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Comparison of treatment
outcome between
glucocorticoids and non-
steroidal anti-inflammatory
drugs in subacute thyroiditis
patients—a systematic review
and meta-analysis

Angi Yuan', Jialu Wu' and Hui Huang*

Department of Endocrinology and Metabolism, West China Hospital, Sichuan University,
Chengdu, China

Importance: Subacute thyroiditis (SAT) is a self-limiting and inflammatory thyroid
disease. Although SAT usually improves on its own within weeks, it needs
treatment when patients have pain, fever, and symptoms of thyrotoxicosis.
Therapeutic drugs mainly include non-steroidal anti-inflammatory drugs
(NSAIDs) and glucocorticoids. Currently, there is no systematic review or
meta-analysis of the comparison of outcomes between NSAIDs and
glucocorticoids for the treatment of SAT.

Objectives: To conduct a systematic review and meta-analysis on the outcomes
in subacute thyroiditis patients treated with glucocorticoids or NSAIDs.

Data sources: Using the four electronic databases, including PubMed, Embase,
Cochrane Library, Wanfang database and Web of Science. All publications until 21
June 2023 were searched. The reference lists of all selected articles were
independently screened to identify additional studies left out in the initial search.

Study selection: The literature comparing outcomes between glucocorticoids
and non-steroidal anti-inflammatory drugs for patients with subacute thyroiditis
will be included.

Data extraction and synthesis: Two independent investigators (Angi Yuan and
Jialu Wu) extracted the data following Preferred Reporting Items for Systematic
Reviews and Meta-analyses guidelines (PRISMA) and then evaluated the quality of
the eligible studies with the Newcastle-Ottawa Scale. Fixed-effects models for
the meta-analyses were applied. Heterogeneity was assessed with the chi-
squared (x?) test (Cochran’s Q) and inconsistency index (I%). The robustness of
the results was tested with the sensitivity analyses. The bias of publication was
assessed with the Harbord test.

Main outcomes and measures: The incidence of permanent hypothyroidism in
SAT patients treated with corticosteroids or NSAIDs.
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Results: Our study included a total of ten comparative cohort studies with 1337
participants. We found that the incidence of developing permanent hypothyroidism in
the SAT patients who received glucocorticoids treatment was significantly lower than
those who received NSAIDs treatment. (OR, 0.56; 95% Cl, 0.36-0.88; P = 0.01). The
risk of permanent hypothyroidism in patients who received prednisone at an average
initial dose < 40 mg/d was significantly lower than that in patients who received
NSAIDs (OR, 0.37; 95% Cl, 0.14—0.94; P = 0.04). There was no significant difference in
the occurrence of permanent hypothyroidism between SAT patients who received an
average initial dose > 40 mg/d of prednisone and those who received only NSAIDs
(OR, 0.7; 95% Cl, 0.14-3.53; P = 0.67). In addition, the recurrence rate was observably
higher in those receiving glucocorticoids than in those receiving NSAIDs (OR, 1.98;
95% Cl, 1.12-3.5; p = 0.02). The recurrence rate was significantly higher in patients
with an average initial prednisone dose of < 40 mg/d than in the NSAIDs group. There
was no significant difference in the recurrence rate between patients in the mean
initial prednisone dose > 40 mg/d group and those in the NSAIDs group.

Conclusions and relevance: In this meta-analysis, we compared the treatment
outcomes of SAT patients between glucocorticoids and NSAIDs. Our results
indicated that glucocorticoid treatment was associated with a lower incidence of
permanent hypothyroidism than NSAID treatment. Patients treated with NSAIDs
might have a lower recurrence rate. This finding might help to understand the
outcome of the disease when choosing different drugs and help physicians to
make appropriate decisions.

Systematic review registration: https://www.crd.york.ac.uk/prospero/,
identifier CRD42023427332.

KEYWORDS

subacute thyroiditis, treatment outcome, permanent hypothyroidism, recurrence rate,
meta-analysis

Introduction

Subacute thyroiditis (SAT) is a self-limiting and inflammatory
thyroid disease, accounting for approximately 5% of all thyroid
diseases. SAT often occurs after an upper respiratory tract infection
and is probably caused by a viral infection (1-4). The potentially
causative viruses include Coxsackie virus, Echovirus, adenovirus,
influenza virus, mumps and rubella virus, parvovirus B19,
orthomyxovirus, HIV, Epstein-Barr virus, hepatitis E, measles
virus, and the pandemic-spreading severe acute respiratory
syndrome-coronavirus-2 (SARS-CoV-2) since the outbreak of
novel coronavirus (COVID-19) in 2019 (5-7). Regarding
pathogenesis, genetic susceptibility is related to SAT (7, 8), and
previous studies have indicated that HLA-B* 35 is present in up to
70% of patients with SAT (9, 10). Besides, some drugs that affect the
immune system may be associated with SAT, such as interferon for
chronic hepatitis B or hepatitis C (11, 12). The high incidence of
SAT is in 40-50- year—- old women (3, 8), accounting for 75-80% of
all SAT patients (7, 13). The typical clinical manifestations of SAT
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include fever, fatigue, thyroid pain, and symptoms of thyrotoxicosis.
Blood tests show an elevated erythrocyte sedimentation rate (ESR),
mild anemia, and increased white blood cell count (WBC). Thyroid
ultrasound presents some typical signs like hypoechoic, ill-defined
area with absent blood flow, and reduced uptake of radioactive
iodine can also be observed by thyroid scintigraphy (14-17). The
thyroid hormonal tests often show low thyroid stimulating
hormone (TSH) and elevated free thyroxine (FT4) in the early
stage of the disease. Sometimes, the diagnosis of subacute thyroiditis
relies on pathological results of fine needle aspiration biopsy
(FNAB) (7, 16, 18). Because of the nonspecific clinical symptoms
in the early stage of SAT, it is easily misdiagnosed or delayed in
diagnosis (19).

Non-steroidal anti-inflammatory drugs (NSAIDs) and
glucocorticoids are always recommended for the treatment of
SAT to relieve symptoms and mitigate inflammation (20). The
clinical guidelines of the American Thyroid Association (ATA)
suggest that patients with mild symptomatic SAT should initially
be treated with B-adrenergic-blocking drugs and NSAIDs to
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control thyrotoxic symptoms or relieve pain. For patients with
moderate to severe pain or thyrotoxic symptoms, corticosteroids are
administered with the standard recommended dosage of
prednisone 40 mg daily for a duration of 1 to 2 weeks, then the
dosage is gradually decreased according to the clinical response
until withdrawal (16). Up to now, a certain number of studies have
explored the different therapeutic effects of different drugs or
various dosages of the same drugs in patients with SAT, which
include duration of symptom relief time, duration of thyroid
function recovery, recurrence rate, and adverse reactions. Some
studies have indicated that glucocorticoids were quicker than
NSAIDs in relieving symptoms and restoring normal thyroid
function in SAT patients (21). However, there are no related
clinical guidelines on how to choose NSAIDs or glucocorticoids
when treating SAT. SAT is a self-limiting disease characterized by
three phases: the initial thyrotoxic phase, the transient
hypothyroidism phase, and the recovery stage in which thyroid
function returns to normal (16, 22, 23). However, the occurrence of
permanent hypothyroidism has been documented in several
studies, with rates ranging from 5% to 26% (18), in which some
studies have indicated a higher incidence of permanent
hypothyroidism in cohorts treated with glucocorticoids (15). In
contrast, other studies’ findings suggested that the incidence of this
condition did not differ between groups receiving NSAIDs and
groups receiving glucocorticoids (24). Furthermore, the recurrence
has been reported during follow-up in the last 20 years, with
approximately 6.9% to 22.2% (25, 26). Whether the development
of permanent hypothyroidism and recurrence is associated with the
different drug treatments and doses of SAT is still ambiguous.
Therefore, we conducted the first systematic review and meta-
analysis to compare treatment outcomes between glucocorticoids
and NSAIDs in SAT patients, in which we placed great emphasis on
the incidence of permanent hypothyroidism after the two different
treatments. It aims to assist clinicians in guiding clinical decisions.

Methods

This systematic review and meta-analysis followed the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) statement 21 and was registered in the PROSPERO
database (identifier: CRD42023427332).

Literature search

We performed a comprehensive literature search of PubMed,
Embase, Cochrane Library, Chinese Wanfang database, and Web of
Science from the inception of the databases to June 21, 2023, to
identify studies comparing treatment outcomes between
glucocorticoids and NSAIDs in SAT patients, without any language
restrictions. We also hand-screened the reference lists of primary
cited articles to ensure access to articles that were not captured by
electronic retrieval. We searched the databases based on the following
MeSH terms: “Glucocorticoid”, “Anti-Inflammatory Agents, Non-
Steroidal”, and “Thyroiditis, Subacute”. The detailed search strategy is
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described in Supplementary S1. Two investigators (Angi Yuan and
Jialu Wu) independently screened titles and abstracts based on
selection criteria and reviewed the full-text articles obtained from
the initial retrieval.

Selection criteria

We included cohort studies that met the following criteria for
this meta-analysis: (i) human-based observational studies (cohort
studies and case-control studies) or randomized controlled trials;
(ii) the subjects were adults who were definitely diagnosed with SAT
by typical clinical symptoms, laboratory data, radioactive iodine
uptake (RAIU) test/thyroid scintigram and/or thyroid ultrasound;
(iii) the treatment outcomes of steroids and NSAIDs in SAT
patients were compared, and the outcome measures included
permanent hypothyroidism or recurrence rate. Any study that
met one of the following criteria was excluded by us: (i) Studies
without a comparison of glucocorticoids and non-steroidal anti-
inflammatory drugs treatment; (ii) No outcome measure for
permanent hypothyroidism and recurrence rate was presented;
(iii) Letters, editorial comments, case reports, conference abstract,
meta-analyses, review, and patents. We defined permanent
hypothyroidism as the presence of hypothyroidism (including
overt hypothyroidism and subclinical hypothyroidism) requiring
levothyroxine replacement at six months after SAT. Recurrence is
defined as the reappearance of clinical symptoms during drug dose
reduction or after discontinuation, with elevated ESR/CRP.

Data extraction

Data extraction was carried out independently by two
investigators (Anqi Yuan and Jialu Wu), and disagreements were
resolved by discussion with a third investigator. We extracted the
following information by reviewing the full texts of the included
studies: the basic information (first author, year of publication,
country of study, study design, duration of the study), information
on the study cohorts (sample size, age, type of treatment, starting
drug dose, treatment duration, follow-up duration), therapeutic
effects of two drugs (NSAIDs and glucocorticoids), and outcome
indicators (number of permanent hypothyroidism and recurrence).

Quality assessment

Two investigators separately assessed the quality of the included
studies via the Newcastle -Ottawa Scale (NOS) (27) for cohort
studies, and the discrepancies were resolved through discussion.
The NOS primarily consists of three dimensions, including
selection of study groups, comparability of groups, and
ascertainment of outcomes (cohort studies) or exposure (case-
control studies), each with a total score of 4, 2, and 3 points. The
NOS scores range from 0 to 9, with higher scores indicating less risk
of bias. The scores of the three domains were summed, and studies
with a total score > 7 were considered to have a low risk of bias (28).
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Statistical analysis

The odds ratio (OR) was applied for the comparison of
dichotomous variables. In literature data collection, continuous
variables conforming to a normal distribution were expressed as
+

mean * standard, and non-normally distributed variables were
expressed as median (range) values. In the meta-analysis, we
pooled OR and 95% confidence intervals (CIs) of individual
studies. Heterogeneity was assessed with the chi-squared (x%) test
(Cochran’s Q) and inconsistency index (I?). In the heterogeneity
test, when the p-value > 0.05 and the clinical and methodological
heterogeneity among the included studies were small, the fixed
effect model was adopted; otherwise, the random effect model was
employed. Since our study was reviewed and screened in strict
accordance with the inclusion and exclusion criteria, the subjects
were all adult patients with clinically confirmed SAT without
significant differences in age, intervention measures, and outcome
indicators. Combined with the p-value of the heterogeneity test, we
chose the fixed effect model with the statistical method of Mantel-
Hasenzel. In addition, we used the Galbraith plot to visually assess
heterogeneity caused by individual studies. The results of the meta-
analysis are presented as forest plots. To evaluate the publication

10.3389/fendo.2024.1384365

bias of the included articles, we used the Harbord test. A sensitivity
analysis using the leave-one-out method was performed to assess
the robustness of the results. All analyses were performed with
STATA version 17 and Review Manager version 5.4.

Results
Literature search and study characteristics

The flow diagram of the literature search and selection process
is shown in Figure 1. According to the search strategy, a total of 48
related records were retrieved from PubMed (n = 40), Embase (n =
1), and Web of Science (n = 11) databases. After deleting duplicate
articles, forty-seven articles were reviewed for titles and abstracts.
Thirty articles were excluded due to their inappropriate article
types. Then, seventeen publications were screened for full text in
detail, and seven publications were excluded. Among the excluded
articles, five were eliminated due to the absence of outcome
measures for permanent hypothyroidism or recurrence, one was
excluded for insufficient data, and another was excluded because it
failed to compare the treatment effectiveness of glucocorticoids and

()
g Records identified from Records removed before
':..;; database: screening;
5‘5: PubMed (n = 40) L | Duplicate records removed (n
= Embase (n=1) - 5)
D . -
= Web of Science (n=11)
—
— | Articles after deleting Records excluded after review
duplicate research (n = 47) of titles and abstracts with
reasons:
Not related to the topic (n= 1)
Reviews and meta-analyses (n
=13)
ED Case reports (n = 10)
=
g Patents (n=15)
% v No abstract provided (n = 1)
F ull—t.ex't filjthlCS assessed Full-text articles excluded with
for eligibility (n = 17) reasons:
No outcome of interest (n = 5)
Studies without sufficient data
—
(n=1)
v Studies without comparison of
-§ Articles included in meta- glucocorticoids and non-
E analysis (n = 10) steroidal anti-inflammatory
=~ drugs treatments (n = 1)
FIGURE 1
PRISMA flow diagram of the systemic review procedure,
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NSAIDs. Eventually, ten studies involving 1337 patients were
eligible and included in the meta-analysis (13, 15, 21, 24, 29-34).
All ten included studies were cohort studies (nine were
retrospective, and one was prospective). The main features of the
included studies are presented in Table 1.

The quality assessment of the included studies with the NOS
score is described in Table 2. The average NOS score was 8.4, and
nine studies were considered high-quality with a low risk of bias.
None of the ten studies received 2 scores in the “comparability”
dimension of the NOS. Two studies did not get full marks in the
“outcome” section because of a higher proportion of lost follow-up.

Comparing the incidence of permanent
hypothyroidism of treatment with
glucocorticoids versus NSAIDs

The purpose of our study was to compare treatment outcomes
between glucocorticoids and NSAIDs in SAT patients with the
primary outcome indicator of permanent hypothyroidism. A total
of seven studies involving 741 cases reported SAT treatment
outcomes of permanent hypothyroidism (15, 24, 29-33). Based
on the seven studies, our study revealed that the odds ratio of
developing permanent hypothyroidism was significantly lower with
glucocorticoids treatment compared to NSAIDs treatment in SAT
patients (OR, 0.56; 95% CI, 0.36-0.88; P = 0.01), as presented in
Figure 2. Patients treated with NSAIDs may have more than 40%
higher risk of developing permanent hypothyroidism. There was
moderate heterogeneity among the studies (I*> = 50%, p = 0.06).
Meanwhile, the Galbraith plot was also employed to explore the
heterogeneity of the seven studies, and the results displayed all
studies were within two standard deviations from the regression
line, indicating no significant heterogeneity (Figure 3A).

Our search also performed subgroup analyses that were pre-
specified and aimed to assess the incidence of permanent
hypothyroidism in different dosage glucocorticoid treatments and
NSAID treatments. Four studies described the exact dosage of
prednisone used in detail. We divided the SAT patients were
divided into two groups based on whether the mean initial dose of
prednisone exceeded 40 mg daily. We compared the outcome with
that using NSAIDs respectively. We found that the incidence of
permanent hypothyroidism in the group of prednisone dose < 40 mg/
d was significantly lower than in the patients taking NSAIDs (OR,
0.37; 95% CI, 0.14-0.94; P = 0.04) with mild heterogeneity (I* = 34%,
p = 0.22), as shown in the Figure 4A. Besides, there was no significant
difference in the occurrence of permanent hypothyroidism between
the group of prednisone dose > 40 mg/d and that using NSAIDs (OR,
0.7; 95% CI, 0.14-3.53; P = 0.67) (Figure 4B).

Comparing the recurrence rate of SAT
patients treated with glucocorticoids
versus NSAIDs

Five studies involving 628 SAT patients treated with
glucocorticoids or NSAIDs evaluated the recurrence rates of SAT
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(13, 21, 29, 30, 34). The analysis demonstrated that the recurrence
rate was observably higher in the patients using glucocorticoids than
in those using NSAIDs (OR, 1.98; 95% CI, 1.12-3.5; p = 0.02) without
significant heterogeneity (I* = 20%, p = 0.29), as summarized in
Figure 5. For patients with SAT, the risk of recurrence with
glucocorticoids was approximately twice as high as with NSAIDs.
Furthermore, the Galbraith plot confirmed the absence of significant
heterogeneity among the five studies included (Figure 3B).

Furthermore, subgroup analyses were performed to assess the
recurrence rate between different doses of glucocorticoids and
NSAIDs. Patients were divided into two groups based on whether
they received an average initial dose of prednisone exceeding 40 mg/
d. The results displayed that the recurrence rate of patients in the
prednisone < 40 mg/d group was significantly higher than that in
the NSAIDs group (OR, 6.62; 95% CI,1.74-25.2; P = 0.006) without
significant heterogeneity (I* = 0%, p = 0.57) (Figure 6A). There was
no significant difference in the recurrence rate between patients in
the >40 mg/d prednisone group and those in the NSAIDs group
(OR, 1.12; 95% CI, 0.57-2.21; P = 0.75) (Figure 6B).

Publication bias and sensitivity analysis

We conducted the Harbord test to explore the publication bias of
included studies. Concerning the incidence of permanent
hypothyroidism, the results of the Harbord test indicated no
significant publication bias (P = 0.54). The Harbord test for
recurrence rate also revealed no significant publication bias (P =
0.21). The leave-one-out sensitivity analysis was conducted to
determine the stability of the results. In the meta-analysis
comparing the incidence of permanent hypothyroidism between
patients treated with glucocorticoids and NSAIDs, the removal of
three high-weight studies separately did not significantly alter the
heterogeneity, but it did change the combined effect size. The lowest
summary odds ratio was 0.45 (leaving out the study by Fatourechi),
while the highest was 0.69 (leaving out the study by Sencar), indicating
a lack of stability in the results and need to be interpreted with caution.
Regarding the recurrence rates between the groups, the omittance of
only the study by Bahadir resulted in a significant change in the
combined effect size, showing mild instability of the results.

Discussion

Glucocorticoids and NSAIDs are considered the common drugs
in the treatment of SAT to anti-inflammatory and relieve
symptoms. The clinical guideline of the American Thyroid
Association (ATA) recommends NSAIDs preferentially for
patients with mild degree and glucocorticoids preferentially for
patients with moderate to severe degrees (16). Yet, so far, there is no
clear and complete definition of mild, moderate, and severe SAT
patients. In recent years, the number of SAT patients has been
increasing, and the importance of its standardized treatment cannot
be ignored. We performed the first meta-analysis of the treatment of
subacute thyroiditis to review the treatment outcomes between the
patients with glucocorticoids and other patients with NSAIDs. Our
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TABLE 2 Quality evaluation of the eligible studies with the Newcastle-Ottawa Scale (range 0-9).
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results demonstrated that the risk of permanent hypothyroidism
was higher with NSAIDs treatment than with glucocorticoids
treatment, and the recurrence rate is higher in patients treated
with glucocorticoids compared to treated NSAIDs. Furthermore,
our subgroup analysis found that the incidence of permanent
hypothyroidism in the patients accepted < 40 mg/d prednisone
was lower than those accepted NSAIDs.

At present, the etiology and pathogenesis of subacute thyroiditis
are not completely clear. The published literature generally deems
that its pathogenic mechanism includes genetic susceptibility related
to human leukocyte antigen, predisposing factors related to viral
infection, and immune disorders (7, 34). The virus infection may lead
to immune disorders, including excessive immune response and
immune deficiency, as well as direct damage to thyroid cells (35).
Besides, during the COVID-19 pandemic, the SARS-CoV-2
coronavirus can trigger an overactive immune response and an
increase in interleukin-6 levels, potentially leading to thyroiditis.
Immune disorders play an important role in the occurrence of
SAT. Glucocorticoids have the pharmacological effects of anti-
inflammatory, antivirus, and immunosuppression. Prednisone, as a
medium-acting preparation of glucocorticoids, is commonly applied
in treating subacute thyroiditis. NSAIDs have anti-inflammatory,
antipyretic, and analgesic pharmacological effects, but their anti-
inflammatory effects are not as good as prednisone (21).

Our study found the incidence of permanent hypothyroidism was
significantly higher in patients treated with NSAIDs than in those
treated with glucocorticoids. The mechanisms for the development of
permanent hypothyroidism of SAT have not been fully elucidated.
Gzariu et al. pointed out that marked fibrosis in thyroid glands after
the course of SAT might be one of the mechanisms (36). A
retrospective study involving 95 Chinese patients with SAT found
that patients with higher levels of C-reactive protein (CRP) and lower
levels of thyroid-stimulating hormone (TSH) were more prone to
developing hypothyroidism. Therefore, thyroid function should be
closely monitored, especially in patients with CRP > 97.80 mg/L and
TSH < 0.10 mIU/L (37). The higher CRP levels may indicate more
severe inflammation that can damage the thyroid gland and result in
hypothyroidism (37). On the contrary, Omori et al. found no
significant association between CRP and permanent hypothyroidism
(38). Simultaneously, they suggested that the hypoechoic area in the
entire thyroid gland represented the extent of thyroid cell destruction
associated with active inflammation but was not related to the
development of permanent hypothyroidism (38). The study by
Zhao et al. revealed that a higher early maximum TSH value within
three months after SAT onset may be a risk factor for the incidence of
hypothyroidism two years later (33). Sencar et al. reported that
ibuprofen treatment and anti-thyroid peroxidase antibody (TPOAb)
positivity were identified as risk factors for permanent
hypothyroidism, aligning with expectations. The initial levels of
TSH, ESR, and CRP were not detected as risk factors for permanent
hypothyroidism (29). Gorges et al. performed a retrospective study
involving 127 SAT patients who received either NSAIDs or
glucocorticoids. They reported that higher cumulative glucocorticoid
doses were associated with a greater prevalence of hypothyroidism.
Patients who received a total dose of more than 4 g of prednisolone
were more likely to develop hypothyroidism later than those who
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received a lower cumulative dose of prednisolone. It is likely that
patients who received a higher cumulative dose of prednisolone had a
more severe course of SAT (18). The opinion was consistent with the
study conducted by Fatourechi et al. (15). Nonetheless, the study by
Benbassat showed that there was no difference in the incidence of
permanent hypothyroidism between the group treated with NSAIDs
and the group treated with glucocorticoids, although the
glucocorticoids group had more severe clinical features (24). The
variation in findings of these studies may be due to differences in the
number of participants enrolled or geographic differences.
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(A) The Galbraith plot for the incidence of permanent
hypothyroidism in glucocorticoids versus NSAIDs. (B) The Galbraith
plot for the recurrence in glucocorticoids versus NSAIDs.
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Unfortunately, the study did not address the initial assignment of
patients with permanent hypothyroidism (18). Zhao et al. noted that
the thyroid gland volume of SAT patients with hypothyroidism was
smaller than that of healthy controls (33). Schenke et al. indicated that
SAT patients with permanent hypothyroidism had a smaller thyroid
volume compared to SAT patients without hypothyroidism (17). A
smaller residual thyroid volume could be one of the factors
contributing to permanent hypothyroidism. A reduction in thyroid
volume to less than 6 ml in women and less than 8 ml in men is
considered evidence of permanent hypothyroidism (18).

Recurrence is also one of the notable long-term outcomes for
patients with SAT. Our study manifested that the recurrence rate was
significantly higher in patients who received glucocorticoids than in
those who received NSAIDs. The result was in accordance with the
study by Zhang et al. (39). The underlying cause of recurrence may be
that glucocorticoids are used to treat severe patients or patients who
do not respond to NSAIDs. These patients are more likely to
experience SAT relapses. An alternative explanation is that
glucocorticoids may have suppressed the inflammatory response
without affecting the disease process and rebounded after the
discontinuation of glucocorticoids (34). Moreover, one study
reviewed potential predictors for the recurrence of SAT, including
the HLA haplotype, the sialic acid level, the TSH level at the
termination of treatment, further extension of the hypoechoic area,
and an increase in thyroid volume. Their study also indicated that age
and sex are not statistically significantly associated with SAT
recurrence (39). Hepsen et al. found that a lower TSH level at the
end of the treatment was a predictor of recurrence (40). Stasiak et al.
revealed that the determining factor for SAT recurrence was the
coexistence of HLA-B*18:01 and HLA-B*35. Moreover, they found
that the non-recurrence group had lower TSH, higher FT4, and free
triiodothyronine (FT3) levels than the recurrence group. Elevated
TPOAD concentration at the first SAT episode was identified as a
protective factor (41). The extent of thyroid tissue damage appears to
play a vital role in the risk of recurrence. Similarly, Sencar et al.
reported that the levels of FT4 were significantly higher in the non-
recurrence group (29). Soltani et al. conducted a meta-analysis to
identify the lowest effective initial dose of prednisolone for the
treatment of SAT. They concluded that there was a significant
correlation between the initial mean dose of prednisolone (PSL)
and the recurrence rate. The recurrence rate was lower in the group
with an initial average dose of prednisolone < 20 mg/d than in the
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Forest plot showing the meta-analysis of permanent hypothyroidism risk
prednisone versus NSAIDs. (B), > 40 mg/d prednisone versus NSAIDs.

group with an initial average dose of prednisolone > 20 mg/d (42).
Nevertheless, Arao et al. showed that the recurrence rate was not
correlated with the initial dose of PSL. The number of days required
to taper the PSL dose to 5 mg/d was significantly shorter in the non-
relapse group compared to the relapse group (43). Additionally, it has
been suggested that the harmful effects of steroids on viral replication
and clearance could be one of the reasons for recurrence in SAT
patients (29).

Our subgroup analysis exhibited that the incidence of permanent
hypothyroidism in patients who accepted the average initial dose <
40 mg/d of prednisone was significantly lower than in patients who
accepted NSAIDs, and there was no significant difference in the
occurrence of permanent hypothyroidism between patients who
received the average initial dose > 40 mg/d of prednisone and
those who received NSAIDs. In the subgroup analysis of
recurrence rate, we found that the recurrence rate was significantly
higher in patients with an average initial prednisone dose of < 40 mg/
d than in the NSAIDs group. There was no significant difference in
the recurrence rate between patients in the group of mean initial
prednisone dose > 40 mg/d and those in the NSAIDs group.
However, the number of studies included in the subgroup analysis
was small, and the heterogeneity among some studies was significant.
Therefore, further studies are needed to determine the relationship
between different doses of glucocorticoids and permanent
hypothyroidism. In Turkey, a retrospective cohort study with up
to 1 year of follow-up was performed. The study divided SAT

M-H., Fixed. 95% CI

in different dosage glucocorticoids versus NSAIDs. (A), < 40 mg/d

patients into two groups: the 16 mg methylprednisolone (MPS)
group and the 48 mg MPS group. The results indicated that the 48
mg MPS group had a higher SAT recurrence rate than the 16 mg
MPS group. There was no significant difference in the rate of
permanent hypothyroidism between the two groups (40). Koirala
et al. recommend that 20 mg of prednisolone daily tapered over
four weeks is appropriate (44). Our research indicates that
glucocorticoid therapy appears to be a protective factor against the
development of permanent hypothyroidism compared to NSAIDs.
However, it is well known that long-term and high-dose usage of
glucocorticoids may lead to some side effects, such as drug-induced
Cushing’s syndrome, gastrointestinal symptoms, hypertension,
diabetes, and osteoporosis. Thus, the efficacy and appropriateness
of an initial low dose of glucocorticoids, but a slow tapering of
the dose is necessary, which may prevent recurrence. At the
same time, it is essential for us to closely monitor the adverse
reactions caused by the use of glucocorticoids and achieve
individualized treatment.

Strengths and limitations

Our meta-analysis was the first to research the differences
in treatment outcomes between SAT patients treated with
glucocorticoids and those treated with NSAIDs. We conducted
a comprehensive literature search, and the included studies were all
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cohort studies with long follow-ups and no severe heterogeneity
among them. The topic of our study is clinically relevant and
provides evidence of treatment outcomes of SAT for physicians and
patients in order to make better clinical decisions. However, several
limitations of our study cannot be ignored. First, most of the included
studies in the analysis were retrospective, without randomized
controlled trials and appropriate control of confounding factors, and
the previous clinical data may have a certain degree of omission and
uncertainty. In addition, sensitivity analyses were performed and
showed a lack of stability, so the results of this combined analysis
should be interpreted with caution. Finally, some of the included
studies did not address the specific dosage and duration of medication.
Thus, the outcomes with different drug doses could not be further
examined. More large-scale, double-blind, prospective, multicenter
randomized controlled studies with long-term follow-up are needed
for a more robust and precise conclusion.

Conclusion

Our meta-analysis demonstrated that subacute thyroiditis
patients treated with NSAIDs may have a greater risk of
permanent hypothyroidism compared to those treated with
glucocorticoids. The recurrence rate of SAT might be higher in
patients who require treatment with glucocorticoids. The potential
predictors for the recurrence of SAT may be multifaceted. Due to
the instability and bias of existing study results, further research is
needed to guide physicians in making appropriate treatment plans
for subacute thyroiditis.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Frontiers in Endocrinology

Author contributions

AY: Data curation, Investigation, Writing — original draft. JW:
Data curation, Investigation, Writing — review & editing. HH:
Methodology, Supervision, Validation, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

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.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fendo.2024.
1384365/full#supplementary-material

10 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2024.1384365/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2024.1384365/full#supplementary-material
https://doi.org/10.3389/fendo.2024.1384365
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Yuan et al.

References

1. Wiersinga WM, Poppe KG, Effraimidis G. Hyperthyroidism: etiology,
pathogenesis, diagnosis, management, complications, and prognosis. Lancet Diabetes
Endocrinol. (2023) 11:282-98. doi: 10.1016/52213-8587(23)00005-0

2. Meftah E, Rahmati R, Zari Meidani F, Khodadadi S, Chitzan-Zadeh K, Esfahanian
F, et al. Subacute thyroiditis following COVID-19: A systematic review. Front
Endocrinol (Lausanne). (2023) 14:1126637. doi: 10.3389/fend0.2023.1126637

3. Samuels MH. Subacute, silent, and postpartum thyroiditis. Med Clin North Am.
(2012) 96:223-33. doi: 10.1016/j.mcna.2012.01.003

4. Bahn Chair RS, Burch HB, Cooper DS, Garber JR, Greenlee MC, Klein I, et al.
Hyperthyroidism and other causes of thyrotoxicosis: management guidelines of the
American Thyroid Association and American Association of Clinical Endocrinologists.
Thyroid. (2011) 21:593-646. doi: 10.1089/thy.2010.0417

5. Desailloud R, Hober D. Viruses and thyroiditis: an update. Virol J. (2009) 6:5.
doi: 10.1186/1743-422X-6-5

6. Brancatella A, Ricci D, Viola N, Sgro D, Santini F, Latrofa F. Subacute thyroiditis
after sars-COV-2 infection. J Clin Endocrinol Metab. (2020) 105:dgaa276. doi: 10.1210/
clinem/dgaa276

7. Stasiak M, Lewinski A. New aspects in the pathogenesis and management of subacute
thyroiditis. Rev Endocr Metab Disord. (2021) 22:1027-39. doi: 10.1007/s11154-021-09648-y

8. Nishihara E, Ohye H, Amino N, Takata K, Arishima T, Kudo T, et al. Clinical
characteristics of 852 patients with subacute thyroiditis before treatment. Intern Med.
(2008) 47:725-9. doi: 10.2169/internalmedicine.47.0740

9. Nyulassy S, Hnilica P, Buc M, Guman M, Hirschova V, Stefanovic J. Subacute (de
Quervain’s) thyroiditis: association with HLA-Bw35 antigen and abnormalities of the
complement system, immunoglobulins and other serum proteins. J Clin Endocrinol
Metab. (1977) 45:270-4. doi: 10.1210/jcem-45-2-270

10. 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) 80:3653-6. doi: 10.1210/jcem.80.12.8530615

11. Mariani G, Tonacchera M, Grosso M, Fiore E, Falcetta P, Montanelli L, et al. The
role of nuclear medicine in the clinical management of benign thyroid disorders, part 2:
nodular goiter, hypothyroidism, and subacute thyroiditis. ] Nucl Med. (2021) 62:886-
95. doi: 10.2967/jnumed.120.251504

12. Tomer Y, Menconi F. Interferon induced thyroiditis. Best Pract Res Clin
Endocrinol Metab. (2009) 23:703-12. doi: 10.1016/j.beem.2009.07.004

13. Erdem N, Erdogan M, Ozbek M, Karadeniz M, Cetinkalp S, Ozgen AG, et al.
Demographic and clinical features of patients with subacute thyroiditis: results of 169
patients from a single university center in Turkey. J Endocrinol Invest. (2007) 30:546—
50. doi: 10.1007/BF03346347

14. 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

15. Fatourechi V, Aniszewski JP, Fatourechi GZE, Atkinson EJ, Jacobsen SJ. Clinical
features and outcome of subacute thyroiditis in an incidence cohort: olmsted county,
minnesota, study. ] Clin Endocrinol Metab. (2003) 88:2100-5. doi: 10.1210/jc.2002-021799

16. Ross DS, Burch HB, Cooper DS, Greenlee MC, Laurberg P, Maia AL, et al. American
thyroid association guidelines for diagnosis and management of hyperthyroidism and other
causes of thyrotoxicosis. Thyroid. (2016) 26:1343-421. doi: 10.1089/thy.2016.0229

17. Schenke S, Klett R, Braun S, Zimny M. Thyroiditis de Quervain. Are there
predictive factors for long-term hormone-replacement? Nuklearmedizin. (2013) 52
(4):137-40. doi: 10.3413/Nukmed-0536-12-10

18. Gorges J, Ulrich J, Keck C, Miiller-Wieland D, Diederich S, Janssen OE. Long-
term outcome of subacute thyroiditis. Exp Clin Endocrinol Diabetes. (2020) 128:703-8.
doi: 10.1055/a-0998-8035

19. Bostan H, Sencar ME, Calapkulu M, Hepsen S, Duger H, Ozturk Unsal I, et al. Two
important issues in subacute thyroiditis management: delayed diagnosis and
inappropriate use of antibiotics. Eur Thyroid J. (2021) 10:323-9. doi: 10.1159/000513745

20. Martinez Quintero B, Yazbeck C, Sweeney LB. Thyroiditis: evaluation and
treatment. Am Fam Physician. (2021) 104:609-17.

21. SatoJ, Uchida T, Komiya K, Goto H, Takeno K, Suzuki R, et al. Comparison of the
therapeutic effects of prednisolone and nonsteroidal anti-inflammatory drugs in patients
with subacute thyroiditis. Endocrine. (2017) 55:209-14. doi: 10.1007/s12020-016-1122-3

22. Yeo SH, Lee SK, Hwang I, Ahn EJ. Subacute thyroiditis presenting as a focal
lesion on [18F] fluorodeoxyglucose whole-body positron-emission tomography/CT.
AJNR Am ] Neuroradiol. (2011) 32:E58-60. doi: 10.3174/ajnr.A2017

Frontiers in Endocrinology

11

10.3389/fendo.2024.1384365

23. Zornitzki T, Mildiner S, Schiller T, Kirzhner A, Ostrovsky V, Knobler H.
Subacute thyroiditis-still a diagnostic challenge: data from an observational study.
Int ] Environ Res Public Health. (2022) 19:9388. doi: 10.3390/ijerph19159388

24. Benbassat CA, Olchovsky D, Tsvetov G, Shimon I. Subacute thyroiditis: Clinical
characteristics and treatment outcome in fifty-six consecutive patients diagnosed
between 1999 and 2005. ] Endocrinol Invest. (2007) 30:631-5. doi: 10.1007/BF03347442

25. Li F, Wu Y, Chen L, Hu L, Liu X. Initial treatment combined with Prunella
vulgaris reduced prednisolone consumption for patients with subacute thyroiditis. Ann
Transl Med. (2019) 7:45. doi: 10.21037/atm

26. Mizukoshi T, Noguchi S, Murakami T, Futata T, Yamashita H. Evaluation of
recurrence in 36 subacute thyroiditis patients managed with prednisolone. Internal
Med (Tokyo Japan). (2001) 40:292-5. doi: 10.2169/internalmedicine.40.292

27. Ottawa Hospital Research Institute. (2023). Available online at: https://www.
ohri.ca/programs/clinical_epidemiology/oxford.asp.

28. Lo CKL, Mertz D, Loeb M. Newcastle-Ottawa Scale: comparing reviewers’ to
authors’ assessments. BMC Med Res Methodol. (2014) 14:45. doi: 10.1186/1471-2288-14-45

29. 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) 9:16899. doi: 10.1038/s41598-019-53475-w

30. Saydam BO, Adiyaman SC, Demir T, Comlekci A, Yener S. The use of low dose
prednisolone in patients with subacute thyroiditis and its effect on impaired life and
sleep quality. Acta Endocrinol (Buchar). (2022) 18:64-73. doi: 10.4183/aeb.2022.64

31. Saklamaz A.Is there a drug effect on the development of permanent hypothyroidism
in subacute thyroiditis? Acta Endo (Buc). (2017) 13:119-23. doi: 10.4183/aeb.2017.119

32. 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) 32:33-6. doi: 10.1007/BF03345675

33. 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. (2020) 47:47/full.
doi: 10.3389/fendo.2020.00047/full

34. Bahadir CT, Yilmaz M, Kilickan E. Factors affecting recurrence in subacute
granulomatous thyroiditis. Arch Endocrinol Metab. (2022) 66:286-94. doi: 10.20945/
2359-3997000000473

35. Caron P. Thyroid disorders and SARS-CoV-2 infection: From
pathophysiological mechanism to patient management. Ann Endocrinol (Paris).
(2020) 81:507-10. doi: 10.1016/j.and0.2020.09.001

36. Gozariu L, Stroe M, Vladutiu T, Yepez-Escobar NG, Simionescu L, Szantay I,
et al. Late hypothyroidism following subacute thyroiditis. Exp Clin Endocrinol. (1986)
87:48-52. doi: 10.1055/5-0029-1210522

37. Tang C, Dong Y, Lu L, Zhang N. C-reactive protein and thyroid-stimulating
hormone levels as risk factors for hypothyroidism in patients with subacute thyroiditis.
Endocr Connect. (2021) 10:965-72. doi: 10.1530/EC-21-0212

38. Omori N, Omori K, Takano K. Association of the ultrasonographic findings of
subacute thyroiditis with thyroid pain and laboratory findings. Endocr J. (2008) 55:583—
8. doi: 10.1507/endocrj.K07E-163

39. ZhangJ, Ding G, LiJ, Li X, Ding L, Li X, et al. Risk factors for subacute thyroiditis
recurrence: A systematic review and meta-analysis of cohort studies. Front Endocrinol.
(2021) 12:783439/full. doi: 10.3389/fendo.2021.783439/full

40. 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) 27:594-600. doi: 10.1016/j.eprac.2020.11.009

41. Stasiak M, Tymoniuk B, Stasiak B, Lewinski A. The risk of recurrence of subacute
thyroiditis is HLA-dependent. Int ] Mol Sci. (2019) 20(5):1089. doi: 10.3390/
1jms20051089

42. Soltani A, Nourani F, Roudsari SB, Jouybari L, Fathi M, Haghighat S, et al.
Identifying the lowest effective initial dose of prednisolone for the treatment of subacute
granulomatous thyroiditis: A systematic review and meta-analysis. Curr Rev Clin Exp
Pharmacol. (2022) 17:135-43. doi: 10.2174/2772432816666211012092112

43. Arao T, Okada Y, Torimoto K, Kurozumi A, Narisawa M, Yamamoto S, et al.
Prednisolone dosing regimen for treatment of subacute thyroiditis. ] UOEH. (2015)
37:103-10. doi: 10.7888/juoeh.37.103

44. Koirala KP, Sharma V. Treatment of Acute Painful Thyroiditis with Low Dose
Prednisolone: A Study on Patients from Western Nepal. ] Clin Diagn Res. (2015) 9(9):
MC01-MC3. doi: 10.7860/JCDR/2015/14893.6427

frontiersin.org


https://doi.org/10.1016/S2213-8587(23)00005-0
https://doi.org/10.3389/fendo.2023.1126637
https://doi.org/10.1016/j.mcna.2012.01.003
https://doi.org/10.1089/thy.2010.0417
https://doi.org/10.1186/1743-422X-6-5
https://doi.org/10.1210/clinem/dgaa276
https://doi.org/10.1210/clinem/dgaa276
https://doi.org/10.1007/s11154-021-09648-y
https://doi.org/10.2169/internalmedicine.47.0740
https://doi.org/10.1210/jcem-45-2-270
https://doi.org/10.1210/jcem.80.12.8530615
https://doi.org/10.2967/jnumed.120.251504
https://doi.org/10.1016/j.beem.2009.07.004
https://doi.org/10.1007/BF03346347
https://doi.org/10.1155/2014/794943
https://doi.org/10.1210/jc.2002-021799
https://doi.org/10.1089/thy.2016.0229
https://doi.org/10.3413/Nukmed-0536-12-10
https://doi.org/10.1055/a-0998-8035
https://doi.org/10.1159/000513745
https://doi.org/10.1007/s12020-016-1122-3
https://doi.org/10.3174/ajnr.A2017
https://doi.org/10.3390/ijerph19159388
https://doi.org/10.1007/BF03347442
https://doi.org/10.21037/atm
https://doi.org/10.2169/internalmedicine.40.292
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1186/1471-2288-14-45
https://doi.org/10.1038/s41598-019-53475-w
https://doi.org/10.4183/aeb.2022.64
https://doi.org/10.4183/aeb.2017.119
https://doi.org/10.1007/BF03345675
https://doi.org/10.3389/fendo.2020.00047/full
https://doi.org/10.20945/2359-3997000000473
https://doi.org/10.20945/2359-3997000000473
https://doi.org/10.1016/j.ando.2020.09.001
https://doi.org/10.1055/s-0029-1210522
https://doi.org/10.1530/EC-21-0212
https://doi.org/10.1507/endocrj.K07E-163
https://doi.org/10.3389/fendo.2021.783439/full
https://doi.org/10.1016/j.eprac.2020.11.009
https://doi.org/10.3390/ijms20051089
https://doi.org/10.3390/ijms20051089
https://doi.org/10.2174/2772432816666211012092112
https://doi.org/10.7888/juoeh.37.103
https://doi.org/10.7860/JCDR/2015/14893.6427
https://doi.org/10.3389/fendo.2024.1384365
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Comparison of treatment outcome between glucocorticoids and non-steroidal anti-inflammatory drugs in subacute thyroiditis patients—a systematic review and meta-analysis
	Introduction
	Methods
	Literature search
	Selection criteria
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Literature search and study characteristics
	Comparing the incidence of permanent hypothyroidism of treatment with glucocorticoids versus NSAIDs
	Comparing the recurrence rate of SAT patients treated with glucocorticoids versus NSAIDs
	Publication bias and sensitivity analysis

	Discussion
	Strengths and limitations

	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	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 /sRGB
  /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


