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Purpose: Subacute thyroiditis (SAT) is a non-infectious inflammatory disease of the thyroid. The Systemic Immune-Inflammation
Index (SII), also known as an easy economical marker, correlates with the severity of inflammatory responses. We aimed to evaluate
the clinical significance of the SII and to compare it to other inflammatory markers in terms of diagnosis, recovery time, and recurrence
of SAT.

Patients and Methods: The current non-interventional observational prospective study was performed at Outpatient Department of
Endocrinology, Erzurum Training and Research Hospital. Sixty-nine patients with SAT and fifty-nine healthy individuals in total were
enrolled in our study. The follow-up period was 6—12 months for all patients regarding treatment response, recurrence, and
hypothyroidism.

Results: The SII level was found to be significantly higher at the time of diagnosis in the SAT group compared to the control group
(»=0.000). There was a significant positive correlation between the SII and SAT recovery time (p=0.000), particularly in patients
receiving methyl prednisolone treatment (p=0.002). SII was not found to be significantly associated with hypothyroidism and
recurrence in patients with SAT (p=0.261, p=0.568). However, compared to the ones without recurrence, thyroid stimulating hormone
(TSH) and erythrocyte sedimentation rate levels at the time of diagnosis were found to be higher in those patients with recurrence
(»=0.035, p=0.046).

Conclusion: SII is a low-cost, widely available, universal indicator of inflammatory processes in SAT. It could provide many benefits
in the follow-up process and the selection of aggressive anti-inflammatory treatment by estimating recovery time. SII, as a practical
biomarker, may be a new diagnostic and prognostic tool for SAT.
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Introduction

Subacute thyroiditis (SAT) is a self-limiting inflammatory thyroid gland disease and is characterized by a sudden onset of
neck pain, fever, and thyrotoxicosis caused by follicular epithelial destruction.'* Females between the ages of 30 and 50
are particularly vulnerable. In recent years, significant progress has been demonstrated in SAT pathogenesis, epidemiol-
ogy, and clinical courses. It is a known fact that, inflammation plays a significant role in the development of SAT.
Pathogenesis of SAT depends on genetic background and triggering factors, such as several viral infections, vaccines, and
some drugs.® The disease severity may reach its peak within three to four days and continues with fluctuating intensity
for three to six weeks. Pain lasts for a week to a few months. The American Thyroid Association guidelines recommend
corticosteroids in moderate/severe SAT. In our clinical practice, either non-steroidal anti-inflammatory agents (NSAIDs)
or 16-32 mg methylprednisolone (MPS) treatment has been administered depending on the clinician’s preference.
Clinical diagnosis can be made based on history, physical examination, biochemical evidence of transient thyrotoxicosis,
and reduced radio-iodine uptake on radioactive iodine uptake scan.* A very high (>50 mm/h) erythrocyte sedimentation
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rate (ESR) is an additional distinctive diagnostic feature in subacute thyroiditis. C-reactive protein (CRP) may also be
elevated in many cases. Thyroid ultrasonography demonstrates heterogeneously hypoechoic and suppressed vascular
patterns.5
A complete blood cell count provides information on the number and morphology of various cells. Neutrophils, a part
of the innate immune system, have been shown to increase and release inflammation mediators in inflammatory
conditions such as SAT. However, the mechanism of lymphocytopenia in patients with SAT remains unclear. Virus
infection of T cells® and elevated cortisol levels’ may be potential factors leading to lymphopenia. Platelets are known to
have regulatory effects on both the innate and adaptive immune systems and that the various cytokines they secrete in
collaboration with neutrophils cause tissue destruction as a result of the activation of more and more neutrophils and
platelets. It is involved in the pathogenesis of numerous acute and chronic inflammatory and autoimmune diseases.™’
There is a growing interest in the discovery of new biomarkers as indicators of inflammation. Several new leukocyte-
based inflammatory indicators, including the Systemic Immune Inflammation Index (SII), platelet-to-lymphocyte ratio
(PLR), lymphocyte-to-monocyte ratio (LMR), and neutrophil-to-lymphocyte ratio (NLR), have recently been used as
diagnostic and prognostic predictors of certain diseases. These indicators have also been investigated as biomarkers for
inflammatory and rheumatic diseases. SII, which was first developed in 2014, is considered to be more predictive
compared to NLR and PLR.'? Besides, it has been shown to be associated with oncological outcomes in several types of
cancer.'"'? It is also believed that SII may reflect the balance between host immune and inflammatory conditions.
Considering the research on this matter, our study may be the first one demonstrating the role of SII in the diagnosis
and estimating the recovery time of SAT considering treatment.
The primary purpose of the present study is to evaluate the clinical significance of SII regarding recovery time,
hypothyroidism, and recurrence rate in patients with SAT and to compare it to other inflammatory markers. Therefore,
clinicians may have an idea about the most effective therapeutic choice and its duration by estimating recovery time.

Materials and Methods
Study Population and the Relevant Factors

Sixty-nine SAT patients (52 females and 17 males) with no comorbidities and 59 healthy volunteers (43 females and 16
males) admitted to the Outpatient Department of Endocrinology and Metabolism Diseases, Erzurum Training and
Research Hospital between November 2021 and June 2022 were involved in this study. SAT was confirmed by typical
symptoms, physical examination, increased ESR, elevated free T4 (fT4), decreased TSH, decreased radioactive iodine
uptake and presence of hypoechoic areas with blurred margins and decreased vascularization on thyroid ultrasound in all
the patients. Considering age and gender factors, there was almost no difference between the patient and control groups.
The patients were followed up on 6-12 months. Anti-inflammatory medication (indomethacin or 16-32 mg MPS,
depending on their clinical condition) was started for all patients. The dose titration and duration of treatment could
be changed according to the patient’s clinical symptoms. The number of the patients administered indomethacin and MPS
was 31 and 38, respectively. Patients below 18 years, pregnant women, patients with chronic diseases such as heart
disease, renal failure, hematological diseases, cancer, or rheumatic diseases, and patients receiving medical treatment that
may influence the blood system during the preceding three months were excluded from the study.

Study Methods

Biochemical and hematologic tests were studied. Complete blood count parameters — white blood cells, platelet count,
neutrophil, lymphocyte, and monocyte count — were performed with a Sysmex XN 9000 brand autoanalyzer. Other
biochemistry parameters were studied with a Cobas C 701 brand biochemistry autoanalyzer (Roche, Germany). TSH and
fT4 were measured by the chemiluminescent immunoassay method (Beckman Coulter, DXI 800, Brea, CA, USA).
Reference ranges were defined as fT4: 0.89—1.76 ng/dl, TSH: 0.55—4.78 mIU/L, ESR: 0-20 mm/h, and CRP: 0-5 mg/L.

Novel inflammation parameters were calculated using the formulas NLR = neutrophils / lymphocytes, PLR =
platelets / lymphocytes, SII (neuthrophils % platelets) / lymphocytes, SLR (ESR — lymphocyte rate) = ESR / lymphocytes
and CLR (CRP — lymphocyte rate) = CRP / lymphocytes.
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Theoretically, CRP level increases more rapidly than ESR in early-stage inflammatory diseases and begins to decrease
more quickly than ESR. Therefore, we defined the time when the CRP level decreased to normal and the clinical
symptoms of patients resolved as the recovery time.

Statistical Analysis

SPSS 22.0 (SPSS Inc., Chicago, IL, USA) statistical software was used for all analyses. The variables were investigated
through visual and analytic methods (Kolmogorov—Smirnov/Shapiro—Wilk test) to determine whether they were normally
distributed or not. Student’s 7-Test and the Mann—Whitney U-Test were used to compare normally and non-normally
distributed variables, respectively. Descriptive analyses were presented using means and standard deviations for normally
distributed variables, whereas medians and minimum-maximum were used for non-normally distributed variables. The
chi-square test was used to compare categorical variables. On the other hand, the Spearman correlation coefficient was
used. P value less than 0.05 was deemed statistically significant.

Results
Comparison of the Study Patients’ Demographic, Clinical, and Laboratory Parameters

with Those of the Control Group
Table 1 displays the age and gender distributions of the patient and control groups. There was no significant difference in
genders or mean ages between the two groups (p>0.05). Neutrophils, monocytes, ESR, CRP, SII, PLR, SLR, CLR, and
NLR were found to be significantly higher at the time of diagnosis in the patient group compared to the control group,
while LMR was found to be lower. The median recovery period in the study group was thirty-five days (Table 2).

According to the results of Spearman correlation analysis, a statistically significant positive correlation was detected
in SII levels, compared to other inflammation markers like SLR. On the other hand, as expected, there was a statistically
significant negative correlation between SII and LMR. Furthermore, our statistical analysis revealed a strong positive
correlation between SII and SAT recovery time and a weak-moderate positive correlation between PLR and recovery
time (Table 3). According to the correlation analysis between the recovery time and SII based upon the medication
administered in the treatment of SAT, a strong positive correlation was detected only in the group given MPS, not in the
group given NSAIDs (Table 4). Also, SII levels at the time of diagnosis were already higher in patients receiving MPS
(Table 5).

There was no correlation between SII level and ESR, CRP, fT4, or age factor. Hypothyroidism developed in 12 out of
69 patients (17%) during 6—12 months follow-up period. No significant correlation was detected between the develop-
ment of hypothyroidism and other parameters such as SII, NLR, LMR, PLR, fT4, CRP/lymphocyte, ESR/lymphocyte,
recovery time, and gender factor. Over the course of the follow-up period, only eight (11%) patients in the MPS group
had recurrence. No recurrence was observed in the NSAID group (Table 5).

SII levels did not differ between patients developing and not developing recurrence. TSH and ESR levels at the time
of diagnosis were higher in patients with recurrence, compared to those without recurrence (Table 6). Considering gender
factor, the recurrence rate was 11.8% for males and 11.5% for females.

Table | The Distribution of Gender and the Means and Standard Deviations of the
Participants’Age

SAT Group Control Group Total p-value
(n=69) (n=59) (n=128)
Age, mean (SD) 42.4 (8.9) 41.4 (9.05) 41.9 (8.9) 0.738*
Sex, frequency (%) 0.840°
Female 52 (75.4) 43 (72.9) 95 (74.2)
Male 17 (24.6) 16 (27.1) 33 (25.8)

Notes: Categorical data were demonstrated as numbers and percentages (%), > Two sample t-test, ®: Chi-squared test.
Abbreviation: SAT, subacute thyroiditis.
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Table 2 The Medians, Minimum, and Maximum Ranges of Parameters of the SAT
Patients at the Time of Diagnosis and Healthy Controls

Parameters SAT Group (n = 69) | Control Group (n =59) | P-value
sl 1172 (475-2558) 344 (177-655) 0.000°
Neu (103 /mm?) 5.84 (3.6-12.3) 3.54 (1.8-5.5) 0.000*
Lym (103/mm?3) 1.98 (1.1-3.6) 2.57 (1.4-3.7) 0.000*
Mono (10%/mm3) 0.73 (0.4-1.5) 0.49 (0.1-0.8) 0.000*
PLT (10°/L) 370 (196-645) 252 (158-348) 0.000°
ESR (mm/h) 49 (19-112) 6 (1-33) 0.000°
CRP (mg/L) 57 (20-248) 1.63 (0-14) 0.000°
SLR 23 (0-72) 2 (0-13) 0.000°
CLR 26 (5-174) 1.79 (1.1-3.4) 0.000°
NLR 291 (1.3-5.9) 1.37 (0.7-2.3) 0.000°
LMR 2.78 (1.5-6.1) 5(2-12) 0.000°
PLR 185 (98-353) 98 (49-219) 0.000°
Recovery time (days) | 35 (15-80) - -

Notes: Statistically significant, p < 0.05, Mann-Whitney U-test, variables were presented as medians
(minimum—maximum).

Abbreviations: SAT, subacute thyroiditis; S, Systemic Immune Inflammation Index; Neu, neutrophil; Lym,
lymphocyte; Mono, monocyte; PLT, platelet; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein;
SLR, sedimentation-to-lymphocyte ratio; CLR, CRP-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte

ratio; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to- lymphocyte ratio.

Table 3 Recovery Time Correlations with Other

Inflammatory Markers in Patients with Subacute

Thyroiditis Using Spearman Correlation Analysis

Recovery time r p-value
N 0.476 0.0007
PLR 0.262 0.030°
LMR —-0.216 0.074
NLR 0.209 0.085
ESR 0.163 0.181
CRP 0.122 0.318
SLR 0.168 0.168
CLR 0.192 0.941

Note: *p < 0.05, Spearman correlation analysis.

Abbreviations: r, Spearman correlation coefficient; NLR, neu-
trophil—to-ratio; LMR, lymphocyte-to-monocyte ratio; PLR, pla-
telet-to-lymphocyte ratio; Sll, Systemic Immune Inflammation
Index; ESR, erythrocyte sedimentation rate; CRP, C-reactive pro-
tein; SLR, sedimentation-to-lymphocyte ratio; CLR, CRP-to-lym-
phocyte ratio.

Table 4 Correlation Analyses Between Systemic
Immune Inflammation Index and Recovery Time in
Terms of Medical Treatment in Patient Group

Sl P value
r
Recovery time
NSAID (n = 31) 0.323 0.076
MPS (n = 38) 0.495 0.002*
Total (n = 69) 0.476 0.000*

Note: *p < 0.05, Spearman correlation analysis.
Abbreviations: SlI, Systemic Immune Inflammation Index; NSAID, non-
steroidal anti-inflammatory drugs; MPS, methylprednisolone.
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Table 5 Comparisons of Some Parameters According to the Type of SAT

Treatment
NSAID MPS P value
(n=31) (n = 38)
Si 898 (475-2044) 1287 (595-2558) 0.007°
ESR (mm/h) 40 (19-98) 53 (26-112) 0.007*
Recurrence (n) 0 8 0.007°
Recovery time (day) | 30 (15-65) 37 (20-80) 0.023

Notes: *p < 0.05; Mann—Whitney U-test, variables were presented as medians (minimum—
maximum).

Abbreviations: Sll, Systemic Immune Infllammation Index; ESR, erythrocyte sedimentation
rate; NSAID, non-steroidal anti-inflammatory drugs; MPS, methylprednisolone.

Table 6 Comparisons of Laboratory Test Results and Recovery Time of the Patients with
and Without Recurrence

Recurrence (+) (n = 8) (-) (n=61) p value
TSH (mIU/L) 0.13 (0.008-1.110) 0.008 (0.000-0.49) 0.046°
ESR (mm/h) 68 (33-112) 48 (19-108) 0.035°
Recovery time (day) 55 (33-80) 30 (17-70) 0.000°
N 1376 (475-2490) 1178 (495-2558) 0.261

Notes: °p < 0.05; Mann—Whitney U-test. Non-normally distributed variables were presented as medians (mini-
mum-—maximum).

Abbreviations: Sll, Systemic Immune Inflammation Index; ESR, erythrocyte sedimentation rate; TSH, thyroid
stimulating hormone.

Discussion

Subacute thyroiditis is an inflammatory disease with a high inflammatory load that can progress to long-term severe clinical
symptoms and significant comorbidity. As can be seen in our study, females between the ages of 30 and 40 are exposed to subacute
thyroiditis more frequently, compared to males (a ratio of 3 to 5:1). This inflammatory disease may be diagnosed with medical
history and clinical, laboratory, and imaging findings. In the early phase of SAT, almost all patients may have hyperthyroidism and
elevated acute-phase reactants. ESR is one of the most widely used laboratory tools for detecting inflammatory syndromes like
SAT. However, it is important to take into account all factors that may influence ESR values such as age and gender factors, the
lifestyles of patients, and common metabolic abnormalities.'® Occasionally, value discrepancies may be observed between CRP
and ESR due to their kinetic differences. To illustrate, CRP level increases faster than ESR level and begins to decrease more
quickly. However, whether one over the other or one over two tests combined has a higher predictive value remains debatable.'*
Therefore, studies investigating additional parameters to guide diagnosis and prognosis of subacute thyroiditis are ongoing.
Although the diagnostic role of ESR and CRP was determined in patients with SAT pursuant to other studies, we found in our
study that these parameters were not clinically effective for estimating the healing process.

Some blood cell-derived indexes, including SII, NLR, PLR, and LMR, have been proposed as biomarkers for various
inflammatory and non-inflammatory diseases. As a result, we felt compelled to investigate the blood cell-derived indexes,
considering the severity of inflammation, duration of the disease, and treatment in patients with SAT. Although there are
many studies on various hemogram-related ratios of subacute thyroiditis in the literature, the number of the studies on
subacute thyroiditis and SII is limited.'>'® In these studies, as in our study, SII level has elevated significantly in the
patient group with SAT when compared to the control group. However, the current study differs from the other studies in
question owing to being a prospective observational study. Apart from this, whether blood cell-based inflammatory
markers, particularly SII, are associated with recovery time is one of the most significant research subjects, considering
the scope of our study. We found that SII may have prognostic value in predicting the healing process as well as its
diagnostic role.
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ESR, CRP, SII, PLR, and NLR levels in this study were found to be higher in the patient group, whereas the LMR
level was found to be lower. SII and other inflammation markers such as CLR and SLR showed a statistically significant
positive correlation. All these parameters might be used to assist acute-phase reactants in detecting inflammatory burden
at the time of diagnosis. In the study of Tagkaldiran et al, NLR and PLR levels were found to be higher in patients with
SAT than in the control group, similar to our study.!” We also revealed that patients with higher SII levels had
a significantly longer recovery period. We know that the types of treatment have a strong confounding effect on the
correlation between SII and recovery time. For this reason, we also studied on the correlation between the recovery time
and SII based on the treatment modalities performed. We determined that SII levels affected the recovery time with
a strong positive correlation in the patients receiving MPS, not NSAID. Not surprisingly, SII levels were found to be
higher in patients receiving MPS due to the presence of milder clinical conditions in patients treated with NSAIDs.

In clinical practice, it is important to decide the most effective and appropriate treatment in the acute phase of the
disease through the combination of all parameters such as medical history, clinical, laboratory, and imaging findings, and
the severity of the disease, which accurately assess the inflammatory burden of the disease in patients with SAT suffering
from severe pain and hyperthyroidism symptoms in order not to cause loss of time.

Thyroid inflammation and hyperthyroidism are usually transient, lasting two to eight weeks. Euthyroidism, hypothyr-
oidism, and finally restoration of normal thyroid functions are experienced following hyperthyroidism. Some patients
may skip the hyperthyroid phase entirely and proceed directly from the hypothyroid phase to the recovery phase, which is
diagnosed clinically in general. However, 5% to 15% of patients progress to persistent thypothyroidism, which requires
levothyroxine treatment.'®!'” As mentioned above, hypothyroidism is generally transient, but it may nevertheless be
permanent. In our study, hypothyroidism developed in 17% of the patients, pursuant to the study results in the literature.
However, no correlation was found between the development of hypothyroidism and hematological parameters. The
relatively short follow-up period of only 6—12 months, which is critical for progression to relapse or hypothyroidism in
our study, may have affected this correlation.

In our study, patients receiving MPS had a higher SAT recurrence rate (21%), and the total recurrence rate was 11%
consistent with the literature.?® In addition, TSH levels at the time of diagnosis were higher in the recurrence group,
while TSH levels were lower in the non-recurrence group in accordance with the literature.'** Since the recurrence rate
of patients with clinically severe hyperthyroidism is lower, the duration of the treatment administered may be shorter,
which reduces the possibility of side effects when compared to a longer treatment period.

Conclusion
SII is a widely available, low-cost, universal, non-invasive, and easy-to-reproduce method for detecting inflammation on
SAT. As a result, predicting the prognosis and the duration of the disease in the SAT acute phase could provide benefits in
the follow-up process, as well as in the selection of aggressive anti-inflammatory treatment. Although SAT is a benign,
self-limiting disease, the severe inflammatory burden of the disease in the acute phase may be exhausting for both
patients and physicians. According to the results of our study, estimating the duration of the recovery period by
considering the level of SII at the time of the diagnosis has importance. As a high SII level indicates a longer recovery
period, deciding whether an aggressive treatment with a higher anti-inflammatory effect as the initial treatment would
prevent loss of time. On the other hand, a low SII level indicates a shorter recovery period, which means patients may
complete the treatment process without suffering any complications and side effects of a more aggressive treatment.
Additionally, we found that higher pre-treatment TSH and ESR values may be a risk factor for recurrence. In clinical
practice, this result may help the clinician choose an appropriate treatment without increasing recurrence risk, which is
already high in the case of high TSH and ESR levels. In addition, shortening the duration of treatment may be considered
in patients at low risk of recurrence.

With all these clinical data, multicenter studies involving a large number of patients and years of follow-up are
required for SAT.

ESR and CRP levels play a crucial role in the diagnosis of SAT; however, SII level may also be a parameter in order
to give clinicians an idea not only on the diagnosis of the disease but also on its prognosis. As a practical biomarker, SII
level may be a new diagnostic and prognostic tool for SAT. According to our point of view, more comprehensive studies
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with a long follow-up period and a large number of patients need to be conducted to contribute to the research on SAT in

the literature.

Abbreviations
SAT, Subacute thyroiditis; SII, Systemic Immune-Inflammation Index; TSH, thyroid stimulating hormone; NSAIDs, non-

steroidal anti-inflammatory agents; MPS, methylprednisolone; CRP, C-reactive protein; ESR, erythrocyte sedimentation

rate; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio;

SLR, sedimentation-to-lymphocyte ratio; CLR, CRP-to-lymphocyte ratio.
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