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Introduction
Nowadays, chronic kidney disease is one of 
the main causes of disability responsible for 
a high cost burden on healthcare systems 
in each society. This health problem not 
only has an increasing trend in most 
developed and developing countries, 
because of the necessity for prolonged 
dialysis or needing kidney transplantation, 
a considerable part of health budgets is 
being spent for managing and controlling 
this phenomenon.[1,2] One of the main 
consequences of chronic kidney disease 
caused by progression of cardiovascular 
disease is left ventricular failure that affects 
about 75 percent of the patients in early 
stages of dialysis.[3,4] The severity of left 
ventricular failure is directly associated 
with the level of renal failure progression.[5] 
Moreover, left ventricular failure has been 
introduced as an independent factor for 
predicting high cardiovascular‑related 
mortality in chronic kidney disease 

Address for correspondence:  
Dr. Sara Tavakol, 
Interventional Cardiology 
Research Center, Isfahan 
University of Medical Sciences, 
Isfahan, Iran. 
E‑mail: tavakol.sara@ 
gmail.com

Abstract
Background: Recently, the relationship between increased level of inflammatory mediators and 
occurrence of left ventricular failure in patients with kidney disease has been suggested. The 
present study attempted to assess relationship between inflammatory mediators and occurrence 
of left ventricular failure in patients with chronic kidney disease. Materials and Methods: This 
cross‑sectional study was performed at Noor and Hazrat Aliasghar hospital in Isfahan between 
September 2012 to September 2013 on patients aged  >19  years that referred for following 
their chronic kidney disease. Serum level of inflammatory parameters including C‑reactive 
protein  (CRP) and Interleukin‑6  (IL‑6) was measured using spectrophotometer. All patients were 
also assessed using M‑mode echocardiography to determine left ventricular ejection fraction (LVEF). 
Results: The group with significant reduced LVEF showed lower GFR when compared to the normal 
LVEF group (40.73 ± 20.61% versus 44.43 ± 17.98%, P = 0.032). Comparing GFR across the three 
groups with normal LVEF (>55%), with mild LV dysfunction (LVEF: 45 – 55) those with significant 
LV dysfunction (LVEF < 45%) showed significantly lower GFR level in latter group compared with 
normal LVEF and mild LV dysfunction group  (P  =  0.026). Although the level of serum CRP was 
significantly higher in patients with significant left ventricular failure than other groups (P = 0.018). 
Conclusion: Inflammatory processes can potentially affect left ventricular function in patients with 
chronic kidney disease. In this regard, increased level of CRP may be a main factor for predicting 
severity of left ventricular failure in these patients.
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patients. Besides, inflammatory processes 
have been well identified as the main 
background for both cardiovascular and 
kidney dysfunction leading left ventricular 
hypertrophy and heart failure.[6] Numerous 
studies have recently shown strong 
evidences on association of increased level 
of inflammatory cell and mediators with 
different phases of coronary artery diseases. 
It has been also revealed that increased 
level of inflammatory biomarkers including 
c‑reactive protein  (CRP), tumor necrotizing 
factor (TNF‑α), and interleukin‑6 (IL‑6) can 
be associated with increased risk for heart 
failure, even in those without any previous 
evidences of coronary heart diseases.[7‑9] 
In addition, inflammatory processes have 
been shown to be associated with 
deterioration of kidney dysfunction that 
can be accompanied with uremia, increased 
level of stress oxidative, protein loss, and 
increased susceptibility to infections. In 
this regard, the increase of CRP in patients 
undergoing hemodialysis is a powerful 

Access this article online

Website: www.advbiores.net

DOI: 10.4103/2277-9175.200788

Quick Response Code:

This is an open access article distributed under the terms of the 
Creative Commons Attribution‑NonCommercial‑ShareAlike 3.0 
License, which allows others to remix, tweak, and build upon the 
work non‑commercially, as long as the author is credited and the 
new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

How to cite this article: Shemirani H, Tavakol S, 
Atapoor A, Golshahi J. The Role of Inflammatory 
Processes in Occurrence of Left Ventricular Failure 
in Patients with Chronic Kidney Disease. Adv Biomed 
Res 2017;6:13.

Received: September, 2014. Accepted: November, 2014.



Shemirani, et al.: Inflammatory processes and occurrence of left ventricular failure

2 Advanced Biomedical Research | 2017

predictor for poor prognosis.[10] Recently, the relationship 
between increased level of inflammatory mediators such as 
IL6 and CRP and occurrence of left ventricular failure in 
patients with kidney disease has been also suggested,[11,12] 
however a few documents are available for this suggestion. 
Hence, the present study attempted to assess relationship 
between inflammatory mediators and occurrence of left 
ventricular failure in patients with chronic kidney disease.

Materials and Methods
Study population
This cross‑sectional study was performed at Noor 
hazrataliasghar hospital in Isfahan between September 2012 
to September 2013 on patients aged >19 years that referred 
for following their chronic kidney disease. The main 
exclusion criteria included coronary artery disease, diabetes 
mellitus, peripheral vascular disease, any evidences of 
collagen‑vascular diseases, acute infection on admission, 
under hemodialysis, or recently use of anti‑inflammatory 
drugs. We excluded all reasons leading activation of 
inflammatory pathways. We also matched the groups in 
hypertension. The details of coronary artery disease were 
collected from available angiography reports. We aimed not 
to perform angiography for all participants; in fact, patients 
with negative coronary angiography underwent perfusion 
scan analysis to confirm the normal coronary condition. 
None of the patients with low LVEF had cardiomyopathy 
diagnosis. On admission, the aims of the study explained to 
the participants and written informed consent were received 
from all.

Study measurement
Baseline information including demographics, anthropometric 
indices, medical history, oral medication, and any available 
cardiovascular documents were collected. Participants 
also underwent a clinical examination that included 
measurement of height, weight, and arterial blood pressure 
(mean of two measurements performed with a standard 
sphygmomanometer in a sitting position after a 5‑min rest) 
according to standardized protocols. Furthermore, blood 
samples were taken after at least 12  h of overnight fasting 
to measure inflammatory parameters including CRP and 
IL‑6 determined by using ACETM EIA KIT  (USA) by 
ELISA method. Also, the serum level of serum creatinine 
and glomerular infiltration rate  (GFR) were also assessed by 
186×  (Creat/88.4)‑1.154×  (Age)‑0.203×  (0.742 if female). 
Then, all patients were assessed using M‑mode echocardiography 
according to the American Society of Echocardiography 
guideline with Vivid‑3 instrument and adult probe to 
determine left ventricular ejection fraction  (LVEF). In this 
study, the patients were categorized into three groups including 
those with significant left ventricular failure  (LVEF  <45%), 
with mild left ventricular failure  (LVEF: 45‑55%), normal 
control (LVEF >55%). Also, the rate of GFR was categorized 
into three groups with GFR ≤15, GFR 15–30, and GFR >30. 

The ethics committee of Isfahan University of Medical 
Sciences approved the study and written informed consent 
was obtained from all patients.

Statistical analysis
Results were presented as mean ±  standard deviation  (SD) 
for quantitative variables and were summarized by absolute 
frequencies and percentages for categorical variables. 
Continuous variables were compared using One‑way 
ANOVA test. Categorical variables were, on the other 
hand, compared using Chi‑square test or Fisher’s exact 
test when more than 20% of cells with expected count of 
less than 5 were observed. For the statistical analysis, the 
statistical software SPSS version  20.0 for windows  (SPSS 
Inc., Chicago, IL) was used. P values of 0.05 or less were 
considered statistically significant.

Results
The Chi‑square test and t‑test showed that patients in the case 
group  (LVEF  <55%) and the control group  (LVEF  >55%) 
were matched for sex and age distribution as well as for 
mean weight, mean systolic and diastolic blood pressures, 
and also history of hypertension  [Table  1]. The group 
with significant reduced LVEF showed lower GFR when 
compared to the normal LVEF group  (40.73  ±  20.61% 
versus 44.43 ± 17.98%, P = 0.032), however no differences 
were found in the serum level of CRP and IL‑6 between the 
two groups  [Table  2]. We also compared study parameters 
across the three groups with normal LVEF  (>55%), with 
mild LV dysfunction  (LVEF: 45–55) those with significant 
LV dysfunction  (LVEF <45%) [Table 3]. Comparing mean 
of GFR across the three groups using ANOVA Post hoc 
test showed significantly lower GFR level in latter group 
compared with normal LVEF and mild LV dysfunction 
group  (P  =  0.026). In this regard, the prevalence of 

Table 1: Baseline characteristics in case and control 
groups

Characteristics Case (N=44) Control (N=43) P 
Age (year) 55±12 48±14 0.228
Weight (kg) 66±14.32 65±13.96 0.576
Sex (male/female) 27/17 25/18 0.878
Systolic blood 
pressure (mmHg)

132.5±12 133.4±14.2 0.446

Diastolic blood 
pressure (mmHg)

79.3±6.3 81.3±8.5 0.255

HX of hypertension 8/36 9/34 0.791

Table 2: Comparing study parameters in case and 
control groups

Characteristics Case (N=44) Control (N=43) P
GFR 40.73±20.61 44.43±17.98 0.032
CRP (pg/ml) 8.42±3.41 7.87±3.37 0.453
IL6 (pg/ml) 8.64±0.54 8.53±0.62 0.353
GFR: Glomerular infiltration rate, CRP: C-reactive protein
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GFR ≤15 was significantly higher in those with significant 
left ventricular failure than in those groups with mild left 
ventricular failure or in normal control group  [Figure  1]. 
Although the level of serum CRP was significantly 
higher in patients with significant left ventricular failure 
than other groups  (P  =  0.018), but the difference in 
serum level of IL‑6 was not significant between the three 
groups (P = 0.420) [Figure 2].

Discussion
Different mechanisms have been described in occurring 
left ventricular failure in chronic kidney disease patients. 
One of these mechanisms was related to increased pressure 
and volume overload in these patients that own may be 
affected by advanced age, activation of rennin‑angiotensin 
axis, and stress oxidative.[13‑15] This pressure and volume 
overload can finally lead to left ventricular hypertrophy 
and even cardiomyopathy. In addition, anemia, systolic 
or diastolic hypertension, orhyperparathyroidism have 
been well known to affect overload and occurrence of left 
ventricular failure in chronic kidney disease patients.[16] In 
this regard, the potential role of inflammatory markers in 
presence and progression of chronic kidney disease patients 
remained unclear.[17] The present study could show a 
negative association between serum level of CRP and LVEF 
parameter as an applied index for assessing left ventricular 
function. On the other hand, activation of inflammatory 
processes in chronic kidney disease patients can gradually 
result in left ventricular dysfunction assessed by lowering 
EF. The role of inflammatory processes in stimulation 

and progression of atherosclerosis has been clearly 
described.[18‑20] It seems that deterioration of left ventricular 
dysfunction can be indirectly mediated by the progression of 
coronary atherosclerosis caused by inflammatory processes 
activation.[21] Furthermore, it has been now suggested that 
activation of these inflammatory processes may directly 
influence left ventricular function by it’s directly effect on 
left ventricular mass and thus on its function.[22] In this 
line, chronic renal failure strongly link to cardiovascular 
functional state so that not only coronary disease can 
gradually cause renal dysfunction by misbalancing supply 
and demand, but also the presence of renal failure can lead 
to volume overload and thus can directly affect outcome of 
patients with cardiovascular disease.[23] On the other hand, 
both progression of renal dysfunction and also activation 
of inflammatory mechanisms can disturb left ventricular 
function in renal failure patients.[24,25]

Because we excluded other causes of CHF such as coronary 
artery disease, the main cause of CHF was cardiomyopathy 
caused by renal failure. In fact, more increase of 
inflammatory in CHF patients indicates the concomitantly 
role of inflammation in CHF patients. Thus, treatment of 
inflammation in CKD patients can prevent occurrence of 
cardiomyopathy in these patients.

A limitation of the study was the relatively small sample 
size. So these findings cannot be generalized to the 
broader community based on this study alone. Because of 
confounding effects of advanced age on CKD, we attempted 
to exclude very old persons to achieve reliable results. This 
inclusion selecting led to include a small number of patients.

Conclusion
In conclusion, inflammatory processes can potentially affect 
left ventricular function in patients with chronic kidney 
disease. In this regard, increased level of CRP may be a 
main factor for predicting severity of left ventricular failure 
in these patients.

Table 3: Comparing study parameters across the 
three groups

Characteristics (LVEF 
<45%) 
(N=29)

(LVEF: 45-
55) (N=15)

(LVEF 
>55%) 
(N=43)

P 

GFR 40.12±16.15 41.34±17.75 44.43±17.98 0.026
CRP (pg/ml) 9.91±3.99 7.66±2.85 7.87±3.37 0.018
IL6 (pg/ml) 8.58±0.51 8.76±0.59 8.53±0.62 0.420
GFR: Glomerular infiltration rate, CRP: C-reactive protein, 
LVEF: Left ventricular ejection fraction

Figure 1: The GFR value in three LVEF subgroups Figure 2: The level of CRP and IL6 in different  LVEF subgroups 
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