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Purpose: Elevated levels of the inflammatory marker interleukin-6 (IL-6) and cardiac injury marker N-terminal pro-B-type natriuretic
peptide (NT-proBNP) have been observed in patients with coronavirus disease 2019 (COVID-19). However, the relationship between
IL-6 and NT-proBNP levels remains unclear. Therefore, we investigated the relationship between IL-6 and NT-proBNP levels in
patients with COVID-19.

Patients and Methods: This was a cross-sectional study. Consecutive patients with COVID-19 were included herein. The
independent and dependent target variables were the IL-6 and NT-proBNP levels, respectively, measured at baseline. Univariate
and multivariate linear regression analyses and curve fitting were also performed.

Results: The average age of the 121 selected participants was 49.8 + 15.8 years old, and 48.8% (59/121) were male. The estimated 3
value between Ln-transformed IL-6 and NT-proBNP was 0.28 (95% confidence interval [CI] 0.12-0.44, P = 0.001) in univariate
logistic regression analysis and 0.09 (95% CI —0.04-0.21, P = 0.176) in the fully adjusted model. This relationship was nonlinear, with
a point of 2.7, and the B values (and CIs) for the left (<2.7) and right (>2.7) sides of the inflection point were —0.06 (95% CI —0.23—
0.12, P = 0.534) and 0.77 (95% CI 0.18-1.37, P = 0.016) in the fully adjusted model, respectively.

Conclusion: Our results suggest a nonlinear association between IL-6 and NT-proBNP levels. Higher IL-6 levels are associated with
NT-proBNP in patients with COVID-19.
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Introduction

In December 2019, pneumonia caused by a novel coronavirus broke out in Wuhan City, Hubei Province, China, and
caused a global pandemic.' Coronavirus disease 2019 (COVID-19) poses a significant threat to human health and was
originally considered a respiratory disease. Heart injury is a common complication in patients with COVID-19.
Myocardial injuries associated with COVID-19 have also been observed in several patients.” Myocardial injury has
been found to be significantly and independently associated with mortality.>*

The N-terminal pro-B-type natriuretic peptide (NT-proBNP) is a commonly used biomarker of cardiac injury and has
been used as an outcome indicator in study.” NT-proBNP is an endogenous hormone secreted by ventricular myocytes
after injury and has proven useful for risk stratification of heart failure.® In a multicenter retrospective study of 3219
patients diagnosed with COVID-19, after adjusting for age, sex, and complications, an increase in NT-proBNP was
significantly associated with 28-day mortality (HR 5.11, 95% confidence interval [CI] 3.50-7.47, P < 0.001).

Interleukin (IL)-6 is a pleiotropic inflammatory cytokine that affects mitochondrial activity, vascular disease, and
innate and adaptive immunity”* and is a well-established cytokine storm indicator. Based on an analysis of 150 patients
with COVID-19 in Wuhan, China, an increase in IL-6 levels is a clinical predictor of death. Previous studies have shown
that increased IL-6 levels in vivo mediate myocardial fibrosis, concentric hypertrophy, and diastolic dysfunction in rats.’
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Elevated plasma IL-6 levels are frequently observed in patients with acute and chronic heart failure and are associated
with poor clinical outcomes.'® However, contradictory conclusions have been drawn. Another study showed that IL-6
supplementation protects myocardial cells from oxidative stress during the early stages of lipopolysaccharide (LPS)-
induced sepsis in rats.'' In addition, whether an increase in IL-6 levels is harmful or beneficial in COVID-19 remains
controversial.'?

Simultaneous elevation of IL-6 and NT-proBNP levels have been observed in patients with severe acute respiratory
syndrome coronavirus 2 (SARS CoV-2) infection.'*'* However, the relationship between elevated IL-6 levels and NT-
proBNP, which is used as a cardiac injury index, in patients with COVID-19 with still lacking evidence. Considering that
both IL-6 and NT-proBNP are related to heart injury in patients with COVID-19 and that IL-6 may be a potential
therapeutic target for cytokine storms, it is necessary to estimate IL-6 levels and explore its association with NT-proBNP.
Therefore, we investigated whether IL-6 is independently related to NT-proBNP in patients with COVID-19.

Materials and Methods

Study Design and Participants/Study Population

Patients with COVID-19 were enrolled in this study from the infection department of Haihe Hospital, City, China, from
January 21, 2020, to February 28, 2020, data were collected using the hospital's electronic medical record system. The
target-independent variable was the IL-6 level, which was obtained at baseline. The NT-proBNP level was the dependent
variable. All enrolled patients met the diagnostic criteria and clinical classification of the “Chinese Clinical Guidelines
for COVID-19 Pneumonia Diagnosis and Treatment (sixth edition)”, published by the China National Health
Commission.

Based on clinical symptoms, the severity of COVID-19 can be divided into the following four types: 1) mild, with
mild clinical symptoms and no evidence of pneumonia; 2) moderate, with fever, respiratory symptoms, and confirmed
pneumonia; 3) severe, any of the following: respiratory distress, respiratory rate (RR) >30 bpm, resting oxygen saturation
<93%, or PaO,/FiO, of <300 mmHg; and 4) critical, with any of the following: respiratory failure requiring mechanical
ventilation, shock, or a combination of any other organ failure requiring intensive care.

We included only adult patients (aged >18 years). All participants were hospitalized. Patients with missing NT-
proBNP and IL-6 data or a history of heart failure were excluded.

The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of
Tianjin Haihe Hospital (2023HHWZ-002). Owing to the retrospective design of this study and the utilization of
anonymized data, the requirement for informed consent was waived.

Variables
NT-proBNP and IL-6 levels were first determined during hospital admission. Owing to skewness, the IL-6 and NT-
proBNP levels were logarithmically transformed using the natural logarithm.

For the present analysis, we systematically identified patients with abnormal NT-proBNP levels according to the
cutoff values recommended by the Heart Failure Association of the European Society of Cardiology: >450 pg/mL in
patients aged <50 years, >900 pg/mL in patients aged 50-75 years, and >1800 pg/mL in patients aged >75 years.'”> The
routine upper normal limit of IL-6 as defined by the local laboratory was <10 pg/mL.

The following variables were included (1) demographic data; (2) variables that could affect IL-6 or NT-proBNP levels
reported in literature; and (3) our clinical experience. Therefore, the following variables were used to construct the fully
adjusted model: (1) continuous variables: age, onset time, white blood cell count, fasting blood glucose, hemoglobin,
lymphocyte, creatinine, uric acid, aspartate aminotransferase, alanine aminotransferase, albumin, D-dimer, C-reactive
protein, and CK-MB (obtained at baseline); and (2) categorical variables: sex, severity, smoking, drinking, and coronary
heart disease (obtained at baseline).

Owing to the limited patient population in the mild and severe types, the participants were categorized into two
groups: severe and non-severe. The non-severe group encompassed mild and moderate-type ones, whereas the severe
group comprised patients with severe and critical type.
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Statistical Analysis

Descriptive analyses were performed for all individuals. Categorical variables were expressed as numbers and percen-
tages. Continuous variables were expressed as means and standard deviations thereof for normally distributed variables
or medians and interquartile ranges for non-normally distributed variables.

Univariate and multivariate linear regression analyses were performed. We constructed three models: model I,
adjusted for hemoglobin and albumin levels; model II, adjusted for variables in model I plus severity and coronary
heart disease; and model 111, adjusted for variables in model II plus age and sex.

A risk-adjusted restricted cubic spline (four nodes) was used to address the relationship between IL-6ln and NT-
proBNPIn. Any nonlinear relationship between IL-6Iln and NT-proBNPIn levels was evaluated using spline regression.
The inflection point of IL-6ln was graphically represented to visualize the point at which NT-proBNPIn began to
increase. The influence point was moved along a predefined interval and detected to obtain the maximum likelihood
of the model.

Because IL-6, C-reactive protein, and lymphocytes are indicators of inflammation, they were not included in the
multifactor linear regression models.

All analyses were performed using the R statistical software package (http:// www.R-project.org, The R Foundation)

and Free Statistics software version 1.7. Two-tailed tests were performed, with P < 0.05.

Results

Baseline Characteristics of Selected Participants

A total of 121 participants were selected for final data analysis (see Figure 1 for a flowchart). The baseline characteristics of the
study participants are shown in Table 1. The average age of the 121 selected participants was 49.8 + 15.8 years old, and
approximately 48.8% of them were male. The NT-proBNP and IL-6 levels were elevated in 7 and 50 of participants, respectively.

Univariate Analysis
The univariate analysis results are presented in Table 2. Univariate binary logistic regression revealed that sex, creatinine,
and CK-MB levels were not associated with NT-proBNP levels. Furthermore, lymphocyte, albumin, and hemoglobin levels

January 21st, 2020 February 28st,
2020patients who were hospitalized for
COVID-19 (n=136)

le Only include adult patients
(3 patients excluded)
le Exclusion of patients with missing data for
NT-proBNP and IL-6 (n=12)
4

121 patients were analyzed

Figure | Flow chart describing the inclusion and exclusion criteria for study patients.
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Table | Baseline Characteristics of Participants

Aspartate aminotransferase (U/L)
Alanine aminotransferase (U/L)

Variables Total (n=121)
Age (years) 498 + 15.8
Gender, n (%)

Male 59 (48.8)
Female 62 (51.2)
Severity, n (%)

Non-severe 87 (71.9)
Severe 34 (28.1)
Onset time (days) 67+70
Smoking, n (%)

NO 103 (85.1)
YES 18 (14.9)
Drinking, n (%)

NO 93 (76.9)
YES 28 (23.1)
Coronary heart disease, n (%)

NO I 91.7)
YES 10 (8.3)
White blood cell (*10°/L) 5321
Hemoglobin (g/L) 1345 £ 17.0
Lymphocyte (*10°/L) I.1 £0.5
Creatinine (umol/L) 60.4 £ 19.7
Uric acid (umol/L) 278.0 £ 101.6

29.0 (23.0, 38.0)
34.0 (25.0, 48.2)

Albumin (g/L) 402 £ 4.8
D-Dimer (mg/L) 08 £ I.1
Platelet (¥10°/L) 185.7 £ 69.9
C-reactive protein (mg/L) 9.9 (2.4, 43.8)
CK-MB (U/L) 8.0 (6.0, 11.0)
IL-6 (pg/mL) 8.0 (2.2, 27.1)
IL-6In 21 %15
IL-6210, n (%)

NO 71 (58.7)

YES 50 (41.3)
NT-proBNP (pg/mL), Median (IQR) 42.0 (22.0, 106.0)
NT-proBNPIn, Mean + SD 40+ 1.4
NT-proBNP Elevation, n (%)

NO 114 (94.2)

YES 7 (5.8)

Abbreviations: cTnl, cardiac troponin I; IL-6, Interleukin-6; CK-MB, creatine
kinase-MB.

were found to be negatively associated with NT-proBNP levels. In contrast, univariate analysis showed that age, severity,

coronary heart disease, C-reactive protein level, and IL-6 level were positively correlated with NT-proBNP level.

Results of Unadjusted and Adjusted Linear Regression

In this study, three models were constructed to analyze the independent effects of IL-6 on NT-proBNP levels (univariate
and multivariate linear regressions). The effect sizes and 95% Cls are listed in Table 3. In the unadjusted model, high
levels of IL-6In at the baseline were significantly associated with NT-proBNPIn ( = 0.28; 95% CI 0.12-0.44, P = 0.001).
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Table 2 Univariable Linear Regression Analyses of the
Associations Between [L-6 and NT-proBNP Measured at

Admission
Covariate OR (95% CI) P-value
IL-6In 1.57 (1.13~2.19) 0.008
Age (years) 1.1 (1.05~1.14) <0.001
Gender: male 0.88 (0.37~2.09) 0.764
Severity: Severe 3.52 (1.42~8.74) 0.007
Coronary heart disease 4.29 (1.14~16.16) 0.032
Lymphocyte (*10%/L) 0.32 (0.11~0.95) 0.04
Albumin (g/L) 0.77 (0.68~0.87) <0.001
C-reactive protein (mg/L) 1.02 (1.01~1.04) <0.001
Hemoglobin (g/L) 0.97 (0.95~1) 0.039

Table 3 Multivariable Linear Regression Analyses of the Associations Between IL-6 and NT-proBNP at Admission

Non-Adjusted Model § | P-value Model P-value Model 1l B P-value Model P-value
(95% CI) 1B (95% CI) (95% ClI) HIp (95% CI)
IL-6In | 0.28 (0.12~0.44) 0.001 0.15 (0.01~0.3) 0.037 0.16 (0.02~0.29) 0.025 0.09 (—0.04~0.21) | 0.176

Notes: Model I: Adjusted for hemoglobin and albumin. Model II: Adjusted for variables in model | plus severity and coronary heart disease. Model Ill: Adjusted for variables
in model Il plus age and gender.

In the fully adjusted model (model 3), the estimated B value between IL-6In and NT-proBNPIn was 0.09 (95% CI —0.04-0.21,
P=0.176).

The Results of Nonlinearity of IL-6 and NT-proBNP

The smooth curve and results of the generalized additive model showed that the relationship between IL-61n and NT-
proBNPIn was nonlinear after adjusting for age, sex, severity, coronary heart disease, and hemoglobin and albumin levels
(Figure 2). The NT-proBNPIn was relatively flat until the IL-6In was approximately 2.7; thereafter, it increased (P for
nonlinearity = 0.024).

Because the P for the log-likelihood ratio test was less than 0.05, we chose a two-piecewise linear regression to fit the
association between IL-6In and NT-proBNPIn because it could accurately represent the relationship. On the left side of
the inflection point (IL-6ln = 2.7), the effect size and 95% CI were —0.06 (—=0.23—-0.12, P = 0.534). On the right side of
the inflection point, the effect size and 95% CI were 0.77 (0.18-1.37, P = 0.016) (Table 4).

Discussion

Our findings indicate that IL-61n is positively associated with NT-proBNPIn (f = 0.28, 95% CI 0.12-0.44, P = 0.001) in
univariate logistic regression analysis, and the estimated B value was 0.09 (95% CI —0.04-0.21, P = 0.176) after adjusting
for other covariates. Furthermore, we find that trend of the effect sizes on the left and right sides of the inflection point
was inconsistent [left —0.06 (95% CI —0.23-0.12, P = 0.534); right 0.77 (95% CI 0.18-1.37, P = 0.016)]. This suggests
a J-shaped association between IL-6 and NT-proBNP levels.

Sheth et al suggested that BNP levels were significantly higher in patients who died or were critically ill.'® Cardiac
injury was independently associated with significantly increased odds of mortality. Similar findings have been reported
by Qin et al'” and Shi et al.* As a marker of cardiac injury, there was a 5.8% (7/121) prevalence of high NT-proBNP
levels in patients with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection in our study, which is
lower than that reported in previous studies. Ruan et al reported that 7% patients with COVID-19 had myocardial
damage,® and Shi et al reported that 19.7% patients had cardiac injury in hospitalized patients with COVID-19.* The
definition of cardiac injury may have contributed to the discrepancy in results. In our study, elevated NT-proBNP was
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P for non-linearity: 0.024

4.0 1

NT-proBNPIn

3.5

3.0

2.5

-2 0 2 4
IL-6In

Figure 2 The fully adjusted model demonstrates the utilization of natural-penalized splines to determine the [ values for NT-proBNP in relation to changes in IL-6,

accompanied by 95% confidence intervals.

used to define cardiac injury in patients with COVID-19, whereas Ruan and Shi defined cardiac injury as blood levels of
cardiac biomarkers (hs-TNI) above the 99th-percentile upper reference limit.**

The levels of the inflammatory biomarker IL-6 in COVID-19 are significantly increased in patients with severe
disease and death.'®'® In another study, serum IL-6 has not been found to predict mortality in patients with COVID-19 in
the ICU."® There was a 41.3% prevalence of high IL-6 in patients with SARS-CoV-2 infection in our study. Giannitrapani
et al observed higher IL-6 values in 16% non-critical and 53% critical patients.*

In a previous study, the dynamic evolution of IL-6 was shown to predict the 180-day all-cause mortality in patients
with acute heart failure.”’ In addition, acute and persistent elevations of IL-6 levels after ST-elevation myocardial
infarction is associated with all-cause mortality.?* Siddiq et al infected human induced pluripotent stem cell-derived
cardiomyocytes obtained from healthy human subjects with SARS CoV-2. Without increasing the degree of infection,

Table 4 Relationship Between IL-6In and NT-proBNPIn in
Two-Piece-Wise Linear Regression Model

IL-6 (In) B (95% CI) P-value
<27 —0.06 (—0.23~0.12) 0.534
227 0.77 (0.18~1.37) 0.016
Log likelihood ratio test <0.001
6264 https: Infection and Drug Resistance 2023:16

Dove!


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

Dove Zhang and Jiao

IL-6 can cause dysfunctional myocardial cell contraction and decreased beating. However, whether an increase in IL-6
levels is harmful or beneficial in COVID-19 remains controversial.'? It is currently unclear whether elevated IL-6
levels are detrimental or beneficial to COVID-19. In an experimental model, IL-6 has been shown to suppress or
facilitate viral replication.”?

IL-6-deficient mice are more likely to die from influenza virus infection.”* Peng et al'' reported that IL-6 protects
cardiomyocytes from oxidative stress during the early stages of LPS-induced sepsis.

In our study, we found a nonlinear relationship between IL-6 and NT-proBNP levels on the right side of the
inflection point 2.7 (IL-6 = 14.8 pg/mL); IL-6 and NT-proBNP showed strong association. Low-dose IL-6 has
been reported to play a beneficial role in cardiovascular diseases.'' IL-6 was administered at a rate of 2.5 pg-kg-
1-hr-1 for 7 days, and adverse myocardial remodeling was mediated by elevated levels of IL-6.° In addition, only
the highest quartile of IL-6 level was associated with an increased risk of adverse clinical events and long-term
all-cause mortality in patients with acute myocardial infarction.””> The concentration-dependent correlation
between IL-6 and NT-proBNP levels may partly explain the discrepancy between the beneficial and harmful
effects of IL-6 on the heart.

However, the potential mechanism by which IL-6 is associated with NT-proBNP levels in patients with COVID-19
remains unclear. The pathological anatomy of COVID-19 shows interstitial monocyte infiltration into myocardial
tissue.”” The novel coronavirus invades human cells through the high affinity of the S protein for ACE2 of human
cells.”® ACE2 is widely expressed in the cardiovascular system, and its related signaling pathways may play a role in
heart injury. Hypoxemia and hypotension induced by pulmonary infections lead to insufficient oxygen and blood supply
to the myocardium. Stretching the myocardium is known to elevate BNP levels and increase IL-6 production,?’ and IL-6
induces the secretion of natriuretic peptides via IL-6 trans-signaling.?®

The clinical value of this study is as follows: (1) to the best of our knowledge, this is the first study to observe
a nonlinear association between IL-6 and NT-proBNP in patients with COVID-19; (2) the findings of this study should
aid future research in the establishment of predictive models of NT-proBNP; and (3) in the case of IL-6 antagonists, it
may be appropriate to perform a layered analysis based on the concentration of IL-6.

This study had the following limitations: 1, whenever a retrospective analysis was conducted, residual confounding
may have occurred. To the best of our knowledge, this study adjusted for as many confounders as possible. 2, There was
no causal relationship to establish as this was a cross-sectional study. 3, The participants of this study included patients
who were positive for COVID-19. Therefore, there was a deficiency in the universality and extrapolation of this study. 4,
Because we excluded patients with a history of heart failure, the findings of this study cannot be applied to these patients.
5, Due to the nature of our cross-sectional study on admission data, information regarding the utilization of angiotensin
receptor blockers,” which may affect NT-proBNP and mortality, is currently unavailable. However, we intend to delve
deeper into this aspect through future investigations.

Conclusion
In this study, we addressed the nonlinearity between IL-6 and NT-proBNP levels in patients with COVID-19. This
association warrants further extensive prospective cohort studies.
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