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INTRODUCTION

	 Chronic Heart Failure (CHF), as the final stage 
of the progression of a variety of cardiovascular 
diseases, is a clinical syndrome caused by changes 
in heart structure or function, decreased cardiac 
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ABSTRACT
Objectives: To evaluate the effect of enteral nutrition on heart function, inflammatory markers and 
immune function in elderly patients with chronic heart failure and its clinical significance. 
Methods: Eighty patients with moderate and severe heart failure admitted to the Cardiology Intensive Care 
Unit (CCU) of Baoding First Central Hospital from May 2019 to May 2020 were included in this study and 
randomly divided into two groups: the experimental group and the control group, with 40 patients in each 
group. The experimental group was given enteral nutrition support therapy on the basis of conventional 
therapy for one month, while the control group was given restricted salt and water intake on the basis of 
conventional therapy, and patients were given free diet according to their wishes. The changes in heart 
function before and after treatment, changes in inflammatory factors such as TNF-a, CRP, IL-6, changes in 
levels of immunoglobulins such as IgA, IgM, and IgG, and the improvement of the performance status of the 
two groups were compared and analyzed. 
Results: After treatment, indicators such as BNP, LVEDD, LVEF and 6min walking distance in the experimental 
group were significantly improved compared with the control group, with statistically significant differences 
(p<0.05), and the levels of inflammatory factors such as TNF-a, CRP and IL-6 in the experimental group were 
significantly reduced compared with those in the control group (p=0.00). The levels of IgG, IgA, IgM and 
other immunoglobulins in the experimental group improved more significantly after treatment than those 
in the control group, with statistically significant differences (IgG, IgA, p=0.00; IgM, p=0.01). Moreover, the 
experimental group was significantly superior to the control group in the improvement rate of performance 
status score (ECOG) after treatment (p=0.04); The incidence of gastrointestinal adverse reactions in the 
experimental group was 20%, and that in the control group was 15%. No statistically significant difference 
can be observed in the gastrointestinal tolerance of both groups (p=0.56). 
Conclusions: Reasonable enteral nutrition boasts a variety of benefits for the recovery of elderly patients 
with chronic heart failure. With reasonable enteral nutrition, the heart function of elderly patients with 
chronic heart failure can be significantly improved, inflammatory factors can be reduced, immunity and 
performance status can be enhanced, and gastrointestinal tolerance can be ameliorated without obvious 
gastrointestinal reactions.
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output, increased systemic or pulmonary venous 
pressure, and congestion due to various reasons.1 
Adverse effects may be caused to patients with 
CHF due to chronic congestion of pulmonary 
and systemic circulation. Patients with mucosal 
congestion in the gastrointestinal tract may suffer 
from nausea, anorexia, decreased appetite, inability 
to eat, etc., and malnutrition and a negative 
nitrogen balance may occur with the progression 
of the disease course, affecting the quality of life 
of patients.2 Patients with long-term pulmonary 
congestion may suffer from impaired alveolar 
respiratory membrane function, resulting in 
insufficient oxygen diffusion and dyspnea.3 These 
conditions are particularly common in elderly 
patients. It was believed by Jones et al.4 that 
the prognosis of patients with CHF has a close 
bearing on their nutritional status. At the same 
time, it is considered in the study by Wandrag et 
al.5 that malnutrition interacts with CHF. Chronic 
malnutrition is expected to result in an inadequate 
supply of energy to the heart muscle and exacerbates 
heart failure, which in turn leads to further 
malnutrition. Based on this, Rahman et al.6 believed 
that simple control of heart failure could not achieve 
ideal results, and the study results showed that7 
nutritional supports enable patients with CHF to 
obtain nutrition to control their heart failure. Enteral 

nutrition is a low-cost and easy-to-accept treatment 
regimen that provides nutrition via catheter or 
oral administration, which is in line with human 
physiological state. With such a treatment regimen, 
the intestinal function of patients can be improved 
and certain adverse reactions can be prevented.8 
Enteral nutrition support therapy combined with 
conventional therapy is a potent regimen for the 
treatment of elderly patients with chronic heart 
failure, which not only has certain benefits on heart 
function and performance status of patients, but 
also can improve the level of inflammatory factors 
and immune function of patients.

METHODS

	 Eighty patients with moderate and severe heart 
failure admitted to the Cardiology Intensive Care 
Unit (CCU) of Baoding First Central Hospital from 
May 2019 to May 2020 were recruited and randomly 
divided into two groups, with 40 cases in each 
group. 19 males and 21 females were divided into 
the experimental group, aged 60-75 years old, with 
an average of 68.89±4.46 years old. 22 males and 
18 females were divided into the control group, 
aged 63-73 years old, with an average of 68.05±3.10 
years old. There were no significant differences in 
the general information of the two groups, which 
were comparable (Table-I).

Table-I: Comparative analysis of general data between the experimental group and the control group ( ±S) n=40.

Indicators Experimental group Control group t/χ2 p

Age 68.89±4.46 68.05±3.10 0.98 0.33
Male (%) 19 (47.5%) 22 (55%) 0.45 0.50
Course of disease (year) 3.73±0.76 3.90±0.87 0.93 0.35
Etiology
Coronary heart disease (case %) 18 (45%) 20 (50%) 0.20 0.65
Pulmonary heart disease (case %) 10 (25%) 13 (32.5%) 0.55 0.46
Cardiomyopathy (case %) 7 (17.5%) 5 (12.5%) 0.39 0.53
Valvulopathy (case %) 5 (12.5%) 2 (5%) 1.41 0.24
Heart function classification
Class III (cases %) 24 (60%) 22 (55%) 0.20 0.65
Class IV (cases %) 16 (40%) 18 (45%) 0.22 0.43
Complicated underlying disease
Hypertension (case %) 15 (37.5%) 18 (45%) 0.46 0.50
Diabetes (case %) 17 (42.5%) 12 (30%) 1.35 0.24
Other (case %) 8 (20%) 10 (25%) 0.28 0.60
NRS score 4.37±0.43 4.28±0.32 1.06 0.29

p>0.05.
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Ethical approval: The study was approved by the 
Institutional Ethics Committee of Baoding First 
Central Hospital (No.: 2019048; date: June 18, 
2020), and written informed consent was obtained 
from all participants.
Inclusion criteria: 
1.	 Patients ≥60 years old;
2.	 Patients with a history of cardiovascular 

disease;
3.	 Patients with heart function of Class III and IV;9
4.	 Patients with typical symptoms of cardiac 

insufficiency;10
5.	 Patients with left ventricular ejection fraction 

(LVEF) <40%;
6.	 Patients with a nutritional risk screening scale 

(NRS) score ≥3 points;11

7.	 Patients whose family members had signed the 
consent form and were able to cooperate with 
the completion of the study.

Exclusion criteria: 
1.	 Patients with metabolic diseases or chronic 

wasting diseases such as tumors, autoimmune 
diseases, chronic inflammatory diseases, 
hyperthyroidism, etc.;

2.	 Patients with congenital heart disease or 
arrhythmia-related diseases;

3.	 Patients with severe dysfunction of vital 
organs, such as liver and kidney dysfunction, 

blood system diseases, which cannot be 
improved after active correction;

4.	 Patients who had recently received nutritional 
therapy;

5.	 Patients with acute myocardial infarction or 
cardiogenic shock; 

6.	 Patients who cannot tolerate enteral nutrition 
or have serious complications;

7.	 Patients who had recently taken relevant drugs 
that affect the study such as hormones and 
immunosuppressant’s.

Enteral nutrition therapy: The conventional 
treatment regimens for patients in the two groups 
included cardiac agents, diuresis, vasodilation to 
reduce cardiac preload and afterload,12 oxygen 
inhalation, sedation and pain relief, etc.
	 The experimental group was given enteral 
nutrition support therapy on the basis of 
conventional therapy. Intact protein enteral 
nutrition was mainly used as nutrition agent, 
which is rich in trace elements. Dosage was adapted 
according to gastrointestinal tolerance and dietary 
fiber was added to promote gastrointestinal 
function. For patients with diabetes, abundant 
nutritional dosage forms such as monounsaturated 
fatty acids and fructose were added.13 Patients 
were given a liquid or semi-liquid diet when 
necessary according to their wishes, with the 
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Table-II: Comparative analysis of heart function indicators between the two groups ( ±S) n=40

Indicators Before treatment* 1 month after treatment∆ t p

BNP (pg/ml)

Experimental group∆ 321.32±35.27 143.42±22.79 26.79 0.00
Control group∆ 328.25±36.14 225.73±23.76 14.99 0.00
t 0.87 15.81
p 0.38 0.00

LVEF (%)

Experimental group∆ 41.68±3.67 53.74±4.58 13.00 0.00
Control group∆ 42.05±4.21 46.55±5.07 4.32 0.00
t 0.42 6.55
p 0.67 0.00

LVEDD (mm)

Experimental group∆ 59.36±3.28 51.23±3.84 10.18 0.00
Control group∆ 59.03±3.57 53.65±3.97 6.37 0.00
t 0.43 2.77
p 0.67 0.00

6min walking 
distance (m)

Experimental group∆ 346.53±56.83 385.62±25.83 3.96 0.00
Control group∆ 343.79±64.20 369.35±27.14 1.23 0.02
t 0.20 2.74
p 0.84 0.01

*p>0.05, ∆p<0.05.
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minimally invasive energy of about 20 kcal/kg/d, 
and oral or nasal feeding was adopted according 
to the wishes of patients. One month was seen 
as a course of treatment. The control group was 
given restricted salt and water intake on the basis 
of conventional therapy, and patients were given 
free diet according to their wishes.
Observation indicators: Comparative analysis 
of heart function changes: N-terminal brain 
natriuretic peptide (BNP) was drawn from the 
fasting venous blood test group before and one 
month after treatment, and left ventricular ejection 
fraction (LVEF), left ventricular end diastolic 
diameter (LVEDD) and 6min walking distance of 
the patients were detected, respectively.
Inflammatory factor indicators: Periphereal 
venous blood was drawn from all patients at the 
basal state in the morning before and two weeks 
after treatment, respectively. Enzyme-linked 
immunosorbent assay (ELISA) was utilized to 
detect the levels of inflammatory factors such as 
tumor necrosis factor (TNF-a), C-reactive protein 
(CRP) and interleukin-6 (IL-6).
Immune function indicators: Peripheral venous 
blood was drawn from the patients at the basal state 
in the morning before and 2 weeks after treatment, 
respectively, and immunoglobulins such as IgA, 
IgM and IgG of the patients were detected to 
analyze the differences in their changes.
Improvement of performance status: ECOG 
score14 was used to observe the improvement 
of performance status before and 1 month after 
treatment: improvement (≥ 1 point reduction), 

stability (score unchanged), deterioration (≥ 1 
point increase).
Statistical analysis: All the data were statistically 
analyzed by SPSS 20.0 software, and the 
measurement data were expressed as ( ±S). Two 
independent sample t-test was used for inter-group 
data analysis, repeated measurement analysis of 
variance was used for intra-group data analysis, 
and χ2 was adopted for rate comparison. P<0.05 
indicates a statistically significant difference.

RESULTS

	 The changes of heart function indicators of 
the two groups before and after treatment are 
shown in Table-II, suggesting that there was no 
significant difference in BNP, LVEDD, LVEF and 
6min walking distance between the two groups 
before treatment (p>0.05). The above indicators 
were improved significantly after one month after 
treatment compared with those before treatment, 
with a statistically significant difference (p<0.05). 
The improvement was specifically manifested as 
a decrease in BNP and LVEDD and an increase in 
LVEF and six minitues walking distance compared 
with those before treatment. The experimental 
group showed a more significant improvement than 
the control group in the indicators after treatment, 
with a statistically significant difference (p<0.05).
	 The changes of inflammatory factors in the two 
groups of patients before and after treatment are 
shown in Table-III, suggesting that there was no 
significant difference in the levels of inflammatory 
factors such as TNF-a, CRP and IL-6 between the 
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Table-III: Comparative analysis of changes in inflammatory factors 
before and after treatment between the two groups ( ±S) n=40.

Group Before treatment* 2 weeks after treatment∆ t p

TNF-α (ng/L)

Experimental group∆ 46.03±7.24 21.31±5.31 17.43 0.00
Control group∆ 46.25±7.01 27.69±5.72 12.97 0.00
t 0.14 5.17
p 0.89 0.00

CRP(mg/L)

Experimental group∆ 82.64±16.32 14.74±4.50 25.37 0.00
Control group∆ 81.89±16.71 20.28±4.42 22.54 0.00
t 0.20 5.55
p 0.84 0.00

IL-6 (ng/L)

Experimental group∆ 18.43±6.37 8.47±2.26 9.32 0.00
Control group∆ 18.35±6.08 12.58±3.06 5.36 0.00
t 0.06 6.83
p 0.95 0.00

*p>0.05, ∆p<0.05.
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two groups before treatment (p>0.05). The above 
indexes were lower after treatment than those 
before treatment, with a statistically significant 
difference (p<0.05), while that in the experimental 
group were significantly lower than those in the 
control group after treatment, with a statistically 
significant difference (p=0.00).
	 The immunoglobulin levels in both groups 
were improved after treatment compared with 
those before treatment (p=0.00). The experimental 
group showed a more significant improvement 
after treatment than the control group, with 
a statistically significant difference (IgG, IgA, 
p=0.00; IgM, p=0.01) (Table-IV).
	 The improvement rate of performance status 
score (ECOG) in the experimental group after 
treatment was significantly higher than that in 
the control group (p=0.04), and the experimental 
group showed a more significant improvement in 
the performance status of patients (Table-V).

	 The incidence of gastrointestinal adverse 
reactions in the experimental group within 2 
weeks of treatment was 20%, while that in the 
control group was 15%. No statistically significant 
difference can be observed in the gastrointestinal 
tolerance between the two groups (p=0.56) 
(Table-VI).

Elderly Patients with Chronic Heart Failure

Table-V: Comparative analysis of performance
status scores (ECOG) before and after treatment

between the two groups ( ±S) n=40.

Group Improvement* Stable Deterioration

Experimental 
group 23 10 7

Control group 14 18 8
χ2 4.07 3.51 0.08
p 0.04 0.06 0.78

*p<0.05.

Table-IV. Comparative analysis of immunoglobulin levels 
before and after treatment between the two groups ( ±S) n=40.

Group Before treatment* 2 weeks after treatment∆ t p

IgG (g/L)

Experimental group∆ 7.57±2.36 13.77±4.35 7.92 0.00

Control group∆ 7.73±2.27 11.25±4.46 4.45 0.00

t 0.31 2.56

p 0.76 0.01

IgA (g/L)

Experimental group∆ 1.35±0.27 2.83±0.76 11.61 0.00

Control group∆ 1.32±0.31 2.24±0.42 11.15 0.00

t 0.46 4.30

p 0.65 0.00

IgM (g/L)

Experimental group∆ 1.38±0.65 2.75±0.63 9.57 0.00

Control group∆ 1.36±0.73 2.39±0.50 7.36 0.00

t 0.13 2.83

p 0.89 0.01

*p>0.05, ∆p<0.05.

Table-VI. Comparative analysis of gastrointestinal tolerance between the two groups after treatment ( ±S) n=40.

Group Abdominal distension Diarrhea Constipation Gastric retention Total Incidence

Experimental group 4 2 0 2 8 20%
Control group 2 0 3 1 6 15%
χ2 0.35
p 0.56

p>0.05.



DISCUSSION

	 Chronic lung disease and cardiovascular 
disease are experiencing an increase in their 
incidence year by year in the wake of the changes 
in people’s living habits and surrounding 
environment.15 This is accompanied by prolonged 
heart damage and remodeling of the myocardial 
wall, which eventually leads to heart failure.16 It 
was shown in the study by Chung ML et al.17 that 
nutritional abnormalities exert a critical role in 
the development of CHF. In case of nutritional 
deficiency, abnormal metabolism of myocardial 
energy may be caused, which accelerates 
myocardial remodeling and increases myocardial 
ischemia and hypoxia. Subsequently, the degree 
of heart failure will be aggravated, the heart 
pumping function will be reduced, the pulmonary 
circulation and systemic circulation congestion 
will be increased, and the gastrointestinal 
burden will be increased, eventually leading to 
clinical symptoms such as anorexia, nausea and 
reduced eating. Therefore, most patients with 
CHF are affected by malnutrition. Nutritional 
therapy plays a definite role in the treatment of 
chronic heart failure, and nutritional support is 
becoming the pillar of comprehensive treatment 
for patients with chronic heart failure.18

	 Rational nutritional support therapy is of 
great importance to improve heart function and 
maintain normal physiological metabolism of the 
body. Studies have shown that19 the progression 
of chronic heart failure can be partially attributed 
to the deficiency of sugar, protein, fat and trace 
elements. Induced by leptin in adipose tissue, 
appetite will decrease with the consumption of 
body fat storage. Patients suffer from heart failure 
are usually accompanied by gastrointestinal 
malabsorption, lipid malabsorption, and even, in 
severe cases, cardiac cachexia in elderly patients.20 
The deficiency of protein can directly lead to 
the contractile function of cardiomyocytes and 
accelerate their death.21 In view of this, a more 
individualized nutritional therapy is preferred 
for patients with CHF.
	 An important role is played by the 
inflammatory response in patients with chronic 
heart failure, which can directly lead to the 
aggravation of abnormal cardiac hemodynamics 
and the remodeling of the ventricular wall.22 
TNF-α blocks the release of calcium ions from 
the sarcoplasmic reticulum and decreases the 

level of calcium ions in cardiomyocytes, thereby 
significantly reducing the contractility of 
cardiomyocytes,23 while IL-6, TNF-α and other 
inflammatory factors have negative inotectonic 
effects.24 It was discovered by Kanda et al. that 
the expression of IL-6 was increased in the blood 
circulation and myocardium of patients with 
heart failure, and the level of IL-6 in the blood 
circulation was closely linked to the severity of 
heart failure, which could predict the occurrence 
of clinical endpoint events of heart failure.25 
Enteral nutrition can play its unique role not 
only in substantially alleviating intestinal 
mucosal damage caused by intestinal ischemia-
reperfusion injury, but also in promoting the 
restoration of the intestinal barrier and reducing 
the levels of circulating endotoxin, TNF-α 
and IL-6. It was also confirmed in this study 
that the levels of inflammatory factors such as 
TNF-a, CRP and IL-6 in the enteral nutrition 
group were significantly lower than those in the 
control group after treatment, with a statistically 
significant difference (p=0.00).
	 Enteral nutrition boasts the ability to improve 
the nutritional status and immune function of 
patients, thereby promoting the recovery of 
patients.26 It was considered in the study by 
Arutiunov et al.27 that patients with NYHA Class 
III-IV chronic heart failure in the experimental 
group who received formal enteral nutrition 
intervention had significant performance 
recovery compared with the control group, and 
the results of 6min walking test were increased 
by 46.8% and 10.3%, respectively. Arutiunov et 
al.28 believed that nutritional support had certain 
advantages in improving the general state of CHF 
patients with any degree of malnutrition. It has 
also been confirmed in our study that various 
indicators such as BNP, LVEDD, LVEF and 6-min 
walking distance in the experimental group after 
treatment have improved significantly compared 
with the control group, with statistically 
significant differences (p<0.05). In addition, the 
levels of immunoglobulins such as IgG, IgA, and 
IgM in the experimental group improved more 
significantly than those in the control group after 
treatment, with statistically significant differences 
(IgG, IgA, p=0.00; IgM, p=0.01); The experimental 
group had obvious advantages over the control 
group in the improvement rate of performance 
status score (ECOG) (p=0.04).
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Limitations of the study: Fewer cases are 
included in the study and there is the absence 
of long-term follow-up. Moreover, only the 
finished enteral nutrition preparations were 
used for research and analysis with the control 
group, and no more detailed nutrition evaluation 
is conducted or a detailed individualized 
nutrition scheme is developed. In view of this, 
positive countermeasures are being carried out 
with the progress of the study to further expand 
the sample size and formulate a standardized 
follow-up scheme, so as to further evaluate the 
efficacy of the treatment regimen and benefit 
more patients.

CONCLUSIONS

	 Reasonable enteral nutrition boasts a variety of 
benefits for the recovery of elderly patients with 
chronic heart failure. With reasonable enteral 
nutrition, the heart function of elderly patients 
with chronic heart failure can be significantly 
improved, inflammatory factors can be reduced, 
immunity and performance status can be 
enhanced, and gastrointestinal tolerance can 
be improved without obvious gastrointestinal 
reactions.

Conflicts of interest: None.
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Baoding Science and Technology Plan Project 
(1941ZF045).

REFERENCES
1.	 Skrzypek A, Mostowik M, Szeliga M, Wilczynska-Golonka 

M, Dębicka-Dąbrowska D, Nessler J. Chronic heart failure 
in the elderly: Still a current medical problem. Folia Med 
Cracov. 2018;58(4):47-56.

2.	 Triposkiadis F, Xanthopoulos A, Butler J. Cardiovascular 
Aging and Heart Failure: JACC Review Topic of the Week. 
J Am Coll Cardiol. 2019;74(6):804-813. doi: 10.1016/j.
jacc.2019.06.053

3.	 Güder G, Störk S. COPD and heart failure: differential 
diagnosis and comorbidity. COPD und Herzinsuffizienz: 
Differenzialdiagnose und Komorbidität. Herz. 
2019;44(6):502-508. doi: 10.1007/s00059-019-4814-7.

4.	 Jones JD, Chew PG, Dobson R, Wootton A, Ashrafi R, 
Khand A. The Prognostic Value of Heart Type Fatty 
Acid Binding Protein in Patients with Suspected Acute 
Coronary Syndrome: A Systematic Review. Curr Cardiol 
Rev. 2017;13(3):189-198. doi: 10.2174/1573403X1366617011
6121451

5.	 Wandrag L, Brett SJ, Frost G, Hickson M. Impact of 
supplementation with amino acids or their metabolites 
on muscle wasting in patients with critical illness or other 
muscle wasting illness: A systematic review. J Hum Nutr 
Diet. 2015;28(4):313-330. doi: 10.1111/jhn.12238

6.	 Rahman A, Jafry S, Jeejeebhoy K, Nagpal AD, Pisani 
B, Agarwala R. Malnutrition and Cachexia in Heart 
Failure. J Parenter Enteral Nutr. 2016;40(4):475-486. doi: 
10.1177/0148607114566854

7.	 Jimenez FJ, Cervera Montes M, Blesa Malpica AL. 
Metabolism and Nutrition Working Group of the 
Spanish Society of Intensive Care Medicine and 
Coronary units. Guidelines for specialized nutritional 
and metabolic support in the critically-ill patient: 
update. Consensus SEMICYUC-SENPE: cardiac patient. 
Nutr Hosp. 2011;26(Suppl-2):76-80. doi: 10.1590/S0212-
16112011000800017

8.	 Bondarenko NA, Poveshchenko OV, Lykov AP, Kim 
II, Surovtseva MA, Poveshchenko AF, et al. Study 
of Cytokine Profile of Cultured “Early” and “Late” 
Endothelial Progenitor Cells in Peripheral Blood of 
Chronic Heart Failure Patients after Mobilization Course 
with Granulocyte Colony-Stimulating Factor. Bull Exp Biol 
Med. 2015;160(2):249-251. doi: 10.1007/s10517-015-3141-0

9.	 Norman J, Fu M, Ekman I, Björck L, Falk K. Effects of a 
mindfulness-based intervention on symptoms and signs in 
chronic heart failure: A feasibility study. Eur J Cardiovasc 
Nurs. 2018;17(1):54-65. doi: 10.1177/1474515117715843

10.	 Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland 
JG, Coats AJ, et al. 2016 ESC Guidelines for the diagnosis 
and treatment of acute and chronic heart failure: The Task 
Force for the diagnosis and treatment of acute and chronic 
heart failure of the European Society of Cardiology (ESC). 
Developed with the special contribution of the Heart 
Failure Association (HFA) of the ESC. Eur J Heart Fail. 
2016;18(8):891-975. doi: 10.1002/ejhf.592

11.	 Coruja MK, Cobalchini Y, Wentzel C, Fink JDS. Nutrition 
Risk Screening in Intensive Care Units: Agreement 
Between NUTRIC and NRS 2002 Tools. Nutr Clin Pract. 
2020;35(3):567-571. doi: 10.1002/ncp.10419

12.	 Murphy SP, Ibrahim NE, Januzzi JL Jr. Heart Failure 
With Reduced Ejection Fraction: A Review [published 
correction appears in JAMA. 2020 Nov 24;324(20):2107]. 
JAMA. 2020;324(5):488-504. doi: 10.1001/jama.2020.10262

13.	 Druyan ME, Compher C, Boullata JI, Braunschweig CL, 
George DE, Simpser E, et al. Clinical Guidelines For the Use 
of Parenteral and Enteral Nutrition in Adult and Pediatric 
Patients: Applying the GRADE system to development 
of A.S.P.E.N. clinical guidelines. J Parenter Enteral Nutr. 
2012;36(1):77-80. doi: 10.1177/0148607111420157

14.	 Young J, Badgery-Parker T, Dobbins T, Jorgensen M, 
Gibbs P, Faragher I, et al. Comparison of ECOG/WHO 
performance status and ASA score as a measure of 
functional status. J Pain Symptom Manage. 2015;49(2):258-
264. doi: 10.1016/j.jpainsymman.2014.06.006

15.	 Jones NR, Roalfe AK, Adoki I, Hobbs FDR, Taylor CJ. 
Survival of patients with chronic heart failure in the 
community: a systematic review and meta-analysis. Eur J 
Heart Fail. 2019;21(11):1306-1325. doi: 10.1002/ejhf.1594

16.	 Anker SD, John M, Pedersen PU, Raguso C, Cicoira M, 
Dardai E, et al. ESPEN Guidelines on Enteral Nutrition: 
Cardiology and pulmonology. Clin Nutr. 2006;25(2):311-
318. doi: 10.1016/j.clnu.2006.01.017

17.	 Chung ML, Park L, Frazier SK, Lennie TA. Long-
Term Adherence to Low-Sodium Diet in Patients With 
Heart Failure. West J Nurs Res. 2017;39(4):553-567. doi: 
10.1177/0193945916681003

18.	 Anker SD, Laviano A, Filippatos G, John M, Paccagnella 
A, Ponikowski P, et al. ESPEN Guidelines on Parenteral 
Nutrition: On cardiology and pneumology. Clin Nutr. 
2009;28(4):455-460. doi: 10.1016/j.clnu.2009.04.023



Pak J Med Sci     January - February  2022    Vol. 38   No. 1      www.pjms.org.pk     309

Dan Zhang et al.

	 Authors:

1.	 Dan Zhang,
	 Department of Outpatient,
2.	 Hongli Li,
	 Department of Cardio-vascular
3.	 Xiang Tian,
	 Department of Cardio-vascular
4.	 Sujuan Zhang
	 Department of Outpatient,
1-4:	 Baoding First Central Hospital, Baoding,
	 Hebei 071000, China.

	 Correspondence:

	 Hongli Li,
	 Department of Cardiology,
	 Baoding First Central Hospital,
	 Baoding, Hebei 071000, 
	 China.
	 E-mail: siba2477353@163.com

19.	 Cvetinovic N, Loncar G, Isakovic AM, von Haehling S, 
Doehner W, Lainscak M, et al. Micronutrient Depletion 
in Heart Failure: Common, Clinically Relevant and 
Treatable. Int J Mol Sci. 2019;20(22):5627. doi: 10.3390/
ijms20225627

20.	 Kitzman DW, Brubaker P, Morgan T, Haykowsky M, 
Hundley G, Kraus WE, et al. Effect of Caloric Restriction or 
Aerobic Exercise Training on Peak Oxygen Consumption 
and Quality of Life in Obese Older Patients With Heart 
Failure With Preserved Ejection Fraction: A Randomized 
Clinical Trial. JAMA. 2016;315(1):36-46. doi: 10.1001/
jama.2015.17346

21.	 Altamish M, Samuel VP, Dahiya R, Singh Y, Deb PK, 
Bakshi HA, et al. Molecular signaling of G-protein-
coupled receptor in chronic heart failure and associated 
complications. Drug Dev Res. 2020;81(1):23-31. doi: 
10.1002/ddr.21627

22.	 Ptaszynska-Kopczynska K, Szpakowicz A, Marcinkiewicz-
Siemion M, Lisowska A, Waszkiewicz E, Witkowski 
M, et al. Interleukin-6 signaling in patients with chronic 
heart failure treated with cardiac resynchronization 
therapy. Arch Med Sci. 2017;13(5):1069-1077. doi: 10.5114/
aoms.2016.58635

23.	 Tang J, Xie Q, Ma D, Wang W. Effects of ET-1 and 
TNF-α levels on the cardiac function and prognosis 
in rats with chronic heart failure. Eur Rev Med 
Pharmacol Sci. 2019;23(24):11004-11010. doi: 10.26355/
eurrev_201912_19806

24.	 Eskandari V, Amirzargar AA, Mahmoudi MJ, Rahnemoon 
Z, Rahmani F, Sadati S, et al. Gene expression and levels 
of IL-6 and TNFα in PBMCs correlate with severity and 
functional class in patients with chronic heart failure. Ir 
J Med Sci. 2018;187(2):359-368. doi: 10.1007/s11845-017-
1680-2

25.	 Hansen PR, Nelveg-Kristensen KE, Rasmussen HB, 
Torp-Pedersen C, Køber L, Nielsen CH, et al. Prognostic 
role of genetic polymorphisms of the interleukin-6 
signaling pathway in patients with severe heart failure. 
Pharmacogenomics J. 2019;19(5):428-437. doi: 10.1038/
s41397-019-0068-2 

26.	 Ding D, Feng Y, Song B, Gao S, Zhao J. Effects of preoperative 
and postoperative enteral nutrition on postoperative 
nutritional status and immune function of gastric cancer 
patients. Turk J Gastroenterol. 2015;26(2):181-185. doi: 
10.5152/tjg.2015.3993

27.	 Arutiunov GP, Kostiukevich OI, Rylova NV, Voevodina 
NIU, Korsunskaia MI. Vliianie énteral’nogo pitaniia na 
tolerantnost’ k fizicheskim nagruzkam i klinicheskuiu 
kartinu u bol’nykh s khronicheskoĭ serdechnoĭ 
nedostatochnost’iu III-IV funktsional’nogo klassa [Effect 
of enteral feeding on exercise tolerance and clinical picture 
in patients with NYHA class III-IV chronic heart failure]. 
Kardiologiia. 2003;43(5):52-55.

28.	 Arutiunov GP, Kostiukevich OI, Bylova NA. Prevalence 
and clinical significance of malnutrition and effectiveness 
of nutritional support for patients suffering from chronic 
heart failure. Eksp Klin Gastroenterol. 2009;(2):22-33.

Authors’ Contributions:

DZ & HL: Designed this study, prepared this 
manuscript, are responsible and accountable for 
the accuracy or integrity of the work.
XT: Collected, analyzed clinical data.
SZ: Significantly revised this manuscript.


	_Hlk73127303
	_Hlk80310764
	_Hlk73128899
	_Hlk73127837
	_Hlk64284995
	_Hlk64255016
	_Hlk64254438
	_Hlk73127961
	_Hlk52658828
	_Hlk73128010
	_Hlk73128057
	_Hlk80369836
	_GoBack
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_GoBack
	_GoBack
	_Hlk60749087
	_Hlk67781218
	_Hlk60648775
	_Hlk60685936
	_Hlk53259976
	_Hlk67782188
	_Hlk61295966
	_Hlk69161788
	OLE_LINK3
	OLE_LINK4
	_Hlk60688620
	OLE_LINK5
	_Hlk60696472
	_Hlk67865936
	_Hlk69586067
	_Hlk69593678
	_GoBack
	_GoBack
	_Hlk76543516
	_Hlk63497575
	_Hlk81123192
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk71104221
	_GoBack
	_GoBack
	OLE_LINK1
	OLE_LINK2
	_Hlk80008078
	_GoBack
	_GoBack
	d
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_GoBack
	_Hlk78711937
	_GoBack
	_Hlk78712556
	_GoBack
	_GoBack
	_Hlk27043201
	_Hlk63427471
	bau0001
	bau0003
	_GoBack
	_GoBack
	_Hlk77929665
	_GoBack
	_Hlk65347101
	_GoBack
	3znysh7
	3dy6vkm
	1t3h5sf
	2s8eyo1
	4d34og8
	17dp8vu
	OLE_LINK9
	_GoBack
	_Hlk66669948
	_Hlk69762905
	_GoBack
	_Hlk69744826
	_Hlk69762950
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	OLE_LINK1
	_Hlk85572970
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23

