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Introduction

It is impossible to place an adequate amount of empha-
sis on the significance of inflammation as a contributor to 
the condition known as heart failure (HF). Patients who 
were diagnosed with heart failure and had greater levels 
of pro-inflammatory cytokines had worse outcomes and 
more severe cardiac remodelling than patients who did 
not have these elevated levels (1). The majority of larger 
clinical studies that targeted tumour necrosis factor (TNF), 
such as the ATTACH and RENEWAL trials, were found to 
be ineffective. In spite of this, the ATTACH research did 
not investigate the likelihood of adverse effects associated 
with greater doses of infliximab. In spite of this, there were 
indications of some benefits in the study that was done on 
immunomodulatory drugs and HF, even if it was limited (1, 
2). However, the recent Canakinumab Anti-inflammatory 
Thrombosis Outcome Study (CANTOS) demonstrated un-

precedented benefits in reduced cardiovascular (CV) risk 
by evaluating the effects of interleukin (IL)-1 blockade in 
patients who had previously suffered a myocardial infarc-
tion and had elevated levels of high-sensitivity C-reactive 
protein. This study was conducted in patients who had un-
dergone an evaluation of the effects of interleukin (IL)-1 
blockade in patients who the purpose of this research was 
to evaluate whether or not individuals who had previously 
had a myocardial infarction and had excessive levels of 
high cholesterol were at an increased risk for developing 
coronary artery disease (hsCRP) (3). As a consequence of 
CANTOS and other studies that point to the importance 
of inflammation in the progression of HF, there has been 
a resurgence of interest in the use of anti-inflammatory 
medications in the treatment of HF. This might be a viable 
therapeutic strategy.

Interleukin-6 is an example of a cytokine that has the 
potential to act in both a pro-inflammatory and anti-inflam-
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matory way (4). The relevance of interleukin-6 (IL-6) to 
cardiovascular disease has just recently come to be under-
stood in its entirety throughout the span of a span of time 
that is very recent. The single nucleotide polymorphism 
(SNP) known as Asp358Ala, which is found in the IL-6 re-
ceptor, was the subject of a comprehensive meta-analysis. 
Those who had the Asp358Ala variation had a coronary 
artery disease risk that was 3.4% lower than that of those 
who did not have the variant (5). This adds to the increas-
ing body of evidence that suggests IL-6 signalling may 
have a causal role in the development of atherosclerosis. 
In addition, there is a correlation between age and a rise 
in IL-6 levels, and signalling from IL-6 has been linked to 
the pathophysiology of frequent HF co-morbidities such 
as frailty, chronic illness, anaemia, renal disease, and atrial 
fibrillation (AF) (6-9).

Increased levels of interleukin-6 (IL-6) and IL-6 recep-
tor messenger RNA (mRNA) in the heart have been linked 
to the development of heart failure. This has been linked 
to changes in the haemodynamics of the patient. In addi-
tion to the CG genotype of the 174G/C SNP of the IL-6 
promoter, and independent of left ventricular ejection frac-
tion, circulating levels of IL-6 were also connected with 
worsening HF. This was the case regardless of whether or 
not the patient had a normal left ventricular ejection frac-
tion. This was the case regardless of whether or not the 
patient's left ventricular ejection % was normal or lowered 
(LVEF) (10 – 12). In addition, significant correlations be-
tween IL-6 and death rates linked with heart failure have 
been discovered in some patient populations that suffer 
heart failure. These populations are on the lower end of 
the scale (13, 14). They are of particular interest in the 
treatment of HF because pharmaceutical treatments that 
target IL-6 signalling have already been developed and 
successfully utilised in the treatment of a wide variety of 
(autoimmune) disorders (for example, tocilizumab, sari-
lumab, and siltuxumab), as recently reviewed by Garbers 
et al (15-16).

 On the other hand, inflammation is a complex ill-
ness process that includes a number of different signal-
ling systems and key mediators. This is because inflam-
mation may result from a variety of different diseases. As 
a consequence of this, it is of the utmost importance to 
examine the relationship that exists between IL-6 and the 
many biomarkers that may be found in HF. These studies 
did not evaluate whether or not IL-6 was associated with 
any other biomarkers, and they did not include adequate 
numbers of subjects in their samples. As a consequence of 
this, we made the decision to do research on the matter by 
analysing the relationship that exists between IL-6 and the 
clinical features, outcomes, and other biomarkers that are 
linked with HF.

Materials and Methods

400 patients from 22 centres across our nations were 
recruited in the index cohort based on worsening signs/
symptoms and poor management of HF. The validation 
cohort consisted of patients who had previously partici-
pated in the index cohort. The primary goal was to reduce 
all-cause mortality as well as unscheduled hospitalisations 
due to heart failure. Hospitalizations for heart failure (HF), 
total mortality, and death attributable to cardiovascular di-
sease were secondary objectives. The conclusions about 

specific causes were arrived at by onsite investigators, not 
by arbitrators from the outside.

Indicators from the lab
Numerous laboratory parameters were measured at 

baseline in the index cohort members. These included 
interleukin-6 (IL-6), N-terminal pro-brain natriuretic pep-
tide (NT-proBNP), C-reactive protein (CRP), procalcito-
nin (PCT), troponin T, haemoglobin, erythrocyte mean 
corpuscular volume, complete leucocyte blood count, 
iron, hepcidin, ferritin, transferrin Further, we measured 
the plasma levels of ST2, IL-1 receptor types 1 and 2 (IL-
1RT1/IL-1RT2), TNF receptor 2 (TNFR-2), and TNF re-
ceptor superfamily members 10c, 13b, and 14 (TNFRSF-
10c/-13b/-14). The patient's renal function was assessed 
using serum creatinine and estimated glomerular filtration 
rate (eGFR) measurements taken at the start and finish 
of the experiment. Using a Luminex platform, sandwich 
or competitive enzyme-linked immunosorbent tests were 
performed to quantify plasma biomarker concentrations.

Exercise stress testing and echocardiograms
Due to the fact that the majority of patients had pre-

viously been examined with conventional echocardio-
grams one to two months prior to their enrolment in the 
trial, these data were easily available. These included the 
size and function of both the left and right ventricles, as 
well as the thickness of the ventricular wall, the tissue ve-
locities of the lateral and septal annuli, and the diameters 
of the atrioventricular (AV) annuli. Before a patient was 
admitted into the study, they had to complete the 6-minute 
walk test, also known as the 6-MWT.

Quantitative evaluation
SPSS 25.0 was used for all statistical analyses. When 

displaying non-normally distributed continuous data, the 
median and interquartile range are used, but when dis-
playing regularly distributed variables, the mean and 
standard deviation are the appropriate statistical tools to 
employ (percentage). The baseline characteristics are 
shown using the quartiles of the IL-6 levels. P 0.05 was 
taken into consideration as statistically significant. In or-
der to examine the baseline features that differ across the 
quartiles of IL-6, we performed a one-way analysis of va-
riance (ANOVA), Kruskal-Wallis test, and Chi-square test 
(where appropriate). At the end of one year, both the pri-
mary and secondary outcomes were censored. When doing 
the analysis of the proportionality of hazards, standardised 
Schoenfeld residuals were used. 

Our objective was to ascertain whether or not IL-6 has 
the potential to improve previously published risk predic-
tion models applicable to this cohort. Age, recent hospita-
lisation for heart failure (HF), peripheral oedema, systolic 
blood pressure, NT-proBNP, hematocrit, HDL choleste-
rol, salt, and beta-blocker use at baseline all play into the 
risk score for the primary outcome. The BIOSTAT-CHF 
risk score for mortality takes into account a number of 
different factors, including age, blood urea nitrogen, NT-
proBNP, haemoglobin, and baseline beta-blocker dosage. 
Confounding factors were used in our investigation of the 
relationship between IL-6 and both cardiovascular disease 
and overall mortality. Our focus was on determining whe-
ther or not there was a link between the two. Hospitaliza-
tions for heart failure were compared to this competitive 



51

Jing Zhang et al. / Role of immune infiltrating immune cells, 2023, 69(6): 49-56

of IL-6. There was a statistically significant difference 
(P <0.001) in the concentration of hepcidin between the 
quartiles of IL-6, with the first and fourth quartiles having 
higher concentrations than the middle and third quartiles, 
respectively (Figure 1).

Patients who had high levels of IL-6 had higher median 
hepcidin levels than patients who had low levels of IL-6. 
This was discovered by comparing the two groups' hepci-
din levels. There was a correlation between increased lev-
els of IL-6 and increased levels of NT-proBNP and CRP, 
as well as a reduction in eGFR (Tables 2 and 3 and Figures 
2 and 3).

risk, much in the same way that all-cause mortality was 
used. The possibility for a clinically relevant interaction 
between the two outcomes was studied. Changes in IL-6 
plasma levels were represented as a log2 transformation 
in all regression models, where a log2 transformation of 1 
indicated a doubling of IL-6 plasma levels. We conducted 
a multivariate logistic regression analysis, which allowed 
us to establish which variables were most likely to be to 
blame for the elevated amounts of IL-6 that we found.

Results

The IL-6 plasma levels of four hundred different peo-
ple were measured. Tables 1 through 4 of the additional 
material that may be found online provide a compari-
son between patients who had their baseline IL-6 levels 
measured and those who did not. In Table 1, the baseline 
characteristics of the index cohort are shown, including 
the participants' IL-6 levels. Interleukin-6 (IL-6) levels in 
patients ranged from 3.1 to 11.21 pg/mL on average, with 
228 patients (or 57% of the total) having IL-6 levels that 
were higher than the 95th percentile of normal values (> 
4.45 pg/mL) as previously reported. The average age of 
the group was 69.85±9.68 years, and there were 295 males 
in the group (73.75 percent). 17 Patients who had higher 
levels of IL-6 tended to be older, more frequently suffered 
from heart failure with preserved ejection fraction (HF-
pEF), and more frequently suffered from anaemia, diabe-
tes, and atrial fibrillation. Patients who had higher levels of 
IL-6 also had a greater likelihood of suffering from these 
conditions (Table 1).

Patients who had higher levels of IL-6 also had a short-
er distance travelled during the 6MWT and had a lower 
chance of completing the test. Both test completion [OR 
(95% CI) per doubling of IL-6: 0.81 (0.71 - 0.91), P< 
0.001] and total distance covered [B (95% CI) per dou-
bling of IL-6: 28.11 (32.58 to - 21.98), P< 0.001] were 
negatively associated with increasing levels of IL-6, and 
this remained true after controlling for demographics, 
comorbidities, medication use, and the New York Heart 
Association (NYHA) score Patients who had increased 
levels of IL-6 had significantly lower levels of mean hae-
moglobin and iron concentrations, somewhat lower levels 
of transferrin, and a notable drop in transferrin saturation 
compared to patients who did not have elevated levels 

Figure 1. NYHA functional class.

Parameter Total =400 Quartile 
1=100

Quartile 
2=100

Quartile 
3=100

Quartile 
4=100 P-value

Gender
Male 295 76 72 74 73 0.12

Female 105 24 28 26 27
Age (years) 69.85±9.68 65.85±7.39 70.36±8.89 69.88±9.64 71.12±7.91 <0.001*

Distinctive features and comorbidities in the clinical setting
Primary ischaemic HF aetiology 182 43 45 48 46 0.45
HF hospitalization in previous 

year 124 30 30 33 31 0.69

Atrial fibrillation 180 36 43 50 51 <0.001*
Diabetes mellitus 132 27 33 37 35 <0.001*

Hypertension 252 63 61 69 59 0.048*
Anaemia 147 22 36 41 48 <0.001*

Table 1. Basic parameters of the participants.

Figure 2. Physical examination of the participants.
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Physical examination BMI (kg/m2) 28.03±4.36 28.11±5.36 28.15±4.69 28.98±4.22 28.01±4.33 0.22
Heart rate (b.p.m.) 80.25±11.25 76.11±12.36 80.52±12.94 82.25±10.67 85.52±13.32 <0.001*

Systolic blood pressure 125.52±5.37 127.02±8.36 124.85±7.36 125.02±7.63 122.99±8.36 0.06
Diastolic blood pressure 76.01±9.03 77.04±7.85 76.03±8.36 75.66±7.69 72.98±7.95 <0.001*

Successful completion of 6MWT 262 83 69 64 46 <0.001*
6MWT distance 296.52±88.9 349.85±91.6 297.96±95.3 275.88±88.9 232.55±92.36 <0.001*

LVEF (%) 120 30 30 30 30 0.559
LVEF > 40% 44 6 10 13 15 <0.001*

e’ septal (cm/s) 9.5 9 9 10 10 0.33
Left atrial diameter 8.5 8 8 8 9 0.17

Table 2. Physical examination of the participants.

NT-proBNP (ng/mL) 2610 1375 2255 3285 4712 < 0.001*
IL-6 (pg/mL) 5.5 2.0 4.0 7.0 18.0 <0.001*
CRP (mg/L) 12.99 5.0 12.0 17.0 28.0 <0.001*

TroponinT (μg/mL) 0 0 0 0 0 <0.001*
Creatinine (μmol/mL) 101.58 94.65 101.25 104.85 110.55 <0.001*

eGFR (MDRD) 
(mL/min/1.73 m2) 66 72 66 63 59 <0.001*

Haemoglobin (g/dL) 13.3 14.0 13.0 12.90 12.80 <0.001*
Mean corpuscular volume (fL) 91 91 91 90 90 0.35

Iron (mg/dL) 8.0 12.0 10 8.0 7.0 <0.001*
Ferritin (μg/L) 103.0 112.0 93.0 102.0 106.0 0.06

Ferritin < 20 μg/L 7 7 6 8 5 0.27
Transferrin (g/L) 2.2 2.2 2.2 2.2 2.2 <0.001*

Transferrin saturation (%) 17.5 24 18 16 12 <0.001*
Hepcidin (nmol/L) 

Medications at baseline 6.5 6.8 5.5 5.8 8.6 <0.001*

BB (target dose) 7 7 6 5 0.31
BB (% target dose) 1 1 1 1 1 0.008*

ACEi/ARB 13 17 14 12 9 <0.001*
ACEi/ARB 

(% target dose) 1 1 1 1 1 <0.001*

MRA 215 57 54 55 49 0.013*
Diuretic 400(100%) 100 100 100 100 0.47

Loop diuretic 400(100%) 100 100 100 100 0.59
Digoxin 75 15 19 18 23 0.005*

Oral anti-diabetic 251 68 63 61 59 0.22

Table 3. Laboratory parameters of the participants.
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Logarithms of NT-proBNP [OR (95% CI): 1.29 (1.09-
1.52), P<0.001], PCT [1.28 (1.09-1.49), P< 0.001], re-
duced iron levels [0.52 (0.42 - 0.58), P<0.001], and hepci-
din [1.31 (1.21- 1.51), P<0.001], as well as AF [1.41 (1.11 
- 1.49), P<0.001]; Numerous biomarkers linked to TNF-/
IL-1, including IL-1RT2, ST2, TNFR-2, TNFRSF-13b, 
and TNFRSF-14, were also shown to be strong predictors 
of IL-6. A forest plot is shown for each of the parameters 
that were considered during the multivariate logistic re-
gression analysis in Table 4 and Figures 4 and 5.

Cox proportional hazards and competing risk survival 
regression models for the primary and secondary out-
comes

Patients whose IL-6 levels were in the highest quartile 
after one year saw the combined outcome two times as 
often as those whose IL-6 levels were in the lowest quar-
tile. After taking into account any potentially confounding 
variables, IL-6 was shown to still be associated with the 
final result [HR (95% CI): 1.21 (1.09 - 1.32), P 0.001]. 
Even after taking into consideration the BIOSTAT-CHF 
risk score, a correlation between higher levels of IL-6 and 
the composite result was still seen [hazard ratio (95% con-
fidence interval): 1.12 (1.05 - 1.21), P = 0.001]. Increases 
in IL-6 were associated with higher odds of dying from 
all causes combined [HR (95% CI): 1.21 (1.14 - 1.32), P 
0.001], cardiovascular disease [HR (95% CI): 1.28 (1.21-
1.39), P 0.001], and all causes individually [HR (95% CI): 
1.19 (1.07-1.31), P 0.001]. IL-6 did not interact substan-
tially with any of the key parameters when attempting to 
predict the overall result. The cumulative incidence func-
tion curves for cardiovascular disease (CV) and non-car-
diovascular disease (non-CV) mortality as well as heart 
failure readmission are shown in the online additional. 
Between the different quartiles of IL-6, there was not a 
discernible difference in the patients' risk of dying from 
cardiovascular disease (CVD) or other causes (P = 0.31). 
However, IL-6 was not a good predictor of hospitalisa-
tions for HF when used by itself (Table 5).

NRI>50: 0.5%, P = 0.52; IDI: 0.3%, P = 0.04; Har-
rell's C base-line: 0.62 vs. Harrell's C IL-6: 0.62 However, 
there were no significant improvements in discrimination. 
[NRI>50: 0.5%, P = 0.52; IDI: 0.3%, P = 0.04; Harrell's 
C base-line: 0.62 vs. Harrell's C The likelihood ratio test 
showed that interleukin-6 improved the model fit of the 

Figure 3. Laboratory parameters of the participant.

Parameter [OR (95% CI) P value
NT-proBNP 1.29 (1.09–1.52) 0.001

PCT 1.28 (1.09–1.49) 0.001
lower iron levels 0.52 (0.42 – 0.58) 0.001

hepcidin 1.31 (1.21– 1.51) 0.001
AF 1.41 (1.11 – 1.82) 0.034

older age 0.92 (0.69 – 0.97) 0.041
HFpEF 1.59 (1.12–2.48) 0.031

Table 4. Multivariable logistic regression analysis.

Figure 4. Multivariable logistic regression analysis.

Figure 5. A forest plot is shown for each of the parameters that were 
considered during the multivariate logistic regression analysis.

HR (95% CI) P value
Combined outcome 1.21 (1.09 – 1.32) 0.001

Higher levels of IL-6 remained associated with the 
combined outcome 1.12(1.05 – 1.21) 0.001

Mortality 1.19 (1.07–1.31) 0.001
Death due to non-CV causes 1.28 (1.21–1.39) 0.001

CV causes 1.21 (1.14 – 1.32) 0.001

Table 5. Regression models for the primary and secondary outcomes.
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BIOSTAT-CHF risk model for the combined outcome (P 
= 0.003 for the likelihood ratio test). All-cause mortality 
(Table 5) revealed outcomes that were quite comparable 
[likelihood ratio test, P 0.001, NRI>50, 0.4%, P = 0.63; 
IDI, 0.5%, P = 0.03; Harrell's C, baseline, 0.61 vs. Har-
rell's C, IL-6, 0.65].

Discussion

About half of the individuals in this research had IL-6 
levels that were beyond the previously recognised normal 
limit. Independent predictors of increased IL-6 levels were 
the presence of HFpEF and AF, being younger, having 
declining iron values, and increasing PCT, NT-proBNP, 
TNF-/IL-1, and hepcidin, associated biomarker values. 
The addition of IL-6 to current predictive models for this 
population did not enhance risk stratification, despite IL-
6's ability to predict all-cause mortality and hospitalisa-
tion, as well as all-cause and cause-specific death separate-
ly. One possible explanation is that IL-6 is just a predictor 
of death and hospitalisation from all causes (17).

Our findings suggest that HFpEF is a significant predic-
tor of elevated IL-6 levels. Consistent with earlier research 
showing that IL-6 and TNF- decrease the expression of 
sarcoplasmic reticulum Ca2+-ATPase (SERCA2) chan-
nels in cardiomyocytes, our results show that IL-6 and 
TNF- cause a decrease in cAMP levels. These channels are 
a marker of diastolic dysfunction, and echocardiography 
can be used to determine whether or not they are function-
ing properly (18). Calmodulin-dependent protein kinase 2, 
also known as SERCA2, plays a role in the relaxation of 
diastolic cardiomyocytes by helping to regulate the reab-
sorption of calcium from the sarcoplasmic reticulum (18). 
Additionally, IL-6 causes cardiomyocytes to become more 
rigid because it inhibits titin phosphorylation (19). It's pos-
sible that the processes described above are responsible 
for the association between IL-6 and malfunction in the 
diastolic phase of the heart. We discovered that atrial fi-
brillation was also an independent predictor of elevated 
IL-6, which is in line with previous research that suggests 
inflammatory processes more broadly are involved in the 
aetiology of atrial fibrillation (20).

 In contrast to the findings of more recent research6, 
which indicated higher levels of IL-6 in older patients, 
high levels of IL-6 were shown to be independently linked 
with lower ages in this sample. This phenomenon may be 
explained by changes in IL-6 trans-signaling that occur 
with ageing. These changes are connected with a decrease 
in the levels of circulating soluble glycoprotein 130, which 
is a soluble receptor that suppresses IL-6 activity (21). Due 
to the fact that IL-6's biological functions may be carried 
out at lower quantities, it is possible that older persons who 
have HF have lower amounts of this cytokine. However, 
due to a lack of data on plasma glycoprotein 130 levels as 
well as other components of the IL-6 signalling pathway, 
this notion was unable to be put to the test.

Anemia was more common in patients with elevated 
IL-6 levels, and there were also shifts in iron metabolism 
indicators within this group. Patients with greater IL-6 lev-
els also had lower iron levels. Lower iron levels predicted 
higher IL-6 levels independently. During the acute phase 
response, triggered by interleukin-6 signalling, the liver 
produces a protein called hepcidin. This response happens 
while the liver is fighting off an infection (4, 22). Hepci-

din is responsible for hypoferremia, and interleukin-6 is 
the mediator of this condition (23). IL-6 causes a consid-
erable increase in the amount of hepcidin mRNA that is 
produced, and this impact is not dependent on either IL-1 
or TNF- (22). Anemia in heart failure is associated with a 
poorer prognosis, but it also impacts a patient's ability to 
exercise, the development of depression, and maybe even 
the myocardium itself (24). Previous studies suffered from 
a lack of association between IL-6 and hepcidin levels in 
chronic HF; nevertheless, sample sizes were too small to 
draw any conclusions (24). When taken along with the re-
sults of previous studies, our findings suggest the idea that 
IL-6 signalling might be a valuable therapeutic target for 
managing anaemia and/or iron deficiency in HF.

In addition, there was a strong correlation between ele-
vated IL-6 levels and elevated NT-proBNP levels. Experi-
ments show that cardiac fibroblasts and cardiomyocytes 
both produce TNF-/IL-6 and IL-1, and that stretching the 
heart causes the release of NT-proBNP (19, 25). This re-
sult is consistent with the earlier finding that increased lev-
els of TNF and IL-1 related biomarkers are independent 
predictors of elevated IL-6 levels, as well as with the ad-
ditional finding that PCT acted as an independent predictor 
of elevated IL-6 levels. It is widely accepted that the liver 
is primarily responsible for the production of procalcitonin 
(PCT), the precursor hormone of calcitonin. Both tumour 
necrosis factor- and interleukin-6 have the potential to pro-
mote the production of acute phase proteins like PCT. Its 
primary biological activity, which is also the primary bio-
logical action of mature calcitonin, is to lower the levels of 
calcium in the blood (26). 

It has been proven that PCT increases the production 
of inflammatory cytokines by macrophages by acting as 
a chemokine at damage sites. Macrophages are the major 
immune cells responsible for the synthesis of IL-6 (27). 
At the present moment, there is a general assumption that 
increased PCT levels are associated with infectious pro-
cesses. This idea is supported by a number of pieces of 
evidence. However, up to one-third of patients with chron-
ic kidney disease may have a PCT that is abnormally el-
evated; in these patients, the situation improves when they 
begin treatment with renal replacement therapy (28). It is 
possible that PCT has a function in HF as well given that 
it seems to have a role in illnesses that include chronic 
inflammation.

IL-6 has been found in a previous study conducted in 
small cohorts to be a powerful predictor of mortality in pa-
tients with acute heart failure, acute coronary syndromes, 
and chronic heart failure (75 and 102 patients, respective-
ly) (13, 14). It was found that those with elevated plasma 
IL-6 had a greater risk of mortality, and those with elevat-
ed urine IL-6 had a greater risk of having an eGFR that 
was less than 60 mL/min/1.73 m2. The researchers also 
found that those with elevated urine IL-6 had a greater risk 
of having an eGFR that was less than 60 mL/min/1.73 m2 
(7). Our study is the first of its kind to incorporate IL-6 in 
a large enough sample size validated risk prediction mod-
el for all-cause mortality and hospitalisation in a world-
wide, ethnically and racially diverse HF population. This 
was accomplished by including IL-6 in a risk prediction 
model for HF patients. We demonstrated that a rising level 
of IL-6 was able to independently predict hospitalisation 
for HF as well as mortality from all causes and specific 
causes of death. In addition, we demonstrate that a rise in 
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plasma IL-6 levels is associated with a decrease in eGFR 
and that this is the case. In spite of this, the risk models 
that had previously been published for this group were not 
improved by the inclusion of IL-6.

Implications for clinical practice regarding interleu-
kin-6 and heart failure 

Having heart failure with preserved ejection fraction 
(HFpEF), atrial fibrillation, iron deficiency, and higher 
levels of NT-proBNP, procalcitonin, hepcidin, and tumour 
necrosis factor-alpha (TNF-)/interleukin-1 were indepen-
dently related with having high levels of IL-6 (IL-1). As 
was mentioned before, earlier fundamental research has 
shown that the effects of IL-6 are distinct from those of 
TNF- and IL-1, particularly in regard to iron deficiency 
(22). These two pieces of information, in conjunction with 
the findings of a study that showed that prolonged TNF-
blocking in rats with HF leads to reactive rises in plasma 
IL-6, may help explain why TNF-blockade has not been 
found to exhibit therapeutic advantages in individuals who 
have HF (29-33). Even though we are unable to make any 
conclusions about causes and effects from our data, we do 
feel that there is a need for more studies into the therapeu-
tic applications of IL-6 signalling modulation. IL-6 was 
a substantial predictor of unfavourable outcomes, but it 
did not contribute any discriminating power to the current 
risk models for this group. This is the last but not the least 
important finding. However, these models also included 
haemoglobin and NT-proBNP, both of which may fluctu-
ate in conjunction with IL-6 levels and, as a result, account 
for the fluctuation that is explained by IL-6. It is important 
to note that these models also included IL-6. Because of 
the strong link that exists between IL-6 and the iron me-
tabolism indices, we discovered in this study that multicol-
linearity might lead to incorrect conclusions being drawn 
from the data (30-33)..

We narrowed the scope of our retrospective analysis 
by concentrating our attention solely on the relationships 
that existed between IL-6 plasma levels and a variety of 
demographic factors, in addition to other inflammatory 
biomarkers and outcomes. Neither the genetic expression 
parameters nor any of the other proteomic indicators of 
IL-6 signalling were understood at that juncture in time. In 
addition to plasma IL-6, no research was done on any of 
the other signalling components; these included glycopro-
teins 130 and the soluble IL-6 receptor. We were unable to 
explore the association between IL-6 and TNF-/IL-1 in a 
way that was distinct from one another because we did not 
have access to longitudinal data on IL-6 levels. This pre-
vented us from being able to investigate the relationship 
between the two independently of one another. 

Additionally, it was not feasible to establish the preva-
lence of autoimmune illnesses in this community due to the 
lack of information. In conclusion, despite the fact that a 
number of correlations were found between IL-6 and clini-
cal measurements or outcomes, more studies will need to 
be conducted on an individual basis to explore each one in 
greater detail.

According to the findings of significant research, over 
half of the patients diagnosed with HF had IL-6 levels that 
were higher than the 95th percentile of normal values. In-
dependent predictors of IL-6 were younger age, high-flow 
partial ejection fraction (HFpEF), atrial fibrillation (AF), 
iron insufficiency, and higher levels of NT-proBNP, PCT, 

hepcidin, and TNF-/IL-1 related biomarkers. Last but not 
least, IL-6 levels in the plasma were able to predict death 
and/or hospitalisation due to HF on their own, despite the 
fact that they did not contribute to differentiation in prior 
models. However, in order to further establish causal in-
ferences, it will be necessary for future studies to indepen-
dently corroborate each of these results.

References 

1. Shirazi LF, Bissett J, Romeo F, Mehta JL. Role of inflammation in 
heart failure. Curr Atheroscler Rep 2017;19:27.

2. Ahmed B, Ali A, Usage of traditional chinese medicine, western 
medicine and integrated Chinese-western medicine for the treat-
ment of allergic rhinitis, SPR, 2021, Volume 1, issue 1, Page No.: 
01 - 10.

3. Mann DL, McMurray JJ, Packer M, Swedberg K, Borer JS, Co-
lucci WS, Djian J, Drexler H, Feldman A, Kober L, Krum H, Liu 
P, Nieminen M, Tavazzi L, van Veldhuisen DJ, Waldenstrom A, 
Warren M, Westheim A, Zannad F, Fleming T. Targeted anticyto-
kine therapy in patients with chronic heart failure: results of the 
Randomized Etanercept Worldwide Evaluation (RENEWAL). 
Circulation 2004;109:1594 – 1602.

4. Ridker PM, Everett BM, Thuren T, MacFadyen JG, Chang 
WH, Ballantyne C, Fonseca F, Nicolau J, Koenig W, Anker SD, 
Kastelein JJ, Cornel JH, Pais P, Pella D, Genest J, Cifkova R, 
Lorenzatti A, Forster T, Kobalava Z, Vida-Simiti L, Flather M, 
Shimokawa H, Ogawa H, Dellborg M, Rossi PR, Troquay RP, 
Libby P, Glynn RJ; CANTOS Trial Group. Antiinflammatory 
therapy with canakinumab for atherosclerotic disease. N EnglJ 
Med 2017;377:1119– 1131.

5. Nwuke C, Ibeh B, Antidiarrheal potential of methanol extract of 
Combretum dolichopetalum and its fractions in wistar albino rats, 
SPR, 2021, Volume 1, issue 1, Page No.:11 – 23

6. Rose-John S. IL-6 trans-signaling via the soluble IL-6 receptor: 
importance for the pro-inflammatory activities of IL-6. Int J Biol 
Sci 2012;8:1237 – 1247.

7. IL6R Genetics Consortium Emerging Risk Factors Collaboration. 
Interleukin-6 receptor pathways in coronary heart disease: a col-
laborative meta-analysis of 82 studies. Lancet 2012;379:1205 – 
1213.

8. Maggio M, Guralnik JM, Longo DL, Ferrucci L. Interleukin-6 in 
aging and chronic disease: a magnificent pathway. J Gerontol A 
Biol Sci Med Sci 2006;61:575 – 584.

9. Jackson K, Rao V, Hanberg J, Mahoney D, Chunara Z, Thom-
as D, Hodson D, Tarleton C, Chen M, Jacoby D, Riello R, Ah-
mad T, Testani J. Inflammation and cardio-renal interactions in 
heart failure: a potential role for interleukin-6. Eur J Heart Fail 
2018;20:933 – 934.

10. Marcus GM, Whooley MA, Glidden DV, Pawlikowska L, Zaroff 
JG, Olgin JE. Interleukin-6 and atrial fibrillation in patients with 
coronary artery disease: data from the Heart and Soul Study. Am 
Heart J 2008;155:303 – 309

11. Plenz G, Song ZF, Tjan TD, Koenig C, Baba HA, Erren M, Flesch 
M, Wichter T, Scheld HH, Deng MC. Activation of the cardiac 
interleukin-6 system in advanced heart failure. Eur J Heart Fail 
2001;3:415–421.

12. Bielecka-Dabrowa A, Sakowicz A, Pietrucha T, Misztal M, 
Chrus´ciel P, Rysz J, Banach M. The profile of selected single 
nucleotide polymorphisms in patients with hypertension and heart 
failure with preserved and mid-range ejection fraction. Sci Rep 
2017;7:8974.

13. Gwechenberger M, Hulsmann M, Berger R, Graf S, Springer C, 
Stanek B, Pacher R. Interleukin-6 and B-type natriuretic peptide 



56

Jing Zhang et al. / Role of immune infiltrating immune cells, 2023, 69(6): 49-56

are independent predictors for worsening of heart failure in pa-
tients with progressive congestive heart failure. J Heart Lung 
Transplant 2004;23:839 – 844.

14. Eskandari V, Amirzargar AA, Mahmoudi MJ, Rahnemoon Z, 
Rahmani F, Sadati S, Rahmati Z, Gorzin F, Hedayat M, Rezaei 
N. Gene expression and levels of IL-6 and TNF𝛼 in PBMCs cor-
relate with severity and functional class in patients with chronic 
heart failure. Ir J Med Sci 2018;187:359 – 368.

15. Maeda K, Tsutamoto T, Wada A, Mabuchi N, Hayashi M, Tsutsui 
T, Ohnishi M, Sawaki M, Fujii M, Matsumoto T, Kinoshita M. 
High levels of plasma brain natri- uretic peptide and interleukin-6 
after optimized treatment for heart failure are independent risk 
factors for morbidity and mortality in patients with congestive 
heart failure. J Am Coll Cardiol 2000;36:1587 – 1593.

16. Hamzic-Mehmedbasic A. Inflammatory cytokines as risk factors 
for mortality after acute cardiac events. Med Arch 2016;70:252 
– 255.

17. Garbers C, Heink S, Korn T, Rose-John S. Interleukin-6: design-
ing spe- cific therapeutics for a complex cytokine. Nat Rev Drug 
Discov 2018;17: 395 – 412.

18. Voors AA, Ouwerkerk W, Zannad F, van Veldhuisen DJ, Samani 
NJ, Ponikowski P, Ng LL, Metra M, ter Maaten JM, Lang CC, 
Hillege HL, van der Harst P, Filippatos G, Dickstein K, Cleland 
JG, Anker SD, Zwinderman AH. Development and validation of 
multivariable models to predict mortality and hospitalization in 
patients with heart failure. Eur J Heart Fail 2017;19:627 – 634.

19. Todd J, Simpson P, Estis J, Torres V, Wub AH. Reference range 
and short- and long-term biological variation of interleukin (IL)-
6, IL-17A and tissue necrosis factor-alpha using high sensitivity 
assays. Cytokine 2013;64:660 – 665.

20. Wu CK, Lee JK, Chiang FT, Yang CH, Huang SW, Hwang JJ, Lin 
JL, Tseng CD, Chen JJ, Tsai CT. Plasma levels of tumor necro-
sis factor-𝛼 and interleukin-6 are associated with diastolic heart 
failure through downregulation of sarcoplasmic reticulum Ca2+ 
ATPase. Crit Care Med 2011;39:984 – 992.

21. Van Linthout S, Tschöpe C. Inflammation – cause or consequence 
of heart failure or both? Curr Heart Fail Rep 2017;14:251 – 265.

22. Hu YF, Chen YJ, Lin YJ, Chen SA. Inflammation and the patho-
genesis of atrial fibrillation. Nat Rev Cardiol 2015;12:230 – 243.

23. Ticinesi A, Meschi T, Lauretani F, Felis G, Franchi F, Pedrolli 
C, Barichella M, Benati G, Di Nuzzo S, Ceda GP, Maggio M. 
Nutrition and inflammation in older individuals: focus on vitamin 
D, n-3 polyunsaturated fatty acids and whey proteins. Nutrients 
2016;8:186.

24. Nemeth E, Valore EV, Territo M, Schiller G, Lichtenstein A, Ganz 
T. Hepcidin, a putative mediator of anemia of inflammation, is a 

type II acute-phase protein. Blood 2003;101:2461 – 2463.
25. Nemeth E, Rivera S, Gabayan V, Keller C, Taudorf S, Pedersen 

BK, Ganz T. IL-6 mediates hypoferremia of inflammation by in-
ducing the synthesis of the iron regulatory hormone hepcidin. J 
Clin Invest 2004;113:1271 – 1276.

26. Jankowska EA, Von Haehling S, Anker SD, MacDougall IC, Pon-
ikowski P. Iron deficiency and heart failure: diagnostic dilemmas 
and therapeutic perspectives. Eur Heart J 2013;34:816 – 829.

27. George M, Jena A, Srivatsan V, Muthukumar R, Dhandapani V. 
GDF 15 – a novel biomarker in the offing for heart failure. Curr 
Cardiol Rev 2016;12:37 – 46.

28. Nijsten MW, Olinga P, The TH, de Vries EG, Koops HS, Groot-
huis GM, Limburg PC, ten Duis HJ, Moshage H, Hoekstra HJ, 
Bijzet J, Zwaveling JH. Procalcitonin behaves as a fast respond-
ing acute phase protein in vivo and in vitro. Crit Care Med 
2000;28:458 – 461.

29. Becker KL, Nylén ES, White JC, Müller B, Snider RH. Procalci-
tonin and the calcitonin gene family of peptides in inflammation, 
infection, and sepsis: a jour- ney from calcitonin back to its pre-
cursors. J Clin Endocrinol Metab 2004;89: 1512– 1525.

30. Grace E, Turner RM. Use of procalcitonin in patients with various 
degrees of chronic kidney disease including renal replacement 
therapy. Clin Infect Dis 2014;59:1761 – 1767.

31. Haugen E, Täng MS, Isic A, Andersson B, Fu M. TNFalpha an-
tagonist upregulates interleukin-6 in rats with hypertensive heart 
failure. Int J Cardiol 2008;130:64 – 68

32. Yoto Yoto, Andika Bagus Nur Rahma Putra, Alias Bin Masek, 
Anita Dwi Rahmawati, Nurul Ulfati. Escalation of Vocational 
Student Capabilities through Mapping of Humanware Skill and 
Infoware Skill Components in the Era of Society 5.0. Educational 
Administration: Theory and Practice, 2022, Volume 28, Issue1, 
pp: 143-158.

33. Hasbi Indra, Hendri Tanjung, Yanti Hasbian Setiawati, Ibdalsyah, 
Amie Primarni, Efrita Norman. Prophetic Leadership Perspective 
Didin Hafidhuddinin in Pesantren UlilAl-baab UIKA Bogor In-
donesia. Educational Administration: Theory and Practice 2022, 
Volume 28, Issue 4, pp:34-45.

34. Muhammad Rizwan Noor, Osama Nazar. Petrophysical Analysis 
of Environmental Pollution: Effect of Energy and Climate Change 
on Water Quality of Indus Basin of Pakistan, SPR, 2022, volume 
2, issue 4, page no.:705-720

35. Samantaray US, Sahu S, Patro A, Tripathy S, Sethi S, Phyto-
chemicals: A novel antiviral therapeutic approach for Prevention 
of lung injury and respiratory infection during COVID 19, SPR, 
2021, Volume 2, issue 1, Page No.: 419 - 431.


