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The study was aimed to determine the association of the platelet-lymphocyte ratio (PLR) with the disease activity of ankylosing spondylitis (AS). A total of 275 patients, including 180 AS patients and 95 non-AS patients, participated in the study. We assessed a full blood count for each participant. Platelet to monocyte ratio (PMR), monocytes to lymphocyte ratio (MLR), monocyte to neutrophil ratio (MNR), platelet to lymphocyte ratio (PLR), neutrophil to lymphocyte ratio (NLR), and platelet to neutrophil ratio (PNR) were calculated. LASSO and logistic regression analyses were performed to establish the nomogram. Receiver operating characteristic (ROC) analysis was performed to evaluate the clinical value of the nomogram. We constructed a novel nomogram, which incorporated easily accessible clinical characteristics like sex, PLR, WBC, EOS, and ESR for AS diagnosis. The AUC value of this nomogram was 0.806; also, the calibration curves indicated a satisfactory agreement between nomogram prediction and actual probabilities. Furthermore, PLR was positively correlated with the severity of AS. PLR was identified as an independent factor for the diagnosis of AS and was associated with the severity of AS.
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Introduction

AS, a chronic inflammatory autoimmune disease, is diagnosed in millions of people every year globally, and it mainly occurs in young adult males (1). AS mostly involves the sacroiliac joints and the axial skeleton and impairs structure and function (2). Its pathogenesis is still unclear but is associated with the presence of human leukocyte antigen B27 (HLA-B27) in 85% to 95% of cases (3, 4).

AS can be diagnosed clinically and radiographically using the modified New York diagnostic criteria (5). There is no specific diagnostic test. Erythrocyte sedimentation rate (ESR) and other acute-phase reactants are usually tested in AS patients for auxiliary diagnosis. However, ESR, C-reactive protein (CRP), and other acute-phase reactants are not related to the disease activity, and changes in ESR are observed in < 50% of patients (6). AS develops due to an immune system disorder. However, AS is a common kind of autoimmune disease, which influences the proportion of immune cells. Therefore, the identification of the immune status changing associated with AS can improve the diagnosis of AS.

In recent years, routine blood parameters were reported as markers of systemic inflammation associated with the diagnosis and prognosis of numerous malignancies and chronic inflammatory diseases (7, 8). A previous study constructed a novel nomogram for the diagnosis of osteoarticular TB by incorporating MLR, ESR and BMI (9).

White blood cells (WBCs) and their counts change in systemic inflammation, including AS. This study aimed to investigate the differences in the complete blood count parameters between AS patients and non-AS patients. Additionally, we also aimed to investigate the relationship between the complete blood count parameters and the severity of AS. We constructed a novel nomogram, which incorporated easily accessible clinical characteristics like sex, PLR, WBC, eosinophils, and ESR for the diagnosis of AS. Additionally, PLR, was identified as an independent factor for the diagnosis of AS and was associated with the severity of AS.



Patients And Methods


Patients

Subjects volunteering for the study had signed informed consent forms. The Ethics Committee of The First Affiliated Hospital of Guangxi Medical University approved this study.

From 2012 to 2021, we consecutively screened out 180 AS patients from the First Affiliated Hospital of Guangxi Medical University according to the modified New York criteria (Evaluation of diagnostic criteria for ankylosing spondylitis. A proposal for modification of the New York criteria) (5). In the First Affiliated Hospital of Guangxi Medical University, from 2012 to 2021, a total of 95 non-AS patients were recruited from all the inpatients diagnosed with lumbar disc herniation or lumbar spinal stenosis.

The clinical parameters were obtained from the hospital information system. Information on age, gender, BMI, ESR, CRP, and complete blood count parameters were obtained from all patients. PMR was calculated by dividing the platelet count by the monocyte count, while MLR was calculated by dividing the monocyte count by the lymphocyte count. MNR was calculated by dividing the monocyte count by the neutrophil count, while PLR was calculated by dividing the platelet count by the lymphocyte count. NLR was calculated by dividing the neutrophil count by the lymphocyte count, while PNR was determined by dividing the platelet count by the neutrophil count. Additionally, we obtained the hip Bath AS Radiation Index (BASRI), the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), and the sacroiliitis grade were also obtained from all patients.



Statistical Analysis

Statistical analyses were performed and visualized using GraphPad Prism 8. A student’s t-test was used to compare the means of the continuous variables between two groups and the parametric data of the three groups were compared using the one-way ANOVA test. LASSO regression analysis was performed and visualized using the “lars” package in the R software. We selected the factors with the highest lambda values for further analysis (10). The performance of the factors and nomogram was assessed using the ROC curves (“pROC” package) (11). A two-sided probability value less than 0.05 was considered to be statistically significant for all analyses.




Results


Nomogram for AS Diagnosis

Table 1 illustrates the baseline characteristics collected for the 275 patients, such as age, sex, BMI, and complete blood count parameters. In this study, male patients accounted for 85.6% and constituted the majority of the AS patients. As shown in Table 1, WBC, red blood cells (RBC), platelet, neutrophil, monocytes, ESR, MLR, PLR, and NLR were much higher in the AS group than in the non-AS group, while MNR and eosinophils was much higher in the AS group than in the non-AS group. Figures 1A, B show the value for the area under the curve (AUC) value of the 10 factors that were significantly different between the AS and non-AS groups. A LASSO regression analysis was also performed with the 11 factors to determine the factors to be included in the nomogram model (Figures 1C, D). Sex, PLR, WBC, eosinophils, and ESR were included in the nomogram (Figure 1E). The AUC value of this nomogram was 0.806 (Figure 2A); also, the calibration curves indicated a satisfactory agreement between nomogram prediction and actual probabilities (Figure 2B).


Table 1 | Baseline characteristics between AS patients and healthy control.






Figure 1 | Establishment of a nomogram for AS. (A) AUCs of the five factors. (B) AUCs of the other five factors. (C) Using 1000-fold cross-validation to the optimal penalty parameter lambda. (D) LASSO coefficient profiles of the 5 characteristics. (E) Nomogram for predicting AS probability.






Figure 2 | Validation of the nomogram. (A) AUC of the nomogram based on the 5 characteristics. (B) Calibration curves for predicting AS probability.





PLR Is Associated With the Severity of AS

Table 2 shows the baseline characteristics between patients with a BASDAI socre < 4 and those with a BASDAI score ≥ 4. Age, BMI, PLR, and MLR were significantly different between the two groups (Table 2). ESR was not associated with the severity of AS (Figure 3). Patients with higher CRP had a higher sacroiliitis grade and suffered greater pain, but CRP was not associated with the hip BASRI socre (Figure 3D). PLR was significantly higher in AS patients with a max hip BASRI socre ≥ 2 (Figure 4A). Furthermore, Figure 4B shows that with the increase in the max sacroiliitis grade, the level of PLR also increased. Additionally, patients with higher PLR suffered greater pain (Figure 4C). PLR was also positively correlated with ESR (Figure 4D). Moreover, PLR was significantly higher in the high CRP group (Figure 4E). MLR was not associated with the severity of AS (Figure 5).


Table 2 | Baseline characteristics between BASDAI socre < 4 or ≥ 4 in AS patients.






Figure 3 | ESR and CRP are not associated with the severity of AS. (A) ESR between AS patients with max hip BASRI socre < 2 and ≥ 2. (B) ESR in AS patients with different max sacroiliitis grade. (C) ESR between AS patients with different VAS pain score. (D) Relationship between CRP and the severity of AS.






Figure 4 | PLR is associated with the severity of AS. (A) PLR between AS patients with max hip BASRI socre < 2 and ≥ 2. (B) PLR in AS patients with different max sacroiliitis grade. (C) PLR between AS patients with different VAS pain score. (D) The correlation of PLR with ESR. (E) PLR between AS patients with different CRP group. * representative p value < 0.05; ** representative p value < 0.01. ns representative p value > 0.05.






Figure 5 | MLR is not associated with the severity of AS. (A) MLR between AS patients with max hip BASRI socre < 2 and ≥ 2. (B) MLR in AS patients with different max sacroiliitis grade. (C) MLR between AS patients with different VAS pain score. (D) The correlation of MLR with ESR. (E) MLR between AS patients with different CRP group. *** representative p value < 0.001; ns representative p value > 0.05.





Nomogram Predictions for Activate Patient With AS

Age, BMI, and PLR were included in the prediction nomogram for activated AS patient prediction (Figure 6A). Moreover, the ROC analysis showed that the AUC value of the nomogram was 0.686 (Figure 6B). The calibration curves of this nomogram are shown in Figure 6C.




Figure 6 | Establishment of a nomogram for activated AS patient prediction. (A) The nomogram for activated AS patient prediction. (B) AUC of the nomogram based on the 3 characteristics. (C) Calibration curves for predicting activated AS patient prediction.






Discussion

Platelets interact with many types of cells, including immune cells and stromal cells. Interestingly, previous studies showed that platelets also interact with osteoblasts (12, 13). Platelet-rich plasma (PRP) and platelet-rich fibrin were reported to be positively correlated with osteoblast differentiation, proliferation, and migration (14). Quiescent or very slowly dividing osteoblasts showed a burst of proliferation after platelet stimulation and returned to a non-dividing or very slowly dividing condition when platelets were removed. Besides, freeze-dried PRP induced osteoblast proliferation via platelet-derived growth factor receptor-mediated signal transduction (15). These studies demonstrated that platelet were strongly associated with bone formation. In this study, platelet levels were significantly increased in AS patients, which suggested that high levels of platelets were associated with heterotopic ossification.

Platelets play a central role in primary hemostasis, adhering to the damaged vascular bed caused by subendothelial collagen exposure (16). Another important (though less commonly evoked) function of platelets is their active participation in anti-infectious responses (17). Additionally, platelets orchestrate the immune response by modulating several immune cells (18, 19). Presently, HLA-B27, acute-phase reactants, clinical characteristics, and radiographically detected changes in images are the main ways to diagnose AS. Many patients are HLA-B27 (–) whose early clinical and imaging results are not atypical, which poses great diagnostic challenges to us.

Previous studies demonstrated that the complete blood count parameters and the ratio between them might act as markers for prognosis, status, and progression of diseases (20, 21). PLR was reported to be closely related to the progression and prognosis of acute ischemic stroke, knee osteoarthritis, and papilledema due to idiopathic intracranial hypertension (22, 23). AS is a chronic inflammatory autoimmune disease, and we aimed to determine the relationship between AS and PLR. Similar to the systemic inflammatory indices related to the immune system, PLR can be directly obtained from the whole blood cell count, which is convenient and cheap. The results of this study demonstrated that the levels of PLR were significantly higher in the AS group than in the non-AS group. PLR was also an independent factor for the diagnosis of AS. By including in sex, PLR, WBC, eosinophils, and ESR, we constructed a nomogram, which could distinguish AS patients from patients with low back pain.

Moreover, PLR can also be used as an indicator of disease severity in AS patients. Elevated levels of CRP or ESR have been found in only about 60% of clinically-active AS patients (8). The clinical assessment of disease activity and response to treatment in AS is complex and difficult. Although the two traditional markers of an acute phase response, ESR and CRP, have been used for assessment, they may not often correlate with the patient’s symptoms or radiological progression (8). In the present study, PLR was correlated with multiple clinical characteristics in AS patients. In the BASDAI ≥4 activate AS patient group, PLR significantly increased, compared to the BASDAI < 4 inactivate AS group. The level of PLR increased with the progression of the max sacroiliitis grade. Additionally, PLR was significantly higher in AS patients with a max hip BASRI socre ≥2 compared to the AS patients with a max hip BASRI socre < 2.

The increase in PLR was caused by the increase in the platelet count and the decrease in the lymphocyte count in peripheral blood, as found in other systemic inflammatory reactive diseases. ESR and CRP are one of the most commonly used indicators of the degree of inflammation. However, ESR was not associated with the severity of AS in our study (Figure 3). Patients with higher CRP had a higher sacroiliitis grade and suffered greater pain, but CRP was not associated with the hip BASRI socre. In this study, the PLR were positively correlated with ESR and CRP. Patients with an elevated PLR had a higher VAS pain score. PLR, along with its potential to predict disease severity, was investigated in several neoplastic, prothrombotic, and metabolic diseases. Its role has been attributed to increased thrombogenic activity (24–26). These results demonstrated that PLR could be used as an indicator of disease severity in AS patients. These hematological ratios can help to categorize the disease severity and progression in patients, thereby enabling us to make appropriate and informed clinical decisions. To some extent, PLR can make up for the deficiency of ESR and CRP in assessing the severity of AS.

In the BASDAI ≥ 4 activated AS patient group, MLR also increased significantly, compared to the BASDAI < 4 inactivated AS group. But MLR was not correlated with other clinical characteristics such as the hip BASRI socre. MLR could be used as an indicator of disease severity in AS patients. Finally, based on three factors, including age, PLR, and BMI, we constructed a nomogram, which could predict the possibility of BASDAI ≥ 4 in AS patients. Obtaining data on these factors are convenient and affordable.

This study had some limitations. First, this retrospective cohort study recruited only patients from only single institution. Therefore, a certain risk of bias remains. Second, multi-center clinical trials with a larger sample size are still needed.



Conclusion

PLR, was identified as an independent factor for the diagnosis of AS and was associated with the severity of AS.
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