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Abstract

Background/Objective: Systemic inflammation is a hallmark of end-stage renal disease
(ESRD) and contributes to the high burden of cardiovascular morbidity and mortality
in hemodialysis (HD) patients. The systemic immune–inflammation index (SII), derived
from peripheral neutrophil, lymphocyte, and platelet counts, has emerged as a promising
biomarker of immune–inflammatory status. This study aimed to assess the acute effect
of a single HD session on systemic inflammation and to identify metabolic predictors
associated with this response. Methods: In this single-center observational before–after
study, 44 chronic HD patients were enrolled. Blood samples were collected immediately
before and after a single HD session. SII was calculated as platelet count × neutrophil
count/lymphocyte count. Subgroup analyses were conducted based on renal disease
etiology and diabetic status. Multivariable linear regression models identified baseline pre-
dictors of SII variation. Results: Median SII significantly decreased post-HD in the overall
cohort (from 553.4 [342.6–847.5] to 449.1 [342.6–866.6], p = 0.001), with a more pronounced
reduction in patients with cardiometabolic etiologies (from 643.4 [353.3–1360.0] to 539.1
[324.8–1083.4], p = 0.007) and diabetes (from 671.1 [408.7–1469.1] to 458.3 [285.7–1184.4],
p = 0.028), but not in those with nephroangiosclerosis (p = 0.182). Baseline total cholesterol
(p = 0.001) and gamma-glutamyl transferase (p = 0.034) were positively associated with
smaller reductions in SII, while higher baseline glycaemia predicted a greater decrease in
post-dialysis SII (p = 0.021). Conclusions: HD acutely modulates systemic inflammation,
as reflected by reduction in SII. The magnitude of this response is significantly influenced
by individual metabolic profiles. These findings highlight the relevance of metabolic–
immune crosstalk in ESRD and suggest that SII may serve as a dynamic biomarker integrat-
ing inflammatory and metabolic signals, deserving further validation in larger, outcome-
driven studies.
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1. Introduction
Systemic inflammation and metabolic dysregulation are deeply interconnected pro-

cesses that play a central role in the pathophysiology of chronic diseases, particularly in
patients with end-stage renal disease (ESRD) [1,2]. Chronic systemic inflammation is a
key pathophysiological mechanism underlying the progression and poor prognosis of
numerous non-communicable diseases, including cardiovascular diseases (CVD) [3,4], type
2 diabetes [5,6], neurodegeneration [7], and chronic kidney disease (CKD) [8,9]. Inflamma-
tion is no longer seen merely as a defensive reaction to pathogens or tissue injury, but rather
as a dynamic, systemic process that, when dysregulated, contributes to cellular dysfunction,
endothelial damage, and metabolically driven immune alterations [10,11].

Patients with ESRD undergoing HD experience a state of chronic low-grade inflam-
mation that has been strongly associated with increased cardiovascular morbidity and
mortality [12–14], protein–energy wasting, and reduced quality of life [15–17]. This inflam-
matory state results from a combination of uremic toxins, oxidative stress, comorbidities,
impaired immune responses, and the HD procedure itself [18] and might be favored by
metabolic factors—such as lipid profile, glycemic control, and hepatic function [15,19].
Chronic exposure to dialysis membranes, dialysate contaminants, vascular access pro-
cedures, and contact between blood and artificial extracorporeal circuits activate innate
immune pathways, promote cytokine release, and alter leukocyte behavior [15,19]. How-
ever, data on the short-term behavior of SII in response to HD and on the potential metabolic
determinants of this response remain limited.

Among the various biomarkers and indexes of systemic inflammation used in clinical
and research settings, the systemic immune–inflammation index (SII) has recently emerged
as a novel, accessible, and cost-effective indicator of immune–inflammatory status [20–26].
SII is calculated using the peripheral platelet count x neutrophil count/lymphocyte count,
integrating the pro-inflammatory activity of neutrophils and platelets with the regulatory
and anti-inflammatory potential of lymphocytes. It has demonstrated prognostic value in
solid tumors, sepsis, and cardiovascular events [20].

This study aimed to evaluate the acute effect of a single HD session on systemic
inflammation, as assessed by SII, and to investigate whether baseline metabolic parameters
predict the degree of inflammatory modulation. This approach offers insight into the
metabolic–immune crosstalk in the HD population and may support the development of
personalized dialysis strategies.

2. Materials and Methods
2.1. The Study Design and Population

This was a single-center, observational, before–after study conducted on consecutive
patients referring to the Hemodialysis Unit of the SS. Filippo e Nicola Hospital in Avezzano,
Italy, part of the Local Health Authority 1 (ASL1) of Abruzzo. The study protocol was ap-
proved by the Internal Review Board of the University of L’Aquila (approval no. 45/2021)
and conducted in accordance with the Declaration of Helsinki. Written informed consent
was obtained from all participants. Eligible patients were adults (>18 years) with ESRD
undergoing chronic thrice-weekly hemodialysis. Inclusion criteria required the ability to
provide informed consent and participation in a scheduled dialysis session during the
data collection period in August 2023, on a stable dialysis regimen for at least 3 months.
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Exclusion criteria were (1) active cancer; (2) recent history (<3 months) of acute vascular
events; (3) active infection; (4) recent history of hospitalization (<3 months); (5) ongoing use
of immunosuppressive drugs; (6) age ≥90 years. A total of 44 consecutive patients were
enrolled during morning and afternoon dialysis shifts. All patients were treated in an out-
patient setting using standard 4 h HD sessions. Two types of HD machines were employed:
the Fresenius Medical Care 5008 Hemodialysis System and the Flexya Hemodialysis Sys-
tem. Dialyzers were selected according to individual patient characteristics and included
high-flux synthetic filters. Anticoagulation was performed with enoxaparin sodium, ad-
ministered into the arterial line at the beginning of the session, with dosage adjusted for
body weight and dialysis duration. Vascular access consisted of either native arteriovenous
fistula or tunneled central venous catheter, depending on clinical indication. Dialysate
composition and conductivity were standard and based on institutional protocols. Venous
blood samples were collected from each patient in fasting condition immediately before
and 10 min after the dialysis session.

2.2. Laboratory Measurements

Samples were analyzed at the hospital’s central laboratory. Complete blood counts
were obtained using an automated hematology analyzer, and the following parameters
were recorded: platelet count, neutrophil count, and lymphocyte count. The SII was calcu-
lated using the formula: SII = platelet count × neutrophil count/lymphocyte count. The SII
relative change was calculated as “(after HD SII − baseline SII)/basal SII × 100”. Additional
clinical and biochemical parameters—including serum creatinine, urea, fasting glycemia,
cholesterol, triglycerides, liver enzymes (AST, ALT, GGT), and blood pressure—were
also collected.

2.3. Statistical Analysis

Continuous variables were expressed as means ± standard deviation or medians
with interquartile range, depending on their distribution. The Kolmogorov–Smirnov test
was used to assess normality. Differences were tested with t-test and Mann–Whitney,
respectively. Counts were expressed as number, percentage and differences tested with
chi-square test. Spearman test was performed to investigate univariate correlation between
baseline characteristics. Paired comparisons of pre- and post-dialysis parameters were
performed using Wilcoxon signed-rank test.

Subgroup analyses were conducted according to primary renal disease etiology (car-
diometabolic vs. non-cardiometabolic). Patients with primary nephroangiosclerosis and
diabetic nephropathy were included in the subgroup of “cardiometabolic etiologies”, other
conditions were included in “non-cardiometabolic etiologies” subgroup (etiologies are
listed in detail in Supplementary Table S1). Time (before–after HD) and etiologies effects
were tested using generalized linear mixed model, including sex, age >65, and the inter-
action time*etiologies effect. We fitted generalized linear mixed models with a random
effect for patients and random slope for time at the patient level, allowing each patient to
have an individual baseline and trajectory over time. A single exploratory sub-analysis,
with the same model applied for the main outcome, was conducted in cardiometabolic
patient’s subgroup to test differences between patients with nephroangiosclerosis and
diabetic nephropathy. Due to the exploratory nature of the sub-analysis, correction for
multiple tests was not performed. Multivariable generalized linear model was used to
identify baseline predictors of percentage change in SII values. Model included age, sex,
cardiometabolic etiologies, total cholesterol, GGT, glycaemia, mean blood pressure, basal
SII, and time in HD. A two-tailed p-value < 0.05 was considered statistically significant. All
analyses were performed using SPSS Statistics v28 (IBM Corp., Armonk, NY, USA).
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3. Results
A total of 44 patients with ESRD were enrolled. Among them, 20 patients (45.5%)

had cardiometabolic conditions as the primary cause of renal failure. Table 1 presents the
baseline characteristics of the entire cohort and is stratified by etiology and the etiologies
that led to ESRD. Patients with cardiometabolic etiology were significantly older (p = 0.031)
and had a higher prevalence of diabetes (p = 0.003) and hypertension (p = 0.004).

Table 1. Baseline characteristics according to end-stage renal disease etiology.

Whole
(n = 44)

Non-CM
Etiologies (n = 24)

CM
Etiologies (n = 20) p

Female (n, %) 14, 31.8% 8, 33.3% 6, 30.0% 0.813
Age (years, mean ± SD) 66.1 ± 13.9 62.0 ± 13.4 71.0 ± 13.2 0.031
Smokers (n, %) 3, 6.8% 2, 8.3% 1, 5.0% 0.662
Diabetes (n, %) 14, 31.8% 3, 12.5% 11, 55.0% 0.003
Hypertension (n, %) 36, 81.8% 16, 66.7% 20, 100% 0.004
CVD (n, %) 22, 55% 10, 41.7% 12, 60.0% 0.226
Blood glucose (mg/dL, mean ± SD) 112.4 ± 25.6 110.5 ± 22.8 114.8 ± 29.9 0.582
SBP (mmHg, median [IQR]) 140.0 [130.0–160.0] 132.5 [117.5–155.0] 140.0 [130.0–160.0] 0.114
DBP (mmHg, median [IQR]) 70.0 [60.0–80.0] 70.0 [63.5–85.0] 75.0 [64.0–90.0] 0.368
Creatinine (mg/dL, mean ± SD) 8.2 ± 2.4 8.7 ± 2.2 7.6 ± 2.7 0.124
Urea (mg/dL, mean ± SD) 114.4 ± 30.5 116.7 ± 29.9 111.6 ± 31.7 0.582
Total Cholesterol (mg/dL, mean ± SD) 131.1 ± 37.9 126.9 ± 39.1 136.1 ± 36.8 0.428
Triglycerides (mg/dL, median [IQR]) 116.0 [71.5–167.5] 104.0 [78.5–140.0] 116.0 [71.5–167.5] 0.671
AST (UI/L, median [IQR]) 13.0 [11.5–15.0] 11.5 [10.0–17.5] 13.0 [11.5–15.0] 0.627
ALT (UI/L, median [IQR]) 10.0 [5.0–12.5] 8.5 [6.5–15.0] 10.0 [5.0–12.5] 0.705
GGT (UI/L, median [IQR]) 22.0 [12.5–30.5] 21.5 [17.0–27.5] 22.0 [12.5–30.5] 0.705

Etiologies causing end-stage renal disease

Connective tissue disease (n, %) 1, 2.3% 1, 4.2% - -
Phenylketonuria (n, %) 1, 2.3% 1, 4.2% - -
Retroperitoneal fibrosis (n, %) 1, 2.3% 1, 4.2% - -
Kidney transplantation failure (n, %) 1, 2.3% 1, 4.2% - -
Urosepsis (n, %) 1, 2.3% 1, 4.2% - -
Glomerulonephritis (n,%) 4, 9.1% 4, 16.7% - -
Diabetic nephropathy (n, %) 15, 34.1% 15, 62.5% - -
Nephroangiosclerosis (n,%) 9, 20.5% - 9, 45.0% -
Polycystic kidney (n, %) 11, 25.0% - 11, 55.0% -

Abbreviations: CM: Cardiometabolic; CVD: cardiovascular disease; IQR: interquartile range; SBP: systolic
blood pressure; DBP: diastolic blood pressure; AST: aspartate aminotransferase; ALT: alanine aminotransferase;
GGT: gamma-glutamyl transferase.

Baseline median SII was 553.4 [342.6–847.5] in the overall population. A trend
toward higher median values was observed in patients with cardiometabolic etiologies
(643.4 [353.3–1360.0]) compared to those with non-cardiometabolic etiologies
(483.2 [337.4–630.8]); however, this difference did not reach statistical significance
(p = 0.109). No significant univariate correlations were found between baseline char-
acteristics and SII, as detailed in Supplementary Table S1.

Following HD, median SII significantly decreased to 449.1 [342.6–866.6] in the over-
all population (pre–post HD, p = 0.001). Pre–post values of neutrophils, lymphocytes,
and platelets are reported in Supplementary Table S2. A significant reduction in SII was
observed after HD in patients with cardiometabolic etiologies, but not in those with non-
cardiometabolic etiologies. Figure 1 shows individual before–after HD SII values in pa-
tients with cardiometabolic etiologies (Panel A, median post-HD SII: 539.1 [324.8–1083.4];
p = 0.007) and in those with non-cardiometabolic etiologies (Panel B, median post-HD
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SII: 429.7 [284.3–560.0]; p = 0.067). Panel C illustrates the overall pre–post-HD effect
(p = 0.009) and the significant impact of etiology (p = 0.020) after adjustment for sex and
age ≥65 years.

Figure 1. Systemic immune–inflammation index before and after hemodialysis in each patient with
cardiometabolic etiology (A) and non-cardiometabolic etiology (B). (C) summarizes before–after
effect according to etiologies (values are summarized as median 95%C.I.). Significances were adjusted
for age ≥65 years and sex.

An exploratory sub-analysis was conducted in patients with cardiometabolic etiologies
(n = 20). A significant reduction in SII was also observed after HD in patients with
diabetes (n = 9), but not in those with nephroangiosclerosis (n = 11). Figure 2 presents
individual pre–post-HD SII values in patients with diabetes (Panel A, median baseline
SII: 671.1 [408.7–1469.1]; median post-HD SII: 458.3 [285.7–1184.4]; p = 0.028) and in those
with nephroangiosclerosis (Panel B, median post-HD SII: 429.7 [284.3–560.0]; p = 0.182).
Panel C illustrates the overall pre–post-HD effect (p = 0.034) and the effect of etiology
(p = 0.945) after adjustment for sex and age ≥ 65 years, in patients with cardiometabolic
etiologies (n = 20).

To explore the metabolic determinants of inflammatory response, we examined base-
line biochemical variables as predictors of SII relative variation. Table 2 summarizes
the predictors of SII variations after HD, evaluated as relative change in comparison to
baseline. Notably, higher baseline total cholesterol (p = 0.001) and GGT (p = 0.034) were
independently associated with a blunted reduction in SII, indicating that patients with
more adverse metabolic profiles exhibited a reduced inflammatory responsiveness to dial-
ysis. Conversely, higher baseline glycaemia (p = 0.021) was significantly associated with
a greater post-HD reduction in SII, suggesting that elevated glucose levels—possibly re-
flecting enhanced metabolic activation—may amplify the capacity to acutely modulate
immune–inflammatory tone. No significant associations were observed with age, mean
blood pressure, or non-cardiometabolic etiology.
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Figure 2. Systemic immune–inflammation index before and after hemodialysis in each patient with
diabetic nephropathy etiology (A) and nephroangiosclerosis etiology (B). (C) summarizes before–after
effect according to etiologies (values are summarized as median 95%C.I.). Significances were adjusted
for age ≥65 years and sex.

Table 2. Predictors of systemic inflammation index relative variation before–after hemodialysis.

Variable Mean Change in
SII Relative Variation Standard Error 95% Confidence Interval p

Male gender 4.004 6.381 −8.503 16.512 0.530
NC etiologies 4.657 6.695 −8.466 17.780 0.487
Age (per year) 0.280 0.248 −0.205 0.765 0.258

Total Cholesterol
(per 1% increase) 0.262 0.084 0.097 0.428 0.002

GGT (per mg/dL) 0.543 0.259 0.036 1.051 0.036
Blood glucose
(per 1 mg/dL) −0.309 0.137 −0.578 −0.041 0.024

Mean Blood Pressure
(per 1 mmHg) −0.256 0.240 −0.727 0.214 0.286

Basal SII (per 1 mg/dL) −0.001 0.007 −0.014 0.013 0.901
Time in HD (months) −0.024 0.040 −0.103 0.056 0.557

Abbreviations: NC: Non-cardiometabolic; GGT: gamma-glutamyl transferase; SII: systemic inflammation index;
HD: hemodialysis.

4. Discussion
This study highlights the pivotal role of metabolic status in modulating the acute

inflammatory response to HD. Beyond confirming that HD transiently reduces systemic
inflammation—as assessed by the SII—our findings show that this effect is significantly
influenced by baseline metabolic parameters, including cholesterol, glycaemia, and gamma-
glutamyl transferase (GGT). These results support the concept of a dynamic interplay
between metabolic regulation and immune–inflammatory activity in ESRD.

In this observational study, we evaluated the acute effects of a single HD session on
systemic inflammation in patients with ESRD, using the SII as a composite biomarker.
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Our findings demonstrate a significant post-HD reduction in SII in the overall population,
particularly in patients with cardiometabolic disease. The post-HD reduction was observed
also in the subgroup of patients with diabetes. However, the last finding should be inter-
preted with caution due to the exploratory nature of the sub-analysis and small simple size
of the subgroup. These data suggest that SII may represent a sensitive and dynamic marker
of the immuno-inflammatory response to extracorporeal circulation. In this regard, it is
important to clarify that the post-dialysis decrease in SII should not be interpreted as an
improvement in the chronic inflammatory state of HD patients, which remains well docu-
mented and strongly associated with cardiovascular risk [27]. Instead, this reduction more
likely reflects acute and transient hematological and immunological shifts occurring during
extracorporeal circulation, including neutrophil margination, lymphocyte redistribution,
platelet activation/consumption, and partial clearance of circulating cytokines. Similar
transient fluctuations have been reported for classical markers such as tumor necrosis α
(TNF-α), which significantly decreases after HD and rebounds within 48 h [28]. Moreover,
it is known that c-reactive protein (CRP) and interleukin 6 (IL-6) often show only minor
peri-dialytic variations [29], supporting the concept that cell-derived indices like SII may
provide complementary information on the dynamic immune–inflammatory modulation
induced by HD.

The reduction in leukocyte and platelet counts observed after HD is consistent with
prior studies suggesting that dialysis may exert transient anti-inflammatory effects via
dilutional mechanisms, removal of circulating cytokines, or improved biocompatibility
of modern membranes [15,18,19,30]. However, the inflammatory response to HD is mul-
tifactorial: mechanical stress, complement activation, oxidative stress, and endothelial
dysfunction may all enhance immune activation during treatment, potentially explaining
the heterogeneity in SII responses [31,32].

Importantly, our results reveal that the magnitude of the inflammatory modulation is
not solely determined by dialysis-related factors or disease etiology but also by individual
metabolic status. Subgroup analyses revealed that patients with cardiometabolic comor-
bidities and diabetes experienced the most significant reductions in SII, possibly reflecting
a higher baseline inflammatory burden with greater potential for acute modulation. By
contrast, patients with nephroangiosclerosis did not experience significant change in SII,
which may reflect a more stable vascular–inflammatory phenotype. This aligns with the
hypothesis that vascular aging and stiffening, typical of nephroangiosclerosis, may result in
less reactive immune profiles compared to metabolically active conditions such as diabetes
or atherosclerosis [9,16].

Importantly, baseline metabolic parameters influenced SII variation: higher levels of
total cholesterol and GGT were associated with lower reductions in SII, while elevated
glycaemia predicted greater decreases. These associations support the growing recognition
of liver function and glucose metabolism as modulators of systemic inflammation in CKD
and HD settings [11,21,26].

Multivariate analysis identified baseline total cholesterol and GGT as negative predic-
tors of inflammatory responsiveness, suggesting that altered lipid metabolism and subclini-
cal hepatic dysfunction may dampen the acute anti-inflammatory effects of HD. Conversely,
higher glycaemia was associated with greater SII reduction, a counterintuitive but po-
tentially meaningful finding that we speculate may reflect enhanced immune-metabolic
activation in hyperglycemic states. These associations support the concept of a metabolic–
immune crosstalk in ESRD, where glucose, lipid, and hepatic metabolic pathways modulate
not only baseline inflammation but also its short-term dynamics during dialysis.

The utility of SII as an inflammatory biomarker in nephrology is increasingly recog-
nized. Elevated SII has been associated with poor prognosis in cardiovascular disease [33],
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acute coronary syndromes in CKD [34], urinary albumin excretion [21,22], and mortality
in patients with SARS-CoV-2 infection and CKD [35]. However, few studies have exam-
ined its acute dynamics during HD. Our study provides the first evidence on a potential
anti-inflammatory acute effect of HD, in the context of an end-stage disease characterized
by a chronic worsening of the inflammatory state [15,19]. Although we did not repeat the
assessment of the SII immediately prior to the subsequent dialysis session, the SII difference
observed before–after dialysis strongly suggests a progressive increase in the inflammatory
milieu during the inter-dialytic period. This trend may be further influenced by metabolic
alterations, including dyslipidemia, insulin resistance, and hepatic stress.

Our study has limitations. The sample size was limited and derived from a single
center, which may reduce the generalizability of the findings. Second, we did not include
established inflammatory biomarkers such as CRP, IL-6, interleukin 1β (IL-1β), or TNF-α,
which prevented direct comparisons between SII dynamics and cytokine responses. This
is relevant because previous studies have shown that these markers may remain stable
or exhibit only modest changes during dialysis [28], while others, such as TNF-α, can
transiently decrease post-HD and rebound within 48 h [29]. Therefore, the decrease in SII
observed in our study should be regarded as an acute and likely transient phenomenon
rather than as a reflection of overall chronic inflammation, which is consistently present
in HD patients [27]. Residual confounders such as nutritional status, medication use,
or dialysis membrane type were not systematically analyzed. Finally, the absence of
longitudinal follow-up during the inter-dialytic period prevented us from assessing the
rebound of SII and its potential prognostic role.

The low cost, broad availability, and integrative nature of SII make it an attractive can-
didate for routine inflammatory monitoring in dialysis patients and open important further
directions. While traditional markers such as CRP or IL-6 provide valuable information,
they are more costly, less frequently available, and slower to respond to rapid physiological
changes. Should future, larger-scale studies confirm our findings, SII may complement
or, in selected contexts, replace these markers for real-time tracking of inflammatory bur-
den. In addition, future studies should explore whether repeated SII assessments can
guide therapeutic adjustments (e.g., membrane selection, anticoagulation strategy) or pre-
dict clinical outcomes such as infection, hospitalization, or cardiovascular events in the
HD population.

Nonetheless, the observed associations between baseline metabolic variables and the
degree of inflammatory modulation highlight the relevance of assessing metabolic phe-
notype when evaluating inflammation in ESRD patients. Future studies should integrate
metabolic and inflammatory profiling to identify subgroups more likely to benefit from
targeted interventions—whether pharmacologic, dietary, or dialysis-based—to modulate
systemic inflammation.

5. Conclusions
This study demonstrates that systemic inflammation, as assessed by the SII, is acutely

modulated by a single session of HD. The reduction in SII was most pronounced in patients
with cardiometabolic disease (−16.2%), suggesting a greater inflammatory plasticity in
these populations. The exploratory sub-analysis showed that patients with nephroan-
giosclerosis showed limited modulation, potentially reflecting a more stable vascular–
inflammatory milieu. Crucially, baseline metabolic parameters emerged as independent
predictors of the inflammatory response, highlighting the relevance of metabolic health
in shaping acute immune dynamics during dialysis. Integrating metabolic and inflamma-
tory biomarkers may represent a promising avenue for precision medicine approaches
in nephrology.
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