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Abstract: Objective: The aim of the current study was to investigate the effects of nicorandil on cardiac function and 
interleukin (IL)-10 and IL-17 levels in elderly patients with chronic heart failure. Methods: This study prospectively 
analyzed 141 cases of chronic congestive heart failure in elderly patients, randomly divided into two groups. A total 
of 70 patients were treated with conventional therapy (control group), while 71 patients were treated with conven-
tional therapy in combination with nicorandil (study group). Changes in New York Heart Association (NYHA) grades 
were used to evaluate therapeutic effects. Changes in cardiac function indicators, including creatinine kinase iso-
enzyme (CK-MB), lactate dehydrogenase (LDH), and plasma N-terminal prohormone of brain natriuretic peptide (NT-
proBNP), and changes in serum IL-10 and IL-17 levels were measured before treatment and 3 months after treat-
ment. Results: After treatment, the proportion of NYHA class 1 to class 4 patients in the control group was 10.00% 
(7 cases), 72.86% (51 cases), 17.14% (12 cases), and 0.00% (0 cases). The proportion of NYHA class 1 to class 
4 patients in the study group was 25.35% (18 cases), 69.01% (49 cases), 5.63% (4 cases), and 0.00% (0 cases). 
Decreases in NYHA grades in the study group were more significant than those in the control group (P<0.05). Levels 
of CK-MB, LDH, and NT-proBNP, after treatment, in the 2 groups were significantly lower than those before treat-
ment (P<0.05). However, serum levels of CK-MB, LDH, and NT-proBNP in the study group were significantly lower 
than those in the control group (P<0.05). After treatment, the 6-minute walking distance of the study group was also 
significantly longer than that of the control group. After treatment, IL-10 levels in the 2 groups were increased, to 
various degrees, compared to levels before treatment (P<0.05). IL-17 levels were lower than those before treatment 
(P<0.05). However, serum IL-10 levels in the study group were significantly higher than those in the control group 
(P<0.05), while IL-17 levels were significantly lower than those in the control group (P<0.05). Multivariate analysis 
suggested that age, BMI, heart rate, ejection fraction, and NT-proBNP were independent risk factors for prognosis 
(P<0.05). Conclusion: Nicorandil provides better adjuvant therapy for treatment of elderly patients with chronic 
heart failure, improving heart function and reducing inflammation.
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Introduction

Chronic heart failure is a common clinical syn-
drome caused by a variety of cardiovascular 
diseases. Injury to vital organs can result in 
shock, poor prognosis, and high mortality ra- 
tes. Previous studies have reported that pati- 
ents with chronic heart failure have 5-year sur-
vival rates similar to those for malignant tu- 
mors [1-3]. Incidence of chronic heart failure 
increases with age, increasing about 10-fold for 
every 10 years of age. Therefore, chronic heart 
failure in elderly patients is an important pub- 
lic health problem [4].

Nicorandil [N-(2-hydroxyethyl) nicotinamide nit- 
rate] is the first clinically available ATP-sensitive 
potassium channel opener with nitrate charac-
teristics. It can promote potassium efflux, inhib-
it calcium influx, promote vasodilation, increase 
blood circulation, and reduce the effects of car-
diac preload and afterload [5, 6]. The therapeu-
tic effects of nicorandil in angina pectoris have 
been clinically proven [7, 8]. In recent years, 
many studies have reported that nicorandil also 
has good efficacy in chronic heart failure [9, 
10]. However, the specific mechanisms need to 
be verified. The loss of cardiac compensatory 
capacity and an increase in inflammatory cyto-
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kines are two important processes leading to 
heart failure. Improving heart function and re- 
ducing inflammatory cytokine levels are impor-
tant in the treatment of heart failure [11, 12].

The current study retrospectively analyzed the 
therapeutic effects of nicorandil in elderly pati- 
ents with chronic heart failure, including effects 
on cardiac function and inflammatory cytokine 
levels.

Materials and methods

Research objectives

The current study prospectively analyzed 141 
cases of chronic congestive heart failure in 
elderly patients, between April 2015 and Feb- 
ruary 2018. They were randomly divided into 
two groups. A total of 70 patients were treat- 
ed with conventional therapy, such as oxygen, 
diuretics, and cardiac stress (control group). 
The other 71 patients were treated with con-
ventional therapy in combination with nicor-
andil (study group).

Inclusion criteria: Patients met the 2012 Ch- 
ronic Heart Failure Guidelines [13]; Patients 
aged 65-79 years, with New York Heart Associ- 
ation (NYHA) grades 2-3; Left ventricular ejec-
tion fraction less than or equal to 50%; Mitral 
blood flow E/A ratio of less than 1; No abnor- 
mal bleeding or coagulation abnormalities; No 
other organ function deficits; Complete medi- 
cal records were available. Exclusion criteria: 
Heart failure due to other causes, such as 
acute myocardial infarction and cardiogenic 
shock; Presence of valvular arrhythmia, atrial 
fibrillation, bundle branch block, unstable an- 
gina, and other cardiomyopathy; Presence of 
allergies or contraindications to nicorandil, in- 
cluding glaucoma, patients with severe liver 
and kidney diseases, patients taking erectile 
dysfunction therapeutic agents with phospho-
diesterase 5 blocking effects, and patients 
with thyroid disease; Patients with severe infe- 
ctions; Patients with hypokalemia. All patients 
and family members provided written informed 
consent and the Medical Ethics Committee 
approved the current study.

Outcome measures

Changes in NYHA grades were used to eva- 
luate therapeutic effects. Changes in cardiac 

function indicators, including creatinine kina- 
se isoenzyme (CK-MB), lactate dehydrogenase 
(LDH), 6-minute walk experiment, and plasma 
N-terminal prohormone of brain natriuretic pep-
tide (NT-proBNP), and serum levels of interleu-
kin (IL)-10 and IL-17 were measured before 
treatment and after 3 months of treatment. 
Cardiac function indicators were measured 
using an automatic biochemical analyzer (AU- 
5800; Beckman Coulter Trading (China) Co., 
Ltd.), while IL-10 and IL-17 were measured us- 
ing enzyme-linked immunosorbent assays.

Enzyme-linked immunosorbent assays

Fasting morning peripheral blood was collect-
ed. Testing was performed within 1 hour. After 
centrifugation, serum was used to measure 
IL-10 and IL-17 levels, as follows. A total of 50 
μL of sample assay buffer was added to each 
well and incubated with 50 μL of serum for 2 
hours at room temperature. After incubation, 
the plate was washed 5 times, 100 μL of bioti-
nylated antibody was added, and the plate was 
incubated for 1 hour at room temperature. The 
plate was washed again, 100 μL of labeled ho- 
rseradish peroxidase was added to the plate, 
and the mixture was incubated in the dark for 
20 minutes. Next, 100 μL of chromogenic sub-
strate TMB was added. The mixture was incu-
bated at room temperature for 20 minutes in 
the dark. Finally, 50 μL of the stop solution was 
added. A reading was taken within 15 minutes. 
Wavelength detection was performed using a 
microplate reader, determining the maximum 
absorption wavelength at 450 nm. Three sets 
of duplicate wells were used and the experi-
ment was repeated 3 times. IL-10 and IL-17 test 
kits were purchased from Shanghai Jingkang 
Bioengineering Co., Ltd.

Statistical analysis

SPSS 19.0 (Asia Analytics, formerly SPSS 
China) was used for data analysis. Count data 
are expressed as [n (%)] and were compared 
using χ2 tests. Measurement data are ex- 
pressed as mean ± sd. Independent t-tests 
were used for comparisons between the two 
groups. Two-way repeated measures analys- 
es with post-hoc Bonferroni’s tests were used 
for comparisons within the same group at dif-
ferent times. P<0.05 indicates statistical sig- 
nificance.
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Results

Treatment methods

All patients were treated with beta blockers, 
diuretics, angiotensin receptor blockers, aspi-
rin, statins, angiotensin-converting enzyme in- 
hibitors, and angiotensin receptor antagonists, 
depending on their condition. In addition to 
basic treatment, patients received oral nicor-
andil (H32026221, Jiangsu Shenlong Pharma- 
ceutical Co., Ltd.) at 5 mg three times a day  
for 3 months.

Basic information

The 70 patients in the control group included 
37 males and 33 females, with an average age 

control group was 10.00% (7 cases), 72.86% 
(51 cases), 17.14% (12 cases), and 0.00% (0 
cases). The proportion of NYHA class 1 to class 
4 patients in the control group in the study 
group was 25.35% (18 cases), 69.01% (49 
cases), 5.63% (4 cases), and 0.00% (0 cases). 
Decreases in NYHA grades in the study group 
were more significant than those in the control 
group (P<0.05) (Table 2).

Changes in cardiac function indicators

There were no significant differences in levels 
of CK-MB, LDH, and NT-proBNP between the 2 
groups before treatment (P>0.05). Levels of 
CK-MB, LDH, and NT-proBNP in the 2 groups 
were significantly lower than those before tre- 
atment (P<0.05). Moreover, after treatment, 
serum levels of CK-MB, LDH, and NT-proBNP in 
the study group were significantly lower than 
those in the control group (P<0.05) (Table 3, 
Figure 1).

Six-minute walk experiment

There were no differences in distances of 
6-minute walks between the two groups be- 
fore treatment. After treatment, the distance  
of 6-minute walking in the control group was 

Table 1. General information
Control group 

(n=70)
Research group 

(n=71) χ2/t P

Sex 0.172 0.678
    Man 37 (52.86) 40 (56.34)
    Woman 33 (47.14) 31 (43.66)
Age (year) 72.31±4.56 71.69±4.38 0.823 0.412
BMI (kg/m2) 18.83±3.12 18.49±3.28 0.631 0.529
Smoking history [(n%)] 0.059 0.808
    Yes 39 (55.71) 41 (57.75)
    No 31 (44.29) 30 (42.25)
Underlying disease [(n%)] 1.224 0.542
    Hypertension 22 (31.43) 26 (36.62)
    Diabetes 18 (25.71) 21 (29.58)
    Other 30 (42.86) 24 (33.80)
Course of disease (month) 37.25±9.48 38.42±10.13 0.480 0.708
Heart rate (second/minute) 71.32±7.46 72.49±7.58 0.924 0.375
Ejection fraction (%) 35.69±5.37 34.88±5.43 0.890 0.375
K (mmol/L) 4.58±0.62 4.49±0.57 0.898 0.371
Na (mmol/L) 132.46±16.37 136.53±16.19 1.484 0.140
SBP (mmHg) 127.46±11.59 128.55±11.32 0.565 0.573
DBP (mmHg) 77.63±9.64 78.59±9.39 0.599 0.550

of 72.31±4.56 years old. 
The 71 patients in the stu- 
dy group included 41 males 
and 31 females, with an 
average age of 71.69±4.38 
years. There were no signifi-
cant sex or age differences 
between the 2 groups (P> 
0.05). There were no statis-
tical differences in other 
basic data between the 2 
groups, including body ma- 
ss index, smoking history, 
disease classification, dis-
ease course, heart rate, 
ejection fraction, serum po- 
tassium and sodium, sys-
tolic blood pressure, and 
diastolic blood pressure. 
(P<0.05) (Table 1).

Efficacy analysis

After treatment, the propor-
tion of NYHA class 1 to 
class 4 patients in the  

Table 2. NYHA score changes after treatment
Control  

group (n=70)
Research 

group (n=71) z P

-2.564 0.010
NYHA1 7 (10.00) 18 (25.35)
NYHA2 51 (72.86) 49 (69.01)
NYHA3 12 (17.14) 4 (5.63)
NYHA4 0 (0.00) 0 (0.00)
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(400.42±41.59) m, while the distance in the 
study group was (463.17±43.75) m, significant-
ly longer than distances before treatment (P< 
0.05). Additionally, the distance of 6-minute 
walking in study group was significantly longer 
than that in control group after treatment (P< 
0.05) (Table 4).

Changes in IL-10 and IL-17 levels

There were no significant differences in IL-10 
and IL-17 levels between the 2 groups before 
treatment (P>0.05). After treatment, levels of 
IL-10 in the 2 groups increased, to various 

degrees, before treatment (P<0.05). Levels of 
IL-17 were lower than those before treatment 
(P<0.05). Moreover, serum IL-10 levels in the 
study group were significantly higher than tho- 
se in the control group (P<0.05), while IL-17 lev-
els were significantly lower than those in the 
control group (P<0.05) (Table 5, Figure 2).

Risk factors

Clinical characteristics of included patients 
were considered independent variables, while 
prognosis (poor prognosis including recurrence 
and death) was considered a dependent vari-

Table 3. Cardiac functional indices before and after treatment
Control group (n=70) Research group (n=71) t P

CK-MB (U/L) Prior treatment 34.19±6.33 33.68±6.48 0.473 0.637
Post treatment 13.46±2.48* 7.61±1.04* 21.441 <0.001

LDH (U/L) Prior treatment 284.73±36.86 287.17±34.97 0.403 0.687
Post treatment 217.64±24.17* 183.24±18.37* 9.523 <0.001

NT-proBNP (pg/ml) Prior treatment 1742.39±324.17 1802.42±382.62 1.004 0.317
Post treatment 647.84±102.15* 487.67±89.96* 9.885 <0.001

Note: *significantly higher than that in the same group before treatment (P<0.05).

Figure 1. A: CK-MB levels before and after 
treatment. B: LDH levels before and after 
treatment. C: NT-proBNP levels before and 
after treatment. *P<0.05.
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able. Independent risk factors of chronic heart 
failure were analyzed using logistic multivari- 
ate analysis. Results showed that age, BMI, 
heart rate, ejection fraction, NT-proBNP were 
independent risk factors for patient prognosis 
(P<0.05) (Table 6).

Discussion

Heart failure is an important cause of death, 
especially in elderly patients [14, 15]. There- 
fore, assessment of treatment methods is cru-
cial. In recent years, nicorandil has become re- 
latively popular for treatment of chronic heart 
failure. However, there are few reports concer- 
ning its target of activity. The main features of 
chronic heart failure are loss of cardiac com-
pensatory capacity, insufficient blood supply, 
and dysregulated inflammatory response, with 
promotion of myocardial cell injuries. The cur-
rent study investigated whether nicorandil im- 
proves cardiac function and controls inflamma-
tory response in patients with heart failure.

Medical records of 137 elderly patients with 
chronic heart failure were examined, accord- 
ing to strict inclusion and exclusion criteria. 
Comparisons of the basic data in the 2 groups 
showed no differences, suggesting that the 
study groups were comparable. Results and 
conclusions should have credibility. Present 
results showed that the improvement in NYHA 
grades was significantly greater in the study 
group, compared to the control group. More- 

increase resting potential, shorten the action 
potential cycle, depolarize mitochondrial mem-
branes, promote the production of ATP, and pre-
vent cardiomyocyte apoptosis, thereby alleviat-
ing myocardial damage and preventing heart 
failure [5, 6]. Combined with these findings, the 
therapeutic effects of nicorandil in chronic 
heart failure have been confirmed. Results of 
IL-10 and IL-17 measurements in the 2 groups 
showed that improvements in inflammatory 
factors in patients were superior to those in the 
control group. Results suggest that nicorandil 
can improve inflammatory response in patients 
with chronic heart failure. CK-MB, LDH, and NT- 
proBNP are specific indicators of myocardial 
injury. CK-MB is less abundant in the serum, 
accounting for only 5% of all CK. Its sensitivity 
and specificity for myocardial damage is very 
high. LDH is involved in energy metabolism of 
the cardiomyocytes. When myocardial injuries 
and metabolic abnormalities develop, LDH is 
released, causing an increase in peripheral 
blood LDH levels. NT-proBNP is a degradation 
product of brain natriuretic peptide precursors. 
Increased ventricular pressure load and vol-
ume expansion increase levels of NT-proBNP in 
peripheral blood. NT-proBNP has a long half-life 
and is less affected by exogenous brain natri-
uretic peptides, making it an ideal indicator of 
cardiac function [16-18]. According to some 
studies on chronic heart failure, CK-MB, LDH, 
and NT-proBNP showed different degrees of 
elevation. Levels decreased after treatment. 

Table 4. Six-minute walk experiment
Control group 

(n=70)
Research group 

(n=71) t P

Prior treatment 312.54±38.62 308.81±39.44 0.569 0.570
Post treatment 400.42±41.59* 463.17±43.75* 8.727 <0.001
t 13.047 22.081
P <0.001 <0.001
Note: *significantly higher than that in the same group before treatment (P<0.05).

Table 5. IL-10 and IL-17 levels before and after treatment
Control 

group (n=70)
Research 

group (n=71) t P

IL-10 (mg/L) Prior treatment 9.12±1.36 9.27±1.29 0.674 0.501
Post treatment 12.96±2.23* 16.41±2.67* 8.356 <0.001

IL-17 (mg/L) Prior treatment 9.42±1.28 9.67±1.31 1.150 0.252
Post treatment 7.88±1.17* 6.12±1.04* 9.474 <0.001

Note: *significantly higher than that in the same group before treatment (P<0.05).

over, 6-minute walking dis-
tances were significantly lon-
ger than those in the control 
group, suggesting that nicor-
andil can improve the effica-
cy of conventional chronic 
heart failure treatment, as 
described in similar reports 
[9, 10]. Improvements in 
CK-MB, LDH, and NT-proBNP 
levels in the study group 
were significantly better than 
those in the control group, 
suggesting that nicorandil 
can improve cardiac func-
tion. Nicorandil is a nitrate-
based drug that can open 
the potassium channel in  
an ATP-dependent manner.  
It can increase potassium 
influx, reduce calcium influx, 
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These results confirm present results to some 
extent. IL-10 is one of the most important anti-
inflammatory cytokines in the body. IL-10 is 
mainly secreted by helper T2 cell clones. It can 
inhibit the production of various inflammatory 
cytokines. Studies have reported that IL-10  
can protect against cardiomyocyte injuries [19, 
20]. IL-17 is mainly produced by helper T17 
cells. IL-17 is an inflammatory cytokine that can 
cause myocardial cell damage. It plays a role in 
cardiac remodeling in patients with heart fail-
ure [21]. Some studies have reported the anti-
inflammatory efficacy of nicorandil in patients 
with unstable angina, with improvements in 
inflammatory response in patients with coro-
nary atherosclerosis. These improvements are 
mainly by reducing the total number of inflam-
matory cells and inhibiting the release of lym-

phocytes and macrophages, further inhibiting 
the release of inflammatory factors [22, 23]. 
Therefore, the present conclusion that nicor-
andil can improve inflammatory response in 
patients with chronic heart failure is made with 
a certain degree of confidence. In accord with 
previous studies, it was speculated that nicor-
andil reduces myocardial cell damage by reduc-
ing the total number of inflammatory cells and 
the release of inflammatory factors. This spe- 
culation will be verified in future basic experi-
ments related to cardiomyocyte protection. The 
current study also analyzed prognostic risk fac-
tors of chronic heart failure, finding that age, 
BMI, heart rate, ejection fraction, and NT-pro- 
BNP were independent risk factors for progno-
sis, in accord with previous relevant report re- 
sults [24, 25]. However, there were some limita-
tions to the current study. The inclusion of car-
diac function indicators and inflammatory indi-
cators was not comprehensive enough. Thus, 
more clinical randomized experiments are re- 
quired to validate present conclusions. Due to 
experimental conditions, the current study was 
unable to assess disease prognosis. However, 
it has been reported that nicorandil has the 
potential to reduce mortality in chronic heart 
failure [9, 23]. 

In summary, by improving heart function and 
reducing inflammation, nicorandil provides ad- 
juvant benefits in the treatment of elderly pa- 
tients with chronic heart failure.
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Figure 2. A: IL-10 levels before and after treatment. B: IL-17 levels before and after treatment. *P<0.05.

Table 6. Logistic multi-factor analysis
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BMI 2.141 0.283-43279 0.022
Smoking 1.032 0.396-3.277 0.723
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Na+ 1.012 0.973-1.047 0.427
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