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Inflammatory and nutritional indices D
for overall survival in Hemodialysis patients:
a multicenter cohort study
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Abstract

Objective This study aimed to re-evaluate the prognostic value of inflammation and nutrition-related indices in a
large multicenter cohort of hemodialysis patients from 138 dialysis centers in Beijing.

Methods This retrospective cohort study included 6,679 hemodialysis patients. Indices were calculated from routine
laboratory parameters. Survival analyses included Kaplan-Meier curves and multivariate Cox models. C-index, receiver
operating characteristic curves and decision curve analysis were used to evaluate the predictive ability of the different
indicators.

Results All indicators (including Prognostic Nutritional Index [PNI], Lymphocyte-to-CRP Ratio [LCR], CRP-to-Albumin
Ratio [CAR], Systemic Immune-Inflammation Index [SI1], Platelet-to-Lymphocyte Ratio [PLR], and Neutrophil-to-
Lymphocyte Ratio [NLR]) except for PLR were identified as independent predictors of OS (overall survival). Among
these indicators, the PNI consistently demonstrated superior discriminatory ability in predicting outcomes among
hemodialysis patients. Multivariate Cox regression analysis showed that the risk of mortality in hemodialysis
decreased with an increase in PNI (adjusted HR 0.78, 95% Cl: 0.75-0.82, P<0.01). The optimal cut-off value for PNI was
determined to be 42.3.

Conclusions PNI has demonstrated better reliability as a prognostic indicator for hemodialysis patients compared
with LCR, CAR, SII, PLR and NLR. The efficient assessment of PNI effectively identifies high-risk individuals and
highlights its significance as a valuable prognostic tool in clinical settings.
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Introduction

Hemodialysis, a life-sustaining therapy for patients with
end-stage renal disease, poses significant challenges in
prognostication due to complications such as anemia,
malnutrition, and vascular calcification that are preva-
lent among patients undergoing this treatment [1, 2].
These complications contribute to increased morbidity
and mortality rates by intricately linking with a persis-
tent inflammatory state underlying adverse outcomes.
The persistent state of inflammation observed in hemo-
dialysis patients not only exacerbates the aforementioned
complications but also contributes to protein-energy
wasting, resulting in malnutrition [3]. Malnutrition is
strongly associated with an increased risk of mortal-
ity among these patients. Therefore, close monitoring of
both inflammatory and nutritional status is crucial for
improving clinical management and patient outcomes.

Recent studies have shed light on the potential of vari-
ous nutrition and inflammation-related factors as effec-
tive prognostic predictors in dialysis patients. Among
these factors, markers of the systemic inflammatory
response, such as the platelet-to-lymphocyte ratio
(PLR) [4], lymphocyte-to-CRP ratio (LCR) [5], systemic
immune-inflammation index (SII) [6], and neutrophil-
to-lymphocyte ratio (NLR) [7], have emerged as key
players in the progression and prognosis of hemodi-
alysis patients. Furthermore, nutrition-related indica-
tors, including the CRP-to-albumin ratio (CAR) and
prognostic nutritional index (PNI) [8-11], have dem-
onstrated their prognostic value in predicting outcomes
for individuals undergoing hemodialysis. Notably, these
indicators possess several advantages, such as simplic-
ity, cost-effectiveness, widespread availability in most
dialysis laboratories, and their confirmed value in pre-
dicting the survival of hemodialysis patients. However, to
ensure their optimal utilization in clinical practice, it is
imperative to determine which indicators hold the high-
est potential as prognosis predictors.

Therefore, the aim of this study was to assess and com-
pare the predictive and prognostic roles of six biomark-
ers based on malnutrition and inflammation indicators
in relation to overall survival (OS) among patients under-
going hemodialysis. Additionally, we conducted pooled
analyses to identify the most promising indicators for
overall survival in hemodialysis patients. By elucidating
the prognostic value of these biomarkers, our aim is to
contribute to the development of personalized therapeu-
tic strategies and improve long-term outcomes for indi-
viduals undergoing hemodialysis.

Methods

Participants and study design

We conducted a retrospective multi-center cohort
study involving individuals selected from the Beijing
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Hemodialysis Quality Control and Improvement Proj-
ect. This project encompassed a total of 9196 individuals
from 138 dialysis centers in Beijing between January 1,
2012, and December 31, 2019. The study’s objective was
to collect data for re-evaluating the prognostic value of
inflammation- and nutrition- related indices in hemo-
dialysis patients. For inclusion in the study, participants
had to satisfy the following criteria: age>18 years and
receiving hemodialysis three times a week for a minimum
of 3 months. Exclusion criteria included: (1) hemodialysis
duration less than 3 months; (2) prior peritoneal dialysis
treatment; (3) organ transplantation history; (4) presence
of malignant disease; (5) autoimmune or chronic/acute
infectious disease; and (6) missing baseline data. The
existence of acute or chronic infection was determined
by admission diagnosis explicitly stating infection, such
as pneumonia, or providing evidence of infection, such
as detected bacteria or virus. After applying these crite-
ria, a total of 6679 patients were eligible for enrollment in
this study (Figure S1). The study was conducted in accor-
dance with the principles of the Declaration of Helsinki
and was approved by the Human Ethics Committee of
Beijing Friendship Hospital, Capital Medical University
(Number: BJFH-EC/2022-P2-385-01). Due to the retro-
spective nature of the study and the use of anonymized
data, the requirement for informed consent was waived.

Clinical data

Clinical variables and potential confounders were cho-
sen based on clinical guidelines and previous research.
Only the data collected during the initial assessment after
the start of hemodialysis were included. Baseline demo-
graphic data, as well as biochemical markers such as
hemoglobin, albumin, platelet count, neutrophil count,
lymphocyte count, C-reactive protein, creatinine, urea,
calcium, parathormone, phosphorus, Fe (iron), ferritin
and TIBC (total iron-binding capacity) were obtained
within the first month of hemodialysis. To minimize
measurement variability across different dialysis labo-
ratories, the biochemical data were standardized before
being recorded in the Beijing Hemodialysis Quality
Control and Improvement Project database. The project
database served as the source of data collection. The cal-
culation formula of PNI, LCR, CAR, SII, NLR and PLR
are shown in Table S7.

Outcome

The primary endpoint of interest was overall survival
time. It was defined as the time span from the initiation
of hemodialysis until death, transfer to another dialysis
center, change to peritoneal dialysis, kidney transplan-
tation, withdrawal from the study or end of follow-up
(December 31, 2019).
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Table 1 Demographic and clinical characteristics of the entire
cohort and PNl stratification

Characteris- Overall PNI-low PNI-high P

tic- n (%) or n=6679 n=2596 n=4083 value

median (IQR)

Population

characteristic

Sex

Female 3840 (57.5) 1464 (56.4) 2376 (58.2) 0.12

Male 2839 (42.5) 1132 (436) 1707 (41.8)

Age 623(51.3,72.9) 66.5 (562, 59.5 (483, <001
76.2) 70.2)

Diabetes 2677 (40.1) 1171 (45.1) 1506 (36.9) <0.01

Hypertension 4252 (63.7) 1645 (63.4) 2607 (63.9) 0.71

Clinical charac-

teristic- median

(IQR)

Hemoglobin 97.0(83.0,111) 91.0(79.0, 100 (86.0, <0.01

(9/L) 106) 114.0)

Platelets(10%/L) 174 (138,221) 168 (133, 178 (141, <0.01
219) 222)

Neutrophils 424 (330,541) 418((3.21, 426 (3.35, 0.02

(10°/L) 5.40) 542)

Lymphocytes 1.18(0.86,1.57) 0.92 (0.63, 1.36 (1.04, <0.01

(10°/L) 123) 1.74)

CRP (mg/L) 3,16 (1.00,9.68) 3.44(1.00, 3.00 (1.10, 0.01
12.8) 8.50)

Creatinine 784 (592,970) 684 (512, 848 (661, <0.01

(umol/L) 888) 1035)

Urea (mmol/L) 229(174,273) 21.7 (158, 23.5(185, <0.01
26.5) 27.8)

Albumin (g/L)  37.9(34.6,414) 339(313, 39.9 (380, <0.01
36.0) 43.0)

Calcium 220(2.10,2.36) 2.15(1.95, 223212, <0.01

(mmol/L) 2.32) 2.38)

Phosphorus 1.68(1.36,2.15) 1.58(1.27, 1.75 (142, <0.01

(mmol/L) 1.94) 222)

Parathormone 183 (885,328) 171 (84.2, 192 (91.2, <0.01

(pg/ml) 303) 346.7)

Fe (mmol/L) 10.1(7.50,13.9) 9.54 (6.98, 10.50 (790, <0.01
12.9) 14.4)

Ferritin (ng/ml) 229 (104,450) 232 (108, 228 (102, 0.22
456) 447)

TIBC (umol/L) 41.3(35.0,49.1) 40.0(33.2, 422 (36.0, <0.01
47.9) 499)

CAR 0.08 (0.03,0.27) 0.10(0.03, 0.07 (0.03, <0.01
041) 0.21)

LCR 3363 (1059, 2267 (545, 4262 (1552, <0.01

10356) 8116) 11500)

Sl 618 (407,1028) 785 (478, 558 (378, <0.01
1508) 840)

PLR 148 (107,209) 186 (132, 132 (988, <0.01
285) 177)

NLR 3.54(2.57,5.25) 4.50(3.16, 3.13(2.34, <0.01
7.53) 4.24)

Data are shown as median (interquartile range) or number (%); IQR, interquartile
range; The PNI-low group had an PNI<42.3 and the PNI-high group had an

PNI>42.3
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Statistical analysis

Continuous variables with skewed distributions were
presented as median (interquartile range) and com-
pared using the Mann-Whitney test. Categorical data
were expressed as numbers (percentages) and compared
using Pearson’s x2 test. Spearman correlation analysis
was used to identify linear relationships between indi-
cators and variables. The multivariate Cox proportional
hazards regression model was employed to assess the
relationship between the indicators and overall survival.
Survival curves were generated using the Kaplan-Meier
method and compared using the log-rank test for time-
to-event analysis. Restricted cubic splines were utilized
to visualize the non-linear relationship between different
indicators and HR. The optimal threshold for indicators
was determined using the ‘surv_cutpoint’ formula in the
‘survminer’ R package, which employs an outcome-ori-
ented approach to identify the cutoff value most closely
associated with the outcome. The optimal prognos-
tic indicator was determined through the utilization of
prognostic receiver operator characteristic curve (ROC),
decision curve analysis (DCA), and Harrell’s concordance
index (C-index).

The optimal cutoff value for PNI was determined to be
42.3 using an outcome-driven method. After determining
the optimal cutoff value of PNI, participants were catego-
rized into high- and low- PNI groups. Trend tests were
performed by assigning a median value to each quartile
of PNI, treating it as a continuous variable, and assessing
statistical significance using the Wald test. Forest plots
were employed to visualize the effects of PNI interac-
tions with other variables on overall survival. Calibration
curves were generated to assess the agreement between
predicted and observed probabilities. The accuracy of the
PNI in predicting outcomes was evaluated using the area
under the ROC curve.

All statistical tests were two-sided, and a significance
level of P<0.05 was considered statistically significant.
Statistical analyses were conducted using R software ver-
sion 4.0.2 with the following packages: ‘survminer, ‘sur-
vival, ‘rms; ‘timeROC; ‘forestplot; ‘ISWR; ‘ggDCA’

Result

Baseline characteristics

In this cohort study, a total of 6679 hemodialysis patients
were included. Baseline demographics indicated that the
median age of the patients was 62.2 (51.3, 72.9) years,
with 2839 (42.5%) being male. Among the enrolled
patients, 2677 (40.1%) had diabetes and 4252 (63.7%)
had hypertension (Table 1). During the median follow-
up period of 30.8 months, a total of 2258 deaths were
observed, resulting in an event rate of 115.1 events per
1,000 patient-years.



Chen et al. BMC Nephrology (2025) 26:228

Multivariate cox regression analysis of mortality risk
Multivariate Cox regression survival analysis and
Restricted Cubic Spline (RCS) found that compared with
other indicators, PNI showed a good prognostic predic-
tive ability in hemodialysis patients as a continuous vari-
able or a categorical variable (Table 2; Fig. 1 and Figure
S2). Moreover, the multivariate analysis indicated that,
alongside PNI, factors such as age, diabetes, hyperten-
sion, hemoglobin, neutrophils, CRP, and creatinine sig-
nificantly influenced mortality in the multivariate Cox
regression model (Table S1). When PNI was used as a
continuous variable (per SD), the risk of mortality in
hemodialysis decreased as PNI increase (adjusted HR
0.78, 95% CI: 0.75-0.82, P<0.01). When PNI was used as
a binary variable, compared with patients in the low PNI
(<42.3) group, those with high PNI (>42.3) had a reduced
risk of mortality (adjusted HR 0.63, 95% CI: 0.58-0.69,
P<0.01). When PNI was treated as a quartile variable,
compared with patients in the first quartile (PNI< 39.9)
group, the risk of mortality in hemodialysis patients in
the second, third, and fourth quartile groups decreased
progressively (Quartile 2, adjusted HR 0.72, 95% CL:
0.64—0.80; Quartile 3, adjusted HR 0.62, 95% CI: 0.55—
0.69; Quartile 4, adjusted HR 0.52, 95% CI: 0.46—-0.59; all
P<0.01; P for trend < 0.01).

Optimal cut-off value of indicators

The cut-off value for the six indicators associated with
mortality were determined using an outcome-oriented
method based on Kaplan-Meier curves. The values were
42.3 for PNI, 1724.9 for LCR, 0.189 for CAR, 1456.9 for
SII, 219.3 for PLR, and 4.89 for NLR (Figure S3 A-F).
The survival curve results showed that the prognosis of
patients with low PNI (<42.3) and low LCR (<1456.9)
were worse than that of patients with high PNI (>42.3)
and high LCR (>1456.9). Conversely, patients with high
CAR (20.189), SII (=1459.9), PLR (=219.3) and NLR
(>4.89), had worse prognosis than those with low CAR
(<0.189), SII (<1459.9), PLR (<219.3) and NLR (<4.89),
respectively (Figure S4 A-F).

Comparison of indicators in Hemodialysis patients

Our C-index analysis indicated that PNI outperformed
other indicators at 1, 3, 5, and 7 years, with values of 0.670
(95% CI 0.627,0.712), 0.633 (95% CI 0.612,0.653), 0.622
(95% CI 0.606,0.638) and 0.634 (95% CI 0.620,0.647)
(Table S2 and Fig. 2A). The prognostic ROC curve consis-
tently demonstrated that the area under the curve (AUC)
of PNI was larger than that of other indicators (Fig. 2B).
The DCA curves at 1, 3, 5, and 7 years demonstrated that
within the threshold range, the PNI model yielded higher
net benefits compared to the strategy of no prediction
at specific decision thresholds. Additionally, across the
entire threshold range, the DCA curves indicated that the
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PNI model had better net benefits than prediction mod-
els based on other indicators, highlighting its favorable
clinical utility in predicting survival rates among hemodi-
alysis patients (Fig. 2C).

Distribution, correlation, and prognostic analysis based on
the PNI

The PNI levels were compared among different sub-
groups of the hemodialysis population based on sex, age,
and comorbidities as diabetes and hypertension. Results
indicated that young female (<65 years old) without
diabetes had significantly higher PNI levels than elderly
male (>65 years old) with diabetes (P<0.01) (Figure
S5A). Moreover, a Spearman correlation analysis was
performed to investigate the association between PNI
and various clinically relevant parameters in hemodialy-
sis patients. The results revealed that PNI exhibited sig-
nificant positive correlations with calcium, creatinine,
urea, hemoglobin, platelets, neutrophil count, parathor-
mone level, phosphorus level, iron level and TIBC while
displaying a negative correlation with age and CRP. (Fig-
ure S5B).

Kaplan—Meier curves and log-rank test results revealed
that the high PNI group exhibits a better prognosis com-
pared with the low PNI group (Figure S4A). Table 1 pres-
ents a comparison of patient demographics and clinical
characteristics between the low and high PNI groups.
Briefly, patients in the low PNI group were associated
with advanced age, diabetes, decreased levels of hemo-
globin, platelets, neutrophils and lymphocytes; elevated
CRP levels; as well as reduced creatinine, urea, albumin,
calcium, phosphorus iron and TIBC levels. Additionally,
the time-dependent ROC curve of PNI exhibited an AUC
of 0.726, 0.648, 0.651 and 0.634 at intervals of 1, 3, 5 and
7 years respectively (Fig. 3A). The calibration curve dem-
onstrated exceptional predictive ability of PNI in hemo-
dialysis patients for up to seven years (Fig. 3B).

Stratification analysis

Stratified analyses were performed to evaluate the asso-
ciation between PNI and overall survival in different
subgroups of hemodialysis patients (Fig. 4). High PNI
consistently correlated with reduced mortality risk in
all evaluated subgroups. Similar trends were observed
in hemodialysis patients with Neutrophils<1.8 (10°/L)
and phosphorus<1.13 mmol/L, although these results
did not achieve statistical significance (P> 0.05). Interac-
tion analysis identified age, CRP, and phosphorus level as
effect modifiers influencing the PNI and mortality rela-
tionship (P for interaction <0.05). Notably, no significant
difference in the risk of death was observed between
patients with high PNI and low PNI in the age < 30 group,
CRP > 15 group, and phosphorus < 1.0 or > 3.0 group (Fig-
ure S6). Additionally, the PNI and covariates were cross
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Table 2 Relationships between different indicators and overall survival

Crude model Model A Model B

HR (95% Cl) P value HR (95% Cl) Pvalue HR (95% Cl) Pvalue
PNI
As continuous (per SD) 0.68 (0.66-0.71) <0.01 0.73 (0.70-0.76) <0.01 0.78 (0.75-0.82) <0.01
By PNI cut-off
Low (<42.3) Ref Ref Ref
High (=42.3) 049 (045-0.53) <001 0.57 (0.52-0.62) <001 0.63 (0.58-0.69) <0.01
Interquartile
Q1 (<39.9) Ref Ref Ref
Q2 (39.9-43.95) 0.64 (0.57-0.71) <0.01 0.66 (0.59-0.73) <0.01 0.72 (0.64-0.80) <0.01
Q3 (43.95-47.95) 0.49 (0.44-0.55) <0.01 0.55 (0.49-0.61) <0.01 0.62 (0.55-0.69) <0.01
Q4 (=47.95) 0.35(0.31-0.40) <0.01 0.44 (0.39-0.50) <0.01 0.52 (0.46-0.59) <0.01
P for trend <001 <0.01 <0.01
LCR
As continuous (per SD) 0.76 (0.70-0.82) <0.01 0.76 (0.71-0.82) <0.01 0.75(0.70-0.81) <0.01
By LCR cut-off
Low (< 1724.9) Ref Ref Ref
High (=1724.9) 0.54 (0.50-0.59) <001 0.58 (0.53-0.63) <0.01 0.65 (0.60-0.71) <0.01
Interquartile
Q1 (<1059.7) Ref Ref Ref
Q2 (1059.7-3363.6) 0.72 (0.65-0.80) <0.01 0.70 (0.63-0.78) <0.01 0.77 (0.70-0.86) <0.01
Q3 (3363.6-10356.2) 0.53 (0.47-0.59) <0.01 0.56 (0.50-0.63) <0.01 0.67 (0.60-0.75) <0.01
Q4 (>10356.2) 042 (0.37-0.48) <001 046 (041-0.52) <0.01 0.53 (0.47-0.60) <0.01
P for trend <001 <001 <0.01
CAR
As continuous (per SD) 1.11(1.09-1.13) <0.01 1.10(1.08-1.12) <0.01 1.09 (1.07-1.12) <001
By CAR cut-off
Low (<0.189) Ref Ref Ref
High (=0.189) 2.06 (1.90-2.24) <0.01 1.88 (1.73-2.04) <0.01 1.83 (1.68-1.99) <0.01
Interquartile
Q1 (<0.027) Ref Ref Ref
Q2 (0.027-0.083) 1.36 (1.18-1.56) <0.01 1.30 (1.13-1.49) <0.01 1.32(1.15-1.52) <0.01
Q3 (0.083-0.274) 1.71 (1.50-1.96) <0.01 1.58 (1.38-1.81) <0.01 1.60 (1.40-1.84) <0.01
Q4 (>0.274) 2.76 (243-3.14) <0.01 243 (2.14-2.76) <0.01 2.37(2.08-2.71) <0.01
P for trend <0.01 <001 <001
Sl
As continuous (per SD) 1.06 (1.02-1.10) 0.01 1.06 (1.02-1.10) <0.01 1.06 (1.02-1.10) <0.01
By SII cut-off
Low (< 1456.9) Ref Ref Ref
High (= 1456.9) 1.25 (1.11-1.40) <0.01 1.27 (1.13-143) <0.01 1.17 (1.04-1.32) <0.01
Interquartile
Q1 (<406.7) Ref Ref Ref
Q2 (406.7-617.9) 0.96 (0.85-1.07) 0.45 1.01 (0.90-1.13) 0.88 0.95 (0.84-1.07) 0.38
Q3(617.9-1028.2) 0.99 (0.88-1.11) 0.86 1.05 (0.94-1.18) 0.37 0.99 (0.88-1.11) 0.90
Q4(>10282) 1.12(1.00-1.26) 0.05 1.22(1.08-1.37) <0.01 1.08 (0.96-1.21) 0.23
P for trend 0.06 <001 0.19
PLR
As continuous (per SD) 1.03 (0.99-1.06) 017 1.03 (0.99-1.06) 0.18 1.02 (0.98-1.05) 037
By PLR cut-off
Low (<219.3) Ref Ref Ref
High (=219.3) 1.21(1.10-1.34) <0.01 1.21(1.10-1.34) <0.01 1.10(1.00-1.22) 0.06
Interquartile
Q1(<107.3) Ref Ref Ref
Q2(107.3-147.8) 0.96 (0.86-1.08) 0.51 1.04 (0.93-1.17) 0.50 0.98 (0.87-1.10) 0.71
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Crude model Model A Model B

HR (95% Cl) Pvalue HR (95% Cl) Pvalue HR (95% Cl) Pvalue
Q3 (147.8-209.5) 0.96 (0.85-1.07) 0.45 1.04 (0.93-1.17) 0.48 0.98 (0.87-1.10) 0.71
Q4 (=209.5) 1.11 (0.99-1.25) 0.07 1.18 (1.06-1.33) <0.01 1.03(0.92-1.16) 0.60
P for trend 0.11 <001 0.64
NLR
As continuous (per SD) 1.06 (1.02-1.11) <0.01 1.06 (1.02-1.11) <0.01 1.07 (1.03-1.12) <0.01
By NLR cut-off
Low (<4.89) Ref Ref Ref
High (=4.89) 1.23(1.12-1.35) <0.01 1.24(1.13-1.36) <0.01 1.19(1.08-1.3) <0.01
Interquartile
Q1 (<2.57) Ref Ref Ref
Q2 (2.57-3.54) 1.02 (0.91-1.15) 0.71 1.09 (0.97-1.23) 0.13 1.03(0.91-1.16) 0.64
Q3 (3.54-5.25) 1.07 (0.95-1.20) 0.28 1.14(1.01-1.28) 0.03 1.08 (0.96-1.21) 0.20
Q4 (>5.25) 1.22(1.09-1.37) <0.01 1.30 (1.16-1.46) <0.01 1.20 (1.07-1.35) <0.01
P for trend <0.01 <001 <001

Crude model: unadjusted; Model A: adjusted for sex and age; Model B: adjusted for sex, age, diabetes, hypertension, hemoglobin level, lymphocyte count, platelet
count, neutrophil count, albumin, creatinine, urea, calcium, phosphorus, parathormone, Fe, ferritin, TIBC and CRP, except for the indicator associated variable

<
log HR (95% Cl)

log HR (95% CI)
log HR (95% Cl)

30 40 50 60 30 40 50 60 30 40 50 60
PNI PNI PNI

Crude model Model A Model B

Fig. 1 Restricted cubic splines (RCSs) of PNI. Crude model: unadjusted; Model A adjusted for sex and age; Model B adjusted for sex, age, diabetes, hyper-
tension, hemoglobin level, platelet count, neutrophil count, creatinine, urea, calcium, phosphorus, parathormone, Fe, ferritin, TIBC and CRP

P<0.01 for high PNI per SD) (Table S5). Then patients
with CRP>2 mg/L were also excluded (n=2540), the
results demonstrated that PNI were still an indepen-
dent prognostic factor in hemodialysis patients after
excluding CRP in acute phases (adjusted HR 0.76, 95%
CI: 0.69-0.84, P<0.01 for high PNI per SD). Subse-
quently, hemodialysis patients were randomly assigned
to validation cohort A (#=4369) and validation cohort
B (n=2040) in a 7:3 ratio based on computer-generated
random numbers. Similarly, consistent findings were
observed in both cohort A (adjusted HR 0.78, 95% CI:
0.74-0.82, P<0.01 for high PNI per SD) and cohort B
(adjusted HR 0.79, 95% CI: 0.73-0.86, P<0.01 for high
PNI per SD) (Table S5). Furthermore, Kaplan-Meier
curves demonstrated that hemodialysis patients with
high PNI had significantly better prognosis in sensitivity
analysis and internal validation (Figure S8 A-D).

classified to investigate the differential effects of each
variant (Table S3). The results indicated that variables in
an abnormal stage with low PNI levels had an additive
effect, which exacerbated mortality risk. Kaplan-Meier
curves further demonstrated the combined impact of
PNI (high and low groups) and variables (normal and
abnormal) on mortality in hemodialysis patients. Results
indicated that those with a PNI of 42.3 or lower, aged > 65
with diabetes and hypertension, as well as abnormal
platelets and calcium levels had the poorest survival
rates. (Figure S7).

Sensitive analysis and internal validation

To validate the robustness of PNI's prognostic value,
sensitivity analyses and internal validation were per-
formed (Table S4). After excluding patients who died
within 6 months (7 =6243) of the initial assessment, the
results demonstrated that PNI remained an independent
prognostic factor (adjusted HR 0.79, 95% CI: 0.76-0.83,
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Discussion

Accumulating evidence supports the prognostic utility of
inflammatory and nutritional biomarkers in hemodialy-
sis populations, yet the optimal indicator remains elusive.
Our study utilized a large cohort to systematically evalu-
ate six candidate indices. Consistent with prior research,
univariate and multivariate analyses identified PNI, LCR,
CAR, SII and NLR as independent prognostic factors for
all-cause mortality, except for PLR (Table S6). The PNI
showed the highest discriminatory ability among evalu-
ated indicators in predicting outcomes of hemodialysis
patients. Furthermore, both continuous and categorical
analyses of PNI revealed strong prognostic value, with
each one-unit increase or standard deviation increase in
PNI, there was a 0.956-fold or 0.78-fold decrease in mor-
tality risk among hemodialysis patients.

The composite indices integrate albumin, platelet
counts, neutrophils, lymphocytes, and CRP levels to
reflect multifaceted inflammatory and nutritional status.
Platelets actively participate in immunological processes
through releasing pro-inflammatory mediators such as
platelet-derived prostaglandin E2 and C-type lectin-like
receptor 2 [12], but mean platelet volume (MPV), rather
than platelet counts, has been associated with mortality
in hemodialysis patients [13]. Neutrophils play a cru-
cial role in the host’s defense against bacterial and viral
infections [14], exhibit impaired function in uremia,
increasing infection-related mortality. Lymphocytes are
important in the cytotoxic immune response with lower
counts linked to higher mortality risk [15]. CRP has
proven to be a valuable biomarker of inflammation and
infection, independently predicts mortality in hemodi-
alysis patients and correlates with coronary artery disease

and cerebrovascular accident [16]. Our findings confirm
significant association between albumin, neutrophils,
lymphocytes and CRP levels and mortality among hemo-
dialysis patients, while platelet counts showed no cor-
relation. This explains why PLR failed to emerge as an
independent prognostic indicator, which is consistent
with the findings reported by Mayne et al. [17].
Inflammation, immunity, and malnutrition are intri-
cately intertwined. Chronic inflammation in hemodialy-
sis patients often coexists with immune dysfunction and
malnutrition, while malnutrition exacerbates immune
deficiency and infection susceptibility. Protein-energy
wasting (PEW) is a prevalent phenomenon among
patients with chronic diseases, particularly those under-
going hemodialysis, and it has been linked to elevated
mortality rates [18]. Elevated concentrations of uremic
toxins and persistent inflammation contribute to the
development of PEW, leading to reduced nutrient intake,
increased resting energy expenditure, and muscle atro-
phy [19]. Albumin reflects the nutritional status and is
confounded by systemic inflammation in dialysis patients
[20]. Previous studies confirm its predictive value for all-
cause, cardiovascular, and infection-related mortality in
both PD and HD patients [21]. A recent study involving
787 hemodialysis patients has demonstrated that higher
CAR was significantly associated with a higher mortal-
ity risk in the first six months of HD [9]. Our study also
identified that CAR were independent prognostic bio-
markers in hemodialysis patients. The PNI, calculated as
serum albumin +0.05 x lymphocyte count, also emerged
as a robust mortality predictor. Both PNI and CAR inte-
grate nutritional and inflammatory markers, poten-
tially explaining their superior performance over single



Chen et al. BMC Nephrology (2025) 26:228 Page 9 of 11

Variables No. of patients HR (95%Cl) P value P for interaction

Age 0.045
>65 1306/2843 0.67(0.60,0.75) H— <0.001
<=65 952/3836 0.56(0.49,0.65) i <0.001

Sex 0.085
Male 1133/2839 0.67(0.59,0.76) - <0.001
Famale 1125/3840 0.60(0.53,0.68) HH <0.001

Diabetes 0.563
Yes 1124/2677 0.61(0.54,0.70) - <0.001
No 1134/4002 0.66(0.58,0.75) - <0.001

Hypertension 0.229
Yes 1674/4252 0.63(0.57,0.71) - <0.001
No 684/2427 0.63(0.53,0.74) —— <0.001

Hemoglobin 0.898
<100 1241/3667 0.63(0.56,0.71) - <0.001
100-120 731/2138 0.64(0.55,0.75) - <0.001
>120 286/874 0.62(0.48,0.79) —a— <0.001

Platelets 0.108
<125 435/1149 0.63(0.52,0.77) —— <0.001
125-350 1774/5394 0.64(0.58,0.71) L <0.001
>350 49/136 0.35(0.17,0.73) —— 0.005

Neutrophils 0.812
<1.8 54/126 0.71(0.36,1.42) = 0.335
1.8-6.3 1877/5597 0.63(0.57,0.70) - <0.001
>6.3 327/956 0.64(0.50,0.81) —— <0.001

CRP 0.013
>=10 841/1636 0.81(0.70,0.93) —a— 0.004
<10 1417/5043 0.57(0.51,0.63) HH <0.001

Calcium 0.724
<211 658/1882 0.62(0.53,0.74) - <0.001
2.11-2.52 1324/4000 0.66(0.59,0.74) - <0.001
>2.52 276/797 0.56(0.43,0.74) —— <0.001

Phosphorus 0.04
<1.13 306/700 0.90(0.71,1.16) —— 0.425
1.13-1.78 1129/3150 0.61(0.54,0.69) H— <0.001
>1.78 823/2829 0.61(0.53,0.71) - <0.001

Parathormone 0.439
<150 1067/2811 0.59(0.51,0.67) - <0.001
150-300 633/1952 0.63(0.53,0.74) —_— <0.001
>300 558/1916 0.75(0.63,0.90) —— 0.001

Ferritin 0.627
<200 925/3007 0.58(0.50,0.66) - <0.001
200-500 747/2241 0.66(0.56,0.77) —— <0.001
>500 586/1431 0.67(0.56,0.80) —— <0.001

TIBC 0.921
<50 1700/5124 0.63(0.57,0.70) - <0.001
50-77 382/1180 0.69(0.56,0.86) —a— 0.001
>77 176/375 0.68(0.49,0.94) —— 0.02

0.4 0.6 0.8 1 12
Hzard Ratio(HR)

Fig.4 The subgroup analysis of PNIin hemodialysis patients. The model of adjusted variables: sex, age, diabetes, hypertension, hemoglobin level, platelet
count, neutrophil count, creatinine, urea, calcium, phosphorus, parathormone, Fe, ferritin, TIBC and CRP, except for the stratifying variable
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biomarkers. While PNI demonstrated numerically higher
discrimination across multiple metrics and greater net
benefit in decision curve analysis (DCA), the partial over-
lap in confidence intervals between PNI and CAR/LCR
suggests that the observed differences may not reach sta-
tistical significance.

In recent years, the utility of PNI as a prognostic indica-
tor for overall survival has been validated across diverse
clinical populations, including oncology, cardiovascular
disease, decompensated cirrhosis, diabetic nephropathy,
and dialysis cohorts [22—25]. Consistent with previous
studies, our RCS model revealed a linear-like relation-
ship between PNI and all-cause mortality in hemodialysis
patients, characterized by a smooth curve approximating
linearity, which underscores its robust prognostic value.
Although PNI has emerged as a promising biomarker, its
optimal cutoff value remains context-dependent, with
previous studies reporting thresholds ranging widely
from 30 to 45 [26-30]. In our study, we have established
a specific cut-off value of 42.3 for PNI using an outcome-
oriented method. Our findings indicate that hemodialy-
sis patients with a PNI below this threshold are at higher
risk of mortality. Patients with low PNI levels exhibit
elevated CRP levels, advanced age, diabetes mellitus, and
decreased hemoglobin, platelet count, neutrophil count
and lymphocyte count, all of which are associated with
poor outcomes. Furthermore, a stratified analysis con-
ducted in the present study demonstrates that PNI pos-
sesses prognostic value when used in conjunction with
various clinical parameters. Low PNI patients exhibit-
ing abnormal clinical parameters consistently exhibit an
additive effect on increasing mortality risk. Interaction
analysis has identified that age, CRP level, and phospho-
rus level acted as effect modifiers influencing the rela-
tionship between PNI and risk of death. The prognostic
utility of PNI may be limited in patients younger than 30
years old or with CRP levels over 15 mg/L or phosphorus
levels below 1.0 mmol/L or above 3.0 mmol/L, indicat-
ing that PNI may not be suitable for clinical use in such
patients.

This study represents one of the largest investigations
to date evaluating the prognostic utility of inflamma-
tory and nutritional biomarkers in hemodialysis popula-
tions. However, it is important to acknowledge several
limitations inherent in our study. Firstly, we were unable
to analyze other conventional indicators such as GNRI
(geriatric nutritional risk index), NRI (nutritional risk
index), and COUNT score (controlling nutritional sta-
tus score) due to the unavailability of specific data in
the database. In future studies, incorporating additional
parameters such as TGF-f would contribute to a more
comprehensive evaluation of inflammation. Secondly,
it would be valuable to evaluate whether changes in
PNI values during hemodialysis treatment, beyond the
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baseline measurement, are linked with clinical outcomes.
This inquiry would offer insights into the prognostic sig-
nificance of PNI at different time-points. Moreover, it is
imperative to acknowledge that the current study was a
retrospective analysis conducted across multiple centers,
which introduces the possibility of unidentified con-
founders that may have influenced the obtained data and
introduced bias. To address this limitation, well-designed
prospective trials are warranted to mitigate confounding
factors and provide stronger evidence. Lastly, it is imper-
ative to conduct external validation of our findings using
large sample sizes from diverse geographical regions in
order to ensure the generalizability of our results to all
patients undergoing hemodialysis.

In conclusion, despite the limitations, our study pro-
vides significant insights into the prognostic value of
various inflammatory-nutrition biomarkers. Among all
the indicators compared, PNI exhibited a better perfor-
mance in predicting prognosis. The evaluation of PNI
could effectively identify high-risk patients and serve as a
valuable prognostic marker in clinical practice.
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