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Abstract
Background: Chronic inflammation remains a persistent problem in hemodialysis patients, significantly affecting 

dialysis adequacy. Aim and Objectives: To determine the impact of inflammation parameters on the quality of 

hemodialysis. Material and Methods: The study was conducted as an observational, cross-sectional study in patients 

on chronic hemodialysis, including 88 patients who were dialyzed three times a week for four hours using 

commercially available membranes. According to the gender structure, there were 50 (56.8%) men and 38 (43.2%) 

women, with a mean age of 67 years. Demographic and gender structures, as well as clinical and laboratory variables 

that were important for the set goal, were analyzed. Dialysis adequacy was calculated using the Kt/V formula. 

Results: The results of our study showed a statistically negative correlation between body mass index and Kt/V 

values (r = -0.281), interhemodialysis yield (r = -0.280), urea concentration (r = -0.217) and creatinine (r = -0.337) 

after hemodialysis, C-reactive protein values (r = -0.232), β2 microglobulin (r = -0.469, p < 0.001) and interleukin 6 

(rs = -0.521, p < 0.001). Women had statistically significantly higher Kt/V values (p = 0.001). Conclusion: Our study 

confirmed the negative correlation between inflammation parameters and hemodialysis adequacy index, but did not 

confirm the predictive significance of any parameter.
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to the formula Kt/V, proposed by Daugirdas [3].

Current guidelines recommend a target Kt/V ratio 

of 1.4, with a minimum of 1.2, for all patients 

undergoing dialysis three times a week [4]. 

Patients undergoing hemodialysis often have a state 

of chronic inflammation, which may be due to 

various factors such as uremic milieu, elevated 

levels of circulating proinflammatory cytokines, 

increased incidence of infections (especially 

vascular access for hemodialysis), protein energy 

loss, oxidative stress, etc. The inflammatory 

response is mediated by the interaction of multiple 

parameters, including acute-phase proteins, C-

Introduction

Perfect dialysis aims to result in a quality and long-

term life that could be comparable to the life of 

people without renal failure. Regardless of the 

significant progress in the treatment of patients on 

Hemodialysis (HD), this goal is still in the realm of 

utopia because the search for ideal biomarkers for 

assessing the quality and adequacy of dialysis is 

without a final solution [1,2]. In practice, for many 

years, to assess the adequacy of HD, a dynamic 

model has been used to analyze the urea ratio before 

and after HD, which defines the dialysis dose by 

urea Clearance (K), dialysis Time (t), and urea 

distribution Volume (V). This dynamic model refers 
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Reactive Protein (CRP), and white blood cells. It 

has been confirmed that almost 35% of patients 

with pre-terminal renal failure have elevated CRP 

levels. On the other hand, 50% of patients on HD 

have elevated CRP values. It must be emphasized 

that the CRP response is not specific and that CRP 

values do not have absolute diagnostic value, but 

must be interpreted in the context of comprehensive 

information about each patient [5]. Given its 

association with CRP, interleukin-6 (IL-6) is 

increasingly recognized as an important mediator 

of the acute phase response. Although there are 

numerous pro- and anti-inflammatory cytokines, 

current data indicate that IL-6 plays a key role in the 

inf lammatory  response .  S imi lar ly,  β2-

microglobulin also indicates an exacerbation of 

proinflammatory processes [6,7]. However, despite 

the proven value of IL-6, whose values vary less 

than CRP levels, the question of the ideal 

inflammatory marker remains open [8]. Our study 

aimed to determine the impact of inflammation 

parameters on the quality of HD.

Materials and Methods 

Study design and data source

The study was organized as an observational and 

cross-sectional study in patients with HD at the 

Clinic for Nephrology and Dialysis, University 

Clinical Center, Kragujevac, Serbia. The study 

included 88 patients treated with chronic HD, most 

often 12 hours per week, on commercially available 

membranes for bicarbonate dialysis and hemodia-

filtration. According to the gender structure, there 

were 50 (56.8%) men and 38 (43.2%) women, with 

a mean age of 67 years, ranging from 33 to 84 years. 

In addition to demographic and gender structure, 

we recorded arteriovenous fistula positioning 

(distal/proximal), dialysis duration (in months), 

blood pump speed on the device (in ml), type of HD 

(bicarbonate/hemodiafiltration), cigarette smo-

king, alcohol consumption, preservation of residual 

diuresis, blood pressure (systolic/diastolic), body 

mass index, yield between two dialysis sessions 

(ml), use of erythropoiesis stimulants, information 

on antibiotic use in the last year of dialysis 

treatment, whether dialysis was started with a 

dialysis catheter. We calculated the quality of 

dialysis using the mathematical formula Kt/V 

according to Daugirdas [9]. Equilibrated Kt/V was 

calculated from the plasma urea concentration 

before and after dialysis according to the second-

generation logarithmic Daurgirdas equation.

From the biochemical variables, leukocytes, 

erythrocytes, platelets, hemoglobin, urea, and 

creatinine, before and after dialysis, total protein, 

albumin, prealbumin, potassium, sodium, calcium, 

phosphorus, acidum uricum, ferritin, serum iron, 

Total Iron Binding Capacity (TIBC), Unsaturated 

Iron Binding Capacity (UIBC), and saturation were 

analyzed, along with transferrin, Gamma Glutamyl 

Transferase (GGT), as routine biochemical analy-

ses, according to the annual control protocol. Also, 

some non-standard parameters, such as CRP, β2 

microglobulin, and IL-6, were measured.

Blood was collected in Vacutainer® tubes in the 

middle of the dialysis week, before dialysis. Plasma 

samples were stored at -20 °C. All laboratory 

analyses were performed by flow cytometry 

(Beckman Coulter Inc., Fullerton, California) or 

spectrophotometrically on an ILAB-600 

instrument (Diamond Diagnostics—USA, 333 

Fiske Street, Holliston, MA 01746), with the 

original reagents.

Written consent from participants was not 

requested because all clinical and laboratory 

parameters were obtained from protocol data of 

routine laboratory analyses. All procedures 

JKIMSU, Vol. 15, No. 2, April-June 2026



 Journal of Krishna Institute of Medical Sciences University 36ÓÓÓ

Radojica Stolic et al.

performed in studies involving human participants 

were in accordance with the ethical standards of the 

institutional and/or national research committee 

and with the 1964 Helsinki Declaration and its later 

amendments or comparable ethical standards.The 

study has obtained the approval from Institutional 

Ethics Committee.

Statistical methods

For the analysis of primary data, descriptive methods 

and methods for testing statistical hypotheses were 

used. Descriptive statistical methods were used to 

measure central tendency (mean and median), a 

measure of variability (standard deviation and range), 

and relative numbers. Statistical hypotheses were 

tested by the Student's t-test for independent samples. 

For analysis of the relationship, we used Pearson and 

Spearman correlation coefficients. For statistical 

analysis, we used the statistical software package 

SPSS 21. Statistical hypotheses were tested for a 

significance level of 0.05.

Results

Table 1 and Table 2 show the sociodemographic, 

clinical and biochemical characteristics of our 

subjects. Of the 88 subjects, according to gender 

structure, there were 50 (56.8%) men and 38 

(43.2%) women, with a mean age of 67 years, 

ranging from 33-84 years. More than half of the 

patients had proximally located fistulas, more 

than two-thirds were smokers and dialyzed with 

bicarbonate dialysis, less than half had preserved 

diuresis, and the mean Kt/V index indicated 

inadequate dialysis. The results of our study 

showed a statistically negative correlation between 

body mass index and Kt/V value (r = -0.281), yield 

between two HD (r = -0.280), urea concentration (r 

= -0.217) and creatinine (r = -0.337) after HD and 

CRP values (r = -0.232), Table 2. The results of the 

research showed a statistically significant 

connection between gender and the adequacy of 

HD, that is, women had statistically significantly 

higher values of the Kt/V index (p = 0.001), Table 3. 

Our results revealed a statistically significant 

negative correlation between β2 microglobulin and 

the Kt/V index (r = -0.469, p < 0.001), Figure 1, and 

between the value of IL-6 and the Kt/V index (rs = -

0.521, p < 0.001), Figure 2.
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Variables Results

Age (years), median (range) 67 (33-84)

Gender (male/female), n (%) 50 (56.8)/38 (43.2)

AVF (distal/proximal), n (%) 42 (47.7)/46 (52.3)

Blood pump speed (ml)(ml), median (range) 250 (180-300)

Duration of HD (months), median (range) 59 (13-384)

Type of dialysis (bicarbonate/hemodiafiltration), n (%) 59 (67)/29 (33)

Smoking history (yes/no), n (%) 26 (29.9)/61 (70.1)

Alcohol consumption (yes/no), n (%) 3 (3.4)/83 (94.3)

Table 1: Baseline sociodemographic and clinical characteristics of patients (n=88)

Continued...
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Residual diuresis (yes/no), n (%) 38 (44.7)/47 (55.3)

Systolic blood pressure [(mmHg), median (range)] 120 (90-150)

Diastolic blood pressure, [(mmHg), median (range)] 70 (50-90)
2

Body mass index [(kg/m ), median (range)] 24.4 (17.2-42.1)

Yield between two HD (ml), median (range) 3000 (500-5000)

Use of erythropoiesis stimulators (yes/no), n (%) 79 (89.8)/9 (10.2)

Use of antibiotic therapy in the last year (yes/no), n (%) 39 (50.6)/38 (49.4)

Did HD start with a central venous catheter (yes/no), n (%) 45 (59.2)/31 (40.8)

Kt/V,  ± sd 1.01 ± 0.2

9
Leukocytes (10 /l),  ± sd 6.5 ± 2

12
Erythrocytes (10 /l),  ± sd 3.3 ± 0.4

Hemoglobin (g/l), median (range) 104 (73 - 145)
9Thrombocytes (10 /l), median (range) 182.5 (56 - 530)

Urea before HD, median (range) 19.2 (11.4 - 717)

Urea after HD, median (range) 5.7 (2.5 - 14.2)

Creatinine before HD,  ± sd 748.2 ± 186.5

Creatinine after HD,  ± sd 322 ± 93.3

Total protein concentration,  ± sd 65.4 ± 5

Albumin concentration, median (range) 38 (30 - 44)

Prealbumin, median (range) 0.3 (0.1 - 0.5)

K, median (range) 5.2 (1.4 - 7.2)

Ca,  ± sd 2.3 ± 0.2

P, median (range) 1.5 (0.6 - 3.3)

Acidum uricum, median (range) 344 (197 - 563)

Ferritin, median (range) 558.4 (44 - 1369.3)

Serum iron, median (range) 9.8 (3.1 - 25.2)

Transferrin saturation, median (range) 24.9 (5.1 - 88.7)

CRP, median (range) 5.4 (0.3 - 101.8)

Table 2: Baseline biochemical characteristics of patients (n=88)

Continued...
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Variables Kt/V
(r)

Age (years) -0.130

Length of HD (months) 0.137

Blood pump speed (ml) -0.086

Duration of HD (months) 0.170

Systolic blood pressure (mmHg) -0.154

Diastolic blood pressure (mmHg) -0.093
2

Body mass index (kg/m ) -0.281*

Yield between two HD (ml) -0.280*

Table 3: Correlation of examined biochemical variables with 
the quality of hemodialysis

Continued...

β2 microglobulin,  ± sd 27.9 ± 7.3

Interleukin 6, median (range) 11.4 (1.6 - 180.4)

HD-hemodialysis; AVF-arteriovenous fistula; Kt/V-index adequacy hemodialysis; K-Potassium; Ca-Calcium; 

P-Phosphate; CRP-C reactive protein;

9
Leukocytes (10 /l) -0.064

12
Erythrocytes (10 /l) -0.052

Hemoglobin (g/l) -0.006
9Thrombocytes (10 /l) 0.005

Urea before HD 0.002

Urea after HD -0.217*

Creatinine before HD -0.177

Creatinine after HD -0.337*

Total protein concentration -0.166

Albumin concentration 0.002

Prealbumin 0.041

Table 4: Correlation of examined clinical variables with the 
quality of hemodialysis
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K 0.193

Ca 0.081

P 0.025

Acidum uricum -0.195

Ferritin -0.017

Serum iron 0.059

Transferrin saturation 0.194

CRP -0.232*

K-Potassium; Na-Sodium; Ca-Calcium; P-Phosphate; CRP-C reactive protein; 

HD-hemodialysis; *statistically significant value

Variables Index Kt/V p

(± sd)

Gender, n (%)
Male
Female

0.97 ± 0.17
1.0 ± 0.2

0.011*

AVF positioning, n (%)
Distal
Proximal

1.0 ± 0.18
0.99 ± 0.19

0.171

Type of dialysis, n (%)
Bicarbonate
Hemodiafiltration

0.99 ± 0.20
1.07 ± 0.16

0.065

Smoking history, n (%)
Yes
No

1.01 ± 0.20
1.02 ± 0.18

0.804

Alcohol consumption,n (%)
Yes
No

0.97 ± 0.14
1.02 ± 0.19

0.682

Residual diuresis,n (%)
Yes
No 

1.01 ± 0.21
1.02 ± 0.16

0.879

Use of erythropoiesis stimulators, n (%)
Yes
No

1.02 ± 0.19
0.95 ± 0.19

0.287

Table 5: Correlation of examined clinical variables with the quality of hemodialysis

Continued...
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Figure 1: A statistically significant negative correlation between the Kt/V index and β2 microglobulin 
(r = -0.469, p < 0.001) and IL-6 (r = -0.521, p < 0.001). In fact, higher β2 microglobulin and IL-6 
values were associated with worse HD quality.

Who created AVF (nephrologist/surgeon),n (%)
Yes
No

0.05 ± 0.20
1.0 ± 0.18

0.264

Use of antibiotic therapy in the last year, n (%)
Yes
No

0.97 ± 0.19
1.05 ± 0.19

0.084

Did HD start with a central venous catheter, n (%)
Yes
No

0.99 ± 0.22
1.03 ± 0.15

0.345

Kt/V-index adequacy of the hemodialysis; AVF-arteriovenous fistula; HD-hemodialysis; 

*statistically significant value

Discussion

Dialysis adequacy has been a central issue among 

medical researchers since the beginning of HD, and 

the Kt/V index is the most commonly used measure 

of dialysis adequacy, which reflects the ratio of urea 

reduction at the end of HD [10]. Chronic uremic 

syndrome can trigger the synthesis of proinflamma-

tory cytokines, which is why patients with 

inadequate dialysis have higher levels of inflamma-

tory mediators. Similarly, an inverse correlation has 

been found between Kt/V and CRP, a leading 

parameter of inflammation in serum. Elevated 

inflammatory markers in HD patients should 

prompt the search for treatable causes [11,12]. 

Compared with the general population, HD patients 

have approximately three-fold higher concentra-

tions of proinflammatory markers (CRP and IL-6) 

[6]. CRP values, depending on the severity of 

inflammatory activity, increase in cases of tissue 
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damage, inflammation, and infection by 500 to 

1000 times compared to normal levels [10]. The 

results of our study found a negative correlation 

between CRP and IL-6 in relation to the Kt/V index; 

higher CRP and IL-6 values were accompanied by 

lower Kt/V values, which is in line with the findings 

of Rashid et al. (2015) [11] and Borazana et al. 

(2004) [13], who confirmed that a better Kt/V index 

is associated with a lower degree of chronic 

inflammation. These findings support the fact that 

the quality of HD is represented by the optimal 

removal of uremic toxins and proinflammatory 

cytokines. Studies have highlighted potential 

gender differences in prescribing dosage and 

determining the quality of HD [14,15], which our 

results also confirmed. Specifically, we showed that 

HD adequacy was statistically significantly asso-

ciated with gender; that is, women had significantly 

higher Kt/V values than men. However, in women, 

the Kt/V formula may overestimate dialysis 

clearance due to differences in urea volume of 

distribution [16], suggesting that urea volume of 

distribution is lower and Kt/V is higher in women 

than in men.

The Kt/V value is inversely proportional to body 

size and, as a result, patients with higher body mass 

index are more likely to have lower Kt/V values 

[17]. Our results showed a negative correlation 

between body mass index and Kt/V values; in fact, 

higher body mass index values were associated 

with lower dialysis quality.

Hypervolemia is common in dialysis patients and 

significantly affects the Kt/V ratio [18]. Interdia-

lytic body weight yield is a parameter associated 

with fluid overload and is a common surrogate 

marker of dialysis adequacy [19] because it 

corresponds to total body water, one of the three 

elements that define dialysis dose. Our study 

confirmed that higher body weight in patients on 

dialysis is accompanied by lower Kt/V ratios. Urea 

is used to calculate dialysis adequacy, which can be 

a surrogate for other uremic toxins because it is 

readily diffusible, making it a sensitive measure of 

total dialysis dose [20-22]. Similarly, creatinine is 

an important marker of muscle protein catabolism 

in HD patients, which is greatly influenced by 

protein intake, hydration, and overall nutritional 

status, as well as dialysis clearance. Dialysis dose 

may be a major factor in creatinine variations 

identified by the Kt/V index. This relationship is 

complex, and the accumulation of creatinine and 

urea in patients with a Kt/V index < 1.2 is consistent 

with increased uremic stress, which inevitably 

predisposes to a pro-oxidative and proinflamma-

tory microenvironment [23-25]. Our results show-

ed that creatinine, in addition to urea, was also 

increased in patients with inadequate dialysis. In 

fact, our study found a statistically significant weak 

negative correlation between urea and creatinine 

after HD and the Kt/V index. This suggests that 

higher values of urea and creatinine concentrations 

after HD are accompanied by lower quality of HD.

Kinetic data show that the mobilization of β2-

microglobulin from the extraplasmatic to the 

plasmatic space, in correlation with urea, is 

significantly impaired, especially in high-flux HD, 

suggesting that the Kt/V of urea does not reflect the 

influence of time on the dialysis elimination of a 

compound with more complex kinetics than urea. 

Dissociation between the removal of urea and 

intermediate molecules between low-flux HD and 

hemofiltration showed that hemofiltration after 36 

months reduced predialysis β2-microglobulin 

values [26]. Our results showed that the cumulative 

mean serum β2-microglobulin level was negatively 

correlated with the quality of dialysis, i.e., β2-
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microglobulin was inversely proportional to 

adequate HD. However, these findings must be 

interpreted with caution, especially in the context of 

establishing an interaction between dialysis quality 

and so-called intermediate molecules, as the 

duration and schedule of dialysis sessions must be 

included in the residual renal function, ensuring the 

removal of intermediate molecules and protein-

bound molecules not included in the Kt/V formula, 

such as β2 microglobulin.

Our study had certain limitations. The study was 

conducted in a center where most patients did not 

have adequate dialysis. The sample size of our study 

is not large, which may limit the statistical power of 

the study. Dialysis adequacy is measured by the 

Kt/V index, which is not always an accurate 

indicator of dialysis adequacy. Also, all of our 

patients were of Serbian nationality, so our results 

may not apply to other ethnic groups.

Conclusion

Our study confirmed a negative correlation 

between inflammation parameters and HD adequ-

acy index. However, our study, with a multivariate 

model, did not confirm the predictive significance 

of any parameter that had statistical significance 

with the univariate model. We believe that the way 

we observed and interpreted inflammation factors 

and their impact on HD adequacy could be 

significant in further evaluating their interrelation-

ships. Clinically, this may indicate multiple interac-

tions and require further research.
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