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Abstract
Aim: Ankylosing Spondylitis (AS), a form of inflammatory arthritis of the spine, often presents as chronic back pain before age 45. This study examines the 
role of the Systemic Immune Response Index (SII) and Systemic Inflammation Response Index (SIRI) in diagnosing AS and monitoring treatment in patients 
receiving anti-TNF-α therapy.
Methods: This study included 90 participants (45 AS patients on anti-TNF therapy and 45 healthy controls). Age, gender, demographic data, inflammation 
markers (neutrophils, lymphocytes, platelets, ESR, CRP), and disease activity levels (using BASDAI) were retrospectively collected. SII and SIRI values were 
measured at baseline and after 3 and 6 months of TNF therapy.
Results: The SII and SIRI values of the patient group at baseline were higher than those of the healthy group (p < 0.001). ROC analysis of the discrimination 
power of the data of AS patients who were started on anti-TNF drugs at the time of treatment initiation, on the healthy group, showed that the success of 
SII and SIRI values in classification was statistically significant (p < 0.001). According to this model, the pre-treatment SII value of the patient group had a 
sensitivity of 68.9% and a specificity of 86.7%, and the SIRI value had a sensitivity of 62.2% and a specificity of 82.2%. SII and SIRI values measured at 3 and 
6 months after treatment were significantly lower than baseline (p < 0.001). SII and SIRI were positively correlated with CRP and ESR.
Conclusion: SII and SIRI may be a reliable and easily accessible biomarker for the diagnosis and follow-up of patients with AS.
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Introduction
Ankylosing Spondylitis (AS) is an inflammatory disease of the 
spine that typically causes chronic back pain before the age 
of 45. It is often accompanied by one or more extraspinal 
pathologies, such as synovitis, enthesitis, and dactylitis, as well 
as uveitis, psoriasis, and inflammatory bowel disease.  Patients 
with this pathology often possess the human leukocyte antigen 
(HLA)-B27 gene. Additionally, those with active inflammatory 
disease frequently exhibit a high acute phase response.1,2

Currently, there is no specific standardized laboratory test 
available for detecting and monitoring AS. The commonly 
used tests to indicate inflammation are acute phase 
reactants such as C-reactive protein (CRP) and erythrocyte 
sedimentation rate.3 These tests can be helpful in determining 
the level of inflammation, changes in disease activity over 
time, and prognosis. Although useful in assessing the degree 
of inflammation and prognosis, these tests have been found 
to have low sensitivity and specificity.4,5 Furthermore, the 
Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) 
is commonly used in daily practice to measure the clinical 
activity of the disease.6 In recent years, there has been a 
suggestion that certain markers of systemic inflammation, 
which can be easily extracted from the hemogram using 
various mathematical formulas, can serve as independent 
predictors of prognosis and mortality in both benign and 
malignant diseases.7-9 The Systemic Immune Inflammation 
Index (SII) and Systemic Inflammation Response Index (SIRI) are 
calculated based on hemogram parameters and are thought to 
have a strong relationship with inflammation. They are used 
to assess the prognosis of diseases.  SII has been reported as 
a strong prognostic marker in many types of cancer and has 
been found to be correlated with disease activity in patients 
with rheumatoid arthritis.10,11 SIRI may serve as a prognostic 
marker in pancreatic cancer,12 is linked to higher mortality rates 
in stroke patients,13 and is correlated with disease activity in 
patients with rheumatoid arthritis (RA).14

The aim of this study is to investigate the severity of disease and 
the use of SII and SIRI in disease follow-up in AS patients started 
on anti-tumor necrosis factor (TNF) drug treatment according 
to follow-up at baseline (month 0), month 3, and month 6 of 
treatment.  In addition, we will try to evaluate whether SII and 
SIRI correlate with disease activity in patients with AS and the 
possible use of SIRI as a marker in treatment follow-up. 

Materials and Methods
In this study, we retrospectively analyzed the data of 45 
patients diagnosed with AS and who received anti-TNF drug 
treatment and 45 healthy participants who were admitted to 
the Rheumatology Outpatient Clinic of Mersin University Faculty 
of Medicine Hospital between 2011 and 2021. The participants 
were all over 18 years old. Individuals with any hematologic/
oncologic disease or infection that may affect hemogram 
parameters, liver or kidney failure, or possible pregnancy were 
excluded from the study. The patient group included patients 
who had previously received at least two different NSAIDs, did 
not respond to these treatments, and had a BASDAI score ≥ 
4.0 and an indication for anti-TNF drug initiation. Demographic 
data such as age, gender, single-value measurement of the 

healthy group, and hemogram, sedimentation, CRP, SII, SIRI, 
NLR, PLR, LMR, and BASDAI measurements of the patients 
before, 3 months, and 6 months after starting anti-TNF drug 
treatment were retrospectively screened and recorded.

The Parameters Studied are as Follows
• The formula for the systemic immune-inflammation index (SII) 
is calculated by multiplying the neutrophil count by the platelet 
count and then dividing the result by the lymphocyte count.
• The Systemic Inflammation Response Index (SIRI) is calculated 
by multiplying the Neutrophil count by the Monocyte count and 
dividing the result by the Lymphocyte count.
• The Neutrophil to Lymphocyte Ratio (NLR) is calculated by 
dividing the Neutrophil count by the Lymphocyte count.
• The Platelet Lymphocyte Ratio (PLR) is calculated by dividing 
the Platelet count by the Lymphocyte count.
• The Lymphocyte Monocyte Ratio (LMR) is calculated by 
dividing the Lymphocyte count by the Monocyte count.

Ethical Approval
This study was approved by the Ethics Committee of Mersin 
University (Date: 2021-12-15, No: 2021/760).

Statistical Analysis
The study data were analyzed using SPSS 22 and MedCalc 
20.008. The data were summarized using mean, standard 
deviation, minimum, and maximum values. The normality 
assumption was tested using the Shapiro-Wilk test. Pairwise 
group comparisons for normally distributed variables were 
conducted using Student’s t-test, while non-normally distributed 
variables were analyzed using the Mann-Whitney U test. The 
Pearson Correlation test was used to establish the relationship 
between continuous measurements. The Repeated Measures 
ANOVA test was used to compare measurements taken at 
different time points. The Bonferroni test was used to determine 
which comparisons caused the significant differences found as 
a result of ANOVA. Receiver Operating Curve (ROC) analysis 
was used to determine the discriminative power between 
patients and healthy subjects for each measurement time. The 
statistical significance level was set at p < 0.05.

Figure 1. Receiver operating curve (ROC) analysis of the 
discriminative power of SIRI, PLR, NLR, LMR, and SII values on 
the healthy and patient groups
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Reporting Guidelines
This study was reported in accordance with the STROBE 
guidelines for observational studies.

Results
A total of 45 patients diagnosed with AS and receiving anti-
TNF medication, and 45 healthy participants were included 
in our study. In the control group, 23 were male and 22 were 
female, and the mean age of 36.3 years ± SD (min: 19-max: 
62). In the patient group, 29 of the patients were male and 16 
were female, and the mean age was 41.4 years ± SD (min: 22-
max: 72).
A statistically significant decrease was observed in the SII and 
SIRI values of patients with ankylosing spondylitis at baseline, 3 
months, and 6 months after treatment (p < 0.001). In addition, 
statistically significant differences were found in CRP, ESR, 
BASDAI, NLR, PLR, and LMR values between the two groups 
(p < 0.001), as shown in Supplementary Table 1.
The hemogram parameters of the healthy group and AS 
patients at the beginning of treatment were analyzed. The 
results showed that AS patients had statistically significantly 
higher mean values of SII, SIRI, CRP, ESR, NLR, and PLR 
compared to the healthy group (p < 0.001) (Table 1). Receiver 
Operating Curve (ROC) analysis of the discriminative power of 
hemogram, CRP, ESR, SIRI, PLR, NLR, LMR, and SII values on 
the healthy and patient groups was performed (Figure 1). SII 
had a sensitivity of 68.9% and a specificity of 86.7% with a 
cut-off value of 589.9948, while SIRI had a sensitivity of 62.2% 
and a specificity of 86.6% with a cut-off value of 1.231. In the 
analysis of the inflammatory markers in our study, the most 

sensitive biomarkers were SII, SIRI, and PLR, whereas the most 
specific biomarkers were NLR, SII, PLR, LMR, and SIRI (Table 2). 
Logarithmic correlation analysis was performed between SIRI, 
PLR, LMR, NLR, NLR, and SII measurements and BASDAI, CRP, 
and ESR measurements at the start of anti-TNF treatment. A 
statistically significant, linear, positive, and moderate correlation 
was found between SIRI measurements taken at the beginning 
of treatment and CRP (p = 0.000; r = 0.503) and sedimentation 
(p = 0.009; r = 0.385) measurements. A statistically significant, 
linear positive, and moderate correlation was found between 
the SII measurements taken at the beginning of treatment and 
CRP (p = 0.031; r = 0.322) and sedimentation (p = 0.004; r = 
0.424) measurements.

Discussion
Although recent studies have begun to explore the role of the 
systemic immune-inflammation index (SII) and the systemic 
inflammation response index (SIRI) in ankylosing spondylitis 
(AS), data remain limited, particularly concerning their utility 
in monitoring treatment response to anti-TNF therapy. The 
present study contributes to this growing body of evidence by 
evaluating the clinical usefulness of SII and SIRI in AS patients 
receiving anti-TNF treatment. 
SII was first described by Bo Hu et al. as a useful prognostic 
factor in hepatocellular cancer patients.15 Yang et al. published 
a comprehensive meta-analysis in 2018. The study found that 
high SII values were associated with worse median survival, 
worse progression-free survival, and worse cancer-specific or 
disease-free overall survival in cancer patients.16 However, the 
cut-off points for the SII values varied among the studies, but 

Table 1. Hemogram, CRP, ESR, SIRI, PLR, LMR, NLR, and SII values of the healthy group and all AS patients at the beginning of 
treatment were measured

AS Patients 
n = 45

Healthy Group 
n = 45 p-value

mean±sd Min-Max mean±sd Min-Max

Hemoglobin 12,960±1,845 8,700-16,800 14,249±1,289 12,100-16,900 <0,001

MCV 80,971±8,136 60,000-95,000 85,022±3,108 79,000-93,000 0,002

Leukocyte 8,767±2,192 4,430-15,020 6,926±1,133 4,060-8,800 <0,001

Lymphocyte 2,268±0,727 1,210-4,800 2,312±0,546 1,430-3,520 0,745

Monocyte 0,638±0,272 0,200-1,600 0,538±0,129 0,310-0,900 0,029

Neutrophil 5,584±1,893 2,370-11,720 3,778±0,980 1,040-5,830 <0,001

Platelet 316,667±84,493 179,000-528,000 256,600±48,652 167,000-358,000 <0,001

RDW 14,560±2,112 11,700-20,100 12,964±0,771 11,700-14,600 <0,001

MPV 9,889±1,354 6,600-12,700 9,667±0,511 8,400-10,400 0,306

CRP 24,044±26,846 2,040-133,000 1,522±1,175 0,170-4,500 <0,001

ESR 26,422±18,649 3,000-75,000 3,156±1,313 1,000-8,000 <0,001

SIRI 1,778±1,303 0,267-5,802 0,933±0,391 0,174-1,955 <0,001

PLR 149,101±47,804 79,091-251,807 115,701±30,968 63,636-222,360 <0,001

LMR 4,085±1,973 1,410-10,292 4,450±1,174 2,167-7,514 0,289

NLR 2,697±1,274 0,785-6,933 1,740±0,639 0,295-3,621 <0,001

SII 845,931±434,874 214,242-2239,467 449,612±211,645 66,182-1296,360 <0,001

Abbreviations: BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; LMR, 
lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation 
index; SIRI, systemic inflammation response index.
Notes: Data are presented as mean ± SD. Comparisons between groups were performed using appropriate statistical tests. A p value < 0.05 
was considered statistically significant.
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this did not affect the results of the meta-regression analysis. 
This finding suggests that future clinical trials should consider 
adjusting the optimal cut-off point.16 
Yoshikawa et al. evaluated SII and NLR values in 574 patients 
with rheumatoid arthritis and found that SII was more strongly 
associated with disease activity compared to NLR.11 Similarly, 
Tanacan et al. retrospectively analyzed 130 patients with 
active Behçet’s Disease (BD) and 63 patients with inactive BD. 
Statistically significantly higher SII values were found in the 
group with active BD compared to the group with inactive BD.17 
Tezcan et al. demonstrated that both SII and SIRI were 
significantly elevated in patients with AS compared to healthy 
controls. While SII levels significantly decreased following 
anti-TNF therapy, SIRI levels remained persistently high. The 
reduction in SII was particularly significant among HLA-B27-
positive patients. Moreover, elevated SII and SIRI values were 
associated with active disease status and showed positive 
correlations with conventional inflammatory markers, including 
ESR, CRP, and BASDAI.18 
In a retrospective cohort analysis by Yu-Jen Pan et al., 
involving rheumatoid arthritis patients receiving biologic and 
targeted synthetic disease-modifying antirheumatic drugs (b/
tsDMARDs), SII levels were significantly reduced following 
treatment. Moreover, higher baseline SII values were associated 
with greater decreases in erythrocyte sedimentation rate at 
three months, and SII demonstrated a moderate correlation 
with C-reactive protein during follow-up.19

In this study, we evaluated the relationship between disease 
activity and SII measurement levels in AS patients who were 
started on anti-TNF drug therapy. Our findings showed that 
SII levels were significantly higher in AS patients who received 

anti-TNF medication compared to healthy individuals. In previous 
studies, SII levels were found to be higher in patients with AS 
than in healthy controls,18,20,21 supporting the findings in our study.  
Wu et al. found that SII was the most effective biomarker for 
differentiating disease activity in AS patients, outperforming 
CRP and ESR, with sensitivity and specificity values of 86.4% 
and 83.3%, respectively.20 Our study also found statistically 
significant success in the classification of AS patients using 
the SII value. These results support the use of SII as a means of 
distinguishing AS patients from healthy controls.
In a study conducted by Okutan et al. on patients with 
rheumatoid arthritis (RA), a significant positive correlation 
was reported between the systemic immune-inflammation 
index (SII), the systemic inflammation response index (SIRI), 
and disease activity. The predictive accuracy was calculated 
as 75.26% for SII and 72.16% for SIRI. In the ROC analysis, 
the area under the curve (AUC) values were 0.717 for both SII 
and SIRI, with cutoff values of 611.45 and 1.18, respectively. 
The sensitivity and specificity were determined as 57.81% and 
60.61% for SII, and 59.38% and 63.64% for SIRI.22

Qi et al. first investigated SIRI measurement in patients with 
pancreatic cancer. The study found that SIRI has prognostic 
value in terms of mean survival and time to progression. 
Additionally, the study suggested that SIRI may reflect local 
immune response, systemic inflammation status, and tumor 
burden.12 Xu et al. published a multi-center retrospective study 
of 1499 RA patients and 366 healthy volunteers, examining 
the NLR, LMR, PLR, and SIRI values of the participants.  The 
results showed that SIRI and NLR measurements were able 
to distinguish RA patients from healthy controls.14 It was 
also found that SIRI and PLR measurements were positively 

Receiver Operating Curve (ROC) analysis

Cut-off Value AUC (Area Under the Curve) p-value Sensitivity Specificity

Hemoglobin ≤13,6 0,712 <0,001 71,1 71,1

MCV ≤80 0,658 0,008 40 93,3

Leukocyte >7,63 0,779 <0,001 75,6 75,6

Lymphocyte ≤1,86 0,544 0,478 35,6 80

Monocyte >0,66 0,603 0,094 42,2 86,7

Neutrophil >4,58 0,821 <0,001 75,6 86,7

Platelet >298 0,714 <0,001 53,3 84,4

RDW >13,6 0,754 <0,001 62,2 82,2

MPV >10,2 0,62 0,066 48,9 91,1

CRP >3,84 0,984 <0,001 93,3 95,6

ESR <5 0,985 <0,001 95,6 97,8

SIRI >1,231 0,751 <0,001 62,2 82,2

PLR >142,5532 0,701 <0,001 55,6 86,7

LMR ≤3,2747 0,625 0,038 42,2 86,7

NLR >2,377 0,753 <0,001 48,9 91,1

SII >598,9948 0,822 <0,001 68,9 86,7

Abbreviations: AUC, area under the curve; CI, confidence interval; ROC, receiver operating characteristic.
Notes: Receiver operating characteristic analysis was performed to evaluate the discriminatory ability of the inflammatory indices. Cutoff 
values were determined based on optimal sensitivity and specificity. A p value < 0.05 was considered statistically significant.

Table 2. Receiver operating curve (ROC) analysis of the discriminative power of hemogram, CRP, ESR, SIRI, PLR, NLR, LMR, and SII 
values between healthy and patient groups.
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correlated with disease activity in RA patients. These findings 
suggest that SIRI measurement can be used as a suitable 
biomarker to aid in the diagnostic process and to indicate the 
disease activity of RA.14 In a retrospective study by Zhang et 
al., SIRI was found to be associated with all-cause mortality in 
stroke patients, and a positive correlation was found between 
SIRI elevation and mortality. In addition, high SIRI measurement 
values were found to be associated with high sepsis risk and 
high stroke severity.
Jin et al. retrospectively examined the SIRI measurements of 
48 RA patients with ischemic stroke and a control group of 48 
healthy participants. They reported that SIRI was statistically 
significantly higher in RA patients with ischemic stroke than in 
the healthy group, and SIRI may be an independent risk factor 
for ischemic stroke in RA patients.23

In the study by Dede et al., the sensitivity and specificity of SIRI 
measured in AS patients were 69.2% and 68.6%, respectively. 
In this study, 44.2% of the patients were receiving anti-TNF 
drug treatment.21 Similarly, in our study, SIRI measurement 
was statistically significant in differentiating the patient and 
healthy groups. In our study, the sensitivity and specificity of 
SIRI were calculated as 62.2% and 82.2%, respectively.
In a multicenter study by Morariu et al., SII was found to be 
significantly correlated with the Psoriasis Area and Severity 
Index, while SIRI was associated with the Psoriasis Scalp 
Severity Index. Moreover, higher baseline SIRI levels were 
identified as independent predictors of super-responder status 
in patients treated with biologics.24

In our longitudinal analysis, SII and SIRI values changed over 
time in AS patients who began anti-TNF therapy. Statistically 
significant differences were observed between baseline and the 
third and sixth months of treatment for SII.
Based on our results, SII and SIRI measurements may serve 
as biomarkers that significantly contribute to the diagnostic 
process of AS patients. They may also aid clinicians in 
monitoring AS patients with high disease activity, particularly 
those who are starting anti-TNF drug therapy.
The positive correlation between SII and SIRI values and CRP 
and ESR values found in our study suggests that SII and SIRI 
may be closely related to inflammatory status in AS patients. 
Additionally, in some AS patients, acute-phase reactants may 
be normal despite active disease, high disease activity, and 
severe symptoms.5,25 In such cases, SII and SIRI may provide 
additional insights into inflammatory status. Furthermore, as 
the BASDAI is a subjective measure, it is possible for patients 
to exaggerate their symptoms or inaccurately assess their pain 
due to other mechanical causes or fibromyalgia. SII and SIRI 
could offer more objective indicators of disease activity in 
these scenarios.

Limitations
This study has several limitations, including its retrospective 
nature, evaluation of data from a single center, and limited 
sample size. To make strong interpretations of the significance 
of the biomarkers evaluated in this study and to obtain other 
supporting evidence, larger studies involving multiple centers 
are needed.  Furthermore, to strengthen the role of SII and 
SIRI measurements in the diagnosis and follow-up of AS, it 

is important to conduct longer patient follow-up and include 
radiographic endpoints for support.

Conclusion
SII and SIRI measurements are cost-effective, easily accessible, 
and objective tools that provide clinicians with convenient 
diagnostic and follow-up options for AS patients undergoing 
anti-TNF therapy.
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