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Abstract: Objective: Rheumatoid arthritis-associated pneumonia (RAP) is a common complication of rheumatoid 
arthritis (RA) and is related to poor prognosis. Inflammation plays an important role in the development of RAP. 
This study aims to analyze and explore the predictive value of the neutrophil/lymphocyte ratio (NLR) combined with 
the albumin to globulin ratio (AGR) for assessing RAP. Methods: Data for this study were collected retrospectively 
from the database of Xuancheng People’s Hospital between February 2021 and November 2023. Patients with 
RAP were assigned to the observation group (n=78), while patients with rheumatoid arthritis (RA) alone were as-
signed to the control group (n=75). The differences in general clinical data, NLR, and AGR were compared between 
the two groups. Risk factors for RAP were analyzed using univariate and multivariate Logistic regression. Results: 
The observation group had significantly lower AGR levels and higher NLR levels compared to the control group (all 
P<0.05). Univariate and multivariate logistic regression analyses identified age (95% CI 1.265-3.468; P=0.007), 
glucocorticoid use (95% CI 1.187-3.187; P=0.009), usage of disease-modifying anti-rheumatic drugs (DMARDs) 
(95% CI 1.257-2.997; P=0.006), AGR (95% CI 1.147-3.578; P=0.012), NLR (95% CI 1.198-2.978; P=0.008) and 
course of disease (95% CI 11.178-2.971; P=0.005) as independent prognostic factors for RAP. In addition, the ROC 
curve analysis showed that joint detection of NLR and AGR had a sensitivity of 98.8% and specificity of 81.8% for 
predicting RAP. Conclusion: NLR and AGR play significant roles in the occurrence and progression of RAP and can 
serve as predictive factors for early detection of RAP.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune 
disease mainly manifested by symmetrical, 
chronic and progressive polyarthritis. Chronic 
inflammation and hyperplasia of the joint sy- 
novium lead to the formation of pannus, which 
invades joint cartilage, subchondral bone, liga-
ments and tendons, etc. This invasion causes 
the destruction of joint cartilage, bone and joint 
capsule, eventually leading to joint deformity 
and loss of function [1]. As RA progresses, vari-
ous complications may arise, with rheumatoid 
arthritis-associated pneumonia (RAP) being 
one of the most common and closely related to 
poor prognosis of RA [2]. RAP greatly increases 
mortality and poor outcomes [3], leading to pro-
longed hospital stay, higher medical expens- 
es, and a greater economic burden on patients. 

These factors contribute to poor functional re- 
covery at discharge and heightened mortality 
among RA patients [4]. Therefore, research on 
RAP is of crucial importance. In the early stage 
of RA, the common diagnostic features of pneu-
monia, such as fever, cough and purulent spu-
tum, may not always be present. Clinically, the 
relevant scoring is rather cumbersome, neces-
sitating the identification of specific biomarkers 
to predict RAP risk and facilitate early interven-
tion [5]. Although numerous laboratory indica-
tors have been suggested to predict the occur-
rence of RAP [6], their practical application in 
clinical settings still need further research.

Neutrophils are the front-line immune cells acti-
vated by inflammation following the onset of  
RA [7]. The number of neutrophils significantly 
increases after RA. Catecholamine-mediated 
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lymphocytes play an important role in RAP, le- 
ading to a reduction in lymphocyte count and 
inactivation of T cells [8]. The neutrophil/lym-
phocyte ratio (NLR) was recognized as an in- 
flammatory marker as early as 2001 [9]. It 
reflects systemic inflammation and has been 
extensively studied as a predictor of bacteri- 
al infection, showing a higher predictive value 
than traditional inflammatory markers [10]. In 
addition, NLR can also predict the occurrence 
of pneumonia and provide dose-response infor-
mation related to the burden of community-
acquired pneumonia [11]. Studies have shown 
that elevated NLR in the early stages can be an 
important indicator for predicting the occur-
rence of RA [12, 13]. The albumin to globulin 
ratio (AGR) is often used as a prognostic bio-
marker and has been studied in many diseas-
es, mainly including small cell lung cancer [14], 
liver cancer [15], metastatic gastric cancer 
[16], nasopharyngeal carcinoma [17], chronic 
heart failure [18], non-ST segment elevation 
myocardial infarction [19], and myasthenia gra-
vis [20]. Lv GY et al. conducted a meta-analysis 
and suggested that a lower AGR is associated 
with a poor cancer prognosis; they also empha-
sized that AGR should be considered as a prog-
nostic indicator during cancer treatment [21], 
highlighting AGR as a valuable clinical indicator 
for evaluating cancer patient prognosis. How- 
ever, there is currently only a few studies on the 
predictive value and clinical application of AGR 
in RAP.

In this study, we explore a novel combined 
approach by integrating the NLR and AGR. This 
approach provides a more comprehensive and 
potentially more accurate assessment tool 
compared to using a single biomarker alone. 
Additionally, we focus specifically on the predic-
tion of RAP, a critical complication of RA, add- 
ressing a significant gap in the current resear- 
ch. It offers a potential early warning system for 
clinicians to identify patients at higher risk of 
developing RAP, enabling earlier detection and 
intervention, which is crucial for improving pa- 
tient outcomes. The combined biomarker app- 
roach may also aid in personalized treatment 
decisions, guiding the selection of appropriate 
therapeutic strategies based on an individual’s 
risk profile.

There are numerous biomarkers available for 
predicting RAP, and the combined use of bio-
markers has shown greater efficacy than indi-
vidual predictors. While NLR is a well-recog-

nized biomarker for predicting inflammation, 
AGR, as a newly proposed predictive biomarker, 
still needs further verification. Therefore, this 
study employs a retrospective analysis to iden-
tify risk factors for RAP and to assess the pre-
dictive and diagnostic value of NLR and AGR for 
RAP. Moreover, it evaluates whether NLR com-
bined with AGR provides a higher predictive 
value for RAP than either biomarker alone, con-
tributing to the early diagnosis and treatment of 
RAP.

Methods

Study design

The data for this study were retrospectively  
collected from the database of Xuancheng 
People’s Hospital between February 2021 and 
November 2023. The study was conducted un- 
der the principles of the Declaration of Hel- 
sinki. Ethics committee of Xuancheng People’s 
Hospital approved the study protocol. RAP 
cases were assigned to the observation group 
(n=78), while RA cases were assigned to the 
control group (n=75). 

Inclusion and exclusion criteria

Inclusion criteria: 1) Both groups met the diag-
nostic criteria of RA (2010 ACR/EULAR) [22];  
2) The observation group met the “Diagnostic 
Criteria for Nosocomial Infection (trial)” and the 
“Diagnostic Criteria for Pneumonia” [23]; 3) Age 
≥ 18 years.

Exclusion criteria: 1) Presence with other auto-
immune diseases; 2) Presence with malignant 
tumors, hematological diseases, or cardio-
cerebrovascular stroke diseases; 3) Presence 
of systemic infectious diseases; 4) Previous 
anti-infection treatment before the diagnosis of 
pulmonary infection at the time of hospitali- 
zation.

Diagnosis of RAP

(1) Confirmed history of RA: Patients exhibited 
typical clinical manifestations of RA along with 
relevant examination evidence. (2) Chest imag-
ing manifestations: High-resolution CT scans 
showed characteristics indicative of interstitial 
lung disease, such as reticular shadow, honey-
combing, ground-glass opacity, etc. (3) Exclu- 
sion of other causes of pneumonia: A detailed 
medical history, physical examination, and lab-
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oratory tests were used to exclude pneumonia 
caused by environmental factors, infection, 
medications, or other autoimmune diseases. 
(4) Pulmonary function test: The test results 
showed abnormalities such as restrictive venti-
lation dysfunction.

Data collection

Primary measurements: Laboratory data col-
lected upon admission included albumin, glob-
ulin, NLR, white blood cell (WBC) count, C-re- 
active protein (CRP), Immunoglobulin A (IgA), 
IgG, urea, creatinine, urea/creatinine ratio, and 
uric acid. NLR was calculated based on neutro-
phil and lymphocyte counts. AGR was calculat-
ed based on albumin and globulin levels.

Secondary measurements: General patient 
information was collected through the hospi-
tal’s case query system, including gender, age, 
height, weight, diabetes mellitus, history of 
smoking and hypertension. 

Statistical analysis

SPSS 23.0 statistical software was used for 
statistical analysis. Quantitative data following 
a normal distribution were expressed as mean 
± standard deviation (X ± SD), and compared 
using independent t-test between groups. Ca- 

tegorical data were expressed as percentage 
(%). The Chi-square test was used for the com-
parison between groups of qualitative data. 
Single-factor logistic regression was applied to 
screen for confounding factors among indepen-
dent variables. For multivariate logistic regres-
sion, the forward stepwise method was em- 
ployed to identify independent risk factors 
affecting RAP. The area under the receiver op- 
erating characteristic (ROC) curve (AUC) was 
compared by the DeLong test. A P-value of 
<0.05 was considered statistically significant 
for all tests.

Results

Comparison of the general data between the 
two groups

There were no significant differences between 
the two groups in terms of general clinical data, 
including gender, age, body mass index (BMI), 
smoking history, alcohol consumption, hyper-
tension, diabetes, coronary heart disease, and 
history of atrial fibrillation (all P>0.05). However, 
significant differences were observed between 
the two groups in terms of length of stay and 
use of disease-modifying anti-rheumatic drugs 
(DMAROs) for RA (all P<0.05) (Table 1). 

Table 1. Comparison of general data between the two groups
Clinical features Control group (n=75) Observation group (n=78) t/χ2 p
Age 71.56±8.62 74.84±7.89 -1.987 0.056
Gender 3.373 0.066
    Male 52 (69.33%) 64 (82.05%)
    Female 23 (30.67%) 14 (17.95%)
BMI 23.84±4.12 22.89±4.03 1.364 0.186
Smoking history 37 (49.33%) 42 (53.85%) 1.123 0.289
History of alcohol consumption 16 (21.33%) 14 (17.95%) 0.165 0.685
Length of stay 11.69±3.23 12.84±3.12 -3.041 0.004
Hypertension 25 (33.33%) 35 (44.87%) 3.426 0.064
Diabetes 32 (42.67%) 42 (53.85%) 3.433 0.064
Coronary heart disease 32 (42.67%) 37 (47.44%) 0.671 0.413
History of atrial fibrillation 27 (36.00%) 24 (32.00%) 0.262 0.609
Treatment for RA
    Non-steroidal diseases 46 (58.97%) 45 (60.00%) 0.017 0.897
    Glucocorticoid 40 (51.28%) 19 (25.33%) 10.867 0.001
    Biopharma 1 (1.33%) 1 (1.28%) 0.001 0.978
    Intermediate drug 23 (29.49%) 24 (32.00%) 0.001 0.989
    DMAROs 29 (37.18%) 52 (69.33%) 15.867 0.000
Notes: DMARO, Disease-modifying anti-rheumatic drugs; RA, Rheumatoid arthritis; BMI, Body mass index.
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Comparison of biochemical indicators between 
the two groups

Compared to the control group, the observation 
group had lower levels of albumin, globulin, and 
AGR, and these differences were statistically 
significant (all P<0.05) (Table 2).

Comparison of inflammatory indexes between 
the two groups

Compared to the control group, the observation 
group showed significantly higher levels of neu-
trophils, NLR, WBC, and CRP (all P<0.05). How- 
ever, no significant differences were observed 
between the two groups in terms of IgA and IgC 
(both P>0.05) (Table 3).

specificity of their combination in predicting 
RAP were 98.8% and 81.8%, respectively. De- 
Long analysis revealed that their combined pre-
diction outperformed either of their individual 
application (P=0.019) (Table 7 and Figure 1).

Discussion

In this study, we found that the observation 
group had significantly lower levels of AGR and 
higher NLR levels compared to the control 
group. Univariate and multivariate logistic re- 
gression analyses identified age, glucocorti- 
coid use, DMARO use, AGR, NLR and course  
of disease as independent prognostic factors 
for rheumatoid arthritis-associated pneumonia 
(RAP). In addition, the ROC curve results sh- 

Table 2. Comparison of biochemical indicators between the two 
groups

Index Control group 
(n=75)

Observation group 
(n=78) t/χ2 p

Total protein 68.12±7.51 65.48±6.94 1.567 0.123
Albumin 39.64±4.81 36.45±4.23 4.621 0.001
Globulin 27.84±3.87 29.87±3.41 -2.987 0.005
AGR 1.46±0.23 1.27±0.23 5.867 0.001
Note: AGR, Albumin/Globulin ratio.

Table 3. Comparison of inflammatory indices between the two 
groups

Index Observation 
group (n=78)

Control group 
(n=75) t/χ2 P

Neutrophil 7.23±2.22 5.67±1.74 -5.52 <0.05
Lymphocyte 1.51±0.84 2.04±1.37 -4.03 <0.05
NLR 6.27±2.07 2.67±1.13 -5.89 <0.05
WBC 8.32±2.13 5.74±1.26 8.272 0.001
CRP 39.56±12.56 5.56±1.17 26.874 <0.001
IgA 3.06±0.52 2.98±0.72 0.468 0.665
IgG 14.68±2.23 14.98±2.37 0.587 0.574
Notes: NLR, Neutrophil/Lymphocyte ratio; WBC, White blood cell; CRP, C-reactive 
protein; IgA, Immunoglobulin A; IgG, Immunoglobulin G. 

Table 4. Comparison of renal function between the two groups
Observation 
group (n=78)

Control group 
(n=75) T p

Urea 4.46±3.61 4.89±3.54 0.257 0.365
Creatinine 55.65±8.65 56.96±8.56 0.257 0.147
Urea/creatinine 0.16±0.05 0.08±0.07 0.178 0.147
Uric acid 268.78±75.98 259.58±59.87 0.487 0.178

Comparison of renal function 
between the two groups

The two groups did not differ 
significantly in terms of renal 
function parameters, includ-
ing urea, creatinine, urea/cre-
atinine, and uric acid (all P> 
0.05) (Table 4). 

Univariate and multivariate 
analysis

The univariate and multivari-
ate analyses showed that  
age (95% CI 1.265-3.468; 
P=0.007), glucocorticoid use 
(95% CI 1.187-3.187; P= 
0.009), DMARO use (95% CI 
1.257-2.997; P=0.006), AGR 
(95% CI 1.147-3.578; P= 
0.012), NLR (95% CI 1.198-
2.978; P=0.008) and course 
of disease (95% CI 11.178-
2.971; P=0.005) were inde-
pendent prognostic factors for 
RAP (Tables 5, 6).

ROC curve analysis

The ROC analysis showed that 
the sensitivity and specificity 
of NLR in predicting RAP were 
92.4% and 84.9% respective-
ly. The sensitivity and specific-
ity of AGR in predicting RAP 
were 83.4% and 80.1%, res- 
pectively. The sensitivity and 
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owed that joint detection of NLR and AGR exhib-
ited robust performance in predicting RAP, with 
sensitivity and specificity of 98.8% and 81.8%, 
respectively.

Neutrophil-to-lymphocyte Ratio (NLR) is a sim-
ple, cost-effective laboratory marker derived 
from routine blood analysis that reflects leuko-

cyte characteristics. It combines the pro-inflam-
matory effects of neutrophils, which can cause 
endothelial damage, with the protective anti-
atherosclerotic effects of lymphocytes. NLR is 
widely recognized a reliable indicator of sys-
temic inflammation [24, 25]. Activated neutro-
phils release various inflammatory mediators 
and proteases, which can directly damage lung 

Table 5. Univariate analysis of risk factors for rheumatoid arthritis-associated pneumonia
Item Observation group (n=78) Control group (n=75) T p
Age 8.904 0.0034
    <60 50 (64.10%) 30 (40.00%)
    ≥60 28 (35.90%) 45 (60.00%)
Gender 3.373 0.0667
    Male 52 (69.33%) 64 (82.05%)
    Female 23 (30.67%) 14 (17.95%)
Course of disease 9.889 0.0028
    <5 51 (65.38%) 30 (40.00%)
    ≥5 27 (34.62%) 45 (60.00%)
Smoking 37 (49.33%) 42 (53.85%) 1.123 0.2894
Diabetes 32 (42.67%) 42 (53.85%) 3.433 0.064
Glucocorticoid use 40 (51.28%) 19 (25.33%) 10.867 0.001
DMARO use 29 (37.18%) 52 (69.33%) 15.867 0.000
Hypertension 25 (33.33%) 35 (44.87%) 0.05 0.89
Albumin 36.45±4.23 39.64±4.81 4.621 0.001
Globulin 29.87±3.41 27.84±3.87 -2.987 0.005
AGR 1.27±0.23 1.46±0.23 5.867 0.001
Neutrophil 7.23±2.22 5.67±1.74 -5.52 <0.05
Lymphocyte 1.51±0.84 2.04±1.37 -4.03 <0.05
NLR 6.27±2.07 2.67±1.13 -5.89 <0.05
WBC 8.32±2.13 5.74±1.26 8.272 0.001
CRP 39.56±12.56 5.56±1.17 26.874 <0.001
Urea 4.46±3.61 4.89±3.54 0.257 0.365
Creatinine 55.65±8.65 56.96±8.56 0.257 0.147
Urea/creatinine 0.16±0.05 0.08±0.07 0.178 0.147
Uric acid 268.78±75.98 259.58±59.87 0.487 0.178
Notes: NLR, Neutrophil/Lymphocyte ratio; WBC, White blood cell; CRP, C-reactive protein; DMARO, Disease-modifying anti-
rheumatic drugs; AGR, Albumin/Globulin ratio.

Table 6. Multivariate analysis of risk factors for rheumatoid arthritis-associated pneumonia
Variable β SE Wald P OR 95% CI
Age 0.742 0.268 7.456 0.007 2.037 1.265-3.468
Glucocorticoid use 0.668 0.247 7.146 0.009 1.987 1.187-3.187
DMARO use 0.647 0.227 7.044 0.006 1.987 1.257-2.997
AGR 0.749 0.287 6.664 0.012 2.064 1.147-3.578
NLR 0.598 0.247 7.852 0.008 1.874 1.198-2.978
Course of disease 0.657 0.237 7.469 0.005 1.885 1.178-2.971
Notes: NLR, Neutrophil/Lymphocyte Ratio; AGR, Albumin/Globulin Ratio; DMARO, Disease disease-modifying anti-rheumatic 
drugs. 
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tissue and promote fibroblast activation and 
collagen deposition, contributing to lung fibro-
sis [26]. At the same time, a reduction in lym-
phocytes may compromise the regulatory func-
tion of the immune system, further exacerbat- 
ing the inflammatory response and tissue dam-
age in the lungs [27]. Our findings showed that 
NLR levels were significantly higher in the 
observation group than in the control group, 
indicating that patients with RAP are in an 
inflammatory state, which is consistent current 
understanding. The ROC curve analysis demon-
strated that NLR predicted RAP with AUC of 
0.675 (P=0.002), suggesting that NLR is a 
more effective tool for diagnosing early-stage 
RAP. 

The albumin-to-globulin ratio (AGR) is an im- 
portant index in medical and biological fields. 
Albumin reflects a patient’s nutritional status 
and systemic inflammatory response, while 
globulin, as the main cortisol-binding protein, 
plays an important role in immune function  
and inflammatory response [28]. An imbalan- 
ced AGR reflects disrupted immune and meta-

tion and immune abnormalities associated 
with RA may directly or indirectly alter the pul-
monary microenvironment, increasing the risk 
of pneumonia [29, 30]. 

This study does have a few limitations. Firstly,  
it is a single-center retrospective study with a 
limited patient population. The small sample 
size may affect the generalizability of the re- 
search findings. Secondly, the pathogenesis of 
RAP is multifaceted, and due to the limitations 
of the available clinical data, further research is 
still needed to incorporate more factors that 
may contribute to RAP development for a more 
comprehensive analysis. In conclusion, we fo- 
und that NLR and AGR hold promise in monitor-
ing the occurrence and progression of RAP, 
serving as valuable predictive factors for early 
detection of RAP.
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