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The C-reactive protein/albumin
ratio as a nutritional biomarker in
maintenance hemodialysis
patients: a cross-sectional study
of malnutrition-inflammation
status assessment
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'Department of Nephrology, The Affiliated Hospital of Southwest Medical University, Luzhou, China,
2Sichuan Clinical Research Center for Nephropathy, Luzhou, China

Background: The C-reactive protein to albumin ratio (CAR) is a biomarker
associated with various diseases; however, its significance in maintenance
hemodialysis (MHD) patients remains unclear. This study sought to explore the
relationship between the Malnutrition-Inflammation Score (MIS) and CAR in
this population.

Methods: In a cross-sectional study, 231 adult MHD patients were enrolled and
categorized into high (n = 98) and low (n = 133) MIS groups based on an optimala
cutoff value of 7. Detailed analyses were conducted on the MIS, biochemical
parameters, and other biomarker ratios to assess their relationships.

Results: Significant differences were observed in albumin, CRP, CAR, and RAR
levels (all p < 0.05). A significant association was observed between CAR and
MIS with MIS (OR 1.05 p < 0.001). The area under the receiver operating
characteristic curve (AUROC) for CAR in identifying nutritional and inflammatory
risk was 73.85%, with an optimal cutoff value of 2.158. A non-linear relationship
was also identified between MIS and CAR.

Conclusion: CAR is independently associated with the MIS in MHD patients and
may serve as a valuable biomarker, underscoring its potential value for clinical
nutritional management of this patient population.

KEYWORDS

hemodialysis, malnutrition-inflammation score, protein-energy wasting, C-reactive
protein to albumin ratio, end-stage renal disease

1 Introduction

Hemodialysis (HD) is the primary renal replacement therapy for patients with end-
stage renal disease (ESRD). Despite its effectiveness, patients on maintenance hemodialysis
(MHD) often develop a series of complications in the later stages of treatment. Among
these, malnutrition and inflammation are common and interrelated complications that
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significantly affect patient outcomes. These conditions not only
independently elevate the risk of adverse cardiovascular events
and all-cause mortality but also interact through complex
pathophysiological pathways to form a vicious cycle, further
deteriorating prognosis (1, 2).

It is now understood that the chronic inflammatory state in HD
patients is primarily driven by factors such as the accumulation of
uremic toxins, repeated exposure to biocompatibility-mismatched
dialyzers, and heightened susceptibility to infections (3-5).
Malnutrition, a prevalent condition in this population, arises
through mechanisms including inadequate protein intake, amino
acid loss during dialysis, intestinal absorption dysfunction, and
increased metabolic demands (6-10). Notably, malnutrition itself
compromises immune function, thereby elevating the risk of
infection and further exacerbating the inflammatory response. For
example, hypoalbuminemia reduces the transport of antioxidants
(e.g., glutathione), promoting reactive oxygen species (ROS)
accumulation that activates the nuclear factor-kB (NF-kB) pathway,
thereby exacerbating inflammation (11, 12).

In recent years, protein-energy wasting (PEW), defined as
the loss of body protein mass and energy reserves in HD
patients, has emerged as a significant clinical concern characterized
by low serum albumin, transferrin, or cholesterol levels, and
unintentional weight loss (13). PEW represents a prevalent issue
among individuals undergoing HD, with improved nutritional
status linked to significantly reduced mortality and additional
clinical benefits (14, 15). Consequently, nutritional management
is crucial in the therapeutic care of HD patients. To effectively
identify nutritional risk, researchers recommend the use of multiple
assessment tools, such as the Subjective Global Assessment (SGA),
Malnutrition-Inflammation Score (MIS), and Geriatric Nutritional
Risk Index (GNRI). These instruments have been validated
as reliable methods for predicting patient outcomes (16-18).
Among these, the MIS, which incorporates biochemical indices,
anthropometric measurements, and subjective clinical evaluations,
has shown the most robust predictive power for PEW (19).

However, traditional nutritional indices such as serum albumin
(ALB) have significant limitations: First, due to its long half-life,
ALB cannot accurately reflect real-time changes in nutritional
status; Besides, a decline in ALB levels during inflammation
primarily stems from synthesis inhibition and distribution
abnormalities rather than simple nutritional deficiency, such that
hypoalbuminemia can be regarded as an inflammatory marker (20,
21). Moreover, C-reactive protein (CRP), a classic inflammatory
marker, is sensitive to inflammatory activity but does not directly
assess nutritional status. Studies have demonstrated a significant
negative correlation between ALB and CRP in HD patients (r = -
0.311, p < 0.01) (22), suggesting that these two markers collectively
reflect a combined nutritional and inflammatory status.

While existing scores exhibit good performance in predicting
PEW, their calculation remains complex. In recent years, composite
biomarkers such as the C-reactive protein to albumin ratio (CAR),
red blood cell distribution width to albumin ratio (RAR), and
platelet to albumin ratio (PAR) have attracted significant interest.
These novel biomarkers have demonstrated predictive potential in
diverse diseases, including renal cell carcinoma (23), sepsis (24),
coronary atherosclerotic heart disease (25), diabetes (25), and IgA
nephropathy (26). Building upon the above findings, this study
aims to systematically investigate the efficacy of CAR as a biomarker
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for PEW in HD patients and to explore the predictive role of
composite indices in assessing MIS.

2 Materials and methods

2.1 Data sources and study population

This study enrolled patients who received maintenance
hemodialysis at the Affiliated Hospital of Southwest Medical
University in January 2025. The inclusion criteria were patients
with a definitive diagnosis of stage 5 chronic kidney disease
and those who required long-term maintenance hemodialysis
treatment. Exclusion criteria encompassed severe infections,
surgical procedures, receiving in-hospital dialysis, missing data,
and pregnancy. Ultimately, a total of 231 eligible patients were
enrolled in the study (Figure 1).

2.2 Malnutrition-inflammation score

The MIS is a comprehensive scoring system utilized for the
assessment of malnutrition and inflammatory status. The MIS
comprises ten components, encompassing weight change, dialysis
duration, coexisting diseases, Body Mass Index (BMI), laboratory
indices, and subjective signs. Each scoring item is scored on a scale
of 0 to 3, with 0 (indicating a normal condition) to 3 (indicating a
severe state of malnutrition and inflammation). During the scoring
process, all subjective assessments of the MIS are conducted by two
physicians. In cases of discrepancy in the scores, a second round of
scoring was conducted following a discussion. Based on established
literature, MIS > 7 was defined as PEW (27, 28).

A total of 428 patients from the Dialysis
Center of the Affiliated Hospital of
Southwest Medical University were
enrolled in the study during January
2025.

Exclusion criteria:
1. Patients receiving in-hospital dialysis;
2. Patients with missing data

Final sample 231 Maintenance
hemodialysis patients

[

Low MIS=133

High MIS=98

FIGURE 1

Research flowchart. A total of 428 patients undergoing
maintenance hemodialysis (MHD) were initially assessed for
eligibility. According to the predefined inclusion and exclusion
criteria, 197 patients were excluded, resulting in 231 patients being
included in the final analysis. These patients were categorized into a
low MIS group (n = 133) and a high MIS group (n = 98) based on a
cutoff score of 7. MIS, Malnutrition Inflammation Score.
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Two experienced physicians independently evaluated the
subjective components of the MIS. Prior to the study, both
physicians were trained using the standard MIS assessment
guidelines to ensure a consistent understanding of the criteria,
particularly for subjective items. All scoring was performed
blinded to the patients’ laboratory results, including CRP and
albumin levels. Any discrepancies in scores were resolved through
discussion until a consensus was reached. Inter-rater reliability was
assessed using Cohen’s kappa statistic, which showed very good
agreement (k = 0.85).

2.3 Measurement of CAR, RAR, and PAR

Inflammation markers and nutritional parameters were used to
identify correlations for predicting the nutritional status of MHD
patients. These composite indicators are calculated as follows:
CAR = CRP level (mg/L)/albumin level (mg/dL), RAR = red blood
cell distribution width (fL)/albumin level (mg/dL), PAR = platelet
(*10°/L)/albumin level (mg/dL).

2.4 Statistical analysis

In this study, the enrolled patients were divided into a high-
MIS group and a low-MIS group based on a cutoft value of 7,
with the distribution of baseline data compared between the two
groups. Descriptive statistics were reported as frequencies and
proportions for categorical variables and as medians (IQR) or
means (SD) for continuous variables. Categorical variables were
presented as percentages (%). According to the normality test
and analysis of variance, an independent samples ¢-test, Mann-
Whitney U test or chi-square (x2) test was used to compare the
differences between participants with high MIS and low MIS. The
univariate logistic regression model was used to evaluate the odds
ratio (OR) of the association between variables and nutritional risk,
as well as the 95% confidence interval (CI). Variables with a p <
0.05 were included in the multivariate analysis. Receiver operating
characteristic (ROC) curve analysis was employed to explore the
predictive performance of CAR, CRP, and ALB in predicting MIS
values. The Youden index was utilized to determine the optimal
cut-off point for CAR prediction, and the restricted cubic spline
(RCS) plot was used to evaluate the association between CAR and
MIS scores. All probabilities were calculated using two-tailed tests,
with the significance level set at 0.05.

Statistical analysis was performed using SPSS (Version 24.0).
The ROC curves were generated by Graph Prism 8.0. The RCS
curves were plotted using R (4.4.3) and Zstats v1.0.!

2.5 Ethical approval

Ethical approval for this cross-sectional study was granted
by The Affiliated Hospital of Southwest Medical University
(KY2025167). The need for informed consent was waived due to
the use of de-identified patient data.

1 www.zstats.net
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3 Results

3.1 Patients

A total of 428 patients undergoing MHD were initially
screened. Based on the established inclusion and exclusion criteria,
231 patients were ultimately selected for analysis (Figure 1).
Patients were categorized into two groups according to their MIS: a
low MIS group (n = 133, 57.6%) and a high MIS group (n = 98,
42.4%). The baseline demographic and clinical characteristics
of these groups are detailed in Table 1. Both groups exhibited
comparable characteristics in terms of dialysis vintage, dry weight,
and BMI (p > 0.05). However, patients in the high MIS score
group were significantly older than those in the low MIS score
group (p < 0.05). Regarding laboratory indicators, the low MIS
score group demonstrated significantly lower levels of white blood
cells, monocytes, eosinophils, and CRP compared to the high MIS
score group (p < 0.05). Conversely, the levels of transferrin, blood
urea nitrogen, creatinine, uric acid, albumin, and prealbumin were
significantly higher in the low MIS score group than in the high
MIS score group (p < 0.05).

3.2 Univariate and multivariable
regression analyses

The results of the univariate and multivariate logistic regression
analyses are presented in Table 2. The indicators with a p < 0.05 in
the univariate logistic regression were included in the multivariate
analysis. The variance inflation factor (VIF) was calculated to adjust
for multicollinearity. In the multivariate logistic regression model,
both CAR and RAR were positively correlated with the incidence
of nutritional risk. For every one-unit increase in CAR, there were
50.2% higher odds of having a moderate to severe risk of PEW
(as reflected by MIS) (OR = 1.502; 95% CI: 1.22-1.85; p < 0.001;
Table 2). For every one-unit increase in RAR, the risk of occurrence
increased by 26.3% (OR = 1.263; 95% CI: 1.04-1.54; p = 0.019;
Table 2).

3.3 ROC curve analysis

Next, the ROC curves for CAR, RAR, C-reactive protein,
and serum albumin were plotted (Figure 2). Their predictive
performance is shown in Table 3. The CAR yielded the best
predictive performance, with an area under the curve (AUC) of
73.85% (95% CI: 67.17-80.53%), and an optimal cut-off value of
2.158, associated with a sensitivity of 53.06% and a specificity of
88.72%.

3.4 Non-linear relationship between CAR

and MIS score and its threshold

An RCS curve was plotted to clarify the non-linear
relationship between MIS and CAR (p = 0.007). The
relationship demonstrated an inflection point at a CAR
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TABLE 1 Comparison of baseline characteristics between maintenance hemodialysis (MHD) patients with low and high
malnutrition-inflammation score (MIS).

Variable Low MIS (n = 133) High MIS (n = 98) t/Z/X2 p
Age ‘ 55(46-61) ‘ 60(53-71.5) ‘ -4.084 ‘ < 0.001
Sex, n (%)

Male 81 57 0.176 0.675

Famale 52 41
Height (cm) 164(157-170) 158(161.5-168) -1.104 0.269
Dialysis age (y) 5(2-8) 4(1.5-6.5) -2.202 0.028
Dry weight (Kg) 60(52.7-69.0) 61.75(52.25-68.45) -0.124 0.902
BMI 22.41(20.90-25.02) 22.78(20.55-26.14) -0.219 0.827
Kt/vV 1.38(1.21-1.63) 1.44(1.28-1.61) -1.126 0.220
DM

No 98 60 4.053 0.044

Yes 35 38
RET-He (pg) 31.70(29.40-33.30) 30.95(28.90-32.90) 1338 0.181
Hemoglobin (g/dL) 11.05 £ 1.50 10.73 +1.38 1.668 0.097
White blood cell 5.80(4.87-7.14) 6.18(5.20-7.54) -1.136 0.256
Lymphocyte (*10°/L) 1.04 £ 0.35 1.05 4 0.37 -0.491 0.624
Monocyte (*10°/L) 0.46(0.35-0.58) 0.51(0.39-0.63) -2.057 0.040
Neutrophil (*10°/L) 4.03(3.36-5.19) 4.40(3.50-5.38) -1.092 0.275
RBC (*10°/L) 3.63(3.31-3.94) 3.56(3.22-3.92) -0.803 0.422
Eosinophil (*10°/1) 0.21(0.13-0.31) 0.21(0.14-0.33) -0.005 0.996
Platelet (*10°/L) 177(143-215) 179(134-219) -0.354 0.724
MPV (fL) 10.30(9.70-10.90) 10.4(9.90-11.00) -0.950 0.342
RDW (fL) 48.60(45.80-51.20) 50.55(46.35-54.00) -2.922 0.003
MCH (pg) 30.40(29.05-31.70) 30.40(29.05-31.85) -0.255 0.799
MCV (fL) 95.10(92.40-98.80) 96.80(92.45-100.30) -0.901 0.367
Ferritin (ng/mL) 115.38(46.38-226.41) 144027(52.40-238.41) -0.685 0.493
Transferrin (g/L) 1.70(1.09-2.19) 1.37(0.82-1.71) -3.271 0.001
Serum iron (pumol/L) 11.10(8.60-14.25) 10.80(7.90-14.25) -1.146 0.252
Urea nitrogen (mmol/L) 27.99(23.13-31.94) 24.56(19.96-28.76) -3.501 < 0.001
Creatinine (umol/L) 1073.29 £ 266.41 888.10 £ 254.57 5211 < 0.001
Uric acid (pumol/L) 466.20(407.40-538.30) 421.80(363.80-483.65) -3.002 0.003
Total protein (g/dL) 67.94 + 4.63 66.31 £5.35 2,510 0.013
Albumin (g/dL) 3.96(3.83-4.12) 3.76(3.58-3.92) -6.098 < 0.001
LDL-C (mmol/L) 2.10(1.59-2.76) 1.66(1.03-2.06) -0.781 0.435
Total cholesterol (mmol/L) 3.53(2.88-4.30) 3.34(2.65-4.32) -0.623 0.533
Triglyceride 1.70(1.17-2.44) 1.66(1.03-2.06) -1.366 0.172
Prealbumin (g/L) 3.29 £ 0.66 2.84 £+ 0.68 4.989 < 0.001
CRP (mg/L) 2.30(1.20-5.20) 8.25(2.35-15.1) -6.157 < 0.001
CAR 0.56(0.31-1.31) 2.26(0.61-4.12) 6.139 <0.001
RAR 12.23(11.28-13.22) 13.62(12.46-15.06) -5.598 < 0.001
PAR 44.62(36.72-54.24) 46.16(35.40-58.00) -0.798 0.425

Data are presented as mean + standard deviation, median (interquartile range), or number (percentage), as appropriate. Comparisons were made using the independent samples ¢-test, Mann-
Whitney U test, or chi-square test. BMI, body mass index; DM, diabetes mellitus; RET-He, reticulocyte hemoglobin equivalent; RBC, red blood cell count; MPV, mean platelet volume; RDW, red
cell distribution width; MCH, mean corpuscular hemoglobin; MCV, mean corpuscular volume; LDL-C, low-density lipoprotein cholesterol; CRP, C-reactive protein; CAR, C-reactive protein
to albumin ratio; RAR, red cell distribution width to albumin ratio; PAR, platelet to albumin ratio. p < 0.05 was considered statistically significant.
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TABLE 2 Univariate and multivariate logistic regression analyses of factors associated with high malnutrition-inflammation score (MIS) in maintenance

hemodialysis patients.

Univariate analysis

Multivariate analysis

Covariates OR (95% Cl) Adjusted OR
(95% ClI)

Age 1.042(1.020-1.064) < 0.001
Sex

Famale 1 0.675

Male 1.120(0.659-1.906)
Height 0.980(0.947-1.014) 0.243
Kt/V 1.381(0.759-2.512) 0.291
Dialysis age 0.910(0.847-0.977) 0.01
Dry weight 1.000(0.979-1.020) 0.951
BMI 1.036(0.969-1.106) 0.301
DM

No 1 0.045

Yes 1.773(1.013-3.106)
CRP 1.152(1.092-1.216) < 0.001
ALB 0.025(0.007-0.089) < 0.001
CAR 1.670(1.370-2.035) < 0.001 1.502(1.218-1.852) < 0.001
RAR 1.582(1.334-1.877) <0.001 1.263(1.040-1.535) 0.019
PAR 1.011(0.996-1.026) 0.165

Variables with a p < 0.05 in the univariate analysis were included in the multivariate model. The variance inflation factor (VIF) was calculated to adjust for multicollinearity. OR, odds ratio;
CI, confidence interval; Kt/V; dialysis adequacy; BMI, body mass index; DM, diabetes mellitus; CRP, C-reactive protein; ALB, albumin; CAR, C-reactive protein to albumin ratio; RAR, red cell
distribution width to albumin ratio; PAR, platelet to albumin ratio. p < 0.05 was considered statistically significant.

ROC Curve
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FIGURE 2

Receiver operating characteristic (ROC) curves of biomarkers for
predicting high malnutrition-inflammation score (MIS) in
maintenance hemodialysis (MHD) patients. The ROC curves
compare the performance of the C-reactive protein to albumin
ratio (CAR), the red blood cell distribution width to albumin ratio
(RAR), C-reactive protein (CRP) alone, and albumin (ALB) alone. The
diagonal line represents the reference line of no discriminative
ability (AUC = 0.5). The area under the curve (AUC) for each
biomarker is presented in the inset table alongside its optimal cutoff
value, sensitivity, and specificity. CAR demonstrated the highest AUC
(73.85%, 95% Cl: 67.17-80.53%) for identifying patients with MIS > 7.

of 0.8184, with correlation  observed
below this threshold and a positive correlation above it

(Figure 3).

value a negative
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4 Discussion

This cross-sectional study was conducted to investigate
PEW in MHD patients at our medical center, with the primary
objective of elucidating the intricate associations among the CAR,
nutritional status, and inflammation. The MIS was employed to
comprehensively assess the nutritional and inflammatory risks of
the patients. Notably, a significant independent correlation was
identified between CAR levels and the presence of nutritional
and inflammatory risks in MHD patients. Specifically, each
unit increase in CAR was associated with 50.2% higher
odds (OR = 1.502) of nutritional risk (as defined by MIS).
Importantly, even after adjustment for potential multicollinearity,
this correlation remained statistically significant and robust,
demonstrating the reliability of our findings. To further evaluate
the predictive capacity of CAR for nutritional risk, an ROC
curve was constructed. Among the biomarkers evaluated, CAR
demonstrated the highest predictive value for MIS, with an
AUC of 73.85% (95% CI: 67.17-80.53%), indicating moderate
discriminative ability. ROC analysis revealed that CAR possesses
high specificity (88.72%) but modest sensitivity (53.06%) at its
optimal cutoff. This performance profile underscores its potential
role and limitations within the context of a cross-sectional
association. The high specificity indicates that an elevated CAR
(> 2.158) is strongly associated with a high MIS score, effectively
helping to identify the risk of PEW with a low false-positive
rate. This associative strength suggests CAR could be a useful
adjunctive measure for confirming the presence of PEW in clinical
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TABLE 3 Predictive performance of biomarkers for high malnutrition-inflammation score (MIS).

Sensitivity (%) | Specificity (%) | AUC (95%Cl)
CAR

53.06 88.72 73.85(67.17-80.53) 0.418 2.158 < 0.0001
RAR 72.45 66.17 71.56(64.71-78.41) 0.386 12.63 < 0.0001
CRP 53.06 88.72 73.71(67.01-50.40) 0.418 8 < 0.0001
ALB 65.31 72.93 73.48(66.85-80.11) 0.382 3.845 < 0.0001

The area under the curve (AUC), optimal cut-off value, sensitivity, specificity, and Youden index for each biomarker are shown. CAR, C-reactive protein to albumin ratio; RAR, red cell

distribution width to albumin ratio; CRP, C-reactive protein; ALB, albumin; AUC, area under the curve; CI, confidence interval.

practice. Conversely, its suboptimal sensitivity indicates that a
low CAR value cannot reliably rule out a high MIS, as nearly
half of the patients with high scores would not be identified by
this marker alone, given that the MIS incorporates multifaceted
components beyond systemic inflammation and albumin status.
Therefore, while a significant cross-sectional association exists,
our study design cannot establish causality, and CAR should not
be interpreted as a causative factor or a standalone screening tool.
Instead, its utility may lie in being part of a broader multimodal
assessment strategy to estimate the likelihood of protein-energy
wasting. In addition, restricted cubic spline analysis revealed a
non-linear relationship between the CAR and nutritional risk.
When the CAR values were stratified using a threshold of 0.8184, a
distinct bifurcation in the correlation emerged. Specifically, when
CAR levels were below 0.8184, an increase in CAR was associated
with a decreasing probability of nutritional risk. Conversely,
once CAR reached or exceeded 0.8184, a positive correlation was
observed, where increasing CAR values corresponded to a higher
likelihood of nutritional risk. This observation highlights a non-
linear relationship between CAR and nutritional status in MHD
patients. Collectively, these findings highlight the potential of CAR
as a valuable biomarker for predicting nutritional risk in MHD
patients, providing valuable information for the management of
nutritional status in this patient population.

Hemodialysis is one of the most significant renal replacement
therapies for patients with stage 5 chronic kidney disease (CKD). It
is now understood that energy consumption is increased during the
hemodialysis process. The International Society of Renal Nutrition
and Metabolism has introduced the term “protein-energy wasting-
PEW” for CKD patients (13). Numerous studies on CKD have
indicated that PEW in MHD patients is associated with cachexia,
adverse cardiovascular events, and all-cause mortality (29, 30).

Besides, MHD patients often experience a chronic systemic
inflammatory state, primarily mediated by multiple mechanisms,
including the accumulation of uremic toxins, biocompatibility
issues inherent to dialysis procedures (such as complement
activation cascades and endotoxin translocation), and heightened
susceptibility to infectious complications (3-5), combined with
cardiovascular and cerebrovascular diseases and other underlying
conditions (31). The inflammatory response activates the NF-
kB pathway, inducing the release of pro-inflammatory cytokines
such as tumor necrosis factor-o. (TNF-a) and interleukin-6 (IL-
6). On one hand, these cytokines directly inhibit the transcription
of the liver albumin gene—for example, by downregulating the
nuclear activity of CCAAT/enhancer-binding protein-g (C/EBP-),
blocking the synthesis of albumin mRNA (32, 33). On the other
hand, it accelerates muscle protein breakdown by activating the
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ubiquitin-proteasome system (34, 35). In addition, inflammation-
induced vascular endothelial injury increases vascular permeability,
causing albumin to leak from the blood vessels into the tissue space,
further reducing the circulating albumin level (36). Moreover, the
establishment of dialysis-related accesses poses a risk of catheter-
related infections. In an inflammatory state, the body undergoes
high catabolism, with accelerated breakdown of muscle proteins,
which further exacerbates energy consumption and increases the
risk of all-cause adverse events in patients (37-39).

Timely identification of nutritional-inflammatory risks in
MHD patients is a crucial part of chronic disease management.
However, the laboratory examination process for hemodialysis
patients needs to balance practicality and economic benefits.
Therefore, using a combination of various biomarkers reflecting
nutritional and inflammatory processes is a valuable approach.
Previous studies have confirmed the roles of various inflammatory
biomarkers and their ratios in clinical applications. These include
single inflammatory indicators such as CRP, tumor necrosis factor-
B, procalcitonin, and IL-6 (39-41), and nutritional indicators such
as BMI, albumin, and pre-albumin (42-44). In recent years, it has
been found that albumin and pre-albumin are not only widely
used as nutritional indicators but also important inflammatory
indicators, and they have been proven to have significant value
in predicting mortality in CKD patients. Composite inflammatory
indicators such as the neutrophil-lymphocyte ratio (NLR), platelet-
lymphocyte ratio (PLR), and systemic immune-inflammation index
(SII) (38), and inflammation-nutrition indicators including the
RAR, fibrinogen to albumin ratio (FAR), and CAR (45, 46).

Prior research has identified an independent association
between the CAR and the MIS in patients undergoing dialysis
(28). Our findings are consistent with those reported by Tur and
Giiglii, who also identified an independent association between
CAR and MIS in a cohort of hemodialysis patients. However, our
study extends their work by employing a larger sample size (n = 231
vs. n = 120) and utilizing restricted cubic spline analysis to reveal
a non-linear relationship between CAR and MIS, with a distinct
threshold effect at CAR = 0.8184. This threshold may represent
a metabolic shift point where inflammatory processes may start
to substantially affect nutritional status, a nuance not previously
captured in linear analyses.

Moreover, while Tur and Giiglii focused primarily on the
linear correlation, our ROC analysis provided a clinically actionable
cut-off value (CAR = 2.158) with high specificity, suggesting that
CAR could serve as a useful screening tool in settings where
comprehensive nutritional assessment is not immediately feasible.
Nevertheless, the modest sensitivity of CAR underscores the
necessity of integrating it with other biomarkers or clinical scores
for a more robust evaluation of PEW.
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FIGURE 3

CAR

Non-linear association between the C-reactive protein to albumin ratio (CAR) and the malnutrition-inflammation score (MIS) evaluated by restricted
cubic spline (RCS) regression. The solid curve represents the estimated odds ratio (OR) for high MIS associated with CAR levels, with the reference
point set at the median CAR value. The shaded area represents the 95% confidence interval. The non-linear relationship was statistically significant (o
for non-linearity = 0.007). Two distinct phases were identified: a negative association at lower CAR values (< 0.8184, the inflection point) and a

positive association at higher CAR values (> 0.8184).

Existing nutritional scoring systems for dialysis patients,
including MIS, Subjective Global Assessment (SGA), Nutritional
Risk Screening 2002 (NRS 2002), Kalantar score, and Prognostic
Nutritional Index (PNI) (47-51), integrate multiple indicators.
These calculations are complex and difficult to derive in a timely
manner. However, according to the Chinese Standard Operating
Procedures for Blood Purification, it is essential to routinely
monitor the biochemical indicators and CRP levels in dialysis
patients to efficiently and conveniently calculate the malnutrition
risk index, known as the CAR. The CAR demonstrates definitive
predictive value in assessing nutritional and inflammatory risks. In
the context of chronic disease management, the early identification
of patients at nutritional risk is crucial, and the clinical utility of
CAR measurement in guiding therapeutic decisions is significant.
Given its affordability and ease of access, CAR may serve as a
practical biomarker associated with nutritional risk, potentially
complementing existing multi-factor scoring systems in clinical
practice. Consequently, it could provide a more convenient
approach for evaluating the nutritional and inflammatory risks in
patients undergoing MHD.

This study has several limitations that should be acknowledged.
Firstly, as a single-center study, the sample was exclusively sourced
from the Affiliated Hospital of Southwest Medical University,
lacking external validation from independent patient cohorts. This
limitation may compromise the generalizability of the findings, as
the results may not be applicable to MHD patients from diverse
geographical regions and healthcare settings. Secondly, the cross-
sectional study design employed in this research precludes the
establishment of a causal relationship between the CAR and the
MIS score. Since the measurements of CAR levels and MIS scores
were conducted simultaneously, it is challenging to determine
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whether changes in CAR lead to alterations in the nutritional and
inflammatory status (as reflected by the MIS score), or vice versa.
Moreover, it is imperative to acknowledge the potential influence of
unmeasured confounding variables. These include heterogeneity in
underlying etiology, the impact of comorbidities [e.g., heart failure,
chronic obstructive pulmonary disease (COPD)] and medications
(e.g., immunosuppressants, corticosteroids) on inflammatory
modulation, and a lack of comprehensive data on dietary intake—
a core determinant of nutritional status. Furthermore, sources
of inflammation unrelated to the malnutrition-inflammation axis
(e.g., occult infection, gut dysbiosis) may independently elevate
CAR. Indeed, these unaccounted-for factors may influence the
interpreted independence of the CAR-MIS relationship.

5 Conclusion

In chronic disease management, early identification of patients
at nutritional risk is of utmost importance. The clinical utility
of CAR measurement in guiding treatment decisions is notable.
Considering its low cost and easy accessibility, CAR may prove to
be a practical complementary tool to complex multi-factor scoring
systems in clinical practice. This makes it a more convenient option
for rapidly evaluating the nutritional risk of MHD patients.
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