
Frontiers in Immunology

OPEN ACCESS

EDITED BY

Xu-Jie Zhou,
Peking University, China

REVIEWED BY

Vasiliki Karava,
Aristotle University of Thessaloniki, Greece
Xingyu He,
University of Cincinnati, United States

*CORRESPONDENCE

Tao Ling

ling_tao2022@163.com

Xiaozhu Liu

xiaozhuliu2021@163.com

RECEIVED 04 January 2024
ACCEPTED 25 March 2024

PUBLISHED 08 April 2024

CITATION

Chen Y, Nie Y, Wu J, Li C, Zheng L, Zhu B,
Min Y, Ling T and Liu X (2024) Association
between systemic inflammatory indicators
with the survival of chronic kidney disease: a
prospective study based on NHANES.
Front. Immunol. 15:1365591.
doi: 10.3389/fimmu.2024.1365591

COPYRIGHT

© 2024 Chen, Nie, Wu, Li, Zheng, Zhu, Min,
Ling and Liu. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Original Research

PUBLISHED 08 April 2024

DOI 10.3389/fimmu.2024.1365591
Association between systemic
inflammatory indicators with the
survival of chronic kidney
disease: a prospective study
based on NHANES
Yuan Chen1, Yanfang Nie1, Jiaying Wu1, Chunsheng Li1,
Lu Zheng1, Bixiu Zhu1, Yu Min2, Tao Ling3* and Xiaozhu Liu4*

1Department of Nephrology, Taizhou Central Hospital (Taizhou University Hospital), Taizhou,
Zhejiang, China, 2Department of Biotherapy and National Clinical Research Center for Geriatrics,
Cancer Center, West China Hospital, Sichuan University, Sichuan, China, 3Department of Pharmacy,
Suqian First Hospital, Suqian, China, 4Department of Critical Care Medicine, Beijing Shijitan Hospital,
Capital Medical University, Beijing, China
Background: systemic inflammation disorders were observed in chronic kidney

disease (CKD). Whether the systemic inflammatory indicators could be optimal

predictors for the survival of CKD remains less studied.

Methods: In this study, participants were selected from the datasets of the

National Health and Nutrition Examination Survey (NHANES) between 1999 to

2018 years. Four systemic inflammatory indicators were evaluated by the

peripheral blood tests including systemic immune-inflammation index (SII,

platelet*neutrophil/lymphocyte), neutrophil-to-lymphocyte ratio (NLR),

platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR).

Kaplan-Meier curves, restricted cubic spline (RCS), and Cox regression analysis

were used to evaluate the association between the inflammatory index with the

all-cause mortality of CKD. Receiver operating characteristic (ROC) and

concordance index (C-index) were used to determine the predictive accuracy

of varied systemic inflammatory indicators. Sensitive analyses were conducted to

validate the robustness of the main findings.

Results: A total of 6,880 participants were included in this study. The mean age

was 67.03 years old. Among the study population, the mean levels of systemic

inflammatory indicators were 588.35 in SII, 2.45 in NLR, 133.85 in PLR, and 3.76 in

LMR, respectively. The systemic inflammatory indicators of SII, NLR, and PLR

were all significantly positively associated with the all-cause mortality of CKD

patients, whereas the high value of LMR played a protectable role in CKD patients.

NLR and LMR were the leading predictors in the survival of CKD patients [Hazard

ratio (HR) =1.21, 95% confidence interval (CI): 1.07-1.36, p = 0.003 (3rd quartile),

HR = 1.52, 95%CI: 1.35-1.72, p<0.001 (4th quartile) in NLR, and HR = 0.83, 95%CI:

0.75-0.92, p<0.001 (2nd quartile), HR = 0.73, 95%CI: 0.65-0.82, p<0.001 (3rd

quartile), and = 0.74, 95%CI: 0.65-0.83, p<0.001 (4th quartile) in LMR], with a C-

index of 0.612 and 0.624, respectively. The RCS curves showed non-linearity

between systemic inflammatory indicators and all-cause mortality risk of the

CKD population.
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Conclusion: Our study highlights that systemic inflammatory indicators are

important for predicting the survival of the U.S. population with CKD. The

systemic inflammatory indicators would add additional clinical value to the

health care of the CKD population.
KEYWORDS

chronic kidney disease, systemic inflammatory index, all-cause mortality, NHANES,
prospective study
Introduction

Currently, chronic kidney disease (CKD) is an important

contributor to morbidity, impaired health-related quality of life

(HRQOL), and premature death from noncommunicable diseases,

is defined as a reduced glomerular filtration rate (GFR), increased

urinary albumin excretion, or both, and is a major public health

issue (1–3). In 2017, it was estimated that the prevalence of CKD

was estimated as 9.1% with approximately 700 million cases in the

world’s population (1). In the United States, half of the population is

projected to develop the disease throughout their lifetime, and more

than 30 million people already have CKD (4). Population with CKD

are at remarkably increased risk of cardiovascular disease, and

mortality compared to the general population (4). Notably, CKD

resulted in 1.2 million deaths and attributed to an additional 1.4

million deaths from cardiovascular disease (1). Therefore,

epidemiological studies are warranted to determine new

biomarkers for high-risk CKD subpopulation, which would help

nephrologists to make timely clinical management decisions.

Systemic inflammatory disorders were frequently observed in

CKD patients (5–7). The pro-inflammation condition contributes

to the deterioration of kidney function (8–10). The epidemiological

and genetic associations between serum levels of systemic

inflammation with the incidence and progress of CKD have been

established (7, 11–13). Historically, prognostic factors determined

in cardiovascular disease (CVD) were prevalent among patients

with CKD. However, it might not fully reflect the increased

mortality rates among the CKD population. Notably, recent

review literature suggested that even low-grade inflammation

would play a decisive role in the all-cause mortality of these

patients (14). For this reason, identifying the representative but

simple systemic inflammatory indicators for predicting survival

among CKD patients would bring considerable cost-benefits in

clinical practice (4, 14, 15). Of note, several composite inflammatory

indicators, including but not limited to systemic immune-

inflammation index (SII), neutrophil-to-lymphocyte ratio (NLR),

platelet-to-lymphocyte ratio (PLR), and lymphocyte-to-monocyte

ratio (LMR), have been validated to be feasible in predicting the

prognosis of various cancers and inflammatory diseases (16–19).

These composite indicators, comprising biomarkers easily available

in clinical settings such as peripheral lymphocytes, platelets,
02
neutrophils, and monocytes, offer a comprehensive reflection of

both local immune status and systemic inflammation condition

(20–23). Whether these newly developed indicators presented

equivalent predictive value in CKD has not been fully

investigated. To date, the available evidence regarding this issue

was mainly conducted with single center experience or especially

interest in the single inflammatory indicator (24, 25). Moreover,

whether the conclusions could be generalized to other countries or

regions remains unclear.

To fill the mentioned research gaps, we aim to conduct a

prospective study to evaluate the association between varied

systemic inflammatory indicators with all-cause mortality among

the CKD population in the U.S., based on a large-scale, population-

based cohort. Besides, we also compared the predictive value of each

inflammatory index.
Materials and methods

Data source

The National Health and Nutrition Examination Survey

(NHANES) is a representative, ongoing, repeated series of

epidemiological surveys regarding the health and nutritional

conditions of the noninstitutionalized civilian population in the

U.S. The survey contains a wide range of indicators of health and

well-being by utilizing a combination of self-reported records and

objective physical examinations. Detailed information on NHANES

can be found elsewhere (https://www.cdc.gov/nchs/nhanes/). The

National Center for Health Statistics Ethics Review Board has

approved the NHANES study because the data from NHANES is

anonymous and publicly available. All participants provided

informed consent. We reported this study following the reporting

of observational studies in epidemiology (STROBE) criteria (26).
Study population

Adult participants were selected from the NHANES database

within ten cycles of the surveys (1999–2000 to 2017–2018).

Participants with a history of CKD were included in the present
frontiersin.org
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study. To evaluate the association between inflammatory indicators

with the survival of participants with CKD, participants without

records for blood tests were further excluded. Meanwhile, to reduce

the adverse causality between systemic inflammatory indicators and

CKD mortality, participants who died within two years were

excluded. The specific inclusion and exclusion criteria are

summarized in Figure 1.
Definition of systemic inflammatory-
related indicators

Blood tests were collected by using the automated hematology

analysis devices in each cycle of the survey. Considering the clinical

accessibility, generalizability, established validity, and

comprehensive reflection of the immune as well as inflammatory

status of the CKD population, four systemic inflammatory-related

indicators of interest were analyzed, including the SII, NLR, PLR,

and LMR. Previous studies have validated their effectiveness in

predicting outcomes and informing treatment strategies, making

them attractive candidates for investigation in our specific research

context.

SII =
Platelet �Neutrophil

Lymphocyte

NLR =
Neutrophil
Lymphocyte

PLR =
Platelet

Lymphocyte

LMR =
Lymphocyte
Monocyte
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CKD definition

The participants with CKD were diagnosed based on two

aspects. On the one hand, the participants had a self-reported

history of CKD. On the other hand, eGFR< 60 mL/min/1.73m2

was additionally used to diagnose the CKD. The eGFR was

calculated according to the Chronic Kidney Disease Epidemiology

Collaboration algorithm (27).
Covariates definition

The selection of study variables was based on previous literature

in evaluating the survival of CKD. A series of covariates were

controlled including the socioeconomic characteristics included sex

(male or female), age at interview, race (Hispanic, non-Hispanic

white, non-Hispanic black, and other race), marital status (not

married, married or living with partner), educational level (≤ high

school, college, and > college), and family income-poverty ratio

(<1.3, 1.3 – 3.5, and >3.5). Besides, the personalized habits and

comorbidities include smoking status (never, now, and ever),

diabetes mellitus, hypertension, hyperlipidemia, congestive heart

failure, and self-reported history of dialysis during the past 12

months. In addition, physical and laboratory examinations included

body mass index (BMI), estimated glomerular filtration rate

(eGFR), blood urea nitrogen (BUN), alanine transaminase (ALT),

aspartate transaminase (AST), glycohemoglobin (HbA1c), and

albumin (ALB) were controlled.
Study outcome

The primary outcome was the all-cause mortality of

participants with CKD. The survival data for the population were
FIGURE 1

The selection process of participants in this study.
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obtained from the NHANES public-use linked mortality file as of

December 31, 2019, which was correlated with the National

Center for Health Statistics (NCHS) with the National Death

Index (NDI) through a probability matching algorithm.

Additionally, the ICD-10 (International Statistical Classification of

Diseases, 10th revision) was applied to identify the underlying

causes of mortality. The primary mortality outcome considered in

our study was all-cause mortality. The duration of mortality follow-

up was calculated from the date when the diagnosis of CKD was

initially taken to either the date of the patient’s death or December

31, 2019 (28).
Statistical analysis

The continuous variables were presented as mean ± standard

deviation (SD). The categorical variables were presented as numbers

(percentages, %). The demographic characteristics were compared

by using the Student’s t-test or One-way analysis of variance for

continuous variables and the Chi-squared test was conducted for

categorical variables, respectively. Univariate and multivariable Cox

regression analyses were conducted to evaluate the associations

between varied inflammatory indicators with all-cause mortality of

the CKD population. Model 1 served as the crude model with no

adjustments. Additionally, adjustments for age, sex, and race were

made in Model 2. In the fully adjusted model, covariates including

age, sex, race, marital status, educational level, family income-

poverty ratio, smoking status, hypertension, hyperlipidemia,

diabetes mellitus, congestive heart failure, BMI, eGFR, BUN, ALT,

AST, HbA1c, and ALB were adjusted. Meanwhile, Kaplan-Meier

(KM) curves were utilized to display the different survival

probabilities among the CKD population with varied levels of

systemic inflammatory indicators. To assess the potential

nonlinear associations of systemic inflammatory indicators with

CKD mortality and to capture the variation in risk across the entire

continuum of relations, restricted cubic splines (RCS) with 4 knots

were employed. Compared with the conventional simple

imputation, the random forest imputation method can not only

consider the relationships between variables by using a predictive

model, leading to more accurate imputations but also provide

estimates of variable importance, aiding in understanding the

relative importance of different features in the imputation process

(29, 30). Thus, to strike a balance between maximizing data

completeness and minimizing potential biases introduced by

imputation, variables with missing data were interpolated using

the random forest interpolation method.

The area under the curve (AUC) of time-dependent receiver

operating characteristic (ROC) and concordance index (C-index)

were used to compare the predictive accuracy of each inflammatory

indicator in predicting the survival of the CKD population.

We performed the sensitivity analyses to check the robustness

of the main findings. As dialysis might significantly influence the

levels of systemic inflammatory indicators as well as the survival of

the CKD population, we reevaluated the association between

systemic inflammatory indicators with the all-cause mortality of
Frontiers in Immunology 04
the CKD population by further adjusting the covariate of history of

renal dialysis during the past 12 months.

All statistical analyses were conducted using the R software

(version 4.3.2). A two-tailed P-value of< 0.05 was considered as

statistically significant.
Results

Baseline information of the participants
with CKD

There were 6,880 participants included in the current study during

the ten cycles of surveys (1999 – 2018). The mean age of the study

population was 67.03 years old. A slightly higher proportion of females

than males was observed (3,490 cases vs. 3,390 cases). More than half

of the study population was non-Hispanic White (3,571 cases,

51.99%). Less than 20% of the population has an educational level

of college. Over 60% of the population had a history of hypertension

and nearly half of the study population had hyperlipidemia condition.

There were 13.72% and 47.9% of the participants still smoking or

drinking in the year of the interview. Compared with the survivors

during the follow-up, non-survivors presented characteristics of males,

older age, lower BMI, lower levels of eGFR, ALB but higher BUN and

HbA1c (all p<0.001). Additionally, survivors showed lower serum

levels of SII (541.34 ± 368.46 vs. 666.25 ± 522.15, p<0.001), NLR (2.25

± 1.32 vs. 2.77 ± 1.62, p<0.001), PLR (127.65 ± 54.50 vs. 144.13 ±

70.41, p<0.001), but higher LMR (3.99 ± 1.99 vs. 3.38 ± 2.08, p<0.001).

The study population with clinical characteristics of older age and

non-Hispanic whites tended to present higher levels of pro-

inflammation conditions when compared with other groups. The

specific clinical information of the study population can be found in

Table 1 and the comparisons of varied levels of quartile of

inflammatory indicators among the CKD population can be found

in Supplementary Tables S1–S4.
Association between systemic
inflammatory indicators with all-cause
mortality of CKD

The RCS analysis suggested non-linear associations of four

systemic inflammatory indicators with the all-cause mortality of

participants with CKD (All p< 0.001). The inflection point of the

RCS curve was identified at 588 in SII, 134 in PLR, 2.4 in NLR, and

3.8 in LMR, respectively (Figure 2).

Besides, the four systemic inflammatory indicators were

calculated as categorical variables. The KM curves showed

significantly different survival patterns among participants with

varied quartiles of systemic inflammatory indicators (All p<

0.0001) (Figure 3). Consistently, the higher the quartile of

systemic inflammatory indicators (SII, PLR, and NLR) the

participants were, the lower survival probabilities were observed.

By contrast, the high quartile of levels of LMR predicted an

increased survival rate in the CKD population.
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TABLE 1 The baseline information of the CKD population in this study.

Variable
Total

(n = 6,880)
Survivors
(n = 4,291)

Non-survivors
(n = 2,589)

P a

Age 67.03 ± 13.98 62.29 ± 14.23 74.87 ± 9.22 <.001

BMI 29.65 ± 6.59 30.15 ± 6.75 28.81 ± 6.24 <.001

eGFR 50.62 ± 25.79 54.44 ± 28.33 44.29 ± 19.33 <.001

BUN 7.02 ± 3.28 6.49 ± 2.90 7.90 ± 3.68 <.001

ALT 22.28 ± 27.56 22.95 ± 17.28 21.17 ± 39.02 0.009

AST 25.17 ± 12.83 25.14 ± 13.22 25.23 ± 12.15 0.776

HbA1c 6.05 ± 1.18 6.03 ± 1.17 6.07 ± 1.20 0.171

ALB 41.42 ± 3.38 41.71 ± 3.31 40.95 ± 3.44 <.001

SII 588.35 ± 436.92 541.34 ± 368.46 666.25 ± 522.15 <.001

NLR 2.45 ± 1.46 2.25 ± 1.32 2.77 ± 1.62 <.001

PLR 133.85 ± 61.49 127.65 ± 54.50 144.13 ± 70.41 <.001

LMR 3.76 ± 2.05 3.99 ± 1.99 3.38 ± 2.08 <.001

Sex <.001

Female 3,490 (50.73) 2,263 (52.74) 1,227 (47.39)

Male 3,390 (49.27) 2,028 (47.26) 1,362 (52.61)

Race <.001

Hispanics 1,040 (15.12) 746 (17.39) 294 (11.36)

Non-Hispanics White 3,571 (51.9) 1,907 (44.44) 1,664 (64.27)

Non-Hispanics Black 1,920 (27.91) 1,357 (31.62) 563 (21.75)

Other 349 (5.07) 281 (6.55) 68 (2.63)

Education level <.001

≤ High school 3,862 (56.13) 2,162 (50.38) 1,700 (65.66)

College 1,766 (25.67) 1,225 (28.55) 541 (20.90)

> College 1,252 (18.2) 904 (21.07) 348 (13.44)

Marital status <.001

Not married 3,202 (46.54) 1,839 (42.86) 1,363 (52.65)

Married or living with partner 3,678 (53.46) 2,452 (57.14) 1,226 (47.35)

Family income-poverty ratio <.001

<1.3 1,924 (27.97) 1,139 (26.54) 785 (30.32)

1.3-3.5 3,291 (47.83) 1,945 (45.33) 1,346 (51.99)

>3.5 1,665 (24.2) 1207 (28.13) 458 (17.69)

Hypertension <.001

No 2,398 (34.85) 1,600 (37.29) 798 (30.82)

Yes 4,482 (65.15) 2,691 (62.71) 1,791 (69.18)

Hyperlipidemia 0.023

No 3,554 (51.66) 2,171 (50.59) 1,383 (53.42)

Yes 3,326 (48.34) 2,120 (49.41) 1,206 (46.58)

Diabetes mellitus <.001

(Continued)
F
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TABLE 1 Continued

Variable
Total

(n = 6,880)
Survivors
(n = 4,291)

Non-survivors
(n = 2,589)

P a

No 4,957 (72.05) 3,168 (73.83) 1,789 (69.10)

Yes 1,736 (25.23) 1,004 (23.40) 732 (28.27)

Borderline 187 (2.72) 119 (2.77) 68 (2.63)

CHF <.001

No 6,187 (89.93) 4,013 (93.52) 2,174 (83.97)

Yes 693 (10.07) 278 (6.48) 415 (16.03)

Smoking status <.001

Never 3,418 (49.68) 2,283 (53.20) 1,135 (43.84)

Now 944 (13.72) 641 (14.94) 303 (11.70)

Ever 2,518 (36.6) 1,367 (31.86) 1,151 (44.46)

Alcohol Use <.001

Never 1,892 (27.64) 944 (22.18) 948 (36.62)

Now 3,279 (47.9) 2,304 (54.14) 975 (37.66)

Ever 1,674 (24.46) 1,008 (23.68) 666 (25.72)
F
rontiers in Immunology
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Continuous variables are reported as the mean value with the standard deviation (SD) and categorical variables are reported as the frequency with the percentage in parentheses. a Bold value
means statistically significant.
CKD, chronic kidney disease; BMI, body mass index; eGFR, estimated glomerular filtration rate; BUN, blood urea nitrogen; ALT, alanine transaminase; AST, aspartate transaminase; HbA1c,
glycosylated hemoglobin; ALB, albumin; SII, systemic immune-inflammation index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte
ratio. CHF, congestive heart failure.
A B

DC

FIGURE 2

The multivariable-adjusted restricted cubic spline (RCS) curves show dose-effect relationships between different systemic inflammatory indicators
with the survival of the CKD population. (A) SII; (B) NLR; (C) PLR; (D) LMR. CKD: chronic kidney disease; SII: systemic immune-inflammation index;
NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; LMR: lymphocyte-to-monocyte ratio. Adjusted for the effects of age, Sex,
race, marital status, educational level, family income-poverty ratio, smoking status, hypertension, hyperlipidemia, diabetes mellitus, CHF, BMI, eGFR,
BUN, ALT, AST, HbA1c, and ALB.
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Furthermore, we conducted multivariate Cox regression

analyses to evaluate the independent role of varied systemic

inflammatory indicators in all-cause mortality among CKD

participants (Supplementary Tables S5–S8). As shown in Figure 4,

SII was observed as a significant predictor in all-cause mortality of

CKD participants [hazard ratio (HR) = 1.13, 95% confidence

interval (CI): 0.99-1.27 in 2nd quartile, p = 0.056; HR = 1.13, 95%

CI: 1.00-1.28 in 3rd quartile, p = 0.039; HR =1.39, 95%CI: 1.24-1.57
Frontiers in Immunology 07
in 4th quartile, p< 0.001] (Figure 4A). Similarly, high quartile levels

of NLR were observed as a significant predictor in all-cause

mortality of CKD participants [HR = 1.21, 95%CI: 1.07-1.36 in

3rd quartile, p = 0.003; HR = 1.52, 95%CI: 1.35 – 1.72 in 4th quartile,

p< 0.001] (Figure 4B). Regarding the PLR, participants at the fourth

quartile of the index showed a significantly higher risk for mortality

(HR = 1.22, 95%CI: 1.10 – 1.37, p< 0.001) (Figure 4C). Additionally,

higher quartile levels of LMR showed a protectable role in the
A B DC

FIGURE 3

The Kaplan-Meier curves display the association between different systemic inflammatory indicators with the survival of the CKD population. (A) SII;
(B) NLR; (C) PLR; (D) LMR. CKD: chronic kidney disease; SII: systemic immune-inflammation index; NLR: neutrophil-to-lymphocyte ratio; PLR:
platelet-to-lymphocyte ratio; LMR: lymphocyte-to-monocyte ratio.
A B

DC

FIGURE 4

The forest plots show the association between varied levels of quartiles of systemic inflammatory indicators with the risk for all-cause mortality
among the CKD population. (A) SII; (B) NLR; (C) PLR; (D) LMR. CKD: chronic kidney disease; SII: systemic immune-inflammation index; NLR:
neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; LMR: lymphocyte-to-monocyte ratio. Model 1: no adjustments; Model 2:
adjusted for age, sex, and race Model 3: adjusted for age, sex, race, marital status, educational level, family income-poverty ratio, smoking status,
hypertension, hyperlipidemia, diabetes mellitus, congestive heart failure, BMI, eGFR, BUN, ALT, AST, HbA1c, and ALB.
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survival of CKD participants HR = 0.83, 95%CI: 0.75-0.92 in 2nd

quartile, p< 0.001; HR = 0.73, 95%CI: 0.65-0.82 in 3rd quartile, p<

0.001; HR = 0.74, 95%CI: 0.65-0.83 in 4th quartile, p<

0.001] (Figure 4D).
Predictive accuracy of systemic
inflammatory indicators with survival of
CKD population

The AUCs of time-dependent ROCs showed that the LMR

index maintained the highest predictive value in determining the

all-cause mortality of the CKD population (AUC=0.621), followed

by the NLR index (AUC=0.613), compared with the rest indicators

(Figure 5 and Supplementary Table S9). Consistently, the highest C-

index was observed in the LMR index (C-index = 0.624) but the

lowest C-index was observed in the PLR index (C-index = 0.537) for

predicting the survival of the CKD population (Supplementary

Table S5). With the combination of other significant clinical

factors, the C-index reached 0.789 in the LMR index, 0.785 in the

NLR index, 0.779 in SII, and 0.768 in PLR, respectively

(Supplementary Table S5).
Stratified and sensitive analyses

There were some interactions among the levels of ALB, family

income poverty ratio in SII, NLR, and LMR, and ALT in the PLR

index (Supplementary Figures S1–S4). The subgroup analyses
Frontiers in Immunology 08
showed that features of sex, age at the interview, comorbidity

status, family income-poverty ratio, and eGFR status would affect

the predictive value of systemic inflammatory indicators on the

survival of the CKD population (Supplementary Figures S1–S4). In

addition, the LMR index showed a more pronounced predictive

value in the stage III CKD subpopulation, while SII showed a

stronger association with the stage IV CKD subpopulation

(Supplementary Tables S10–S11). However, the predictive values

of systemic inflammatory indicators were compromised in the stage

V CKD subpopulation (Supplementary Table S12). To verify the

robustness of the main findings, we further controlled the clinical

information on renal dialysis during the past 12 months before the

survey. Consistently, the sensitive analysis supported the significant

association between systemic inflammatory indicators and with

survival of the CKD population (Supplementary Tables S13–S16).
Discussion

In the current study, we determined positive associations between

systemic inflammatory indicators with the all-cause mortality of the

CKD population. In particular, NLR and LMR showed the leading

prediction value in clinical outcomes of the CKD population. To the

best of our knowledge, this is one of few studies to evaluate the role of

systemic inflammatory indicators in the prognosis of the CKD

population based on one large-scale, population-based cohort.

To date, CKD remains one of the leading diseases for causing

additional comorbidities and premature mortality. Determining new

simple prognostic biomarkers would help clinicians make tailored

management decisions on this population. Chronic inflammation

disorders have been observed in the CKD population, especially in

the late-stage group. Therefore, systemic inflammatory indicators

derived from frequent blood tests were considered to be a feasible tool

in predicting the survival of the CKD population. For instance, one

single center-based study revealed that systemic inflammatory

indicators presented optimal survival prediction value in acute

coronary syndrome patients with CKD, with AUCs between 0.638

and 0.706. Notably, in another large multi−center longitudinal study

settled in China, Lai et al. further validated the utility of SII in

predicting the total and cause−specific mortality among patients with

CKD. In our works, we also observed strong correlations between

high levels of pro-inflammatory condition indicators with worse

survival probabilities among the CKD population.

Interestingly, NLR and LMR but not SII showed the best

predictive powers in predicting the all-cause mortality of the CKD

population. The NLR, a surrogate marker for systemic inflammation,

has recently gained increasing public interest. Emerging evidence

suggested that NLR was associated with several comorbidities,

including insulin resistance and CVD (31, 32). Consistently, high

levels of NLR were also determined to be related to the occurrence,

and poor nutritional status as well as worse prognosis of CKD (33–

37). Of note, Yoshitomi and colleagues observed that CKD patients

with high NLR showed a nearly 1.7-fold increased risk for poor renal

outcome when compared with the low NLR group in Japan (35).

Similar associations were also determined in end-stage CKD patients
FIGURE 5

The time-dependent ROC curves for displaying the predictive
abilities of different systemic inflammatory indicators. SII: systemic
immune-inflammation index; NLR: neutrophil-to-lymphocyte ratio;
PLR: platelet-to-lymphocyte ratio; LMR: lymphocyte-to-monocyte
ratio; ROC: receiver operating characteristic.
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(37). Nevertheless, the single-center-based experience with a small

sample size limited the generalization of findings on this topic. In the

current study, we filled this gap and further validated the utility of

monitoring the serum NLR in predicting the prognosis of the U.S.

population with CKD. Historically, the main possible underlying

mechanism regarding the relationship between NLR and the

prognosis of the CKD population was thought to be an increase in

chronic inflammation. Previous studies have demonstrated a strong

association between NLR and inflammatory markers such as TNF-a,
CRP, and albumin, suggesting that high NLR reflects chronic

inflammatory conditions in CKD patients (38, 39). Novelty, we

observed that the high levels of LMR showed a protectable role in

the clinical outcome of the CKD population. While the studies

evaluating the role of LMR in the prognosis of CKD were limited,

compelling evidence has proved the consistent beneficial role of high

levels of LMR in other diseases, including but not limited to stroke

and cancers (40–42). Recently, peripheral lymphocyte counts have

been discovered to have a cell protective effect and contribute to

cellular function improvement (42, 43). However, the peripheral

monocytes and neutrophils could induce increasing levels of matrix

metalloproteinase-9 (MMP-9) and further cause systemic

inflammation (44). Furthermore, it was reported that neutrophils

could induce free oxygen radicals (45, 46), which was speculated to be

associated with reduced renal function and subsequent worse clinical

outcomes. different from the promising predictive roles of LMR and

NLR on the progress of CKD, only the last quartile level of PLR was

observed to be associated with a worse prognosis of the CKD

population. Elevated serum levels of platelet indicated endothelial

injury and chronic inflammatory condition (47). However, platelet

abnormalities were frequently observed in the CKD population,

which showed complex implications in the pathophysiology

progress of CKD (47). The altered platelet function would result in

either platelet hyper- or hypo-reactivity, which might contribute to

thrombotic or hemorrhagic complications in CKD (47–49). A recent

meta-analysis showed antiplatelet therapy would reduce myocardial

infarction and increase major bleeding. However, it did not appear to

reduce causes and cardiovascular death among people with CKD and

those treated with dialysis (50). A deep understanding of the etiology

underlying platelet dysfunction during the CKD progression may

contribute to the design of targeted novel antiplatelet treatment

strategies, specifically tailored to patients with CKD (47, 48, 50, 51).

There are some strengths worth highlighting. First, this is a

prospective, representative, large-scale population-based study

based on the U.S. population. Second, we systemic analyzed the

predictive value of four systemic inflammatory indicators for all-cause

mortality among CKD participants, which provides new evidence for

the pivotal role of systemic inflammatory disorders among CKD

participants. Third, we excluded the participants who died within 2

years after the interview to reduce the causality bias. Besides, the

sensitive analysis also supported the main findings we determined.

Admittedly, some limitations need to be addressed in future

works. First, while a series of covariates have been adjusted to

determine the association between systemic inflammatory indicators

with the survival of CKDparticipants, some residual confounders such

as the duration and cycles of the dialysis, and the history of kidney
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transplantation with the immunosuppression therapy. As the majority

of the CKD population in our study was at stage III, the determined

associations between systemic inflammatory indicators and survival of

the CKD population might not be impaired. Nevertheless, our

findings should be interpreted cautiously due to the diagnosis of

CKD was based on the self-reported condition and baseline levels of

eGFR. Second, the data was derived from the NHANES program,

which could not fully reflect the prevalence and stage of the CKD

population. The predictive value of systemic inflammatory indicators

in the CKD population at different stages is worth investigating in

future works. Moreover, we only analyzed the data of systemic

inflammatory indicators at the baseline of the surveys, whether the

trajectories of these indicators showed a more pivotal role in

predicting the survival of CKD participants needs further

exploration. Future well-designed, longitudinal, prospective studies

are warranted to validate our findings.
Conclusion

In this study, we observed the significant associations between

systemic inflammatory indicators with all-cause mortality of CKD

in the U.S. population. Besides, the SII showed the highest

prediction value in identifying the high-risk subpopulation with

CKD when compared with rest indices. Our findings would help the

nephrologists to make dynamic monitoring of the long-term

follow-up among the CKD population with simple serum

inflammatory levels.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding authors.
Ethics statement

All survey protocols were approved by the National Center for

Health Statistics Review Board in the U.S.A. All participants

provided written informed consent before participation.
Author contributions

YC: Conceptualization, Data curation, Formal analysis,

Funding acquisition, Investigation, Methodology, Project

administration, Resources, Software, Supervision, Validation,

Visualization, Writing – original draft, Writing – review &

editing. YN: Conceptualization, Data curation, Formal analysis,

Investigation, Methodology, Project administration, Resources,

Validation, Visualization, Writing – original draft, Writing –

review & editing. JW: Conceptualization, Data curation, Formal

analysis, Investigation, Methodology, Visualization, Writing –
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1365591
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Chen et al. 10.3389/fimmu.2024.1365591
original draft, Writing – review & editing. CL: Conceptualization,

Formal analysis, Investigation, Project administration, Resources,

Software, Visualization, Writing – original draft, Writing – review

& editing. LZ: Conceptualization, Formal analysis, Investigation,

Project administration, Resources, Software, Validation,

Visualization, Writing – original draft, Writing – review &

editing. BZ: Conceptualization, Investigation, Project

administration, Resources, Software, Visualization, Writing –

original draft, Writing – review & editing. YM: Data curation,

Methodology, Conceptualization, Resources, Visualization, Writing

– original draft, Writing – review & editing. TL: Conceptualization,

Data curation, Formal analysis, Funding acquisition, Investigation,

Methodology, Project administration, Resources, Software,

Supervision, Validation, Visualization, Writing – original draft,

Writing – review & editing. XL: Conceptualization, Data curation,

Formal analysis, Funding acquisition, Investigation, Methodology,

Project administration, Resources, Software, Supervision,

Validation, Visualization, Writing – original draft, Writing –

review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This

research was supported by the Suqian Sci&Tech Program (Grant

No: KY202312).
Frontiers in Immunology 10
Acknowledgments

We thank Prof. Hanlei Song for checking the method section

and revising the discussion section during the revision process.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fimmu.2024.1365591/

full#supplementary-material
References
1. GBD Chronic Kidney Disease Collaboration. Global, regional, and national
burden of chronic kidney disease, 1990-2017: a systematic analysis for the Global
Burden of Disease Study 2017. Lancet (London England). (2020) 395:709–33.
doi: 10.1016/S0140-6736(20)30045-3

2. Fletcher BR, Damery S, Aiyegbusi OL, Anderson N, Calvert M, Cockwell P, et al.
Symptom burden and health-related quality of life in chronic kidney disease: A global
systematic review and meta-analysis. PloS Med. (2022) 19:e1003954. doi: 10.1371/
journal.pmed.1003954

3. Jha V, Garcia-Garcia G, Iseki K, Li Z, Naicker S, Plattner B, et al. Chronic kidney
disease: global dimension and perspectives. Lancet (London England). (2013) 382:260–
72. doi: 10.1016/S0140-6736(13)60687-X

4. Luo S, Grams ME. Epidemiology research to foster improvement in chronic
kidney disease care. Kidney Int. (2020) 97:477–86. doi: 10.1016/j.kint.2019.11.010

5. Cobo G, Lindholm B, Stenvinkel P. Chronic inflammation in end-stage renal
disease and dialysis. Nephrol dialysis Transplant Off Publ Eur Dialysis Transplant Assoc
- Eur Renal Assoc. (2018) 33:iii35–40. doi: 10.1093/ndt/gfy175

6. Drawz P, RahmanM. Chronic kidney disease. Ann Internal Med. (2015) 162:Itc1–
16. doi: 10.7326/AITC201506020

7. Ebert T, Neytchev O, Witasp A, Kublickiene K, Stenvinkel P, Shiels PG.
Inflammation and oxidative stress in chronic kidney disease and dialysis patients.
Antioxidants Redox Signaling. (2021) 35:1426–48. doi: 10.1089/ars.2020.8184

8. Watson EL, Baker LA, Wilkinson TJ, Gould DW, Xenophontos S, Graham-Brown
M, et al. Inflammation and physical dysfunction: responses to moderate intensity
exercise in chronic kidney disease. Nephrol dialysis Transplant Off Publ Eur Dialysis
Transplant Assoc - Eur Renal Assoc. (2022) 37:860–8. doi: 10.1093/ndt/gfab333

9. Zhao X, Wang T, Zhou L. Dose-response analysis of systemic immune-inflammation
index and risk of chronic kidney disease. Int J Surg (London England). (2023) 110(3):1843–5.
doi: 10.1097/JS9.0000000000001007

10. Zoccali C, Mallamaci F. Innate immunity system in patients with cardiovascular
and kidney disease. Circ Res. (2023) 132:915–32. doi: 10.1161/CIRCRESAHA.122.321749

11. Guo W, Song Y, Sun Y, Du H, Cai Y, You Q, et al. Systemic immune-
inflammation index is associated with diabetic kidney disease in Type 2 diabetes
mellitus patients: Evidence from NHANES 2011-2018. Front endocrinol. (2022)
13:1071465. doi: 10.3389/fendo.2022.1071465

12. Kawalec A, Stojanowski J, Mazurkiewicz P, Choma A, Gaik M, Pluta M, et al.
Systemic immune inflammation index as a key predictor of dialysis in pediatric chronic
kidney disease with the use of random forest classifier. J Clin Med. (2023) 12:6911.
doi: 10.3390/jcm12216911

13. Li H, Li M, Liu C, He P, Dong A, Dong S, et al. Causal effects of systemic
inflammatory regulators on chronic kidney diseases and renal function: a bidirectional
Mendelian randomization study. Front Immunol. (2023) 14:1229636. doi: 10.3389/
fimmu.2023.1229636

14. Mihai S, Codrici E, Popescu ID, Enciu AM, Albulescu L, Necula LG, et al.
Inflammation-related mechanisms in chronic kidney disease prediction, progression,
and outcome. J Immunol Res. (2018) 2018:2180373. doi: 10.1155/2018/2180373

15. Major RW, Cockwell P, Nitsch D, Tangri N. The next step in chronic kidney
disease staging: individualized risk prediction. Kidney Int. (2022) 102:456–9.
doi: 10.1016/j.kint.2022.06.012

16. Chen JH, Zhai ET, Yuan YJ, Wu KM, Xu JB, Peng JJ, et al. Systemic immune-
inflammation index for predicting prognosis of colorectal cancer.World J gastroenterol.
(2017) 23:6261–72. doi: 10.3748/wjg.v23.i34.6261

17. Zhang Y, Xing Z, Zhou K, Jiang S. The predictive role of systemic inflammation
response index (SIRI) in the prognosis of stroke patients. Clin Interventions aging.
(2021) 16:1997–2007. doi: 10.2147/CIA.S339221

18. Karimi A, Shobeiri P, Kulasinghe A, Rezaei N. Novel systemic inflammation
markers to predict COVID-19 prognosis. Front Immunol. (2021) 12:741061.
doi: 10.3389/fimmu.2021.741061

19. Chen L, Xia S, Zuo Y, Lin Y, Qiu X, Chen Q, et al. Systemic immune
inflammation index and peripheral blood carbon dioxide concentration at admission
predict poor prognosis in patients with severe traumatic brain injury. Front Immunol.
(2022) 13:1034916. doi: 10.3389/fimmu.2022.1034916

20. Hu B, Yang XR, Xu Y, Sun YF, Sun C, Guo W, et al. Systemic immune-
inflammation index predicts prognosis of patients after curative resection for
hepatocellular carcinoma. Clin Cancer Res an Off J Am Assoc Cancer Res. (2014)
20:6212–22. doi: 10.1158/1078-0432.CCR-14-0442
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2024.1365591/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1365591/full#supplementary-material
https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1371/journal.pmed.1003954
https://doi.org/10.1371/journal.pmed.1003954
https://doi.org/10.1016/S0140-6736(13)60687-X
https://doi.org/10.1016/j.kint.2019.11.010
https://doi.org/10.1093/ndt/gfy175
https://doi.org/10.7326/AITC201506020
https://doi.org/10.1089/ars.2020.8184
https://doi.org/10.1093/ndt/gfab333
https://doi.org/10.1097/JS9.0000000000001007
https://doi.org/10.1161/CIRCRESAHA.122.321749
https://doi.org/10.3389/fendo.2022.1071465
https://doi.org/10.3390/jcm12216911
https://doi.org/10.3389/fimmu.2023.1229636
https://doi.org/10.3389/fimmu.2023.1229636
https://doi.org/10.1155/2018/2180373
https://doi.org/10.1016/j.kint.2022.06.012
https://doi.org/10.3748/wjg.v23.i34.6261
https://doi.org/10.2147/CIA.S339221
https://doi.org/10.3389/fimmu.2021.741061
https://doi.org/10.3389/fimmu.2022.1034916
https://doi.org/10.1158/1078-0432.CCR-14-0442
https://doi.org/10.3389/fimmu.2024.1365591
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Chen et al. 10.3389/fimmu.2024.1365591
21. Zahorec R. Neutrophil-to-lymphocyte ratio, past, present and future
perspectives. Bratislavske lekarske listy. (2021) 122:474–88. doi: 10.4149/BLL_2021_078

22. Gasparyan AY, Ayvazyan L, Mukanova U, Yessirkepov M, Kitas GD. The
platelet-to-lymphocyte ratio as an inflammatory marker in rheumatic diseases. Ann
Lab Med. (2019) 39:345–57. doi: 10.3343/alm.2019.39.4.345

23. Misiewicz A, Dymicka-Piekarska V. Fashionable, but what is their real clinical
usefulness? NLR, LMR, and PLR as a promising indicator in colorectal cancer prognosis:
A systematic review. J Inflamm Res. (2023) 16:69–81. doi: 10.2147/JIR.S391932

24. Lai W, Xie Y, Zhao X, Xu X, Yu S, Lu H, et al. Elevated systemic immune
inflammation level increases the risk of total and cause-specific mortality among
patients with chronic kidney disease: a large multi-center longitudinal study.
Inflammation Res Off J Eur Histamine Res Soc [et al]. (2023) 72:149–58.
doi: 10.1007/s00011-022-01659-y

25. Shi S, Kong S, Ni W, Lu Y, Li J, Huang Y, et al. Association of the systemic
immune-inflammation index with outcomes in acute coronary syndrome patients with
chronic kidney disease. J Inflamm Res. (2023) 16:1343–56. doi: 10.2147/JIR.S397615

26. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP.
The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies. Lancet (London England).
(2007) 370:1453–7. doi: 10.1016/S0140-6736(07)61602-X

27. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF3rd, Feldman HI, et al.
A new equation to estimate glomerular filtration rate. Ann Internal Med. (2009)
150:604–12. doi: 10.7326/0003-4819-150-9-200905050-00006

28. Cao C, Cade WT, Li S, McMillan J, Friedenreich C, Yang L. Association of
balance function with all-cause and cause-specific mortality among US adults. JAMA
otolaryngology– Head Neck surgery. (2021) 147:460–8. doi: 10.1001/jamaoto.2021.0057

29. Li J, Guo S, Ma R, He J, Zhang X, Rui D, et al. Comparison of the effects of
imputation methods for missing data in predictive modelling of cohort study datasets.
BMC Med Res methodology. (2024) 24:41. doi: 10.1186/s12874-024-02173-x

30. Shah AD, Bartlett JW, Carpenter J, Nicholas O, Hemingway H. Comparison of
random forest and parametric imputation models for imputing missing data using
MICE: a CALIBER study. Am J Epidemiol. (2014) 179:764–74. doi: 10.1093/aje/kwt312

31. Azab B, Chainani V, Shah N, McGinn JT. Neutrophil-lymphocyte ratio as a
predictor of major adverse cardiac events among diabetic population: a 4-year follow-
up study. Angiology. (2013) 64:456–65. doi: 10.1177/0003319712455216

32. Marra A, Bondesan A, Caroli D, Grugni G, Sartorio A. The neutrophil to
lymphocyte ratio (NLR) positively correlates with the presence and severity of
metabolic syndrome in obese adults, but not in obese children/adolescents. BMC
endocrine Disord. (2023) 23:121. doi: 10.1186/s12902-023-01369-4

33. Lin CH, Li YH, Wang YY, Chang WD. Higher neutrophil-to-lymphocyte ratio
was associated with increased risk of chronic kidney disease in overweight/obese but
not normal-weight individuals. Int J Environ Res Public Health. (2022) 19(13):8077.
doi: 10.3390/ijerph19138077

34. Han Q, Lin S, He F, Zhang R, Xie X, Qing F, et al. A high neutrophil to
lymphocyte ratio is associated with poor nutritional status in chronic kidney disease
patients. Br J Nutr. (2022) 128:1990–6. doi: 10.1017/S000711452100516X

35. Yoshitomi R, Nakayama M, Sakoh T, Fukui A, Katafuchi E, Seki M, et al. High
neutrophil/lymphocyte ratio is associated with poor renal outcomes in Japanese
patients with chronic kidney disease. Renal failure. (2019) 41:238–43. doi: 10.1080/
0886022X.2019.1595645
Frontiers in Immunology 11
36. Kocyigit I, Eroglu E, Unal A, Sipahioglu MH, Tokgoz B, Oymak O, et al. Role of
neutrophil/lymphocyte ratio in prediction of disease progression in patients with stage-
4 chronic kidney disease. J Nephrol. (2013) 26:358–65. doi: 10.5301/jn.5000152

37. Woziwodzka K, Dziewierz A, Pawica M, Panek A, Krzanowski M, Gołasa P, et al.
Neutrophil-to-lymphocyte ratio predicts long-term all-cause mortality in patients with
chronic kidney disease stage 5. Folia Med Cracoviensia. (2019) 59:55–70. doi: 10.24425/
fmc.2019.131380

38. Malhotra R, Marcelli D, von Gersdorff G, Grassmann A, Schaller M, Bayh I, et al.
Relationship of neutrophil-to-lymphocyte ratio and serum albumin levels with C-
reactive protein in hemodialysis patients: results from 2 international cohort studies.
Nephron. (2015) 130:263–70. doi: 10.1159/000437005

39. Turkmen K, Guney I, Yerlikaya FH, Tonbul HZ. The relationship between
neutrophil-to-lymphocyte ratio and inflammation in end-stage renal disease patients.
Renal failure. (2012) 34:155–9. doi: 10.3109/0886022X.2011.641514

40. Gong P, Liu Y, Gong Y, Chen G, Zhang X, Wang S, et al. The association of
neutrophil to lymphocyte ratio, platelet to lymphocyte ratio, and lymphocyte to monocyte
ratio with post-thrombolysis early neurological outcomes in patients with acute ischemic
stroke. J Neuroinflamm. (2021) 18:51. doi: 10.1186/s12974-021-02090-6

41. Tan D, Fu Y, Tong W, Li F. Prognostic significance of lymphocyte to monocyte
ratio in colorectal cancer: A meta-analysis. Int J Surg (London England). (2018) 55:128–
38. doi: 10.1016/j.ijsu.2018.05.030

42. Nishijima TF, Muss HB, Shachar SS, Tamura K, Takamatsu Y. Prognostic value
of lymphocyte-to-monocyte ratio in patients with solid tumors: A systematic review
and meta-analysis. Cancer Treat Rev. (2015) 41:971–8. doi: 10.1016/j.ctrv.2015.10.003

43. Macrez R, Ali C, Toutirais O, Le Mauff B, Defer G, Dirnagl U, et al. Stroke and
the immune system: from pathophysiology to new therapeutic strategies. Lancet
Neurology. (2011) 10:471–80. doi: 10.1016/S1474-4422(11)70066-7

44. Yamamoto Y, Osanai T, Nishizaki F, Sukekawa T, Izumiyama K, Sagara S, et al.
Matrix metalloprotein-9 activation under cell-to-cell interaction between endothelial
cells and monocytes: possible role of hypoxia and tumor necrosis factor-a. Heart
vessels. (2012) 27:624–33. doi: 10.1007/s00380-011-0214-5

45. Gustafsson A, Asman B. Increased release of free oxygen radicals from peripheral
neutrophils in adult periodontitis after Fc delta-receptor stimulation. J Clin periodontol.
(1996) 23:38–44. doi: 10.1111/j.1600-051X.1996.tb00502.x

46. Winterbourn CC, Kettle AJ, Hampton MB. Reactive oxygen species and neutrophil
function.Annu Rev Biochem. (2016) 85:765–92. doi: 10.1146/annurev-biochem-060815-014442

47. Baaten C, Schröer JR, Floege J, Marx N, Jankowski J, Berger M, et al. Platelet
abnormalities in CKD and their implications for antiplatelet therapy. Clin J Am Soc
Nephrol CJASN. (2022) 17:155–70. doi: 10.2215/CJN.04100321

48. Daugirdas JT, Bernardo AA. Hemodialysis effect on platelet count and function
and hemodialysis-associated thrombocytopenia. Kidney Int. (2012) 82:147–57.
doi: 10.1038/ki.2012.130

49. Lutz P, Jurk P. Platelets in advanced chronic kidney disease: two sides of the coin.
Semin Thromb hemostasis. (2020) 46:342–56. doi: 10.1055/s-0040-1708841

50. Natale P, Palmer SC, Saglimbene VM, Ruospo M, Razavian M, Craig JC, et al.
Antiplatelet agents for chronic kidney disease. Cochrane Database systematic Rev.
(2022) 2:Cd008834. doi: 10.1002/14651858.CD008834.pub4

51. Abdelmaguid A, Roberts LN, Tugores L, Joslin JR, Hunt BJ, Parmar K, et al.
Evaluation of novel coagulation and platelet function assays in patients with chronic
kidney disease. J Thromb haemostasis JTH. (2022) 20:845–56. doi: 10.1111/jth.15653
frontiersin.org

https://doi.org/10.4149/BLL_2021_078
https://doi.org/10.3343/alm.2019.39.4.345
https://doi.org/10.2147/JIR.S391932
https://doi.org/10.1007/s00011-022-01659-y
https://doi.org/10.2147/JIR.S397615
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1001/jamaoto.2021.0057
https://doi.org/10.1186/s12874-024-02173-x
https://doi.org/10.1093/aje/kwt312
https://doi.org/10.1177/0003319712455216
https://doi.org/10.1186/s12902-023-01369-4
https://doi.org/10.3390/ijerph19138077
https://doi.org/10.1017/S000711452100516X
https://doi.org/10.1080/0886022X.2019.1595645
https://doi.org/10.1080/0886022X.2019.1595645
https://doi.org/10.5301/jn.5000152
https://doi.org/10.24425/fmc.2019.131380
https://doi.org/10.24425/fmc.2019.131380
https://doi.org/10.1159/000437005
https://doi.org/10.3109/0886022X.2011.641514
https://doi.org/10.1186/s12974-021-02090-6
https://doi.org/10.1016/j.ijsu.2018.05.030
https://doi.org/10.1016/j.ctrv.2015.10.003
https://doi.org/10.1016/S1474-4422(11)70066-7
https://doi.org/10.1007/s00380-011-0214-5
https://doi.org/10.1111/j.1600-051X.1996.tb00502.x
https://doi.org/10.1146/annurev-biochem-060815-014442
https://doi.org/10.2215/CJN.04100321
https://doi.org/10.1038/ki.2012.130
https://doi.org/10.1055/s-0040-1708841
https://doi.org/10.1002/14651858.CD008834.pub4
https://doi.org/10.1111/jth.15653
https://doi.org/10.3389/fimmu.2024.1365591
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Association between systemic inflammatory indicators with the survival of chronic kidney disease: a prospective study based on NHANES
	Introduction
	Materials and methods
	Data source
	Study population
	Definition of systemic inflammatory-related indicators
	CKD definition
	Covariates definition
	Study outcome
	Statistical analysis

	Results
	Baseline information of the participants with CKD
	Association between systemic inflammatory indicators with all-cause mortality of CKD
	Predictive accuracy of systemic inflammatory indicators with survival of CKD population
	Stratified and sensitive analyses

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


