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Purpose: This study aimed to explore relationships between whole blood copper (Cu), zinc
(Zn) and Cu/Zn ratio and cardiac dysfunction in patients with septic shock.

Subjects and Methods: Between April 2018 and March 2020, septic shock patients with sepsis-
induced left ventricular systolic dysfunction (SILVSD, left ventricular ejection fraction, LVEF<50%)
and with no sepsis-induced myocardial dysfunction (non-SIMD, septic shock alone and
LVEF>50%) and controls were prospectively enrolled. Whole blood Cu and Zn levels were
measured using flame atomic absorption spectrophotometry.

Results: Eighty-six patients with septic shock including both 41 SILVSD and 45 non-SIMD and 25
controls were studied. Whole blood Cu levels and Cu/Zn ratio were significantly higher and Zn levels
were lower in SILVSD compared with non-SIMD and controls (Cu, p=0.009, <0.001; Zn, p=0.029,
<0.001; Cu/Zn ratio, p=0.003, <0.001). Both increased whole blood Cu and Cu/Zn ratio and reduced
Zn were associated with lower LVEF (all p<0.001) and higher amino-terminal pro-B-type natriuretic
peptide (NT-proBNP) (Cu, p=0.002; Zn, p<0.001; Cu/Zn ratio, p<0.001) and had predictive values for
SILVSD (Cu, AUC=0.666, p=0.005; Zn, AUC=0.625, p=0.039; Cu/Zn ratio, AUC=0.674, p=0.029).
‘Whole blood Cu levels and Cu/Zn ratio were increased but Zn levels were reduced in non-survivors
compared with survivors (Cu, p<0.001; Zn, p<0.001; Cw/Zn ratio, p<0.001). Whole blood Cu and Zn
displayed the value of predicting 28-day mortality (Cu, AUC = 0.802, p<0.001; Zn, AUC=0.869,
<0.001; Cu/Zn ratio, AUC=0.902, p<0.001).

Conclusion: Findings of the study suggest that whole blood Cu levels and Cu/Zn ratio are
increased in SILVSD patients and positively correlated with cardiac dysfunction, while
whole blood Zn levels are reduced and negatively associated with cardiac dysfunction.
Moreover, both whole blood Cu, Zn and Cu/Zn ratio might distinguish between SILVSD
and non-SIMD in septic shock patients and predict 28-day mortality.

Trial Registration: Registered at http://www.chictr.org.cn/ChiCTR1800015709.
Keywords: copper, zinc, Cu/Zn ratio, septic shock, sepsis-induced left ventricular systolic
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Background
Sepsis, one of the most frequent causes of death in intensive care units (ICUs), is
characterized as life-threatening organ dysfunction caused by dysregulated host

Received: 21 August 2021
Accepted: 7 October 2021
Published: 27 October 2021

International Journal of General Medicine 2021:14 7219-7234 7219
© 2021 Meng et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are avallahle at https://www.dovepress.com/terms.php
A and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati /by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press lelted provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://www.chictr.org.cn/ChiCTR1800015709
mailto:hzhzl85519933@zju.edu.cn
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Meng et al

Dove

response to infection and occurs when the body's immune
response to infection is impaired.'? Septic shock is
a subset of sepsis with circulatory and cellular/metabolic
dysfunction associated with a higher risk of mortality.
Low systemic vascular resistance is one of the most
obvious characteristics in patients with septic shock, and
the cardiac output (CO) is usually reduced in hypodynamic
septic shock.* Myocardial dysfunction can be seen in up to
30-80% septic shock patients whose cardiac function is
not abnormal prior to septic shock.’

Sepsis-induced myocardial dysfunction (SIMD) was
demonstrated in the study of 20 patients conducted by Parker
et al for the first time.® SIMD has become one of the major
factors of mortality in patients with sepsis,” and can be divided
into left ventricular (LV) systolic/diastolic dysfunction or
abnormalities of global/regional wall motion (WMA).®
Sepsis-induced LV systolic dysfunction (SILVSD) manifests
reduced systolic function, cardiomegaly and lower ejection
fraction (EF) to adapt to low systemic vascular resistance
caused by vasoplegia.”” SILVSD is characterized by a left
ventricular ejection fraction (LVEF) below 50% without LV
diastolic dysfunction (LVDD) manifesting E/e’ ratios above
15 by transthoracic echocardiography (TTE).® Alike B-type
natriuretic peptide (BNP), an indirect indicator of heart func-
tion, which is released while wall stress is enhanced in sepsis
and septic shock, amino-terminal pro-BNP (NT-proBNP) is
also increased and elevated NT-proBNP is related to poor
prognosis in sepsis and septic shock.'®

Cardiac specific injury biomarkers such as troponin (¢TNI,
¢TNT) and heart-type fatty acid binding protein (HFABP)
have been studied in patients with septic shock and elevated
TNI and HFABP are related to poor prognosis.'"'* However,
the results of these studies exploring the impact of TNI levels
on SIMD showed differences. Although Klouche et al did not
discover an association between TNI and SIMD on
echocardiography,'* others found that elevated TNI could be
a prognostic factor in patients with SIMD.'*!> Hence, it is
vital to look for other more reliable biomarkers with less
controversy as prognostic factors for patients with SIMD.

Two of the most significant trace elements are copper
(Cu) and zinc (Zn), which play a major role in many
important biological functions. Cu and Zn act as cofactors
for several enzymes to mediate important biochemical
reaction and must be present in the body in an appropriate
amount.'® Abnormal immune and inflammatory responses
can alter the distribution of Cu and Zn in the body."”
Serum Zn level is decreased during infection, inflamma-
tion and sepsis. Studies in human patients and animal

models showed that lower level of serum Zn was asso-
ciated with severe pneumonia and sepsis and could
increase sensitivity for infection and sepsis.'®° Cu level
is elevated in patients with sepsis. People with high
levels of serum Cu are liable to suffer from infection,
sepsis, myocardial infarction (MI), hypertension, cancer
and chronic obstructive pulmonary disease (COPD).*"*?
Cu and Zn levels also change in patients with heart failure
(HF). Alexanian et al found that the high level of serum
Cu in patients with acute heart failure (AHF) or chronic
heart failure (CHF) was associated with LV systolic and
diastolic dysfunction; on the contrary, a reduction of serum
Zn level in CHF and AHF was correlated with LVDD.*?
Apart from the changes of Cu and Zn levels, imbalance of
Cu/Zn ratio also plays an important biological role in
infection and inflammation.** Lower level of Zn and
higher Cu/Zn ratio in patients with extensive purulent
soft
C-reactive protein (CRP) values and may be an indepen-

tissue wounds are correlated with increased
dent predictor of patients with severe systemic inflamma-
tory response.”” Increased serum Cu and Cu/Zn ratio are
associated with the high risk of incident infections.?®
However, there are no studies evaluating the change of
levels of whole blood Cu, Zn and Cu/Zn ratio in SILVSD
patients with septic shock. The current prospective clinical
study was planned to explore the change of whole blood
Cu, Zn and Cu/Zn ratio of SILVSD patients with septic
shock and the association with prognosis of SILVSD
patients with septic shock.

Subjects and Methods

In this prospective, non-interventional observational, sin-
gle-center study, eligible patients and controls were opted
as the study participants and referred to Tongde Hospital
of Zhejiang Province. The study has been carried out
between April 2018 and March 2020.

Ethical Statement

This study was approved by the Ethics Committee of
Tongde Hospital of Zhejiang Province (approval no.
[2018]016) and followed the ethical guidelines of the
1964 Helsinki
Written informed consents were obtained from controls

Declaration and its later amendments.

and relatives of all enrolled patients who always suffered
from varying degrees of consciousness disorder and even
were sedated because of intubation and mechanical venti-
lation in ICU.
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Subjects

According to the diagnosis criteria of septic shock and
SILVSD, 41 SILVSD patients with septic shock and 45
non-SIMD patients with septic shock were enrolled.
Diagnosis criteria: sepsis is defined as Sequential Organ
Failure Assessment (SOFA) score >2 points consequent to
the infection, and septic shock is identified using the
clinical criteria of hypotension requiring vasopressor ther-
apy to maintain mean arterial pressure (MAP) 65 mmHg
or greater and having a serum lactate level greater than 2
mmol/L after adequate fluid resuscitation.! SILVSD is
diagnosed as a LVEF below 50% without LV diastolic
dysfunction manifesting E/e’ ratios above 15 by TTE and
abnormalities of global/regional wall motion.® All patients
suffered from septic shock with or without SILVSD were
asked to participate in the study. Moreover, the exclusion
criteria for the study were: (1) age <18 years or >80 years;
(2) pre-existing cardiomyopathy, valvular heart disease,
atrial fibrillation, myocarditis, ventricular outflow tract
obstruction, AHF and CHF; (3) acute coronary syndrome
within recent two weeks; (4) either LVDD or abnormal-
ities of wall motion alone on TTE; (5) chronic inflamma-
tory disease; (6) pregnancy; and (7) continuous blood
purification (CBP) within recent two weeks. Furthermore,
a group of 25 volunteers free of symptoms, signs and
objective evidence of infection, sepsis, septic shock,
AHF and CHF served as controls.

Data and Samples Collection

At the enrolment, demographic data, medical history, clinical
finding and laboratory parameters were recorded for each
subject. At admission, three 5-mL tubes of venous blood
samples drawn from all patients with septic shock were
collected in heparinized tubes with lithium heparin, and one
2-mL venous blood sample was collected in a tube with
EDTA-K2. Two 5-mL tubes of venous blood samples and
the 2-mL tube of venous blood sample were sent to the
Department of Biochemistry at Tongde Hospital of
Zhejiang Province (Hangzhou, China): a 5-mL tube of
venous blood sample was used for measuring plasma levels
of TNT, NT-proBNP, HFABP and PCT, the other for blood
urea nitrogen (BUN), creatinine (Cr), total bilirubin (TB),
aspartate aminotransferase (AST), alanine aminotransferase
(ALT) and lactate, and the 2-mL tube of venous blood sample
for measuring the counts of blood leukocyte and hs-CRP. The
third 5-mL tube of venous blood sample was sent to DIAN
DIAGNOSTICS (Hangzhou, China) for detection of the

levels of Cu and Zn in whole blood. In order to avoid
contamination of blood samples and tubes for measuring
trace elements, rubber gloves were kept away from samples,
tubes and sites for collecting samples during the period of
collecting samples because there are metal elements contain-
ing in rubber gloves (manufacturer’s instruction: approval
and revised date: June 12, 2017, Beijing Bohui Innovation
Biotechnology Co., Ltd, Beijing, China).

HFABP concentrations were determined by immunochro-
matographic assay using the Diagnostic Kit for the
Quantitative Determination of Human Heart-type Fatty Acid-
Binding Protein Rapid Test (Finecare, Guangzhou, China) in
the FS-201 Automatic Immunofluorescence Quantitative
Analyzer (Finecare, Guangzhou, China). Plasma concentra-
tions of TNT, NT-proBNP and PCT were determined by
electrochemiluminescence (ECL) assay using the Elecsys
Troponin T hs Assay Kit, Elecsys proBNP Immunoassay Kit
and Elecsys BRAHMS PCT Assay Kit (Roche) in the cobas
e411 Analyzer for immunoassay tests (Roche Diagnostics,
North America). Complete blood cell counts and hs-CRP
were determined using BC-6900 Automatic Hematology
Analyzer and original (Mindray,
Shenzhen, China).

matching reagents

Trace Elements (Cu and Zn)

Determination in Whole Blood

Samples that were sent to DIAN DIAGNOSTICS for detec-
tion of trace elements were stored in a refrigerator (2—6 °C)
and then measured by flame atomic absorption spectropho-
tometry (FAAS) using the Bohui Human Multi-element
Detection kit for Whole Blood or Serum (improved)
(Reagents: 1.20 mLx50 pieces and Calibration solutions:
30 mLx4 bottles, Beijing Bohui Innovation Biotechnology
Co., Ltd, Beijing, China) in the BHS5100T Atomic
Absorption Spectrometer (Bohui, Beijing, China) in 48
hours. Major components of the reagent are triton
(<0.05%), lanthanum chloride (<1.2%), bovine serum and
purified water and the calibration solution contains Cu, Zn
calcium (Ca), magnesium (Mg), ferrum (Fe), potassium (K)
and sodium (Na). Whole blood Cu and Zn were determined
according to the manufacturer’s instruction (approval and
revised date: June 12, 2017, Beijing Bohui Innovation
Biotechnology Co., Ltd, Beijing, China.). Then, 40 pL of
blood was added into the reagent and kept at room tempera-
ture (25 °C) for 30 minutes, and then the processed sample
was injected into the FAAS. The reference values of whole
blood Cu and Zn are in the range of 7.12 to 33.80 umol/L and
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67.72 to 111.30 umol/L respectively in adults, which were
based on the values of whole blood trace elements including
Cu and Zn in 101,600 healthy individuals from China, and

the reference range was determined by percentile.?’>°

Standard Echocardiographic Examination
TTE was performed in the next morning of admission using
M9 Ultrasound System (Mindray, Shenzhen, China) by an
experienced echocardiographer in the critically ill who was
not involved in patient care to evaluate LVEF (modified
Simpson’s rule), abnormalities of global/regional wall
motion and E/e’ ratios (tissue Doppler imaging).

Statistical Analysis

Continuous variables with normal distribution were
described as means+standard deviations (SDs) and ana-
lyzed using the independent-samples f¢-test or one-way
ANOVA, followed by the Scheffe test for multiple
groups. Continuous variables with skewed distribution
were described as medians [interquartile ranges (IQRs)]
and analyzed using the Mann—Whitney U-test or the
Kruskal-Wallis one-way ANOVA. Categorical variables
were provided as proportions (%) and tested with the
chi-square test. The correlations between whole blood
Cu, Zn and Cu/Zn ratio and Acute Physiology and
Chronic Health Evaluation (APACHE)-II score, SOFA
score, LVEF, plasma TNT, NT-proBNP, HFABP and
PCT were analyzed with partial correlation as controlling
for fluid balance prior to ICU and hematocrit (HCT).
Receiver operating characteristic (ROC) and area under
the ROC curves (AUC) were used to evaluate the pre-
dictive and prognostic values of whole blood Cu, Zn
concentrations and Cu/Zn ratio. p<0.05 would be recog-
nized as statistically significant. SPSS software (version
23.0, IBM Corporation, Armonk, NY, USA), GraphPad
Software (Prism 8.0.2, GraphPad Software) and
MedCalc statistical software (version 11.4.2, MedCalc
Software Bvba, Ostend) were used to conduct the statis-
tical analysis.

Results

Demographic and Clinical Data

Between April 2018 and March 2020, 236 patients were
diagnosed with septic shock. 129 patients were excluded
because of 24 patients with age >80 years old, 11
patients with cardiomyopathy, 5 patients with valvular
heart disease, 34 patients with acute coronary syndrome

and 55 patients with chronic heart failure before enrol-
ment. Then, 107 patients with septic shock who met the
inclusion criteria were divided into non-SIMD group
(without SIMD, n=45) and SIMD group (n=62) in
terms of the diagnostic criteria on TTE. In order to
investigate the changes of whole blood Cu and Zn in
SILVSD patients with septic shock, 8 patients with
LVDD alone and 13 patients with WMA alone were
also excluded from the SIMD group. After exclusion,
41 SILVSD patients with septic shock, 45 non-SIMD
patients with septic shock and 25 controls were included
in the study. Therefore, data of 111 participants were
analyzed (Figure 1).

The basic characteristics of the participants are shown in
Table 1. As can be seen in Table 1, there are no significant
differences in age and percentage of males among the three
groups (Control vs non-SIMD vs SILVSD): 66.08+12.12 vs
65.53£13.17 vs 69.20+10.34 years old (age; p=0.335); 15
(60.0%) vs 29 (64.4%) vs 27 (65.9%) (males; p=0.888). The
sources of infection included lung, abdomen, bloodstream,
urinary tract and others. No significant differences in the
sources of infection were revealed between SILVSD and
non-SIMD patients (p=0.724), but the major etiologies
were pneumonia in all patients. Compared with non-SIMD
patients at enrollment, SILVSD patients had significantly
higher APACHE-II score and SOFA score and higher TB,
AST, ALT, BUN, Cr, TNT, NT-proBNP, HFABP and PCT
levels (all p<0.05), but lower LVEF (p<0.05). Furthermore,
SILVSD patients were administered more dosage of norepi-
nephrine (NE) to maintain MAP than non-SIMD at admis-
sion (p=0.043). No significant difference in patients’
underlying diseases including hypertension, diabetes melli-
tus, COPD, anemia and stroke was shown between SILVSD
and non-SIMD patients (p=0.867). With respect to the differ-
ences in fluid balance prior to ICU and HCT, there were no
significant differences between SILVSD and non-SIMD
(fluid balance prior to ICU: p=0.237; HCT: p=0.518).

Increased Whole Blood Cu and Cu/Zn
Ratio and Reduced Zn and the
Correlation with LVEF and NT-proBNP in
SILVSD Patients

Whole blood Cu and Zn concentrations and Cu/Zn ratio
and levels of LVEF and plasma NT-proBNP at admission
were analyzed in 41 patients with SILVSD, 45 non-
SIMD patients and 25 controls. Whole blood Cu con-
centrations in patients with SILVSD were higher than
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Adult patients
with septic shock

(n=236)

>
»

Collecting blood for measuring

whole blood Cu, Zn leukocyte,

hs-CRP and plasma TNT, NT-
proBNP, HFABP and PCT

TTE
SIMD-at least satisfied one of criterion:
LVSD, LVDD or WMA

\ 4

Exclusion(n=129):

Age above 80 years (n=24)

Past medical history with:
Cardiomyopathy (n=11)
Valvular heart disease (n=5)
Acute coronary syndrome (n=34)
Chronic heart failure (n=55)

TTE and collecting blood for
measuring whole blood Cu and Zn

\ 4 \ 4
Controls Non-SIMD
(n=25) (n=45)

Figure | Diagram of the study.

Sl

SIMD
(n=62)

Exclusion(n=21):
> LVDD alone (n=8)
WMA alone (n=13)

\ 4

SILVSD
(n=41)

Abbreviations: Cu, copper; HFABP, heart-type fatty acid binding protein; hs-CRP, hypersensitive C-reactive protein; LVDD, left ventricular diastolic dysfunction; LVSD, left
ventricular systolic dysfunction; NT-proBNP, amino-terminal pro-B-type natriuretic peptide; PCT, procalcitonin; SILVSD, sepsis-induced left ventricular systolic dysfunction;
SIMD, sepsis-induced myocardial dysfunction; TNT, troponin T; TTE, transthoracic echocardiography; WMA, wall motion abnormalities; Zn, zinc.

those in non-SIMD patients and controls (16.34+1.93
pmol/L vs 15.23£2.07 pmol/L, p=0.009; 16.34£1.93
umol/L vs 14.02+1.65 umol/L, p<0.001), and non-
SIMD patients also showed increased levels of Cu com-
pared with controls (15.2342.07 umol/L vs 14.02+1.65
pmol/L, p=0.013) (Figure 2A). Whole blood Zn levels in
patients with SILVSD were lower than those in non-
SIMD patients and controls (78.45+12.18 umol/L vs
85.07£14.80 pmol/L, p=0.029; 78.45+£12.18 umol/L vs
94.90+14.78 pmol/L, p<0.001), and non-SIMD patients
also showed reduced levels of Zn compared with con-
trols (85.07+14.80 umol/L vs 94.90+14.78 nmol/L,
p=0.005) (Figure 2B). Cu/Zn ratio in patients with
SILVSD was higher than those in non-SIMD patients
and controls (0.216+0.053 vs 0.184+0.046, p = 0.003;
0.216+0.053 vs 0.151£0.029, p<0.001], and non-SIMD
patients also showed increased Cu/Zn ratio compared
with controls (0.184+0.046 vs 0.151+0.029, p=0.017)
(Figure 2C).

As controlling for confounders of sensible fluid bal-
ance prior to ICU and HCT, partial correlation analysis

showed that whole blood Cu was negatively correlated
with LVEF (=—0.551, p<0.001) (Figure 2D), but it was
positively correlated with plasma NT-proBNP (7=0.489,
p=0.002) (Figure 2E). While whole blood Zn was posi-
tively correlated with LVEF (r=0.626, p<0.001)
(Figure 2F), it was negatively correlated with plasma NT-
proBNP (r=—0.569, p<0.001) (Figure 2G). Cu/Zn ratio
was negatively correlated with LVEF (=—0.665,
p<0.001) (Figure 2H), but it was positively correlated
with plasma NT-proBNP (+=0.616, p<0.001) (Figure 2I).

Whole Blood Cu and Zn Levels and Cu/
Zn Ratio in Relation to APACHE-I| Score,
SOFA Score, Plasma TNT, HFABP and
PCT in SILVSD Patients

As controlling for confounders of sensible fluid balance
prior to ICU and HCT, partial correlation analysis showed
that whole blood Cu was positively correlated with
APACHE-II score and SOFA score (APACHE-IIL:
r=0.384, p=0.016; SOFA: r=0.353, p=0.028) (Figures 3A
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Figure 2 Whole blood Cu, Zn levels and Cu/Zn ratio in SILVSD patients with respect to non-SIMD and control, and partial correlation analysis of whole blood Cu, Zn levels
and Cu/Zn ratio with LVEF and NT-proBNP in SILVSD patients. The bars represent the levels of whole blood Cu (A), Zn (B) and Cu/Zn ratio (C) of healthy controls (n=25),
non-SIMD patients (n=45) and SILVSD patients (n=41). The curves were plotted by Cu values at admission of 41 SILVAD patients to their respective LVEF (D) and NT-
proBNP (E). The curves were plotted by Zn at admission of 41 SILVSD patients to their respective LVEF (F) and NT-proBNP (G). The curves were plotted by Cu/Zn ratio at
admission of 41 SILVSD patients to their respective LVEF (H) and NT-proBNP (l). Data are presented as mean+SD. Each circle represents an individual patient. One-way
ANOVA was used to analyze the levels of whole blood Cu, Zn and Cu/Zn ratio of healthy controls, non-SIMD patients and SILVSD patients. The correlations between whole
blood Cu, Zn and Cu/Zn ratio and LVEF and NT-proBNP were analyzed with partial correlation as controlling for fluid balance prior to ICU and HCT.

Abbreviations: Cu, copper; HCT, hematocrit; LVEF, left ventricular ejection fraction; NT-proBNP, amino-terminal pro-B-type natriuretic peptide; SILVSD, sepsis-induced left
ventricular systolic dysfunction; SIMD, sepsis-induced myocardial dysfunction; Zn, zinc.
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Figure 3 Partial correlation analysis of whole blood Cu, Zn levels and Cu/Zn ratio with APACHE-I| score, SOFA score, TNT, HFABP and PCT levels in SILVSD patients. The
curves were plotted by Cu values at admission of 41 SILVSD patients to their APACHE-II score (A), SOFA score (B), TNT (C), HFABP (D) and PCT (E) respectively. The
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with partial correlation as controlling for fluid balance prior to ICU and HCT.
Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; Cu, copper; HCT, hematocrit; HFABP, heart-type fatty acid binding protein; PCT, procalcitonin;
SILVSD, sepsis-induced left ventricular systolic dysfunction; SOFA, Sequential Organ Failure Assessment; TNT, troponin T; Zn, zinc.
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and B) and plasma TNT, HFABP and PCT (TNT: r=0.368,
p=0.021; HFABP: =0.389, p=0.014; PCT: r=0.424,
p=0.007) (Figure 3C-E). On the contrary, whole blood
Zn was negatively correlated with APACHE-II score and
SOFA score (APACHE-II: =—0.405, p=0.049; SOFA: =
—0.389, p=0.014) (Figures 3F and G) and plasma TNT,
HFABP and PCT (TNT: =—0.721, p<0.001; HFABP: r=
—0.451, p=0.004; PCT: =—0.482, p=0.002) (Figure 3H-J).
Cu/Zn ratio was positively correlated with APACHE-II
score and SOFA score (APACHE-II: =0.364, p=0.023;
SOFA: =0.467, p=0.003) (Figures 3K and L) and plasma
TNT, HFABP and PCT (TNT: =0.633, p<0.001; HFABP:
r=0.491,  p=0.002; PCT: r=0.523,  p=0.001)
(Figure 3M-0).

Predictive Values of Whole Blood Cu, Zn
and Cu/Zn Ratio for SILVSD

ROC curve analysis was applied to compare the predictive
value of whole blood Cu, Zn and Cu/Zn ratio for SILVSD.
The AUC for Cu, Zn and Cu/Zn ratio [Cu: (AUC=0.666;
95% CI, 0.556-0.764; p=0.005), Zn (AUC=0.625; 95%
CIL, 0.514-0.727; p=0.039), Cu/Zn ratio: (AUC=0.674;
95% CI, 0.564-0.771; p=0.029)] suggested that whole
Cu, Zn and Cu/Zn ratio could predict SILVSD in patients
with septic shock (Figure 4). When the cut-off points for
whole blood Cu, Zn and Cu/Zn ratio were set at 14.2
pmol/L, 84.11 umol/L and 0.204, they had sensitivity of
87.80%, 73.13% and 48.78% and specificity of 46.67%,
53.33% and 82.22% respectively.

Predictive Values of Whole Blood Cu, Zn
and Cu/Zn Ratio for 28-Day Mortality

A follow-up of 28 days after enrollment or until death was
conducted in each patient. Whole blood Cu levels at
admission were significantly higher in non-survivors
(n=30) than survivors (n=56) (17.20+2.25 pmol/L vs
14.99+1.49 umol/L, p<0.001) (Figure 5A), but Zn concen-
trations were significantly lower in non-survivors than
survivors (71.17£11.98 pmol/L vs 87.67+11.30 umol/L,
p<0.001) (Figure 5B). Cu/Zn ratio was significantly higher
in non-survivors than in survivors (0.250+0.055 vs 0.173
+0.026; p<0.001) (Figure 5C). The performance of Cu, Zn
and Cu/Zn ratio for predicting 28-day mortality was eval-
uated by ROC curve analysis between hospital deaths and
survivors for all enrolled patients. Whole blood Cu, Zn
and Cu/Zn ratio displayed the values of predicting 28-day
mortality [Cu: (AUC=0.802; 95% CI, 0.702-0.880;

100

80

60

Sensitivity

40
— Cu
---- Zn
»»»»» Cu/Zn ratio

20 AUC,, = 0.666; 95% CI, 0.556-0.764;p = 0.005

AUC, = 0.625; 95%CI, 0.514-0.727:p=0.039
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Figure 4 ROC curves for the prediction of SILVSD. ROC curves present sensitivity
and specificity of Cu, Zn and Cu/Zn ratio for predicting SILVSD. ROC and AUC
were used to evaluate the value of whole blood Cu, Zn concentrations and Cu/Zn
ratio for predicting SILVSD.

Abbreviations: AUC, area under the ROC curve; Cu, copper; ROC, receiver
operating characteristic; SILVSD, sepsis-induced left ventricular systolic dysfunction;
Zn, zinc.

p<0.001); Zn: (AUC=0.869; 95% CI, 0.779-0.932;
p<0.001); Cu/Zn ratio: (AUC=0.902; 95% CI, 0.891—
0.956; p<0.001)] (Figure 5D). When the cut-off points
for whole blood Cu, Zn and Cu/Zn ratio were set at
16.45 umol/L, 79.15 pmol/L and 0.202, they had sensitiv-
ity of 73.33%, 83.33% and 86.67% and specificity of
85.71%, 83.93% and 91.07% respectively.

Discussion

The current study showed that whole blood Cu levels and
Cu/Zn ratio were significantly higher in SILVSD patients
with septic shock compared with non-SIMD patients with
septic shock independently of age, sex, fluid balance prior
to ICU, HCT, sources of infection and underlying diseases
such as hypertension, diabetes mellitus, COPD, anemia
and stroke, whereas whole blood Zn were significantly
lower in SILVSD patients with septic shock compared
with non-SIMD patients with septic shock. In SILVSD
patients, as controlling for confounders of fluid balance
prior to ICU and HCT, whole blood Cu and Cu/Zn ratio
were negatively correlated with LVEF, but were positively
correlated with plasma NT-proBNP, and whole blood Zn
was positively correlated with LVEF, but was negatively
correlated with plasma NT-proBNP. Moreover, whole

https:

7228

Dove!

International Journal of General Medicine 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove Meng et al
2519 150
20 p<0.001
~ ~
100+
2 5 =
%- [o}
= 104 k=t
@) N 504
5 -
0 T 0 T
Survivors Non-survivors Survivors
c 0.28+ p <0.001 D
.2 0.22
b= 2
= 2
= g
o 016_ H -~ (Z:r\]J/Zn ratio
20 V AUC, =0.802;95% Cl, 0.702-0.880; p <0.001
i AUCZn = 0.869; 95% Cl, 0.779-0.932; p < 0.001
L AUC 71 ratic = 0-902; 95% Cl, 0.819-0.956; p < 0.001
0.10 T L w S I IR A AT |
. ] 0 20 40 60 80 100
Survivors Non-survivors D Speciiciy

Figure 5 ROC curves for the prediction of 28-day mortality. Whole blood Cu, Zn levels and Cu/Zn ratio were compared between non-survivors (n=30) and survivors
(n=56) (A—C). ROC curves present sensitivity and specificity of Cu, Zn and Cu/Zn ratio for predicting 28-day mortality (D). Independent-samples t-test was used to analyze
whole blood Cu, Zn levels and Cu/Zn ratio between non-survivors and survivors. ROC and AUC were used to evaluate the value of whole blood Cu, Zn concentrations and

Cu/Zn ratio for the prediction of 28-day mortality.

Abbreviations: AUC, area under the ROC curve; Cu, copper; ROC, receiver operating characteristic; SILVSD, sepsis-induced left ventricular systolic dysfunction; Zn, zinc.

blood Cu levels and Cu/Zn ratio were positively correlated
with APACHE-II score, SOFA score and plasma levels of
TNT, HFABP and PCT, but whole blood Zn levels were
negatively correlated with APACHE-II score, SOFA score
and plasma levels of TNT, HFABP and PCT. Although
there was no significant difference in 28-day mortality
between SILVSD and non-SIMD patients, the whole
blood Cu levels and Cu/Zn ratio were higher in non-
survivors compared with survivors, but whole blood Zn
levels were lower in non-survivors patients compared with
survivors; furthermore, whole blood Cu, Zn and Cu/Zn
ratio were predictive of 28-day mortality.

A study performed by Ayoglu et al'’ revealed that
serum Cu and Zn levels were in the normal range in
patients with sepsis and systemic inflammatory response
syndrome (SIRS), which is almost consistent with the
discovery that the levels of whole blood Cu and Zn were
in the normal range in patients with septic shock in our

research. However, in our study, the levels of Cu in
SILVSD patients with septic shock were higher than non-
SIMD patients with septic shock while the levels of whole
blood Zn were lower than non-SIMD patients with septic
shock. LVSD could be contribute to the differences of the
whole Cu and Zn levels between SILVSD and non-SIMD
group according to the previous study of Alexanian et al.>®
In their research, compared with healthy volunteers,
patients with either AHF or CHF had higher serum Cu
and lower serum Zn that were correlated with LVDD;
moreover, further analysis indicated that increased serum
Cu and decreased serum Zn were significantly correlated
with LVSD in patients with AHF, which might support the
finding in our study.

Compared with researches that investigated the corre-
lation between serum Zn and sepsis or septic shock,*'*
studies on the relationship between Cu and sepsis or septic

shock are fewer but have shown that serum Cu levels are
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elevated in patients with sepsis.'” Akkas et al and
Martinez-Peinadoet al found that serum Cu concentrations
were elevated in septic patients.>*>* Cu is vital for synth-
esis of collagen, oxidative injury, antioxidant response,
iron transportation, acts as a cofactor for oxidative metal-
loenzymes and can result in anemia, leukopenia and
pancytopenia,”>~° but the potential mechanisms of higher
serum Cu in sepsis remain unclear absolutely. On the
contrary, studies have shown that Zn is related to nutri-
tional immunity and involved in the synthesis of acute
phase proteins and acts as a hepatoprotective agent, or
a differentiation signal for innate immune cells.
Inflammatory cytokines such as tumor necrosis factor-a
(TNF-a)), interleukin-1 (IL-1) and IL-6 enhance the
expression of zinc import proteins (mainly ZIP14) and
MT in the liver, which redistribute Zn from blood into
the liver during sepsis.’' Finally, septic shock is a subset
of sepsis with circulatory and cellular/metabolic dysfunc-
tion associated with a higher risk of mortality,' so we
assume that the whole blood Cu concentrations of patients
with septic shock are higher than those of healthy volun-
teers but the whole blood Zn concentrations are lower than
those in this study.

As far as the difference in whole blood Cu concentra-
tions between the non-SIMD group and the SILVSD group
is concerned, LVSD (LVEF<50%) may play an important
role and is correlated with the change of whole blood Cu
concentrations. Firstly, elevated whole blood Cu in
SILVSD patients with septic shock probably represents
a significant elevation of ceruloplasmin (Cp), because Cp
binds about 95% of the circulating blood Cu.>” Cp can not
only delivery Cu to cells, but oxidize iron (Fe*" to Fe’")
that is incorporated into transferrin (TRF). The TRF-Fe**
compound can scavenge ROS because it exerts an antiox-
idant glutathione—peroxidase activity.’ It is reported that
inflammatory cytokines such as IL-1 and IL-6 can upre-
gulate the synthesis of Cp in the liver,”® which may sup-
port our finding that a significant positive correlation exists
between whole blood Cu and NT-proBNP, TNT and
HFABP that reflects cardiac function and myocardial
injury in septic shock.'' Secondly, hypoxia can stimulate
the raised release of hypoxia-inducible factor (HIF) that
promotes elevated synthesis of Cp in the liver,’® and con-
sequently result in elevated whole blood Cu levels under
hypoxia condition. Finally, although serum Cu can reflect
Cp metabolism, there are up to 40% additional Cu that
loosely bind and dissociate from Cp under excessive oxi-
dative stress because the structure and function of Cp can

be modulated by ROS.*’ The free Cu can deteriorate the
cardiac systolic and predict worse prognosis in SILVSD
patients because it participates the ROS production by it
pro-oxidant activity.*'** This is consistent with our find-
ing that the raised whole blood Cu levels were negatively
correlated with cardiac systolic function (lower LVEF).
Therefore, raised whole blood Cu concentrations in
SILVSD may be a fraction of systemic mechanism
induced by inflammation and hypoxia. This mechanism
that is activated by cardiac systolic dysfunction can dete-
riorate cardiac systolic function that has been impaired by
septic shock.

A finding of the study that whole blood Zn concentra-
tions were lower in patients with LVSD is supported by
some of the previous researches investigating the role of
Zn in cardiac systolic dysfunction.**** The present study
demonstrated that whole blood Zn was significantly lower
in SILVSD than non-SIMD patients and positively corre-
lated with LVEF. There are several possible mechanisms
to explain this correlation. Firstly, during sepsis or septic
shock, hypozincemia is one of the characteristics of acute
phase reaction (APR), and as mentioned above, one of
main reasons of hypozincemia is redistribution of Zn
from blood to liver pro facilitated by raised ZIP 14 and
MT which bind Zn from plasma and tissues leading to
lower Zn bioavailability.*> Secondly, raised production of
inflammation in LVSD further results in MT and conse-
quently reduced Zn levels, which is in line with our find-
ing that a significant negative correlation exists between
whole blood Zn and NT-proBNP, TNT and HFABP that
reflects cardiac function and myocardial injury in septic
shock. Finally, besides inflammatory response and sepsis
or septic shock, cardiac systolic dysfunction also aggra-
vates hypozincemia in sepsis. In SILVSD patients, lower
CO due to LVSD and hypoperfusion usually coexist,
which can reduce renal perfusion and further lead to
a hyperadrenergic state along with increased concentra-
tions of cortisol, angiotensin II and aldosterone.*® Zn can
be redistributed to the damaged sites selectively under
a hyperadrenergic state,*® which might support our finding
that the reduced whole blood Zn concentrations were
positively correlated with cardiac systolic dysfunction
(lower LVEF). Furthermore, studies have found that
coupled intracellular and intramitochondrial Ca®" accumu-
lation in cardiac dysfunction, intracellular Zn®" was raised
because of increased Zn" entry and release of inactive Zn
from MT-1 induced by nitric oxide under excessive
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catecholamine state. Hence, there was a significant reduc-
tion of whole blood Zn in SILVSD with septic shock.

There are some previous studies that investigated the
relationship between serum Cu and Zn levels and prog-
nosis in sepsis or septic shock and demonstrated that the
higher mortality was correlated with higher serum Cu and
lower serum Zn,'”3 but this correlation was not found in
the research of Ayoglu et al in Turkey.'” In contrast,
although the 28-day mortality was not significantly
different between non-SIMD and SILVSD, compared
with survivors with septic shock, we discovered that the
increased levels of whole blood Cu and the reduced levels
of whole blood Zn existed in non-survivors with septic
shock, which is consistent with previous studies.'®** After
analysis of the correlations between whole blood Cu and
Zn and APACHE-II score and SOFA score by partial
correlation analysis, we found whole blood Cu was posi-
tively correlated with APACHE-II score and SOFA score
and whole blood Zn was negatively correlated with
APACHE-II score and SOFA score. Therefore, in this
research, higher Cu concentration and lower Zn concen-
tration may be associated with severity of multi-organ
dysfunction syndrome (MODS) at admission in patients
with septic shock.

As mentioned above, SILVSD patients also manifested
higher levels of whole blood Cu that were positively
associated with APACHE-II score and SOFA score and
lower levels of whole blood Zn that were negatively
correlated with APACHE-II score and SOFA score than
non-SIMD patients. Cu and Zn could also predict SILVSD
in this study subjects (Cu: AUC=0.666; 95% CI, 0.556—
0.764; p=0.005, and Zn: AUC=0.625; 95% CI, 0.514-
0.727; p=0.039). It is reported that multiple indicators
including LVEF, TNT and NT-proBNP have been applied
to provide improved predictive accuracy to myocardial
dysfunction in septic shock.*’*° Concomitant research
of echocardiographic indicators (LVEF) and biomarkers
(NT-proBNP or TNT) has not provided convincing
results. %! Therefore, the combination of whole Cu and
Zn with traditional biomarkers including NT-proBNP and
LVEF could be performed for the accurate prediction of
SILVSD.

We also investigated the prognostic value of Cu and
Zn. A significant increase in Cu levels at admission and
a decrease in Zn levels were found in non-survivors com-
pared with survivors. A cut-off level of 16.45 umol/L and
79.15 pmol/L of Cu and Zn had a sensitivity of 73.33%
and 83.33% and a specificity of 85.71% and 83.93% for

prediction of 28-day mortality with an AUC of 0.802 and
0.869 respectively. These results were in agreement with
previous researches.*'** Excessive Cu in the human
organism has been recognized in cell damage in sepsis
and HF because it is involved in production of ROS and
results in deterioration of the inflammation and cardiac
systolic dysfunction. Previous studies showed that hypo-
zincemia was associated with lymphopenia, thymic atro-
phy and dysfunction of cell- and antibody-mediated

immunity,>*?

which could decrease lots of pre-B and
pre-T cells and lead to the immune paralysis in both sepsis
and cardiac dysfunction.”*”> Studies revealed that elevated
TNT was related to higher short-term or long-term mor-
tality in patients with sepsis or septic shock.’®*’ So,
excessive Cu and hypozincemia have been indicators of
poor prognosis in critically ill patients. It is reported that
HFABP may predict the prognosis of sepsis and septic
shock, but the AUC of HFABP for evaluation of the out-
come of sepsis is less than 0.7.°% Webb et al indicated that
elevated serum PCT levels were correlated with in-
hospital mortality in septic patients.>® Therefore, the com-
bination of whole Cu and Zn with traditional biomarkers
including TNT, PCT and HFABP may be performed for
more prognostic value of SILVSD.

A report conducted by Osredkar and Suskar indicated
that clinical significance of Cu/Zn ratio could be greater
than either Cu or Zn.** Increased whole blood Cu/Zn ratio
shows an antioxidant defense,®® and is positively corre-
lated with the rise of blood systolic pressure and incidence
of cardiovascular disease.®' In this study, the sensitivity of
whole blood Cu/Zn ratio in predicting SILVSD was less
than Cu or Zn, but its specificity was more than Cu or Zn
obviously. Furthermore, both the sensitivity and specificity
of whole blood Cu/Zn ratio in predicting 28-day mortality
in patients with septic shock was higher than either Cu or
Zn. Laine et al reported that higher plasma Cu/Zn ratio
level was correlated with increased risk of getting an
infection in middle-aged and older men (CI=1.07-1.69,
=0.005).%% Similarly, Cu/Zn ratio is an important indica-
tor to reflect the inflammatory status of cystic fibrosis
patients.63 And, in infected neonates, higher Cu/Zn ratio
is correlated with CRP levels on day 1 and day 3, which
indicates the Cu/Zn ratio could be regarded as a discase
biomarker to recognize infected newborns.®*

The whole blood Cu and Zn concentrations were
employed in this study, which is not consistent with pre-
vious studies that adopted serum or plasma Cu or Zn levels
to the inves'[igation.19’25’33’65 But they have been applied in
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most hospitals in our area for several years and are reliable
indicators for clinical staff,2%-3%-6¢ Besides, several studies
have shown that there is a good relationship between
levels of trace elements in whole blood and those in
serum.®”% In China, Li Hai-Tao and Wei Lan-Fen
reported that levels of Cu and Zn in whole blood were
positively associated with those in serum (rc,=0.49, rz,
=0.37, all p<0.001) in 1994 through analyzing the relation-
ship between trace elements in whole blood and serum and
indicated that serum trace elements levels could be
replaced with those in whole blood.”® Compared with the
process of determining levels of trace elements in serum or
plasma, analysis of whole blood trace elements needs less
volume of a blood sample and some necessary steps such
as centrifugation and isolation of blood samples are
omitted, through which hemolysis during the period of
centrifugation and isolation and errors induced by hemo-
lysis can be avoided.” Therefore, analysis of trace ele-
ments in whole blood is convenient, accurate and
economical, so it was conducted in this study.

However, this study has several limits. First, in the
current study, although the statistics differences in the of
levels whole blood Cu and Zn and Cu/Zn ratio were
significant between the SILVSD group and the non-
SIMD group, there is a little regret without a control
group of heart dysfunction alone. Secondly, the sample
size of this study is small so the current findings need
confirming in future researches. Since the disease in this
study has a prolonged course and complex cellular/meta-
bolic mechanisms, studying a single time point at admis-
sion also limits our findings. Finally, because this is an
observational study, it is necessary to design a randomized
control trial to explore the influence of Zn supplement or
Cu chelator to patients with SILVSD in the future.

Conclusion

In conclusion, in the present study, whole blood Cu, Zn
concentrations and Cu/Zn ratio were altered more signifi-
cantly in SILVSD patients with septic shock than non-
SIMD patients, and were of predictive and prognostic
values for SILVSD patients with septic shock. To the
best of our knowledge, the current study is the first pre-
senting the alterations in whole blood Cu, Zn levels and
Cu/Zn ratio in SILVSD patients with septic shock.
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