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Abstract  

Rheumatoid arthritis (RA) is a chronic autoimmune disease that requires regular disease activity 

assessment to guide treatment and improve outcomes. Composite inflammatory and nutritional 

biomarkers are promising adjunctive tools for monitoring disease activity. This comparative study 

aimed to evaluate the levels of C-reactive protein-to-albumin ratio (CAR), platelet-to-albumin ratio 

(PAR), and prognostic nutritional index (PNI) in RA patients and healthy controls, and to compare 

their diagnostic performance and utility for disease activity assessment. The study included 165 RA 

patients and 167 age- and sex-matched controls. Disease activity of RA was assessed using the 

Disease Activity Score-28 based on erythrocyte sedimentation rate (DAS28-ESR) and classified into 

high (DAS28-ESR ˃5.1) and non-high (DAS28-ESR ≤5.1) disease activity groups. Complete blood count, 
serum albumin, and C-reactive protein (CRP) were measured to calculate CAR, PAR, and PNI. 

Rheumatoid arthritis patients had higher CAR and PAR, but lower PNI compared with controls (all 

p<0.001). Patients with high disease activity had higher CAR and PAR, but lower PNI than those with 

non-high disease activity (p<0.001, p=0.001, p=0.018 respectively). CAR and PAR correlated positively 

with DAS28-ESR, ESR and CRP, whereas PNI correlated negatively with these inflammatory measures. 

CAR showed the highest diagnostic performance for identifying RA patients (AUC=0.873), followed by 

PNI and PAR. CAR showed significantly superior performance, with no significant difference between 

PAR and PNI. CAR also showed the highest discriminatory performance for high disease activity 

(AUC=0.676) followed by PAR and PNI, although differences among them were not statistically 

significant. Higher CAR and PAR, whereas lower PNI were significantly associated with increased odds 
of high disease activity. Only CAR remained an independent predictor (p=0.005) in multivariate 

analysis. In conclusion, CAR, PAR, and PNI are available composite biomarkers that provide 

complementary information regarding inflammatory burden and nutritional status in RA patients, 

with CAR showing the greatest utility. 
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Introduction 

Rheumatoid arthritis (RA) is a chronic, systemic 

autoimmune disorder characterized by 

persistent synovial inflammation that results in 

progressive joint damage, functional disability, 

and reduced quality of life. It affects 
approximately 0.5–1% of the worldwide 

population.1 Although extensive research has 

been conducted, the precise etiology and 

underlying pathogenic mechanisms of RA 

remain incompletely understood. Its 

development is believed to result from a 

complex interplay between genetic 

predisposition, environmental factors, and 

immune system dysregulation.2 Current 
management strategies advocate a treat-to-

target approach aimed at achieving and 

sustaining remission or low disease activity, 

underscoring the need for reliable and objective 

tools to monitor disease activity.3 

Rheumatoid arthritis disease activity is 

routinely assessed using composite measures 

such as the Disease Activity Score 28-

Erythrocyte Sedimentation Rate (DAS28-ESR), 

Disease Activity Score 28-C-reactive Protein 
(DAS28-CRP), and Simplified Disease Activity 

Index (SDAI).4,5 These indices combine clinical 

evaluation, including tender and swollen joint 

counts, with inflammatory markers such as 

erythrocyte sedimentation rate (ESR) or C-

reactive protein (CRP).6 Although ESR and CRP 

are incorporated into several of these 

assessment measures, they may not adequately 

represent the full inflammatory and metabolic 

burden of the disease, highlighting the need for 
additional objective biomarkers.7 

Accordingly, several composite indices have 

been introduced to provide a more 

comprehensive evaluation of the systemic 

inflammatory and nutritional status of patients 

with RA. Among these, the C-reactive protein-

to-albumin ratio (CAR), platelet-to-albumin ratio 

(PAR), and prognostic nutritional index (PNI) 

have gained increasing interest because they 

integrate routinely available laboratory 
parameters and provide complementary 

information regarding inflammation, immune 

function, and nutritional status. 

The C-reactive protein-to-albumin ratio (CAR), 

calculated from serum CRP and albumin levels, 
is a composite biomarker of systemic 

inflammation. CRP and albumin are routinely 

measured laboratory parameters representing 

positive and negative acute-phase reactants, 

respectively, making CAR a useful indicator of 

inflammatory activity.8 Increasing evidence 

supports the clinical relevance of CAR as a 

reliable inflammation-related biomarker in a 

wide range of disorders, including 

cardiovascular, cerebrovascular, malignant, and 
infectious diseases.9-13 

The platelet-to-albumin ratio (PAR), derived 

by dividing the platelet count by the serum 

albumin concentration, is a readily available 

laboratory parameter that has been 

investigated in several inflammatory conditions. 

PAR has been associated with disease activity in 

ankylosing spondylitis, progression of IgA 

nephropathy, and the severity of endoscopic 

lesions in ulcerative colitis.14-16 
The prognostic nutritional index (PNI), 

derived from serum albumin concentration and 

lymphocyte count, is a well-established 

immuno-nutritional marker that has been 

widely investigated in malignancies and various 

autoimmune disorders.17-20 Given that 

hypoalbuminaemia and lymphopenia are 

common features of inflammation in 

rheumatoid arthritis, PNI may provide a useful 

indicator of both nutritional status and disease-
related inflammatory burden.19,20 

Among these biomarkers, CAR has been the 

most widely studied in rheumatoid arthritis. 

Previous studies have consistently 

demonstrated its association with inflammatory 

burden and disease activity.21,22 Evidence has 

also suggested that CAR may have diagnostic 

value for identifying patients with RA.23 

Emerging evidence suggests that PAR may be a 
useful biomarker for RA, showing promising 

diagnostic performance and positive 

associations with disease activity.24 

Furthermore, PAR has also been independently 

associated with disease activity in patients with 

early RA.25 More recently, PNI has been 

investigated as a potential biomarker in patients 

with RA. Lower PNI has been associated with 
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the presence of RA26 and with increased disease 

activity in RA patients.27,28 
Despite the growing interest in these 

composite inflammatory and nutritional 

biomarkers, the available evidence remains 

limited and, in some cases, inconsistent. 

However, previous studies have primarily 

evaluated CAR, PAR, and PNI individually rather 

than directly comparing their clinical 

performance within the same cohort of patients 

with rheumatoid arthritis.  

Therefore, this comparative study aimed to 
evaluate the levels of CAR, PAR, and PNI in 

patients with RA and healthy controls, and to 

compare their diagnostic performance and 

utility for disease activity assessment. 

Patients and Methods 

Study design and participants 

This case-control study was based on previously 

collected clinical and laboratory data. It 

included 165 adult patients with RA who 

fulfilled the 2010 American College of 

Rheumatology (ACR)/European League Against 

Rheumatism (EULAR) classification criteria.29 

They were selected from a previously 
established dataset of patients with RA who had 

undergone clinical evaluation at the 

Rheumatology and Rehabilitation Department, 

Faculty of Medicine, Assiut University. The 

present analysis included patients with 

complete relevant clinical and laboratory data 

required for the study. The control group 

comprised 167 healthy individuals matched for 

age and sex, who had previously been recruited 

from hospital staff members and blood donors. 
They were selected from the previously 

established control dataset based on the 

availability of complete relevant data required 

for the present analysis. Participants with 

hematologic disorders, diabetes mellitus, renal 

or hepatic diseases, malignancies, infections, or 

other autoimmune diseases were excluded.  

Clinical evaluation 

At the time of the original data collection, all 
patients underwent comprehensive history 

taking and detailed clinical examination. The 

collected clinical data included socio-

demographic characteristics, therapeutic 

history, tender joint count (TJC), swollen joint 
count (SJC), patient global assessment (PGA), 

and physician global assessment (PhGA), with 

the latter two assessed using visual analogue 

scale (VAS) scores. Disease activity had been 

assessed using the Disease Activity Score-28 

based on erythrocyte sedimentation rate 

(DAS28-ESR).30 Disease activity was classified as 

remission (<2.6), low activity (2.6–3.2), 

moderate activity (>3.2–5.1), or high activity 

(>5.1). For the present analysis, patients were 
further dichotomized into high disease activity 

(DAS28-ESR >5.1) and non-high disease activity 

(DAS28-ESR ≤5.1), with the latter group 

comprising patients with remission, low, and 

moderate disease activity. This dichotomization 

was performed to facilitate binary receiver 

operating characteristic (ROC) and logistic 

regression analyses. Functional status had been 

evaluated using the Modified Health 

Assessment Questionnaire (MHAQ).31 

Laboratory evaluation 

At the time of the original data collection, 

venous blood samples were collected from all 

participants under aseptic conditions.  

Laboratory investigations in patients with RA 

included erythrocyte sedimentation rate (ESR), 

liver enzymes; aspartate aminotransferase 

(AST), and alanine aminotransferase (ALT), 

kidney function tests; blood urea nitrogen 
(BUN) and serum creatinine, rheumatoid factor 

(RF), and anti-cyclic citrullinated peptide (anti-

CCP) antibodies. Complete blood count (CBC) 

with differential, serum albumin and C-reactive 

protein (CRP) were performed for both patients 

with RA and healthy controls. The relevant 

laboratory parameters were used to calculate 

CAR, PAR, and PNI. 

CAR was calculated by dividing CRP (mg/L) by 

albumin (g/L) whereas, PAR was calculated by 
dividing platelet count (x103/µL) by albumin 

level (g/L). PNI was calculated using the original 

formula:32 PNI = 10 × serum albumin (g/dL) + 

0.005 × peripheral blood lymphocyte count 

/mm3. In the present study, serum albumin 

levels were reported in g/L and were converted 

to g/dL by dividing by 10, while lymphocyte 

counts were reported as × 103/µL and were 
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converted to cells/mm3 by multiplying by 1000 

before applying the formula.  

Statistical Analysis 

Data analysis was performed using Statistical 

Package for the Social Sciences (SPSS) version 

26. Categorical data were presented in form of 

frequencies and percentages, while numerical 

data were expressed as mean ± standard 

deviation (SD) or standard error (SE), as 

appropriate, after testing their distribution by 

Shapiro-Wilk test. The independent-samples-t-

test or Mann-Whitney U test was used to 
compare differences between two groups. The 

Chi-Square test was used to compare 

proportions between groups.  Spearman’s 

correlation was performed to assess the 

correlation between CAR, PAR, PNI and other 

continuous variables. ROC curve analysis was 

performed to evaluate the diagnostic 

performance of CAR, PAR, and PNI for 

discriminating patients with RA from healthy 

controls. ROC curve analysis was also performed 
to evaluate the ability of CAR, PAR, and PNI to 

discriminate RA patients with high disease 

activity from those with non-high disease 

activity. Pairwise comparisons of areas under 

the curves (AUCs) were performed using 

DeLong’s test. Univariate and multivariate 

logistic regression analysis were performed to 

identify predictors of higher activity; high 
disease activity was the outcome variable.  

A p value <0.05 was considered statistically 

significant. 

Results 

Baseline characteristics of the study population: 

The study included 165 patients with RA, 

comprising 145 females (87.9%) and 20 males 

(12.1%). The mean age of the patients was 45.2 

± 10.5 years (range: 20–65 years), while the 

mean disease duration was 9.4 ± 0.49 years 

(range: 0.5–30 years). The control group 

consisted of 167 age- and sex-matched healthy 

individuals (140 females and 27 males) with a 
mean age of 43.3 ± 11.8 years (range: 18–65 

years). No significant differences were observed 

between patients and controls regarding age or 

sex distribution (p = 0.128 and p = 0.290, 

respectively). The mean body mass index (BMI) 

of the RA patients was 30.9 ± 8.1 kg/m² (range: 

15–61.2 kg/m²). The clinical characteristics and 

therapeutic history of the patients are 

summarized in Table 1, whereas the laboratory 

findings of both patients and controls are 
presented in Table 2.

Table 1. Clinical manifestations and therapeutic history of rheumatoid arthritis patients. 

 Variable Number (%) RA patients (n=165) 

Constitutional 

Morning stiffness 

Fatigue 

Fever 

Anorexia 

Weight loss 

125 (75.8) 

128 (77.6) 

44 (26.7) 

68 (41.2) 

77 (46.7) 

Musculoskeletal 

Arthralgia 

Arthritis 

Limitation of movements 
Deformity 

Myalgia 

Trigger finger 

Subcutaneous nodules 

De Quervain’s tenosynovitis 

156 (94.5) 

120 (72.7) 

104 (63) 
62 (36.6) 

103 (62.4) 

45 (27.3) 

44 (26.7) 

4 (2.4) 

CNS 

Sleep disturbance 
Muscle weakness 

CTS 

TTS 

100 (60.6) 
9 (5.5) 

110 (66.7) 

64 (38.8) 
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Table 1. Continued. 

 Variable Number (%) RA patients (n=165) 

Cardio-pulmonary 
Dyspnea 

Cough 

99 (60) 

32 (19.4) 

Renal 
Burning micturition 

Loin pain 

54 (32.7) 

14 (8.5) 

GIT 
Diarrhea 

Abdominal colic 

7 (4.0) 

10 (5.7) 

Eye 
Dry eye 

Blurring of vision 

71 (43) 

57 (34.5) 

Therapeutic history 

NSAIDs 

Steroids 

Antimalarial drugs 

Methotrexate 

Leflunomide 
Salfasalazine 

Cyclophosphamide 

Azathioprine 

Anti TNF- α drugs 

121 (73.3) 

69 (41.8) 

159 (96.4) 

111 (67.3) 

127 (77) 
38 (23) 

2 (1.2) 

2 (1.2) 

25 (15.2) 

RA: rheumatoid arthritis, CNS: central nervous system, CTS: carpal tunnel syndrome, TTS: tarsal tunnel syndrome. 
GIT: gastrointestinal, NSAIDs: non-steroidal anti-inflammatory drugs, Anti-TNF-α drugs: anti-tumor necrosis factor-α drugs 

Table 2. Laboratory investigations of rheumatoid arthritis patients and controls. 

Variables 

mean ± SD (range) 

RA 

(n=165) 

Controls 

(n=167) 
p-value- 

WBCs (103/µL) 6.5±2.6 (2.1-26.8) 6.5±2.1 (3.7-15.1) NS 

Neutrophils (103/µL) 3.5±2.34 (0.6-25.1) 3.5±1.4 (1.3-13.1) NS 

Lymphocytes (103/µL) 2.2±0.76 (0.7-5.9) 2.5±0.9 (1.07-5.4) 0.002 

Monocytes (103/µL) 0.44±0.02 (0.02-3.34) 0.3±0.01 (0.1-0.9) <0.001 

Eosinophils (103/µL) 0.2 ±0.02 (0-2.6) 0.2±0.01 (0.05-0.5) NS 

Basophils (103/µL) 0.72±0.04 (0-3.3) 0.6±0.04(0-2.4) 0.018 

Hemoglobin (g/dL) 12.1±1.62 (7.4-16.6) 13.1±1.5 (10.9-16.9) <0.001 

Platelets (103/L) 317.7±90.9 (160-749) 270.7±57.1 (183-426) <0.001 

CRP (mg/l) (+ve in 135) 14.6±1.7 (0.2-153.9) 2.3±1.1 (0.5-5) <0.001 

Serum albumin (g/L) 

Serum albumin (g/dL) 

41.1±4.1 (28-50) 

4.1±0.41 (2.8-5) 

45.2±3.9 (37-58) 

4.5±0.39 (3.7-5.8) 
<0.001 

ESR (mm/1st hr) 44.6±2.5 (3-150) -  

AST (U/L) 22.8±1.3 (2-40) -  

ALT (U/L) 23.9±2.4 (6-45) -  

BUN (mmol/L) 5.7±0.6(1.8-8.2) -  

Serum creatinine (mol/l) 56.1±15.3(30-95) -  

RF (IU/ml) [+ve in 108] 127.2±14.9(3.3-872) -  

Anti CCP (U/mL) [+ve in 96] 75.5±6.8 (0.5-200) -  

RA: rheumatoid arthritis, WBCs: white blood cells, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, AST: 

aspartate aminotransferase, ALT: alanine aminotransferase, BUN: blood urea nitrogen, RF: rheumatoid factor, anti CCP abs: 
anti-cyclic citrullinated peptide antibodies. p > 0.05 is not significant (NS). 
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The mean TJC and SJC were 12.58 ± 0.69 and 
4.27 ± 0.47, with ranges of 0–28 and 0–24, 

respectively. The mean PGA score was 47.15 ± 

24.95 (5–100), while the mean PhGA score was 

45.18 ± 24.53 (5–100). According to DAS28-ESR, 

14 patients (8.5%) were in remission, 15 (9.1%) 

had low disease activity, 43 (26.1%) had 

moderate disease activity, and 93 (56.4%) had 

high disease activity. For subsequent analyses, 

patients were dichotomized into a high (n = 93) 

and a non-high (n = 72) disease activity groups, 
the latter comprising patients in remission and 

those with low or moderate disease activity. 
The mean MHAQ score was 0.69 ± 0.03, ranging 

from 0 to 2.5. 

Comparison of CAR, PAR, and PNI between 

study groups: Patients with RA had significantly 

higher mean CAR and PAR levels (0.38 ± 0.05 

and 7.85 ± 2.67, respectively) than healthy 

controls (0.05 ± 0.02 and 6.03 ± 1.36, 

respectively); p <0.001 for both. Conversely, the 

mean PNI was significantly lower in RA patients 

(52.09 ± 6.29) compared with controls (57.66 ± 
5.90); p ˂0.001, as illustrated in Figure 1.

 

 

Figure 1. Box plots for the C-reactive protein-to-albumin ratio (CAR) [A], platelet-to-albumin ratio 

(PAR) [B], and prognostic nutritional index (PNI) [C] in rheumatoid arthritis (RA) patients and healthy 

controls. 
 

Patients with high disease activity had 

significantly higher CAR levels than those with 

non-high disease activity (0.54 ± 0.08 vs. 0.16 ± 

0.13, p < 0.001). Similarly, PAR was significantly 

higher in patients with high disease activity 

(8.47 ± 2.98 vs. 7.05 ± 1.94, p = 0.001). In 

contrast, PNI was significantly lower in patients 

with high disease activity compared with the 

non-high disease activity group (51.08 ± 7.00 vs. 

53.40 ± 4.96, p = 0.018). 
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Correlation of CAR, PAR, and PNI with clinical 

and laboratory parameters: CAR and PAR 
showed significant positive correlations with 

DAS28-ESR and inflammatory markers, whereas 

PNI showed significant negative correlations 

with disease duration, DAS28-ESR, and 

inflammatory markers but a positive correlation 

with BMI. Correlations of CAR, PAR and PNI with 
selected demographic, laboratory and clinical 

parameters in patients with RA presented in 

Table 3.

Table 3. Correlations of CAR, PAR and PNI with selected demographic, laboratory and clinical 

parameters in rheumatoid arthritis patients. 

Parameter 
CAR PAR PNI 

r p r p r p 

Age  0.162 0.037 0.039 NS -0.081 NS 

Disease duration 0.250 0.001 0.172 0.027 -0.228 0.003 

BMI -0.047 NS -0.134 NS 0.265 0.001 

ESR 0.429 <0.001 0.406 <0.001 -0.321 <0.001 

CRP 0.994 <0.001 0.424 <0.001 -0.298 <0.001 

RF 0.226 0.004 0.129 NS -0.191 0.014 

Anti CCP abs 0.323 <0.001 0.300 <0.001 -0.152 NS 

DAS-28 ESR 0.321 <0.001 0.273 <0.001 -0.160 0.040 

MHAQ 0.237 0.002 0.079 NS -0.081 NS 

CAR: C-reactive protein to albumin ratio, PAR: platelet to albumin ratio, PNI: prognostic nutritional index, BMI: body mass 
index, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, RF: rheumatoid factor, anti CCP abs: anti-cyclic 

citrullinated peptide antibodies, DAS28- ESR: disease activity score 28 based on erythrocyte sedimentation rate, MHAQ: 

modified health assessment questionnaire. p > 0.05 is not significant (NS). 

 

Diagnostic performance of CAR, PAR, and PNI 

for discriminating RA patients from healthy 

controls: ROC curve analysis demonstrated that 

CAR had the highest diagnostic performance for 

discriminating patients with RA from healthy 
controls (AUC = 0.873, 95% CI: 0.833–0.907), 

followed by PNI (AUC = 0.745, 95% CI: 0.695–

0.792) and PAR (AUC = 0.730, 95% CI: 0.679–

0.777). All three biomarkers significantly 

discriminated RA patients from controls (all p < 

0.001). Pairwise comparisons using DeLong's 

test showed that CAR had a significantly higher 

AUC than both PAR and PNI (p < 0.001, p = 

0.001, respectively), whereas no significant 

difference was observed between PAR and PNI 
(p = 0.683). The detailed diagnostic 

performance indices are presented in Table 4, 

and the corresponding ROC curves are 

illustrated in Figure 2A. 

Diagnostic performance of CAR, PAR, and 

PNI for discriminating high from non-high 

disease activity in RA patients: For 

discriminating patients with high disease 

activity, CAR showed the highest discriminatory 

performance (AUC = 0.676, 95% CI: 0.599–

0.747), followed by PAR (AUC = 0.656, 95% CI: 
0.578–0.728) and PNI (AUC = 0.605, 95% CI: 

0.526–0.680). All biomarkers significantly 

discriminated RA patients with high disease 

activity (CAR and PAR: p<0.001; PNI: p = 0.016). 

However, pairwise comparisons of the ROC 

curves using DeLong’s test revealed no 

statistically significant differences among the 

three markers (CAR vs. PAR, p = 0.698; CAR vs. 

PNI, p = 0.174; and PAR vs. PNI, p = 0.843). The 

detailed performance indices are presented in 
Table 4, and the corresponding ROC curves are 

illustrated in Figure 2B. 

Logistic regression analysis for predictors of 

high disease activity: In the univariate logistic 

regression analysis, higher CAR (OR = 24.69, 

95% CI: 3.91–155.92, p = 0.001) and PAR (OR = 
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1.29, 95% CI: 1.11–1.50, p = 0.001) were 

significantly associated with increased odds of 
high disease activity, whereas lower PNI was 

associated with higher odds of high disease 

activity (OR = 0.94, 95% CI: 0.89–0.99, p = 

0.021). After adjustment for age, disease 

duration, BMI and mutual adjustment for the 

three biomarkers, only CAR remained an 
independent predictor high disease activity 

(AOR = 17.45, 95% CI: 2.33–130.45, p = 0.005), 

whereas the associations for PAR and PNI were 

no longer statistically significant. 

Table 4. Receiver operating characteristic (ROC) analysis of CAR, PAR and PNI for diagnosis of 

rheumatoid arthritis and prediction of high disease activity. 

 
Prediction of RA 

CAR PAR PNI 

AUC, 95% CI 
0.873 

(0.833-0.907) 

0.730 

(0.679-0.777) 

0.745 

(0.695-0.792) 

Cut off > 0.086 > 7.19 ≤ 53.97 

Accuracy 84.0 69.0 71.2 

Sensitivity % 74.5 53.3 62.8 
Specificity % 92.8 84.4 79.6 

PPV % 91.1 77.2 75.4 

NPP % 78.7 64.7 68.6 

p value <0.001 <0.001 <0.001 

 Prediction of high disease activity 

AUC, 95% CI 
0.676 

(0.599-0.747) 

0.656 

(0.578-0.728) 

0.605 

(0.526-0.680) 

Cut off > 0.381 > 7.25 ≤  50.68 

Accuracy 65.5 66.7 60.5 

Sensitivity % 37.6 66.7 46.2 
Specificity % 93.1 66.7 74.6 

PPV % 87.5 72.1 70.5 

NPP % 53.6 60.8 51.5 

p value <0.001 <0.001 0.016 
RA: rheumatoid arthritis, CAR: C-reactive protein to albumin ratio, PAR: platelet to albumin ratio, PNI: prognostic nutritional 

index, AUC: area under curve, CI: confidence interval, PPV: positive predictive value, NPP: negative predictive value. 
p ≤ 0.05 is significant. 
 

 

Figure 2. Receiver operating characteristic (ROC) curve for prediction rheumatoid arthritis [A], high 

rheumatoid arthritis disease activity [B] by the C-reactive protein-to-albumin ratio (CAR), platelet-to-

albumin ratio (PAR), and prognostic nutritional index (PNI). 



82   Gamal et al 

 

Discussion 

Rheumatoid arthritis (RA) is a chronic 

autoimmune inflammatory disease with a 

complex and incompletely understood 

pathogenesis. Growing evidence suggests that 

immune dysregulation and nutritional status 
play pivotal roles in the development and 

progression of RA.33,34 Activation of various 

immune cells contributes to adaptive immune 

responses, leading to synovial angiogenesis, 

tissue remodeling, and progressive joint 

destruction.35 In addition, patients with RA 

commonly exhibit malnutrition, which has been 

associated with poor prognosis and increased 

all-cause mortality.36,37 
Accordingly, composite biomarkers that 

simultaneously reflect inflammatory and 

nutritional status have gained attention as 

simple and readily available tools for disease 

evaluation. Among these, the C-reactive 

protein-to-albumin ratio (CAR), platelet-to-

albumin ratio (PAR), and prognostic nutritional 

index (PNI) have shown promising value in the 

diagnosis and assessment of disease activity in 

RA.22-25,27,28 Based on these considerations, the 
study provided a comparative evaluation of 

CAR, PAR, and PNI in patients with RA, including 

their diagnostic performance and utility for 

disease activity assessment.  

In the present study, patients with RA 

exhibited significantly higher CAR and PAR, but 

significantly lower PNI levels compared with 

healthy controls. Our findings regarding CAR are 

consistent with previous studies21,38-41 which 

demonstrated significantly higher CAR levels in 
RA patients compared with controls. Similarly, 

in the large population-based study using data 

from the National Health and Nutrition 

Examination Survey (NHANES) by Yang et al.23 

further reported an independent association 

between elevated CAR and the presence of RA. 

Likewise, our finding of increased PAR levels in 

patients with RA agreed with the results of Liu 

et al. study24 reported significantly higher levels 

of PAR in RA. In contrast, Sahin et al.41 found 
non-significant difference in PAR between 

patients and controls, suggesting that the 

evidence regarding PAR remains less consistent 

than that for CAR. In agreement with our 

results, Wang et al.26 demonstrated that lower 

PNI was independently associated with the 
presence of RA in a large NHANES study, 

supporting the potential role of impaired 

nutritional and immunological status in patients 

with RA. 

In this study, all three composite biomarkers 

(CAR, PAR, and PNI) demonstrated significant 

diagnostic performance in differentiating 

patients with RA from healthy controls. Among 

them, CAR achieved the highest diagnostic 

accuracy, followed by PNI and PAR. Pairwise 
comparisons showed that CAR was significantly 

superior to both PAR and PNI, whereas no 

significant difference was observed between 

PAR and PNI. Our findings regarding CAR are 

consistent with previous studies of Afifi et al.,38 

Hussein et al.,40 and Sahin et al.41 reported 

diagnostic AUCs of 0.789, 0.750 and 0.949 

respectively, supporting the ability of CAR to 

distinguish patients with RA from healthy 

controls. Similarly, Yang et al.23 using NHANES 
data, demonstrated an independent association 

between elevated CAR with the presence of RA. 

Regarding PAR, Liu et al.24 reported a diagnostic 

AUC of 0.887, which was higher than that 

observed in this study. Evidence regarding the 

diagnostic utility of PNI remains limited; 

however, Wang et al.26 demonstrated that 

lower PNI was independently associated with 

the presence of RA in a large population-based 

study, supporting its potential diagnostic value. 
The observed alternations of CAR, PAR, and 

PNI in patients with RA likely reflect the 

complex interplay between inflammation, 

immune dysregulation, and nutritional 

impairment. 

The higher CAR observed in patients with RA 

can be attributed to the persistent systemic 

inflammatory state that characterizes the 

disease. CAR is calculated from CRP and 
albumin, two complementary acute-phase 

reactants that change in opposite directions 

during inflammation, with CRP increasing while 

albumin decreases.42,43 CRP is synthesized by 

the liver in response to pro-inflammatory 

cytokines, particularly IL-1, IL-6, and TNF-α, 

making it a highly sensitive marker of systemic 

inflammation.44 Conversely, albumin decreases 

during inflammatory states and reflects 
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nutritional status.45 Thus, by integrating these 

two biomarkers into a single index, CAR 
simultaneously reflects both inflammatory and 

nutritional status, providing a more 

comprehensive assessment of the inflammatory 

burden in RA than either marker alone.46,47 The 

elevated PAR observed in RA is closely linked to 

platelet activation induced by chronic 

inflammation. Platelets are increasingly 

recognized as active participants in innate 

immunity and play an important role in RA 

pathogenesis. During disease initiation, platelets 
are recruited to inflamed synovial tissues, 

where they promote local inflammatory 

responses.48,49 Pro-inflammatory cytokines 

activate fibroblast-like synoviocytes (FLS), 

stimulating pannus formation and matrix 

metalloproteinases (MMPs) release, which 

contribute to cartilage destruction and bone 

erosion.50 In addition, systemic inflammation 

increases capillary permeability, resulting in 

albumin extravasation into the interstitial space, 
shortening its half-life, and ultimately leading to 

hypoalbuminemia, a recognized marker of 

inflammation.51 The lower PNI observed in 

patients with RA reflects the close interaction 

between chronic inflammation, immune 

dysregulation, and nutritional impairment. As a 

chronic inflammatory autoimmune disease, RA 

is characterized by persistent immune activation 

throughout its course.52 In addition, patients 
with RA become increasingly susceptible to 

malnutrition as the disease progresses.53 

Notably, inflammation and malnutrition have a 

bidirectional relationship, whereby chronic 

inflammation promotes insulin resistance and 

catabolism, leading to nutritional 

deterioration,54 while malnutrition further 

impairs mitochondrial function, enhances 

reactive oxygen species generation, and 

activates inflammatory signaling pathways.55 
Serum albumin, one of the two components of 

PNI, is an important indicator of nutritional 

status, in addition to its anti-inflammatory and 

antioxidant properties.56 The second 

component of PNI, lymphocytes, plays a 

fundamental role in adaptive immune responses 

and is critically involved in the pathogenesis of 

autoimmune diseases.57 Alternations in 

peripheral lymphocyte count may reflect the 

persistent immune dysregulation that 

characterizes of RA.58 
When patients were categorized according 

to disease activity, patients with high disease 

activity had significantly higher CAR and PAR but 

significantly lower PNI levels than those with 

non-high disease activity. These findings are 

supported by previous studies evaluating the 

association of these biomarkers with RA disease 

activity. Higher CAR levels were consistently 

reported in patients with higher disease activity, 

supporting its potential value in assessing 
disease activity.21,22,39,40,59-61 Similarly, higher 

PAR levels were significantly associated with 

increased disease activity as demonstrated in 

previous studies.24,25 Regarding PNI, significantly 

lower PNI levels were observed in RA patients 

with more active disease in agreement with 

recent studies.27,28 

Regarding the ability of these biomarkers to 

discriminate patients with high disease activity, 

all three biomarkers demonstrated significant 
discriminatory performance, with CAR achieving 

the highest AUC, followed by PAR and PNI. 

However, pairwise comparisons showed no 

statistically significant differences among the 

three biomarkers in predicting high disease 

activity. These findings are comparable to those 

reported in previous studies evaluating the 

discriminatory performance of these biomarkers 

for predicting disease activity in RA. Several 
studies21,38-40,60,61 demonstrated the ability of 

CAR to discriminate patients with higher disease 

activity. Recently, Öz et al.27 and Pamukcu et 

al.28 reported the discriminatory performance of 

PNI for identifying patients with high disease 

activity. Based on the available literature, no 

previous studies have evaluated the 

discriminatory performance of PAR for 

predicting high disease activity in RA, precluding 

direct comparison with our findings. 
In the current study, CAR and PAR showed 

significant positive correlations with disease 

activity measures, assessed by DAS28-ESR, as 

well as with the inflammatory markers ESR and 

CRP. These findings are comparable to those 

reported in previous studies demonstrating 

positive correlations between CAR and disease 

activity, together with conventional 

inflammatory markers.21,38-41,59,61 Similar 
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significant positive correlations have also 

reported for PAR.24,25 In contrast, PNI showed 
significant negative correlations with DAS28-

ESR, ESR, and CRP. These findings consistent 

with those of Pamukcu et al.28 who 

demonstrated significant inverse correlations 

between PNI and disease activity measures 

including; DAS-CRP, ESR, and CRP.  

The observed differences in CAR, PAR and 

PNI across disease activity categories, together 

with their discriminative performance and 

significant correlations with disease activity 
measures, may likely reflect the underlying 

inflammatory and immunological process 

involved in RA. The positive association 

between CAR and disease activity may be 

explained by its close relationship with the 

inflammatory process underlying RA. Disease 

activity in RA is largely driven by pro-

inflammatory cytokines, particularly IL-6, which 

stimulate hepatic CRP synthesis while 

simultaneously suppressing albumin production, 
leading to higher CAR values with increasing 

disease activity.44,45 Elevated CAR levels have 

also been associated with greater synovial 

hypertrophy on grayscale ultrasonography and 

increased vascularity on power Doppler 

imaging, suggesting that CAR reflects not only 

systemic inflammation but also local synovial 

inflammatory activity.38,39,62 The association 

between elevated PAR and increased disease 
activity may be explained by the underlying 

inflammatory and immune mechanisms of RA. 

Cytokines play a central role in RA by mediating 

communication between immune cells and 

amplifying inflammatory responses.63 Activated 

platelets further contribute to this process by 

releasing pro-inflammatory mediators, including 

IL-1, IL-6, and TNF-α, which activate the Janus 

kinase/signal transducer and activator of 

transcription (JAK/STAT) signaling pathway, a 
key mediator of inflammatory cytokine 

signaling.64 The clinical efficacy of biologic 

therapies targeting cytokines, particularly TNF-

α, further supports the pivotal role of these 

inflammatory pathways in RA pathogenesis.65  

Moreover, persistent inflammation 

suppresses hepatic albumin synthesis, leading 

to reduced serum albumin concentrations.66 

The inverse association between PNI and 

disease activity is biologically plausible because 

active inflammation directly affects both 
components of PNI. Albumin, a negative acute-

phase reactant that is downregulated by pro-

inflammatory cytokines, including IL-6, TNF-α, 

and IL-1β,67 whereas lymphopenia may result 

from cytokine-driven redistribution of 

lymphocytes to inflamed tissues, increased 

apoptosis, and treatment-related effects.68,69 

Therefore, lower PNI reflects the combined 

effects of heightened inflammatory activity, 

nutritional impairment and immune 
dysregulation. 

In the present study, univariate logistic 

regression analysis demonstrated that higher 

CAR and PAR, as well as lower PNI, were 

significantly associated with increased odds of 

high disease activity. However, after adjustment 

for age, disease duration, BMI, and mutual 

adjustment among the three biomarkers, only 

CAR remained independently associated with 

high disease activity, whereas the associations 
of PAR and PNI were no longer statistically 

significant. These findings are consistent with 

the previous studies22,60 which identified CAR as 

an independent predictor of active disease in 

patients with RA. In contrast, Leng et al.25 

reported that PAR remained independently 

associated with both DAS28-ESR and DAS28-CRP 

after adjustment for potential confounding 

factors. Regarding PNI, conflicting findings have 
been reported. Öz et al.27 identified PNI as an 

independent predictor of disease activity. 

Whereas, Pamukcu et al.28 reported that PNI 

lost its independent association after 

adjustment for inflammatory markers, in 

agreement with our findings. 

In the present study, although both PAR and 

PNI were significantly associated with disease 

activity, neither remained an independent 

predictor of high disease activity after 
multivariable analysis. This suggests that their 

associations with disease activity may be 

influenced by other inflammatory and clinical 

variables rather than reflecting independent 

effects of the biomarkers themselves. 

Nevertheless, their significant associations with 

disease activity indicate that both PAR and PNI 

remain valuable adjunctive markers reflecting 

the inflammatory burden in RA. 



85  The Egyptian Journal of Immunology 

Both PAR and PNI are derived from simple, 

inexpensive, and routinely available laboratory 
parameters, making them readily applicable in 

daily clinical practice, particularly in resource-

limited settings. Rather than replacing 

established composite disease activity 

measures, they may provide complementary 

information regarding the inflammatory, 

nutritional, and immunological status of 

patients. Regarding PAR, integrating platelet 

count and serum albumin into a single index 

may provide a more comprehensive assessment 
of inflammatory and nutritional status than 

either parameter alone. Therefore, PAR may 

serve as a practical adjunctive biomarker to 

complement conventional disease activity 

assessment in patients with RA.25 Concerning 

PNI, markedly reduced values of PNI may alert 

clinicians to uncontrolled systemic inflammation 

or unrecognized nutritional deficiencies. In 

addition, low PNI has been associated with an 

increased risk of adverse outcomes, including 
infections and poor treatment tolerance.70 

Therefore, patients with low PNI may benefit 

from nutritional assessment, dietary counseling, 

nutritional support, and closer follow-up.71 

Taken together, the present findings 

demonstrated the superiority of CAR over PAR 

and PNI. CAR not only showed the highest 

discriminatory performance for distinguishing 

patients with RA from healthy controls and 
identifying those with high disease activity, but 

also emerged as the only independent predictor 

of high disease activity. This superior 

performance of CAR may be explained by its 

distinct biological characteristics. CAR combines 

CRP, a positive acute-phase reactant, with 

albumin, a negative acute-phase reactant, 

thereby capturing both inflammatory and 

nutritional changes through two 

complementary biomarkers that respond in 
opposite directions to systemic 

inflammation.21,23,39,59 From a clinical 

perspective, these findings highlight the 

potential utility of CAR as an adjunctive 

biomarker in RA. Because it is derived from two 

inexpensive and routinely available laboratory 

parameters, CAR is readily applicable in daily 

clinical practice and may facilitate disease 

activity assessment and risk stratification in 

patients with RA. 
To the best of our knowledge, this is the first 

study to simultaneously evaluate and compare 

CAR, PAR, and PNI for the diagnosis of RA and 

the assessment of disease activity, including 

their independent predictive value for high 

disease activity. Nevertheless, several 

limitations should be acknowledged. First, this 

was a single-center study with a relatively small 

sample size, which may limit the generalizability 

of the findings. Second, the cross-sectional 
design precluded assessment of the prognostic 

value of these biomarkers over time or the 

establishment of causal relationships. 

Therefore, larger multicenter prospective 

studies are warranted to validate these findings 

and explore the clinical utility of these 

biomarkers in RA. 

In conclusion, CAR, PAR, and PNI are readily 

available composite biomarkers for the 

assessment of RA. They provide complementary 
information regarding inflammatory burden, 

nutritional status, and immune function in 

patients with RA. Their integration into routine 

clinical assessment may improve the 

comprehensive evaluation of RA patients, with 

CAR showing the greatest potential for clinical 

application. 
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