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Abstract
Aim: Renal failure patients have increased inflammation. Serum ferritin is an acute phase reactant. Systemic immune 
inflammation index is a new marker calculated using lymphocyte, neutrophil, and platelet counts and have been shown 
to be a prognostic marker for cardiovascular disease and cancers.

This study aims to determine the availability of Systemic immune inflammation index in determining the mortality risk of 
dialysis patients and the relationship between mortality and ferritin levels.

Material and Methods: This retrospective, multicenter study enrolled 84 patients on peritoneal dialysis and hemodialysis. 
Baseline demographic, clinical and laboratory data, were obtained from medical records. Inflammatory indices were 
defined as NLR: absolute neutrophil count divided by absolute lymphocyte count and SII: absolute platelet count 
multiplied by NLR.

Results: Mean age was 51.3 ± 20.1 years and the mean follow-up time was 60 (6 ~ 85) months. During the follow-up 
period, 45 (53%) patients died.

Study population was analyzed according to median ferritin level. Kaplan-Meier curves showed higher mortality in 
patients in the high ferritin group (log-rank test, P = 0.029)

Study population was analyzed according to median SII values. Kaplan-Meier survival analysis showed higher mortality in 
the group with the higher SII (log-rank test, P = 0.029)

In multivariate regression analysis age (HR 1.060, P=0.00), Kt/V(HR 0.161,P=0.014), CRP(HR1.001,P=0.0429 and SII(HR 1.001, 
P=0.00), and ferritin (HR 1.001, P=0.013) were the most important determinants of all-cause mortality.

Conclusion: SII, a novel inflammatory marker, and ferritin are related to all-cause mortality in dialysis patients. We believe 
that inflammation can be followed with SII and ferritin levels.
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Introduction

CKD is a public health problem with a high risk of mortality 

and morbidity. Patients with CKD have increased inflammatory 

mediators, probably because of excessive oxidative stress and 

extracellular fluid overload (1).

Serum ferritin level is considered as an acute phase reactant 

that is increased in inflammatory conditions such as CKD, 

liver disease, and cancer (2-5). A high ferritin level can lead 

to macrophage accumulation causing an increase in reactive 

oxygen metabolites (6). The association between serum 

ferritin and mortality in hemodialysis patients has been 

reported before (6-7).

Several traditional inflammatory cytokines, such as C-reactive 

protein (CRP), interleukin-6, and tumor necrosis factor-α, are 

positively correlated with poor survival (7,8). The neutrophil-

to-lymphocyte ratio is a marker of inflammatory status and 

is considered to be a predictor of mortality in cardiovascular 

disease, end-stage renal disease, and cancer (9-12). The 

systemic immune inflammation index (SII), on the other hand, 

is a new marker calculated using lymphocyte, neutrophil, 

and platelet counts and have been shown to be a prognostic 

marker for cardiovascular disease and cancers (13-16). 

This study aims to determine the availability of SII in 

determining the mortality risk of dialysis patients and the 

relationship between mortality and ferritin levels.

Material and Methods

This retrospective, observational, multicenter study enrolled 84 

patients with end-stage kidney disease (ESKD) on peritoneal 

dialysis and hemodialysis at……. and…….. All patients with 

anemia were treated with erythropoiesis-stimulating agents 

(ESA) and received iron supplementation (intravenously or 

orally) when transferrin saturation (TSAT) was ≤30% and ferritin 

≤500 μg/L. This study was conducted at ...........................from 

November 2014 to November 2021. Patients with a duration of 

maintenance dialysis of fewer than three months, with known 

malignancy and chronic inflammatory diseases, were excluded.
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Öz
Amaç: Böbrek yetmezliğinde artmış inflamasyon söz konusudur. Serum ferritini bir akut faz reaktanıdır. Sistemik immün 
inflamasyon indeksi, kardiyovaskuler hastalıklarda ve kanserlerde prognostic önemi olduğu gösterilen, nötrofil, lenfosit 
ve trombosit sayılarından  hesaplanan yeni bir belirteçtir. Bu çalışma, sistemik immün inflamasyon indeksinin diyaliz 
hastalarının mortalite riskini belirlemede kullanılabilirliğini ve mortalite ile ferritin düzeyleri arasındaki ilişkiyi belirlemeyi 
amaçlamaktadır.

Gereç ve Yöntemler: Çalışmaya 84 hemodiyaliz ve periton diyaliz hastası alındı. Hastaların bazal demografik, klinik ve 
laboratuvar verileri, tıbbi kayıtlardan elde edildi. Mutlak nötrofil lenfosit oranının, mutlak platelet ile çarpımı ile sistemik 
immün inflamasyon indeksi elde edildi.

Tartışma: Yeni bir inflamatuar belirteç olan Sistemik immün inflamasyon indeks ve ferritin, diyaliz hastalarında tüm 
nedenlere bağlı ölümlerle ilişkilidir. Diyaliz hastalarında inflamasyonun Sistemik immün inflamasyon indeks ve ferritin 
düzeyleri ile takip edilebileceğini düşünüyoruz.

Sonuç: Hastaların ortalama yaşı 51.3 ± 20.1olup, ortalama takip süreleri 60 (6 ~ 85) aydı. Takip süresince hastaların 45(%53) 
ü öldü. Hastalar medyan ferritin düzeyine göre analiz edildi. Kaplan-Meier analizine göre ferritinin yüksek olduğu grupta 
mortalitenin daha yüksek olduğu saptandı (log-rank test, P = 0.029).

Yine hastalar  medyan  sistemik immün inflamasyon indeksine göre analiz edildi. Kaplan-Meier analizine göre sitemik 
immün inflamasyon indeksinin yüksek olduğu grupta daha yüksek mortalite oranları saptandı (log-rank test, P = 0.029).

Çok değişkenli regresyon analizinde yaş (HR 1.060, P=0.00), Kt/V (HR 0.161, P=0.014), CRP (HR1.001, P=0.0429) ve Sistemik 
immün inflamasyon indeksi (HR 1.001, P=0.00) ve ferritin (HR) 1.001, P=0.013) tüm nedenlere bağlı ölümlerin en önemli 
belirleyicileriydi.

Anahtar kelimeler: Diyaliz, Enflamasyon, Sistemik immün inflamasyon indeks
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The study protocol was approved by the Medical Ethics 

Committee. We reviewed and followed up on the medical 

data according to the guidelines of our ethics committee. The 

patients were analyzed retrospectively, and the time of the 

death was recorded if mortality occurred.

Baseline demographic and clinical parameters, including 

age, sex, body mass index (BMI), primary kidney disease, and 

laboratory data, were obtained from medical records. Blood 

samples at the dialysis initiation were obtained from the 

medical records. Available laboratory data included systolic 

blood pressure (SBP), diastolic blood pressure (DBP), Kt/V, 

blood urea nitrogen (BUN), creatinine, phosphorus, calcium, 

cholesterol, triglycerides, LDL-C, HDL-C, serum ferritin, uric 

acid, CRP, albumin, hemoglobin, neutrophil count, lymphocyte 

count, and platelet count. Inflammatory indices were defined 

as NLR: absolute neutrophil count divided by absolute 

lymphocyte count and SII: absolute platelet count multiplied 

by NLR. Laboratory tests are recorded from the patient files at 

the beginning of the dialysis.

Descriptive results of continuous variables are reported as mean 

± standard deviation (SD), and categorical variables are reported 

as percentages and numbers. Comparisons between groups 

were analyzed using a one-way analysis of variance and the chi-

square test. The Spearman rank test was performed to estimate 

correlations. All-cause mortality was determined by Kaplan-

Meier survival analyses with the log-rank test. Multivariate Cox 

regression analysis with forwarding regression was performed to 

adjust for confounding factors. A P value < 0.05 was considered 

statistically significant. All statistical analyzes were performed 

with the Statistical Package for the Social Sciences (SPSS) version 

25.0 for Windows (SPSS Inc, Chicago, IL, USA).

Results

A total of 84 patients were included in the study. Baseline 

demographic, clinical, and laboratory parameters are shown 

in Table 1. The mean age was 51.3 ± 20.1 years, the male/

female ratio was 49/35, and the mean follow-up time was 

60 (6 ~ 85) months. During the follow-up period, 45 (53%) 

patients died. The underlying renal diseases were chronic 

glomerulonephritis (16.7%), diabetic nephropathy (13.1%), 

hypertensive nephropathy (29.8%), polycystic kidney disease 

(4.8%), chronic pyelonephritis (8.3%), and unknown (27.4%).

The median ferritin level was 419 ng/ml. The study population 

was analyzed according to ferritin level (ferritin level (group 

1: ferritin < 419, group 2: ferritin > 419). A comparison of the 

groups with low and high ferritin levels at baseline can be seen 

in Table 2. The number of patients receiving hemodialysis was 

higher in group 2 (31% vs. 87%; p=0.00). EPO consumption 

was higher in group 2 (54.8% vs. 81%; p=0.01). SBP was lower 

in group 1 (121.19±19.1 vs. 131.8±16.5; p=0.007). There was a 

statistically significant difference between the two groups in 

Hb level, blood glucose, and neutrophil to lymphocyte ratio 

(11.0±1.5 vs. 10.2±1;p=0.005, 87±22 vs. 80±23; p00.036 and 

3.86±2.01 vs. 4.07±2.14,p00.019, respectively) (Table 2).

İn correlation analysis, ferritin was not correlated with CRP, 

NLR, albumin, SII, or Hb levels (Table 3).

Table 1. Demographic, clinical and labarotory parameters in 
study population

Parameter patients 
(n=87)

Age (years) 51±20
Gender (male, n, %) 35(41.7%)
BMI (kg/m2) 24.6±4,8
Comorbidites
     Diabetes (n, %)
     Hypertension (n, %)   
    Ischemic heart disease ( n, %) 

13(15%)
47 (56%)
22 (26.2%)

Cause of CKD (n, %)
    Diabetes 11 (13.1%)
    Glomerulonephritis 14(16.7%)
    Hypertension 25(29.8%)
    Polycystic kidney disease 4(4.8%)
    Chronic pyelonephritis 7 (8.3%)
    Unknown 23 (27.4%)
SBP (mmHg) 126.7±18.5
DBP (mmHg) 79.1±10
Kt/V 1.73±0.44
Hemoglobin (g/dL) 10.6±1.3
Glucose (mg/dl)   83±22
Albumin (g/dL) 3.9±0.4
TC (mg/dl)  166±38
TG (mg/dl) 168±114
HDL-C (mg/dl) 40±14
 CRP(mg/L) 8.58±8.1
Ferritin(ng/ml) 424±252
NLR 3.96±2.06
SII 1278.14±1105.86
Abbreviations: BMI, body mass index; CKD, chronic kidney disease; SBP, 
systolic blood pressure; DBP, diastolic blood pressure; TC, total choles-
terol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-
C, low density lipoprotein cholesterol; CRP, C reactive protein; NLR; neu-
trophil lymphocyte ratio; SII, serum immune inflamation index
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Table 2. Comparision of low and high ferritin groups at the 
baseline

Group1 
(ferritin<419)

Group2 
(ferritin>419) p

Parameter
Age (years) 50±15 51±17 0.922
Gender (male, n, %) 19(45.2%) 16(38.1%) 0.567
Dialysis type(HD) 13(31%) 36(87%) 0.00
EPO 23(54.8%) 34(81%) 0.01
BMI (kg/m2) 25.1±5 24.2±4.6 0.269
Comorbidites
     Diabetes (n, %)
     Hypertension (n, %)     

8(18%)
24(57.1%)

5(11.9%)
23(54.8%)

0.365
0.826

SBP (mmHg) 121±19.1 131.8±16.5 0.007
DBP (mmHg) 77±12 80±23 0.104
Kt/V 1.94±0.46 1.51±0.28 0.00
Hemoglobin (g/dL) 11.0±1.5 10.2±1 0.005
Glucose (mg/dl)   87±22 80±23 0.036
Albumin (g/dL) 3.9±0.4 3.9±0.3 0.896
TC (mg/dl)   170±39 163±37 0.338
TG (mg/dl) 167±113 169±116 0.717
HDL-C (mg/dl) 41±16 38±11 0.312
LDL-C (mg/dl) 90±27 84±27 0.352
CRP (mg/L) 8.83±8.32 8.32±7.95 0.553
NLR 3.86±2.01 4.07±2.14 0.019
SII 1212.32±754.15 1343.95±776.65 0.774

Table 3. Cox regression analysis

Sig. Exp(B) 95,0% CI for Exp(B)
Lower Upper

Hb ,948 ,991 ,746 1,316
NLR ,291 ,892 ,721 1,103
Alb ,916 1,085 ,236 4,981
SII ,000 1,001 1,000 1,001
Ferritin ,013 1,001 1,000 1,002
Age ,000 1,060 1,028 1,094
Kt/v ,014 ,161 ,037 ,693
Glucose ,670 1,004 ,986 1,022
CRP ,042 ,930 ,867 ,997

SII was found to be positively correlated with NLR and CRP and 
negatively correlated with albumin levels 

The ability of serum ferritin to predict mortality during a 
median follow-up of 60 months was investigated. Of the 
84 patients, 45 died during follow-up. Kaplan-Meier curves 
showed higher mortality in patients in the high ferritin group 
(log-rank test, P = 0.029 (Figure 1).

The median value of SII was 1091.67, and the study population 
was divided into two groups: < 1091.67 (group 1) and > 1091.67 
(group 2). Kaplan-Meier survival analysis was performed to 

understand the effect of SII on survival, and higher mortality 
was found in the group with the higher SII (log-rank test, 
P=0.01) (Figure 2).

To determine the independent predictors of all-cause 
mortality in dialysis patients, a Cox proportional hazard 
model was applied. After adjustment for age, sex, and other 
confounders (factors with P < 0.10 in univariate analysis), 
multivariate analysis was performed.

Age (HR 1.060, P=0.00), Kt/V(HR 0.161,P=0.014), 
CRP(HR1.001,P=0.0429 and SII(HR 1.001, P=0.00), and ferritin 
(HR 1.001, P=0.013)were the most important determinants of 
all-cause mortality.. 

figure 1: Kaplan-Meier analysis of ferritin groups

figure 2: Kaplan-Meier analysis of SII groups

Discussion 

The most important finding of this study is the predictive 

value of ferritin and SII for mortality in dialysis patients.

395

TJCL Volume 14 Number 2  p: 392-398



Serum ferritin is an iron-containing protein. Apart from this 

function, it is an acute phase reactant and an inflammatory 

marker (4,17). It has been reported to be elevated in cancer 

with liver disease, coronary artery disease, and various 

immunological diseases (2,5,18,19). It is also associated with 

the rate of progression in patients with renal failure (20-22). 

Previous studies have demonstrated the association between 

high ferritin levels and mortality in dialysis patients (23-25).

The association between high ferritin levels and mortality is 

not fully known, but some mechanisms have been proposed. 

Serum ferritin escapes from damaged cells and loses most of 

the iron in the bloodstream. This free iron cannot be bound and 

increases cellular damage (26). In addition, aminolevulinate, 

a uremic toxin, can increase oxidative stress by causing the 

release of iron from ferritin (27).

The causes of inflammation in ESRD are diverse, and uremic 

toxins, concomitant comorbidities, and the dialysis process 

are some (28,29). It has been found that inflammation can 

indicate the long-term prognosis of ESRD patients based on 

some clinical indicators (30-32). Therefore, in this study, we 

investigated the use of ferritin as an inflammatory indicator 

and its effect on mortality.

A ferritin-mediated inflammatory cycle may explain why ferritin 

is a marker of mortality in dialysis patients. Ferritin molecule 

includes heavy (H) and light (L) chains. Inflammatory cytokines 

increase ferritin synthesis by increasing the synthesis of the H and 

L subunits (33). The increase in ferritin leads to a positive feedback 

loop with TLR9 activation, and inflammatory signals further 

increase (33). In addition, chronic inflammation in the uremic 

milieu has been reported to exacerbate vascular calcification and 

malnutrition and increase associated risk factors (14).

Although serum ferritin levels are almost always associated 

with inflammation, we did not find any correlation between 

inflammatory parameters and ferritin in correlation analysis. 

This could be the use of a single basal value, the use of iron 

supplements by patients, and the use of EPO.

The value of SII, an inflammatory marker, may be due to 

increased neutrophil and platelet counts and decreased 

lymphocyte counts. An increase in the neutrophil count 

has been shown to be associated with mortality in both 

cardiovascular disease and CKD (11-12).

Platelets are formed from the breakdown of megakaryocyte 

plasma. Megakaryopoiesis is regulated by inflammatory 

factors such as IL -6 and IL -1 (33). Similarly, inflammation 

in ESRD can also cause thrombocytosis through the action 

of cytokines (34). The authors suggested that SII is a more 

sensitive inflammatory marker because it is calculated with 

three cell types affected by inflammation (35).

Micro inflammation further accelerates the progression of 

atherosclerosis and is a crucial factor in the syndrome of 

malnutrition, inflammation, and atherosclerosis in ESRD 

patients (36). In inflammation, neutrophils are directly involved 

in tissue destruction (37). They do this through mediators 

such as myeloperoxidase and oxygen radicals (37). It has 

been reported that low lymphocyte count is associated with 

the progression of atherosclerosis and increased mortality, 

possibly caused by lymphocyte apoptosis (37).

Some limitations should be noted

1. This was a retrospective observational study conducted at a 

single center with a small sample size.

2. Only a single serum ferritin concentration was used, 

determined at baseline.

3. No other biomarkers of inflammation, including IL -1, TNF-α, 

and IFN-γ, were analyzed in addition to CRP.

Conclusion 

Consequently, SII, a novel inflammatory marker, and ferritin 

are related to all-cause mortality in dialysis patients. We 

believe that inflammation can be followed with SII calculated 

from complete blood count parameters, which is a simple 

and inexpensive test. That ferritin measurement can also be a 

stimulating factor when the association between inflammation 

and mortality is considered. Prospective follow-up studies 

with a more significant number of patients are needed.

Ethics Committee Approval

Ethical Declaration Ethical permission was obtained from 

the Diskapi Yildirim Beyazit Training and Research Hospital 

Clinical Research Ethics Committee for this study with the date 

12.09.2022 and number 146/10, and Helsinki Declaration rules 

were followed to conduct this study.

Author Contributions

 All the authors declare that they have all participated in the 

design, execution, and analysis of the paper and that they 

have approved the final version.

396

ERCAN&AYLI
Systemic immune inflammation index in dialysis patients



Acknowledgements

This research did not receive any specific grant from funding 

agencies in the public, commercial, or not-for-profit sectors. 

The authors declare that they have no competing interests.

References

1. Mitsides N., Cornelis T., Broers N. J. H., et al. Extracellular 

overhydration linked with endothelial dysfunction in the 

context of inflammation in haemodialysis dependent chronic 

kidney disease. Plo S One. 2017;12(8, article e0183281) 

2. Khanna V, Karjodkar F, Robbins S, Behl M, Arya S, Tripathi A. 

Estimation of serum ferritin level in potentially malignant 

disorders, oral squamous cell carcinoma, and treated cases of oral 

squamous cell carcinoma. J Cancer Res Ther. 2017;13(3):550–555. 

3. Tappin JA, George WD, Bellingham AJ. Effect of surgery on serum 

ferritin concentration in patients with breast cancer. Br J Cancer. 

1979;40(4):658–660. 

4. Kalantar-Zadeh K, Lee GH. The fascinating but deceptive ferritin: 

to measure it or not to measure it in chronic kidney disease? Clin 

J Am Soc Nephrol. 2006;1(Suppl 1):S9–18. 

5. Maiwall R, Kumar S, Chaudhary AK et al. Serum ferritin predicts 

early mortality in patients with decompensated cirrhosis. J 

Hepatol. 2014;61(1):43–50. 

6. Elia G, Polla B, Rossi A, Santoro MG. Induction of ferritin and 

heat shock proteins by prostaglandin A1 in human monocytes. 

Evidence for transcriptional and post-transcriptional regulation. 

Eur J Biochem. 1999;264(3):736–745

7. Gupta J., Mitra N., Kanetsky P. A., et al. Association between 

albuminuria, kidney function, and inflammatory biomarker 

profile in CKD in CRIC. Clin J Am Soc Nephro: CJASN. 

2012;7(12):1938–1946. 

8. Meuwese C. L., Snaedal S., Halbesma N., et al. Trimestral variations 

of C-reactive protein, interleukin-6 and tumour necrosis 

factor- are similarly associated with survival in haemodialysis 

patients. Nephrol Dial Transpl: official publication of the 

European Dialysis and Transplant Association-European Renal 

Association. 2011;26(4):1313–1318. doi: 10.1093/ndt/gfq557. 

9. Li H., Lu X. High neutrophil-to-lymphocyte ratio predicts 

cardiovascular mortality in chronic hemodialysis 

patients. Mediators of Inflammation. 2017;2017:8. doi: 

10.1155/2017/9327136.9327136 

10. Milovanovic Alempijevic T., Stojkovic Lalosevic M., Dumic I. 

Diagnostic accuracy of platelet count and platelet indices in 

noninvasive assessment of fibrosis in nonalcoholic fatty liver 

disease patients. Canadian Journal of Gastroenterology and 

Hepatology. 2017;2017:5. 

11. Ozhan H., Aydin M., Yazici M., et al. Mean platelet volume 

in patients with non-alcoholic fatty liver disease. Platelets. 

2010;21(1):29–32. 

12.  Yaprak M., Turan M. N., Dayanan R., et al. Platelet-to-lymphocyte 

ratio predicts mortality better than neutrophil-to-lymphocyte 

ratio in hemodialysis patients. International Urology and 

Nephrology. 2016;48(8):1343–1348. 

13. Yang YL, Wu CH, Hsu PF et al. Systemic immune-inflammation 

index (SII) predicted clinical outcome in patients with coronary 

artery disease. Eur J Clin Invest. 2020 May;50(5):e13230. doi: 

10.1111/eci.13230. Epub 2020 May 11. PMID: 32291748.

14. Xu M, Chen R, Liu L et al. Systemic immune-inflammation 

index and incident cardiovascular diseases among middle-

aged and elderly Chinese adults: The Dongfeng-Tongji cohort 

study. Atherosclerosis. 2021 Apr;323:20-29. doi: 10.1016/j.

atherosclerosis.2021.02.012. Epub 2021 Feb 20. PMID: 33773161.

15. Chen JH, Zhai ET, Yuan YJ, et al. Systemic immune-inflammation 

index for predicting prognosis of colorectal cancer. World J 

Gastroenterol. 2017 Sep 14;23(

16. Huang H, Liu Q, Zhu L, et al. Prognostic Value of Preoperative 

Systemic Immune-Inflammation Index in Patients with Cervical 

Cancer. Sci Rep. 2019 Mar 1;9(1):3284. 

17. Ganz T, Nemeth E. Iron sequestration and anemia of 

inflammation. Semin Hematol. 2009;46(4):387–393. 

18. Zhou Y, Liu T, Tian C, Kang P, Jia C. Association of serum ferritin 

with coronary artery disease. Clin Biochem. 2012;45(16–

17):1336–1341.

19. Lv F, Song LJ, Li XF. Combined measurement of multiple acute 

phase reactants to predict relapse of rheumatoid arthritis. Int J 

Rheum Dis. 2015;18(7):725–730. 

20. Kang HT, Linton JA, Kwon SK, Park BJ, Lee JH. Ferritin level is 

positively associated 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. 

397

TJCL Volume 14 Number 2  p: 392-398



21. Kovesdy CP, Estrada W, Ahmadzadeh S, Kalantar-Zadeh K. 

Association of markers of iron stores with outcomes in patients 

with nondialysis-dependent chronic kidney disease. Clin J Am 

Soc Nephrol. 2009;4(2):435–441. 

22. Tsai YC, Hung CC, Kuo MC, et al. Association of hsCRP, white 

blood cell count and ferritin with renal outcome in chronic 

kidney disease patients. PLoS One. 2012;7(12):e52775. 

23.  Kalantar-Zadeh K, Don BR, Rodriguez RA, Humphreys MH. Serum 

ferritin is a marker of morbidity and mortality in hemodialysis 

patients. Am J Kidney Dis. 2001;37(3):564–572. 

24. Bavbek N, Yilmaz H, Erdemli HK, Selcuki Y, Duranay M, Akcay A. 

Correlation between iron stores and QTc dispersion in chronic 

ambulatory peritoneal dialysis patients. Ren Fail. 2014;36(2):187–190. 

25. Hur SM, Ju HY, Park MY, Choi SJ, Kim JK, Hwang SD. Ferritin as 

a predictor of decline in residual renal function in peritoneal 

dialysis patients. Korean J Intern Med. 2014;29(4):489–497. 

26. Kell DB, Pretorius E. Serum ferritin is an important inflammatory 

disease marker, as it is mainly a leakage product from damaged 

cells. Metallomics. 2014;6:748–773. 

27. Hasuike Y, Nonoguchi H, Tokuyama M et al. Pathological 

role of aminolevulinate in uremic patients. Ther Apher Dial. 

2011;15(1):28–33.

28. Carrero JJ, Stenvinkel P. Inflammation in end-stage renal disease--

what have we learned in 10 years? Semin Dial. 2010;23(5):498–509. 

29. Shankar A, Sun L, Klein BE, et al. Markers of inflammation predict the 

long-term risk of developing chronic kidney disease: a population-

based cohort study. Kidney Int. 2011;80(11):1231–1238. 

30. Alves FC, Sun J, Qureshi AR, et al. The higher mortality associated 

with low serum albumin is dependent on systemic inflammation 

in end-stage kidney disease. PLoS One. 2018;13(1):e0190410. 

31. Carrero JJ, Stenvinkel P. Persistent inflammation as a catalyst 

for other risk factors in chronic kidney disease: a hypothesis 

proposal. Clin J Am Soc Nephrol. 2009;4(Suppl 1):S49–S55. 

32.  Stenvinkel P, Gillespie IA, Tunks J, et al. Inflammation modifies the 

paradoxical association between body mass index and mortality in 

hemodialysis patients. J Am Soc Nephrol. 2016;27(5):1479–1486. 

33. Kernan KF, Carcillo JA. Hyperferritinemia and inflammation. Int 

Immunol. 2017;29(9):401–409.

34. Z. Lu, D. Cheng, J. Yin, et al Antithrombin iii protects against 

contrast-induced nephropathy, EBioMedicine 17 (2017) 101–107.

35. F. Wang, J. Yin, Z. Lu, et al. Limb ischemic preconditioning 

protects against contrast-induced nephropathy via renalase, 

EBioMedicine 9 (2016) 356–365

36. S.C. Sun, The non-canonical nf-κb pathway in immunity and 

inflammation, Nat Rev Immunol 17 (9) (2017) 545–558, 

37. Ebert T, Pawelzik SC, Witasp A, et al. Stenvinkel P. Inflammation 

and Premature Ageing in Chronic Kidney Disease. Toxins (Basel). 

2020 Apr 4;12(4):227. doi: 10.3390/toxins12040227. PMID: 

32260373; PMCID: PMC7232447.

398

ERCAN&AYLI
Systemic immune inflammation index in dialysis patients


