
386

ORIGINAL ARTICLE

Turkish Journal of Geriatrics
DOI: 10.29400/tjgeri.2023.366

CORRESPONDANCE

1 Rentek Dialysis Center, Hemodialysis, 
Istanbul, Turkey

2 Prof. Dr. Cemil Tascioglu City Hospital, 
Nephrology, Istanbul, Turkey

SYSTEMIC IMMUNE INFLAMMATION INDEX 
AND NEUTROPHIL TO ALBUMIN RATIO CAN 
PREDICT LEFT VENTRICULAR HYPERTROPHY 
IN GERIATRIC HEMODIALYSIS PATIENTS

	� Gurkan YURTERİ1 . . . . . . . . . . . .
	� Sibel ADA2  . . . . . . . . . . . . . . . . . .

1Gurkan YURTERİ

Phone :  +905323666106
e-mail :  gyurteri@hotmail.com

Received :  Oct 03, 2023
Accepted :  Nov 28, 2023

ABSTRACT

386

2023; 26(4):386−393

Introduction: A link exists between inflammation and left ventricular 
hypertrophy, which is a risk factor for cardiovascular disease in patients with 
end-stage renal failure. Neutrophil, lymphocyte, and platelet counts are 
used to calculate the systemic immune inflammation index. To calculate the 
neutrophil to albumin ratio, we divided the total number of neutrophils by the 
albumin concentration. Some articles have illustrated the value of systemic 
immune inflammation index and neutrophil to albumin ratio for diagnosing 
disorders associated with inflammation. The purpose of this study was to 
investigate whether a connection exists between left ventricular hypertrophy 
and inflammation, as measured by systemic immune inflammation index and 
neutrophil to albumin ratio, in hemodialysis patients aged >65 years.

Materials and Method: This study included 51 patients who had been 
receiving HD for at least three months. Test results and echocardiography 
measurements were obtained from patient files.

Results: Average patient age was 72.88±5.12 years. Patients were divided 
into two groups based on left ventricular hypertrophy status. C reactive protein, 
systemic immune inflammation index and neutrophil to albumin ratio were 
considerably lower in the left ventricular hypertrophy (-) group, and multivariate 
logistic regression analysis revealed that high neutrophil to albumin ratio was an 
independent predictor of left ventricular hypertrophy (odds ratio [OR]:8.83, 95 
percent confidence interval [CI]:1.32-28.83, P .0005), in conjunction with a high C 
reactive protein level (OR:3.45, 95 percent CI:1.905-6.645, P .005).

Conclusion: Neutrophil to albumin ratio correlates with C-reactive 
protein and left ventricular hypertrophy, thereby predicting the inflammation 
characteristic of left ventricular hypertrophy.
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INTRODUCTION
At least 40 percent of deaths caused by end-stage 
renal illness can be attributed to cardiovascular 
causes. Left ventricular hypertrophy (LVH) is a 
significant health concern and risk factor for mortality 
(1). Inflammation is the body’s first line of defense in 
response to excessive volume and pressure (2, 3).

Individuals with end-stage renal illness experience 
risk factors unique to uremia in addition to traditional 
cardiovascular risk factors. Increased production of 
endothelial adhesion molecules, chemokines, and 
cytokines has been observed in these tissues. The 
inflammatory marker C-reactive protein (CRP) has 
been linked to LVH and cardiovascular mortality (4, 
5).

Neutrophils are known to participate in 
inflammatory processes (6). The recently established 
systemic immune inflammation index (SII) is 
computed by first multiplying platelet and neutrophil 
levels, then dividing this product by the number 
of lymphocytes. Studies have demonstrated SII’s 
diagnostic utility for a number of malignancies and 
inflammatory disorders (7, 8).

Inflammation and cardiovascular mortality are 
known to correlate with blood albumin levels (9). 
Neutrophil numbers are also known to correlate 
with inflammation and cardiovascular mortality. 
To date, the predictive usefulness of integrating 
these two features is not completely clear. SII and 
NAR may both be easily approximated by utilizing 
the amounts of albumin, neutrophils, lymphocytes, 
and platelets obtained from routine blood testing. 
The use of these values as inflammatory indicators 
is not complicated and does not incur excessive 
costs. The purpose of this study was to determine 
whether there are connections between LVH, NAR, 
and inflammation detected by SII in hemodialysis 
patients.

MATERIALS AND METHOD
Fifty-one ESRD patients undergoing hemodialysis 
treatment were recruited to participate in this 

study. Patients with ESRD who lacked any residual 
renal function and had been undergoing HD (three 
times per week for four hours per session with 
standard bicarbonate dialysate) for a minimum 
of three months were considered eligible for 
inclusion. Patients were not included in this study 
if they had a history of using statins, steroids, or 
immunosuppressant medications; heart failure; a 
recent acute coronary or cerebrovascular incident; 
an autoimmune illness; malignancy; liver cirrhosis; 
or a current infection at the time of HD. Patients 
with moderate-to-severe valve pathologies were 
also excluded from this study.

The study was approved by the regional ethics 
board and was carried out in compliance with 
the ethical principles outlined in the Helsinki 
Declaration. All patients provided consent after 
being fully informed. Patient files were reviewed 
to obtain demographic information such as age 
at the time of the research, length of time spent 
on dialysis, and the existence of diabetes mellitus 
in the background. Data from laboratory and 
echocardiography measurements were gathered 
and placed in the patient’s dossier. Thirty minutes 
after finishing their weekly hemodialysis session, the 
patients’ blood pressure was measured using either 
a shunt arm or non-arteriovenous fistula.

Echocardiography was performed two to twenty-
four hours after hemodialysis. Echocardiography 
and computation of dimensions and various heart 
volumes were performed in accordance with 
the recommendations of the American Society 
and European Association of Echocardiography. 
Echocardiographic assessment comprised the 
endo-cavitary dimensions of the left ventricle and 
other cardiac chambers. The left ventricular mass 
was calculated using the Devereux formula 17:1.04 
[(LVID + PWT + IVST)3 - LVID3] 0.8 + 0.6, where LVID 
represents the left ventricular internal diameter, 
PWT represents the thickness of the posterior 
wall, and IVST represents the thickness of the 
intraventricular septum. Men with a left ventricular 
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mass index (LVMI) > 115 g/m2 and women with an 
LVMI of greater than 95 g/m2 were diagnosed with 
left ventricular hypertrophy.

The systemic immune inflammation index (SII) 
was calculated by multiplying the platelet count by 
the neutrophil count and dividing the product by 
the number of lymphocytes. NAR was calculated 
by dividing the number of neutrophils by the 
concentration of albumin present in the sample.

For the purpose of statistical analysis, SPSS 
(Statistical Package for the Social Sciences, 
Chicago, Illinois) version 25.0, for Windows was 
used. Continuous variable data are typically 
presented using mean and standard deviation, 
unless a different format is specifically required. To 
compare groups, either the student’s t-test (where 
the data had a normal distribution) or the Mann–
Whitney U test (for data without normal distribution) 
was performed. The Chi-square test was used to 
compare categorical variables. Estimates of the 
effects of the different variables on mortality were 
obtained using univariate analysis. In univariate 
analysis, the model contained parameters with a 
P-value of 0.05, which enabled its use in multivariate 
regression analysis. Cutoff levels of SII and NAR 
for predicting LVH were accurately determined by 
analyzing receiver operating characteristic (ROC) 
curves. The value that corresponded to the highest 
sensitivity and specificity values in the ROC analysis 
was chosen as the optimum cutoff value. P.05 on 
both sides were considered statistically significant.

RESULTS
Males comprised 29 (56.9%) of the 51 participants 
in the study. The average age was 72.88 ± 5.12 
years. Nine patients were diagnosed with diabetes 
(21.4%), 24 with hypertension (59.5%). Five 
participants (11.9%) smoked. The average systolic 
blood pressure was 129.5 ± 11.7 mmHg, while the 
average diastolic blood pressure was 75.01 ± 6.6 
mmHg. The mean CRP was 15.3 ± 9.5 mg/dl, and 

68.6 percent of the patients had LVH. Table 1 shows 
the clinical results and laboratory data for the study 
cohort.

Dividing participants into two groups based 

Table 1.  Demographic, clinical and echocardiographic 
parameters in HD patients and control group

Parameter HD patients 
(n=51)

Age (years) 72.88 ± 5.12

Gender (male, n, %) 29 (56.9%)

Comorbidites

Diabetes (n, %) 9 (21.4%)

Hypertension (n, %) 24 (59.5%)

SBP (mmHg) 129.5 ± 11.7

DBP (mmHg) 75.01 ± 6.6

Kt/V 1.48 ± 0.24

Hemoglobin (g/dL) 11.19 ± 1.12

Glucose (mg/dl)   145.46 ± 52.59

Albumin (g/dL) 4.2 ± 3.3

TC (mg/dl)   158.48 ± 41.71

TG (mg/dl) 161.59 ± 100.18

HDL-C (mg/dl) 37.34 ± 12.66

LDL-C (mg/dl) 91.16 ± 33.03

CRP (mg/L) 15.3±9.5

SII 788.69±601.6

LVMI 149.52±48.86

LVH (n, %)                        35(67.9%)                                                   

NAR 1.57±0.99

Abbreviations: HD, hemodialysis; CKD, chronic kidney disease; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, 
total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; CRP, C-re-
active protein; LVMI, left ventricular mass index; LVH, Left ventricu-
lar hypertrophy; SII, systemic immune inflammation index; NAR, 
neutrophil-to-albumin ratio.
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on the presence or absence of LVH resulted in no 
difference between groups in sex or age.

 Systolic and diastolic blood pressure and 
ultrafiltration volumes were comparable between 
groups. The LVH (+) group had a lower Kt/V (1.53 ± 
0.2 versus 1.45 ± 0.25; p 0.05).

CRP and SII levels were considerably lower in 
the LVH group, although albumin levels were not 
significantly different. LVH (+) patients were found 

to have significantly higher NAR levels (Table 2).

Multivariate analysis was used to determine the 
significance of several LVH risk variables. These 
variables were age, sex, NLR, CRP, SII, albumin, 
NAR, SBP, DBP, and HT. Multivariate logistic 
regression analysis revealed that a high NAR score 
was an independent predictor of developing 
LVH (odds ratio [OR]:8.83, 95 percent confidence 
interval [CI]:1.32-28.83, P .0005), as was high CRP 

Table 2. Demographic and clinical parameters in HD patients with and without LVH

Parameter LVH (-)
(n=16) 

LVH (+)
(n=35) P

Age (years) 73.8 ± 5.1    72.5 ± 5.1 >0.05

Gender (male, n, %) 9 (56%) 20 (57%) >0.05

Diabetes (n, %) 3 (19%) 6 (17%) >0.05

Hypertension (n, %) 7 (43%) 17 (48%) >0.05

Ultrafiltration(ml) 2980 ± 940 2850 ± 950 >0.05

Hemoglobin (g/dL) 11.01 ± 1.22 11.27 ±1.08 >0.05

Glucose (mg/dl) 144.39 ± 48.9 145.95 ± 54.88 >0.05

Albumin (g/dL) 4.4 ± 0.3 4.1 ± 0.6 >0.05

Cr (mg/dl) 8.02 ± 1.56 8.13 ± 1.94 >0.05

Ferritin (ng/mL) 475.39±284.9 393.68±262.15 >0.050

Kt/V 1.53 ± 0.2 1.45 ± 0.25 0.03

CRP (mg/L) 6.82 ± 5.77 9.18 ± 2.22 0.004

SII 610.33±431.68 870.22±422.11 0.003

NAR 0.96 ± 0.42 1.84 ± 1.05 0.002

PTH (pg/ml) 736.67±517.68 628.45±463.72 >0.05

TG (mg/dl) 165.95±145.08 159.6±76.01 >0.05

HDL-C (mg/dl) 40.35 ± 14.8 35.96 ± 11.52 >0.05

LDL 88.51 ± 29.9 92.37 ± 34.68 >0.05

Abbreviations: LVH, left ventricular hypertrophy; HD, hemodialysis; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; Cr, creatinine; PTH, parathyroid hormone; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol; CRP, C-reactive protein; LVMI, left ventricular mass index; SII, systemic immune inflammation index; NAR, neutrophil-to-albumin 
ratio.
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level (OR:3.45, 95 percent CI:1.905-6.645, P .005). SII 
and the presence of HT were not significant factors 
(OR:0.999 percent, 95 percent CI:0.994-1.004, P > 
0.05; OR:1.001 percent, 95 percent CI:0.928-1.001, 
P > 0.05, respectively) (Table 3).

Analysis of the area under the receiver operating 
characteristic curve revealed an optimal cutoff value 
of 0.986 for use of NAR to predict the development 

of LVH, with 69 percent sensitivity and 72.5 percent 

specificity (area under the ROC curve:0.757 [95 

percent confidence interval:0.627-0.887], P .005). 

An optimal CRP cutoff value of 4.65 predicted the 

development of LVH with a sensitivity of 56% and 

specificity of 44%, and the area under the curve was 

0.695 (95 percent confidence interval:0.549-0.840; P 

.005; Figure 1).

Table 3. Binary logistic regression analysis

95% C.I.for EXP(B)

Sig. Exp(B) Lower Upper
NAR ,0032 9,741 1,32 28,83

SII ,933 0,999 ,994 1,004

CRP ,004 3,45 1,905 6,675

KTV ,500 ,290 ,008 10,555

ht(1) ,832 ,830 ,148 4,653

Abbreviations:  NAR,   neutrophil-to-albumin   ratio;   SII,   systemic   immune   inflammation index; CRP, C-reactive protein; ht- presence of 
hypertension.

Figure 1. ROC curve
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DISCUSSION
The most significant finding of this study was that 
the NAR score, which is an innovative method for 
measuring inflammation, can independently predict 
LVH.

In addition to conventional risk factors, ESRD 
patients have risk factors uniquely associated with 
uremia. Risk factors include hypertension, anemia, 
volume load, phosphorus metabolism, uremic toxin 
accumulation, and inflammation. These factors all 
have the potential to play a role in left ventricular 
damage and hypertrophy (2, 3).

Among the patients who participated in our 
study, 68.6% were diagnosed with LVH. These 
findings are consistent with those obtained by Foley 
et al. (10) and London et al. (11), who discovered 
that approximately 75% of individuals diagnosed 
with end-stage renal illness had LVH.

Renal patients who suffer from anemia also 
tend to have left ventricular hypertrophy (11). 
Hemoglobin level is a good indicator of the degree 
of left ventricular hypertrophy (LVH), and each 
g/dl drop in HB level is associated with a 50% 
decrease in LV systolic performance (12). During our 
examination, we found that Hb levels were identical 
between groups. This may occur as a secondary 
effect of anemia therapy.

KT/V and URR ratios were used to evaluate 
the dialysis dose, which is related to the quality 
of hemodialysis. The measurement of urea before 
and after HD is at the core of both techniques (13). 
Urea levels are evaluated at least once per month, 
although frequency may vary from center to center. 
According to the findings of Manuel et al., CRP 
levels are much higher in people who are unable 
to achieve an ideal Kt/V ratio (14). We concluded 
that the LVH group had lower Kt/v. This may be due 
to inflammation caused by a uremic environment, 
or it may be because people in this demographic 
have a propensity to consume an excessive amount 
of water.

Inflammation, fibrosis, and oxidative stress are 
known to be involved in left ventricular remodeling 
(15). LVH has been linked to elevated CRP levels 
(15). The neutrophil-lymphocyte ratio, often known 
as the NLR, is a measurement of inflammation that 
has seen a significant increase in popularity over the 
past several years (16). The systemic immunological 
inflammation index (SII) is a recently developed 
measure generated by multiplying platelets with 
NLR. As a result, the number of platelets in the 
blood and NLR were combined to obtain an 
improved indicator of inflammation.

Activated neutrophils increase levels of 
myeloperoxidase, matrix metalloproteinases 2 and 
9, and reactive oxygen metabolites (17). These 
compounds may accelerate the progression of 
early atherosclerosis and contribute to plaque 
instability by exerting effects on the endothelium 
(18-20). Throughout the course of this inflammatory 
process, chemokines, secreted proteins, and 
microRNAs work together to activate platelets 
(17). As a direct result, platelet counts increase (17). 
Because SII takes into account NLR and platelet 
count, it is thought that this value is more sensitive 
than others (18). However, in our study, no significant 
difference in SII was observed between groups with 
and without LVH. It is possible that this was due to 
the use of heparin, which resulted in fewer platelets 
being detected in the blood.

Approximately 60 percent of serum protein 
content is albumin, which has a half-life of 19 days 
(19,20). Low levels are linked to malnutrition, kidney 
and liver disorders, cancer, and inflammation (21). 
Recent studies have suggested that one indicator 
of chronic inflammation, rather than a dietary 
condition, is reduced blood albumin levels (21). It 
is possible that the longer half-life of albumin in 
comparison with other blood features enhances its 
usefulness for identifying chronic inflammation.

NAR is a relatively new measure of inflammation. 
NAR was calculated using albumin and neutrophil 
counts. Our study found it to be the most valuable 
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factor in identifying LVH. CRP level was also useful. 
The diagnostic value of NAR is greater than that 
of CRP. This may be because its computation 
incorporates many parameters.

The inflammatory aspect of LVH development 
may result in increased NAR. Although LVH is 
commonly associated with hypertension, HT was not 
identified as a predictor of LVH in our multivariate 
analysis.

Activation of the inflammatory response 
enhances cytokine production. Inflammatory 
cytokines and cells help to alter the cardiovascular 
system. Wu et al. revealed that neutrophil-
produced S100a8/S100a9 proteins increase Ang 
II-induced cardiac inflammation and fibrosis 
regardless of the blood pressure response (21). 
HT was not a predictor of LVH, and LVH may 
be produced by enhanced inflammation of the 
angiotensin pathway.

There are some limitations to this investigation. 
Small sample size and a cross-sectional study 
approach necessitated the concurrent calculation 
of SII levels and NAR. Only one center was used for 
this study. Expanded follow-up studies with more 
patients at several centers are needed.

The inflammatory nature of LVH might be 
predicted by NAR owing to its association with CRP. 
However, our results need to be verified in other 
large-scale prospective studies.

Acknowledgements 

Special thanks to staff of Rentek Hemodialysis Unit.

REFERENCES
1. Silberberg JS, Barre PE, Prichard SS, Sniderman 

AD. Impact of left ventricular hypertrophy on surviv-
al in end-stage renal disease. Kidney International 
1989;36 (2): 286-90. (DOI: 10.1038/ki.1989.192)

2. Ritz E, Wanner C. The challenge of sudden death 
in dialysis patients. Clinical Journal of the Ameri-
can Society of Nephrology 2008;3 (3): 920-9. (DOI: 
10.2215/CJN.04571007)

3. Gross ML, Ritz E. Hypertrophy and fibrosis in the car-
diomyopathy of uremia-beyond coronary heart dis-
ease. Seminars in Dialysis 2008;21 (4): 308-18. (DOI: 
10.1111/j.1525-139X.2008.00454.x)

4. Glezeva N, Baugh JA. Role of inflammation in the 
pathogenesis of heart failure with preserved ejec-
tion fraction and its potential as a therapeutic tar-
get. Heart Failure Reviews 2014;19 (5): 681-94. (DOI: 
10.1007/s10741-013-9405-8)

5. Salles GF, Fiszman R, Cardoso CRL, Muxfeldt ES. 
Relation of left ventricular hypertrophy with systemic 
inflammation and endothelial damage in resistant 
hypertension. Hypertension 2007;50 (4): 723-8. (DOI: 
10.1161/HYPERTENSIONAHA.107.093120)

6. Losappio V, Franzin R, Infante B, et al. Molecular 
mechanisms of premature aging in hemodialysis: 
the complex interplay between innate and adaptive 
immune dysfunction. International Journal of Molec-
ular Sciences 2020 12;21 (10): 3422. (DOI: 10.3390/
ijms21103422)

7. Ji Y, Wang H. Prognostic prediction of systemic im-
mune-inflammation index for patients with gyneco-
logical and breast cancers: a meta-analysis. World 
Journal of Surgical Oncology 2020 7;18 (1): 197. ( 
DOI: 10.1186/s12957-020-01974-w)

8. Huang Y, Gao Y, Wu Y, Lin H. Prognostic value of 
systemic immune-inflammation index in patients 
with urologic cancers: a meta-analysis. Cancer Cell 
International 2020 12;20: 499.  (DOI: 10.1186/s12935-
020-01590-4)

9. Huang R, Fu P, Ma L. Kidney fibrosis: from mecha-
nisms to therapeutic medicines. Signal Transduc-
tion and Targeted Therapy 2023 17;8 (1): 129. (DOI: 
10.1038/s41392-023-01379-7)

10. Foley RN, Parfrey PS, Sarnak MJ. Clinical epidemi-
ology of cardiovascular disease in chronic renal dis-
ease. Journal of the American Society of Nephrology 
1998;32 (5 Suppl 3): S112-9. (DOI: 10.1053/ajkd.1998.
v32.pm9820470)

11. London GM. Heterogeneity of left ventricular hyper-
trophy--does it have clinical implications? Nephrol-
ogy Dialysis Transplantation 1998;13 (1): 17-9. (DOI: 
10.1093/ndt/13.1.17)

12. Kazmi WH, Kausz AT, Obrador GT, et al. Anemia: 
an early complication of chronic renal insufficiency. 
American Journal of Kidney Diseases 2001;38 (4): 
803-12. (DOI: 10.1053/ajkd.2001.27699)



SYSTEMIC IMMUNE INFLAMMATION INDEX AND NEUTROPHIL TO ALBUMIN RATIO 
CAN PREDICT LEFT VENTRICULAR HYPERTROPHY IN GERIATRIC HEMODIALYSIS PATIENTS

393

13. F. Maduell, R. Ramos, I. Palomares, et al. Impact 
of targeting Kt instead of Kt/V. Nephrology Dial-
ysis Transplantation 2013;28 (10): 2595-603. (DOI: 
10.1093/ndt/gft255)

14. F. Maduell, R. Ramos, J. Varas, et al. Hemodialysis 
patients receiving a greater Kt dose than recom-
mended have reduced mortality and hospitalization 
risk. Kidney International 2016;90 (6): 1332-1341. 
(DOI: 10.1016/j.kint.2016.08.022)

15. Masiha S, Sundström J, Lind L. Inflammatory mark-
ers are associated with left ventricular hypertrophy 
and diastolic dysfunction in a population-based 
sample of elderly men and women. Journal of Hu-
man Hypertension 2013;27 (1): 13-7. (DOI: 10.1038/
jhh.2011.113)

16. Kalay N, Dogdu O, Koc F, et al. Hematologic pa-
rameters and angiographic progression of coronary 
atherosclerosis. Angiology 2012;63 (3): 213-7. (DOI: 
10.1177/0003319711412763)

17. Yen TH, Lin JL, Lin-Tan DT, Hsu KH. Cardiothoracic 
ratio, inflammation, malnutrition, and mortality in di-
abetes patients on maintenance hemodialysis. The 
American Journal of the Medical Sciences 2009;337 
(6): 421-8. (DOI: 10.1097/MAJ.0b013e31819bbec1)

18. Bohn E, Tangri N, Gali B, et al. Predicting risk of 
mortality in dialysis patients: a retrospective cohort 
study evaluating the prognostic value of a simple 
chest X-ray. BMC Nephrology 2013 1;14:263. (DOI: 
10.1186/1471-2369-14-263)

19.  Rodby RA, Vonesh EF, Korbet SM. Blood pressures 
in hemodialysis and peritoneal dialysis using ambu-
latory blood pressure monitoring. American Jour-
nal of Kidney Diseases 1994;23 (3): 401-11. (DOI: 
10.1016/s0272-6386(12)81003-1)

20. Kalantar-Zadeh K, Ficociello LH, Bazzanella J, Mullon 
C, Anger MS. Slipping through the pores: hypoal-
buminemia and albumin loss during hemodialysis. 
International Journal of Nephrology and Renovascu-
lar Disease 2021 20;14: 11-21. (DOI: 10.2147/IJNRD.
S291348)

21. M.D. Alcorta, P.C. Alvarez, R.N. Cabetas, M.A. Martín, 
M. Valero, C.G. Candela. The importance of serum 
albumin determination method to classify patients 
based on nutritional status. Clinical Nutrition ESPEN 
2018;25: 110-113. (DOI: 10.1016/j.clnesp.2018.03.124


