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Objective: The available evidence regarding the association of immune nutrition
status with chronic kidney disease (CKD) is limited. Thus, the present study
examined whether immunonutrition indices were associated with renal function
and mortality among CKD individuals.

Research design and methods: This study enrolled 6,099 U.S. adults with
CKD from the NHANES 2005-2018 database. Participants were matched with
National Death Index records until 31 December 2019 to determine mortality
outcomes. The time-dependent receiver operating characteristic was utilized to
identify the most effective index among the prognostic nutritional index (PNI),
system inflammation score (SIS), Naples prognostic score (NPS), and controlling
nutritional status (CONUT) for predicting mortality. Cox regression models were
employed to evaluate the associations of immunonutrition indices with mortality
in participants with CKD.

Results: The PNI exhibited the strongest predictive power among the four indices
evaluated and the restricted cubic spline analysis revealed a cutoff value of 51
for the PNI in predicting mortality. During a median follow-up of 72 months
(39-115months), a total of 1,762 (weighted 24.26%) CKD participants died from
all causes. The Kaplan—Meier curve demonstrated a reduced risk of death for
the subjects with a higher PNI compared to those in the lower group. Besides,
after adjusting for multiple potential confounders, a higher PNI remained an
independent predictor for lower risks of all-cause mortality (HR 0.80, 95%Cl:
0.71-0.91, p<0.001) and cardiovascular disease (CVD) mortality (HR 0.69, 95%Cl:
0.55-0.88, p =0.002) in individuals with CKD.

Conclusion: In CKD, a higher PNI level was significantly associated with lower
mortality from all causes and CVD. Thus, the clinical utility of this immunonutrition
indicator may facilitate risk stratification and prevent premature death among
patients with CKD.
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- This is the first study to investigate the associations of several immunonutrition indices
including the PNI, SIS, CONUT, and NPS, with mortality in U.S. adults with chronic

kidney disease;

- The PNI was the best indicator for predicting mortality in CKD and the cutoff value was 51;

- PNI was positively associated with eGFR and lymphocyte-to-monocyte ratio (LMR), and
negatively correlated with UACR and neutrophil-to-lymphocyte ratio (NLR) in CKD;
- PNI was an independent predictor for all-cause and CVD mortality in CKD individuals.

1. Introduction

Chronic kidney disease (CKD) is a prevalent and potentially
devastating medical disorder that has increased to affect approximately
15% of the general population worldwide, posing a significant public
health challenge and burden in the 21st century (1, 2). CKD has been
recognized as a condition of gradual decline in renal function that can
ultimately progress to end-stage renal disease (ESRD) and is
confirmed to be closely related to morbidity and mortality (3).
Unfortunately, even with the optimal current treatment strategies, a
substantial number of individuals with CKD remain at high risk of
mortality and cardiovascular morbidity. In view of this, more effective
targets for monitoring and intervention of CKD have been
urgently explored.

In clinical practice, hypertension, diabetes, hyperuricemia, and
obesity have been proven to be related to the acceleration and
mortality risk of CKD (4, 5). As new risk factors of CKD progression
continue to emerge, the evaluation of this disorder should consider
with
CKD. Inflammatory processes and malnutrition have been evidenced

the immunonutrition conditions of the patients
to be implicated in the development of CKD (6, 7). Currently, four

objective indices are commonly wused to evaluate the
immunonutritional state of an individual, including the prognostic
nutritional index (PNI), system inflammation score (SIS), controlling
nutritional status (CONUT), and Naples prognostic score (NPS)
(8-10). These indices are evaluated by the following elements:
lymphocyte count, neutrophil count, monocyte count, serum
albumin, and total cholesterol, and have been linked to prognosis in
patients with a variety of diseases (9, 11, 12). However, epidemiological
evidence on the relationship of immunonutrition status with mortality
from all-cause and cardiovascular disease in CKD patients is limited,
and which index is more effective in distinguishing subjects with CKD
at high risk of mortality is still uncertain.

Thus, the purpose of this study was to evaluate and validate in
detail the associations of multiple biomarkers of immunonutrition
with renal function and all-cause and cause-specific mortality among
individuals with CKD based on this prospective cohort of the

NHANES 2005-2018.

2. Materials and methods
2.1. Study population

This study was performed in the National Health and Nutrition
Examination Survey (NHANES) circles: 2005-2006, 2007-2008,
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2009-2010, 2011-2012, 2013-2014, 2015-2016, and 2017-2018,
which is a study evaluating the nutritional status of U.S. residents on
a national scale. The details of the data can be found on the website:
https://www.cdc.gov/nchs/nhanes/index.htm. = NHANES  was
conducted by the National Center for Health Statistics of the Centers
for Disease Control and Prevention (CDC), and authorized by the
institutional review board of the National Center for Health Statistics.
Written informed consent was provided by each participant.

The exclusion criteria for this study were as follows (Figure 1): (1)
aged <18years old (n =28,047); (2) those without mortality data
(n=121); (3) pregnant women (1 =740); and (4) missing information
about serum albumin, cholesterol, blood routine examination
(n=4,348), UACR or eGFR (1 =373), and dietary data (n =2,262). In
total, 6,099 participants with CKD were included to evaluate the
association of the immune-nutrition indices with all-cause and
cardiovascular disease (CVD) mortality.

2.2. Clinical and laboratory data

Standardized questionnaires were utilized to collect data on age,
sex, race, family income, education level, physical activity, smoking
status, and disease status during household interviews. Based on their
drinking status, participants were classified as either nondrinkers,
low-to-moderate, or heavy drinkers (13). Physical activity was
grouped into inactive, insufficiently active, or active groups (14). Body
mass index (BMI) was calculated as weight (kg)/height (m)> As
criteria for diabetes, self-reporting diabetes history, hypoglycemic
medications use, or satisfying the diagnostic criteria of the American
Diabetes Association were considered (13, 15). CKD was defined as a
urinary albumin-to-creatinine ratio (UACR)>30mg/g and/or
estimated glomerular filtration rate (eGFR)<60mL/min/1.73 m?
based on the recent guidelines (16).

Additionally, measurements of serum albumin, complete blood
count, serum creatinine, UACR, triglycerides, total cholesterol, HDL
cholesterol, LDL cholesterol, and serum uric acid were made at
baseline. Stringent protocols were implemented during both the
process of blood collection and subsequent analysis, with
comprehensive documentation provided in the NHANES laboratory.

2.3. Assessment for immunonutrition
indices

The PNI was determined by adding serum albumin (g/L) to 5

times the blood lymphocytes (17). Furthermore, the
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NHANES 2005-2018
dataset

Survival data from the
NDI in the year of 2019

A

n=70190

Excluded:
- 28047 with age <18 years old;

n =41282

- 121 without mortality data;
- 740 were pregnant;

Excluded:
- 4348 without the information on albumin,

| n = 36561 |

cholesterol or blood routine examination ;
- 373 without information related CKD;

Excluded:

v

| n = 6099 |

FIGURE 1
The flow chart of individual inclusion and exclusion in this study.

- 2262 without dietary data;
- 28200 without CKD;

lymphocyte-to-monocyte ratio (LMR) and neutrophil-to-lymphocyte
ratio (NLR) were calculated by finding the ratios of lymphocytes to
monocytes and neutrophils to lymphocytes, respectively. The
calculation methods for CONUT, SIS, and NPS are presented in
Supplementary Table 1. The participants were then stratified into two
groups based on their CONUT score: group 0 (score 0 and score 1)
and group 1 (more than score 1). Participants were assigned to
NPS-group 0 if they had a NPS score of 0, to NPS-group 1 for scores
of 1 or 2, and to NPS-group 2 for scores of 3 or 4.

2.4. Study outcomes

In order to estimate mortality, the National Death Index for the
year ending 31 December 2019 was linked with mortality data. The
International Classification of Diseases-10 (ICD-10) was used to
determine disease-specific death. CVD deaths included 100-109, 111,
113, 120-151, or 160-169, and cancer deaths included C00-C97.

2.5. Statistical analyses

Given the complex multistage cluster survey design of the
NHANES study, appropriate 14-year sampling weights were used
based on the NHANES recommendation (18). The R version 4.1.1
(“Survey” package) was used in all the statistical analyses. Continuous
variables were shown as means (standard errors) and categorical
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variables as weighted percentages. The differences in the continuous
datasets were compared using the weighted ¢-test. Categorical datasets
were analyzed by a weighted chi-squared test. To evaluate a dose—
response association between PNI levels and mortality, restricted
cubic spline regression with five knots was conducted. The Kaplan-
Meier curves were used to examine the associations of PNI levels with
all-cause, CVD, and cancer mortality in the CKD population. The Cox
proportional hazards model was conducted to evaluate the hazard
ratios (HRs) and 95% ClIs for the relationship between PNI levels and
all-cause and cause-specific death. In the multivariate models,
we adjusted for age, sex, race, education level, family income to
poverty ratio, BMI, smoking status, alcohol status, and physical
activity in model 2. In model 3, we further adjusted for UACR, eGFR,
diabetes, hypertension, CVD, and hyperuricemia. Stratified analyses
were also performed by age, sex, race, BMI, smoking status, diabetes,
hypertension, hyperuricemia, albumin, and eGFR. Statistical
significance was defined as p <0.05.

3. Results

3.1. Features of the study population with
or without CKD

A total of 34,299 NHANES participants with or without CKD
were included and their baseline characteristics were presented in
Supplementary Table 2. The average age was 46.72 (0.26) years old,
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with males accounting for 48.95% of the population. The CKD
prevalence was 14.33%, with those with CKD tending to be older and
to have lower PNI [52.32 (0.23) vs. 53.92 (0.06)] and LMR values and
higher NLR, CONUT, SIS, and NPS values relative to those without
CKD. No significant difference was found in lymphocyte count.
We also identified higher BMI and UACR, and lower eGFR and serum
albumin in the participants with CKD. The overall prevalence of
hyperuricemia, DM, hypertension, CVD, and cancer was 17.81, 13.71,
37.32, 8.58, and 9.64%, respectively, with the participants with CKD
appearing to be at higher risk. People with CKD tended to have lower
education levels, physical activity, and family income-to-poverty ratio
and were more likely to be former smokers and non-drinkers.

3.2. Relationship between immunonutrition
indices and CKD

The estimated relationships between immunonutrition indices
and all-cause mortality outcomes in people with CKD using time-
dependent receiver operating characteristics are shown in Figure 2.
The findings revealed that the PNI exhibited the highest predictive
power for mortality among the SIS, CONUT, NPS, albumin, NLR, and
LMR. We then employed the restricted cubic spline to explore the
association between the PNI and mortality, and no linear association
was observed (Figure 3A, p nonlinear <0.0001). Furthermore, the
cutoff value for the PNI (the mortality risk to reach a nadir) in
predicting the mortality in CKD individuals was determined to be 51,
leading to the division of the cohort into two groups: higher group
(PNI>51) and lower group (PNI<51).

Table | summarizes the baseline features for the 6,099 participants
with CKD. Significant differences between the higher and lower
groups were observed for age, race, physical activity, smoking status,
and alcohol use, as well as for the prevalence of hyperuricemia,
hypertension, diabetes, CVD, and cancer. Mean baseline eGFR,
protein intake, total cholesterol, serum albumin, and LMR were
higher, and UACR and NLR were lower in participants with a higher
PNI compared to those with a lower PNI. The general linear model
with adjustments for age, sex, and race indicated that higher PNI level
was negatively associated with UACR, blood urea nitrogen, and NLR,
and positively related with eGFR and LMR at baseline (p<0.05,
Supplementary Table 3).

3.3. Association between the PNI and
mortality in CKD

During a mean follow-up time of 72 months (39-115months) in
6,099 participants with CKD at baseline, we identified 1,762 deaths
from any cause, 529 deaths from CVD, and 318 deaths from cancer.
The Kaplan-Meier curves demonstrated that subjects with a higher
PNI had significantly lower incidences of all-cause mortality
(Figure 3B), CVD mortality (Figure 3C), and cancer mortality
(Figure 3D) compared to those in the lower PNI group (log-rank test,
p<0.001). Cox regression analyses of PNI with all-cause, CVD, and
cancer mortality in participants with CKD are summarized in
Figure 4. In the univariate analysis (model 1), subjects with a higher
PNI had decreased risks of all-cause (HR 0.50, 95%CI: 0.44-0.56,
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p<0.0001), CVD (HR 0.39, 95%CI: 0.31-0.49, p <0.0001), and cancer
death (HR 0.56, 95%CI: 0.42-0.73, p<0.0001). The multivariate-
adjusted HRs and 95% CIs (model 3) for the higher PNI group were
0.80 (0.71-0.91) for all-cause mortality (Supplementary Table 4), 0.69
(0.55-0.88) for CVD mortality, and 0.85 (0.63-1.15) for cancer
mortality. In the stratified analysis, these results were similar by age,
race, hypertension, and eGFR (Figure 5). However, PNI level was not
related to all-cause mortality in females, those with a BMI <30 kg/m?,
DM, hyperuricemia or albumin <35g/L, and current smokers with
CKD after adjustment for multiple confounders.

3.4. Other immunonutrition indices and
mortality in CKD

We then proceeded to perform a Cox analysis to examine the
association between mortality and various inflammatory and
nutritional indices, including albumin, total cholesterol, lymphocytes,
NLR, LMR, CONUT, SIS, and NPS (Table 2). In the multivariate Cox
proportional hazards analysis, serum albumin, NLR, LMR, CONUT,
and SIS were independently related to all-cause and CVD mortality.
Additionally, the serum albumin, lymphocytes, NLR, and SIS were
identified as independent predictors for cancer-related death.
Lymphocytes were also found to be associated with CVD death, but
not with all-cause mortality.

4. Discussion

CKD remains a worldwide challenge with disappointing long-
term outcomes, and the identification of prognostic factors for
mortality has become an essential topic of recent research. To our
knowledge, this is the first prospective study to investigate the
independent associations of various inflammatory and nutritional
indices with all-cause and cause-specific mortality in a nationally
representative cohort of individuals with CKD. Our findings indicate
that the prevalence of CKD is linked to lower PNI and higher SIS,
NPS, and CONUT levels. Additionally, PNT is the most effective index
for predicting all-cause mortality in individuals with CKD and is
associated with UACR, eGFR, NLR, and LMR. Furthermore, a higher
PNI level is significantly correlated with a lower risk of all-cause and
CVD mortality, but not with cancer-related mortality. These findings
support the clinical utility of PNI which may facilitate the risk
stratification and timely intervention for premature death among
individuals with CKD.

The PNI is a reliable indicator of the immunonutritional status of
individuals, which is based on lymphocyte and albumin levels. Recent
findings have not only substantiated the potential of the PNI as a
prognostic indicator for various malignancies (19-22), COVID-19
(9, 23), coronary artery disease (24), and acute renal dysfunction
(25), but also shown that a lower PNI has been linked to increased
mortality risk in elderly individuals with CKD (26), and diabetic
kidney disease (DKD) (27). In this study, we further corroborated the
significant correlation between the PNI and CKD in the general
population. Specifically, the optimal PNT cutoff point was 51, which
had a superior predictive effect compared to other immunonutrition
indices in CKD.
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CONUT, which incorporates multiple parameters, has been
shown to predict not only malnutrition but also the severity of
inflammation, significantly correlating with mortality among patients
with peritoneal dialysis (28). Furthermore, Takagi et al. (29) found
that CONUT was closely related to protein-energy wasting (PEW)
and could predict infectious disease mortality in 311 patients with
CKD at dialysis. Furthermore, Tsuda et al. (30) reported that both the
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PNI and CONUT were significantly related to prior CVD in 2,751
CKD subjects. However, the studies on the association of SIS with
CKD were limited. In this study, we found that CONUT and SIS were
not only related to the prevalence of CK but also associated with
mortality from all-cause and CVD in the participants with CKD. These
findings suggested that CONUT and SIS might aid in the prediction
of individual patient risk, identification of malnourished or inflamed
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TABLE 1 Clinical features of the participants with CKD in different PNI groups.

10.3389/fnut.2023.1264618

Variable Lower PNI (n =2,785) Higher PNI (n = 3,314)

Age (years) 65.18 (0.46) 56.86 (0.48) <0.0001

Sex (male, %) 43.61 42.10 0.43

Race (%) 0.01

Non-Hispanic White 71.93 68.07

Others 28.07 31.93

BMI (kg/m?) 30.53 (0.23) 29.96 (0.17) 0.03

BMI category (%) 0.66

Normal (<25) 24.19 25.48

Overweight (25-30) 30.39 29.38

Obesity (>30) 45.41 45.14

Education (%) 0.29

Less than high school 8.93 8.99

High school or equivalent 40.49 38.08

College or above 50.57 52.94

Family income-poverty ratio (%) 0.45

<1.0 15.87 16.55

1-3 45.27 43.02

>3.0 38.85 40.43

Physical activity (%) <0.0001

Inactive 41.16 31.70

Insufficiency 18.58 18.67

Active 40.26 49.63

Smoking (%) <0.0001

Non-smoker 51.33 51.51

Former smoker 36.81 29.16

Current smoker 11.86 19.32

Alcohol use (%) <0.0001

Nondrinker 40.45 34.65

Low-to moderate drinker 50.00 49.90

Heavy drinker 9.55 15.46

Energy intake (kcal/d) 1868.56 (19.94) 1932.33 (24.53) 0.05

Protein intake (g/d) 70.82 (0.93) 75.90 (1.12) <0.001

Hyperuricemia (%) 3591 32.30 0.03

Hypertension (%) 72.99 63.35 <0.0001

Diabetes (%) 37.74 32.40 0.01

Triglyceride (mg/dL) 128.32 (3.29) 159.06 (4.59) <0.0001

HDL-C (mg/dL) 53.48 (0.39) 52.20 (0.51) 0.04

LDL-C (mg/dL) 104.25 (1.27) 113.23 (1.43) <0.0001

UACR (mg/g) 273.61 (22.35) 119.11 (6.14) <0.0001

eGFR (ml/min/1.73m?) 65.30 (0.72) 78.76 (0.72) <0.0001

eGFR categories <0.0001

<60 57.71 40.46

60-90 20.33 21.05

>90 21.96 38.50

CVD (%) 33.29 17.88 <0.0001
(Continued)
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TABLE 1 (Continued)

10.3389/fnut.2023.1264618

Variable Lower PNI (n =2,785) Higher PNI (n = 3,314)

Cancer (%) 22.89 15.22 <0.0001
Serum albumin (g/L) 39.27 (0.09) 43.31 (0.08) <0.0001
Total cholesterol (mg/dL) 186.46 (1.30) 197.81 (0.99) <0.0001
Lymphocytes (x10°/L) 1.57 (0.01) 2.58 (0.07) <0.0001
NLR 3.11 (0.04) 2.10 (0.03) <0.0001
LMR 3.07 (0.04) 4.25(0.05) <0.0001
PNI 47.13 (0.09) 56.21 (0.34) <0.0001
CONUT group <0.0001
<1 55.62 89.34

>1 44.38 10.66

SIS <0.0001
0 4.82 29.62

1 55.44 66.12

2 39.75 4.26

NPS group <0.0001
0 3.58 0.93

1 52.55 63.34

2 43.88 35.73

Decreased (%) 31.73 18.66 <0.0001

BMI, body mass index; UACR, urinary albumin creatinine ratio; e-GFR, estimated glomerular filtration rate; CVD, cardiovascular disease; NLR, neutrophil to lymphocyte ratio; LMR,
lymphocyte to monocyte ratio; PNI, prognostic nutritional index; CONUT, controlling nutritional status; SIS, system inflammation score; NPS, Naples prognostic score. Data is presented as

the mean + standard error (SE) or weighted percentage %.

Value Higher PNI vs.lower PNI p value Death/No.

All cause mortality HR (95%CI) 1762/6099

Model 1* o 0.50(0.44,0.56) <0.0001

Model 2° o 0.75(0.67,0.84)  <0.0001

Model 3° - 0.80(0.71,0.91) <0.001

CVD mortality 529/4866

Model 1? _— 0.39(0.31,0.49) <0.0001

Model 2° . 0.63(0.50,0.80) <0.001

Model 3° —a— 0.69(0.55,0.88) 0.002

Cancer mortality 318/4655

Model 1° — 0.56(0.42,0.73)  <0.0001

Model 2° el 0.84(0.62,1.14)  0.27

Model 3° - 0.85(0.63,1.15) 0.29

0 0.5 1 15

FIGURE 4
The relationship between PNI and mortality using Cox regression analysis in individuals with CKD. °Model 1: unadjusted; "Model 2: adjusted for age, sex,
race/ethnicity, BMI, education level, family income-poverty ratio, smoking status, alcohol status, and physical activity; “Model 3: further adjusted (from
Model 2) for UACR, eGFR, diabetes, hypertension, CVD, and hyperuricemia.

patients, and initiation of prompt nutritional and anti-inflammatory
interventions, which could contribute to reducing the high mortality
rates in CKD populations.

In recent years, there has been a notable surge in research exploring
the predictive value of inflammatory and nutritional markers, and their
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correlation with mortality in patients with CKD. Serum albumin, as one
factor of the PNI, is an important indicator reflecting individual nutrition
and has antioxidant, anti-inflammatory, and antiplatelet aggregation
effects (31). Serum albumin level has been reported to be independently
related to renal prognosis in patients with diabetic kidney disease (32, 33).
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TABLE 2 The relationships between immunonutrition status and mortality in CKD.

Variable All-cause CVD mortality Cancer
mortality

HR (95%Cl) p value* HR (95%Cl) p value* HR (95%Cl) p value*
Serum albumin (g/L) 0.94 (0.92, 0.96) <0.0001 0.91 (0.88, 0.95) <0.0001 0.95 (0.90, 0.99) 0.03
Total cholesterol (mg/
o 1.00 (1.00, 1.00) 0.93 1.00 (1.00, 1.00) 0.50 1.00 (1.00, 1.00) 0.51
Lymphocytes (x10°/L) 1.01 (1.00, 1.02) 0.18 0.79 (0.63, 0.99) 0.04 1.01 (1.00, 1.02) <0.001
NLR 1.11 (1.06, 1.16) <0.0001 1.12 (1.06, 1.19) <0.001 1.14 (1.06, 1.22) <0.001
LMR 0.94 (0.89, 0.996) 0.03 0.82 (0.72, 0.93) 0.001 1.03 (0.99, 1.06) 0.15
CONUT 1.15 (1.07,1.22) <0.0001 1.21 (1.09, 1.34) <0.001 1.15 (0.99, 1.33) 0.06
SIS 1.42 (1.24, 1.63) <0.0001 1.74 (1.40, 2.15) <0.0001 1.57 (1.14,2.17) 0.01
NPS 0.95 (0.87, 1.03) 0.18 0.92 (0.79, 1.06) 0.26 0.98 (0.80, 1.21) 0.86

*Adjusted for adjusted for age, sex, race/ethnicity, BMI, education level, family income-poverty ratio, smoking status, alcohol status, physical activity, protein intake, UACR, eGFR, diabetes,
hypertension, CVD, and hyperuricemia.

Higher PNI vs.lower PNI
Subgroups Death/No. HR (95%CI) p value
Age < 60y 205/2252 —. 0.62(0.41,0.94)  0.03
Age>60y 1557/3847 —a— 0.81(0.70,0.94) 0.004
Female 788/3207 —a— 0.86(0.72,1.02) 0.09
Male 974/2892 —a— 0.74(0.60,0.90) 0.003
Non-Hispanic White 1129/2940 —a— 0.85(0.73,0.99) 0.03
Others 633/3159 —a— 0.65(0.51,0.83) <0.001
BMI <30 kg/m2 1033/3328 —a— 0.86(0.72,1.01) 0.07
BMI = 30 kg/m2 646/2636 —a— 0.69(0.55,0.87) 0.001
Non-smoker 731/2296 —a— 0.78(0.62,0.98) 0.03
Former smoker 750/1979 —— 0.77(0.62,0.95) 0.02
Current smoker 276/974 —a— 0.97(0.69,1.36) 0.85
DM
Yes 836/2443 —a— 0.83(0.67,1.03) 0.1
No 926/3656 —a— 0.78(0.64,0.94) 0.01
Hypertension
Yes 1465/4341 - 0.83(0.73,0.94) 0.003
No 297/1758 —— 0.71(0.52,0.97) 0.03
Hyperuricemia
Yes 729/2082 —— 0.83(0.68,1.03) 0.09
No 1032/4013 - 0.78(0.66,0.93) 0.01
Albumin<35g/L 109/214 t 1.56(0.25,9.89) 0.64
Albumin=35g/L 1653/5885 - 0.83(0.73,0.94) 0.004
eGFR<60 ml/min/1.73m> 1177/2942 —a— 0.85(0.73,0.98) 0.03
eGFR=60 ml/min/1.73m’ 585/3156 —a— 0.73(0.58,0.92) 0.01
('IJ 015 1 115
FIGURE 5
The relationship between PNI and all-cause mortality using Cox regression analysis in individuals with CKD in subgroups. Adjusted for age, sex, race/
ethnicity, BMI, education level, family income-poverty ratio, smoking status, alcohol status, physical activity, protein intake, UACR, eGFR, diabetes,
hypertension, CVD, and hyperuricemia.
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Other studies found that serum albumin was closely associated with CVD
including heart failure, stroke, and coronary artery disease, and overall
survival in CKD patients (34, 35). Blood lymphocytes, as the other factor
of the PNI, have been reported to be significantly related to all-cause
mortality in diabetes and cardiovascular diseases (36, 37). Furthermore,
among the analyzed markers, the NLR and MLR had shown a better
predictive ability for survival in patients with cancer (38) and acute kidney
injury (AKI) in patients with severe acute pancreatitis (39) compared to
the classic inflammatory factors such as high-sensitivity CRP and TNF-a.
Several studies suggested that increased NLR and MLR affected
glomerular injury and renal function in individuals with DKD (40-44).
Zhang et al. (45) and Liao et al. (46) discovered a close relationship
between higher NLR and MLR levels and all-cause mortality in
hemodialysis patients. In this study, the findings also demonstrated that
serum albumin, the NLR, and the MLR were independently related to
all-cause and CVD mortality in patients with CKD. However, the PN,
which incorporates albumin and lymphocytes, was the most reliable
indicator for predicting all-cause mortality in individuals diagnosed
with CKD.

Malnutrition is not uncommon in individuals with CKD, and
often along with obesity, which causes dual harm to patients (30).
Tsuda et al. (30) found that a lower PNI was independently related to
CVD in patients with a higher BMI, whereas this relationship did not
exist in individuals with a low BMI. Chien et al. (47) also suggested
that compared with lean individuals with malnutrition, obese
participants with undernutrition had a higher prevalence of CVD in
Taiwanese adults. In this study, we also found that a higher PNI was
significantly associated with a decreased mortality risk in individuals
with a higher BMI (>30kg/m?), but not in participants with a lower
BMI, which was similar to the findings of Tsuda et al. and Chien et al.

Intervention research on malnutrition in patients with CKD is
currently limited. Dietary interventions are the cornerstone in the
prevention and management of malnutrition in individuals with CKD
and are closely associated with PEW. In our study, we observed that
participants with CKD had lower energy and protein intake, as well as
a lower PNI compared to those without CKD. However, our Cox
regression analysis revealed that diet protein intake was not associated
with the risk of mortality in individuals with CKD. Whether
individuals with CKD (eGFR 30-60 mL/min/1.73 m?) should adhere
to a low protein diet (LPD) (48, 49) of 0.55-0.6 g/kg/day (without
diabetes) or 0.6-0.8 g/kg/day (with diabetes) to improve outcomes and
quality of life remains controversial. However, restricted protein intake
was considered to play an important role in malnutrition, PEW,
sarcopenia, and comorbidities in older individuals with CKD (50, 51).
Thus, a recent review endorsed by the European Society for Clinical
Nutrition and Metabolism (ESPEN) and the European Renal Nutrition
group of the European Renal Association (ERN-ERA) suggests
guiding clinical decisions for elderly patients with CKD with an
individual risk-benefit assessment (52, 53).

Nutrition, immunity, and chronic inflammation have been proven
to be closely related. Low-grade systemic inflammation is a well-
established cause of poor outcomes in CKD and CVD (54, 55)., which
could potentially lead to protein malnutrition and immune
dysfunction, further exacerbating inflammation and perpetuating a
detrimental cycle that accelerates the progression of disease (56-58).
These findings may partly explain why the PNI is the best indicator of
mortality in CKD. Interventions targeting both nutrition and
immuno-inflammation may reduce the risk of cardiovascular and
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all-cause mortality in CKD. Reducing inflammation through dietary
interventions appears to be a promising possibility. However, the most
suitable diet model to effectively reduce inflammation and improve
protein nutrition in humans remains uncertain.

This study’s advantages include its prospective study design and the
utilization of a nationally representative U.S. adult CKD sample,
thereby enhancing the generalizability of our findings. Furthermore,
the comprehensive data obtained from the NHANES allowed us to
adjust for numerous confounders, such as dietary and lifestyle factors
and socioeconomic status. However, several limitations should also
be considered. First, it should be noted that the diagnosis of CKD in
this study was established through a single assessment of eGFR and
UACR, rather than a longitudinal observation period of 3 months.
Nevertheless, the consistency of the results with the prevalence of CKD
suggests a degree of reliability. Second, certain potential confounding
factors, such as medication interventions, were not accounted for in the
analysis, which may have influenced the study outcomes. Third, our
primary focus was on the indicators that can simultaneously reflect
both nutritional and immune functions. Consequently, we did not
further investigate individual inflammatory factors, such as cytokines,
that exclusively reflect immune function. The selected indicators for
this study have advantages in terms of accessibility and holistic
assessment. However, they also have disadvantages such as limited
specificity and lack of mechanistic insights.

In brief, our study has evinced a noteworthy correlation between
elevated PNI levels and reduced all-cause and cardiovascular disease
mortality in a representative cohort of individuals with CKD in the
United States. These results lend credence to the potential clinical
applicability of the PNI as a tool for risk stratification and timely
intervention to avert premature mortality in this population.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found below: https://www.cdc.gov/nchs/nhanes/
index.htm.

Ethics statement

The studies involving humans were approved by NCHS Research
Ethics Review Board. The studies were conducted in accordance with
the local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

Author contributions

JZ: Conceptualization, Funding acquisition, Methodology,
Writing - original draft, Project administration. XX: Data curation,
Methodology, Supervision, Visualization, Writing - original draft. TH:
Investigation, Software, Validation, Formal analysis, Resources,
Writing - review & editing. YL: Supervision, Validation, Writing —
review & editing. PS: Conceptualization, Funding acquisition,
Validation, Writing - review & editing.

frontiersin.org


https://doi.org/10.3389/fnut.2023.1264618
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm

Zhang et al.

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 Sichuan Science and Technology Program of
Sichuan Province (No. 2023NSFSC1529), the Science and Technology
Foundation of Chengdu Medical College (No. CYZYB22-02), and the
Key R&D Program of the Department of Science and Technology of
Sichuan Province (2022YFS0600).

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.

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. (2020) 395:709-33. doi: 10.1016/S0140-6736(20)30045-3

2. James MT, Hemmelgarn BR, Tonelli M. Early recognition and prevention of chronic
kidney disease. Lancet. (2010) 375:1296-309. doi: 10.1016/50140-6736(09)62004-3

3. Botelho BE, Barreira AL, Leite M Jr, Morales MM. Chronic kidney disease:
challenges in translational medicine. Methods Mol Biol. (2023) 2575:61-75. doi:
10.1007/978-1-0716-2716-7_4

4. Nano J, Schéttker B, Lin JS, Huth C, Ghanbari M, Garcia PM, et al. Novel
biomarkers of inflammation, kidney function and chronic kidney disease in the general
population. Nephrol Dialysis Trans. (2022) 37:1916-26. doi: 10.1093/ndt/gfab294

5. Stevens PE, Levin A. Evaluation and management of chronic kidney disease: synopsis of
the kidney disease: improving global outcomes 2012 clinical practice guideline. Ann Intern
Med. (2013) 158:825-30. doi: 10.7326/0003-4819-158-11-201306040-00007

6. Speer T, Dimmeler S, Schunk SJ, Fliser D, Ridker PM. Targeting innate immunity-
driven inflammation in CKD and cardiovascular disease. Nat Rev Nephrol. (2022)
18:762-78. doi: 10.1038/s41581-022-00621-9

7. Graterol Torres F, Molina M, Soler-Majoral J, Romero-Gonzélez G, Rodriguez
Chitiva N, Troya-Saborido M, et al. Evolving concepts on inflammatory biomarkers and
malnutrition in chronic kidney disease. Nutrients. (2022) 14:4297. doi: 10.3390/
nul4204297

8. Ignacio de Ulibarri J, Gonzalez-Madrofio A, de Villar NG, Gonzalez P, Gonzélez B,
Mancha A, et al. CONUT: a tool for controlling nutritional status. First validation in a
hospital population. Nutricion Hosp. (2005) 20:38-45.

9. Muresan AV, Halmaciu I, Arbanasi EM, Kaller R, Arbanasi EM, Budiscid OA, et al.
Prognostic nutritional index, controlling nutritional status (CONUT) score, and
inflammatory biomarkers as predictors of deep vein thrombosis, acute pulmonary
embolism, and mortality in COVID-19 patients. Diagnostics. (2022) 12:12. doi: 10.3390/
diagnostics12112757

10. Galizia G, Auricchio A, de Vita E Cardella F, Mabilia A, Basile N, et al.
Inflammatory and nutritional status is a predictor of long-term outcome in patients
undergoing surgery for gastric cancer. Validation of the Naples prognostic score. Ann
Ital Chir. (2019) 90:404-16.

11. Doi S, Iwata H, Wada H, Funamizu T, Shitara J, Endo H, et al. A novel and simply
calculated nutritional index serves as a useful prognostic indicator in patients with
coronary artery disease. Int ] Cardiol. (2018) 262:92-8. doi: 10.1016/j.ijcard.2018.02.039

12. Otsuka R, Tange C, Nishita Y, Kato Y, Tomida M, Imai T, et al. Dietary diversity
and all-cause and cause-specific mortality in Japanese community-dwelling older adults.
Nutrients. (2020) 12:1052. doi: 10.3390/nu12041052

13.Wan Z, Guo J, Pan A, Chen C, Liu L, Liu G. Association of serum
25-hydroxyvitamin D concentrations with all-cause and cause-specific mortality among
individuals with diabetes. Diabetes Care. (2021) 44:350-7. doi: 10.2337/dc20-1485

14. Fowler JR, Tucker LA, Bailey BW, LeCheminant JD. Physical activity and insulin
resistance in 6,500 NHANES adults: the role of abdominal obesity. ] Obes. (2020)
2020:1-10. doi: 10.1155/2020/3848256

15. Standards of medical care in diabetes-2017 abridged for primary care providers.
Clin Diabetes. (2017) 35:5-26. doi: 10.2337/cd16-0067

16. KDIGO. Clinical practice guideline for the management of glomerular diseases.
Kidney Int. (2021) 100:S1-S276. doi: 10.1016/j.kint.2021.05.021

Frontiers in Nutrition

10

10.3389/fnut.2023.1264618

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/fnut.2023.1264618/
full#supplementary-material

17. Zhang ], Xiao X, Wu Y, Yang J, Zou Y, Zhao Y, et al. Prognostic nutritional index
as a predictor of diabetic nephropathy progression. Nutrients. (2022) 14:3634. doi:
10.3390/nu14173634

18.Johnson CL, Paulose-Ram R, Ogden CL, Carroll MD, Kruszon-Moran D,
Dohrmann SM, et al. National health and nutrition examination survey: analytic
guidelines, 1999-2010. Vital Health Stat Ser. (2013) 2:1-24.

19. Mirili C, Yilmaz A, Demirkan S, Bilici M, Basol Tekin S. Clinical significance of
prognostic nutritional index (PNI) in malignant melanoma. Int J Clin Oncol. (2019)
24:1301-10. doi: 10.1007/s10147-019-01461-7

20. Yamamoto T, Kawada K, Obama K. Inflammation-related biomarkers for the
prediction of prognosis in colorectal cancer patients. Int ] Mol Sci. (2021) 22:22. doi:
10.3390/ijms22158002

21. Wang D, Hu X, Xiao L, Long G, Yao L, Wang ZM, et al. Prognostic nutritional
index and systemic immune-inflammation index predict the prognosis of patients with
HCC. ] Gastrointest Surg. (2021) 25:421-7. doi: 10.1007/s11605-019-04492-7

22.Onodera T, Goseki N, Kosaki G. Prognostic nutritional index in gastrointestinal
surgery of malnourished cancer patients. Nihon Geka Gakkai Zasshi. (1984) 85:1001-5.

23. Hung KC, Ko CC, Wang LK, Liu PH, Chen IW, Huang YT, et al. Association of
prognostic nutritional index with severity and mortality of hospitalized patients with
COVID-19: a systematic review and meta-analysis. Diagnostics. (2022) 12:1515. doi:
10.3390/diagnostics12071515

24. Zhang S, Wang H, Chen S, Cai S, Zhou S, Wang C, et al. Prognostic nutritional
index and prognosis of patients with coronary artery disease: a systematic review and
meta-analysis. Front Nutr. (2023) 10:1114053. doi: 10.3389/fnut.2023.1114053

25.LiD, Chen Z, He W, Lin L, Xu T, Jiang H, et al. The association between nutritional
risk and contrast-induced acute kidney injury in patients undergoing coronary
angiography: a cross-sectional study. Nutr J. (2022) 21:56. doi: 10.1186/
512937-022-00810-z

26. Barutcu Atas D, Tugcu M, Asicioglu E, Velioglu A, Arikan H, Koc M, et al.
Prognostic nutritional index is a predictor of mortality in elderly patients with chronic
kidney disease. Int Urol Nephrol. (2022) 54:1155-62. doi: 10.1007/s11255-021-03002-6

27.Zhang J, Chen Y, Zou L, Gong R. Prognostic nutritional index as a risk factor for
diabetic kidney disease and mortality in patients with type 2 diabetes mellitus. Acta
Diabetol. (2023) 60:235-45. doi: 10.1007/s00592-022-01985-x

28.Zhou H, Chao W, Cui L, Li M, Zou Y, Yang M. Controlling nutritional status
(CONUT) score as immune-nutritional predictor of outcomes in patients undergoing
peritoneal dialysis. Clin Nutr. (2020) 39:2564-70. doi: 10.1016/j.cInu.2019.11.018

29. Takagi K, Takahashi H, Miura T, Yamagiwa K, Kawase K, Muramatsu-Maekawa
Y, et al. Prognostic value of the controlling nutritional status (CONUT) score in patients
at dialysis initiation. Nutrients. (2022) 14:2317. doi: 10.3390/nu14112317

30. Tsuda S, Nakayama M, Tanaka S, Haruyama N, Yoshitomi R, Fukui A, et al. The
association of controlling nutritional status score and prognostic nutritional index with

cardiovascular diseases: the Fukuoka kidney disease registry study. J Atheroscler Thromb.
(2023) 30:390-407. doi: 10.5551/jat.63501

31. Arques S. Human serum albumin in cardiovascular diseases. Eur J Intern Med.
(2018) 52:8-12. doi: 10.1016/j.ejim.2018.04.014

32.Zhang J, Zhang R, Wang Y, Li H, Han Q, Wu Y, et al. The level of serum albumin
is associated with renal prognosis in patients with diabetic nephropathy. ] Diabetes Res.
(2019) 2019:1-9. doi: 10.1155/2019/7825804

frontiersin.org


https://doi.org/10.3389/fnut.2023.1264618
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2023.1264618/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2023.1264618/full#supplementary-material
https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1016/S0140-6736(09)62004-3
https://doi.org/10.1007/978-1-0716-2716-7_4
https://doi.org/10.1093/ndt/gfab294
https://doi.org/10.7326/0003-4819-158-11-201306040-00007
https://doi.org/10.1038/s41581-022-00621-9
https://doi.org/10.3390/nu14204297
https://doi.org/10.3390/nu14204297
https://doi.org/10.3390/diagnostics12112757
https://doi.org/10.3390/diagnostics12112757
https://doi.org/10.1016/j.ijcard.2018.02.039
https://doi.org/10.3390/nu12041052
https://doi.org/10.2337/dc20-1485
https://doi.org/10.1155/2020/3848256
https://doi.org/10.2337/cd16-0067
https://doi.org/10.1016/j.kint.2021.05.021
https://doi.org/10.3390/nu14173634
https://doi.org/10.1007/s10147-019-01461-7
https://doi.org/10.3390/ijms22158002
https://doi.org/10.1007/s11605-019-04492-7
https://doi.org/10.3390/diagnostics12071515
https://doi.org/10.3389/fnut.2023.1114053
https://doi.org/10.1186/s12937-022-00810-z
https://doi.org/10.1186/s12937-022-00810-z
https://doi.org/10.1007/s11255-021-03002-6
https://doi.org/10.1007/s00592-022-01985-x
https://doi.org/10.1016/j.clnu.2019.11.018
https://doi.org/10.3390/nu14112317
https://doi.org/10.5551/jat.63501
https://doi.org/10.1016/j.ejim.2018.04.014
https://doi.org/10.1155/2019/7825804

Zhang et al.

33. Bundschuh I, Jickle-Meyer I, Liineberg E, Bentzel C, Petzoldt R, Stolte H.
Glycation of serum albumin and its role in renal protein excretion and the development
of diabetic nephropathy. Eur J Clin Chem Clin Biochem. (1992) 30:651-6.

34. Sun J, Axelsson J, Machowska A, Heimbiirger O, Barany P, Lindholm B, et al.
Biomarkers of cardiovascular disease and mortality risk in patients with advanced CKD.
Clin ] Am Soc Nephrol. (2016) 11:1163-72. doi: 10.2215/CJN.10441015

35.Sun J, Su H, Lou Y, Wang M. Association between serum albumin level and all-
cause mortality in patients with chronic kidney disease: a retrospective cohort study. Am
J Med Sci. (2021) 361:451-60. doi: 10.1016/j.amjms.2020.07.020

36. Cardoso CRL, Leite NC, Salles GE. Importance of hematological parameters for micro-
and macrovascular outcomes in patients with type 2 diabetes: the Rio de Janeiro type 2
diabetes cohort study. Cardiovasc Diabetol. (2021) 20:133. doi: 10.1186/s12933-021-01324-4

37.Warny M, Helby ], Nordestgaard BG, Birgens H, Bojesen SE. Incidental
lymphopenia and mortality: a prospective cohort study. Can Med Assoc J. (2020)
192:E25-33. doi: 10.1503/cmaj.191024

38.Huang H, Liu Q, Zhu L, Zhang Y, Lu X, Wu Y, et al. Prognostic value of
preoperative systemic immune-inflammation index in patients with cervical cancer. Sci
Rep. (2019) 9:3284. doi: 10.1038/541598-019-39150-0

39.Lu L, Feng Y, Liu YH, Tan HY, Dai GH, Liu SQ, et al. The systemic immune-
inflammation index may be a novel and strong marker for the accurate early prediction
of acute kidney injury in severe acute pancreatitis patients. J Investig Surg. (2022)
35:962-6. doi: 10.1080/08941939.2021.1970864

40. Khandare SA, Chittawar S, Nahar N, Dubey TN, Qureshi Z. Study of neutrophil-
lymphocyte ratio as novel marker for diabetic nephropathy in type 2 diabetes. Indian |
Endocrinol Metabolism. (2017) 21:387-92. doi: 10.4103/ijem.IJEM_476_16

41.Zhang J, Zhang R, Wang Y, Wu Y, Li H, Han Q, et al. Effects of neutrophil-
lymphocyte ratio on renal function and histologic lesions in patients with diabetic
nephropathy. Nephrology. (2019) 24:1115-21. doi: 10.1111/nep.13517

42. Wheelock KM, Saulnier PJ, Tanamas SK, Vijayakumar P, Weil EJ, Looker HC, et al.
White blood cell fractions correlate with lesions of diabetic kidney disease and predict
loss of kidney function in type 2 diabetes. Nephrol Dialysis Trans. (2018) 33:1001-9. doi:
10.1093/ndt/gfx231

43. Huang W, Huang J, Liu Q, Lin E, He Z, Zeng Z, et al. Neutrophil-lymphocyte ratio
is a reliable predictive marker for early-stage diabetic nephropathy. Clin Endocrinol.
(2015) 82:229-33. doi: 10.1111/cen.12576

44. Huang Q, Wu H, Wo M, Ma J, Fei X, Song Y. Monocyte-lymphocyte ratio is a
valuable predictor for diabetic nephropathy in patients with type 2 diabetes. Medicine.
(2020) 99:¢20190. doi: 10.1097/MD.0000000000020190

45. Zhang J, Lu X, Wang S, Li H. High neutrophil-to-lymphocyte ratio and platelet-
to-lymphocyte ratio are associated with poor survival in patients with hemodialysis.
Biomed Res Int. (2021) 2021:1-6. doi: 10.1155/2021/9958081

Frontiers in Nutrition

11

10.3389/fnut.2023.1264618

46. Liao J, Wei D, Sun C, Yang Y, Wei Y, Liu X. Prognostic value of the combination of
neutrophil-to-lymphocyte ratio, monocyte-to-lymphocyte ratio and platelet-to-
lymphocyte ratio on mortality in patients on maintenance hemodialysis. BMC Nephrol.
(2022) 23:393. doi: 10.1186/s12882-022-03020-1

47.Chien SC, Chandramouli C, Lo CI, Lin CE Sung KT, Huang WH, et al.
Associations of obesity and malnutrition with cardiac remodeling and cardiovascular
outcomes in Asian adults: a cohort study. PLoS Med. (2021) 18:e1003661. doi: 10.1371/
journal.pmed.1003661

48. Ikizler TA, Burrowes JD, Byham-Gray LD, Campbell KL, Carrero JJ, Chan W, et al.
KDOQI clinical practice guideline for nutrition in CKD: 2020 update. Am ] Kidney Dis.
(2020) 76:51-S107. doi: 10.1053/j.ajkd.2020.05.006

49. Villain C, Wagner S, Koppe L. Elderly patients with chronic kidney disease:
towards a better control of protein intake. Nephrol Dialysis Trans. (2023) 38:2420-2. doi:
10.1093/ndt/gfad129

50. Oliveira EA, Zheng R, Carter CE, Mak RH. Cachexia/protein energy wasting
syndrome in CKD: causation and treatment. Semin Dial. (2019) 32:493-9. doi: 10.1111/
sdi. 12832

51. Hanna RM, Ghobry L, Wassef O, Rhee CM, Kalantar-Zadeh K. A practical
approach to nutrition, protein-energy wasting, sarcopenia, and Cachexia in patients with
chronic kidney disease. Blood Purif. (2020) 49:202-11. doi: 10.1159/000504240

52.Rhee CM, Wang AY, Biruete A, Kistler B, Kovesdy CP, Zarantonello D, et al.
Nutritional and dietary management of chronic kidney disease under conservative and
preservative kidney care without dialysis. J Renal Nutr. (2023). doi: 10.1053/j.
j1.2023.06.010

53. Piccoli GB, Cederholm T, Avesani CM, Bakker SJL, Bellizzi V, Cuerda C, et al.
Nutritional status and the risk of malnutrition in older adults with chronic kidney
disease - implications for low protein intake and nutritional care: a critical review
endorsed by ERN-ERA and ESPEN. Clin Nutr. (2023) 42:443-57. doi: 10.1016/j.
clnu.2023.01.018

54. 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

55. Alfaddagh A, Martin SS, Leucker TM, Michos ED, Blaha MJ, Lowenstein CJ, et al.
Inflammation and cardiovascular disease: from mechanisms to therapeutics. Am |
Preven Cardiol. (2020) 4:100130. doi: 10.1016/j.ajpc.2020.100130

56. Shang S, Huang Y, Zhan X, Peng F, Wang X, Wen Y, et al. The relationship between
the prognostic nutritional index and new-onset pneumonia in peritoneal dialysis
patients. Int Urol Nephrol. (2022) 54:3017-24. doi: 10.1007/s11255-022-03233-1

57.Zha Y, Qian Q. Protein nutrition and malnutrition in CKD and ESRD. Nutrients.
(2017) 9:208. doi: 10.3390/nu9030208

58. Hickey FB, Martin E Diabetic kidney disease and immune modulation. Curr Opin
Pharmacol. (2013) 13:602-12. doi: 10.1016/j.coph.2013.05.002

frontiersin.org


https://doi.org/10.3389/fnut.2023.1264618
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.2215/CJN.10441015
https://doi.org/10.1016/j.amjms.2020.07.020
https://doi.org/10.1186/s12933-021-01324-4
https://doi.org/10.1503/cmaj.191024
https://doi.org/10.1038/s41598-019-39150-0
https://doi.org/10.1080/08941939.2021.1970864
https://doi.org/10.4103/ijem.IJEM_476_16
https://doi.org/10.1111/nep.13517
https://doi.org/10.1093/ndt/gfx231
https://doi.org/10.1111/cen.12576
https://doi.org/10.1097/MD.0000000000020190
https://doi.org/10.1155/2021/9958081
https://doi.org/10.1186/s12882-022-03020-1
https://doi.org/10.1371/journal.pmed.1003661
https://doi.org/10.1371/journal.pmed.1003661
https://doi.org/10.1053/j.ajkd.2020.05.006
https://doi.org/10.1093/ndt/gfad129
https://doi.org/10.1111/sdi.12832
https://doi.org/10.1111/sdi.12832
https://doi.org/10.1159/000504240
https://doi.org/10.1053/j.jrn.2023.06.010
https://doi.org/10.1053/j.jrn.2023.06.010
https://doi.org/10.1016/j.clnu.2023.01.018
https://doi.org/10.1016/j.clnu.2023.01.018
https://doi.org/10.1161/CIRCRESAHA.122.321749
https://doi.org/10.1016/j.ajpc.2020.100130
https://doi.org/10.1007/s11255-022-03233-1
https://doi.org/10.3390/nu9030208
https://doi.org/10.1016/j.coph.2013.05.002

	Relationship between immune nutrition index and all-cause and cause-specific mortality in U.S. adults with chronic kidney disease
	Highlights
	1. Introduction
	2. Materials and methods
	2.1. Study population
	2.2. Clinical and laboratory data
	2.3. Assessment for immunonutrition indices
	2.4. Study outcomes
	2.5. Statistical analyses

	3. Results
	3.1. Features of the study population with or without CKD
	3.2. Relationship between immunonutrition indices and CKD
	3.3. Association between the PNI and mortality in CKD
	3.4. Other immunonutrition indices and mortality in CKD

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

