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Implication for health policy/practice/research/medical education:
In a longitudinal study of a group of HD patients, we found a significant correlation between PTX-3, MBL and hs-CRP  and 
all of these markers increased in patients with cardiovascular complications (P < 0.05). The mean PTX-3, MBL and hs-CRP 
were not significantly different among the three ejection fraction groups (P > 0.05) and none of these markers reached statistical 
significance for the prediction of mortality (P > 0.05). 
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Introduction: The impact of cardiovascular disorders on morbidity and mortality of 
hemodialysis (HD) patients is considerable. Several markers have been investigated for renal 
disease and kidney transplantation.  
Objectives: The aim of this study was to assess the correlation between three inflammatory 
biomarkers including pentraxin-3 (PTX-3), highly sensitive C-reactive protein (hs-CRP), and 
mannose-binding lectin (MBL) with cardiovascular disease (CVD) events and mortality in 
HD patients. 
Patients and Methods: This longitudinal study was conducted on 18-80 years-old chronic 
kidney disease patients undergoing HD. The participants were followed every six months 
for 12 months and the occurrence of CVD events was determined with the calculation of left 
ventricular ejection fraction (LVEF) through echocardiography.
Results: Among 90 patients with a mean age of 54.0 ± 3.24 years, MBL and PTX-3 showed 
a significant correlation to detect CVD events (r=0.987; P < 0.001). The mean PTX-3, MBL 
and hs-CRP levels were not significantly different among the three ejection fraction groups 
(P > 0.05), since none of these markers reached statistical significance for the prediction of 
mortality (P > 0.05). A significant correlation was found between PTX-3, MBL and hs-CRP, 
while all of these markers increased in patients with cardiovascular complications (P < 0.05). 
Conclusion: In our study, PTX-3, MBL and hs-CRP significantly increased in HD patients 
who had LVEF with decreasing value. The serum concentration of PTX-3 MBL and hs-CRP 
can be considered a diagnostic tool for early detection of CVD events in end-stage renal 
disease (ESRD) patients.
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Introduction
Choosing the best treatment approach for patients with 
end-stage renal disease (ESRD) on hemodialysis (HD) 
is an important issue and prevention and control of its 
comorbidities are common challenges in the management 
of these patients (1). Cardiovascular disease (CVD), 
as the main cause of mortality and morbidity in these 
patients (2-4), has been reported in more than 50% of 
HD patients. In addition, the mortality rate due to CVD 
in these patients may be up to 20 times higher than the 
general population (2). In recent years, the association 
between immune response and inflammatory process 
with cardiovascular events has been reported in ESRD 
patients (5,6). Pentraxin-3 (PTX-3), highly sensitive 
C-reactive protein (hs-CRP) and mannose-binding lectin 
(MBL) are the most common inflammatory biomarkers 
whose association with CVD and mortality in ESRD 
patients has been reported (4,7,8). C-reactive protein, as 
an acute-phase reactant, is primarily synthesized in the 
liver and plays an important role in the inflammatory 
process. It has several homologs and is a member of the 
pentraxin family (9). PTX-3, a long PTX, is expressed in 
most cell types in response to inflammatory cytokines. 
Increased level of PXT-3 has been reported in critically 
ill patients such as HD individuals (5,10,11). MBL is a 
genetically determined biomarker that can activate the 
complement immune system and has been shown to affect 
the endothelial function and the clinical course of CVD in 
ESRD patients (6,12-14). 

Objectives
Considering different results in previous studies about the 
association between hs-CRP, PTX-3 and MBL in patients 
undergoing HD, this study was carried out to evaluate this 
association. 

Patients and Methods 
Study design
This longitudinal study was conducted on ESRD patients 
undergoing HD referring to the HD center affiliated with 
Babol university of medical sciences. Inclusion criteria 
were an age of 18-80 years, receiving HD for at least six 
months and written informed consent to participate in 
the study. Patients with a medical history of myocardial 
infarction, cerebrovascular accident or hospital admission 
one month ago, pulmonary embolism, pericarditis, 
severe pulmonary hypertension, surgery, malignancy or 
severe inflammatory disease, diabetic foot and receiving 
steroids or non-steroidal anti-inflammatory drugs and 
immunosuppressives were excluded. Furthermore, the 
patients who presented these conditions during the study 
have been excluded. 

The sample size was determined based on the study 
power of 0.8, a 95% confidence interval and the effect size 
of the three examined biomarkers for the occurrence of 
cardiovascular events or death in the study population. 

For each person, age, gender, blood pressure, smoking 
status, medications, previous history of urinary tract 
infections and angina pectoris were recorded. Recruited 
patients were examined at the baseline and every six months 
for 12 months. In each medical visit performed every six 
months, the patients underwent echocardiography and 
left ventricular ejection fraction (LVEF) as an indicator 
of cardiovascular complications was calculated. Ejection 
fraction value in the range of 50-55% was considered 
normal and lower values were classified as a low range. 
Based on LVEF results, the patients were categorized into 
three groups; low LVEF with a decreasing value, low LVEF 
with a constant value, and normal LVEF. 

At the beginning of the study, a blood sample was 
obtained from the patients after 12 hours of fasting. hs-
CRP was determined by immunoturbidimetric assay 
using Pars-Azmoon laboratory kits. PTX-3 and MBL 
were assessed by ELISA (enzyme-linked immunosorbent 
assay) by human PTX-3 and Human Mannose-Binding 
Lectin kits, respectively. 

Statistical methods 
SPSS software package version 16.0 was used for data 
analysis. Paired t test, Wilcoxon signed-rank test, 
Pearson’s correlation coefficient and receiver operating 
characteristic (ROC) curve were employed for data 
analysis. To assess the normal distribution of variables, 
the Kolmogorov-Smirnov test was employed. P values less 
than 0.05 were considered to be statistically significant.

Results
Ninety patients between 19 to 86 years and a mean age of 
54.0 ± 3.24 years including 51.1% male and 48.9% female 
were participated. The flow diagram of the participants 
is shown in Figure 1. At the baseline examination, 84 
(93.3%) cases reported a previous history of hypertension; 
39 (43.3%) diabetes mellitus; 34 (37.9%) hyperlipidemia 
and 20 (22.2%) of them were smoker. 

The mean PTX-3, MBL and hs-CRP in three ejection 
fraction groups has been presented in Table 1. In the three 
groups of LVEF, the mean serum level of the biomarkers 
were not significantly different (P > 0.05). 

The area under the ROC curves for diagnostic 
accuracy of these three biomarkers in the occurrence 
of cardiovascular complications has been presented 
in Table 2 and Figures 2 and 3. Data showed that all of 
the three biomarkers (PTX-3, MBL, and hs-CRP) had a 
significant area under the curve for precise differentiation 
and diagnosis between the patients with low LVEF with 
a decreasing value and normal LVEF patients (P < 0.05). 

Pearson’s correlation between PTX-3 and MBL (r=0.987; 
P < 0.0001) represented a significant correlation between 
these two biomarkers, while both of them increased in 
patients with cardiovascular complications. Moreover, 
significant correlations were found between PTX-3 
and hs-CRP (r=0.250; P = 0.017) and MBL and hs-CRP 
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(r=0.232; P = 0.028).
The area under the ROC curves for diagnostic accuracy 

of these three biomarkers in mortality of the patients 
undergoing HD was presented in Figure 4. The results 
showed that PTX-3 with a sensitivity of 0.62 (95% CI: 
0.45-0.79; P = 0.127), MBL with a sensitivity of 0.65 (95% 
CI: 0.47-0.82; P = 0.066) and hs-CRP with a sensitivity 
of 0.61 (95% CI: 0.46-0.76; P = 0.165) had no significant 
accuracy for detection of mortality. 

Discussion
Our study showed that PTX-3, hs-CRP, and MBL can 
be presented as useful biomarkers to determine CVD in 

patients undergoing HD; although, PTX-3 and MBL are 
suggested as better indicators for detection of severity 
and disease progression. None of the three biomarkers 
had significant accuracy for the prediction of mortality in 
these patients. 

Honda et al, reported interleukin-6 (IL-6) level as the 
most reliable predictor of cardiovascular disease and 
mortality in patients with ESRD (4). EEl Sebai et al reported 
higher plasma PTX-3 levels in HD cases compared to 
ESRD patients without HD (5). Sjöberg et al, reported that 
higher PTX3 levels could predict incident chronic kidney 
disease in older adults (10). Patients with CVD had higher 
plasma PTX3 levels than those without CVD in the study 
by Xu et al, study. They also concluded that high plasma 
PTX3 level was positively and independently associated 
with CVD and the correlation between PTX3 and CVD 
was higher than hs-CRP in patients with hs-CRP >3 mg/L 
(11). Accordingly, Poppelaars et al represented MBL as a 
useful biomarker to predict cardiovascular events in HD 

 

Potentially eligible participants
n=90

Eligible participants
n=90

Index test (hs-CRP, PTX-3, 
MBL)
n=90

Final diagnosis
n=90

Excluded
n=0

Figure 1. The flow of participants through the study.

Figure 2. Diagnostic accuracy of PTX-3, MBL and hs-CRP in ESRD 
patients undergoing hemodialysis with low ejection fraction (with a 
decreasing value) compared with normal EF individuals.

Table 1. PTX-3, MBL and hs-CRP in patients with ESRD undergoing hemodialysis divided into three groups of ejection fraction 

Examined 
biomarker

Mean ± SD
P value

Low EF with a decreasing value (n=38) Low EF with a constant value (n=18) Normal EF (n=34)

PTX-3 (ng/mL) 12.2±2.5 3.7±0.1 8.1±2.7 0.10

MBL (ng/mL) 931.3±161.3 394.1±17.1 640.1±159.9 0.08

hs-CRP (mg/L) 25.0±3.9 19.6±5.4 14.1±3.1 0.12

EF, Ejection fraction; PTX-3, Pentraxin-3; MBL, Mannose-binding lectin; hs-CRP: Highly sensitive C-reactive protein

Table 2. Area under the ROC curves for PTX-3, MBL and hs-CRP in the occurrence of cardiovascular complications in ESRD patients undergoing hemodialysis, 
based on the comparison of each low EF group with normal EF patients

Comparison of each low EF group with 
normal EF patients Examined Biomarker The area under the ROC curve 95% CI P value

Low EF with a decreasing value (n=38)
PTX-3 (ng/mL) 0.72 0.60-0.84 0.001
MBL (ng/mL) 0.72 0.60-0.84 0.001

hs-CRP (mg/L) 0.66 0.53-0.78 0.019

Low EF with a constant value (n=34)
PTX-3 (ng/mL) 0.50 0.35-0.66 0.91
MBL (ng/mL) 0.46 0.30-0.62 0.70

hs-CRP (mg/L) 0.59 0.43-0.76 0.25
EF, Ejection fraction; PTX-3, Pentraxin-3; MBL, Mannose-binding lectin; hs-CRP: Highly sensitive C-reactive protein
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patients and found that CVD was more prevalent in HD 
patients with low MBL level. They also found, low MBL 
level was independently associated with increased CVD. 
This study also showed no association between low MBL 
levels and mortality (6). 

In this study, serum concentration of hs-CRP, PTX-
3 and MBL indicated accurate differentiation between 
the patients with low-LVEF with a decreasing value and 
normal LVEF patients. These results may suggest that 
when LVEF is normal, the serum level of CRP is low. 
However, when LVEF decrease or has a decreasing value 
because of any damage in cardiac muscle, serum hs-CRP 
level increases. PTX-3 and MBL were only elevated in 
patients with decreasing values of LVEF. Cardiovascular 
events may occur and progress as a result of inflammation. 

Several inflammatory markers have been assessed as 
potential candidates for the enhancement of cardiovascular 
risk evaluation (15). We found a significant correlation 
between PTX-3 and MBL. Both of them increased in 
patients with progressive cardiac disorders; however, the 
correlation between PTX-3 and hs-CRP and MBL with hs-
CRP, although significant, was weaker. It might be related 
to the pathway of immune system response and several 
times for the elevation of these markers in human blood 
circulation. C-reactive protein is an acute-phase protein 
and its plasma level increases by acute phase stimuli. 
However, PTX-3 may not be detectable in the early stages 
of inflammation. This factor also increases several hours 
following inflammation (16). Turker et al assessed the 
serum level of hs-CRP and uric acid in 200 patients with 
moderate to severe mitral valve regurgitation and found a 
significant correlation between uric acid and LVEF. They 
also found higher serum level of uric acid correlated to 
more severe mitral regurgitation; whereas hs-CRP was 
not correlated with these parameters (17). Karakas et al 
concluded that PTX-3 was more tightly associated with 
the complexity and severity of CAD than hs-CRP and 
additionally reported it as an independent predictor for 
CAD (18). These results are similar to our study in which 
hs-CRP was not correlated with LVEF and was not a 

predictive factor for mortality. Moreover, Dubin et al 
evaluated 986 cases with stable coronary heart disease and 
concluded that each unit increase in log PTX-3 at baseline 
was associated with an 80% increased risk of mortality, a 
50% increased risk of cardiovascular events (myocardial 
infarction, stroke, or CVD death) and an 80% higher risk 
of incident heart failure (19). The study by Poppelaars et 
al, showed that a low-MBL level is associated with a higher 
risk for future cardiovascular events and presented MBL 
as a useful indicator for the prediction of CVD in HD 
patients (6). 

Conclusion
In our study PTX-3, MBL and hs-CRP showed a 
significant increase in HD patients who had low LVEF 
with decreasing value. We found no significant correlation 
between these biomarkers and patient mortality. 

Limitations of the study 
We had some limitations in this study. We did not estimate 
the glomerular filtration rate; in addition, long-term 
follow up of the patients were not performed. Repeated 
measurement of these biomarkers over a longer period 
can help accurate evaluation of their diagnostic value in 
predicting disease progression and mortality.
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