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Simple Summary: Coronary artery disease is a major cause of death worldwide, so it is important
to find new changeable factors to prevent it. Some recent studies suggest that not having enough
zinc and copper in the body might make plaque build up in heart arteries, which effects in coronary
artery disease. In this study, we wanted to discover whether the amount of copper and zinc in hair
could tell us something about plaque buildup. We looked at 130 patients and used a scoring system
called the SYNTAX score to see how severe the plaque buildup in their heart arteries was. We also
checked the copper and zinc levels in their hair and the ratio between these elements. The results
showed that lower copper levels in hair and a lower copper-to-zinc ratio were linked to worse plaque
buildup in heart arteries. However, we did not find a connection between zinc levels in hair and the
severity of plaque buildup. Using hair samples might help us learn more about how copper and zinc
affect coronary artery disease, but there is a need for more studies on this topic.

Abstract: Coronary artery disease (CAD) continues to be a foremost contributor to global mortality,
and the quest for modifiable risk factors could improve prophylactic strategies. Recent studies
suggest a significant role of zinc (Zn) and copper (Cu) deficiency in atheromatous plaque formation.
Furthermore, hair was previously described as a valuable source of information on elemental burden
during the 6–8 week period before sampling. The aim of this study was to investigate the possibility of
correlation between the extent of CAD evaluated with the SYNergy Between PCI With TAXUS and the
Cardiac Surgery (SYNTAX) score with Cu and Zn content in hair samples, as well as with the Cu/Zn
ratio in a cohort of 130 patients. Our findings describe a statistically significant inverse correlation
between Cu content and the Cu/Zn ratio in hair samples and the extent of CAD. In contrast, no
significant correlation was found between Zn content and the extent of CAD. Considering the scarcity
of existing data on the subject, the analysis of hair samples could yield a novel insight into elemental
deficiencies and their potential influence on CAD extent.

Keywords: zinc; copper; copper-to-zinc ratio; atherosclerosis; coronary artery disease; ischemic heart
disease; SYNTAX score

1. Introduction

Coronary artery disease (CAD) continues to be a persistent, widespread mortality
cause despite collective efforts to promote well-being and, thus, mitigate cardiovascular
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risk factors. According to the World Health Organization (WHO), recent years brought
an increase in CAD mortality, with the annual toll reaching 9 million [1]. The underlying
pathomechanism of CAD, atherosclerosis, is a chronic process involving inflammatory,
necrotic, and smooth muscle cells, and lipid accumulation and transformation beneath the
single-cell layer of endothelium. The mechanism of atherosclerotic plaque onset remains not
fully understood. The scope of potentially modifiable factors remains extensive, rendering
their discovery universally beneficial [2]. Recent investigations proposed that zinc (Zn) [3]
and copper (Cu) [4] deficiency, as well as their respective ratio [5], might play a pivotal role
in the pathogenesis of atherosclerosis.

Zn is a crucial micronutrient for the maintenance of healthy physiological function-
ing [6]. Intracellular Zn resides in organelles and vesicles, resulting in a low serum concen-
tration in the range between 10 µmol/L and pmol/L [7]. Zn interacts with cells essential
to the pathogenesis of atherosclerosis, including endothelium, smooth muscle cells, and
immune cells [3]. However, the role of Zn in the pathogenesis of CAD remains to be fully
established.

Cu is a trace element with a significant impact on human physiological processes,
including the regulation of iron mobilization, antioxidant protection, and blood clotting [8].
Dysregulated Cu homeostasis was implicated to factor in cardiovascular disease (CVD)
onset through diverse mechanisms. The primary source of Cu is oral ingestion with
food, with the absorption levels considerably depending on the meal composition [9].
Considering that Cu and Zn absorption is dependent on many factors, including but not
limited to sex, age, medication, and supplement intake [10], serum concentration could
prove to be a less precise indicator of the elemental status.

Hair microelement analysis offers a unique vantage point of elemental burden evalua-
tion between the last four and eight weeks before sampling [11]. In contrast to blood and
urine analyses, hair testing evaluates element levels without the disadvantage of short-term
variability [12]. Furthermore, this method is also a painless and noninvasive procedure [13].

Recent investigations aiming to determine the impact of Zn and Cu levels on CVD
have yielded disparate outcomes. The majority of the analyses have described a negative
influence of Zn deficiency on the incidence of CVD [14–17]. Nonetheless, a subset of studies
found a positive correlation [18] or, in some instances, a lack of the correlation [19,20].
Similar inconsistent results have been described regarding the correlation between Cu and
the Cu to Zn (Cu/Zn) ratio with CVD [18,21–23].

Our previous analyses failed to reveal differences in the concentration of Zn and
Cu and the Cu/Zn ratio when comparing patients with acute coronary syndrome (ACS)
to those diagnosed with CAD [19,21]. These parameters were similar across patients
displaying differing degrees of atherosclerosis. It is worth pointing out that the severity
of CAD was previously described using the simplistic Coronary Artery Surgery Study
Scale (CASSS), which constituted a notable limitation for the previously presented results.
Hence, the objective of this investigation was to assess the correlation between Zn and Cu
concentration, as well as with the Cu/Zn ratio, in hair samples obtained from patients with
CAD, utilizing the more comprehensive SYNergy Between PCI With TAXUS and Cardiac
Surgery (SYNTAX) scale for evaluating CAD severity. According to the European Society
of Cardiology (ESC), this scale is a fundamental tool for the comprehensive assessment of
CAD and the long-term prognosis. Additionally, it also plays a crucial role in the selection
of the revascularization method in patients afflicted with complex CAD [24].

2. Materials and Methods
2.1. Population

This analysis was based on a cohort of patients who were admitted to the Department
of Cardiology of Bielanski Hospital (Warsaw, Poland) during the period of 2013 to 2017 for
the evaluation of CAD using coronary angiography. All patients were residents of Warsaw,
Poland, with no history of occupational exposure to chemical elements. They were subjected
to coronary angiography due to suspected ACS. Each patient agreed in a written consent
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form to use their data in research. Individuals with significantly elevated inflammatory
markers, active neoplastic diseases, paraneoplastic syndromes, viral or bacterial infection,
chronic kidney disease (stages III–V), or who were dying or permanently waving hair
in a 3 cm segment counting from the scalp, using any hair product with an increased
content of Cu or Zn, and ingesting medications or dietary supplements containing those
elements were excluded from the study. This cohort was also previously described in other
studies [19,21]. The study was approved by the Medical University of Warsaw bioethics
committee and was carried out in accordance with the Declaration of Helsinki.

2.2. Laboratory and Clinical Data

Clinical, laboratory, and anthropometric data from patient files were used to determine
diagnoses of obesity, overweight, hyperlipidemia, type 2 diabetes mellitus (t2DM), and
hypertension (HTN). BMI was calculated as the ratio of weight (kg) to the square of height
(m2) to diagnose obesity or overweight according to the European Guidelines for Obesity
Management in Adults [25]. Blood samples were taken on the day of admission from
the cephalic vein and used to perform laboratory tests with standard hospital procedures,
including serum levels of total cholesterol (TC), high-density lipoprotein cholesterol (HDL),
triglycerides (TG), and glucose. Low-density lipoprotein cholesterol (LDL) was calculated
with the Friedewald formula. The 2019 ESC Guidelines for the management of dyslipi-
demias were used to assess if the patient did not meet the treatment goals for their risk
level and diagnose hyperlipidemia [26]. T2DM was diagnosed if two measurements of the
fasting blood glucose level exceeded 7.0 mmol/L (126 mg/dL), or blood glucose at 120 min
during an oral glucose tolerance test exceeded 11.1 mmol/L (200 mg/dL), or random blood
glucose levels exceeded 11.1 mmol/L (200 mg/dL), accompanied by signs and symptoms
of hyperglycemia [27]. The 2021 European Society of Hypertension Practice Guidelines
criteria (blood pressure exceeding 140/90 mmHg during two in-office measurements) were
used to diagnose HTN [28].

2.3. Sample Collection and Analysis

Hair samples, weighing between 200 and 300 mg, were obtained from a few separate
scalp sites at the back of the head, close to the skin. Subsequently, they were washed for
5 min in an ultrasonic bath with water with a non-ionic detergent (Triton X-100, Sigma
Aldrich, Poznań, Poland) in a 1:100 dilution, rinsed with high purity water, acetone, and
water, and then dried. Solid samples, 150 mg each, were placed in a closed polypropylene
vial (8 mL) and dissolved in a mixture of 4 mL of 65% nitric acid (Merck, Darmstadt,
Germany) and 1 mL of 30% hydrogen peroxide (Merck, Darmstadt, Germany), and incu-
bated at 80 ◦C for 30 min in a microwave station. The samples were then cooled to room
temperature and diluted to a final volume of 10 mL with Milli-Q water and analyzed with a
previously validated method using an ICP-OES spectrometer (iCAP7400, Thermo Scientific,
Waltham, MA, USA) [29]. The concentrations of Cu and Zn in the solutions were calculated
on the basis of the results obtained for certified standards: CGZN1 and CGCU1 (Inorganic
Ventures, Christiansburg, VA, USA) for Zn and Cu, respectively, resulting finally in a total
element content in the samples.

2.4. Coronary Angiography

Coronary angiography is an invasive diagnostic and potentially therapeutic procedure
using X-rays and iodine contrast to visualize stenosis in the arteries. The data collected
during coronary angiographies with access through the radial or femoral arteries were used
to assess the extent and complexity of CAD with the SYNTAX score. The SYNTAX score is
derived through the application of an algorithm that incorporates the information obtained
from coronary angiogram images. This algorithm takes into account the parameters based
on the quantity of arterial lesions, their spatial distribution within the coronary vasculature,
and their respective effects on hemodynamic blood flow. The SYNTAX score was found
to be an independent predictor of long-term major adverse cardiac and cerebrovascular
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events, and could be considered as an effect modifier when choosing treatment [24]. Subse-
quent treatment was performed if necessary, as instructed by the ESC guidelines on the
management of stable CAD and the guidelines on myocardial revascularization applicable
at that time [30,31].

2.5. Statistical Analysis

The data distribution was determined using a Shapiro–Wilk test. For data not normally
distributed, the median with the interquartile range (IQR 25–75) was presented. Multivari-
ate ordinal logistic regression was performed to investigate the factors influencing the Cu,
Zn, and Cu/Zn level. The relationship between the selected variables was analyzed with a
Spearman correlation coefficient (R). Statistical significance was recognized if a two-sided
p-value < 0.05. Analysis was performed using Statistica 13.3 software (TIBCO Software Inc.,
Palo Alto, CA, USA).

3. Results
3.1. Study Population

The results of 130 (N = 36, 27.7% females; N = 94, 72.3% males) participants with a
median age of 65 years (IQR: 60–75) were presented in the study. The median BMI value
was 28 kg/m2 (IQR: 25–31). A total of 38 (29.2%) participants had a normal body weight,
52 (40.0%) were overweight, and 40 (30.8%) patients were classified as obese.

Active smoking during the study was declared by 38 (29.2%) patients, 17 (13.1%)
patients had smoked in the past, and 75 (57.7%) patients were no-smokers.

Hypertension was present in 112 (86.2%) patients and no hypertension was present in
only 18 (13.8%) patients.

A history of type 2 diabetes mellitus (t2DM) or diagnosis during the current hospital-
ization was found in 41 (31.5%) patients, pre-diabetes was found in 7 (5.4%) patients, and
no t2DM diagnosis was found in 82 (63.1%) patients.

On the basis of the lipid profile (total cholesterol—TC: median and IQR: 165 mg/dL,
137–197; LDL: median and IQR: 89 mg/dL, 69–126; HDL: median and IQR: 46 mg/dL,
40–54; triglycerides—TG: median and IQR: 110 mg/dL, 88–152), hyperlipidemia was
assessed in 120 patients and diagnosed in 53 (40.8%). A history of myocardial infarction
(MI) was noticed in 38 (29.2%) patients. Acute coronary syndrome (ACS) as the cause of
hospitalization was diagnosed in 65 (50.0%) patients (STEMI N = 31, 23.9%; NSTEMI N = 19,
14.6%; UA N = 15, 11.5%), whereas stable CAD was diagnosed in 65 (50.0%) patients. The
median SYNTAX score was 14 points (IQR: 5–26).

The median Cu, Zn, and Cu/Zn concentrations were as follows: 9.0 parts per million
(ppm) (IQR: 7.3–11.0), 168 ppm (IQR: 139–191), and 0.05 (IQR: 0.04–0.07).

Females were statistically older and presented higher values of TC and HDL than
males (p < 0.05 for all). Statistically, more males were active smokers (p < 0.05). There were
no significant differences between males and females in other analyzed parameters.

3.2. Determinants of Cu, Zn, and Cu/Zn

Cu, Zn, and Cu/Zn were divided into four quartiles and used in multivariate ordinal
logistic regression analyses as four-level dependent variables (Table 1).

Table 1. Quartiles for Cu, Zn, and Cu/Zn.

Q1 < 25% Q2 25–50% Q3 50–75% Q4 > 75%

Cu 6.6 (1.0–7.3) 8.4 (7.4–9.0) 10.0 (9.1–11.0) 12.7 (11.2–35.2)
Zn 113 (25–139) 152 (140–167) 176 (168–191) 206 (192–495)

Cu/Zn 0.04 (0.01–0.04) 0.05 (0.05–0.05) 0.06 (0.05–0.07) 0.09 (0.07–0.31)

The results of the multivariate ordinal logistic regression analyses of factors associated
with the Cu, Zn, and Cu/Zn level are presented in Tables 2–4. The SYNTAX score was
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negatively associated with the Cu and Cu/Zn level, whereas diabetes was associated with
the Zn level. The Zn level was lower in patients with diabetes than those without or with a
pre-diabetes status.

Table 2. Multivariate ordinal logistic regression analysis of factors associated with Cu level.

Variables Effect for β 95% CI Wald Stat. p-Value

Age - 0.013 −0.011–0.036 1.104 0.294
Sex Males −0.004 −0.487–0.480 <0.001 0.989
BMI - 0.005 −0.037–0.046 0.05 0.827

Smoking Smokers −0.103 −0.579–0.373 0.179 0.672
Hypertension Yes 0.042 −0.554–0.639 0.019 0.889

Diabetes
Yes −0.248 −0.701–0.205 1.150 0.284

Pre-diabetes 1.123 0.030–2.217 4.053 0.044
Hyperlipidemia Yes 0.106 −0.299–0.511 0.262 0.609

Previous MI Yes 0.158 −0.294–0.609 0.469 0.493
Diagnosis ACS 0.151 −0.262–0.563 0.513 0.474

SYNTAX score - −0.019 −0.033–−0.006 8.29 0.004

Table 3. Multivariate ordinal logistic regression analysis of factors associated with Zn level.

Variables Effect for β 95% CI Wald Stat. p-Value

Age - −0.006 −0.029–0.018 0.241 0.623
Sex Males 0.291 −0.198–0.780 1.360 0.244
BMI - −0.027 −0.070–0.015 1.584 0.208

Smoking Smokers −0.410 −0.894–0.073 2.764 0.096
Hypertension Yes −0.127 −0.726–0.472 0.173 0.678

Diabetes
Yes −0.689 −1.153–−0.226 8.484 0.004

Pre-diabetes −0.156 −1.195–0.883 0.086 0.769
Hyperlipidemia Yes 0.004 −0.405–0.414 <0.001 0.983

Previous MI Yes 0.075 −0.383–0.533 0.103 0.748
Diagnosis ACS −0.004 −0.421–0.414 <0.001 0.986

SYNTAX score - 0.003 −0.010–0.016 0.165 0.685

Table 4. Multivariate ordinal logistic regression analysis of factors associated with Cu/Zn level.

Variables Effect for β 95% CI Wald Stat. p-Value

Age - 0.006 −0.018–0.029 0.229 0.632
Sex Males −0.082 −0.566–0.401 0.112 0.738
BMI - 0.024 −0.018–0.066 1.23 0.267

Smoking Smokers 0.065 −0.409–0.539 0.073 0.788
Hypertension Yes −0.028 −0.621–0.565 0.008 0.927

Diabetes
Yes 0.112 −0.341–0.565 0.236 0.627

Pre-diabetes 0.409 −0.631–1.449 0.593 0.441
Hyperlipidemia Yes 0.176 −0.229–0.580 0.724 0.395

Previous MI Yes 0.309 −0.144–0.762 1.789 0.181
Diagnosis ACS 0.256 −0.159–0.670 1.462 0.227

SYNTAX score - −0.017 −0.030–−0.004 6.221 0.013

3.3. Association between Cu, Zn, Cu/Zn-Ratio, and Severity of CAD

There was no significant correlation between Zn and the SYNTAX score (R = 0.05,
p = 0.547, Figure 1A). There was a significant correlation between Cu and the SYNTAX
score (R = −0.19, p = 0.032, Figure 1B), and also between the Cu/Zn-Ratio and severity of
CAD assessed using SYNTAX (R = −0.20, p = 0.025, Figure 1C).
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4. Discussion

The results of this study did not find a correlation between the Zn content in hair
samples and the complexity of CAD assessed with the SYNTAX score. However, a statisti-
cally significant inverse correlation was described between the SYNTAX score and the Cu
content in hair, as well as the Cu/Zn ratio. Notably, the previous observations of a lack
of correlation between Zn content and the severity of CAD were documented [19]. The
principal limitation of the mentioned research stemmed from the utilization of the four-
grade CASS scale, which, while being characterized by its simplicity and qualitative utility,
did not fully reflect the multifaceted nature of CAD. The CASSS offered a rudimentary
classification between one-, two-, and three-vessel disease. The present analysis utilized a
more refined and sophisticated SYNTAX scale, which has well-established scientific and
clinical value. Notwithstanding this advancement, the application of the SYNTAX scale has
supported our previous conclusions about the absence of a significant correlation between
Zn content in hair and the severity of CAD. Furthermore, the findings demonstrated that
lower values of the Cu/Zn ratio were linked to a higher SYNTAX score.

The subject of Cu and Zn levels and the complexity of CAD has received limited
attention so far, with the vast majority of studies relying on serum or urine analyses. Fur-
thermore, the results across the studies have displayed notable inconsistencies, rendering
them ultimately inconclusive in determining if the Zn and Cu content is correlated with
the severity of CAD [32–35]. A comparative analysis of the Zn and Cu levels between
patients with and without CAD (67 vs. 26 patients) revealed a significant correlation with
the diagnosis of CAD, but no correlation was observed with the extent of the disease [32].
Similar results were described by Lim et al., as they have not found a correlation between
serum Cu levels and the severity of CAD [33]. Despite the consistent conclusions of the
aforementioned studies with our results on Zn content [32], our data contradicts the absence
of correlation between Cu levels and CAD complexity, as reported in the aforementioned re-
ports [32,33]. This discrepancy could be possibly attributed to the variations in the scoring
systems used to assess the severity of CAD (Gensini [32,36], number of affected arter-
ies [33]), as well as the diversity of the materials and methods used to measure the transient
concentration of microelements. On the other hand, Giannoglou et al. also did not identify
a correlation between Zn serum concentration and CAD severity, but did report a positive
correlation between Zn excretion through urine and CAD extent. It is important to note
that the majority of the patients were treated with thiazide diuretics, which significantly
affect the urinary excretion of Zn [34]. Mielcarz et al. described an interesting perspective
on Zn and Cu content as well as the Cu/Zn ratio by measuring the microelement content
not only in serum, but also in leukocyte DNA and proteins. Although they did not observe
a significant correlation between Zn and Cu levels, as well as between the Cu/Zn ratio in
serum and CAD, they described a correlation between the Cu levels in leukocytes and the
extent of CAD [37]. This analysis highlights the dependence of the results obtained on the
type of biological sample used to measure the levels of microelements. An analysis of the
serum Cu content in 337 patients with CAD by Bagheri et al. revealed a positive correlation
between this microelement and the SYNTAX score, contradicting the results presented
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in this study [35]. Despite the same scale being used for the assessment of CAD severity,
the ethnic differences between cohorts and different sample materials challenge a straight-
forward comparison between the results. In agreement with our findings, Mahalle et al.
described a relation between lower Zn and Cu food intake and the severity of CAD [38].
However, their approach was based on a dietary interview from two consecutive days as
an assessment of microelement content, without verification through laboratory testing.
Thus, comparing these results with our data seems difficult, given that hair samples are
considered to reflect the exposure to microelements over the previous two months [11].

There is a limited number of studies that assess the relationships of the Zn and
Cu content in hair samples and CVD. These studies typically aimed to correlate these
microelements with ACS, rather than with the complexity and severity of CAD. Due to the
inconsistent results of these analyses, the question of the correlation between the Zn and
Cu levels in hair and ACS remains unresolved [39–46].

The existing literature exploring the relationship between traditional CAD risk factors
and Zn, Cu, and their proportions is limited [47]. Our findings indicate a notable decrease
in zinc content in the hair samples from individuals with t2DM, aligning with experimental
studies that emphasize the pivotal role of zinc in glucose metabolism. Zinc is thought to be
involved in insulin release mechanisms within the β-cells of the islets of Langerhans [48],
gluconeogenesis [49–51], as well as in the regulation of tissue sensitivity to insulin [52].
Furthermore, its supplementation was suggested to have potential benefits for patients
with t2DM [50,53]. In our study cohort, the hair Cu content and the Cu/Zn ratio were
not significantly different among patients with and without t2DM. The findings from
other studies are inconclusive; some are consistent with our results [54], while others
suggest a negative correlation between hair Cu content and glycated hemoglobin levels [55].
Additionally, Cu was reported to exhibit content-dependent effects, with deficiency or
excess having potential detrimental impacts on human health [56,57]. These observations
emphasize the need for further well-designed research to elucidate potential indications
for supplementation.

Within our examined group, we did not observe any correlation between HTN and
the levels of Zn, Cu, or the Cu/Zn ratio in hair samples. This may be attributed to the
demographics of our analyzed group, given that a significant majority of our patients had
well-controlled HTN. A recent comparative analysis involving nearly 400 hair samples
from individuals diagnosed with HTN and healthy individuals revealed lower Cu and Zn
content in the hair of those with HTN [58]. However, these results were not corroborated by
Vivoli et al., who reported no differences in hair Cu and Zn content between corresponding
groups [59]. It is essential to recognize that these previously mentioned analyses cannot be
directly compared to our findings, as our cohort consists of patients with CAD. Considering
the intricate involvement of extracellular and intracellular Zn in various mechanisms [60],
its J-shaped correlation between dietary Zn intake and HTN diagnosis [61], as well as
the multifaceted effects of Cu on the cardiovascular system, it is fundamental to conduct
comprehensive research to thoroughly investigate the roles of both elements in the context
of HTN and blood pressure regulation.

Our data indicate that there is no evident correlation between hair Cu or Zn content
and hyperlipidemia. This finding appears to contradict a recent comprehensive meta-
analysis that spanned studies conducted between 1990 and 2022 [47], which focused on
the relationship between serum trace elements and lipid metabolism. The aforementioned
study reported a lack of correlation between serum Zn levels and dyslipidemia, but it did
identify a significant correlation with other elements, including Cu. It is worth noting
that this inconsistency may be attributed to the analysis of different sample types, as the
studies examined in the meta-analysis employed serum samples, making direct result
comparisons with our results challenging. Furthermore, most data in the aforementioned
meta-analysis were derived from comparative studies involving healthy individuals and
patients, whereas our research centered on patients who were already undergoing treatment
with hypolipemic medications.
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We did not detect a significant correlation between body weight or smoking habits and
hair Cu or Zn levels. Given the incongruous findings from the available studies conducted
on healthy individuals, drawing definitive conclusions on this subject remains a matter of
ongoing research [45,46,62–64].

In summary, the correlation between traditional CAD risk factors and hair Zn and
Cu content and the Zn/Cu ratio necessitates further well-designed research due to the
inconsistencies observed in the methods and results of existing studies.

This study has its limitations, which should be acknowledged when interpreting the
findings, and may warrant further investigation and considerations in future research en-
deavors. Its cross-sectional and observational character precludes the ability to determine
causal relationships among the analyzed variables. The cohort exhibits limited demo-
graphic diversity and this constraint is associated with the cost of sample analysis. The
potential influence of medications, including angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, diuretics, and β-adrenolytics, was not accounted for in the
analysis. Furthermore, the assessment of microelement content was evaluated exclusively
in hair samples, without comparative evaluation across different types of samples (serum,
urine, and leukocytes) and measuring methods.

The concept of hair analysis leverages the advantages associated with a relatively
consistent rate of hair growth, approximately 1 cm per month. Hair serves as a repository
for xenobiotics, primarily derived from the bloodstream [65]. Consequently, the analysis
of xenobiotics in hair offers additional opportunities for assessing mineral nutrition and
monitoring exposure to toxins or environmental contaminants [66,67]. Given the pivotal
role of Cu and Zn in various essential biological processes, numerous studies have sought
to explore the incorporation of microelements into hair, any potential alterations in hair
structure or composition, and their associations with biogenic factors [65]. Considering the
prolonged inflammation of the vascular wall, a hallmark of chronic coronary syndrome,
the use of hair as a biological material enables the assessment of the long-term exposure to
specific substances, as opposed to the transient concentrations in serum or urine.

The reference values for the Zn or Cu content in hair and Cu/Zn ratio have not
been established yet. Furthermore, the SYNTAX score was postulated to have an inherent
limitation related to inter-individual variability in its calculation [68].

In summary, this study identified a statistically significant inverse correlation between
the complexity of CAD, as assessed with the SYNTAX score, and both Cu content and
the Cu/Zn ratio in hair samples. Conversely, the Zn levels did not correlate with the
SYNTAX score. The observed variance of microelement levels across different sample
types (serum, urine, hair, leukocytes) in various studies suggests that these nutrients are
involved in complex processes, emphasizing the need for further well-designed research
to comprehensively explain their role in the pathogenesis of atherosclerosis. Considering
the ease and noninvasiveness of obtaining hair samples, their analysis could potentially
become a routine practice in clinical settings, providing prior extensive research.

5. Conclusions

In this study, an inverse correlation was observed between the extent of CAD assessed
with the SYNTAX scale and Cu content, as well as the Cu/Zn ratio in hair samples.
Conversely, the Zn content in the hair samples did not exhibit a significant correlation with
the SYNTAX score in the cohort of patients with confirmed CAD, as determined through
coronary angiography.
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