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Background: Thyroid volume has been reported to decrease significantly after episodes
of subacute thyroiditis (SAT); however, the relationship between thyroid volume and
hypothyroidism remains unclear. This study assessed the association between thyroid
volume changes and the hypothyroid phase in patients with SAT, a condition that can
progress to persistent hypothyroidism.

Methods: This retrospective study evaluated 37 patients diagnosed with SAT at the
Department of Endocrinology and Metabolism of Chonnam National University Hwasun
Hospital (CNUHH) between 2016 and 2021. Since we could not determine the clinical
characteristics of patients with SAT before their episodes, 120 healthy individuals who
underwent thyroid ultrasonography during regular check-ups from 2019 to 2021 at
CNUHH were selected for comparison. Subgroup analyses were performed on patients
with SAT with and without the hypothyroid phase during their clinical course.

Results: Thyroid volume was significantly greater in SAT patients at the first visit than in
controls (p<0.05), and it decreased constantly throughout the follow-up period. Subgroup
analysis showed that the initial thyroid volumes were similar in patients with SAT with and
without the hypothyroid phase. However, SAT patients with the hypothyroid phase had
significantly smaller thyroid volumes at the 1 month (p=0.025) and 3 month (p=0.006)
follow-up visits. The reduction rate of the thyroid volume was significantly different within
the first month (p=0.009).

Conclusion: A greater reduction in thyroid volume in SAT patients within 1 month of
episode had a higher chance of developing a subsequent hypothyroid phase, which can
lead to persistent hypothyroidism. Serial thyroid ultrasonography in patients with SAT,
especially within the first month, may help in predicting the disease course of SAT.

Keywords: subacute thyroiditis, thyroid volume, hypothyroid phase, thyroid ultrasonography, hypothyroidism
n.org May 2022 | Volume 13 | Article 8880181

https://www.frontiersin.org/articles/10.3389/fendo.2022.888018/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.888018/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.888018/full
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:drkang@chonnam.ac.kr
https://doi.org/10.3389/fendo.2022.888018
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2022.888018
https://www.frontiersin.org/journals/endocrinology
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2022.888018&domain=pdf&date_stamp=2022-05-30


Park et al. Thyroid Volume in Subacute Thyroiditis
INTRODUCTION

Subacute thyroiditis (SAT) is an inflammatory thyroid disease
presenting with various symptoms, including anterior neck pain
and tenderness on physical examination, an enlarged hard
thyroid gland, fever, chills, weight loss, palpitation, and/or
dyspnea (1, 2). SAT is more prevalent in women than in men
and varies by season, and its clinical characteristics are
dependent on certain HLA subtypes (3–7). In addition to
typical cl inical symptoms, SAT is characterized by
abnormalities in thyroid function tests, elevation in erythrocyte
sedimentation rate (ESR) and/or C-reactive protein (CRP),
hypoechoic involvement showing low vascularity on thyroid
ultrasonography, and decreased radioactive iodine uptake
(RAIU) on scintigraphy and/or fine-needle aspiration biopsy
(FNAB) compatible with SAT (1, 2, 8–12). Nonsteroidal anti-
inflammatory drugs (NSAIDs) and corticosteroids, which
alleviate clinical symptoms and reduce inflammation, are
recommended treatments for patients with SAT (2, 13).
American Thyroid Association (ATA) guidelines state that
approximately 50% of patients with SAT present with
thyrotoxicosis, which is caused by a release of pre-formed
thyroid hormones, and approximately 30% present in a
hypothyroid phase (2). Most patients with SAT recover to a
euthyroid state within the first year, whereas 5% to 15% progress
to developing persistent hypothyroidism and requiring
levothyroxine treatment (1, 2).

Preceding viral infections or inflammatory reactions to
viruses are considered the major environmental factors
associated with SAT (14, 15). In the era of the COVID-19
pandemic, interest in SAT has been increasing as it can present
as one of the extrapulmonary manifestations of SARS-CoV-2
infection or as a side effect of SARS-CoV-2 vaccinations (16–18).

Studies evaluating the association between thyroid volume
and dysfunction in SAT have yielded inconsistent results (19–
21). Therefore, the present study explored the relationship
between time-dependent changes in thyroid volume and
thyroid dysfunction in patients with SAT, as well as
determined whether early changes in thyroid volume are
indicators of a hypothyroid phase, which can progress to
permanent hypothyroidism.
MATERIALS AND METHODS

Patients and Treatment
After retrospectively reviewing 113 patients, who visited the
department of Endocrinology and Metabolism at Chonnam
National University Hwasun Hospital, with an impression of SAT
from 2016 to 2021, 37 patients were included in this study. In total,
19 patients with normal ESR, 40 patients who did not have serial
thyroid ultrasonography examinations, and 17 patients who were
lost to follow-up before SAT resolution were excluded. All 37
patients were diagnosed with SAT before initiating treatment, based
on the modified criteria proposed by Stasiak et al., i.e., if the patients
met all the main criteria (elevated ESR and hypoechoic lesions with
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low vascularity and blurred margin on ultrasonography) and at
least one of the additional criteria (hard enlarged thyroid, pain, and
tenderness when performing physical examinations of the thyroid
gland, laboratory tests showing thyrotoxicosis, low radioiodine
uptake, or typical result for SAT by fine needle aspiration biopsy)
(2, 12, 22). All patients were initially treated with prednisolone
ranging from 15 to 30 mg/day, depending on the patient’s clinical
status. SAT resolution was confirmed when the patients’ symptoms
were relieved, laboratory tests were normalized, and hypoechoic
lesions had disappeared on follow-up ultrasonography after the end
of the treatment. The patients visited the clinic every month with
laboratory tests (thyroid function test and inflammatory markers)
in the acute phase, and follow-up intervals increased after
resolution. The intervals of thyroid ultrasonography performed
were as follows: initial visit, 1 month after the initial visit, 3
months after the initial visit, and longer follow-up periods if the
patient’s thyroid function tests were not normalized or their
symptoms persisted. Patients with subclinical hypothyroidism
undergo follow-up thyroid function tests without hormone
replacement, as most patients recover to a euthyroid state within
1 year (2). Patients who had severe clinical hypothyroidism during
follow-up were prescribed levothyroxine; two patients presented
with persistent hypothyroidism requiring thyroid hormone
replacement. Since the characteristics of patients with SAT could
not be verified before their SAT episodes, 120 age- and sex-matched
healthy controls who underwent thyroid ultrasonography during
regular medical check-ups from 2019 to 2021 at ChonnamNational
University Hwasun Hospital were recruited for comparison. After
meticulous review, all controls were confirmed to have no nodules
or nodules <5 mm in diameter on ultrasonography evaluation.

Thyroid Ultrasonography and
Thyroid Volumes
Thyroid ultrasonography examinations were performed by
highly experienced endocrinologists using the ACUSON S2000
or ACUSON Sequoia Ultrasound System (Siemens Healthineers,
Germany). Follow-up ultrasonography was performed by the
same physician who performed the initial examination. All
ultrasound images were reviewed by a clinician (JY Park).

Thyroid volume was calculated as:

Thyroid volume  cm3� �
   ¼  0:52  or p=6ð Þ 

� length  cm½ � � width  cm½ � � depth  cm½ �ð Þ

Laboratory Tests
Complete blood count (CBC), including white blood cell (WBC)
count, neutrophil count, lymphocyte count, hemoglobin
concentration, platelet count, and mean platelet volume (MPV),
were analyzed using an XE-2100 system (Sysmex Corporation,
Japan). The concentrations of thyroid stimulating hormone
(TSH), free thyroxine (FT4), total triiodothyronine (TT3), anti-
thyroid peroxidase antibody (anti-TPO), and anti-thyroglobulin
antibody (anti-Tg) were measured using a Cobas e601 analyzer
(Roche Diagnostics, Mennheim, Germany). CRP concentrations
were measured using Labospect 008AS (Hitachi, Japan), and ESR
May 2022 | Volume 13 | Article 888018
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was analyzed using TEST 1 (Alifax, Padova, Italy). The neutrophil-
to-lymphocyte ratio (NLR) was calculated as the neutrophil count/
lymphocyte count (23–25), and the platelet-to-lymphocyte ratio
(PLR) as the platelet count/lymphocyte count (25, 26). Reference
ranges were defined as 4,800–10,800/μL for WBC, 1,800–7,800/μL
for neutrophil count, 1,000–4,800/μL for lymphocyte count, 12–18
g/dL for hemoglobin concentration, 130,000–450,000/μL for platelet
count, 7.4–10.4 fL for MPV, 0.4–4.8 μIU/mL for TSH
concentration, 0.8–1.71 ng/dL for FT4 concentration, 0.6–1.6 ng/
mL for TT3 concentration., <34IU/ml for anti-TPO, <115 IU/mL
for anti-Tg, <0.3 mg/dL for CRP concentration, and <20 mm/hr
for ESR.

Statistical Analysis
Continuous variables in the two groups were compared using the
Student’s t-tests or Mann–Whitney U test, and categorical
variables in the two groups were compared using the c2 test or
Fisher’s exact test. Correlations between variables among
multiple groups were assessed using one-way Analysis of
Variance (ANOVA), two-way ANOVA, or mixed models.
Factors significantly associated with the development of the
hypothyroid phase were determined using a logistic regression
analysis. All statistical analyses were performed using IBM SPSS
Statistics, Version 27.0 (IBM Corp., Armonk, NY, USA), with p
values <0.05 considered statistically significant.
RESULTS

Baseline Demographic and Clinical
Characteristics
The baseline demographic and clinical characteristics of the 37
patients with SAT and the 120 healthy controls are presented in
Table 1. Sex distribution and age at diagnosis were similar
between the two groups. Serum TSH (p <0.05), hemoglobin
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concentration (p<0.05), and MPV (p=0.016) were significantly
higher in the control group than in the SAT group, whereas free
T4 concentration (p<0.05), WBC count (p<0.05), neutrophil
count (p<0.05), lymphocyte count (p=0.012), platelet count
(p<0.05), NLR (p<0.05), and PLR (p=0.014) were significantly
higher in the SAT group than in the control group. Median
thyroid volumes were significantly greater in the SAT than in the
control group (12.70 cm3 [range: 5.00–24.53 cm3] vs 8.87 cm3

[range: 4.15–23.55 cm3], p<0.05).

Subgroup Analysis Based on the Presence
of Hypothyroid Phase
Patients with SAT were divided into those in a hypothyroid
phase and those in a euthyroid phase during the course of the
disease (Table 2). Sex distribution, age, TSH, free T4, total T3,
anti-TPO positivity, anti-Tg positivity, WBC count, neutrophil
count, hemoglobin level, platelet count, NLR, PLR, MPV, CRP,
ESR, and follow-up periods were similar between the subgroups.
The lymphocyte count (p=0.003) was significantly higher in the
hypothyroid group than in the non-hypothyroid subgroup.
Although not statistically significant, the proportion of patients
with bilateral involvement on initial ultrasonography was higher
in the hypothyroid subgroup (p=0.071). The proportion of
patients with creeping patterns (hypoechoic lesions migrating
from one thyroid lobe to the other) on fol low-up
ultrasonography (p=0.038) and the cumulative dose of
prednisolone (p=0.011) were higher in the euthyroid group
than in the hypothyroid group. Among the hypothyroid
subgroups , two pat ients presented with pers is tent
hypothyroidism requiring levothyroxine replacement therapy.

Time-Dependent Changes in Thyroid
Volumes in Patients With SAT
Figure 1 shows a comparison of thyroid volumes over time in 37
SAT patients and 120 healthy controls. Initial thyroid volumes in
TABLE 1 | Baseline demographic and clinical characteristics.

Healthy controls (N = 120) SAT patients (N = 37) P value

Female sex (%) 94 (78.3%) 32 (86.5%) 0.349
Age (mean, ± SD) 50.58 ( ± 9.78) 51.57 ( ± 9.28) 0.589
TSH (µIU/mL) 1.90 (0.41–4.25) 0.01 (0.01–1.76) <0.05
Free T4 (ng/dL) 1.20 (0.80–1.60) 2.18 (0.80–7.77) <0.05
WBC (/µL) 5200 (2900–10400) 8300 (4900–26100) <0.05
Neutrophil (/µL) 2910 (1460–8550) 5290 (2420–22940) <0.05
Lymphocyte (/µL) 1895 (950–2990) 2200 (1100–3710) 0.012
Hemoglobin (g/dL) 14.33 ( ± 1.41) 12.41 ( ± 1.21) <0.05
Platelet (× 103/µL) 250 (142–496) 349 (213–533) <0.05
NLR 1.62 (0.63–6.20) 2.43 (1.19–10.24) <0.05
PLR 134.52 (54.41–408.00) 168.12 (77.02–391.82) 0.014
MPV (fL) 9.61 ( ± 1.02) 9.14 ( ± 1.00) 0.016
ESR (mm/hr) 53.30 ( ± 21.30) N/A
CRP (mg/dL) 1.51 (0.19-8.12) N/A
Thyroid volume (cm3)
Initial 8.87 (4.15–23.55) 12.70 (5.00–24.53) <0.05
3 months of follow-up 8.87 (4.15–23.55) 8.34 (4.08–22.78) 0.545
May 2022 | Volume 13 | Article
SAT, subacute thyroiditis; TSH, thyroid-stimulating hormone; free T4, free thyroxine; WBC, white blood cell count; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio;
MPV, mean platelet volume; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein. N/A, Not Applicable.
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the SAT group were larger than those of the control group (12.70
cm3 [range: 5.00–24.53 cm3] vs 8.87 cm3 [range: 4.15–23.55
cm3], p < 0.05). However, the thyroid volumes gradually became
lower and smaller than those of the controls without significance
Frontiers in Endocrinology | www.frontiersin.org 4
at the 3 months’ follow-up visit (8.34 cm3 [range: 4.08–22.78
cm3] vs 8.87 cm3 [range: 4.15–23.55 cm3], p=0.545) (Figure 1
and Table 1). The changes in thyroid volume and serum TSH
levels between the two subgroups of SAT patients, who were
divided based on the development of the hypothyroid phase, are
shown in Figure 2. Two patients with persistent hypothyroidism
were excluded from this analysis considering the possible effects
of levothyroxine on thyroid volume. The initial thyroid volumes
of the two subgroups were similar (p=0.113), but the thyroid
volumes of the subgroup with the hypothyroid phase were
significantly smaller than those of the subgroup without the
hypothyroid phase at 1 month’s (p=0.025) and 3 months’
(p=0.006) follow-up visits (Figure 2A and Supplementary
Table S1). When comparing the reduction rates of thyroid
volume, the median reduction rate of thyroid volume was
greater in patients in than not in a hypothyroid phase,
especially during the first month (32.30% [range: 6.74-55.29%]
vs. 19.41% [range: 5.75-51.76%], p=0.009) (Supplementary
Table S1). The difference in serum TSH levels was initially not
significant between the subgroups (p=0.071), but that in the
hypothyroid subgroup became higher at the 1 month (p=0.006)
and 3 month (p < 0.05) follow-up visits (Supplementary
Table S1).

Case presentation of the patients who had persistent
hypothyroidism after SAT episodes

Two women with persistent hypothyroidism following SAT
episodes were included in this study. Both patients showed
bilateral involvement on initial thyroid ultrasonography. After
starting prednisolone, both patients showed a puffy face, edema,
TABLE 2 | Subgroup analysis based on the development of hypothyroid phase.

Absent hypothyroid phase (N = 11) Present hypothyroid phase (N = 26) P value

Female sex (%) 10 (90.9%) 22 (84.6%) 1.000
Age at diagnosis 57.0 (42.0–75.0) 49.0 (31.0–72.0) 0.056
TSH (µIU/mL) 0.033 (0.005–1.760) 0.008 (0.005–0.640) 0.076
Free T4 (ng/dL) 1.94 (1.10–5.84) 2.29 (0.80–7.77) 0.282
Total T3 (ng/mL) 1.73 (1.15–3.40) 1.84 (0.91–6.14) 0.725
Anti-TPO positivity 0/7 (0.0%) 0/21 (0.0%) N/A
Anti-Tg positivity 0/9 (0.0%) 3/22 (13.6%) 0.537
WBC (/µL) 7700 (4900–11700) 8400 (5100–26100) 0.371
Neutrophil (/µL) 5440 (2420–8340) 5150 (2570–22940) 0.713
Lymphocyte (/µL) 2040 (1100–2200) 2350 (1160–3710) 0.003
Hemoglobin (g/dL) 12.20 (11.00–13.90) 12.25 (10.40–17.30) 0.980
Platelet (× 103/µL) 310 (213–431) 366 (215–533) 0.086
NLR 3.20 (1.19–6.02) 2.25 (1.25–10.24) 0.267
PLR 171.36 (120.10–391.82) 165.55 (77.02–285.39) 0.518
MPV (fL) 9.4 (7.4–10.1) 9.3 (7.1–10.9) 0.571
CRP (mg/dL) 1.57 (0.26–6.02) 1.39 (0.19–8.12) 0.559
ESR (mm/hr) 48.0 (22.0–92.0) 51.5 (27.0–108.0) 0.475
Bilateral involvement1 2 (18.2%) 14 (53.8%) 0.071
Creeping pattern2 6 (54.5%) 4 (15.4%) 0.038
Persistent hypothyroidism 0 (0.0%) 2 (7.7%) 1.000
Use of prednisolone 11 (100.0%) 26 (100.0%) N/A
Cumulative dose (mg) 770.0 (245.0–2890.0) 463.8 (122.5–1700.0) 0.011
Follow-up period (months) 8 (3–24) 8 (3–38) 0.490
May 2022 | Volume 13 | Article
SAT, subacute thyroiditis; TSH, thyroid-stimulating hormone; Free T4, free thyroxine; Total T3, total triiodothyronine; Anti-TPO, anti-thyroid peroxidase antibody; Anti-Tg, anti-thyroglobulin
antibody; WBC, white blood cell count; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MPV, mean platelet volume; CRP, C-reactive protein; ESR, erythrocyte
sedimentation rate. N/A, Not Applicable.
1The proportion of SAT patients who showed bilateral involvement on initial thyroid ultrasonography.
2The percentage of SAT patients who had migrating patterns on thyroid ultrasonography (From one side to the other side of the thyroid gland).
FIGURE 1 | Time-varying thyroid volumes of subacute thyroiditis patients
compared with those of healthy controls. ***P ≤ 0.001, ****P ≤ 0.0001.
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and fatigue with elevated TSH levels of 76.60 μIU/ml (patient 1)
and 63.70 μIU/ml (patient 2). Both patients were prescribed 50μ
of levothyroxine per day and medications were maintained
throughout the follow-up period. The thyroid volumes
decreased from 16.62 cm3 to 11.53 cm3 (patient 1, with a
reduction rate of 30.61%) and from 11.11 cm3 to 4.97 cm3

(patient 2, with a reduction rate of 55.29%) at their 1 month
follow-up visit.

Univariate and Multivariate Analyses
Univariate and multivariate analyses were performed to evaluate
the factors associated with the development of the hypothyroid
phase in SAT (Table 3). Age, sex, initial TSH level, initial free T4
concentration, initial ESR level, bilateral involvement on initial
Frontiers in Endocrinology | www.frontiersin.org 5
thyroid ultrasonography, and reduction rate of thyroid volume
within the first month were included. The reduction rate of
thyroid volume within the first month of follow-up was the only
significant factor in both the univariate (p=0.035) and
multivariate (p=0.035) analyses.
DISCUSSION

Previous reports have shown decreasing thyroid volumes after
episodes of SAT and attempted to determine the association
between ultrasonographic findings and the clinical course of SAT
(19–21, 27). Gorges et al. reported a possible association between
low residual thyroid volume and permanent hypothyroidism
(27). It is noteworthy that a prospective study by Zhao et al.
demonstrated a change in thyroid volumes of SAT patients that
were initially larger than those of healthy controls and eventually
became smaller, with the difference being greater in the
hypothyroid patients at their 2 year follow-up visit (21). The
present study also showed a similar trend, i.e., thyroid volumes
were initially larger in SAT patients than in healthy controls, but
subsequently decreased and eventually became smaller than
those in healthy controls at the 3 month follow-up visit
without significance. Furthermore, we compared thyroid
volumes between the subgroups of patients with SAT, who
were divided based on the presence of the hypothyroid phase,
especially focusing on the acute phase in their clinical courses. In
contrast to the similar initial thyroid volumes between the two
subgroups, SAT patients in the hypothyroid phase showed
significantly smaller thyroid volumes than patients not in a
hypothyroid phase at the 1 month and 3 month follow-up
visits. The reduction rates of thyroid volume within the first
month were significantly different between the two subgroups,
with univariate and multivariate analyses showing that this
reduction rate was associated with the development of the
hypothyroid phase after 1 month. These findings suggest that
patients who experience greater thyroid volume reduction in
their early phases will show greater depletion of thyroid hormone
reserves and have a higher risk for developing a hypothyroid
phase afterwards. These findings also suggest the potentially
important role of serial thyroid ultrasonography examinations
in better understanding the disease course of SAT.
A

B

FIGURE 2 | The change in (A) thyroid volumes and (B) serum TSH levels in
the time course of subacute thyroiditis patients, who were divided based on
the development of hypothyroid phase in their clinical courses. Asterisks
represent significant difference between the two subgroups, and daggers
imply significant differences in the initial features of each subgroup.
TABLE 3 | Predictive factors for hypothyroid phase in SAT.

Univariate analysis Multivariate analysis
OR (95% CI) P-value OR (95% CI) P-value

Age 0.914 (0.835-1.002) 0.054
Female sex 0.550 (0.054-5.570) 0.613
Initial TSH 0.079 (0.002-2.628) 0.156
Initial FT4 1.166 (0.657-2.068) 0.600
Initial ESR 1.019 (0.982-1.058) 0.312
Bilateral involvement on initial ultrasonography 5.250 (0.945-29.180) 0.058
Reduction rate of thyroid volume within the first month1 1.084 (1.006-1.169) 0.035 1.084 (1.006-1.169) 0.035
May 2022 | Volume 13 | Article
SAT, subacute thyroiditis; WBC, white blood cell count; TSH, thyroid-stimulating hormone; free T4, free thyroxine; ESR, erythrocyte sedimentation rate.
1Reduction rate of thyroid volume within the first month was calculated as follows: (initial thyroid volume – thyroid volume measured at 1 month follow-up)/initial thyroid volume × 100 (%).
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In addition to the thyroid volume, the extent of involvement
on thyroid ultrasonography has been assessed for its association
with the prognosis of patients with SAT. A retrospective study
found that ultrasonography patterns were not significantly
associated with the risk for recurrence and permanent
hypothyroidism (20). In contrast, bilateral involvement was
reported to be more common in patients with hypothyroidism,
suggesting that the extent of hypoechoic areas may be a potential
marker for hypothyroidism during the course of SAT (28).
Although it was not significant in the present study, the
proportion of bilateral involvement on initial thyroid
ultrasonography was higher in the hypothyroid phase group,
and the two patients with persistent hypothyroidism included in
this study were found to have bilateral hypoechoic lesions on
their initial thyroid ultrasonography. However, we believe that a
significant difference was not observed owing to the small
number of patients.

Potential inflammatory markers, such as NLR, PLR, and
MPV, have also been evaluated in patients with SAT (25, 29–
34). A retrospective study that included 306 SAT patients and
102 controls showed that NLR and PLR were higher and MPV
was lower in SAT patients, supporting SAT diagnosis (25).
Another study reported that NLR and PLR were higher in
patients with SAT than in patients with other causes of
thyrotoxicosis, suggesting that these markers may be
indicative of SAT (35). In agreement with previous reports,
the present study showed higher NLR and PLR and lower
MPV in SAT patients, supporting their potential as practical
markers for SAT diagnosis , especial ly in resource-
limited settings.

The treatment modality was found to be related to the clinical
outcomes in SAT patients. The incidence of thyroid dysfunction
was reported to be lower in patients treated with prednisolone
than in those treated with NSAIDs or untreated patients (28).
Steroids have shown better clinical outcomes than NSAIDs,
especially in SAT patients positive for anti-TPO Ab, high ESR,
and CRP (13). Unfortunately, we could not determine any
relationship between the treatment modalities and thyroid
function as all patients included in the current study were
treated with corticosteroids. Previous reports have shown
controversial results regarding the association between the
corticosteroid dose and development of hypothyroidism.
Gorges et al. reported that higher cumulative doses of
prednisolone and female sex were associated with an increased
risk for hypothyroidism in patients (27). However, they also
mentioned that the results could have been affected by the
severity of the episodes rather than the higher cumulative dose
of steroids itself. A retrospective study by Hepsen et al.
comparing low-and high-dose steroid treatments (48 mg vs. 16
mg of methylprednisolone) for SAT showed that the cumulative
dose of methylprednisolone and female sex were similar between
subgroups, which were divided based on the development of
permanent and transient hypothyroidism, supporting the
usefulness of low-dose steroid treatment (36). In our study,
female sex showed no significant difference between the two
subgroups, and the cumulative dose of prednisolone was higher
Frontiers in Endocrinology | www.frontiersin.org 6
in the euthyroid group than in the hypothyroid phase group. A
possible explanation for this finding could be the higher
proportion of creeping patterns on ultrasonography in patients
without transient hypothyroidism, resulting in longer
treatment periods.

The present study has several limitations. Due to the
retrospective design and small sample size, it was difficult to
propose a monitoring scheme to predict the risk for developing
permanent hypothyroidism in the future. Through further
studies, we believe that we can propose a more detailed and
promising monitoring scheme for predicting a subsequent
hypothyroid phase, which can possibly progress to persistent
hypothyroidism. In addition, anti-thyroid antibodies were not
assessed in all SAT patients, as they are not essential for the
diagnosis of SAT, but some patients may be positive for these
antibodies (37, 38). This prevented an evaluation of the effects of
these antibodies on abnormal thyroid function or thyroid
volume reduction. Another limitation was the lack of data on
clinical characteristics (including thyroid function tests, anti-
thyroid antibodies, and the size of the thyroid gland) of the
patients before their SAT episodes; this information may be
helpful for better understanding the clinical course of SAT.
Moreover, as all SAT patients enrolled in this study were
treated with corticosteroids, we could not compare their
clinical course with other treatment methods (NSAIDs).
Furthermore , as only two pat ients had pers is tent
hypothyroidism, we could not directly evaluate the association
between thyroid volume and persistent thyroid dysfunction.
Additional studies with larger sample sizes and an increased
proportion of patients with persistent hypothyroidism
are needed.

In conclusion, SAT patients show decreasing thyroid
volumes in their clinical courses, and patients with preceding
greater reduction of thyroid volume in their acute phases
(especially within 1 month) tend to have a higher chance of
developing the hypothyroid phase, which can lead to persistent
hypothyroidism. Additionally, we conclude that serial thyroid
ultrasonography examinations may help understand the
clinical course of SAT.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Institutional Review Board of Chonnam
National University Hwasun Hospital, Hwasun, South Korea.
Written informed consent for participation was not required for
this study in accordance with the national legislation and the
institutional requirements.
May 2022 | Volume 13 | Article 888018

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Park et al. Thyroid Volume in Subacute Thyroiditis
AUTHOR CONTRIBUTIONS

JP: Conceptualization, data curation, manuscript drafting, and
manuscript revision. WC: Conceptualization, data curation, and
revision of the manuscript. AH: Study design, data
interpretation, and manuscript revision. JY: Study design, data
interpretation, and manuscript revision. HK: Conceptualized,
interpreted the data, and revised the manuscript. H-CK:
Conceptualization, supervision, data interpretation, manuscript
Frontiers in Endocrinology | www.frontiersin.org 7
drafting, and manuscript revision. All authors contributed to the
article and approved the submitted version.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fendo.2022.
888018/full#supplementary-material
REFERENCES
1. Pearce EN, Farwell AP, Braverman LE. Thyroiditis. N Engl J Med (2003) 348

(26):2646–55. doi: 10.1056/NEJMra021194
2. Ross DS, Burch HB, Cooper DS, Greenlee MC, Laurberg P, Maia AL, et al.

2016 American Thyroid Association Guidelines for Diagnosis and
Management of Hyperthyroidism and Other Causes of Thyrotoxicosis.
Thyroid (2016) 26(10):1343–421. doi: 10.1089/thy.2016.0229

3. Alfadda AA, Sallam RM, Elawad GE, Aldhukair H, Alyahya MM. Subacute
Thyroiditis: Clinical Presentation and Long Term Outcome. Int J Endocrinol
(2014) 2014:794943. doi: 10.1155/2014/794943

4. Martino E, Buratti L, Bartalena L, Mariotti S, Cupini C, Aghini-Lombardi F,
et al. High Prevalence of Subacute Thyroiditis During Summer Season in
Italy. J Endocrinol Invest (1987) 10(3):321–3. doi: 10.1007/BF03348138

5. Stasiak M, Tymoniuk B, Adamczewski Z, Stasiak B, Lewinski A. Sonographic
Pattern of Subacute Thyroiditis Is Hla-Dependent. Front Endocrinol
(Lausanne) (2019) 10:3. doi: 10.3389/fendo.2019.00003

6. Stasiak M, Tymoniuk B, Stasiak B, Lewinski A. The Risk of Recurrence of
Subacute Thyroiditis Is Hla-Dependent. Int J Mol Sci (2019) 20(5):1089.
doi: 10.3390/ijms20051089

7. Ohsako N, Tamai H, Sudo T, Mukuta T, Tanaka H, Kuma K, et al. Clinical
Characteristics of Subacute Thyroiditis Classified According to Human
Leukocyte Antigen Typing. J Clin Endocrinol Metab (1995) 80(12):3653–6.
doi: 10.1210/jcem.80.12.8530615

8. Amino N, Yabu Y, Miki T, Morimoto S, Kumahara Y, Mori H, et al. Serum Ratio of
Triiodothyronine to Thyroxine, and Thyroxine-Binding Globulin and Calcitonin
Concentrations in Graves' Disease and Destruction-Induced Thyrotoxicosis. J Clin
Endocrinol Metab (1981) 53(1):113–6. doi: 10.1210/jcem-53-1-113

9. Pearce EN, Bogazzi F, Martino E, Brogioni S, Pardini E, Pellegrini G, et al. The
Prevalence of Elevated Serum C-Reactive Protein Levels in Inflammatory and
Noninflammatory Thyroid Disease. Thyroid (2003) 13(7):643–8.
doi: 10.1089/105072503322239989

10. Intenzo CM, dePapp AE, Jabbour S, Miller JL, Kim SM, Capuzzi DM.
Scintigraphic Manifestations of Thyrotoxicosis. Radiographics (2003) 23
(4):857–69. doi: 10.1148/rg.234025716

11. Hiromatsu Y, Ishibashi M, Miyake I, Soyejima E, Yamashita K, Koike N, et al.
Color Doppler Ultrasonography in Patients With Subacute Thyroiditis.
Thyroid (1999) 9(12):1189–93. doi: 10.1089/thy.1999.9.1189

12. Stasiak M, Lewinski A. New Aspects in the Pathogenesis and Management of
Subacute Thyroiditis. Rev Endocr Metab Disord (2021) 22(4):1027–39.
doi: 10.1007/s11154-021-09648-y

13. Sencar ME, Calapkulu M, Sakiz D, Hepsen S, Kus A, Akhanli P, et al. An Evaluation
of the Results of the Steroid and Non-Steroidal Anti-Inflammatory Drug Treatments
in Subacute Thyroiditis in Relation to Persistent Hypothyroidism and Recurrence. Sci
Rep (2019) 9(1):16899. doi: 10.1038/s41598-019-53475-w

14. Volpe R, Row VV, Ezrin C. Circulating Viral and Thyroid Antibodies in
Subacute Thyroiditis. J Clin Endocrinol Metab (1967) 27(9):1275–84.
doi: 10.1210/jcem-27-9-1275

15. Desailloud R, Hober D. Viruses and Thyroiditis: An Update. Virol J (2009) 6:5.
doi: 10.1186/1743-422X-6-5

16. Caron P. Thyroiditis and Sars-Cov-2 Pandemic: A Review. Endocrine (2021)
72(2):326–31. doi: 10.1007/s12020-021-02689-y

17. Iremli BG, Sendur SN, Unluturk U. Three Cases of Subacute Thyroiditis
Following Sars-Cov-2 Vaccine: Post-Vaccination Asia Syndrome. J Clin
Endocrinol Metab (2021) 106(9):2600–5. doi: 10.1210/clinem/dgab373
18. Lisco G, De Tullio A, Jirillo E, Giagulli VA, De Pergola G, Guastamacchia E,
et al. Thyroid and Covid-19: A Review on Pathophysiological, Clinical and
Organizational Aspects. J Endocrinol Invest (2021) 44(9):1801–14.
doi: 10.1007/s40618-021-01554-z

19. Bennedbaek FN, Hegedus L. The Value of Ultrasonography in the Diagnosis
and Follow-Up of Subacute Thyroiditis. Thyroid (1997) 7(1):45–50.
doi: 10.1089/thy.1997.7.45

20. Sencar ME, Calapkulu M, Sakiz D, Akhanli P, Hepsen S, Duger H, et al. The
Contribution of Ultrasonographic Findings to the Prognosis of Subacute
Thyroiditis. Arch Endocrinol Metab (2020) 64(3):306–11. doi: 10.20945/2359-
3997000000253

21. Zhao N, Wang S, Cui XJ, Huang MS, Wang SW, Li YG, et al. Two-Years
Prospective Follow-Up Study of Subacute Thyroiditis. Front Endocrinol
(Lausanne) (2020) 11:47. doi: 10.3389/fendo.2020.00047

22. Stasiak M, Michalak R, Lewinski A. Thyroid Primary and Metastatic
Malignant Tumours of Poor Prognosis May Mimic Subacute Thyroiditis -
Time to Change the Diagnostic Criteria: Case Reports and a Review of the
Literature. BMC Endocr Disord (2019) 19(1):86. doi: 10.1186/s12902-019-
0415-y

23. Aktas G, Sit M, Dikbas O, Erkol H, Altinordu R, Erkus E, et al. Elevated
Neutrophil-To-Lymphocyte Ratio in the Diagnosis of Hashimoto's
Thyroiditis. Rev Assoc Med Bras (1992) (2017) 63(12):1065–8. doi: 10.1590/
1806-9282.63.12.1065

24. Cengiz H, Varim C, Demirci T, Cetin S. Hemogram Parameters in the Patients
With Subacute Thyroiditis. Pak J Med Sci (2020) 36(2):240–5. doi: 10.12669/
pjms.36.2.1063

25. Calapkulu M, Sencar ME, Sakiz D, Duger H, Ozturk Unsal I, Ozbek M, et al.
The Prognostic and Diagnostic Use of Hematological Parameters in Subacute
Thyroiditis Patients. Endocrine (2020) 68(1):138–43. doi: 10.1007/s12020-
019-02163-w

26. Dasgupta R, Atri A, Jebasingh F, Hepzhibah J, Christudoss P, Asha H, et al.
Platelet-Lymphocyte Ratio as a Novel Surrogate Marker to Differentiate
Thyrotoxic Patients With Graves Disease From Subacute Thyroiditis: A Cross-
Sectional Study From South India. Endocr Pract (2020) 26(9):939–44. doi: 10.4158/
EP-2020-0086

27. Gorges J, Ulrich J, Keck C, Muller-Wieland D, Diederich S, Janssen OE. Long-
Term Outcome of Subacute Thyroiditis. Exp Clin Endocrinol Diabetes (2020)
128(11):703–8. doi: 10.1055/a-0998-8035

28. Nishihara E, Amino N, Ohye H, Ota H, Ito M, Kubota S, et al. Extent of
Hypoechogenic Area in the Thyroid Is Related With Thyroid Dysfunction
After Subacute Thyroiditis. J Endocrinol Invest (2009) 32(1):33–6.
doi: 10.1007/BF03345675

29. Celikbilek A, Ismailogullari S, Zararsiz G. Neutrophil to Lymphocyte Ratio
Predicts Poor Prognosis in Ischemic Cerebrovascular Disease. J Clin Lab Anal
(2014) 28(1):27–31. doi: 10.1002/jcla.21639

30. Liu YL, Lu JK, Yin HP, Xia PS, Qiu DH, Liang MQ, et al. High Neutrophil-To-
Lymphocyte Ratio Predicts Hemorrhagic Transformation in Acute Ischemic
Stroke Patients Treated With Intravenous Thrombolysis. Int J Hypertens
(2020) 2020:5980261. doi: 10.1155/2020/5980261

31. Park JS, Seo KW, Choi BJ, Choi SY, YoonMH, Hwang GS, et al. Importance of
Prognostic Value of Neutrophil to Lymphocyte Ratio in Patients With St-
Elevation Myocardial Infarction. Med (Baltimore) (2018) 97(48):e13471.
doi: 10.1097/MD.0000000000013471

32. Templeton AJ, McNamara MG, Seruga B, Vera-Badillo FE, Aneja P, Ocana A,
et al. Prognostic Role of Neutrophil-To-Lymphocyte Ratio in Solid Tumors: A
May 2022 | Volume 13 | Article 888018

https://www.frontiersin.org/articles/10.3389/fendo.2022.888018/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.888018/full#supplementary-material
https://doi.org/10.1056/NEJMra021194
https://doi.org/10.1089/thy.2016.0229
https://doi.org/10.1155/2014/794943
https://doi.org/10.1007/BF03348138
https://doi.org/10.3389/fendo.2019.00003
https://doi.org/10.3390/ijms20051089
https://doi.org/10.1210/jcem.80.12.8530615
https://doi.org/10.1210/jcem-53-1-113
https://doi.org/10.1089/105072503322239989
https://doi.org/10.1148/rg.234025716
https://doi.org/10.1089/thy.1999.9.1189
https://doi.org/10.1007/s11154-021-09648-y
https://doi.org/10.1038/s41598-019-53475-w
https://doi.org/10.1210/jcem-27-9-1275
https://doi.org/10.1186/1743-422X-6-5
https://doi.org/10.1007/s12020-021-02689-y
https://doi.org/10.1210/clinem/dgab373
https://doi.org/10.1007/s40618-021-01554-z
https://doi.org/10.1089/thy.1997.7.45
https://doi.org/10.20945/2359-3997000000253
https://doi.org/10.20945/2359-3997000000253
https://doi.org/10.3389/fendo.2020.00047
https://doi.org/10.1186/s12902-019-0415-y
https://doi.org/10.1186/s12902-019-0415-y
https://doi.org/10.1590/1806-9282.63.12.1065
https://doi.org/10.1590/1806-9282.63.12.1065
https://doi.org/10.12669/pjms.36.2.1063
https://doi.org/10.12669/pjms.36.2.1063
https://doi.org/10.1007/s12020-019-02163-w
https://doi.org/10.1007/s12020-019-02163-w
https://doi.org/10.4158/EP-2020-0086
https://doi.org/10.4158/EP-2020-0086
https://doi.org/10.1055/a-0998-8035
https://doi.org/10.1007/BF03345675
https://doi.org/10.1002/jcla.21639
https://doi.org/10.1155/2020/5980261
https://doi.org/10.1097/MD.0000000000013471
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Park et al. Thyroid Volume in Subacute Thyroiditis
Systematic Review and Meta-Analysis. J Natl Cancer Inst (2014) 106(6):
dju124. doi: 10.1093/jnci/dju124

33. Mouchli M, Reddy S, Gerrard M, Boardman L, Rubio M. Usefulness of
Neutrophil-To-Lymphocyte Ratio (Nlr) as a Prognostic Predictor After
Treatment of Hepatocellular Carcinoma." Review Article. Ann Hepatol
(2021) 22:100249. doi: 10.1016/j.aohep.2020.08.067

34. Balta S, Ozturk C. The Platelet-Lymphocyte Ratio: A Simple, Inexpensive and
Rapid Prognostic Marker for Cardiovascular Events. Platelets (2015) 26
(7):680–1. doi: 10.3109/09537104.2014.979340

35. Taskaldiran I, Omma T, Onder CE, Firat SN, Koc G, Kilic MK, et al. Neutrophil-
To-Lymphocyte Ratio, Monocyte-To-Lymphocyte Ratio, and Platelet-
Tolymphocyte Ratio in Different Etiological Causes of Thyrotoxicosis. Turk J
Med Sci (2019) 49(6):1687–92. doi: 10.3906/sag-1901-116

36. Hepsen S, Akhanli P, Sencar ME, Duger H, Sakiz D, Kizilgul M, et al. The
Evaluation of Low- and High-Dose Steroid Treatments in Subacute
Thyroiditis: A Retrospective Observational Study. Endocr Pract (2021) 27
(6):594–600. doi: 10.1016/j.eprac.2020.11.009

37. Stasiak M, Michalak R, Stasiak B, Lewinski A. Clinical Characteristics of
Subacute Thyroiditis Is Different Than It Used to Be - Current State Based on
15 Years Own Material. Neuro Endocrinol Lett (2019) 39(7):489–95.
Frontiers in Endocrinology | www.frontiersin.org 8
38. Nishihara E, Amino N, Kudo T, Kohsaka K, Ito M, Fukata S, et al. Moderate
Frequency of Anti-Thyroglobulin Antibodies in the Early Phase of Subacute
Thyroiditis. Eur Thyroid J (2019) 8(5):268–72. doi: 10.1159/000501033

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Park, Choi, Hong, Yoon, Kim and Kang. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
May 2022 | Volume 13 | Article 888018

https://doi.org/10.1093/jnci/dju124
https://doi.org/10.1016/j.aohep.2020.08.067
https://doi.org/10.3109/09537104.2014.979340
https://doi.org/10.3906/sag-1901-116
https://doi.org/10.1016/j.eprac.2020.11.009
https://doi.org/10.1159/000501033
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Early Thyroid Volume Reduction in Subacute Thyroiditis Can be a Potential Indicator for Hypothyroidism
	Introduction
	Materials and Methods
	Patients and Treatment
	Thyroid Ultrasonography and Thyroid Volumes
	Laboratory Tests
	Statistical Analysis

	Results
	Baseline Demographic and Clinical Characteristics
	Subgroup Analysis Based on the Presence of Hypothyroid Phase
	Time-Dependent Changes in Thyroid Volumes in Patients With SAT
	Univariate and Multivariate Analyses

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


