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Abstract. Introduction: Patients with end-stage renal disease treated with hemodialysis
are increasing worldwide, and the main reasons for their shortened survival are cardiovas-
cular and infectious events. Aim: The aim of our study was to monitor the levels of the most
commonly used inflammatory markers in practice and to clarify their applicability in this
subgroup of patients. Materials and methods: We studied the values of C-reactive pro-
tein, interleukin-6, procalcitonin, ferritin, and uric acid in 69 patients treated with hemodialy-
sis for more than 90 days. Those who had clinical evidence of infection or active neoplasm
were excluded from the study. We compared the data with sex, age, main diagnosis, and
vascular access. By age, patients were divided into those under and over 65 years of age.
The data were processed with Statistical Package for Social Sciences (SPSS), version
20.0 (IBM Corp., Armonk, NY). Statgraphics Plus, version 2.1, and EXCEL for Windows.
Results: We found that the data for procalcitonin, interleukin-6, ferritin, and uric acid were
significantly higher than the reference values for healthy individuals. The only indicator that
showed comparable values with healthy individuals was CRP. At the same time, the results
for CRP and IL-6 were significantly higher in the groups over 65 years of age (0.025 and
0.006, respectively). Conclusion: According to our results, the only well-correlated and
significant indicator in patients on hemodialysis treatment is CRP. Other markers should be
used primarily to monitor the effect of the treatment.
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INTRODUCTION lion people [2], and it is expected that by 2040, CKD

“will go from being the third fastest-growing cause of

hronic kidney disease (CKD) is a growing  death worldwide to becoming the fifth most common
public health problem, affecting many peo-  cause of death” [3].

ple, and is becoming a huge financial bur- | ifo expectancy for patients on hemodialysis is signif-

Estimates show that by 2017, the number of  jcantly reduced compared to the general population.

people affected by kidney disease exceeded 850 mil-  According to the United States Renal Data System,
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40- to 45-year-old men and women without dialysis
have a life expectancy of about 40 years, while those
on dialysis have a life expectancy of no more than 10
years [4].

The progressive loss of renal function is associated
with impaired immunity in patients. The clinical con-
sequences of this acquired immune deficiency in
patients with chronic kidney disease, both in terms
of morbidity and mortality, are significant. These pa-
tients are more susceptible to infections, respond
poorly to vaccinations, and have an increased risk
of developing atherosclerotic changes and various
neoplasms [5].

According to data cited in 2011 by T. Eleftheriadis et
al., the annual mortality rate due to bacteremia is 100-
300 times higher in hemodialysis patients compared
to the general population. Even when age, race, sex,
presence of diabetes mellitus, and possible technical
errors are taken into account, the mortality rate due
to bacteremia is still 50 times higher [6].

In 2021, one-third of Medicare spending for benefi-
ciaries with end-stage renal disease was for inpatient
care. Nearly 25% of these costs were related to infec-
tion management. Total Medicare spending for care
for beneficiaries with end-stage renal disease was
over $52 billion in 2021 [7, 8].

The aim of our study was to investigate four biomark-
ers that are considered sufficiently sensitive and
specific for the inflammatory process in the general
population, and to establish their level in patients with
end-stage renal failure treated with hemodialysis, and
to what extent they may be applicable in the early di-
agnosis of infectious conditions in this subpopulation.

MATERIALS AND METHODS

The study was conducted on a total of sixty-nine pa-
tients treated with hemodialysis, with a mean age of
62.0 £ 13.957 years, 30 (43.5%) of whom were wom-
en. The study was performed after obtaining permis-
sion from the Research Ethics Committee at the rele-
vant medical university (Decision No0.851/2025), and
it included all patients with chronic hemodialysis who
did not meet the exclusion criteria and had signed an
informed consent for participation. Exclusion criteria
were: refusal to participate, presence of a neoplastic
process, anamnestic and clinical data for an inflam-
matory condition at the time of examination, con-
firmed by blood count data: leukocytosis with neutro-
philia. The proportion of patients studied was 86.7%
of the total number of patients treated with hemodi-
alysis at that time. CRP, Procalcitonin, Ferritin, inter-
leukin 6 (IL-6), and uric acid were tested. The results

were compared with normal values for the general
population, as well as with the sex, age, underlying
disease, and vascular access of the patients. Statis-
tical Package for Social Sciences (SPSS), version
20.0 (IBM Corp., Armonk, NY) was used to process
the results. Statgraphics Plus, version 2.1, and EX-
CEL for Windows. Normal distribution for hypothesis
testing: Analysis of Variance (ANOVA) — LSD.

Non-parametric tests for non-normal distributions to
test hypotheses: chi-squares, Pearson test, Kruskal-
Wallis test, Mann-Whitney (Wilcoxon).

Student’s t-test was used in the dynamic tracking of
results.

A p-value < 0.05is considered statistically significant.

RESULTS

The distribution of patients by age and underlying
disease are shown in the following graph — Figure 1,
with statistical significance being established for the
relationship between age and chronic glomerulone-
phritis as the main cause of end-stage renal failure
(Chi-Square, x? =4.455, df =1, p = 0.035).

Only 18.8% of patients on chronic dialysis treatment
have a native AV fistula for vascular access; the rest
mainly refuse to construct one due to cosmetic rea-
sons, fear of needles, and only 11.3% of patients with
a tunneled catheter have exhausted the possibility of
constructing an anastomosis.

Procalcitonin tests showed a mean value of 0.290 ng/
ml (0.395 £ 0.452 ng/ml) with a normal value of <
0.05 ng/ml, with an elevated value being reported in
all patients. No significant difference was found by
age (p = 0.957).

The values we determined for CRP were 3.34 mg/l
(10.24 + 22.179 mg/l), with a laboratory norm of <
5.0 mgl/l, and the differences in the data in the groups
under and over 65 years of age (2.46 vs 4.97 mg/l,
respectively) proved to be significant (p = 0.025).

Serum ferritin data showed — 392.30 ng/ml (576.11
494.03 ng/ml), with a normal range of 4.6 to 204 ng/
ml, with no significant differences found according to
the age of the patients (p = 0.133).

IL-6 had a mean value of 9.0 pg/ml (12.6 + 10.741
pg/ml), with a normal value of < 7.0 pg/ml; its mean
value was increased regardless of age, but in the
group over 65 years of age, this increase was more
pronounced (8 vs 10 pg/ml, respectively) and the dif-
ference was significant (p = 0.006).

Uric acid (UA) levels were elevated in 81.2% of pa-
tients (> 420 umol/l), with no significant difference
found in the two age groups, p = 0.342.

Significance and applicability of some inflammatory markers...
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Fig. 1. Distribution of patients by age and underlying disease
(DN - diabetic nephropathy, HN — hypertensive nephropathy, GN — glomerulonephritis,

IN —

DISCUSSION

In addition to the basic changes in the immunity of
patients with arterial hypertension, diabetes mellitus,
hyperlipidemia, metabolic syndrome, etc., factors
specific to dialysis methods are added, leading to an
increased availability of free oxygen radicals, pro-
inflammatory markers, uremic environment, which
accelerate the processes of atherosclerosis, carci-
nogenesis, and immunosuppression. Ultimately, pa-
tients treated with dialysis methods end up with an in-
creased frequency of hospitalizations, mortality, and
economic pressure on the healthcare system [9, 10].

C-reactive protein (CRP). CRP is an acute-phase
protein synthesized in the liver in response to in-
flammation and is often measured to monitor the re-
sponse to therapy in patients with acute and chronic
inflammatory conditions. Because of its availability,
reproducibility, and low cost, serum CRP levels are
a convenient marker for the diagnosis of sepsis.
Discovered by W. Tillett and T. Francis in 1930, its
name is associated with its identification as a sub-
stance in the serum of patients with acute inflamma-
tion that reacts with the “C”-carbohydrate antigen of
the pneumococcal capsule. C-reactive protein (CRP)
is a member of the pentraxin family and probably ex-
ists in at least two conformationally distinct forms: na-
tive pentameric CRP (pCRP) and monomeric CRP
(mCRP). Its production is induced primarily by the ac-
tion of IL-6 on the gene responsible for its transcrip-
tion during the acute phase of an infectious process.
Therefore, it can be argued that the increase in this

interstitial nephropathy, PKD — polycystic kidney disease)

biomarker parallels the levels of IL-6 in serum. The
detection of CRP values > 8.7 mg/dl has a sensitiv-
ity and specificity of 93.4% and 86.1%, respectively.
However, its examination is recommended more as
a marker for monitoring the effect of treatment than
for accurate diagnosis of the infectious process [11,
12, 13]. J. Li et al. considered that the simultaneous
examination of CRP and procalcitonin has sufficient
sensitivity and specificity in sepsis [14].

CRP was the only biomarker for infection that showed
normal values in dialysis patients who had no clinical
evidence of inflammation. However, its values were
significantly higher in those over 65 years of age,
which corresponded to a similar trend in the results
for IL-6, confirming the relationship between these
indicators.

Procalcitonin (PCT). In today’s clinical practice, pro-
calcitonin (PCT) has become a promising marker for
the early diagnosis of bacterial infections. It is a pre-
cursor of the hormone calcitonin, with 116 amino-acid
residues, to which Le Moullec et al. [15] first drew
attention in 1984. Almost 10 years later, M. Assicot et
al. established a correlation between its serum lev-
els and proven bacterial infections and sepsis [16].
Procalcitonin can also be synthesized in the liver,
kidneys, pancreas, leukocytes, etc., but its levels
usually increase mainly under the influence of pro-
inflammatory cytokines, such as IL-6, tumor necro-
sis factor (TNF)-alpha, and viral infections reduce its
production [17]. In addition to its high specificity with
respect to the bacterial etiology of inflammation, pro-

36

S. Aleksandrova, S. Linkova, N. Ramadan et al.



calcitonin is a very convenient indicator for monitor-
ing the effect of antibiotic treatment [18].

In our study, PCT levels were significantly elevated in
all patients studied, almost six times above the refer-
ence value, which is why, in our opinion, this indicator
does not have sufficient sensitivity in the diagnosis
of infectious conditions in hemodialysis patients, but
it may be considered for monitoring the effect of the
treatment.

Interleukins (IL). Cytokines are chemokines pro-
duced by the host immune system in response to in-
fection or injury that play a role in the complex patho-
physiology of sepsis. Interleukin-6 (IL-6), IL-8, and
IL-10 are the most widely studied cytokines for the
diagnosis of sepsis, as well as for the assessment of
the inflammatory response, and help determine pa-
tient prognosis. IL-6 is a prototypical proinflammatory
cytokine, IL-8 is a major chemokine, and IL-10 is an
important anti-inflammatory cytokine [5, 9, 19].

None of the cytokine markers has shown to be more
sensitive or specific than PCT or CRP [20].

Ryuzo Abe et al. found in their study that blood levels
of CRP and IL-6 were significantly higher in cases of
gram-negative sepsis [20].

In our study, IL-6 levels were above the average ref-
erence range, and this increase was reported in over
81% of the subjects, which also makes it an insuffi-
ciently sensitive indicator of infection, as is PCT. We
should also note the significantly higher values of
this indicator in the over-65 age group — a difference
which should be taken into account when interpreting
laboratory data.

Ferritin. Understanding the biology of ferritin has
traditionally focused on its role in iron storage and
homeostasis, with low ferritin levels indicating defi-
ciency and high levels indicating primary or second-
ary hemochromatosis. During infection, elevated
ferritin levels represent an important host defense
mechanism that deprives bacterial growth of iron and
protects immune cell function. It may also be protec-
tive, limiting free radical production and mediating im-
munomodulation. Furthermore, hyperferritinemia is a
key acute-phase reactant used by clinicians as an in-
dication for therapeutic intervention aimed at control-
ling inflammation in high-risk patients. Others have
argued that ferritin is a key mediator of immune dys-
regulation, particularly in extreme hyperferritinemia,
through direct immunosuppressive and proinflamma-
tory effects [21].

In our study, serum ferritin values were significantly
higher than the reference values, but we should pay
attention to the fact that most of the patients treated

with hemodialysis also receive iron preparations,
which makes the increase in this indicator difficult to
interpret. However, in our opinion, it can be taken into
account in the complex of indicators for monitoring
the effect of the treatment.

Uric acid is the end product of purine breakdown in
humans, but in other mammals, it is further metabo-
lized to allantoin by uricase. It exerts antioxidant ef-
fects by scavenging free radicals and chelating metal
ions. In fact, uric acid is known to have a protective
effect against neurodegenerative diseases such as
Parkinson’s disease and Alzheimer’s disease. It acti-
vates both the innate and adaptive immune systems,
which is why we can say that uric acid is an indica-
tor of the inflammatory status of the examined per-
son. However, in patients with renal failure, its levels
increase as a manifestation of impaired elimination
[22-24].

Uric acid was elevated in 81.2% of the studied pa-
tients, which is mainly related to the underlying dis-
ease, but although it is an unreliable inflammatory
marker in such a population, we should not ignore its
pathogenetic importance as a factor for accelerated
atherosclerosis and impaired general immunity in he-
modialysis patients.

CONCLUSION

Our study found that serum CRP levels are a suffi-
ciently inexpensive, comparable, and reliable marker
for the presence of an infectious condition in patients
treated with hemodialysis. Other markers, such as
IL-6, PCT, and ferritin, are better suited to be used
as treatment outcome monitoring indicators in this
population.
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