heart Association Task Force
on Practice Guidelines 2012 ACCF/AHA focused update incorporated into the ACCF/AHA 2007 guidelines
for the management of patients with unstable angina/non-ST-elevation myocardial infarction: a report
of the American College of Cardiology Foundation/American Heart Association Task Force on Practice
Guidelines, Circulation 127(23) (2013) e663-e828.

[44] L. Campeau, Letter: Grading of angina pectoris, Circulation 54(3) (1976) 522-3.

[45] WHO, Definition and diagnosis of diabetes mellitus and intermediate hyperglycaemia: report of a
WHO/IDF consultation, (2006).

[46] W.H.O. WHO, Use of glycated haemoglobin (HbA1c) in diagnosis of diabetes mellitus: abbreviated
report of a WHO consultation, World Health Organization, 2011.

[47] G. Mancia, R. Fagard, K. Narkiewicz, J. Redon, A. Zanchetti, M. Bohm, T. Christiaens, R. Cifkova, G.
De Backer, A. Dominiczak, 2013 ESH/ESC guidelines for the management of arterial hypertension: the
Task Force for the Management of Arterial Hypertension of the European Society of Hypertension (ESH)
and of the European Society of Cardiology (ESC), Blood pressure 22(4) (2013) 193-278.

[48] H.K. Al-Hakeim, M.S. Abdulzahra, Correlation Between Glycated Hemoglobin and Homa Indices in
Type 2 Diabetes Mellitus: Prediction of Beta-Cell Function from Glycated Hemoglobin/Korelacija Izmedu
Glikoliziranog Hemoglobina | Homa Indeksa U Dijabetes Melitusu Tipa 2: Predvidanje Funkcije Beta Celija
Na Osnovu Glikoliziranog Hemoglobina, Journal of medical biochemistry 34(2) (2015) 191-199.

[49] T. Flauzino, W.L.d.C.J. Pereira, D.F. Alfieri, S.R. Oliveira, A.P. Kallaur, M.A.B. Lozovoy, D.R. Kaimen-
Maciel, M. Maes, E.M.V. Reiche, Disability in multiple sclerosis is associated with age and inflammatory,


https://doi.org/10.20944/preprints202007.0260.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 July 2020 d0i:10.20944/preprints202007.0260.v1

metabolic and oxidative/nitrosative stress biomarkers: results of multivariate and machine learning
procedures, Metab. Brain Dis. 34(5) (2019) 1401-1413.

[50] K.L. Bonifacio, D.S. Barbosa, E.G. Moreira, C.F. Coneglian, H.O. Vargas, S.0.V. Nunes, J.B. Moraes, M.
Maes, Increased nitro-oxidative stress toxicity as a major determinant of increased blood pressure in
mood disorders, preprints.org (2020) 1-25.

[51] Y. Benjamini, Y. Hochberg, Controlling the false discovery rate: a practical and powerful approach to
multiple testing, Journal of the Royal statistical society: series B (Methodological) 57(1) (1995) 289-300.
[52] R. Garg, S. Aggarwal, R. Kumar, G. Sharma, Association of atherosclerosis with dyslipidemia and co-
morbid conditions: A descriptive study, J. Nat. Sci. Biol. Med. 6(1) (2015) 163-168.

[53] A.D. Sniderman, K. Williams, J.H. Contois, H.M. Monroe, M.J. McQueen, J. de Graaf, C.D. Furberg, A
meta-analysis of low-density lipoprotein cholesterol, non-high-density lipoprotein cholesterol, and
apolipoprotein B as markers of cardiovascular risk, Circ Cardiovasc Qual Outcomes 4(3) (2011) 337-45.
[54] G. Goliasch, F. Wiesbauer, H. Blessberger, S. Demyanets, J. Wojta, K. Huber, G. Maurer, M.
Schillinger, W.S. Speidl, Premature myocardial infarction is strongly associated with increased levels of
remnant cholesterol, J Clin Lipidol 9(6) (2015) 801-806.e1.

[55] F. Mach, C. Baigent, A.L. Catapano, K.C. Koskinas, M. Casula, L. Badimon, M.J. Chapman, G.G. De
Backer, V. Delgado, B.A. Ference, |.M. Graham, A. Halliday, U. Landmesser, B. Mihaylova, T.R. Pedersen,
G. Riccardi, D.J. Richter, M.S. Sabatine, M.R. Taskinen, L. Tokgozoglu, O. Wiklund, 2019 ESC/EAS
Guidelines for the management of dyslipidaemias: lipid modification to reduce cardiovascular risk, Eur
HeartJ 41(1) (2020) 111-188.

[56] C.F. Semenkovich, Insulin resistance and atherosclerosis, The Journal of clinical investigation 116(7)
(2006) 1813-1822.

[57] Y. Winhofer, M. Kr$sak, D. Jankovi¢, C.-H. Anderwald, G. Reiter, A. Hofer, S. Trattnig, A. Luger, M.
Krebs, Short-term hyperinsulinemia and hyperglycemia increase myocardial lipid content in normal
subjects, diabetes 61(5) (2012) 1210-1216.

[58] T. Scherer, C. Lindtner, J. O’Hare, M. Hackl, E. Zielinski, A. Freudenthaler, S. Baumgartner-Parzer, K.
Todter, J. Heeren, M. Kr$33k, Insulin regulates hepatic triglyceride secretion and lipid content via
signaling in the brain, Diabetes 65(6) (2016) 1511-1520.

[59] S.M. Reyna, S. Ghosh, P. Tantiwong, C.R. Meka, P. Eagan, C.P. Jenkinson, E. Cersosimo, R.A.
DeFronzo, D.K. Coletta, A. Sriwijitkamol, Elevated toll-like receptor 4 expression and signaling in muscle
from insulin-resistant subjects, Diabetes 57(10) (2008) 2595-2602.

[60] J.B. Lindsey, J.A. House, K.F. Kennedy, S.P. Marso, Diabetes duration is associated with increased
thin-cap fibroatheroma detected by intravascular ultrasound with virtual histology, Circulation:
Cardiovascular Interventions 2(6) (2009) 543-548.

[61] K.E. Porter, K. Riches, The vascular smooth muscle cell: a therapeutic target in type 2 diabetes?,
Clinical science 125(4) (2013) 167-182.

[62] P. Libby, A.H. Lichtman, G.K. Hansson, Immune effector mechanisms implicated in atherosclerosis:
from mice to humans, Immunity 38(6) (2013) 1092-104.

[63] D.F. Ketelhuth, G.K. Hansson, Adaptive Response of T and B Cells in Atherosclerosis, Circ Res 118(4)
(2016) 668-78.

[64] E. Ammirati, F. Moroni, M. Magnoni, P.G. Camici, The role of T and B cells in human atherosclerosis
and atherothrombosis, Clin Exp Immunol 179(2) (2015) 173-87.

[65] A.B. Reiss, N.M. Siegart, J. De Leon, Interleukin-6 in atherosclerosis: atherogenic or
atheroprotective?, Clin. Lipidol. 12(1) (2017) 14-23.

[66] B. Schieffer, T. Selle, A. Hilfiker, D. Hilfiker-Kleiner, K. Grote, U.J.F. Tietge, C. Trautwein, M.
Luchtefeld, C. Schmittkamp, S. Heeneman, M.J.A.P. Daemen, H. Drexler, Impact of Interleukin-6 on
Plaque Development and Morphology in Experimental Atherosclerosis, Circulation 110(22) (2004) 3493-
3500.


https://doi.org/10.20944/preprints202007.0260.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 July 2020 d0i:10.20944/preprints202007.0260.v1

[67] J. Hartman, W.H. Frishman, Inflammation and atherosclerosis: a review of the role of interleukin-6
in the development of atherosclerosis and the potential for targeted drug therapy, Cardiol. Rev. 22(3)
(2014) 147-51.

[68] I.F. Charo, M.B. Taubman, Chemokines in the pathogenesis of vascular disease, Circ Res 95(9) (2004)
858-66.

[69] A. Zernecke, E. Shagdarsuren, C. Weber, Chemokines in atherosclerosis: an update, Arterioscler
Thromb Vasc Biol 28(11) (2008) 1897-908.

[70] A.C. Newby, Metalloproteinase expression in monocytes and macrophages and its relationship to
atherosclerotic plaque instability, Arteriosclerosis, thrombosis, and vascular biology 28(12) (2008) 2108-
2114.

[71] H. Douna, J. Amersfoort, F.H. Schaftenaar, S. Kroon, G.H.M. van Puijvelde, J. Kuiper, A.C. Foks,
Bidirectional effects of IL-10(+) regulatory B cells in LdIr(-/-) mice, Atherosclerosis 280 (2019) 118-125.
[72] J.E. McLaren, D.R. Michael, T.G. Ashlin, D.P. Ramji, Cytokines, macrophage lipid metabolism and
foam cells: implications for cardiovascular disease therapy, Prog Lipid Res 50(4) (2011) 331-47.

[73] X. Han, S. Kitamoto, H. Wang, W.A. Boisvert, Interleukin-10 overexpression in macrophages
suppresses atherosclerosis in hyperlipidemic mice, The FASEB Journal 24(8) (2010) 2869-2880.

[74] X. Han, W.A. Boisvert, Interleukin-10 protects against atherosclerosis by modulating multiple
atherogenic macrophage function, Thromb Haemost 113(3) (2015) 505-12.

[75] P.L. Lutsey, E.D. Michos, Vitamin D, calcium, and atherosclerotic risk: evidence from serum levels
and supplementation studies, Curr Atheroscler Rep 15(1) (2013) 293.

[76] E. Kassi, C. Adamopoulos, E.K. Basdra, A.G. Papavassiliou, Role of Vitamin D in Atherosclerosis,
Circulation 128(23) (2013) 2517-2531.

[77] A.R. Menezes, M.C. Lamb, C.J. Lavie, J.J. DiNicolantonio, Vitamin D and atherosclerosis, Curr. Opin.
Cardiol. 29(6) (2014) 571-577.

[78] A. Nitsa, M. Toutouza, N. Machairas, A. Mariolis, A. Philippou, M. Koutsilieris, Vitamin D in
Cardiovascular Disease, In vivo (Athens, Greece) 32(5) (2018) 977-981.

[79] S. Choi, X. Liu, Z. Pan, Zinc deficiency and cellular oxidative stress: prognostic implications in
cardiovascular diseases, Acta Pharmacol. Sin. 39(7) (2018) 1120-1132.

[80] D.K. Perry, M.J. Smyth, H.R. Stennicke, G.S. Salvesen, P. Duriez, G.G. Poirier, Y.A. Hannun, Zinc is a
potent inhibitor of the apoptotic protease, caspase-3 a novel target for zinc in the inhibition of
apoptosis, Journal of Biological Chemistry 272(30) (1997) 18530-18533.

[81] V. Lankin, G. Konovalova, A. Tikhaze, K. Shumaev, E. Kumskova, M. Viigimaa, The initiation of free
radical peroxidation of low-density lipoproteins by glucose and its metabolite methylglyoxal: a common
molecular mechanism of vascular wall injure in atherosclerosis and diabetes, Mol Cell Biochem 395(1-2)
(2014) 241-52.

[82] A. Manea, M. Simionescu, Nox enzymes and oxidative stress in atherosclerosis, Front Biosci (Schol
Ed) 4 (2012) 651-70.

[83] G.M. Wilkins, D.S. Leake, The oxidation of low density lipoprotein by cells or iron is inhibited by zinc,
FEBS Lett. 341(2-3) (1994) 259-262.

[84] K. Rao, K. Sethi, J. Ischia, L. Gibson, L. Galea, L. Xiao, M. Yim, M. Chang, N. Papa, D. Bolton, A.
Shulkes, G.S. Baldwin, O. Patel, Protective effect of zinc preconditioning against renal ischemia
reperfusion injury is dose dependent, PLoS One 12(7) (2017) e0180028.

[85] A. Drozd, D. Wojewska, M.D. Peris-Diaz, P. Jakimowicz, A. Krezel, Crosstalk of the structural and zinc
buffering properties of mammalian metallothionein-2, Metallomics 10(4) (2018) 595-613.

[86] E.S. Ford, Serum copper concentration and coronary heart disease among US adults, American
journal of epidemiology 151(12) (2000) 1182-1188.


https://doi.org/10.20944/preprints202007.0260.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 July 2020 d0i:10.20944/preprints202007.0260.v1

[87] G. Tarantino, C. Porcu, M. Arciello, P. Andreozzi, C. Balsano, Prediction of carotid intima-media
thickness in obese patients with low prevalence of comorbidities by serum copper bioavailability, J
Gastroenterol Hepatol 33(8) (2018) 1511-1517.

[88] G.A. Ferns, D.J. Lamb, A. Taylor, The possible role of copper ions in atherogenesis: the Blue Janus,
Atherosclerosis 133(2) (1997) 139-52.

[89] K. Tangvoraphonkchai, A. Davenport, Magnesium and Cardiovascular Disease, Adv Chronic Kidney
Dis 25(3) (2018) 251-260.

[90] U. Wilbert-Lampen, A. Trapp, S. Barth, A. Plasse, D. Leistner, Effects of f-endorphin on
endothelial/monocytic endothelin-1 and nitric oxide release mediated by pl-opioid receptors: a
potential link between stress and endothelial dysfunction?, Endothelium 14(2) (2007) 65-71.

[91] F. Tomai, F. Crea, A. Gaspardone, F. Versaci, A.S. Ghini, C. Ferri, G. Desideri, L. Chiariello, P.A.
Gioffré, Effects of naloxone on myocardial ischemic preconditioning in humans, Journal of the American
College of Cardiology 33(7) (1999) 1863-1869.

[92] S.F. He, S.Y. Jin, W. Yang, Y.L. Pan, J. Huang, S.J. Zhang, L. Zhang, Y. Zhang, Cardiac p-opioid receptor
contributes to opioid-induced cardioprotection in chronic heart failure, British journal of anaesthesia
121(1) (2018) 26-37.

[93] K.L. Sibilitz, M. Benn, B.G. Nordestgaard, Creatinine, eGFR and association with myocardial
infarction, ischemic heart disease and early death in the general population, Atherosclerosis 237(1)
(2014) 67-75.

[94] J. Bae, Y.-h. Lee, E.S. Kang, B.-S. Cha, B.-W. Lee, Proteinuria Is Associated with Carotid Artery
Atherosclerosis in Non-Albuminuric Type 2 Diabetes: A Cross-Sectional Study, Journal of Clinical
Medicine 9(1) (2020) 136.

[95] J.P.L. Nunes, Statins and the cholesterol mortality paradox, Scott. Med. J. 62(1) (2017) 19-23.

[96] J. Budzynski, K. Tojek, B. Wustrau, B. Czerniak, P. Winiarski, W. Korzycka-Wilinska, Z. Banaszkiewicz,
The “cholesterol paradox” among inpatients—retrospective analysis of medical documentation, Archives
of medical sciences. Atherosclerotic diseases 3 (2018) e46.

[97] J.A. Beckman, F. Paneni, F. Cosentino, M.A. Creager, Diabetes and vascular disease:
pathophysiology, clinical consequences, and medical therapy: part Il, Eur Heart J 34(31) (2013) 2444-52.
[98] Y.H. Zaremba, O.V. Smaliukh, O.V. Zaremba-Fedchyshyn, O.V. Zaremba, A.S. Kost, L.Y. Lapovets, Z.V.
Tomkiv, O.M. Holyk, Indicators of inflammation in the pathogenesis of unstable angina, Wiadomosci
Lekarskie (Warsaw, Poland: 1960) 73(3) (2020) 569-573.

[99] L. Chen, M. Sun, H. Liu, L. Ma, T. Wang, P. Li, M. Lin, H. Lin, P. Chang, Y. Liu, Association of plasma
apolipoprotein Clll, high sensitivity C-reactive protein and tumor necrosis factor-a contributes to the
clinical features of coronary heart disease in Li and Han ethnic groups in China, Lipids Health Dis 17(1)
(2018) 176.

[100] J.-J. Li, H.-R. Wang, C.-X. Huang, J.-L. Xue, G.-S. Li, Enhanced inflammatory response of blood
monocytes to C-reactive protein in patients with unstable angina, Clin. Chim. Acta 352(1-2) (2005) 127-
133.

[101] Y. Luo, D. Jiang, D. Wen, J. Yang, L. Li, Changes in serum interleukin-6 and high-sensitivity C-
reactive protein levels in patients with acute coronary syndrome and their responses to simvastatin,
Heart Vessels 19(6) (2004) 257-62.

[102] S.L. Chen, Y. Liu, L. Lin, F. Ye, J.J. Zhang, N.L. Tian, J.X. Zhang, Z.Y. Hu, T. Xu, L. Li, B. Xu, F. Latif, T.
Nguyen, Interleukin-6, but not C-reactive protein, predicts the occurrence of cardiovascular events after
drug-eluting stent for unstable angina, J Interv Cardiol 27(2) (2014) 142-54.

[103] K. Mizia-Stec, B. Zahorska-Markiewicz, T. Mandecki, J. Janowska, E. Jastrzebska-Maj, L. Szymaniski,
[The selected pro- and anti-inflammatory cytokines in the patients with coronary heart disease:
preliminary communication], Pol Arch Med Wewn 102(2) (1999) 677-84.


https://doi.org/10.20944/preprints202007.0260.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 July 2020 d0i:10.20944/preprints202007.0260.v1

[104] I. Anguera, F. Miranda-Guardiola, X. Bosch, X. Filella, M. Sitges, J.L. Marin, A. Betriu, G. Sanz,
Elevation of serum levels of the anti-inflammatory cytokine interleukin-10 and decreased risk of
coronary events in patients with unstable angina, Am Heart J 144(5) (2002) 811-7.

[105] B. Cannizzo, |. Quesada, R. Militello, C. Amaya, R. Miatello, M. Cruzado, C. Castro, Tempol
attenuates atherosclerosis associated with metabolic syndrome via decreased vascular inflammation
and NADPH-2 oxidase expression, Free Radic Res 48(5) (2014) 526-33.

[106] P. Marchio, S. Guerra-Ojeda, J.M. Vila, M. Aldasoro, V.M. Victor, M.D. Mauricio, Targeting Early
Atherosclerosis: A Focus on Oxidative Stress and Inflammation, Oxid Med Cell Longev 2019 (2019)
8563845.

[107] K.G. Oldroyd, K. Harvey, C.E. Gray, G.H. Beastall, S.M. Cobbe, Beta endorphin release in patients
after spontaneous and provoked acute myocardial ischaemia, Br Heart J 67(3) (1992) 230-5.

[108] P. Bernardi, F. Fontana, E.M. Pich, S. Spampinato, M. Canossa, Plasma endogenous opioid levels in
acute myocardial infarction patients, with and without pain, European heart journal 13(8) (1992) 1074-
1079.

[109] C. Mannheimer, H. Emanuelsson, G. Larsson, F. Waagstein, L.-E. Augustinsson, T. Eliasson,
Myocardial release of endogenous opioids in the human heart and the effects of epidural spinal
electrical stimulation (ESES) in pacing-induced angina pectoris, Journal of the American College of
Cardiology 17(2) (1991) A107.

[110] Y.-T. Chen, C.-J. Lin, A.Y.-S. Lee, Plasma levels of endogenous opioid peptides in patients with acute
myocardial infarction, Japanese heart journal 36(4) (1995) 421-427.

[111] L.W. Fu, J.C. Longhurst, Functional role of peripheral opioid receptors in the regulation of cardiac
spinal afferent nerve activity during myocardial ischemia, Am J Physiol Heart Circ Physiol 305(1) (2013)
H76-85.

[112] M.S.A. Ab Hameed Raina, Z.A. Shah, K.H. Changal, M.A. Raina, F.A. Bhat, Association of low levels
of vitamin D with chronic stable angina: A prospective case-control study, N. Am. J. Med. Sci. 8(3) (2016)
143.

[113] M. Bijaya, K.S. Kumar, P. Satish, Association of Vitamin D Deficiency and Acute Coronary
Syndrome, Our Experience, Integrative Journal of Global Health 2(1) (2018) 1-5.

[114] E. Eren, H.Y. Ellidag, A. Yilmaz, O. Aydin, N. Yilmaz, No association between vitamin D levels and
inflammation markers in patients with acute coronary syndrome, Adv Med Sci 60(1) (2015) 89-93.

[115] M. Speich, S. Gelot, P. Arnaud, N. Robinet, G. Nicolas, N. Van Goc, [Magnesium, calcium, zinc,
potassium, total and HDL cholesterol and total creatine kinase in 37 cases of instable angina: a
correlation study], Magnesium 4(5-6) (1985) 303-11.

[116] P.J. Little, R. Bhattacharya, A.E. Moreyra, I.L. Korichneva, Zinc and cardiovascular disease, Nutrition
26(11-12) (2010) 1050-1057.

[117]S. You, C. Zhong, H. Du, Y. Zhang, D. Zheng, X. Wang, C. Qiu, H. Zhao, Y. Cao, C.-F. Liu, Admission
low magnesium level is associated with in-hospital mortality in acute ischemic stroke patients,
Cerebrovasc. Dis. 44(1-2) (2017) 35-42.

[118] I.M. Hamilton, W.S. Gilmore, J. Strain, Marginal copper deficiency and atherosclerosis, Biol. Trace
Elem. Res. 78(1-3) (2000) 179-189.

[119] N.M. Tasié, D. Tasié, P. Otasevi¢, M. Veselinovi¢, V. Jakovljevi¢, D. Buri¢, D. Radak, Copper and zinc
concentrations in atherosclerotic plaque and serum in relation to lipid metabolism in patients with
carotid atherosclerosis, Vojnosanit. Pregl. 72(9) (2015) 801-806.

[120] T.C.B. Pereira, M.M. Campos, M.R. Bogo, Copper toxicology, oxidative stress and inflammation
using zebrafish as experimental model, J. Appl. Toxicol. 36(7) (2016) 876-885.

[121] J. Lowe, R. Taveira-da-Silva, E. Hilario-Souza., Dissecting copper homeostasis in diabetes mellitus,
lubmb Life 69(4) (2017) 255-262.


https://doi.org/10.20944/preprints202007.0260.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 July 2020 d0i:10.20944/preprints202007.0260.v1

[122] G. Bjgrklund, M. Dadar, L. Pivina, M.D. Dosa, Y. Semenova, J. Aaseth, The role of zinc and copper in
insulin resistance and diabetes mellitus, Curr. Med. Chem. (2019).


https://doi.org/10.20944/preprints202007.0260.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 July 2020

doi:10.20944/,

reprints202007.0260.v1

Table 1. Demographic and clinical data in healthy controls (HC), and patients with atherosclerosis (ATS) and ATS with unstable angina

(UA).

A B.C: pairwise comparison, BMI: Body mass index, TUD: Tobacco use disorder, ATS: atherosclerosis patients,

. HCA ATSB UA€

Variables N=58 N=60 N=60 F/P/y? df p

Age years 55.9+9.6 55.6+10.0 56.6+8.1 0.182 2/175 | 0.834
Sex Female/Male 18/40 29/31 22/38 3.886 2 0.143
Weight kg 72.7£9.4 74.6£11.1 73.5£11.6 0.463 2/175 | 0.630
BMI kg/m? 26.2+3.1 26.8+4.6 27.2+4.6 0.757 2/175 | 0.471
TUD Yes/No 15/43 20/40 21/39 1.289 2 0.525
Systolic BP mmHg 120.0+1.5 8¢ | 132.3+14.3A 135.3+18.94 20.388 | 2/175 | <0.001
Diastolic BP  mmHg 79.8+1.4B¢ 85.2+6.7 A 83.7+8.04 11.801 | 2/175 | <0.001
T2DM Yes/No 0/58 22/38 25/35 31.253 2 <0.001
Hypertension  Yes/No 0/58 29/31 30/30 42.693 2 <0.001

angina, BP: blood pressure, T2DM: type 2 diabetes mellitus.

and UA: unstable
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Table 2. Results of univariate GLM analyses examining the associations between diagnosis and biomarkers after adjusting for age, sex,

and body mass index.

Variables HCA ATS B UAC Partial
N=58 N=60 N=60 F df p n?
TC mM 4.46(0.14) BC 5.87(0.13) # 5.80(0.13)* 35.455 | 2/172 | <0.001 | 0.292
TG mM 1.87(0.10) B€ 2.85(0.10)AC 3.46(0.10)AB | 66.281 | 2/172 | <0.001 | 0.435
HDLc mM 1.18(0.03) B 0.94(0.03) A 0.97(0.03) A 26.004 | 2/172 | <0.001 | 0.232
LDLc mM 2.43(0.12) B€ 3.63(0.11)AC 3.25(0.12)AB | 28.154 | 2/172 | <0.001 | 0.247
ZzTG —z HDLc (AIP) -1.561(0.156) B€ | 0.525(0.150)*€ | 0.969(0.152)"B | 78.370 | 2/172 | <0.001 | 0.477
ZTC — z HDLc (Castelli 1) -1.471(0.151) B€ | 0.814(0.144)” | 0.593(0.147)” | 72.884 | 2/172 | <0.001 | 0.459
zLDLc — z HDLc (Castelli 2) -1.374(0.170) B€ | 0.932(0.163) € | 0.386(0.166)"® | 52.303 | 2/172 | <0.001 | 0.378
zinc mg/| 0.77(0.02) B° 0.62(0.02) A€ 0.53(0.02)AB | 29.661 | 2/172 | <0.001 | 0.256
Copper  mgl/l 0.74(0.03) B 1.11(0.03)A° 1.02(0.03)AB | 51.979 | 2/172 | <0.001 | 0.377
FPG mM 5.39(0.22) B¢ 7.01(0. 21)A 7.26(0.21) A 22.871 | 2/172 | <0.001 | 0.210
Insulin ~ pM 75.19(7.56)BC | 132.13(7.24)" | 142.84(7.35)" | 24.298 | 2/172 | <0.001 | 0.220
ZFPG+z insulin (Insulin resistance) | -1.360(0.127)B€ | 0.441(0.122)A 0.747(0.124)” | 84.026 | 2/172 | <0.001 | 0.494
z Insulin — z FPG (B cell function) -0.028(0.204) -0.041(0.195) -0.011(0.198) 0.006 | 2/172 | 0.994 | <0.001
z FPG — z Insulin (GLUTOX) 0.028(0.204) 0.041(0.195) 0.011(0.198) 0.006 | 2/172 | 0.994 | <0.001
Albumin g/l 46.28(0.58) 45.76(0.56) 46.14(0.57) 0.224 | 2/172 | 0.799 | 0.003
T.Ca mM 2.43(0.03) © 2.38(0.03) © 2.51(0.03)A 7.042 | 2/172 | 0.001 | 0.076
T.Mg mM 0.727(0.032)B | 0.834(0.031)AC | 0.692(0.031)® | 5656 | 2/172 | 0.004 | 0.062
Vitamin D3 nM 64.22(3.31) ¢ 56.22(3.17) 51.55(3.22) A 3.955 | 2/172 | 0.021 | 0.044
IL-6 pg/ml 8.76(1.95) B¢ 17.07(1.87)4 15.38(1.90)* 8.724 | 2/172 | <0.001 | 0.092
IL-10 pg/ml 7.40(1.20)BC | 17.73(1.15)AC | 22.68(1.17)"B | 80.809 | 2/172 | <0.001 | 0.484
BEP pg/ml 17.51(1.70)BC | 23.09(1.63)"° | 31.58(1.66)"B | 15.065 | 2/172 | <0.001 | 0.149
MOR pg/ml 4.31(0.55) ¢ 4.03(0.53) ¢ 9.42(0.54)"B | 34.086 | 2/172 | <0.001 | 0.284
Urea mg/d| 32.03(1.264) B¢ | 38.05(1.21)" | 36.14(1.23)"B | 6.198 | 2/172 | 0.003 | 0.067
Creatinine mg/dl 0.764(0.028) B¢ | 0.931(0.027)”" | 0.921(0.027)" | 11.753 | 2/172 | <0.001 | 0.120

A B.C: pairwise comparisons among treatment means, BMI: Body mass index, TUD: Tobacco use disorder, ATS: atherosclerosis
patients, UA: unstable angina, Z: Results in z-score (standardized results), HDLc: high-density lipoprotein cholesterol, LDLc: low-
density lipoprotein cholesterol, TG: triglycerides, TC: total cholesterol, HbAlc: glycated haemoglobin, FPG: fasting blood glucose, IL-
6: interleukine-6, IL-10: interleukine-10, SEP: beta-endorphin, MOR: Mu-opioid receptor, T.Ca: total calcium, T.Mg: total magnesium,
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ZFPG+zINS: Insulin resistance composite, zZINS-zFPG: beta-cell function composite, zFPG-zINS (GLUTOX): glucose toxicity
composite.
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Table 3. Results of automatic binary logistic regression with unstable angina (UA) or the Canadian Cardiovascular Society (CCS)
grading class IV as the dependent variables.

Dichotomies Explanatory variables B SE Wald | df p OR 95% CI
Copper -1.419 | 0.501 8.01 1 0.005 | 0.242 0.091-0.646
Total calcium 1.635 | 0.471 | 12.07 1 0.001 | 5.130 | 2.039-12.904
Vitamin D3 -0.944 | 0.386 5.98 1 0.014 | 0.389 0.182-0.829

UA vs. ATS* Interleukin-10 0.982 | 0.452 4.72 1 0.030 | 2.671 1.101-6.478
B-endorphin 0.920 | 0.411 5.01 1 0.025 | 2510 1.121-5.616
Mu-opioid receptors 1.597 0.409 | 15.23 1 |<0.001| 4938 | 2.214-11.014
Triglycerides 1.832 | 0.580 9.98 1 0.002 | 6.247 | 2.004-19.471
ZFPG +zinsulin (IR index) | 1.330 | 0.515 6.67 1 0.010 | 3.779 | 1.377-10.370

CCS Class IV vs. I11* | Interleukin-6 2.643 | 0.621 | 18.10 1 |<0.001| 14.050 | 4.158-47.472

* Reference groups are ATS: atherosclerosis without UA, and CCS grading class I11.

z FGG + z insulin: z unit weighted composite score using z-scores of FPG (fasting blood glucose) and insulin. This score is an index of
insulin resistance (IR).

Class Il1 or 1V: based on the Canadian Cardiovascular Society (CCS) grading of angina pectoris.
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Table 4. Results of neural network models examining the differentiation of atherosclerosis with unstable angina (ATS+UA) versus

atherosclerosis without UA (ATS) versus healthy controls (HC)
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Models NN#1 NN#2
ATS+UA vs. ATS ATS vs. HC
Input Layer Number of units 9 (Biomarkers) 12 (Biomarkers)
Rescaling method Normalized Normalized
Number of hidden layers 2 2
Hidden layers Number of un!ts !n h?dden layer 1 4 4
Number of units in hidden layer 2 3 3
Activation Function Hyperbolic tangent Hyperbolic tangent
Dependent variables ATS+UA vs. ASC ASC vs. HC
Output layer Nur_nbe_r of units_ 2 . 2 -
Activation function Identity Identity
Error function Sum of squares Sum of squares
Sum of squares error term 6.777 0.859
Training % incorrect or relative error 13.8% 0.0%
Prediction (spec, sens) 82.8%, 89.7% 100%, 100%
Sum of Squares error 3.939 0.301
Testing % in_co_rrect or rglz_iti_ve error__ 15.2% 0.0%
Prediction (specificity-sensitivity) 75.0%-94.1% 100%, 100%
AUC ROC 0.942 1.00
% incorrect or relative error 17.2% 0.0%
Holdout

Prediction (spec-sens)

93.3%, 71.4%

100%, 100%
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Table 5. Results of multiple regression analysis with lipid and glucose-associated biomarkers as dependent variables.

Dependent variables Explanatory variables B t p F model df p R?
#1. z triglycerides —z HDLc Model 24.103 | 4/173 | <0.001 | 0.358
Copper 0.459 6.433 <0.001
Interleukin-10 0.224 3.322 0.001
Magnesium -0.205 -3.036 0.003
Mu-opioid receptors 0.142 2.250 0.026
#2. z Total cholesterol —z HDLc | Model 28.475 | 3/174 | <0.001 | 0.329
Copper 0.413 5.682 <0.001
Interleukin-10 0.299 4419 | <0.001
Magnesium -0.179 -2.633 .009
#3.zLDLc-zHDLc Model 18.571 | 3/174 | <0.001 | 0.243
Interleukin-10 0.264 3.667 <0.001
Copper 0.348 4.507 <0.001
Magnesium -0.143 -1.983 0.049
#4. HDLc Model 9.205 | 4/173 | <0.001 | 0.175
Copper -0.284 -3.693 | <0.001
B-endorphin -0.192 -2.697 0.008
Interleukin-6 -0.155 -2.198 0.029
Magnesium 0.157 2.106 0.037
#5.z FPG + z insulin Model 43.314 | 4/173 | <0.001 | 0.500
Copper 0.451 7.661 <0.001
Interleukin-10 0.276 4.431 <0.001
Interleukin-6 0.119 2.075 0.039
Zinc -0.119 | -2.007 0.046
#6. FPG Model 16.114 | 3/174 | <0.001 | 0.217
Copper 0.243 3.415 0.001
Zinc -0.223 | -3.130 0.002
Interleukin-6 0.202 2.933 0.004
#7. HOMA2%S Model 11.788 | 2/175 | <0.001 | 0.119
Copper -0.344 -4512 | <0.001
Magnesium 0.253 3.316 0.001
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HDLc: high-density lipoprotein cholesterol, LDL: low-density lipoprotein cholesterol, FPG: fasting plasma glucose, HOMA2%S:
homeostasis model assessment of insulin sensitivity percentage.
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Figure 1. Results of a neural network (importance chart) with unstable angina (UA) and atherosclerosis without UA as output variables
and biomarkers as input variables. MOR: mu-opioid receptors, B-END: B-endorphin, Ca: calcium, zIR: index of insulin resistance, vit

D3: vitamin D3, Cu: copper, IL: interleukin, zZTG-zHDL.c: reflects the atherogenic index of plasma; zGLUTOX: reflects glucose toxicity.
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Figure 2. Results of a neural network (importance chart) with atherosclerosis and healthy controls as output variables and biomarkers
as input variables. zTG-zHDLc: reflects the atherogenic index of plasma, IL: interleukin, zIR: index of insulin resistance, MOR: mu-

opioid receptor, vit D3: vitamin D3, B-END: p-endorphin, zGLUTOX: index of glucose toxicity, Cu: copper, Ca: calcium
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Figure 3. Partial regression plot of a z unit-weighted composite score reflecting the atherogenic index of plasma (computed as z

triglycerides — z high density lipoprotein cholesterol) on copper.
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Figure 4. Partial regression plot of a z unit-weighted composite score reflecting insulin resistance (zIR, computed as z insulin + z

glucose) on copper.
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Figure 5. Summary of the present study. The development of atherosclerosis (ATS) is characterized by increased atherogenicity
(higher triglycerides (TG) and LDL-cholesterol but lower HDL-cholesterol), insulin resistance (IR, higher insulin (INS) and glucose
(GLU), increased interleukin (IL)-6 and IL-10, lower zinc (Zn) and vitamin D3 (vitD3), increased -endorphin (B-END) and mu-
opioid receptors (MOR), increased copper (Cu) and magnesium (Mg), and increased urea and creatinine (Cr).

The development of unstable angina (UA) is characterized by increased atherogenicity (increased TG levels), IR, and elevated IL-10,
MOR, B-endorphins, calcium, and urea, and lower zinc, copper and magnesium.

The transition of CCS class 111 into class IV is associated with increased IL-6.
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