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ABSTRACT

Introduction: Chronic kidney disease (CKD) is a progressive disorder characterized by a gradual loss of renal function
and frequent disturbances in iron metabolism. These disturbances often lead to iron deficiency and anemia. Serum iron
and ferritin are fundamental biomarkers for evaluating iron status and can provide valuable insights into disease severity
and progression. The aim of this study was to determine if there is an association between CKD stage and serum iron
concentration, focusing on the dynamics of iron homeostasis and CKD progression.

Methods: At the Clinical Center of the University of Sarajevo, a cross-sectional study was conducted, including 115
participants diagnosed with CKD in moderate to advanced stages (3-5). Patients with acute infections, other causes of
anemia, or acute kidney injury were excluded to avoid factors that could confound iron metabolism. Laboratory analy-
ses included measurements of serum iron, ferritin, urea, and creatinine. Estimated glomerular filtration rate (eGFR) was
calculated using the modification of diet in renal disease equation to determine disease stage. Descriptive statistics and
correlation analyses were used to examine associations between serum iron, ferritin, and CKD stage, with statistical
significance set at p < 0.05.

Results: The study included 64% male and 36% female participants, with 17% in stage 3, 22% in stage 4, and 61%
in stage 5 of the disease. As CKD progressed, serum ferritin levels increased, while serum iron levels gradually declined.
Correlation analysis revealed a significant positive association between eGFR and serum iron (p < 0.01). The results also
indicated that abnormal iron values were more frequent in males than in females, which is consistent with previous
reports.

Conclusion: The severity of CKD is associated with disturbances in iron metabolism, pointing to the importance of mon-
itoring serum iron and ferritin. These findings support early detection, individualized patient management, and timely
interventions to prevent iron deficiency and anemia in patients with CKD.
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INTRODUCTION

Chronic kidney disease (CKD) is defined as persistent
kidney damage or a reduction in glomerular filtration
rate (GFR <60 mL/min/1.73 m?) lasting longer than
3 months (1). The pathophysiology of CKD is associated
with disturbances in the excretory, endocrine, and meta-
bolic functions of the kidneys. These disturbances often
lead to the accumulation of uremic toxins, imbalance of
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fluids and electrolytes, reduced synthesis of erythropoietin
and active vitamin D, and the development of hyperten-
sion and acid-base disorders (2). CKD represents one of
the major global public health challenges, with its inci-
dence and prevalence showing a global upward trend (3,4).
According to the 2017 Global Burden of Disease study,
around 1.2 million deaths were linked to CKD, and predic-
tions suggest that this number could reach up to 4 million
annually by 2040, placing CKD among the leading causes
of death worldwide (5). The evaluation of CKD includes
a comprehensive medical history, clinical examination,
laboratory tests, and diagnostic imaging. Serum creatinine
and creatinine clearance analyses are still used as standard
indicators of kidney function, although they can be affected

© 2026 Mervana Mari¢, et al.; licensee University of Sarajevo - Faculty of Health Studies. This is an Open Access arti-
cle distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/
by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work


https://www.jhsci.ba

www.jhsci.ba

Mervana Mari¢, et al.: Correlation of serum iron with stages of chronic kidney disease Journal of Health Sciences XXXX;X(X)1-5

TABLE 1. Differences in biochemical markers according to stage of renal insufficiency

Parameter CKD Mean SD Median IQR (25-75%) Chi-square p-value

Urea (mmol/L) CKD 5 22.880 5.9248 23.200 18.475-25.650 16.036 <0.001
CKD 4 19.808 8.3153 19.400 16.350-22.400
CKD 3 16.155 6.4831 14.300 11.650-20.475

Creatinine (umol/L) CKD 5 777.81 215.608 768.50 610.75-939.00 84.802 <0.001
CKD 4 303.76 49.591 306.00 280.00-343.50
CKD 3 139.90 40.030 140.50 102.00-156.00

eGFR (mL/min/1.73 m2) CKD 5 7.04 1.592 7.00 6.00-8.00 87.583 <0.001
CKD 4 18.32 3.461 17.00 16.00-20.50
CKD3 4455 11.560 49.00 31.25-53.00

Iron (umol/L) CKD 5 7403 2.1546 7.450 5.925-9.150 52.591 <0.001
CKD 4 9.388 2.6076 8.200 7.450-11.050
CKD 3 16.505 3.7489 16.300 13.500-20.475

Acidum uricum (umol/L) CKD 5 395.77 70.471 389.50 352.00-416.25 4.730 0.094
CKD 4 37212 104.365 351.00 287.50-450.50
CKD 3 360.55 52.797 382.00 333.50-391.75

CRP (mg/L) CKD 5 4.479 4.3868 2.550 1.375-6.600 1.269 0.530
CKD 4 3.648 4.2319 2.400 0.950-4.950
CKD 3 3.525 3.4489 2.250 0.775-6.075

Feritin (ng/mL) CKD5 392.962 238.3852 374.315 161.018-551.875 11.929 0.003
CKD 4 317.764 192.2305 249.200 178.595-470.310
CKD 3 217.151 247.9965 135.010 42.080-296.670

eGFR: Estimated glomerular filtration rate, Acidum uricum: Uric acid, CRP: C-reactive protein, SD: Standard deviation, IQR: Interquartile range

by various biological and technical factors (6,7). Anemia is
the most common and clinically significant complication
of CKD, which primarily results from reduced erythropoi-
etin production (8). The prevalence of anemia increases as
CKD progresses, affecting about 25% of patients in stage 3
and rising to 75-95% in those with end-stage renal disease.
More recent studies, however, report that anemia occurs in
55% of patients in stage 4 and in over 33% of those in
stage 5 (9,10). CKD-associated anemia is usually normo-
cytic and normochromic, and it is linked to a higher risk of
heart problems, cognitive impairment, and mortality (2,8).
Measuring serum iron is an important part of diagnosing
and monitoring renal anemia, as it allows for early detection
and can help reduce the risk of complications in patients

with CKD (11).

METHODS

This cross-sectional study was conducted between June
2023 and June 2024 at the Nephrology Clinic of the
Clinical Center of the University of Sarajevo. The study
included 115 adult patients (218 years) of both genders
with CKD, diagnosed according to the kidney disease:
Improving global outcomes criteria. Patients with a history
of blood transfusions or iron supplementation were not
included. Exclusion criteria comprise non-normocytic or
non-normochromic anemia, acute infections, conditions
that could affect hematological parameters (such as chronic
inflammatory diseases and liver disorders), malignancies,
acute kidney injury, as well as previous blood transfusions
or iron therapy. The study included patients with moder-
ate to advanced stages of CKD (stages 3-5), enabling eval-
uation of different levels of renal impairment and related
hematological changes.

Venous blood samples were collected in serum tubes with-
out anticoagulant and centrifuged at 3,500 rpm for 5 min,

TABLE 2. Prevalence of abnormal serum iron values in the total study
population

Iron Abnormal Reference Chi-square  p-value
valuesn (%)  values n (%)
(umol/L) 84 73.0 31 27.0 24.426 <0.001

while complete blood count (CBC) samples were collected
in K2-EDTA tubes. Serum was used to determine concen-
trations of iron, urea, creatinine, ferritin, uric acid, and
C-reactive protein (CRP) on a Cobas 6000 analyzer (Roche
Diagnostics, Switzerland) using colorimetric, kinetic, and
immunoturbidimetric methods. CBC was analyzed using
an automated Sysmex XN-3100 hematology analyzer
employing fluorescent flow cytometry, hydrodynamically
focused impedance, and the sodium lauryl sulfate method
for hemoglobin. Estimated GFR (eGFR) was calculated
using the modification of diet in renal disease formula.

The study was approved by the Ethics Committee of the
University of Sarajevo - Faculty of Health Studies and the
Institute for Scientific Research of the Clinical Center
of the University of Sarajevo. Participant’s personal data
were treated in strict confidence in accordance with the
Declaration of Helsinki. As secondary data sources were
utilized, individual informed consent was not required.

Statistical analyses were conducted using the IBM Statistical
Package for the Social Sciences Version 21. Descriptive sta-
tistics, parametric and non-parametric tests, Kolmogorov—
Smirnov and Shapiro—Wilk tests for normality, Chi-square
and Fisher’s exact tests for categorical variables, Mann—
Whitney U and Kruskal-Wallis H tests for group compar-
isons, and Spearman’s correlation for association analysis
were employed. The results are presented as median (inter-
quartile range) and mean (standard deviation), with statis-
tical significance defined at p < 0.05.
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TABLE 3. Frequency of abnormal serum iron values (umol/L) by gender
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Gender Abnormal values (%) Reference values (%) Total (%) Pearson Chi-square p-value
Male 59 (79.7) 15 (20.3) 74.(100) 4713 0.047
Female 25(61.0) 16 (39.0) 41 (100)

Total 84 (73.0) 31(27) 115 (100)

RESULTS TABLE 4. Frequency of abnormal serum iron values (umol/L) by CKD

A total of 115 patients were included in the study. Men
represented 64% of the study population (n = 74), and
women 36% (n = 41), resulting in a male-to-female ratio of
1.8. Chi-square testing showed that men were significantly
more represented than women (p = 0.002). The mean age
was 62.26 + 14.58 years for men and 63.10 + 13.59 years
for women. The Mann-Whitney U test found no significant
difference in age between men and women.

Analysis across CKD stages indicated that 70 patients
(61%) were classified as stage 5 CKD with eGFR
<15 mL/min/1.73 m?, 25 patients (22%) as stage 4 CKD
with eGFR 15-29 mL/min/1.73 m?, and 20 patients (17%)
as stage 3 CKD (3a or 3b) with eGFR 30-59 mL/min/1.73
m? In the stage 5 CKD subgroup, 64.3% were men and
35.7% were women, with a male-to-female ratio of 1.8.
Among patients with stage 4 CKD, men represented 76%
and women 24% (male-to-female ratio = 3.16). Stage 3
CKD showed an equal distribution of both genders, with
50% men and 50% women (male-to-female ratio = 1.0).
Chi-square analysis showed no statistically significant dif-
ferences in gender distribution across CKD stages.

Table 1 shows the biochemical parameters by CKD stage.
Kruskal-Wallis analysis demonstrated statistically signifi-
cant intergroup differences for urea (p < 0.001), creatinine
(p < 0.001), eGFR (p < 0.001), serum iron (p < 0.001),
and ferritin (p = 0.003). eGFR values were lowest in stage
5, intermediate in stage 4, and highest in stage 3, reflect-
ing the expected decline in kidney function. Iron levels
also decreased with advancing CKD, with the lowest values
in stage 5, intermediate in stage 4, and highest in stage 3.
Conversely, ferritin levels showed an opposite trend, being
highest in stage 5, moderately lower in stage 4, and lowest
in stage 3 patients.

Table 2 presents the frequency of pathological iron values in
the total study population (n = 115). Their occurrence was
higher compared to cases in which iron levels were within
the reference range (p < 0.001).

Table 3 presents the observed frequencies of abnormal
iron values (Wmol/L) stratified by gender. A statistically
significant disparity was identified between genders in the
prevalence of abnormal versus reference-range iron values
(p = 0.047), with a higher prevalence observed among male
participants.

Table 4 shows a statistically significant difference in the
prevalence of abnormal and reference-range iron values
across CKD stages (p < 0.001). Abnormal iron values were
most frequent in the CKD 5 group (90% of cases), mod-
erately frequent in the CKD 4 group (80%), and least fre-
quent in the CKD 3 group (5%).

Table 5 presents the correlation between the investigated
parameters. A statistically significant positive correlation was
determined using Spearman’s correlation test. A significant

stage groups

Gender Abnormal Reference Total (%) Pearson  p-value
values (%) values (%) Chi-square

CKD 5 63(90.0) 7(10.0) 70(100)  57.864  <0.001

CKD 4 20(80.0) 5(20.0) 25(100)

CKD3 1(5.0) 19(95) 20 (100)

Total 84(73.0)  31(27) 115(100)

CKD: Chronic kidney disease

positive correlation was observed between ¢GFR and iron
levels (rho = 0.523, R? = 0.697, p < 0.001). Higher iron
values were associated with a tendency toward higher eGFR
values, whereas lower iron values corresponded to a ten-
dency toward lower eGFR values.

DISCUSSION

The aim of this study was to determine whether there is
a correlation between the CKD stage and serum iron
concentration, specifically assessing the dynamics of iron
homeostasis in relation to CKD progression. Similar stud-
ies have been conducted worldwide in recent years due to
the increasing prevalence of CKD and the need for opti-
mized treatment approaches (12,13). Our cohort analysis
showed that men represented 64% of participants, while
women comprised 36%, indicating a higher occurrence of
CKD among men. Conversely, Raji et al. (14) in Nigeria
reported a higher prevalence among women (56%), indi-
cating regional differences.

Participants were classified according to CKD stage,
based on eGFR (15,16). Most patients were in the termi-
nal stage CKD 5 (61%), followed by CKD 4 (22%) and
CKD 3 (17%). These findings differ from Sanni et al. (17),
who reported a predominance of CKD 4 (41.6%), but are
consistent with Sinomono et al. (18), in which 82.7% of
patients were classified as CKD 5.

Analysis of gender distribution across CKD stages showed
no statistically significant differences (p > 0.05), suggest-
ing that gender does not strongly influence stage-specific
distribution. Male predominance was observed in CKD 5
and CKD 4 (64.3% and 76%, respectively), while CKD 3
had an almost equal distribution (-50%). These results are
inconsistent with Waziri et al. (19) but agree with Shrestha
et al. (20).

Biochemical analysis showed significant differences in urea,
creatinine, eGFR, serum iron, and ferritin across CKD
stages. eGFR values ranged from 5 to 60 mL/min/1.73
m?, with the lowest in stage 5 and the highest in stage 3,
consistent with previous reports by Shrestha et al. (20),
Salwaji et al. (21), and Aoun et al. (22).

Serum ferritin increased progressively with advancing
CKD, reflecting its role as an acute-phase reactant respond-
ing to systemic inflammation and oxidative stress (23,24).
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TABLE 5. Correlations between studied parameters

Mervana Mari¢, et al.: Correlation of serum iron with stages of chronic kidney disease Journal of Health Sciences XXXX;X(X)1-5

Parameters Erythrocytes ~ MCV (fL) Platelets Urea Creatinine  eGFR (mL/min/1.73 Iron Ferittin
(x10%2L) (x10°IL) (mmol/L) (umol/L) m?) (umol/L)  (ng/mL)

MCV (fL)

Rho -0.066 / / / / / / /

p 0.482

Platelets (x10°/L)

Rho 0.232 -0.255 / / / / / /

p 0.013 0.006

Urea (mmol/L)

Rho -0.235 0.143 -0.186 / / / / /

p 0.011 0.126 0.047

Creatinine (umol/L)

Rho -0.301 0.302 -0.340 0.456 / / / /

p 0.001 0.001 <0.001 <0.001

eGFR (mL/min/1.73 m?)

Rho 0.295 -0.327 0.258 -0.443 -0.951 / / /

p 0.001 <0.001 0.005 <0.001 <0.001

Iron (umol/L)

Rho 0.495 -0.031 0.165 -0.321 -0.510 0.523 / /

p <0.001 0.744 0.078 <0.001 <0.001 <0.001

Ferittin (ng/mL)

Rho -0.070 0.288 -0.221 -0.002 0.250 -0.299 -0.108 /

p 0.454 0.002 0.017 0.986 0.007 0.001 0.251

CKD-stage

Rho 0.350 -0.297 0.318 -0.370 -0.862 0.877 0.639 -0.296

p <0.001 0.001 0.001 <0.001 <0.001 <0.001 <0.001 0.001

MCV: Mean corpuscular volume of erythrocytes, eGFR: Estimated glomerular filtration rate, CKD-stage: Stage of chronic kidney disease

The highest ferritin levels were observed in stage 5,
while the lowest were in stage 3, in line with findings by
Alam et al. (25) and Verma et al. (26).

Conversely, serum iron levels decreased as CKD progressed.
‘The lowest levels were observed in stage 5, and the highest in
stage 3, consistent with Alam et al. (25), Verma et al. (26),
Clementi et al. (27), and Elsayedi and Azab. (28). Gender-
specific analysis showed that men had a higher prevalence of
abnormal iron levels. Owever, previous studies (22) found
that women have more severe iron deficiency, especially in
early CKD stages, likely due to a higher risk of anemia.
Similar trends have been reported by Minutolo et al. (29)
and Fishbane et al. (30), although stage-specific differences

were not significant, unlike in our cohort.

Overall, these results confirm a clear association between
serum iron, ferritin, erythrocyte parameters, and CKD
severity (eGFR/stage). The use of strict exclusion criteria
— including patients without acute infection (CRP and leu-
kocyte counts within reference ranges) and the exclusion of
other types of anemia (normochromic-normocytic anemia
confirmed by mean corpuscular volume and mean corpus-
cular hemoglobin)-ensured the reliability of the data and
the relevance of the findings.

CONCLUSION

The study findings indicate a high prevalence of abnormal
serum iron levels, especially among male participants and
those with stage 5 CKD. Correlation analysis demonstrated
a significant positive association between eGFR and serum
iron, indicating that higher eGFR is associated with higher
iron levels, while lower eGFR corresponds to reduced iron.

A clear connection between iron deficiency and anemia
in CKD was observed, and the underlying mechanisms
need further investigation in larger studies. Clinically,
these results highlight the importance of monitoring for
low iron and anemia as common complications in patients

with CKD.

Study limitation
The relatively small sample size indicates the need for future
larger studies to further validate these findings.

DECLARATION OF INTEREST

Authors declare no conflict of interest.

REFERENCES

1. LeveyAS, De Jong PE, Coresh J, El Nahas M, Astor BC, Matsushita K, et al. The defi-
nition, classification, and prognosis of chronic kidney disease: A KDIGO controversies
conference report. Kidney Int 2011;80(1):17-28.

https://doi.org/10.1038/ki.2010.483
2. Vrhovac B, Jaksi¢ B, Reiner Z, Vuceli¢ B. Interna Medicina. Zagreb: Naklada Ljevak; 2008.

3. Bukmir L, Fisi¢ M, Diminic-Lisica I, Ljubotina A. Anemija u kroni¢noj bubreznoj bolesti.
Acta Med Croatica 2016;70(4-5):217-24.

4. LvJC, Zhang LX. Prevalence and disease burden of chronic kidney disease. Adv Exp
Med Biol 2019;1165:3-15.

https://doi.org/10.1007/978-981-13-8871-2_1

5. Domislovi¢ M, Gellineo L, Jelakovi¢ A, Dika Z, Domislovic V, Dapi¢ K, et al. Prevalence
of incidental chronic kidney disease and patient characteristics - results of the EH-UH
2 study and the ENAH project. RAD Med Sci 2022;552(58-59):42-50.

https://doi.org/10.21857/y7v64tvI2y

6. Jurgic P. Znacaj mjerenja glomerularne filtraciie u nefrologiji i kardiologiji. Med
Fluminensis 2012;48(2):151-63.

7. Vucak J, Vucak E, Balint I. Dijagnosticki pristup pacijentima s kroniénom bubreznom
boleS¢u. Acta Med Croatica 2016;70(4-5):289-94.

8. Vuksanovi¢-Mikulicic S, Mikoladevi¢ I, Jeli¢ |, Bubi¢ |, Sladoje-Martinovi¢ B, Racki S.


https://www.jhsci.ba
https://doi.org/10.1007/978-981-13-8871-2_1


Mervana Mari¢, et al.: Correlation of serum iron with stages of chronic kidney disease Journal of Health Sciences XXXX;X(X):1-5

Klini¢ko znacenje lijeCenja anemije u bolesnika s kroniénom bubreznom bolesti. Acta
Med Croatica 2012;66(3):193-202.

Bubi¢ |, Prkacin |, Racki S. U€inkovitost i sigurnost primjene cera u lije€enju anemije u
predijaliznih bolesnika - hrvatsko iskustvo. Acta Med Croatica 2012;66(Suppl 2):42-46.

. Portolés J, Gorriz JL, Rubio E, De Alvaro F, Garcia F, Alvarez-Chivas V, et al. The

development of anemia is associated to poor prognosis in NKF/KDOQI stage 3
chronic kidney disease. BMC Nephrol 2013;14:2.

https://doi.org/10.1186/1471-2369-14-2

. Hashmi MF, Shaikh H, Rout P. Anemia of chronic kidney disease. In: StatPearls.

Treasure Island, FL: StatPearls Publishing; 2025.

. Amoako YA, Laryea DO, Bedu-Addo G, Andoh H, Awuku YA. Clinical and demo-

graphic characteristics of chronic kidney disease patients in a tertiary facility in Ghana.
Pan Afr Med J 2014;18:274.

https://doi.org/10.11604/pamj.2014.18.274.4192

. Kanyari SS, Panda S, Shruthi P. A cross-sectional study on socio-demographic profile

and associated risk factors of chronic kidney disease patients in a tertiary care hospital
of Andhra Pradesh. Int J Community Med Public Health 2020;7(11):4512-7.

https://doi.org/10.18203/2394-6040.ijcmph20204753

. Raji YR, Ajayi SO, Akingbola TS, Adebiyi OA, Adedapo KS, Salako BL. Assessment of

iron deficiency anaemia and its risk factors among adults with chronic kidney disease
in a tertiary hospital in Nigeria. Niger Postgrad Med J 2018;25(4):197-203.

https://doi.org/10.4103/npmj.npmj_106_18

. Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO

2012 clinical practice guideline for the evaluation and management of chronic kidney
disease. Kidney Int Suppl 2013;3(1):1-150.

. Gunasekara TD, De Silva PM, Herath C, Sirbaddana S, Siribaddana N,

Jayasumana C, et al. The utility of novel renal biomarkers in assessment of chronic
kidney disease of unknown etiology (CKDu): A review. Int J Environ Res Public Health
2020;17(24):9522.

https://doi.org/10.3390/ijerph17249522

. Sanni EO, Olawumi HO, Durotoye IA, Olanrewaju TO, Babatunde AS, Shittu OA, et al.

Functional iron status of chronic kidney disease patients at the University of llorin
Teaching Hospital, llorin, Nigeria. Afr Health Sci 2022;22(3):718-25.

https://doi.org/10.4314/ahs.v22i3.77

. Sinomono DT, Ndinga-Okaka SG, Mahoungoul GH, Gandzali Ngabe EP,

Loumingou RM, Ellenga-Mbolla B, et al. Epidemiological clinical profile of chronic
kidney disease in adults under 50 at the University hospital of Brazzaville. Open J
Nephrol 2021;11:358-69.

https://doi.org/10.4236/0jneph.2021.113029

. Waziri B, Babawale BT, Mabayoje MO. Evaluation of iron status in anemic pre-dialysis

chronic kidney disease patients. Nigerian J Clin Pract 2022;25(3):226-30.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

www.jhsci.ba

https://doi.org/10.4103/njcp.njcp_234_19

Shrestha O, Lamichhane A, Thapa TB, Timilsina A, Khanal PR, Singh V, et al.
A Comparative study of biochemical and hematological parameter in non dialysis
dependent chronic kidney disease and dialysis dependent chronic kidney disease
patients. Int J Health Sci Res 2021;11(3):182-9.

Salwaji S, Ananthaneni A, Guduru VS, Pasupuleti MK, Kuberappa PH, Bagalad B.
Hematological, biochemical, and periodontal alterations at three different stages of
chronic kidney disease patients with diabetes: A cross-sectional study. Front Oral
Maxillofac Med 2024;6:21.

https://doi:10.21037/fomm- 22-59

Aoun M, KaramR, Sleilaty G, Antoun L, Ammar W. Iron deficiency across chronic kidney
disease stages: Is there a reverse gender pattern? PLoS One 2018;13(1):e0191541.
https://doi.org/10.1371/journal.pone.0191541

McCullough K, Bolisetty S. Ferritins in kidney disease. Semin Nephrol
2020;40(2):160-72.

https://doi.org/10.1016/j.semnephrol.2020.01.007

Kang HT, Linton JA, Kwon SK, Park BJ, Lee JH. Ferritin level is positively associ-
ated with chronic kidney disease in korean men, based on the 2010-2012 Korean
national health and nutrition examination survey. Int J Environ Res Public Health
2016;13(11):1058.

https://doi.org/10.3390/ijerph13111058

Alam F, Fatima SS, Noor S, Bilal A, Rehman R. Stages of chronic kidney dis-

ease and soluble Transferrin Receptor (sTfR), Ferritin, ratio. J Pak Med Assoc
2017,67(6):848-51.

Verma R, Deepshikha D, Singh S, Kumar A. Comparing functional versus absolute iron
deficiency in chronic kidney disease patients. Int J Health Sci 2021;5(S2):1302-12.

Clementi A, Virzi GM, Milan Manani S, Battaglia GG, Ronco C, Zanella M. Eryptosis in
patients with chronic kidney disease: A possible relationship with oxidative stress and
inflammatory markers. J Clin Med 2022;11(23):7167.

https://doi.org/10.3390/jcm 11237167

Elsayedi AS, Azab AE. Correlation between chronic kidney diseases and hematolgical
data in Sabratha Hospital in Libya. Asian J Pharm Clin Res 2017;10(2):291-6.

https://doi.org/10.22159/ajpcr.2017.v10i2.15595

Minutolo R, Locatelli F, Gallieni M, Bonofiglio R, Fuiano G, Oldrizzi L, et al. Anaemia
management in non-dialysis chronic kidney disease (CKD) patients: A multicentre pro-
spective study in renal clinics. Nephrol Dial Transplant 2013;28(12):3035-45.
https://doi.org/10.1093/ndt/gft338

Fishbane S, Pollack S, Feldman Hl, Joffe MM. Iron indices in chronic kidney disease
in the National health and nutritional examination survey 1988-2004. Clin J Am Soc
Nephrol 2009;4(1):57-61.

https://doi.org/10.2215/cjn.01670408


https://www.jhsci.ba
https://doi.org/10.1186/1471-2369-14-2

https://doi.org/10.18203/2394-6040.ijcmph20204753

https://doi:10.21037/fomm-�22-59


