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Abstract

Background Chronic inflammatory disorders in peritoneal dialysis (PD) contribute to the adverse clinical outcome.
Systemic immune inflammation index (SI) is the novel and convenient measurement that is positively associated
with various diseases. However, scarce is known regarding the association between Sl with all-cause mortality
among PD patients.

Methods In this multi-center retrospective cohort study, 1,677 incident patients with PD were enrolled. Eligi-

ble patients were stratified into groups based on Sll level: tertile 1(<456.76), tertile 2(456.76 to 819.03), and tertile
3(>819.03). The primary endpoint was the all-cause mortality. Both Cox regression analysis and competing risk
models were used to examine the association between SIl and all-cause mortality. Subgroup analysis was performed
to assess the influence of the Sli tertiles on all-cause mortality in different subgroups.

Results During the follow-up period of 30.5 +20.0 months, 26.0% (437/1,677) patients died, of whom the SlI tertile 3
group accounted for 39.19% (171/437) of the deaths. Patients in the SlI tertile 3 group had a higher all-cause mortality
rate than patients in the Sl tertile 1 and 2 groups (log-rank=13.037, P<0.001). The Sll tertile 3 group was significantly
associated with 80% greater risk (95% confidence interval:1.13 to 2.85; P=0.013) compared with the Sll tertile 1 group
in multivariable Cox regression analysis. The competing risk model also indicated that the relationship between Sl
tertiles and all-cause mortality remains (subdistribution hazard ratio: 1.86; 95% confidence interval: 1.15 to 2.02,
P=0.011). Furthermore, the relationship between the log-transformed SIl and all-cause mortality in patients with PD
was nearly linear (P=0.124).

Conclusion A close relationship was observed between the Sl and all-cause mortality in patients undergoing PD,
suggesting that more attention should be paid to the S, which is a convenient and effective measurement in clinical
practice.
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Introduction
Currently, peritoneal dialysis (PD) accounts for approxi-
mately 11% of all dialysis patients worldwide [1]. The
risk of mortality has increased in patients undergoing
PD due to increasing risk for infections, malnutrition
and cardiovascular diseases (CVD), which are to blame
for approximately 40%—60% of all-cause mortality in the
PD population [2]. Some traditional CVD risk factors
[3] including smoking, physical activity, hypertension,
diabetes, and hyperlipidemia, may contribute to poor
survival outcomes among PD patients [4]. Other stud-
ies have shown that inflammatory status [5, 6], malnu-
trition [6—9], electrolyte disturbance [10-12], metabolic
disorder [13-15], lower plant-based protein intake [16],
alkaline phosphatases [17], and older age [18] were risk
factors for all-cause mortality in patients undergoing PD.
These factors above, particularly inflammation, are well-
known nontraditional CVD risk factors [3] and may fur-
ther increase the risk of death in such populations [19].
The pathogenic process of inflammation is typically
complicated and multifactorial, involving both dialysis-
related and dialysis-unrelated factors, which may lead
to malnutrition, an adverse cardiovascular prognosis,
and mortality in patients undergoing PD [20]. Certain
inflammatory markers, such as C-reactive protein (CRP),
neutrophil-to-lymphocyte ratio (NLR), and monocyte-
to-lymphocyte ratio (MLR), which represent the systemic
inflammatory response, are independent predictors of
mortality in patients with PD [5, 18, 21]. Recently, a novel
inflammatory marker, the systemic immune inflamma-
tion index (SII), which is inexpensive and easily accessi-
ble, has been a “hot issue’, and associated with cognitive
decline [22], cerebrovascular diseases [23], atrial fibrilla-
tion [24], and poor prognosis of cancer [25]. Addition-
ally, in the general population [23] of cardiovascular [26]
or cerebrovascular disease patients [27], the correlation
between SII and adverse overall survival has been found.
A large, prospective, population-based study recently
reported that compared with the lowest quantile of SII,
the highest quantile of SII was associated with an approx-
imate 24.6% greater risk of all-cause mortality. Thus, it
may be as a useful marker of all-cause mortality in gen-
eral population [23]. Moreover, there is a nearly linear
relationship between log-transformed SII and all-cause
mortality in patients with acute ischemic stroke [27], but
a non-linear relationship between the log-transformed
SII and all-cause death in patients with CVD [26, 28].
The SII may be better than other inflammation mark-
ers (such as CRP, NLR, and MLR) in clinical practice.
First, as a new inflammatory biomarker, the SII can pro-
vide a more balanced and comprehensive assessment of
immune and inflammatory responses [29]. As the SII
level increases, inflammatory activity in various diseases

Page 2 of 11

may increase, leading to poor clinical outcomes [30].
Second, based on the counts of three types of circulat-
ing immune cells—neutrophils, platelets, and lympho-
cytes—the SII value reflects the inflammatory state and
can present a better predictive value than the NLR and
MLR [22, 31]. Third, compared with other inflammatory
indicators such as CRP and interleukin-6 (IL-6), the SII
can be easily obtained, routinely collected, and tested in
hospitalized patients; thus, it might be useful in predict-
ing poor prognosis.

Nevertheless, to the best of our knowledge, the associa-
tion between the SII and all-cause mortality in patients
undergoing PD has been elucidated only by a few papers.
Therefore, we conducted this multi-center retrospective
cohort study to test the hypothesis that the inflamma-
tory status defined by the SII is associated with all-cause
mortality in patients undergoing PD, ultimately laying
the theoretical basis for its potential clinical assessment
value.

Material and methods

Study population

A multi-center retrospective cohort study was conducted
with 2,469 incident patients with PD between January 1,
2010, and December 31, 2018, who underwent PD treat-
ment for at least 3 months at PD centers of six tertiary
hospitals in China. Distributed in several provinces such
as Guangdong, Shanghai, and Henan, each hospital has
a specialized data registrar, follow-up management sys-
tem, and electronic medical record system, and has over
400 patient undergoing PD. The main exclusion criteria
were as follows: 1) patients with follow-up time less than
3 months (n=281); 2) patients younger than 18 years or
older than 80 years (n=70); and 3) patients with a his-
tory of hematological diseases (n=6), or rheumatic dis-
eases (n=25), with medication of corticosteroids (n=40)
or immunosuppressive agents (n=11), as they could
affect the lymphocyte and platelet counts. Patients with-
out SII values were also excluded (n=559). Finally, 1,677
patients were included in the study and followed up until
the end of the study, or December 31, 2019. The flow-
chart is shown in Fig. 1. This study was approved by the
investigational review board of Jiangmen Central Hos-
pital (approval number 2022101) and was conducted
in accordance with the Declaration of Helsinki in 2022.
Written informed consent was not required because this
retrospective study collected pre-existing hospital data.

Data collection

All baseline data were collected 3 months after the initia-
tion of PD therapy. Baseline demographic data included
age; sex; current smoking and drinking habits; the pres-
ence of diabetes, hypertension, stroke, and cardiovascular
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PD patients from multicenters
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Fig. 1 Flow chart of this study

diseases; and medication use, which was recorded based
on the prescriptions. Clinical and biochemical data
included blood pressure, white blood cells, hemoglobin,
platelets, neutrophils, lymphocytes, serum creatinine,
urea nitrogen, serum albumin, alkaline phosphatase,
total cholesterol, triglycerides, sensitivity C-reactive pro-
tein (s-CRP), liver function, magnesium, calcium, phos-
phorus, and intact parathyroid hormone (iPTH). The SII
was calculated as platelet count X neutrophil count/lym-
phocyte count. The baseline residual renal function was
assessed using the Chronic Kidney Disease Epidemiology
Collaboration creatinine equation. Total Kt/V was calcu-
lated using PD Adequest Software 2.0 (Baxter Healthcare
Corp., Deerfield, Illinois, USA).

Follow-up and study endpoint
The primary endpoint was the all-cause mortality rate.
All patients were followed up until death, cessation of

PD (switching to hemodialysis or renal transplanta-
tion), loss of follow-up, or the end of follow-up on
December 31, 2019.

Statistical analysis

The eligible patients were divided into three groups based
on the tertile values of the SII. The lowest (Tertile 1),
middle (Tertile 2), and highest (Tertile 3) SII tertile had
an SII value of<456.76, 456.76 to 819.03, and >819.03,
respectively. Continuous variables with a normal dis-
tribution were expressed as mean + standard deviation,
and those with a skewed distribution were described as
median (25%-75% interquartile range [IQR]). Categori-
cal data are expressed as frequencies or percentages (%).
The SII was converted into logSII by the log transforma-
tion because of the non-normal distribution. Differences
among the three groups were assessed using a one-way
analysis of variance, the Kruskal-Wallis test, or x> test,



Tang et al. BMC Nephrology (2024) 25:8

as appropriate. Cumulative survival curves were gener-
ated using the Kaplan—Meier method and compared
using the log-rank test. Cumulative incident curves were
evaluated using the Fine and Gray method. The associa-
tions between the SII tertiles and all-cause mortality were
evaluated using the Cox proportional hazards and sub-
distribution hazards models for competing risk analysis.
To account for the non-linear correlation between the
SII and all-cause mortality in patients with PD, we also
employed a restricted cubic spline regression model to
evaluate non-linearity.

We apply the method of “Computer Simulation Statis-
tical Efficiency” to evaluate the sample size, which was
performed using Empower(R) (www.empowerstats.com,
X&Ysolutions, Inc., Boston, MA) [32]. The parameter
settings are well documented according to the result of
our study. The figure below shows the degree of research
reliability corresponding to different sample size and
odd ratio. The horizontal axis represents the sample size,
the vertical axis represents the degree of reliability of
the study. It can be seen that when the odd ratio value
is 1.8 and the sample size is 1700, the test efficiency is
over 0.95, which is already very reliable. Therefore, it can
be considered that the sample size used in our article is
appropriate.

Subgroup analyses

To evaluate subgroup modification effects on the rela-
tionship between SII stratification and all-cause mortal-
ity, we conducted subgroup analyses of the association
between SII stratification and all-cause mortality strati-
fied by male and female, less than 65 years and older than
or equal to 65 years, with or without diabetes, with or
without hypertension, and those with or without a his-
tory of pre-existing CVD. The interaction between the SII
tertiles and subgroups on all-cause mortality was exam-
ined using a formal interaction test.

SPSS statistical software version 22 (IBM Corp.,
Armonk, NY, USA) and R package 3.6.0 (https://www.r-
project.org/) were used for the statistical analyses. Statis-
tical significance was set at P<0.05.

Results

A total of 1,677 incident patients with PD were recruited
and divided into three groups based on the tertiles
of baseline SII value: the tertiles 1 (SII value<456.79,
n=559), 2 (456.79 <SII value<819.03, n=559), and
three groups (SII value>819.03, n=559). Among 1,677
patients, the mean age of the study population was
50.5+14.0 years, 44.3% were female, and the percent-
ages of hypertension, diabetes, and CVD history were
77.6%, 22.5%, and 23.4%, respectively. The mean follow-
up period was 30.5+20.0 months. At the end of this
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study, 26.01% (437/1,677) of patients had died, of whom
the tertile 3 group accounted for 39.1% (171/437) of the
deaths; 18.90% (317/1,677) of patients had undergone
kidney transplantation and were transferred to hemodial-
ysis; 3.64% (61/1,677) had been lost to follow-up; and the
remaining 51.40% (862/1,677) of patients were still being
followed up at these PD centers. Among the 437 deaths,
196 (44.8%) were attributed to cardiovascular mortal-
ity, 49 (11.2%) to cerebrovascular disease, 56 (12.8%) to
infectious diseases, 9 (2.0%) to gastrointestinal bleeding,
11 (2.5%) to malignancy, 63 (14.4%) to other causes, and
53 (12.1%) to unknown causes.

Comparisons of clinical parameters between groups

The baseline demographics and clinical and laboratory
characteristics of the total study population after stratifi-
cation by tertiles of SII values are summarized in Table 1.
Patients in groups with a higher baseline SII level (tertile
3) compared with the reference group (tertile 1) tended
to be male, older, and had higher levels of white blood
cells, hemoglobin, platelets, neutrophils, monocytes,
total cholesterol, triglycerides, calcium, and serum sCRP,
but lower levels of lymphocytes, serum albumin, and
iPTH (all P<0.05). They also had a higher percentage of
diabetes mellitus, angiotensin receptor blockers, statins,
and aspirin use (all P<0.05; Table 1).

Associations between Sll and all-cause mortality

To confirm the association of the SII with all-cause mor-
tality in the population, Cox regression analyses and a
competitive risk model were utilized. Kaplan—Meier
curves showed significant differences in all-cause mortal-
ity between the SII tertiles. Individuals in the SII tertile 3
group had a significantly higher death rate (SII tertile 3
group vs. SII tertile 2 group vs. SII tertile 1 group; 39.1%
vs. 33.1% vs. 27.6%, respectively; P<0.001, log-rank test;
Fig. 2). In univariable Cox regression analyses, we found
that compared with the lowest SII tertile group, the high-
est SII tertile group was associated with an approximate
54% greater risk of all-cause mortality (HR: 1.54, 95% CI:
1.21 to 1.95, P<0.001). After a full adjustment for covari-
ates, the association between SII tertiles and all-cause
mortality in patients with PD remains (HR: 1.80, 95% CI:
1.13 to 2.85, P=0.013). (Table 2).

In the Fine and Gray competing risk models, a higher
SII was associated with a higher risk of all-cause mor-
tality (gray value=14.104, P<0.001) (Fig. 3). After full
adjustment, compared with the lowest SII tertile group,
the highest SII tertile group was associated with an
approximate 86% increased risk of all-cause mortality
(SHR: 1.86, 95% CI: 1.15 to 2.02, P=0.011). (Table 2).

Moreover, we used the cox regression model to ana-
lyze the relationship between CRP and mortality. The
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Table 1 Baseline characteristics of individuals stratified by tertiles of SlI
Variables Total Tertiles 1 Tertiles 2 Tertiles 3 p value
(n=1677) (n=559) (n=559) (n=559)
Sex, female(%) 743 (44.3) 276 (49.5) 237 (42.3) 230 (41.1) 0.010
Age(years) 505+14.0 493+144 503+136 520+14.0 0.005
Diabetes, n(%) 377 (22.5) 101 (18.1) 129 (23.1) 147 (26.3) 0.004
Hypertension, n(%) 1299 (77.6) 427 (76.7) 425 (76.2) 447 (80) 0.254
Stroke, n(%) 80(94) 24(10.2) 30(104) 26 (7.9) 0499
CVD, n(%) 199 (234) 52(21.7) 59 (21) 88 (26.6) 0.203
Systolic pressure(mmhg) 144.0+24.1 14204225 1453+245 144.7+252 0.081
Diastolic pressure(mmhg) 85.4+15.1 85.5+15.1 86.1+146 84.6+15.7 0.341
Medication
CCB, n (%) 1221(78.2) 395 (76.4) 410 (77.1) 416 (81.2) 0.124
ACEI, n (%) 81(5.7) 28 (5.9) 21(44) 32(6.8) 0.265
ARB, n (%) 564 (38.2) 172 (35.4) 183 (36.6) 209 (42.7) 0.043
Statin, n (%) 219 (14.9) 53(10.9) 76 (15.4) 90 (18.5) 0.004
Aspirin, n (%) 174(12.0) 37(7.7) 55(11.3) 82(17) <0.001
Laboratory variables
White blood cell(10/9/L) 65+23 51%15 63+1.7 81+26 <0.001
Platelet(1019/L) 194.3+80.5 1428+574 192.7+59.7 24734845 <0.001
Hemoglobin(g/L) 89.4+22.1 86.2+£225 90.2+22.6 91.8+208 <0.001
Neutrophils(1019/L) 45£2.1 31+10 43413 6.1+23 <0.001
Monocyte(1019/L) 04+0.2 04+0.2 04+0.2 05+0.2 <0.001
Lymphocyte(1079/L) 13+0.5 14+06 13+05 1.1+04 <0.001
Serum creatinine(umol/L) 7884+3182 801.2+32338 797.6+318.1 766.5+312.0 0.133
Urea nitrogen(mmol/L) 224+149 23.0+£96 22.1+£92 221+£222 0.526
Albumin(g/L) 36.0+5.7 36.2+£55 363+55 354+6.1 0.016
Alkaline phosphatase(U/L) 84.6+61.7 843+733 823+55.1 874+550 0374
Aspartate aminotransferase(U/L) 216151 22.1£149 21.1£164 21.7£140 0.489
Alanine aminotransferase(U/L) 189+245 203+31.1 189+23.7 175+163 0.162
Total bilirubin(umol/L) 49+3.1 50%35 4.7+26 50+30 0214
Cholesterol(mmol/L) 45+13 43+12 46+14 47413 <0.001
Triglyceride(mmol/L) 16+12 14+09 1716 16+1.0 <0.001
High density lipoprotein(mmol/L) 1204 1.2+04 1.2+04 1.2+04 0.900
Low density lipoprotein(mmol/L) 28+65 26+10 3.1+1.1 28+10 0.380
iPTH(pg/ml) 198.0 (96.6,351.4) 2142 (114.3,361.3) 1994 (97.7,352.5) 179.8 (68.1,338.0) 0.017
Calcium(mmol/L) 21+03 20+03 21403 21+03 <0.001
Phosphorus(mmol/L) 18+£28 1.8+£05 20+47 1.7+06 0.364
Magnesium(mmol/L) 09+£04 09+£04 09£0.3 09£0.5 0.369
SCRP(ma/l) 32(13,85) 2.7(1.2,5.8) 30(1.2,6.5) 4.2(1.6,12.0) <0.001
Total Kt/V 23+12 23+10 24+1.7 23+09 0.420
RRF(mL/min/1.73m?) 41+36 39+32 42435 41+£39 0416
SI(10A9/L) 611.1(393.0,963.0) 316.8 (240.3,392.4) 610.9 (525.8,7104) 1214.0 (963.0, 1696.0) <0.001

Abbreviations: CVD cardiovascular diseases, CCB calcium channel blocker, ACEl angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, iPTH intact
parathyroid hormone, sCRP sensitive C-reactive protein, Total Kt/V K, dialyzer clearance of urea; t dialysis time; V volume of distribution of urea, RRF renal residual
function, Sl systemic immune inflammation index

result showed that CRP>3 mg /L was also correlated
with mortality. However, when we adjusted for covari-
ates, we found that CRP>3 mg /L had nonsignificant
effect on mortality, possibly due to the influence of CRP
on mortality being influenced by other factors such as

complications and nutritional status (Supplementary
Table 1).

In addition, the restricted cubic splines showed that
the risk of all-cause mortality increased gradually
when log-transformed SII was>2.78, while the risk of
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Fig. 2 Kaplan—-Meier curves for all-cause mortality stratified by SlI

Table 2 The associations of Sl stratification with all-cause

mortality in PD patients

Variables Model 1(unadjusted) Model 2(full adjusted)
HR or pvalue HRor p value
SHR(95%Cl) SHR(95%Cl)
All-cause mortality(Cox regression analysis)
Tertles 1 of SIl Reference Reference
Tertles 2 of SII 1.16(0.90, 1.48)  0.248 1.35(0.82,2.25) 0241
Tertles3of SII 1.54(1.21,195)  <0.001 1.80(1.13,2.85) 0.013

All-cause mortality(set switching to hemodialysis and kidney trans-
plants as competitive risk)

Tertles 1 of SIl Reference Reference
Tertles 2 of SII 1.16(0.90,1.49)  0.242 148(0.88,246)  0.136
Tertles 3 of Sl 1.58(1.20, 1.94) <0.001 1.86(1.15,2.02) 0.011

Model 1: unadjusted

Model 2: adjusted for age, sex, diabetes mellitus, hypertension, strokes, pre-
existing cardiovascular disease, drug medication, total Kt/V, RRF, hemoglobin,
urea nitrogen, Serum creatinine, albumin, cholesterol, triglyceride, High density
lipoprotein, Low density lipoprotein, alkaline phosphatase, magnesium, calcium,
phosphorus, iPTH, aspartate aminotransferase, alanine aminotransferase, total
bilirubin

Abbreviations: Sl systemic inflammatory index, Total Kt/V K, dialyzer clearance of
urea; t dialysis time; V volume of distribution of urea, RRF renal residual function,
iPTH intact parathyroid hormone, HR hazard ratio, SHR Subdistribution Hazard
Ratio, C/ confidence interval

all-cause mortality remained unchanged when log-
transformed SII was<2.78. The association between
the log-transformed SII and all-cause mortality was
nearly linear (P=0.124, Fig. 4).

Relationship between Sl stratification and all-cause
mortality in different subgroups

We investigated the association between SII tertiles
and all-cause mortality in different subgroups, includ-
ing male or female, less than 65 years and older than
or equal to 65 years, with or without diabetes, with
or without hypertension, and those with or without a
history of pre-existing CVD. In the subgroup analysis,
the results indicated that compared to the SII tertile
1 group, the SII tertile 3 group was associated with a
1.06 times greater risk of all-cause mortality for less
than 65-year-old patients, 93% for those with hyper-
tension, 4.62 times for those with diabetes, and 1.54
times for those without a history of pre-existing CVD
(all P<0.05, Table 3). However, these trends were not
observed among patients aged 65 years or older, with-
out hypertension, without diabetes, or with a history
of pre-existing CVD. Moreover, no interaction was
observed between sex, age, diabetes mellitus, hyperten-
sion, pre-existing CVD, or all-cause mortality.

Discussion

It is estimated that over 272,000 patients receive PD as a
treatment for end-stage renal disease globally [1], and the
number is increasing, with a considerable risk of adverse
clinical prognosis. This study demonstrated that during
the follow-up period of 30.5+20.0 months, 437 (26.01%)
patients died, which was consistent with other previous
studies [33, 34], indicating that patients undergoing PD
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Fig. 3 Cumulative incidence curves for all-cause mortality stratified by SlI

suffered an undesirable survival outcome. Thus, explor-
ing the prognostic factors for survival in PD populations
is crucial.

Calculated as (platelet countXxneutrophil count/lym-
phocyte count), the SII is based on peripheral blood
parameters that reflect the balance between inflamma-
tion and immunity [35, 36]. Growing evidence has been
observed that the SII, as a novel inflammatory indicator,
is correlated with a variety of adverse clinical outcomes
[22-25, 31]. Notably, only a few studies focusing on the
general population or patients with vascular disease have
found that SII is independently correlated with all-cause
mortality [23, 26-28]. Consistent with previous stud-
ies, our study showed an association between SII and
all-cause mortality in patients undergoing PD and found
that a higher SII corresponded to an increased risk of
death in the PD population. Patients in the highest SII
tertile had a significantly higher mortality rate, account-
ing for 39.1%. Compared with the lowest SII tertile
group, the highest SII tertile group was associated with
an approximately 80% greater risk of all-cause mortality,
suggesting that the SII may act as a potential predictor
of all-cause mortality in patients undergoing PD. Cur-
rently, this is a study applied by competitive risk model to
focus on patients with PD to evaluate the value of SII in

predicting all-cause mortality. Unlike other studies, our
study applied competitive risk models and RCS curves
to further demonstrate the relationship between SII and
all-cause mortality in patients undergoing peritoneal
dialysis. Althougt there exist several related studies, our
manuscript is novel to a certain extent.

However, the underlying mechanisms by which the SII
affects survival in these populations remain unknown
and may be complicated. There are several possi-
ble explanations for these findings. One of the possi-
ble mechanisms may be the manifestation of systemic
inflammation, whose prevalence ranges between 12 and
65% in PD populations [37], and which is a well-known
risk factor for PD related mortality and plays an impor-
tant role in poor prognosis [38]. SII is positively cor-
related with inflammatory indicators, including sCRP,
NLR, and MLR, which have been regarded as prognos-
tic biomarkers of poor survival in patients with PD [5, 6,
18-21]. Our study also found that patients in the groups
with a higher baseline SII tended to have higher levels
of serum CRP, which is a marker of inflammation and is
significantly associated with a negative prognosis. Com-
pared with composite indicators, such as NLR and MLR,
a comprehensive indicator of neutrophils, platelets, and
lymphocytes may be more stable, thereby increasing the
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application value of predicting the prognosis of patients
with PD. A higher SII may represent a higher number of
neutrophils and platelets, which stimulate the release of
inflammatory mediators [39]. During inflammation, vari-
ous pro-inflammatory cytokines and growth factors are
released to stimulate the proliferation of macrophages,
subsequently leading to the deterioration of body func-
tion [34]. Moreover, the higher the SII, the more severe
the imbalance between inflammation and immunity and
the more serious the inflammatory response [23].
Another potential mechanism might be the risk of
malnutrition underlying the SII. Our study found that
patients in groups with a higher baseline SII tended to
have lower levels of serum albumin, which is a parameter

representing nutritional status, indicating that SII may be
related to nutritional status to a certain extent. Inflam-
mation and malnutrition interact with and promote each
other in dialysis patients [40], leading to poor overall
survival.

In the subgroup analysis of patients over 65 years of
age, the results showed no significance. We speculate
that patients over 65 years of age are more susceptible
to the majority of comorbidities and that the cause of
death may not be exclusively inflammatory. Further-
more, our study indicated that, compared to the SII
tertile 1 group, the SII tertile 3 group was associated
with a 4.62 times greater risk of all-cause mortality in
those with diabetes. Other study reported a relationship



Tang et al. BMC Nephrology (2024) 25:8

Page 9 of 11

Table 3 Subgroup analysis for the association of SlI stratification and all-cause mortality in PD patients

Variables Tertiles 1 Tertiles 2 Tertiles 3 P for interaction
HR(95%Cl) p value HR(95%Cl) p value

Age 0.891
<65 years 1.00 149(0.79~282) 0216 209 (1.16~3.76) 0014
>65 years 1.00 1.07 (0.25~4.55) 0.929 092 (0.26~3.28) 0.894

Gender 0310
Male 1.00 0.84(0.32~2.21) 0.723 149 (0.63~3.5) 0.362
Female 1.00 1.7 (0.86~3.37) 0.129 1.88 (1~3.53) 0.052

Hypertension 0.756
No 1.00 0.82(044~1.51) 0.524 1.7 (097 ~2.99) 0.065
Yes 1.00 1.67 (0.96~291) 0.071 193 (1.16~3.22) 0.011

Diabetes 0.925
No 1.00 1.15 (0.63~2.07) 0.652 148 (0.85~2.59) 0.169
Yes 1.00 1.14 (0.3~4.29) 0.846 562 (1.2~2643) 0.029

Pre-existing cardiovascular disease 0.251
No 1.00 1.53(0.79~2.94) 0.207 2.54(135~4.38) 0.004
Yes 1.00 1.95 (0.66~5.75) 0.226 2.9(0.88~9.56) 0.079

Abbreviations: Sll systemic inflammatory index, Total Kt/V K, dialyzer clearance of urea; t dialysis time, V volume of distribution of urea, RRF renal residual function, iPTH
intact parathyroid hormone, HR hazard ratio, C/ confidence interval; adjusted for age, sex, diabetes mellitus, hypertension, strokes, pre-existing cardiovascular disease,
drug medication, total Kt/V RRF, hemoglobin, urea nitrogen, Serum creatinine, albumin, cholesterol, triglyceride, High density lipoprotein, Low density lipoprotein,
alkaline phosphatase, magnesium, calcium, phosphorus, iPTH aspartate aminotransferase, alanine aminotransferase, total bilirubin

between SII and diabetes [41]. The inflammatory
response is considered a potential mechanism involved
in glucometabolic processes [41]. However, the underly-
ing mechanism remains unclear.

The SII may be a prognostic marker of survival due to
the following potential reasons. First, compared to neu-
trophil, platelet, or lymphocyte counts alone, the SII is
relatively more stable and less likely to be changed by dif-
ferent pathological circumstances. Second, the SII inte-
grates inflammatory response and immune regulation.
Finally, the SII is a low-cost, easily obtainable and practi-
cal parameter; thus, it might be useful in predicting mor-
tality risk among patients with PD.

It is noteworthy that several limitations of current
research also exist. First, the present study is a retro-
spective study, thus, bias was inevitable. Second, we only
collected baseline value of SII. Dynamically monitoring
how SII changes is of highly necessity and worthy of fur-
ther research. Third, we did not measure the markers
of oxidative stress or inflammation, such as superoxide
dismutase, malonaldehyde, IL-6, or tumor necrosis fac-
tor a, at baseline, which may also related with adverse
prognosis in patients undergoing PD. Finally, due to the
limitations of retrospective research, we did not collect
sufficient clinical data on comorbidities scores. Also, we
did not collect the characteristics of different dialysis
centers.

Conclusions

In summary, this study showed that systemic inflamma-
tion, defined by the SII, an inexpensive and easily acces-
sible marker, may be a predictive factor for all-cause
mortality in patients with PD. Improving the inflamma-
tory status in patients with PD may provide clinical bene-
fits for the long-term survival of the population; however,
the mechanisms underlying SII are intricate and require
further exploration.
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