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Abstract: Background: The systemic inflammation response index (SIRI) and systemic immune-
inflammation index (SII) have been introduced as inflammatory markers and predictors of poor
prognosis in cancer and cardiovascular diseases. An appropriate evaluation of disease activity
in spondyloarthritis (SpA) might be challenging. The purpose of this study was to evaluate the
usefulness of cellular immune inflammation markers and ultrasound (US) evaluation of entheses
and joints in the assessment of disease activity in SpA patients. Methods: This cross-sectional
study involved patients with SpA (62 axial SpA, 38 peripheral SpA, pSpA). The clinical data of both
tender, swollen joint counts, erythrocyte sedimentation rate, C-reactive protein, white blood cell
counts, and disease activity using Bath Ankylosing Spondylitis Disease Activity Index (BASDAI)
and Disease Activity Index for Psoriatic Arthritis (DAPSA), were recorded. The SIRI, SII, neutrophil-
to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and lymphocyte-to-monocyte ratio
(LMR) were calculated. US examination was performed (22 small joints, Achilles tendon, and plantar
aponeurosis for enthesitis). Results: The SII, SIRI, NLR, and PLR were higher, and LMR was lower in
patients with high disease activity (BASDAI > 4). Higher SII was observed in pSpA patients with
moderate/high disease activity (DAPSA > 14). The SIRI was correlated with clinical and laboratory
parameters of disease activity. The SII was correlated with US parameters in pSpA. Higher SII and
NLR values were found in patients with signs of activity compared with no activity in the US of
peripheral joints. There were no associations with US changes in entheses. Conclusions: The results
of this study point to the value of SIRI and SII as biomarkers of disease activity in patients with SpA.
The SII was associated with synovitis in the US of the peripheral joints.

Keywords: spondyloarthritis; cellular immune inflammation markers; ultrasound examination

1. Introduction

Spondyloarthritis (SpA) is a set of distinct inflammatory diseases that share a common
genetic background and several clinical manifestations. These diseases include ankylosing
spondylitis (AS), psoriatic arthritis (PsA), reactive arthritis (ReA), inflammatory bowel
diseases (IBD)-related arthritis, and undifferentiated SpA (USpA). They primarily affect
sacroiliac joints and the spine. High disease activity is associated with pain, stiffness, and
bone formation, resulting in progressive ankylosis of the axial skeleton. Peripheral joint
involvement and enthesitis are common manifestations of SpA. Extra-articular symptoms
may also occur (e.g., psoriasis, uveitis, IBD, cardiovascular complications, osteoporosis)
and are associated with increased mortality [1–3].

The two phenotypes of SpA have been distinguished, axial (axSpA) and peripheral
(pSpA), depending on the predominant symptomatology. The prevalent sacroiliitis and
the spine involvement define the axSpA. The pSpA is diagnosed when arthritis, especially
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in large joints of lower extremities, enthesitis, or dactylitis, predominates the clinical
presentation [4,5].

In clinical practice, erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP)
are usually obtained to evaluate the disease activity. However, the specificity and sensitivity
of these biomarkers are low. In addition, elevated values of ESR and/or CRP are observed
in about 40–50% of patients with AS [6].

The hematological markers of systemic inflammation, neutrophil-to-lymphocyte ra-
tio (NLR), platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR), or
monocyte-to-lymphocyte ratio (MLR) were estimated to be highly sensitive markers of
inflammation in diseases such as cancer, neurological or cardiovascular conditions, sys-
temic autoimmune rheumatic diseases [7–9]. They were also examined as indicators of
systemic inflammation in patients with SpA [10–15], however, with conflicting results.
The NLR value was higher in patients with axSpA than in controls and exhibited a cor-
relation with CRP [10,13,15], or there was no significant difference between AS patients
and controls [9,11]. The PLR value was significantly higher [9,12,13,15], and there was no
significant difference between patients with AS and controls [11]. The NLR was reported
to be a marker for predicting the therapeutic effect and persistence of anti-tumor necrosis
factor-α (TNF-α) treatment [14]. The MLR was elevated in AS patients compared with
non-radiographic axSpA (nr-axSpA) and was positively correlated with inflammatory
parameters (CRP, ESR) and spinal movements [15]. The LMR value was higher in patients
with axSpA than in controls and was reported as a marker for the evaluation of disease
activity and sacroiliitis stage in X-ray [13].

Recently, novel cellular immune inflammation markers based on circulating immune-
inflammatory cells have been developed as indicators of systemic inflammatory
response [7,16]. The systemic immune-inflammation index (SII) (NLR × platelets) in-
tegrates values of NLR and PLR into one single parameter, considering three blood cell
populations (neutrophils, lymphocytes, and platelets). Initially, SII was used in patients
with hepatocellular carcinoma [17] and later, in other cancer settings, as an inflammation-
based prognostic marker [18,19]. However, SII is also being investigated in cardiovascular
(CV) [20,21] or autoimmune diseases, such as rheumatoid arthritis (RA), antineutrophil
cytoplasmatic antibody-associated vasculitis (AAV), Behcet’s disease [16,22,23], psoriasis,
and PsA [24,25], SpA [26,27]. The SII is reported as a prognostic marker in patients with
psoriasis and PsA, as well as a new tool indicating activity in patients with RA [16,22,24,25].

The systemic inflammation response index (SIRI) (NLR × monocytes) is based on
three other blood cell populations (neutrophils, lymphocytes, and monocytes). Initially,
SIRI was used as a prognostic indicator in cancer, CV diseases [21,28–30], coronavirus
disease (COVID-19), and RA [16]. According to the best knowledge, SIRI was not assessed
in patients with SpA.

Imaging methods, including ultrasound (US) and magnetic resonance (MR), have an
important role in the management of SpA patients. These methods may be used to monitor
inflammatory activity, particularly synovitis, and enthesitis in pSpA. The conflicting data
have been reported in the literature with regard to associations between grey-scale (GSUS)
or power Doppler (PDUS) changes in the lower limb entheses and inflammatory parameters,
indicating significantly positive correlations or no correlation [31].

The aim of this study was to estimate the usefulness of cellular immune inflammation
markers and ultrasound (US) evaluation of entheses and joints in the assessment of disease
activity in patients with SpA.

2. Materials and Methods
2.1. Study Population

This cross-sectional study included 100 consecutive patients with SpA (AS and PsA),
treated in the Department of Rheumatology and Connective Tissue Diseases, Medical
University of Lublin, Poland. Patients with AS fulfilled the 1984 modified New York
classification criteria [32], and those with PsA fulfilled the 2006 classification criteria of
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psoriatic arthritis (CASPAR) [33]. This study’s patients were classified as axSpA (predomi-
nant sacroiliitis, spine involvement) or pSpA (predominant peripheral arthritis, enthesitis,
or dactylitis).

This study was performed according to the Declaration of Helsinki and was approved
by the Ethical Committee of the Medical University of Lublin (approval number KE-
0254/21/2020). All patients gave written informed consent prior to being included in
this study.

2.2. Clinical and Laboratory Assessment

The clinical data were collected through precise interviews, medical history, self-
reported questionnaires, and physical examinations.

In patients with axSpA, disease activity was evaluated by using Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) [34], which includes six 10 cm horizontal
visual analog scales (VAS) in order to assess the intensity of fatigue, spinal pain, peripheral
joint pain, tenderness of entheses, and morning stiffness (range 0–10). The cut point for
high disease activity was BASDAI > 4. An assessment of functional ability was performed
according to the Bath Ankylosing Spondylitis Functional Index (BASFI) [35], which con-
sisted of 10 questions regarding physical activity and was answered on a 10 cm horizontal
VAS. The mean of all answers is the result of the BASFI score (range 0–10) [35].

In patients with pSpA, disease activity was evaluated by using the Disease Activity
Index for Psoriatic Arthritis (DAPSA), calculated with a 68/66 joint counts scale (tender
joint count (TJC), swollen joint count (SJC), patient global assessment (PGA) by VAS, patient
pain assessment by VAS, and CRP concentration (mg/dL) [36]. The cut point for remission
is the value ≤ 4, and for low disease activity, the values are between 5 and 14.

The ability to perform daily activities was assessed according to a modified Health
Assessment Questionnaire (M-HAQ), with a range of 0–3 (a score of 0 presenting no
impairment of function) [37].

Blood samples were taken after overnight fasting. Blood tests performed in all patients
included ESR, CRP, and complete blood cell count (CBC). The samples were analyzed
with ADVIA 2120i System automated cell counter (Siemens, Munich, Germany). The
NLR was calculated as a ratio of peripheral blood neutrophil count/lymphocyte count;
PLR peripheral blood platelet count/lymphocyte count; LMR peripheral blood lympho-
cyte count/monocyte count; SII: (neutrophil × platelet count)/lymphocyte count; SIRI:
(neutrophil × monocyte count)/lymphocyte count.

2.3. Ultrasound Imaging of Joints and Entheses

The US imaging of joints was made by applying a machine (MyLab25 Gold, Esaote,
Genova, Italy) with an 18 MHz broadband high-frequency linear array transducer.

In patients with pSpA, peripheral joints assessment was conducted, including 22 bilat-
eral joints: 2 wrists; 10 metacarpophalangeal (MCP); 8 hand proximal interphalangeal (PIP);
and 2 thumb interphalangeal (IP). Images were taken according to the EULAR recommen-
dations with a longitudinal scan, obtained using either a dorsal view (wrists) or a dorsal or
volar view (MCPs, PIPs, thumb Ips) [38]. For each joint, an evaluation of GSUS and PDUS
was carried out. For the PDUS option, the pulse repetition frequency was configured to
700 kHz, and the gain was increased to the maximum level, not generating random noise.
The following scoring system was applied to assess synovitis:

1. Semi-quantitative grey scale (GS) for grading synovial hypertrophy (0–3) in each joint:

• Grade 0: normal joint with no synovial hypertrophy;
• Grade 1: synovial hypertrophy up to the level of the horizontal line connecting

the bone surfaces of an examined joint;
• Grade 2: synovial hypertrophy extending beyond the joint line but with the

upper surface flat to the underlying bones;
• Grade 3: synovial hypertrophy extending beyond the joint line but with the

upper surface convex to the underlying bones;
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2. Power Doppler ultrasound (PDUS) semi-quantitative scale (0–3) in each joint:

• Grade 0: no Doppler activity;
• Grade 1: up to three single Doppler spots, or up to one confluent spot and two

single spots, or up to two confluent spots;
• Grade 2: greater than grade 1 but <50% Doppler signals in the total GS background;
• Grade 3: greater than grade 2 and >50% Doppler signals of the GS background [38].

The highest score from the dorsal or volar view of MCPs, PIPs, and thumb IPs was
taken for statistical analysis. Then, we calculated GSUS and PDUS scores by summing
scores obtained as a result of an assessment of individual joints (range 0–66). The global
score was calculated by summing the GSUS and PDUS scores of all examined joints (range
0–132) [39].

In patients with axSpA, an assessment of the Achilles tendon and plantar aponeurosis
for enthesitis (active or chronic) was performed. According to OMERACT US definitions,
increased thickness, hypoechogenicity, and Doppler activity of the enthesis were consid-
ered to be signs of active enthesitis, while bone erosions at the insertion of the enthesis,
enthesophytes, and intratendinous calcifications were considered as symptoms of chronic
enthesitis [40].

2.4. Statistical Analysis

Categorical data were presented as absolute numbers and percentages. The Kolmogorov–
Smirnov test was used to assess the normality of data distribution. Continuous variables
with a normal distribution were presented as the mean ± standard deviation (SD). Continu-
ous variables which did not follow normal distribution were presented as the median with
interquartile range (IQR). The Student’s t-test or nonparametric Mann–Whitney U test were
used in order to compare the continuous variables in subgroups of patients. Correlation
between the quantitative variables was assessed by Spearman’s or Pearson’s correlation
test. The multiple linear regression analysis was conducted with those variables which
showed statistically significant association with specific parameters. The p-value < 0.05
was considered significant. The Bonferroni correction was used when several correlations
were performed simultaneously. All data analyses were performed using the StatSoft
STATISTICA 13.3 application.

3. Results
3.1. Characteristics of This Study’s Group

This study consisted of 51 patients with AS and 49 patients with PsA. The axSpA
was found in 62 patients and pSpA in 38 patients (Table 1). Male patients constituted
about 2/3 of this study’s group. Nearly 3

4 of all the patients were human leukocyte antigen
B27 (HLA-B27)-positive (almost all patients with AS), and 93% were IgM rheumatoid
factor (RF-IgM)-negative. The disease duration ≥ 10 years was noted in about 40% of
cases. Extra-articular manifestations (anterior uveitis, inflammatory bowel disease, heart
conduction disturbances, valvular heart disease, osteoporosis) were observed in almost
1/3 of the patients (Table 1).

Table 1. Characteristics of patients with SpA.

Data Results (n = 100)

Age, years 42.3 (±11.4)

Gender, female/male (n,%) 38 (38.0)/64 (64.0)

Disease duration, years 8.0 (3–16)

Disease duration ≥ 10 years (n,%) 42 (42.0)

AS patients
PsA patients

51 (51.0)
49 (49.0)
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Table 1. Cont.

Data Results (n = 100)

Patients with axSpA
Patients with pSpA

62 (62.0)
38 (38.0)

HLA-B27 (+) SpA patients (n,%)
HLA-B27 (+) AS patients (n,%)

HLA-B27 (+) PsA patients (n,%)

74 (74.0)
48 (94.1)
26 (53.1)

Positive RF-IgM (n,%) 7 (7.0)

Extra-articular manifestations (n,%) 32 (32.0)

BMI, kg/m2 26.6 (24.6–29.8)

Regular physical activity (n,%) 36 (64.0)

Arterial hypertension (n,%) 44 (44.0)

Family history of cardiovascular diseases (n,%) 43 (43.0)

Diabetes (n,%) 2 (2.0)

Current NSAID used (n,%) 93 (93.0)

Current synthetic DMARD used (n,%) 61 (61%)

Current biological DMARD used (n,%) 46 (46.0)

Current low dose GC use (n,%) 16 (16.0)
Values are displayed as mean ± standard deviation (SD), median (IQR), or frequencies with corresponding percent-
ages (%). AS, ankylosing spondylitis; axSpA, axial SpA; BMI, body mass index; DMARD, diseases modifying anti-
rheumatic drug; GC, glucocorticosteroid; HLA, human leukocyte antigen; NSAID, non-steroidal anti-inflammatory
drug; PsA, psoriatic arthritis; pSpA, peripheral SpA; RF-IgM, IgM rheumatoid factor; SpA, spondyloarthritis.

When evaluating this study’s group, NSAIDs were used in 93 patients, synthetic
diseases modifying anti-rheumatic drugs (DMARDs) (sulfasalazine, methotrexate, lefluno-
mide, cyclosporine) in 61 patients, and biological DMARDs (anti-TNFα) in 46 patients.
Low-dose glucocorticoids (GC) (prednisone ≤ 10 mg/day) was used in 16 patients (Table 1).

High disease activity (BASDAI ≥ 4) was noted in about 60% of patients with axSpA (Table 2).

Table 2. Clinical and laboratory parameters in SpA patients.

Data Results

Laboratory results (n = 100)

CRP, mg/L 10.7 (1.6–22.4)

ESR, mm/h 20.5 (7–38)

Hemoglobin, g/dL 13.8 (±1.6)

WBC, 109/L 7.0 (±2.6)

PLT, 109/L 282.7 (±84.9)

Neutrophils, 109/L 4.8 (±2.0)

Lymphocytes, 109/L 1.8 (±0.5)

Monocytes, 109/L 0.4 (±0.2)

NLR 2.7 (1.9–3.8)

PLR 153.1 (119.1–205.5)

LMR 4.2 (3.2–5.3)

SII 648.2 (469.0–1148.1)

SIRI 1.1 (0.7–1.7)
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Table 2. Cont.

Data Results

M-HAQ 1.1 (±0.8)

Clinical parameters of axSpA activity (n = 62)

VAS back pain (mm) 48.6 (±26.8)

BASDAI 4.6 (±2.4)

BASFI 4.1 (±2.3)

High disease activity (BASDAI > 4) (n,%) 37 (59.7)

US parameters of axSpA

Active enthesitis (n,%) 20 (32.3)

Chronic enthesitis (n,%) 15 (24.2)

No signs of enthesitis (n,%) 27 (43.5)

Clinical parameters of pSpA activity (n = 38)

TJC (68 examined) 9.8 (±8.3)

SJC (66 examined) 4.6 (±3.9)

PGA (VAS), mm 47.8 (±23.4)

Patient pain (VAS), mm 36.8 (±17.3)

DAPSA 24.9 (±14.6)

Remission/Low Disease Activity (DAPSA ≤ 14) (n,%) 13 (34.2)

Morning stiffness, minutes 75.2 (±70.3)

US parameters of pSpA

GSUS score (hypertrophy) 3 (2–10)

PDUS score 0 (0–2)

Global score 5 (2–12)

Global score = 0 (n,%) 5 (13.2)
Values are displayed as mean ± standard deviation (SD), median (IQR), or frequencies with corresponding per-
centages (%). BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis
Functional Index; CRP, C-reactive protein; DAPSA, Disease Activity index for Psoriatic Arthritis; ESR, erythro-
cyte sedimentation rate; GSUS, Grey Scale Ultrasound; LMR, lymphocyte–monocyte ratio; M-HAQ–modified
health assessment questionnaire; NLR, neutrophil–lymphocyte ratio; PLT, platelet count; PDUS, Power Doppler
ultrasound; PGA, patient global assessment; PLR, platelet–lymphocyte ratio; SII, systemic immune-inflammation
index; SIRI, systemic inflammation response index; SJC, swollen joint count; TJC, tender joint count; VAS, Visual
Analogue Scale, WBC, white blood cell count.

In patients with pSpA, remission/low disease activity (DAPSA ≤ 14) was observed in
34% of cases. The Global score = 0 (in the US imaging of peripheral joints) was found in
13% of cases (Table 2).

The value of DAPSA was correlated with US imaging parameters of peripheral joints,
GSUS score (R = 0.36, p = 0.05), PDUS (R = 0.55, p = 0.002), and Global score (R = 0.41, p = 0.03).

No correlation was noted between BASDAI and US parameters of axSpA.

3.2. Differences between Patients with axSpA and pSpA

The significant differences between axSpA and pSpA patients included age (respec-
tively, 40.0 ± 9.6 vs. 46.1 ± 13.3); M-HAQ value (0.84 ± 0.58 vs. 1.5 ± 0.86), and hemoglobin
concentration (14.2 ± 1.5 vs. 13.2 ± 1.6).

There were no significant differences between the two groups with regard to inflam-
matory parameters, SII, SIRI, NLR, PLR, and LMR.



J. Clin. Med. 2023, 12, 5463 7 of 13

3.3. The SII and SIRI Values in Defined Groups of Patients with SpA

The SII value was significantly higher in patients with BASDAI > 4 when compared
with those of BASDAI ≤ 4, in patients with DAPSA > 14 vs. DAPSA ≤ 14, in patients with
disease duration ≥ 10 years vs. <10 years, and in patients with the current GC treatment vs.
no GC (Table 3).

Table 3. The SII and SIRI values in different groups of SpA patients.

Parameters SII p-Value SIRI p-Value

BASDAI ≤ 4
BASDAI > 4

488.6 (304.8–717.8)
938.3 (607.7–1214.1) <0.001 0.8 (0.5–1.1)

1.4 (0.9–2.3) <0.001

DAPSA ≤ 14
DAPSA > 14

529.9 (308.3–718.5)
713.8 (537.9–1214.1) 0.02 NS

Disease duration < 10 years
≥10 years

580.1 (450.1–918.7)
866.6 (537.9–1260.9) 0.04 NS

No current GC treatment
Current GC treatment

597.2 (450.3–1036.5)
1196.9 (904.8–1652.6) 0..02 1.0 (0.6–1.5)

1.9 (0.9–2.9) 0.03

Values are displayed as median (IQR). BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; DAPSA,
Disease Activity Index for Psoriatic Arthritis; GC, glucocorticosteroid; SII, systemic immune-inflammation index;
SIRI, systemic inflammation response index. NS, non-significant.

The SIRI value was significantly higher in patients with BASDAI > 4 when compared with
those with BASDAI ≤ 4 and in those with the current GC treatment vs. no GC (Table 3).

The SII value was significantly higher in patients with the Global US score > 0 vs.
score = 0 (649.3 (516.7–1093.4) vs. 349.6 (316.5–520.5), p = 0.04) (Figure 1).
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Figure 1. SII and NLR values in patients with Global US score 0 vs. >0. Figure 1. SII and NLR values in patients with Global US score 0 vs. >0.

No other differences were observed with regard to disease activity, laboratory, and US
parameters or methods of treatment.

3.4. The NLR, PLR, and LMR Values in Defined Groups of Patients with SpA

The NLR value was significantly higher in patients with a Global US score > 0 vs.
score = 0 (2.6 (1.9–5.0) vs. 1.7 (1.4–2.1), p = 0.04) (Figure 1).

Significantly higher values of NLR, PLR, and lower LMR were observed in patients
with BASDAI > 4 when compared with those with BASDAI ≤ 4 (Table 4).

The NLR value was significantly higher in patients with the current GC treatment vs.
no GC, and the LMR value was significantly higher in patients performing regular physical
activity vs. no regular activity (Table 4).
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Table 4. The NLR, PLR, and LMR values in different groups of SpA patients.

Parameters NLR p-Value PLR p-Value LMR p-Value

BASDAI ≤ 4
BASDAI > 4

1.9 (1.3–2.9)
3.2 (2.6–3.9) <0.001 146.6 (108.4–165.4)

166.2 (136.3–251.3) 0.03 5.3 (3.8–4.9)
3.3 (2.8–4.5) <0.001

Physical activity regular
No regular activity NS NS 4.8 (3.4–5.5)

3.9 (3.0–5.0) 0.04

No current GC treatment
Current GC treatment

2.6 (1.8–3.4)
3.7 (2.8–5.0) 0.01 NS NS

Values are displayed as median (IQR). BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; GC, gluco-
corticosteroid; LMR, lymphocyte–monocyte ratio; NLR, neutrophil–lymphocyte ratio; PLR, platelet–lymphocyte
ratio. NS, non-significant.

No other differences were observed with regard to disease activity, laboratory and US
parameters, or methods of treatment.

3.5. Relationships between SII, SIRI, NLR, PLR, LMR, Disease Activity Markers, and US Parameters

Positive correlations were found between SII, SIRI, NLR, and PLR, as well as negative
for LMR with BASDAI, BASFI, VAS back pain, CRP, and ESR (Table 5).

Table 5. Significant correlations between SII, SIRI, NLR, PLR, LMR, and clinical, laboratory, and US
parameters in patients with SpA.

Data/p-Value/R SII SIRI NLR PLR LMR

BASDAI
<0.001 <0.001 0.002 0.01 <0.001

0.4 0.39 0.37 0.3 −0.43

BASFI
0.001 <0.001 0.009

NS
<0.001

0.4 0.45 0.33 −0.47

VAS back pain <0.001 <0.001 0.002 0.01 <0.001
0.41 0.4 0.37 0.3 −0.41

DAPSA
0.009

NS NS NS NS0.43

M-HAQ
0.007 0.004

NS NS
0.008

0.27 0.28 −0.27

CRP
<0.001 <0.001 <0.001 <0.001 <0.001

0.6 0.61 0.5 0.35 −0.51

ESR
<0.001 <0.001 <0.001 <0.001 <0.001

0.43 0.41 0.37 0.38 −0.33

GSUS score
0.01

NS NS NS NS0.44

Global score
0.02

NS NS NS NS0.41

Adjustment for multiple comparisons (Bonferroni correction) has been applied. BASDAI, Bath Ankylosing
Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; CRP, C-reactive
protein; DAPSA, Disease Activity index for Psoriatic Arthritis; ESR, erythrocyte sedimentation rate; GSUS,
Grey Scale Ultrasound; LMR, lymphocyte–monocyte ratio; M-HAQ—modified health assessment questionnaire;
NLR, neutrophil–lymphocyte ratio; PDUS, Power Doppler ultrasound; PLR, platelet–lymphocyte ratio; SII,
systemic immune-inflammation index; SIRI, systemic inflammation response index; VAS, Visual Analogue Scale.
NS, non-significant.

The positive associations were noted between SII and DAPSA and US parameters
(GSUS, Global score) (Table 5).

No associations were found with parameters of US imaging of the entheses.
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In the multiple linear regression analysis, significantly positive associations were found
for SIRI with BASFI, M-HAQ, and CRP (Table 6). Positive correlations were confirmed
between SII and US parameters (GSUS, Global score) (Table 6).

Table 6. Results of multiple linear regression analyses in patients with SpA.

Data (R2)/ p/b Value SII SIRI NLR PLR LMR

BASFI (0.21) NS
0.02

NS NS NS0.47

M-HAQ (0.06) NS
0.04

NS NS NS0.32

CRP (0.34) NS
<0.001

NS
0.008

NS0.69 0.4

ESR (0.32) NS NS NS
0.02

NS0.35

GSUS score (0.19)
0.009

NS NS NS NS0.46

Global score (0.17)
0.01

NS NS NS NS0.44

BASFI, Bath Ankylosing Spondylitis Functional Index; CRP, C-reactive protein; ESR, erythrocyte sedimentation
rate; GSUS, Grey Scale Ultrasound; LMR, lymphocyte–monocyte ratio; M-HAQ—modified health assessment ques-
tionnaire; NLR, neutrophil–lymphocyte ratio; PLR, platelet–lymphocyte ratio; SII, systemic immune-inflammation
index; SIRI, systemic inflammation response index. NS, non-significant.

The positive correlations were confirmed between PLR and inflammatory parameters
(CRP, ESR) (Table 6).

4. Discussion

According to the best knowledge, this study is the first to report positive correlations
between SIRI and disease activity parameters (both clinical and laboratory) in patients
with SpA. This study is also the first to report positive associations between SII and
US parameters of disease activity (GSUS, Global score) of peripheral joints in patients
with pSpA.

In this study, it was shown that all the cellular inflammation markers were corre-
lated with clinical and laboratory parameters of disease activity. The SII, SIRI, NLR, and
PLR were significantly higher, and LMR significantly lower, in axSpA patients with high
disease activity (BASDAI > 4). Higher SII values were observed in pSpA patients with
moderate/high disease activity (DAPSA > 14).

Moreover, SII was correlated with US parameters in patients with pSpA. The median
values of SII and NLR were significantly higher in patients with signs of any activity when
compared with those with no activity in the US imaging of peripheral joints. However, no
significant association was noted with US changes in the entheses in SpA patients.

Significantly higher values of SII, SIRI, and NLR were found in patients with the
current GC treatment when compared with patients with no GC treatment. The SII was
higher in patients with a disease duration ≥ 10 years. These results might be attributed to
the long-standing, active disease, which requires GC treatment.

The LMR value was significantly higher in patients performing regular physical
activity when compared with no regular activity. According to the literature, in patients
with multiple sclerosis, high-intensity-interval training reduced both NLR and SII [41].
However, there are no reports with regard to patients with SpA. In the study of a healthy
population, a negative association between LMR and physical activity was observed [42].

The total WBC count is a useful measure to assess the state of inflammation, but it
fails to demonstrate different WBC subsets. The cellular immune inflammation markers
provide diverse insight into the inflammatory process considering different immune cell
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populations. Moreover, these indices are easily accessible, simple, cheap tools that might
be helpful in the assessment of inflammatory process activity.

The NLR was first introduced as a prognostic marker in cancer patients and later was
used in inflammatory and autoimmune diseases as a prognostic marker indicating long
and short-term risks of heart failure, arrhythmia, and mortality in different populations of
patients [9,14,15,41]. Platelets not only play a central role in thrombosis, but they exhibit
different pro-inflammatory properties; therefore, PLR may be used alternatively to NLR
as an inflammation marker [14]. Lymphocytes participate in immune identification and
response. In systemic inflammation, the increase in neutrophil count usually corresponds
with the lymphocyte count decrease [26]. Monocytes have a significant role in the activation
of the innate immune system; therefore, LMR might also be an important inflammatory
marker [11].

The novel cellular immune inflammation markers, SII and SIRI, integrate three blood
cell populations into a single parameter. These two composite indices seem to be more
stable than individual blood count results and not susceptible to various factors, such as de-
hydratation or over-hydration [20]. The SII and SIRI were first introduced as independent
predictors of unfavorable prognosis in cancer, which can be represented by the systemic
inflammatory response. Further studies showed that higher neutrophils, monocytes, and
lower lymphocyte counts were associated with a higher risk of CV diseases [14,43]. Accord-
ing to a recent report, the adult population with SII higher than 655.56 had higher all-cause
and CV mortality (hazard ratio, HR ~1.3) than those with SII < 335.36. Adults with SIRI
higher than 1.43 had a higher risk of all-cause and CV death (HR ~1.4) than those with SIRI
< 0.68. The risk of all-cause death increased apparently in adults over 60 years of age [21].
In older adults with hip fractures and surgeries, poor all-cause mortality was reported in
relation to higher SII. It was estimated that each increase of 100 units of SII was associated
with an 8% increased risk of death at 1-year follow-up [44].

The mean values (95% reference intervals) of the indices were determined according to
the population-based study, NLR 1.76 (0.83–3.92), PLR 120 (61–239), and SII 459 (189–1168).
Values of NLR and SII increased with age, which might be attributed to the higher preva-
lence of pathologies associated with inflammation in older age. The PLR decreased with
age, which corresponded with a decrease in platelets in the older population. Higher PLR
and SII values were reported in females, and NLR was higher in males [45]. In this study, a
higher SII value was noted in patients with long-standing disease; however, no age or sex
differences were noted.

The circulating blood cells play a crucial role in SpA pathogenesis and the disease
course. Autoimmune rheumatic diseases and SpA are characterized by aberrant activation
of innate and adaptive system immune cells [2]. The presence of neutrophils was demon-
strated in healthy spinal peri-enthesal bone. Neutrophils from the bloodstream move to
sites of inflammation in SpA, including peripheral joints, entheses, skin, eyes, and bowels,
where they produce cytokines (e.g., interleukin 17, IL-17), chemokines, and activate other
immune cells [1]. In animal studies, neutrophils were found in the early inflammatory
infiltrate at axial and peripheral enthesal sites [3]. In active SpA, neutrophil infiltration
was correlated with CRP and ESR as a sign of the relationship between systemic and local
inflammation [1]. Lymphocytes, platelets, and monocytes are reported to have a significant
role in the inflammatory process in the course of SpA. In the first study exploring the role
of SII in AS, the SSI was found to be a relevant indicator of disease activity, with a cut-off
value of 513.2 for the diagnosis of active AS [26]. In the first study investigating the role
of SII in psoriasis and PsA, the SII was higher in psoriatic patients with arthritis vs. no
arthritis [24].

In this study, the median value of SII was > 600 and SIRI > 1.0, suggesting active
disease. Both SII and SIRI values were significantly higher in patients with high disease
activity and correlated with inflammatory parameters. Our study is the first research
reporting the role of SIRI in SpA.
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Enthesitis is one of the main features of SpA. The clinical assessment of enthesitis
seems to be inadequate due to poor specificity, and the US examination might improve the
assessment of enthesitis. However, US diagnostic accuracy is questionable due to the high
prevalence of US enthesitis in healthy subjects [46]. In this study, we found no associations
between cellular inflammation markers and US changes in entheses.

The SII value was associated with synovitis in US imaging of peripheral joints.
This study has some limitations. First, the relatively low study population. The higher

number of cases included in this study could improve the statistical analysis. Second, the
cross-sectional character of this study is associated with some limitations in the results.
Third, we used BASDAI for the assessment of the disease activity. It would be useful
to apply ASDAS and compare the results. Fourth, US examination for enthesitis was
performed only in Achilles tendon and plantar aponeurosis; a higher number of entheses
might be examined.

Our study has some strengths. First, according to the best knowledge, this is the
first study to evaluate relationships between SIRI and disease activity in patients with
SpA. Second, this study is also the first to report positive associations between SII and US
parameters of synovitis of peripheral joints in patients with pSpA. Third, patients included
in this study came from everyday clinical practice and were not selected for this study.
Fourth, the US examination was performed by the same experienced physician. Fifth, all
laboratory assessments are cheap and available and, therefore, may be used in everyday
clinical practice.

5. Conclusions

In this study, we found significant relationships between SIRI and clinical and labo-
ratory parameters of disease activity in patients with SpA. The SII correlated with the US
synovitis markers. These results point to the value of SIRI and SII as biomarkers of disease
activity in patients with SpA. Further research is required to confirm this statement.
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Lymphocyte Ratio Connected to Treatment Options and Inflammation Markers of Ankylosing Spondylitis. J. Clin. Lab. Anal.
2015, 29, 294–298. [CrossRef] [PubMed]

8. Erkol Inal, E.; Sunar, I.; Saratas, S.; Ergoglu, P.; Inal, S.; Yener, M. May Neutrophil-Lymphocyte and Platelet-Lymphocyte Ratios
Indicate Disease Activity in Ankylosing Spondylitis? Arch. Rheumatol. 2015, 30, 130–137. [CrossRef]

9. Al-Osami, M.H.; Awadh, N.I.; Khalid, K.B.; Awadh, A.I. Neutrophil/lymphocyte and platelet/lymphocyte ratios as potential
markers of disease activity in patients with Ankylosing spondylitis: A case-control study. Adv. Rheumatol. 2020, 60, 13. [CrossRef]

10. Zhuang, J.; Huang, Y.; Liang, G. Clinical significance of the monocyte:lymphocyte ratio for ankylosing spondylitis patients with
thoracolumbar kyphotic deformities. J. Int. Med. Res. 2020, 48, 300060519893167. [CrossRef]

11. Wang, J.; Su, J.; Yuan, Y.; Jin, X.; Shen, B.; Lu, G. The role of lymphocyte-monocyte ratio on axial spondyloarthritis diagnosis and
sacroiliitis staging. BMC Musculoskelet. Disord. 2021, 22, 86. [CrossRef] [PubMed]

12. Moon, D.H.; Kim, A.; Song, B.W.; Kim, Y.K.; Kim, G.T.; Ahn, E.Y.; So, M.W.; Lee, S.G. High Baseline Neutrophil-to-Lymphocyte
Ratio Could Serve as a Biomarker for Tumor Necrosis Factor-Alpha Blockers and Their Discontinuation in Patients with
Ankylosing Spondylitis. Pharmaceuticals 2023, 16, 379. [CrossRef]

13. Huang, Y.; Deng, W.; Zheng, S.; Feng, F.; Huang, Z.; Huang, Q.; Guo, X.; Huang, Z.; Huang, X.; Pan, X.; et al. Relationship
between monocytes to lymphocytes ratio and axial spondyloarthritis. Int. Immunopharmacol. 2018, 57, 43–46. [CrossRef]

14. Walzik, D.; Joisten, N.; Zacher, J.; Zimmer, P. Transferring clinically established immune inflammation markers into exercise
physiology: Focus on neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio and systemic immune-inflammation index.
Eur. J. Appl. Physiol. 2021, 121, 1803–1814. [CrossRef] [PubMed]
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27. Şan, H.; Şan, A.U. Correlation Between Diagnostic Imaging Findings of Sacroiliitis and Inflammation Parameters. Akt. Rheumatol.
2022, 47, 61–68. [CrossRef]

28. Zhou, Q.; Su, S.; You, W.; Wang, T.; Ren, T.; Zhu, L. Systemic Inflammation Response Index as a Prognostic Marker in Cancer
Patients: A Systematic Review and Meta-Analysis of 38 Cohorts. Dose Response 2021, 19, 15593258211064744. [CrossRef] [PubMed]

29. Jiang, S.; Wang, S.; Wang, Q.; Deng, C.; Feng, Y.; Ma, F.; Ma, J.A.; Liu, X.; Hu, C.; Hou, T. Systemic Inflammation Response Index
(SIRI) Independently Predicts Survival in Advanced Lung Adenocarcinoma Patients Treated with First-Generation EGFR-TKIs.
Cancer Manag. Res. 2021, 13, 1315–1322. [CrossRef] [PubMed]

https://doi.org/10.1080/1354750X.2018.1425916
https://www.ncbi.nlm.nih.gov/pubmed/29307233
https://doi.org/10.1002/jcla.21768
https://www.ncbi.nlm.nih.gov/pubmed/24849656
https://doi.org/10.5606/ArchRheumatol.2015.4837
https://doi.org/10.1186/s42358-020-0113-5
https://doi.org/10.1177/0300060519893167
https://doi.org/10.1186/s12891-021-03973-8
https://www.ncbi.nlm.nih.gov/pubmed/33453722
https://doi.org/10.3390/ph16030379
https://doi.org/10.1016/j.intimp.2018.02.008
https://doi.org/10.1007/s00421-021-04668-7
https://www.ncbi.nlm.nih.gov/pubmed/33787989
https://doi.org/10.3390/jcm9092760
https://doi.org/10.1158/1078-0432.CCR-14-0442
https://www.ncbi.nlm.nih.gov/pubmed/25271081
https://doi.org/10.7150/jca.25691
https://doi.org/10.1097/SLA.0000000000002660
https://www.ncbi.nlm.nih.gov/pubmed/29334554
https://doi.org/10.3389/fcvm.2022.933913
https://doi.org/10.3390/jcm12031128
https://www.ncbi.nlm.nih.gov/pubmed/36769776
https://doi.org/10.1186/s13075-023-03018-6
https://doi.org/10.1111/nep.13491
https://www.ncbi.nlm.nih.gov/pubmed/35686411
https://doi.org/10.1002/jcla.23964
https://www.ncbi.nlm.nih.gov/pubmed/34418163
https://doi.org/10.1055/a-1463-2219
https://doi.org/10.1177/15593258211064744
https://www.ncbi.nlm.nih.gov/pubmed/34987341
https://doi.org/10.2147/CMAR.S287897
https://www.ncbi.nlm.nih.gov/pubmed/33633464


J. Clin. Med. 2023, 12, 5463 13 of 13

30. Lin, K.B.; Fan, F.H.; Cai, M.Q.; Yu, Y.; Fu, C.L.; Ding, L.Y.; Sun, Y.D.; Sun, J.W.; Shi, Y.W.; Dong, Z.F.; et al. Systemic immune
inflammation index and system inflammation response index are potential biomarkers of atrial fibrillation among the patients
presenting with ischemic stroke. Eur. J. Med. Res. 2022, 27, 106. [CrossRef]

31. Mandl, P.; Navarro-Compán, V.; Terslev, L.; Aegerter, P.; Van Der Heijde, D.; D’Agostino, M.A.; Baraliakos, X.; Pedersen, S.J.;
Jurik, A.G.; Naredo, E.; et al. EULAR recommendations for the use of imaging in the diagnosis and management of spondy-
loarthritis in clinical practice. Ann. Rheum. Dis. 2015, 74, 1327–1339. [CrossRef] [PubMed]

32. Van der Linden, S.; Valkenburg, H.A.; Cats, A. Evaluation of diagnostic criteria for ankylosing spondylitis. A proposal for
modification of the New York criteria. Arthritis Rheum. 1984, 27, 361–368. [CrossRef] [PubMed]

33. Taylor, W.; Gladman, D.; Helliwell, P.; Marchesoni, A.; Mease, P.; Mielants, H.; CASPAR Study Group. Classification criteria for
psoriatic arthritis: Development of new criteria from a large international study. Arthritis Rheum. 2006, 54, 2665–2673. [CrossRef]
[PubMed]

34. Garrett, S.; Jenkinson, T.; Kennedy, L.G.; Whitelock, H.; Gaisford, P.; Calin, A. A new approach to defining disease status in
ankylosing spondylitis: The Bath Ankylosing Spondylitis Disease Activity Index. J. Rheumatol. 1994, 21, 2286–2291. [PubMed]

35. Calin, A.; Garrett, S.; Whitelock, H.; Kennedy, L.G.; O’hea, J.; Mallorie, P.; Jenkinson, T. A new approach to defining functional
ability in ankylosing spondylitis: The development of the Bath Ankylosing Spondylitis Functional Index. J. Rheumatol. 1994,
21, 2281–2285. [PubMed]

36. Schoels, M.; Aletaha, D.; Funovits, J.; Kavanaugh, A.; Baker, D.; Smolen, J.S. Application of the DAREA/DAPSA score for
assessment of disease activity in psoriatic arthritis. Ann. Rheum. Dis. 2010, 69, 1441–1447. [CrossRef] [PubMed]

37. Pincus, T.; Sokka, T.; Kautiainen, H. Further development of a physical function scale on a MDHAQ [corrected] for standard care
of patients with rheumatic diseases. J. Rheumatol. 2005, 32, 1432–1439. [PubMed]

38. Backhaus, M.; Burmester, G.R.; Gerber, T.; Grassi, W.; Machold, K.P.; Swen, W.A.; Wakefield, R.J.; Manger, B. Guidelines for
musculoskeletal ultrasound in rheumatology. Ann. Rheum. Dis. 2001, 60, 641–649. [CrossRef]

39. Iagnocco, A.; Finucci, A.; Ceccarelli, F.; Perricone, C.; Iorgoveanu, V.; Valesini, G. Power Doppler ultrasound monitoring of
response to anti-tumour necrosis factor alpha treatment in patient with rheumatoid arthritis. Rheumatology 2015, 54, 1890–1896.
[CrossRef]

40. Terslev, L.; Naredo, E.; Iagnocco, A.; Balint, P.V.; Wakefield, R.J.; Aegerter, P.; Aydin, S.Z.; Bachta, A.; Hammer, H.B.;
Bruyn, G.A.W.; et al. Outcome Measures in Rheumatology Ultrasound Task Force. Defining enthesitis in spondyloarthritis by
ultrasound: Results of a Delphi process and of a reliability reading exercise. Arthritis Care Res. 2014, 66, 741–748. [CrossRef]

41. Zacher, J.; Wesemann, F.; Joisten, N.; Walzik, D.; Bloch, W.; Predel, G. Cellular Integrative Immune Markers in Elite Athletes. Int.
J. Sports Med. 2023, 44, 298–308. [CrossRef] [PubMed]

42. Kohsari, M.; Moradinazar, M.; Rahimi, Z.; Najafi, F.; Pasdar, Y.; Shakiba, E. New inflammatory biomarkers (lymphocyte and
monocyte percentage to high-density lipoprotein cholesterol ratio and lymphocyte to monocyte percentage ratio) and their
association with some cardiometabolic diseases. Wien. Klin. Wochenschr. 2022, 134, 626–635. [CrossRef] [PubMed]

43. Cirakoglu, O.F.; Yilmaz, A.S. Systemic immune-inflammation index is associated with increased carotid intima-media thickness
in hypertensive patients. Clin. Exp. Hypertens. 2021, 43, 565–571. [CrossRef] [PubMed]

44. Wang, Z.C.; Jiang, W.; Chen, X.; Yang, L.; Wang, H.; Liu, Y.H. Systemic immune-inflammation index independently predicts poor
survival of older adults with hip fracture: A prospective cohort study. BMC Geriatr. 2021, 21, 155. [CrossRef] [PubMed]

45. Fest, J.; Ruiter, R.; Ikram, M.A.; Voortman, T.; van Erick, C.H.J.; Stricker, B.H. Reference values for white blood-cell-based
inflammatory markers in the Rotterdam Study: A population-based prospective cohort study. Sci. Rep. 2018, 8, 10566. [CrossRef]
[PubMed]

46. Filippucci, E.; Smerilli, G.; Di Matteo, A.; Grassi, W. Ultrasound definition of enthesitis in spondyloarthritis and psoriatic arthritis:
Arrival or starting point? Ann. Rheum. Dis. 2021, 80, 1373–1375. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s40001-022-00733-9
https://doi.org/10.1136/annrheumdis-2014-206971
https://www.ncbi.nlm.nih.gov/pubmed/25837448
https://doi.org/10.1002/art.1780270401
https://www.ncbi.nlm.nih.gov/pubmed/6231933
https://doi.org/10.1002/art.21972
https://www.ncbi.nlm.nih.gov/pubmed/16871531
https://www.ncbi.nlm.nih.gov/pubmed/7699630
https://www.ncbi.nlm.nih.gov/pubmed/7699629
https://doi.org/10.1136/ard.2009.122259
https://www.ncbi.nlm.nih.gov/pubmed/20525844
https://www.ncbi.nlm.nih.gov/pubmed/16078316
https://doi.org/10.1136/ard.60.7.641
https://doi.org/10.1093/rheumatology/kev211
https://doi.org/10.1002/acr.22191
https://doi.org/10.1055/a-1976-6069
https://www.ncbi.nlm.nih.gov/pubmed/36356591
https://doi.org/10.1007/s00508-022-02029-8
https://www.ncbi.nlm.nih.gov/pubmed/35471616
https://doi.org/10.1080/10641963.2021.1916944
https://www.ncbi.nlm.nih.gov/pubmed/33858279
https://doi.org/10.1186/s12877-021-02102-3
https://www.ncbi.nlm.nih.gov/pubmed/33663402
https://doi.org/10.1038/s41598-018-28646-w
https://www.ncbi.nlm.nih.gov/pubmed/30002404
https://doi.org/10.1136/annrheumdis-2021-220478

	Introduction 
	Materials and Methods 
	Study Population 
	Clinical and Laboratory Assessment 
	Ultrasound Imaging of Joints and Entheses 
	Statistical Analysis 

	Results 
	Characteristics of This Study’s Group 
	Differences between Patients with axSpA and pSpA 
	The SII and SIRI Values in Defined Groups of Patients with SpA 
	The NLR, PLR, and LMR Values in Defined Groups of Patients with SpA 
	Relationships between SII, SIRI, NLR, PLR, LMR, Disease Activity Markers, and US Parameters 

	Discussion 
	Conclusions 
	References

