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Abstract: Background: Chronic renal dysfunction (CRD) is highly prevalent in patients with chronic heart failure 
(CHF). Recently, the neutrophil/leukocyte ratio (NLR) has been recognized as an independent risk factor for both re-
nal dysfunction and heart failure. However, the NLR in patients with both CHF and CRD remains largely unexplored. 
In the present study, we investigated whether NLR may be used as an indicator to reflect the effect of renal dysfunc-
tion on heart function in patients with CHF. Material and methods: Forty-five patients with CHF, 72 patients with both 
CHF and CRD, and 52 patients with CRD were randomly enrolled in our study and underwent laboratory analysis and 
echocardiography. The NLR was calculated as the ratio of the absolute neutrophil count to the absolute lymphocyte 
count. The patients were further divided into higher NLR (> 3.0) and lower NLR (≤ 3.0) groups. Results: The NLR 
in the CHF+CRD patients was higher than it was in the CHF patients. Between the higher and lower NLR groups of 
patients with CHF and/or CRD, there were no differences in terms of renal function, heart function or structure. In 
the lower NLR group, heart function and structure were not different between the CHF patients and those with both 
CHF and CRD. However, in the higher NLR group, the CHF+CRD patients exhibited a larger right ventricular internal 
diameter (RVID) as well as a higher BMI-normalized left ventricular internal diameter, a higher left atrial internal di-
ameter, and a higher RVID and right atrial internal diameter compared with CHF patients. Conclusion: The NLR was 
significantly increased in CHF+CRD patients, and a higher NLR might indicate worsening renal function and heart 
function as well as cardiac remodeling. 

Keywords: Chronic heart failure, chronic renal dysfunction, neutrophil/leukocyte ratio, echocardiography, cardiac 
remodeling

Introduction

Heart failure is very severe and usually occurs 
during the terminal stages of various cardiovas-
cular diseases [1, 2]. Although treatments for 
heart failure have been greatly improved over 
the years, it is recognized as the leading cause 
of mortality worldwide [1-5]. Heart failure can 
either be acute or chronic. Chronic heart failure 
(CHF) is the main form and occurs due to the 
dysfunction of several organs [6-8]. Renal dys-
function (RD) is prevalent in CHF and the two 
have an interrelationship. Furthermore, ‘cardio-
renal syndrome’ has been recently proposed to 
describe the combined failure of both organs 
[7]. Because myocardial remodeling is the pa- 
thophysiological basis of CHF, a number of 
studies have analyzed the effect of chronic 

renal dysfunction (CRD) on heart function in 
CHF patients [7, 9]. However, a consensus has 
not been attained from currently available 
results. In the present study, we aimed to com-
pare the structural and functional changes of 
the heart among patients with CHF, CRD, or 
CHF+CRD.

The etiologies of both CHF and CRD are very 
complex [10]. Recent studies have confirmed 
that the immune system and inflammation play 
a pathophysiological role in both CHF and CRD 
[11, 12]. Numerous inflammatory biomarkers 
are well recognized as important prognostic 
risk factors in CHF and CRD, such as hs-CRP, 
IL-6, and TNF-α [13-15]. Peripheral blood leuko-
cytes have received a lot of attention due to 
their substantial role in the inflammatory pro-
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cess [10, 16, 17]. Even in healthy subjects, 
total and subgroup leukocyte counts are posi-
tively correlated with potential cardiovascular 
events [17]. The absolute leukocyte count and 
neutrophil/leukocyte ratio (NLR) have been 
reported as risk factors for atrial fibrillation in 
elderly patients with CHF [16]. They are associ-
ated with RD in CHF with reduced ejection frac-
tion [16]. However, the relationship between 
NLR and cardiac function and structure in 
CHF+CRD patients remains largely unexplored. 
In the present study, we analyzed the effect of 
CRD on NLR in CHF patients and the effect of 
NLR on cardiac function and structure in 
CHF+CRD patients.

Materials and methods

Patients

From November 2017 to February 2018, 45 
patients with CHF, 72 patients with CHF and 
CRD, and 52 patients with CRD were retrospec-
tively recruited from the Department of Car- 
diovascular Disease and the Department of 
Nephrology, Qilu Hospital, Shandong University. 
CHF diagnosis was determined by a reduced 
left ventricular ejection fraction (LVEF) < 50% 
according to the ACCF/AHA guidelines and the 
Chinese guidelines for the management of 
heart failure [1, 18]. A diagnosis of CRD required 
a diagnosis of chronic kidney disease (CKD) 
with eGFR < 90 mL/min/1.73 m2 [19]. 

Any patients who had acute coronary syndr- 
ome, cancer, rheumatic disease, systemic or 
localized infection, autoimmune diseases, or 
who were pregnant were excluded. Patients 
with end-stage renal or cardiovascular disease 
who required a kidney or heart transplant were 
also excluded. This study was approved by the 
Ethics Committee of Qilu Hospital, Shandong 
University, and was conducted in compliance 
with the Declaration of Helsinki.

Laboratory analysis 

Serum was obtained from a fasting morning 
blood sample drawn from each patient and 
immediately stored at -80°C prior to further 
analyses. B-type natriuretic peptide (BNP) and 
other routine hematological measurements 
were determined by an enzyme-linked immuno-
assay and a clinical biochemical examination 
according to the manufacturer’s instructions. 

The intra-assay coefficients of variation were 
5% for both tests.

NLR

The white blood cell (WBC) count and its differ-
ent subtypes were determined using automat-
ed differential leukocyte counter Sysmex KX- 
21N (TOA Medical Electronics, Kobe, Japan). 
The NLR was calculated from the ratio of the 
absolute neutrophil count to the absolute lym-
phocyte count (NLR = absolute neutrophil co- 
unt/absolute lymphocyte count). The patients 
were divided into two subgroups based on their 
mean NLR values, with Group 1 having an NLR 
> 3.0 and Group 2 having an NLR ≤ 3.0, accord-
ing to previous studies [20, 21].

Estimated glomerular filtration rate

The eGFR was calculated by the Chronic Kidney 
Disease Epidemiology Collaboration equation 
according to previous studies [16, 19]. Speci- 
fically, the eGFR was calculated by the Chron- 
ic Kidney Disease Epidemiology Collaboration 
equation: men: 141 × (MIN[(creat/0.9, 1])-0.411 
× (MAX[creat/0.9, 1])-1.209 × (0.993 age) (× 
1.159 if black); women: 141 × (MIN[creat/0.7, 
1])-0.329 × (MAX[(creat/0.7, 1])-1.209 × (0.993 
age) × 1.018 (× 1.159 if black) [16, 19]. The 
serum creatinine concentration was determi- 
ned using the Siemens Crea method (ref FD- 
33A) on a Dimension RxL Clinical Chemistry 
System (Siemens, Newark, New Jersey).

Echocardiography

Standard transthoracic echocardiography was 
carried out by two blinded operators using a 
Vivid 7 ultrasound system (General Electric, 
Milwaukee, WI) as previously described [22]. 
The left ventricular internal diameter (LVID), the 
interventricular septum (IVS), the left ventricu-
lar posterior wall (LVPW), and the left atrial 
internal diameter (LAID) were measured at end-
diastole, and the average values were obtained 
from three consecutive cardiac cycles of M- 
mode recordings. The longitudinal right ventric-
ular internal diameter (RVID) and the right atrial 
internal diameter (RAID) were measured at 
end-systole, and the average values were ob- 
tained from three consecutive cardiac cycles of 
an apical 4-chamber section. Early mitral inflow 
velocity (E) and late mitral inflow velocity (A) 
were measured using the pulsed wave Doppler 
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method. The E/A ratio was then calculated ac- 
cordingly. All measurements were taken accord-
ing to the American Society of Echocardiography 
guidelines [23].

Statistics

Continuous variables were expressed as the 
mean ± SD and analyzed using one-way ANOVA 
tests with Scheffe posteriori comparisons 
(among three groups of CHF, CRD or CHF+CRD) 
and independent-samples t-tests (between 
subgroups with lower and higher NLR). The cat-
egorical variables were expressed as propor-
tions and analyzed by χ2 tests. P < 0.05 was 
considered statistically significant. The statisti-

cal analysis was performed with SPSS 15.0 for 
Windows.

Clinical data

Basic clinical characteristics of patients

Table 1 lists the basic clinical information of the 
patients with CHF, CRD or CHF+CRD. There 
were no differences among these groups in 
terms of sex, body mass index (BMI), and heart 
rate (HR). Renal function (CR and eGFR), heart 
function (LVEF, NYHA and E/A ratio), and struc-
ture (LVID, LAID, RVID, RAID), as well as serum 
levels of glucose, TC, HDL, BNP and UA were 
different between the patients with and without 

Table 1. Patient characteristics in three groups of subjects
CHF (n = 45) CRD (n = 52) CHF+CRD (n = 72)

Age (year) 49.9 ± 14.4 52.3 ± 18.18 65.8 ± 13.07
Sex (F/M, n) 18/27 23/29 23/49
BMI 25.1 ± 5.77 25.2 ± 3.74 24.3 ± 3.92
SBP (mmHg) 118.2 ± 16.69 159.5 ± 25.33*,# 129.9 ± 23.65*

DBP (mmHg) 71.5 ± 12.78 89.17 ± 20.85*,# 77.4 ± 14.44*

HR (beats/min) 85.8 ± 22.57 79.53 ± 11.64 81.3 ± 23.24
Glucose (mmol/l) 5.94 ± 3.03 4.85 ± 0.95*,# 5.26 ± 1.73
TC (mmol/l) 4.40 ± 1.28 4.59 ± 1.38*,# 3.99 ± 1.05
LDL-C (mmol/l) 2.65 ± 0.74 2.55 ± 1.01 2.41 ± 0.79
HDL-C (mmol/l) 1.15 ± 0.35 1.27 ± 0.33*,# 1.06 ± 0.27
TG (mmol/l) 1.69 ± 2.21 1.71 ± 1.06 1.23 ± 0.51
BNP (pg/ml) 2691.1 ± 1843.49 3990.4 ± 6593.9*,# 7023.4 ± 5688.7*

CR (μmol/l) 63.3 ± 14.50 459.8 ± 293.33 115.7 ± 78.74*

BUN (mmol/l) 5.39 ± 2.01 22.09 ± 11.67*,# 8.47 ± 5.60*

CysC (mg/l) 0.99 ± 0.48 3.159 ± 1.40*,# 1.48 ± 0.71*

UA (μmol/l) 374.3 ± 135.30 483.8 ± 154.09*,# 453.4 ± 179.84*

eGFR (ml/min/1.73 m2) 105.6 ± 105.62 19.5 ± 20.06*,# 62.8 ± 18.84*

LVEF (%) 29.6 ± 8.30 63.6 ± 6.79*,# 27.8 ± 8.70
NYHA
    I 1 22*,# 0
    II 9 9 10
    III 20 20 30
    IV 15 1*,# 32
LAID (mm) 39.8 ± 6.36 39.8077 ± 6.36*,# 48.1 ± 7.70
LVID (mm) 60.8 ± 7.60 48.1 ± 4.96*,# 62.1 ± 9.41
RAID (mm) 51.5 ± 10.32 45.3 ± 5.48*,# 54.1 ± 9.47
RVID (mm) 24.9 ± 6.60 23.1 ± 2.87*,# 25.9 ± 4.59
E/A ratio 18.9 ± 6.21 15.5 ± 7.59 23.6 ± 8.55
CHF, chronic heart failure; CRD, chronic renal dysfunction; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; HR, heart rate; TC, total cholesterol; LDL-C, high density lipoprotein cholesterol; HDL-C, high density lipoprotein 
cholesterol; TG, triglyceride; BNP, B-type natriuretic peptide; CR, creatinine; BUN, blood urine nitrogen; CysC, cystatin C; UA, uric 
acid; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; LVID, left ventricular internal diameter; 
LAID, left atrial internal diameter; RVID, right ventricular internal diameter; RAID, right atrial internal diameter; E/A ratio, Early 
mitral inflow velocity (E)/late mitral inflow velocity (A); *P < 0.05 compared with CHF; #P < 0.05 compared with CHF+CRD.
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BNP, eGFR, LVEF, BMI, SBP, DBP, 
HR, LAID, LVID, RAID, RVID, E/A 
ratio and the number of lympho-
cytes. In patients with CHF+CRD, 
those with higher NLR exhibited 
higher counts of WBCs, neutro-
phils and lymphocytes as well as 
greater levels of NLR and SBP, 
while there were no differences in 
terms of age, gender, renal func-
tion, heart function and structure 
(Table 3).

In the lower NLR group, patients 
with CHF+CRD had higher levels 
of BNP, SBP and DBP, and lower 
eGFR compared with CHF pa- 

CHF, reflecting the different etiology of CRD 
and CRF. The levels of eGFR, BUN, CR, BNP and 
SBP were also different between patients with 
only CHF and patients with CHF+CRD.

Blood cell counting, classification and NLR

The number of WBCs, lymphocytes, monocytes 
and eosinophils were not different among the 
three groups. The number of neutrophils was 
significantly different between the CRD and 
CHF patients, but no difference was observ- 
ed between the CHF patients and those with 
CHF+CRD. However, the NLR of patients with 
CHF+CRD (3.0235 ± 1.56101) was higher th- 
an the NLR of the CHF patients (2.2413 ± 
0.90557) and lower than that of the CRD 
patients (4.1838 ± 2.44919). When the cut-off 
value of NLR was set at 3, the percentage of 
patients with a higher NLR was also significant-
ly different among the three groups in the fol-
lowing order: CRD > CHF+CRD > CHF (Table 2).

Comparison of heart function and structure 
between the subgroups with lower and higher 
NLRs

Because CRD and CRF are different syndromes, 
we only evaluated heart function and structure 
between the patients with CHF and CHF+CRD. 
The patients were divided into subgroups of 
higher NLR (NLR > 3.0) and lower NLR (NLR ≤ 
3.0) in order to assess the effect of CRD on 
heart remodeling in patients with CHF.

In CHF patients, those with higher NLR had a 
higher number of WBCs and neutrophils as well 
as greater levels of NLR and SBP. However, 
there were no differences in terms of age, sex, 

tients. However, there were no differences in 
terms of age, gender, renal function, heart func-
tion and structure (Table 3).

In the higher NLR group, patients with CHF+CRD 
had higher levels of BNP, BUN, HDL and NLR 
but lower levels of BMI, LVEF and eGFR com-
pared with CHF patients. Only the RVID of 
CHF+CRD patients was significantly increased 
compared with CHF patients. Because BMI is 
considered to have a great effect on heart 
structure, we normalized heart measurements 
by BMI. Although CHF+CRD patients had lower 
BMI, they showed higher BMI-normalized LVIDn, 
LAIDn, RVIDn and RAIDn compared with CHF 
patients (Figure 1).

Discussion

It has been recognized that CRD is common in 
CHF patients, and these two syndromes inter-
act with each other [7-10]. In the present study, 
we used NLR to evaluate the effect of CRD on 
the structure and function of heart in CHF 
patients. Although the numbers of WBCs, lym-
phocytes and neutrophils were not different 
between CHF patients and those with CHF 
+CRD, the NLR of patients with CHF+CRD was 
higher than that of CHF patients but lower than 
that of CRD patients. Patients with CHF+CRD 
also had an increased NLR (NLR > 3.0). Several 
studies have reported similar results [16, 20, 
21]. Argan determined that an NLR > 3 has a 
sensitivity of 68% and specificity of 75% to pre-
dict progression of kidney disease in CHF 
patients with reduced ejection fraction [16]. In 
elderly patients with CHF, NLR is identified as a 
risk factor for CKD, and the highest tertile of 

Table 2. Blood cell counting, classification and NLR
CHF (n = 45) CRD (n = 52) CHF+CRD (n = 72)

WBC (109/l) 6.11 ± 1.86 6.85 ± 2.45 6.49 ± 2.18
NEU (109/l) 3.78 ± 1.54 4.83 ± 2.04* 4.19 ± 1.58
LYM (109/l) 1.75 ± 0.47 1.38 ± 0.66 1.66 ± 1.12
MONO (109/l) 0.44 ± 0.18 0.39 ± 0.19 0.46 ± 0.17
EOS (109/l) 0.12 ± 0.11 0.20 ± 0.17 0.14 ± 0.13
NLR 2.24 ± 0.91 4.18 ± 2.45*,# 3.02 ± 1.56*

Percentage of NLR
    NLR > 3.0 13 (29%) 44 (85%)*,# 36 (50%)*

    NLR ≤ 3.0 32 (71%) 8 (15%) 36 (50%)
WBC, white blood cell; NEU, neutrophils; LYM, lymphocytes; MONO, monocytes; 
EOS, eosinophil; NLR, neutrophil/lymphocyte ratio; *P < 0.05 compared with 
CHF; #P < 0.05 compared with CHF+CRD.
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NLR has been associated with an increased 
risk for major cardiovascular events. In addi-
tion, NLR has been shown to predict mortality 
in patients with cancer, ischemic heart disease, 
hemodialysis and stroke [24, 25]. These results 
suggested that NLR could be an important bio-
marker for RD in CHF patients. 

Furthermore, we found that BUN and BNP were 
higher and eGFR was lower in patients with 
CHF+CRD compared with CHF patients. Since 
eGFR is a clear marker of renal injury [16, 19] 
and BNP is a clear marker of heart function [1, 
13], RD should affect heart function and struc-
ture of CHF patients. Previous studies have 
demonstrated that kidney disease and/or RD 
are independently associated with poor prog-
nosis both in acute heart failure (AHF) and CHF 
patients [11, 26]. Jain discovered that a wors-
ening GFR is associated with a greater degree 
of left ventricular diastolic dysfunction (DD) and 

adverse clinical outcomes in a population with 
preserved systolic function; however, there is 
no interaction between GFR and DD [7]. In addi-
tion, Jenkins discovered that the prevalence of 
left ventricular systolic dysfunction is similar 
between HF patients with higher stages of CKD 
(stage 3a/b or stage 4/5) and lower stages 
(0-2) [27]. In the present study, measurements 
of heart function and structure were consistent 
between patients with CHF and CHF+CRD. 
These results suggest that the effect of CRD on 
heart function and structure in CHF patients is 
very complex, and might be related to the study 
subject, severity and evaluation criteria of renal 
and heart dysfunction. 

An increasing amount of data has revealed that 
NLR is an independent risk factor for adverse 
cardiovascular outcomes in CHF patients [16, 
17, 28]. However, the role of NLR remains large-
ly unexplored in evaluating the effect of CRD on 

Table 3. Comparison of heart function and structure between subgroups with lower and higher NLR
CHF CHF+CRD

NLR ≤ 3.0 (n = 32) NLR > 3.0 (n = 13) NLR ≤ 3.0 (n = 36) NLR > 3.0 (n = 36)
Age (year) 49.2 ± 15.02 51.1 ± 13.40 63.4 ± 11.94 68.5 ± 14.63
Sex (F/M, n) 14/18 4/9 12/24 11/25
BMI 23.2 ± 5.78 28.7 ± 8.45 24.6 ± 3.90 24.16 ± 4.09&

SBP (mmHg) 114.6 ± 13.23 127.2 ± 22.41* 124.2 ± 21.79* 138.8 ± 25.67#

DBP (mmHg) 69.3 ± 9.71 80.4 ± 16.17 76.4 ± 14.34* 77.8 ± 15.89
HR (beats/min) 82.9 ± 24.10 94.5 ± 16.46 80.3 ± 25.52 81.5 ± 18.38
BNP (pg/ml) 2595.3 ± 1689.58 2570.6 ± 1938.32 5929.1 ± 4395.41* 6449.8 ± 4482.75&

eGFR (ml/min/1.73 m2) 105.9 ± 13.74 105.1 ± 12.95 64.1 ± 18.05* 61.4 ± 21.06&

LVEF (%) 29.0 ± 8.67 31.2 ± 7.44 27.1 ± 8.22 28.3 ± 9.49&

LAID (mm) 45.0 ± 8.83 46.7 ± 5.96 49.0 ± 7.12 47.1 ± 8.63
LVID (mm) 60.9 ± 7.68 60.9 ± 7.94 63.2 ± 9.29 60.8 ± 9.31
RAID (mm) 51.2 ± 9.67 52.3 ± 12.57 54.6 ± 8.92 50.7 ± 14.41
RVID (mm) 24.6 ± 5.67 23.45 ± 11.81 26.1 ± 4.79 25.5 ± 4.44&

IVS (mm) 10.09 ± 2.38 10.09 ± 1.75 10.06 ± 2.35 10.30 ± 3.16
LVPW (mm) 9.34 ± 1.96 10.54 ± 1.50 9.58 ± 1.72 9.81 ± 2.93
E/A ratio 6.65 ± 10.20 5.83 ± 8.62 12.04 ± 13.83 12.40 ± 11.61
WBC (109/l) 5.11 ± 1.91 8.09 ± 1.57* 5.47 ± 3.22 6.77 ± 1.95#

NEU (109/l) 2.92 ± 1.21 5.72 ± 1.23* 3.11 ± 1.77 4.95 ± 1.71#

LYM (109/l) 1.69 ± 0.65 1.67 ± 0.39043 1.81 ± 1.51 1.17 ± 0.317#

NLR (109/l) 1.68 ± 0.68 3.46 ± 0.52* 1.65 ± 0.91 4.36 ± 1.49#,&

CHF, chronic heart failure; CRD, chronic renal dysfunction; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; HR, heart rate; BNP, B-type natriuretic peptide; eGFR, estimated glomerular filtration rate; LVEF, left ventricu-
lar ejection fraction; LVID, left ventricular internal diameter; LAID, left atrial internal diameter; RVID, right ventricular internal 
diameter; RAID, right atrial internal diameter; IVS, interventricular septum; LVPW, left ventricular posterior wall; E/A ratio, Early 
mitral inflow velocity (E)/late mitral inflow velocity (A); WBC, white blood cell; NEU, neutrophils; LYM, lymphocytes; NLR, neutro-
phil/lymphocyte ratio; *P < 0.05 compared with CHF with NLR ≤ 3.0; #P < 0.05 compared with CHF+CRD with NLR ≤ 3.0; &P < 
0.05 compared with CHF with NLR > 3.0.
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heart function and structure in CHF. In the pres-
ent study, patients were divided into subgroups 
with a cut-off value of the NLR > 3.0. This cutoff 
value has been used in numerous previous 
studies. In patients with CHF or CHF+CRD, the 
measurements of renal function, heart function 
and structure were consistent between patients 
with higher and lower NLRs. In the lower NLR 
group, patients with CHF+CRD had higher lev-
els of BNP and BUN but lower eGFR compared 
with the CHF patients, and there were no differ-
ences in terms of heart function and structure. 
These results showed that a lower NLR could 
not be used to distinguish CHF+CRD from CHF. 
However, in the higher NLR group, patients with 
CHF+CRD had higher levels of BNP, BUN and 
NLR but lower levels of BMI, LVEF and eGFR 
compared with the CHF patients. Previous stud-
ies have also found an inverse correlation 
between the NLR and LVEF [28] or eGFR [29]. 

Therefore, a higher NLR is a potential risk fac-
tor for HD and RD in CHF patients. 

More interestingly, CHF+CRD patients with 
higher NLRs had higher BMI-normalized LAID, 
LVID, RVID and RAID compared with the CHF 
patients, reflecting the aggravated heart re- 
modeling induced by CRD in CHF patients. 
Previous studies have found that there is a 
higher incidence of left ventricular hypertrophy 
in CKD patients [30] and a greater left ventricu-
lar end-diastolic diameter and end-systolic 
diameter in patients with end-stage renal dis-
ease on maintenance hemodialysis [31]. Ad- 
ditionally, there are decreased high-flow arte-
riovenous fistulas in end-stage renal disease 
that can decrease left ventricular mass, left 
atrial diameter, right ventricular diameter, and 
pulmonary systolic pressure in the high cardiac 
index group [32]. In heart failure, CKD has been 

Figure 1. Comparison of heart structure between subgroups with higher NLRs. Although patients with CHF+CRD and 
NLR > 3.0 had lower BMI, they had higher BMI-normalized LVIDn (A), LAIDn (B), RVIDn (C) and RAIDn (D) compared 
with patients with CHF and NLR > 3.0 (*P < 0.05). CHF, chronic heart failure; CRD, chronic renal dysfunction; BMI, 
body mass index; LVID, left ventricular internal diameter; LAID, left atrial internal diameter; RVID, right ventricular 
internal diameter; RAID, right atrial internal diameter.
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recognized as an independent risk factor for 
ventricular dysfunction and dilation, and CRT 
improves the function and structure of the left 
ventricle to a lesser extent in CKD patients 
compared to those with normal kidney function 
[33]. Therefore, we concluded that CRD would 
worsen cardiac remodeling in CHF patients with 
a higher NLR. The underlying mechanism could 
be that higher NLR represents increased inflam-
mation, which plays a very important role in 
both CRD and CHF [11-15]. In addition, RD may 
enhance overall inflammatory reactions due to 
the decreased renal clearance of inflammatory 
cytokines such as TNF-α, IL-6 and CRP, leading 
to injury of the myocardium and vascular endo-
thelium [34]. 

Study limitations

A potential limitation is that this study was a 
single-institution study with a small population 
size, which did not predict the NLR for cardiac 
outcomes in patients with CHF+CRD. Moreover, 
we did not measure the levels of inflammatory 
markers such as TNF-α, IL-6 and CRP. Therefore, 
the direct relationship between NLR and sys-
temic inflammation was not determined. Taken 
together, the role of NLR in patients with 
CHF+CRD should be further investigated in 
future prospective and randomized studies. 

Conclusions

The NLR value, which reflects overall inflamma-
tion, was significantly increased in CHF patients 
with CRD. Therefore, a higher NLR could wors-
en renal function, heart function and cardiac 
remodeling in patients with CHF. 
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