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Background: Periprosthetic joint infection (PJI) is a catastrophic complication after total joint arthroplasty (TJA). Timely and 
accurate diagnosis is important for the management of PJI. Currently, many biomarkers are available for the diagnosis of PJI, but 
which inflammatory biomarker combination has the best diagnostic value has not been reported.
Materials and Methods: We retrospectively analyzed 244 patients who underwent revision knee or hip arthroplasty in our 
institution. They were divided into two groups: 87 in the PJI group and 157 in the aseptic failure (AF) group. The preoperative 
C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio 
(PLR), CRP-to-albumin ratio (CAR), CRP-to-lymphocyte ratio (CLR), neutrophil-to-albumin ratio (NAR) and platelet-to-albumin 
ratio (PAR) were determined and compared between the two groups. Receiver operating characteristic curve (ROC) and area under the 
curve (AUC) were used to assess the diagnostic value of all biomarkers, and the optimal cut-off value, positive predictive value (PPV) 
and negative predictive value (NPV) were further calculated by the Youden index.
Results: The NLR, PLR, CAR, CLR, NAR and PAR of the PJI group were significantly higher than those of the AF group (P<0.001). 
According to the ROC and AUC results, the diagnostic value of CAR and CLR was considered excellent with AUCs of 0.931 and 
0.935, respectively. The diagnostic value of NAR (0.739) and PAR (0.785) were fair, the diagnostic value of NLR (0.694) was poor, 
and PLR (0.535) had no diagnostic ability. Subgroup analysis showed no significant differences in combined inflammatory biomarkers 
between the two groups.
Conclusion: CAR and CLR are valuable combined inflammatory biomarkers for diagnosing PJI, while other markers were of limited 
value for the diagnosis of PJI.
Keywords: C-reactive protein-to-albumin ratio, C-reactive protein-to-lymphocyte ratio, biomarkers, periprosthetic joint infection

Introduction
Periprosthetic joint infection (PJI) is the most serious postoperative complication of total joint replacement (TJA) and 
one of the most challenging problems in joint surgery. Studies have found that the rate of PJI after hip replacement is 
about 0.5–1.2%,1,2 and the PJI following primary knee replacement is about 2%.3 The one-year mortality rates after total 
hip and total knee PJI are 4.22% and 4.33%, respectively, and the five-year mortality rates are 21.12% and 21.64%, 
respectively.13,14 The estimated total annual hospital costs associated with PJI in the US will be $1.85 billion by 2030.15 
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Therefore, PJI has become a serious public problem and the key to manage PJI is the early accurate diagnosis. It is well 
known that both PJI and aseptic failure (AF) patients may have the same symptoms such as joint pain and swelling at the 
early stage. However, the treatment regimens for PJI and AF are significantly different. Thus, early diagnosis is important 
for optimizing the treatment of PJI.

Diagnostic criteria developed by the Musculoskeletal Infection Society (MSIS) and the Infectious Diseases Society 
(IDSA) have helped surgeons improve the accuracy of PJI diagnosis.4,5 The new scoring system proposed in 2018 on this 
basis further enhanced the sensitivity and specificity of PJI diagnosis, and thus the new definition is widely accepted.6 In 
recent years, an increasing number of new methods or biomarkers have been shown to be beneficial in diagnosing PJI. 
For example, alpha-defensins are more stable and accurate than traditional inflammatory biomarkers (CRP and ESR) in 
PJI diagnosis.7 One study reported that synovial fluid alpha-defensins had lower sensitivity but higher specificity for the 
diagnosis of PJI compared with frozen sections.8 In addition, synovial calprotectin showed a good ability to diagnose PJI 
even in the presence of other local inflammatory diseases.9 The application of new technologies such as shotgun 
metagenomic sequencing (sNGS), electrical bioimpedance spectroscopy, and Ga-citrate PET also provides a more 
comprehensive and accurate diagnosis of PJI.10–12 However, these methods are difficult to popularize in primary 
hospitals because of high technical and economic requirements.

Serum biomarkers such as CRP, ESR, fibrinogen, and D-dimer are widely used in the diagnosis of PJI because of low 
cost and easy availability. Theoretically, the reproducibility and accuracy of combined biomarkers should be better than 
that of single biomarkers, but the diagnostic ability of biomarker combinations is still controversial. A study by Yu et al 
found that the value of NLR (0.802) for the diagnosis of early PJI was higher than that of CRP (0.793) and ESR 
(0.744).16 Similarly, NLR also showed excellent diagnostic value (0.93) in the study of Zhao et al.17 However, Sigmund 
et al showed that NLR has limited diagnostic value (0.68) compared with traditional biomarkers (CRP).18 Moreover, 
growing evidence demonstrated that multiple combined inflammatory biomarkers such as CRP-to-albumin ratio (CAR), 
platelet-to-lymphocyte ratio (PLR), CRP-to-lymphocyte ratio (CLR), neutrophil-to-albumin ratio (NAR) and platelet-to- 
albumin ratio (PAR) have been used to assess the severity and predict prognosis of non-orthopedic inflammatory diseases 
have been used to assess the severity and predict prognosis of non-orthopedic inflammatory diseases.19,20 However, it is 
unknown whether these biomarkers can diagnose PJI, and which combination has the highest diagnostic ability compared 
with biomarkers that have been shown to have diagnostic value.

In this single-center retrospective study, we aimed to evaluate the potential diagnostic value of each biomarker 
combination for PJI by comparing NLR, PLR, CAR, CLR, NAR and PAR with traditional inflammatory biomarkers 
(CRP and ESR).

Materials and Methods
Patient Selection
This single-center retrospective study was approved by the Institutional Review Board (IRB) of The Affiliated Hospital of 
Qingdao University (QYFY WZLL 27361) and complied with the ethical guidelines of the Declaration of Helsinki. From 
the electronic medical record system, we obtained the data of 303 patients who underwent knee or hip revision surgery in 
our hospital from June 2013 to July 2022. In order to improve the accuracy of this study, we excluded the cases that met the 
following exclusion criteria: (1) periprosthetic fractures; (2) prosthetic dislocations; (3) complicated with diseases that may 
affect biomarkers levels (malignancy, other joint trauma or infection, and hematological diseases) (4) complicated with 
autoimmune system diseases (rheumatoid arthritis, and ankylosing spondylitis); (5) recent use of anticoagulant drugs; (6) 
missing data. After careful review, a total of 244 patients were included in the final study, including 87 patients in the PJI 
group and 157 patients in the AF group. All PJI patients met the latest revised diagnostic criteria of PJI for MSIS in 2018.6

Data Extraction
Baseline data of all included patients including age, gender, height, weight, time and joint of infection were obtained from 
the medical record system. The fasting venous blood was drawn by the nurse on the day of admission or the next day and 
sent to the laboratory for analysis within 1 hour. We were responsible for recording CRP, ESR, neutrophils, lymphocytes, 
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platelets, albumin levels and calculating NLR, PLR, CAR, CLR, NAR and PAR. In addition, synovial fluid or pus was 
collected at the time of surgery and sent to the laboratory for aerobic and anaerobic culture, while histopathological 
examination of periprosthetic tissue or bone was performed.

Statistical Analyses
All statistical analyses were performed using SPSS software version 26.0 (IBM Inc., Armonk, NY, USA) and figures 
were drawn using GraphPad Prism 8.0.2 (GraphPad Software Inc., San Diego, CA, USA). Continuous variables were 
expressed as mean ± standard deviation (SD), and categorical variables as frequencies or percentages. The Mann– 
Whitney U-test was used to compare continuous variables between the two groups, and the chi-square test was adopted to 
analyze categorical variables. A P value <0.05 was considered statistically significant. Areas under the curves (AUCs), 
95% confidence intervals (CI), sensitivity and specificity were calculated from receiver operating characteristic (ROC) 
curves of various combined inflammatory biomarkers. The optimal cut-off value of the biomarker was determined by the 
Youden index, and the negative predictive value (NPV) and positive predictive value (PPV) were further calculated 
according to the optimal cut-off value. The diagnostic value was divided into five grades based on the AUCs: excellent 
(0.900–1.000), good (0.800–0.899), fair (0.700–0.799), poor (0.600–0.699), and no diagnostic ability (0.500–0.599).

Results
The body mass index (BMI) of PJI patients was remarkably higher than that of the AF group (26.04±4.02 kg/m2 vs 24.79 
±3.47 kg/m2, P=0.005) and the number of infected knees was significantly higher than those of the AF group (P<0.001). 
Other basic data including age and gender did not show significant differences between the two groups. Details are 
presented in Table 1.

Table 2 and Figure 1 show that patients in PJI group had significantly higher levels of NLR (3.36±2.93 vs 2.07±1.87), 
PLR (160.52±112.59 vs 135.64±82.63), CAR (1.20±1.54 vs 0.09±0.14), CLR (30.34±46.28 vs 2.25±5.17), NAR (0.14 
±0.11 vs 0.09±0.03) and PAR (8.21±3.04 vs 5.80±1.70) than AF group (P<0.001). ROC curve indicated that the 
diagnostic value of CAR (AUC=0.931, 95% [CI] 0.894, 0.969) and CLR (AUC=0.935, 95% [CI] 0.901, 0.967) was as 

Table 1 Basic Characteristics of All Patents in the PJI and AF Groups

PJIa (n=87) AFb (n=157) P value

Age (y) 64.74±9.91 65.35±9.67 0.655

BMIc (kg/m2) 26.04±4.02 24.79±3.47 0.005

Gender 0.925
Male (%) 46 (52.9) 84 (53.5)

Female (%) 41 (47.1) 73 (46.5)

Joint <0.001
Knee (%) 47 (54.0) 31 (19.7)

Hip (%) 40 (46.0) 126 (80.3)

Notes: a, PJI, periprosthetic joint infection; b, AF, aseptic failure; c, BMI, body mass index.

Table 2 Comparison of the Levels of All Inflammatory Biomarker Combination

PJI (n=87) AF (n=157) P value

NLRa 3.36±2.93 2.07±1.87 <0.001

PLRb 160.52±112.59 135.64±82.63 <0.001

CARc 1.20±1.54 0.09±0.14 <0.001
CLRd 30.34±46.28 2.25±5.17 <0.001

NARe 0.14±0.11 0.09±0.03 <0.001

PARf 8.21±3.04 5.80±1.70 <0.001

Notes: a, neutrophil-to-lymphocyte ratio; b, platelet-to-lymphocyte ratio; c, C-reactive protein-to-albumin 
ratio; d, C-reactive protein-to-lymphocyte ratio; e, neutrophil-to-albumin ratio; f, platelet-to-albumin ratio.

Infection and Drug Resistance 2023:16                                                                                             https://doi.org/10.2147/IDR.S398958                                                                                                                                                                                                                       

DovePress                                                                                                                         
479

Dovepress                                                                                                                                                               Shi et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


“excellent” as CRP (AUC=0.941, 95% [CI] 0.909,0.973) and ESR (AUC=0.916,95% [CI] 0.881, 0.951). For CAR, the 
optimal cut-off value was 0.28 with a sensitivity of 80.2% and a specificity of 95.2%. At the optimal cut-off value (5.46), 
the sensitivity and specificity of CLR were 86.0% and 90.5%, respectively. As for NAR (AUC=0.739, 95% [CI] 0.672, 
0.805, sensitivity: 65.1%, specificity: 74.1%) and PAR (AUC=0.785, 95% [CI] 0.725, 0.845, sensitivity: 72.1%, 
specificity: 76.0%), the diagnostic value was fair, with a cut-off value of 0.10 and 6.63, respectively. The diagnostic 
value of NLR was poor, with an AUC of 0.694 (95% [CI] 0.621, 0.767, sensitivity: 59.3%, specificity: 75.5%). The AUC 
of PLR was 0.535, which means that PLR has no diagnostic ability. According to the Youden index, the PPV of six 
biomarkers were 57.14%, 56.52%, 88.61%, 83.33%, 56.67% and 62.38%, and the NPV were 77.12%, 69.19%, 89.70%, 
92.21%, 76.62% and 83.22%, respectively (Figure 2, Table 3).

Our subgroup analysis demonstrated that there was no significant difference in biomarker levels between the two 
groups, whether grouped by culture results, joint of infection, or time of infection, except that the patients with knee 
infection had lower PAR than the hip (P<0.001) (Table 4). In order to further improve the sensitivity and specificity of 
PJI diagnosis, we combined CAR, CLR and traditional inflammatory biomarkers (CRP and ESR) to conduct 
a combined test. Result of test showed significant improvement in sensitivity, specificity, PPV, and NPV in diagnosing 
PJI (Table 5). Notably, when ESR was connected in series with CAR and in parallel with CLR, the diagnostic 
specificity and sensitivity achieved the highest values, which suggests the diagnostic potential of ESR in the combined 
test.

Among the 87 PJI patients, 60 were culture-positive and 27 were culture-negative, with a positive rate of about 
68.97% (60/87). The culture results showed that the most common pathogen was Staphylococcus epidermidis (19/60, 

Figure 1 Comparison of combined inflammatory biomarkers levels between the PJI group and the AF group. (A) neutrophil-to-lymphocyte ratio (NLR); (B) platelet-to- 
lymphocyte ratio (PLR); (C) C-reactive protein-to-albumin ratio (CAR); (D) C-reactive protein-to-lymphocyte ratio (CLR); (E) neutrophil-to-albumin ratio (NAR); (F) 
platelet-to-albumin ratio (PAR). ***P<0.001.
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31.67%), followed by Staphylococcus aureus (11/60, 18.33%). Two patients (3.33%) were histopathologically found to 
be infected with two types of bacteria simultaneously: one with Staphylococcus epidermidis/Staphylococcus xylosus 
infection and the other with Staphylococcus epidermidis/Escherichia coli infection (Table 6).

Figure 2 The ROC curves of CRP, ESR, NLR, PLR, CAR, CLR, NAR and PAR.

Table 3 Diagnostic Value of CRP, ESR, NLR, PLR, CAR, CLR, NAR and PAR

AUC 95% CI Youden 
Index

Optimal Cutoff 
Value

Sensitivity 
(%)

Specificity 
(%)

PPVa 

(%)
NPVb 

(%)

CRPc (mg/L) 0.941 (0.909,0.973) 0.714 8.39 86.0 91.4 83.33 92.00
ESRd (mm/h) 0.916 (0.881,0.951) 0.703 26.50 80.2 90.1 82.14 88.16

NLR 0.694 (0.621,0.767) 0.348 2.18 59.3 75.5 57.14 77.12

PLR 0.535 (0.453,0.617) 0.173 183.70 30.2 87.1 56.52 69.19
CAR 0.931 (0.894,0.969) 0.754 0.28 80.2 95.2 88.61 89.70

CLR 0.935 (0.901,0.967) 0.765 5.46 86.0 90.5 83.33 92.21

NAR 0.739 (0.672,0.805) 0.392 0.10 65.1 74.1 56.67 76.62
PAR 0.785 (0.725,0.845) 0.483 6.63 72.1 76.0 62.38 83.22

Notes: a, PPV, positive predictive value; b, NPV, negative predictive value; c, CRP, C-reactive protein; d, ESR, erythrocyte sedimentation rate.

Table 4 Comparison of All Inflammatory Biomarker Combination in the Different PJI Subgroups

Culture-Positive 
PJI  

(n=60)

Culture-Negative 
PJI  

(n=27)

P value Acute PJI  
(n=11)

Chronic PJI  
(n=76)

P value Knee PJI  
(n=47)

Hip PJI  
(n=40)

P value

NLR 3.53±3.29 3.00±1.93 0.783 2.79±1.71 3.45±3.07 0.711 3.30±3.07 3.44±2.80 0.753

PLR 157.06±108.18 168.22±123.62 0.790 156.29±117.52 161.13±112.65 0.646 167.33±106.31 152.51±120.42 0.233

CAR 1.34±1.67 0.88±1.17 0.183 1.15±1.48 1.20±1.55 0.868 1.02±1.36 1.40±1.72 0.362

CLR 33.90±51.45 22.14±31.37 0.102 30.36±43.79 30.33±46.91 0.789 28.37±48.16 32.65±44.18 0.721

NAR 0.14±0.13 0.12±0.06 0.759 0.11±0.05 0.14±0.12 0.332 0.12±0.07 0.15±0.15 0.285

PAR 8.06±3.18 8.55±2.71 0.190 8.20±2.95 8.21±3.07 0.959 7.35±1.97 9.22±3.72 0.009
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Discussion
In the present study, we compared the value of multiple combined inflammatory biomarkers for the diagnosis of PJI for 
the first time and demonstrated that CAR and CLR have excellent diagnostic value. Compared with CRP and ESR, these 
two novel biomarkers have higher sensitivity or specificity, and the combination of CAR and CLR with CRP and ESR 
could further improve the sensitivity, specificity, NPV and PPV. These results suggest that these markers could be widely 

Table 5 Combinational Diagnostic Value of the CAR and CLR Combined with CRP and ESR for PJI

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

CAR combined with CRP and ESR
CAR or CRP 86.2 90.4 83.3 92.2

CAR and CRP 80.5 94.3 88.6 89.7

CAR or ESR 92.0 87.3 80.0 95.1
CAR and ESR 67.8 97.5 93.7 84.5

CLR combined with CRP and ESR

CLR or CRP 87.4 87.9 80.0 92.6
CLR and CRP 85.1 93.0 87.1 91.8

CLR or ESR 93.1 84.7 77.1 95.7
CLR and ESR 72.4 96.2 91.3 86.3

Table 6 Culture Results of Patients in the PJI Group

Culture Results No. of Patients

Staphylococcus epidermidis 19
Staphylococcus aureus 11

Pseudomonas aeruginosa 3

Methicillin-resistant Staphylococcus aureus 3
Escherichia coli 3

Streptococcus pyogenes 2

Aeromonas hydrophila 1
Staphylococcus xylosus 1

Coagulase-negative Staphylococcus 1

Staphylococcus haemolyticus 1
Corynebacterium pseudodiphtheriticum 1

Staphylococcus warneri 1

Streptococcus lactis subsp. Equina 1
Dermacoccus nishinomiyaensis 1

Acinetobacter baumannii 1

Corynebacterium 1
Staphylococcus intermedia 1

Enterococcus faecalis 1

Nontuberculosis mycobacteria 1
Streptococcus agalactis 1

Streptococcus intermedius 1

Salmonella enterica subsp. Arizona 1
Corynebacterium striatum 1

Candida glabrata 1
Enterobacter cloacae 1

Pseudointermediate Staphylococcus 1

Candida parapsilosis 1
Negative 27
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used in the future. In addition, the diagnostic value of NLR, NAR and PAR is limited and significantly lower than 
traditional inflammatory biomarkers. Surprisingly, PLR has no ability to diagnose PJI.

CRP is an acute-phase protein produced by the liver, which is increased in response to inflammation or infection. 
Albumin (ALB) is another protein produced by the liver, and serum albumin is often used as an indicator of 
malnutrition.21 Recent studies have shown that there is a close relationship between ALB and inflammation, and low 
ALB levels are associated with more severe inflammation.22,23 CRP level increases during infection while serum ALB 
level decreases when the immune system is activated.24 This opposite response in infection may account for the high 
diagnostic value of CAR. Therefore, as an emerging inflammatory biomarker, CAR has attracted extensive attention in 
various infectious diseases.25,26 Our previous studies confirmed that CAR, like traditional inflammatory biomarkers (CRP 
and ESR), had a high diagnostic value for PJI (AUC=0.941), with the highest specificity (94.9%) and the second highest 
sensitivity (83.8%) following CRP.27 In this study, we included more patients with PJI and AF to further validate the 
results of the previous study. It turns out that CAR does have high diagnostic value and performs the best among multiple 
combinations of inflammatory biomarkers. The AUC of CAR was 0.931, the sensitivity was 80.2%, and the specificity 
was 95.2%. When CAR combined with ESR and CRP, the sensitivity and specificity were further improved. Therefore, 
we considered that CAR is an excellent diagnostic indicator for PJI. Our results have also been confirmed by a recent 
study.28 In the study of Choe et al, CAR was highly accurate for PJI diagnosis, with an AUC of 0.97.28 Although the 
AUC of CAR was decreased in patients with low-grade PJI, CAR can be routinely used as a diagnostic biomarker for 
PJI. Another study conducted by Yiğit et al used CAR to predict PJI after TJA. They analyzed 12 risk factors including 
CRP, albumin, CAR and reported that CAR is more powerful than other risk factors in predicting PJI.29 Two-stage 
revision is the gold standard for the treatment of PJI, but there are still 4–33% failure cases.30,31 The timely determination 
of the risk factors for the failure of two-stage revision surgery is crucial to optimize clinical results and maximize patient 
satisfaction. Unfortunately, the only study at present shows that CAR is not suitable for predicting the prognosis of PJI 
two-stage revision.32 Considering that the data of all patients come from one year before the revision rather than during 
hospitalization, the CAR used in the calculation cannot accurately indicate the preoperative situation of patients. 
Therefore, the ability of CAR for predicting the failure after the second revision warrants further investigation.

Lymphocytes mainly mediate the specific immune response, which are activated when pathogens enter the human body. 
The same as albumin, the number of lymphocytes in sepsis patients also decreased significantly, which is related to the 
marginalization of lymphocytes, increase in apoptosis and redistribution of cells.33 Therefore, CLR, as a novel inflamma-
tory biomarker, may have a similar function to CAR. For a long time, the studies on CLR mainly focused on the prognosis 
of various cancers and the disease severity of COVID-19.34,35 Taniai et al found that preoperative CLR can effectively 
predict the survival rate of colorectal liver metastases patients after hepatic resection.34 Another study confirmed that CLR 
is an important biomarker for differentiating patients with acute appendicitis and perforated appendicitis.36 However, no 
research has reported the relationship between CLR and PJI so far. In the present study, we found that the level of CLR was 
significantly elevated in the PJI group compared with that in the AF group. According to the AUC, the diagnostic value of 
CLR for PJI was considered excellent (AUC=0.935), which outperformed CAR and ESR (AUC: 0.931 and 0.916, 
respectively). By calculating the Youden-index, our results show that CLR has better sensitivity (86.0%), PPV (83.33%) 
and NPV (92.21%) than CRP and ESR. When the CLR was combined with either CRP or ESR, the sensitivity and 
specificity of the combined diagnosis reached more than 90%. We evaluated the accuracy of CLR in diagnosing PJI for the 
first time, and the results demonstrated that it can be a valuable referable tool for PJI diagnosis.

Neutrophils, as the most abundant white blood cells (50% to 70%) in the human body, are the main component in response 
to infection or tissue damage.37 When inflammation occurs, a large number of neutrophils are released into the blood, and the 
level of anti-apoptotic myeloid cell leukemia-1 (Mcl-1) increases. The apoptosis of neutrophils exposed to inflammatory 
mediators is delayed, leading to an increase in the number of peripheral blood neutrophils.38,39 This whole process plays an 
indispensable role in the emergence and prognosis of sepsis. In recent years, studies have shown that platelets not only have 
a physiological hemostatic effect but also play an important role in immune and inflammatory reactions.40 During the immune 
inflammatory reaction, the crosstalk between platelets and bacteria leads to platelet activation. Activated platelets interact with 
other cells through surface receptors, and release many functional proteins such as cytokines and chemokines through 
degranulation to maintain the balance of the immune system.41,42 To the best of our knowledge, this study is the first to 
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explore the relationship between NAR, PAR and PJI. In our study, we found that the average levels of NAR and PAR increased 
significantly in PJI patients, but the diagnostic value of these two inflammatory biomarkers for PJI was considered fair (0.739 
and 0.785, respectively), which were significantly lower than CRP and ESR. In addition, the sensitivity, specificity, NPV and 
PPV of NAR and PAR were also lower than those of CRP and ESR. These results indicate that the value of these two ratios in 
diagnosing PJI is limited. Notably, the level of PAR in knee PJI is significantly lower than that of hip PJI. Thus, the value of 
PAR in the diagnosis of different joint PJI deserves more investigation. At present, the diagnostic value of NLR in PJI remains 
controversial. The diagnostic value of NLR was considered good in two studies (AUC: 0.80 and 0.80, respectively).43,44 

However, most studies have shown that AUCs of NLR range from 0.656 to 0.740, which indicates that NLR is of limited 
diagnostic value and cannot be used as a reliable biomarker to assist the diagnosis of PJI.18,45–50 In the present study, NLR 
could only obtain poor result (AUC: 0.694) when diagnosing PJI, with the sensitivity of 59.3% and the specificity of 75.5%. 
The conclusions obtained in our studies were supported by a latest meta-analysis.51

There are several limitations of our study. The inherent bias of the present study is unavoidable because of its single- 
center and retrospective design. Therefore, the conclusion needs to be verified by a prospective study with larger sample 
size. In addition, cirrhosis and malnutrition may lead to hypoalbuminemia in non-PJI patients, but our study did not 
exclude these patients, which may reduce the accuracy of CAR, NAR and PAR.

Conclusion
Our study revealed that compared with CRP and ESR, CAR and CLR have the equivalent excellent diagnostic value for 
PJI. Their diagnostic value can be further improved when combined with CRP and ESR, which is helpful for the 
screening of PJI patients. We believe that these two combinations of inflammatory biomarkers should be widely used in 
clinical practice.
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