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Effect of iodine nutritional
status on the recurrence of
hyperthyroidism and antithyroid
drug efficacy in adult patients
with Graves’ disease:

a systemic review

Qingxing Xie', Xinyi Zhang', Jinfang Ma‘, Xi Lu, Yuwei Zhang
and Nanwei Tong*
Department of Endocrinology and Metabolism, Center for Diabetes and Metabolism Research,

Laboratory of Diabetes and Islet Transplantation Research, West China Hospital of Sichuan University,
Chengdu, China

Aim: To probe the appropriate iodine nutritional status for patients with
Graves'disease (GD) hyperthyroidism and on antithyroid drugs (ATD) or after
drugwithdrawal.

Method: Studies were retrieved from three databases (Embase, Medline, and
Cochrane Library) and were screened and evaluated using predefined criteria.
The risk of bias of each trial was assessed using a tool from Cochrane. The iodine
nutritional status of the subjects was redefined according to the World Health
Organization (WHO) criteria and classified as insufficient/adequate/above
requirements/excessive iodine intake.

Result: Two randomized controlled trials (RCTs) and 3 observational studies
were selected from the 376 retrieved papers, which had different degrees of risk
of bias in study design. The heterogeneity among them prevented us from
further synthesizing effect indicators and subsequent statistical analyses. Two
RCTs with high quality showed that insufficient or above requirements iodine
intake was detrimental for ATD-treated GD patients; adequate iodine intake was
associated with a lower risk of recurrence and better efficacy in controlling
thyrotoxicosis. It could be speculated from three low-quality observational
studies that excessive iodine intake may be associated with higher (or similar)
recurrence rates and lower remission rates compared to above requirements
iodine intake in these patients, but none of them could answer the question of
the effect of insufficient or adequate iodine intake on this issue.

Conclusion: Although the available evidence is suboptimal, this systematic
review tentatively suggests that in adult patients with GD hyperthyroidism
receiving ATDs and according to WHO criteria for iodine nutritional status,
adequate iodine intake is associated with a lower recurrence rate, a higher
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remission rate and a better efficacy to control thyrotoxicosis than insufficient, above
requirement, or excessive iodine intake. Future RCTs with large samples are
expected to elucidate the actual impact of different iodine nutritional statuses on
the recurrence rate of hyperthyroidism and the efficacy of ATD to control
thyrotoxicosis in these patients.

Systematic review registration: identifier CRD42022359451.
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1 Introduction

In recent years, salt iodization projects have been implemented
worldwide under the call of the World Health Organization
(WHO), making iodine deficiency effectively controlled (1), along
with an increasing proportion of people with appropriate iodine
nutritional status. Hyperthyroidism is a major endocrine disorder,
of which Graves’ disease (GD) is the most common cause. Iodine,
an important raw material for the synthesis of thyroid hormones, is
involved in its pathogenesis (2). Concerns about the relationship
between iodine intake and autoimmune thyroid diseases, including
GD, have emerged as the iodine nutritional status of the population
has improved (3, 4).

Opinions about the relationship between the incidence or
prevalence of thyroid disease and iodine intake vary around the
world (5-10). Among patients with GD hyperthyroidism and on
antithyroid drug (ATD) therapy, studies exploring the effect of
dietary iodine intake (i.e., iodine nutritional status) on the
recurrence of hyperthyroidism are scarce and with small sample
sizes. To make it worse, inconsistent definitions of iodine
nutritional status of different research have led to confusion and
misunderstanding. In clinical practice, endocrinologists guided by
traditional views often recommend a low iodine diet for patients
with GD hyperthyroidism to maintain their iodine deficiency status
(11); our patients are also confused as to whether they should go for
iodized or non-iodized salt and whether their iodine intake should
be severely restricted. Due to the lack of support from evidence-
based medicine, the latest international guidelines for the
management of GD hyperthyroidism seem to avoid discussion on
this issue (12-14), while clinicians must answer the question of
iodine intake from their patients in clinical practice.

Therefore, there is an urgent need to redefine the reported
iodine nutritional status using uniform criteria to avoid confusion
due to various descriptions from different authors. To this end, we
have completed a systematic review to evaluate the effect of different
iodine nutritional statuses on the recurrence of GD
hyperthyroidism after ATD treatment using a uniform
redefinition according to WHO criteria. The study will provide
evidence-based conclusions on what iodine nutritional status
should be maintained during the treatment of GD
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hyperthyroidism and guide clinicians in the management of
iodine intake in these patients.

2 Method

2.1 Literature review methodology
and results

We searched all the literature (to 9 September 2022) in the
Medline (Ovid SP), Embase (Ovid SP) and Cochrane databases, and
there was no language restriction. The 3 involved key words

included “graves’ disease”, “antithyroid agents”, and “iodine”; the
detailed search strategy is accessible in Supplementary Material 1.

2.2 Inclusion and exclusion criteria for
clinical intervention studies

Inclusion criteria: 1) it was an RCT, cohort study, or case
—control study, 2) the disease studied was GD hyperthyroidism,
3) the study was conducted in patients with GD hyperthyroidism on
ATD or after drug withdrawal, 4) there were quantitative indicators
describing iodine nutritional status, 5) the outcome related to
recurrence or remission of hyperthyroidism, and 6) participants
had received ATD for at least 6 months and were followed up for at
least 6 months after drug withdrawal.

Exclusion criteria: 1) the study did not aim to explore the influence
of dietary iodine on the recurrence of GD hyperthyroidism or the
efficacy of ATDs, and 2) the study population included pregnant or
lactating women or adolescents.

2.3 Criteria in the analysis and evaluation
of the study

1. Diagnosis of GD hyperthyroidism: GD is diagnosed by
composite indicators including clinical manifestations of
thyrotoxicosis, elevated thyroid hormone, decreased
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thyroid stimulating hormone (TSH), and elevated
thyrotropin receptor antibody (TRAb) and/or ultrasound
suggesting abundant thyroid blood flow (13). Clinical
diagnosis of GD is made after excluding other causes of
persistent thyrotoxicosis.

2. Recurrence of hyperthyroidism: ATD treatment for more
than 6 months to achieve remission criteria (remission of
thyrotoxic symptoms and normalization of thyroid
hormone), followed by reappearance of clinical
manifestations of thyrotoxicosis, elevated thyroid
hormone and decreased TSH after drug withdrawal (12—
14).

3. Criteria for iodine nutritional status: according to the
urinary iodine concentration (UIC) criteria from WHO: a
UIC level < 100 pg/L indicates insufficient iodine intake; a
level between 100 and 199 is adequate iodine intake; a level
between 200 and 299 ug/L is above requirements iodine
intake, and > 300 pg/L indicates excessive iodine intake
(15).

2.4 Clinical intervention studies included in
the analysis

Two authors carried out the course of screening and data
collection independently. Of the 376 articles retrieved, two RCT's
and three observational studies were finally included in the analysis
after removing 53 duplicates, reading the titles, abstracts, and full
texts, and screening using the preset inclusion and exclusion
criteria (Figure 1).

2.5 Data collection

We extracted information about the year and country in which
the trial occurred, the participants’ characteristics, the regime and
cases of intervention and control, the evaluating method, the
follow-up time, and the study design from each study. We
classified the trials into two categories: 1) RCTs with outcomes
about recurrence or efficacy and 2) observational studies with
outcomes about recurrence.

However, given the limited trials that met our criteria and
differences in the study design, outcome indicators and follow-up
time, the heterogeneity became nonnegligible and stopped us from
synthesizing the outcome, thus we used the original data instead.

2.6 Study evaluation and bias analysis

The purpose of this study was to evaluate the effect of different
iodine nutritional statuses on the recurrence of hyperthyroidism in
adult patients with GD and on ATDs. Accordingly, we set a series of
evaluation criteria: 1) to uniformly rejudge the iodine nutritional
status according to WHO criteria and based on the authors’
descriptions, 2) to evaluate whether the definition for diagnosis,
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recurrence and remission of GD hyperthyroidism specified in each
study met our preset criteria, and 3) to evaluate whether the
duration of ATD treatment and the follow-up period after drug
withdrawal met our preset standards.

Two authors worked together to evaluate the bias of each study
using version 2 of the Cochrane tool for assessing risk of bias in
randomized trial (RoB2) and the risk of bias in nonrandomized
studies-of exposure (ROBINS-E) tool.

3 Results
3.1 RCTs

The information of the two eligible RCTs is listed in Table 1 and
described separately as follows.

3.1.1 RCTs with outcomes about relapse

In 2018, an RCT from Fujian, China, examined the relationship
between iodine nutritional status and recurrence rate in ATD-
treated GD hyperthyroidism patients. After one month of ATD
treatment with strict iodine restriction, 459 patients with newly
diagnosed GD hyperthyroidism were randomly assigned to the
iodine supplementation group (10 g iodized salt, approximately 200
ug iodine/day, n = 203) and the iodine restriction group (non-
iodized salt + low iodine diet, n = 202). ATD treatment was
withdrawn after 12 months, and follow-up was continued for 12
months (24 months in total), with fasting UIC measured every 3
months and the recurrence rate observed.

There was no significant difference in baseline UIC between the
two groups (approximately 60 ug/L), that is, insufficient iodine
intake by WHO criteria. After starting the dietary iodine
intervention, the UIC was maintained at 155 ug/L (adequate
iodine intake by WHO criteria) in the iodine supplementation
group and 35 pg/L (insufficient iodine intake by WHO criteria) in
the iodine restriction group. After 9 months of intervention, the
TRAD in the insufficient iodine intake (iodine restriction) group
began to be significantly higher than that in the adequate iodine
intake (iodine supplementation) group (P < 0.001), which lasted
until the end of follow-up (24 months). The overall recurrence rate
was significantly higher in the insufficient iodine intake group than
in the adequate iodine intake group within 12 months after ATD
withdrawal (45.5% vs. 35.5%, HR = 1.381, P = 0.04) (16).

In this trial, after the dietary iodine intervention, the actual
iodine nutritional status of the two groups was insufficient iodine
intake and adequate iodine intake. During ATD treatment,
although there was no significant difference in FT4 and TSH
between the two groups, TRAb was significantly higher in the
insufficient iodine intake group, suggesting a high risk of
hyperthyroidism recurrence. The difference in the recurrence rate
of hyperthyroidism after ATD withdrawal further demonstrated the
relationship between insufficient iodine intake and a high
recurrence rate. Compared with insufficient iodine intake,
adequate iodine intake reduces the risk of recurrence of GD
hyperthyroidism after ATD withdrawal.
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FIGURE 1

PRISMA flow diagram showing the systemic review process.

The definition of hyperthyroidism recurrence and the duration
of ATD treatment in this study were in accordance with guideline
recommendations. The UIC was measured every 3 months, which
not only allowed for a dynamic assessment of the participants’
iodine status but also suggested that the dietary intervention could
successfully influence the iodine nutritional status. This trial
showed a lower risk of recurrence of hyperthyroidism in ATD-
treated GD patients with adequate iodine intake (compared to
insufficient iodine intake) but lacked evidence about the above
requirements or excessive iodine intake.

3.1.2 RCTs with outcomes about efficacy

In 2006, an RCT in Beijing, China, included 124 patients with
newly diagnosed GD, all using universal salt iodization (USI) and
without dietary iodine restriction prior to treatment. Patients were
randomized into two groups: group A was given non-iodized salt
(n=45), and group B was given USI (35 + 15) mg iodide/kg (n = 56).
The follow-up period was 6 months after the beginning of ATD
treatment, with UIC measured once before ATD treatment and
once approximately 3 months after the start of treatment.

The median baseline UIC for participants in both groups was
approximately 220 ug/L (above requirements iodine intake by
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WHO criteria). The dietary iodine intervention led to a median
UIC of 148.4 ug/L (adequate iodine intake by WHO criteria) in the
iodine restriction group and 242.8 ng/L (above requirements iodine
intake by WHO criteria) in the USI group. Within 6 months after
the beginning of ATD treatment, there was no significant difference
in FT4 level and TRAD positivity between the two groups. However,
from the second month onward, the ATD dose required to maintain
normal thyroid function was significantly higher in the above
requirements iodine intake group (using USI) than in the
adequate iodine intake group (iodine restriction) (P < 0.001). The
difference persisted until the end of the follow-up (17).

Although the trial differed from Fujian 2018 in terms of follow-
up time and outcome indicators (lacking evaluation regarding
recurrence rates), it was found that the ATD dose required to
maintain normal thyroid function was significantly lower in the
adequate iodine intake group. Since the dose of ATD for
maintenance of thyroid function was associated with recurrence
of GD hyperthyroidism, we hypothesized that the risk of recurrence
after ATD withdrawal in the adequate iodine intake group was
lower compared with the above requirements group. In addition, it
was found that TRAD, an indicator associated with the risk of

recurrence of GD hyperthyroidism, showed a decreasing trend in
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TABLE 1 Information extracted from RCTs.
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Article information Country = Participants Intervention Control Intervention Outcome Reference
period
Author ~ Year = Journal Characteristic
Huang, 2018 | Clinical China Patients newly 16-65 | Iodine- Todine- 24 months The overall relapse (16)
H. Endocrinology diagnosed with  years supplemented | restricted (ATD+I for rate within 12
GD*" (randomly  old group: 10 group: 12m, I for 12 months after ATD
assigned after grams of nonionized | m) withdrawal was
ATD" therapy iodized salt/ salt with significantly higher
and dietary day (UIC* low-iodine in the iodine-
iodine about 155ug/ or restricted group
restriction for 1 L) (N =203) noniodine (insufficient iodine
month) (N = diet (UIC intake) than in the
459) about iodine-supplemented
35ug/L) (N group (adequate
=202) iodine intake) (45.5%
vs. 35.5%, HR =
1.381, P = 0.04)
Dai, W. 2006 = Chin Med | China Patients with 14-65 Group A: Group B: 6 months The PTU dose (17)
X. (Engl) untreated GD years non-iodinated USI (35 (ATD+I) required to maintain
(given USI! old salt (UIC +15mg normal thyroid
before about 148ug/ iodide/kg) function within 6
treatment) (N L) (N = 45) (UIC about months was
=124) 242.8ug/L) significantly higher
(N = 56) in group B (above
requirements iodine
intake) than in the
group A (adequate
iodine intake) (P <
0.001)

*GD, Graves’ disease; b’ATD, antithyroid drug; “UIC, urinary iodine concentration; d'I, intervention or control.

the adequate iodine intake group, while no such trend was observed
in the above requirement iodine intake group. Perhaps the
difference would have been more pronounced if the duration of
intervention and follow-up had been extended to 12 months [as
recommended by a meta-analysis on the reasonable duration of
ATD treatment for GD (18)] with larger sample size.

The authors originally concluded that iodine intake should be
restricted in patients with GD, but after correcting for iodine
nutritional status by WHO criteria, their restricted iodine intake
group was actually with adequate iodine status. Thus, we think it
seems more appropriate to conclude that “adequate iodine intake
may be associated with a better effect of ATDs and a lower risk of
recurrence compared with iodine above normal”. The study
measured UIC once before and after starting the intervention,
indicating that dietary iodine restriction did not result in
insufficient iodine intake in participants. The outcome indicator
was the dose of ATD needed to maintain normal thyroid function
within 6 months after starting treatment, but there was a lack of
evidence on the recurrence rate of hyperthyroidism after drug
withdrawal. In addition, the treatment course is short.

Although baseline and postintervention UIC level, ATD
intervention time and outcome indicators were inconsistent
between the two RCTs, the effect of iodine nutritional status on
the recurrence of hyperthyroidism in ATD-treated GD patients
tended to be the same. It can be concluded that insufficient or above
required iodine intake is detrimental to ATD-treated GD patients;
adequate iodine intake is associated with a lower risk of recurrence
and a better efficacy to control thyrotoxicosis.

Frontiers in Endocrinology

3.2 Observational studies with outcome
about relapse

A cohort study from Korea in 2015 included patients who had
taken ATD for at least 12 months and withdrawn drugs after
achieving euthyroid function. They were followed for more than 12
months (a median of 23 months) to observe the presence of
recurrence, and UIC was measured before and after ATD
withdrawal. There were no significant differences in the mean UIC
(412 pg/l vs. 408 ng/l, both excessive iodine intake) and UI/Cr (309 vs.
320 pg/g) between the remission and recurrence groups. Then,
according to the Korean per capita UIC (358 ug/l, excessive iodine
intake by WHO criteria), patients with UIC <300 pg/l (non-excessive
iodine intake by WHO criteria) were defined as the average iodine
intake group (n = 52), and patients with UIC >300 ug/l (excessive
iodine intake by WHO criteria) were defined as the excess iodine
intake group (n = 90), with the latter having a higher recurrence rate
than the former, but no significant difference (30% vs. 21.2%, P = 0.20)
(19). The authors concluded that in areas with high levels of iodine
intake, it may not be necessary to restrict dietary iodine intake in
ATD-treated GD patients. The definition of hyperthyroidism
recurrence and the duration of ATD treatment in this trial were in
accordance with guideline recommendations. UIC was tested during
treatment and after drug withdrawal (without the exact time of
testing), but the iodine status was estimated to be the same before
and after treatment. The mean UIC of the participants during ATD
treatment and after drug withdrawal was redefined as non-excessive
iodine intake (the mean UIC was 358 ug/l, while the UIC of this group
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was <300 ug/l, so it was presumed to belong mainly to the above
requirements iodine intake) and the excessive iodine intake group
according to WHO criteria. Therefore, it can only be concluded that
the recurrence rate of hyperthyroidism in patients with GD after ATD
withdrawal is the same when comparing the above iodine intake
requirements with the excessive iodine intake. However, the effect of
insufficient or adequate iodine intake compared with other iodine
nutritional statuses on recurrence cannot be answered.

In 1987, a case—control study in the United States included 106
patients with GD hyperthyroidism treated with ATD for at least 6
months. Remission was defined as no relapse for at least 6 months
after ATD withdrawal. From 1973 to 1985, the remission rate
increased gradually (r = 0.60, P < 0.02), while the estimated daily
iodine intake decreased (r = -0.81, P < 0.009) (20). Although the
trial did not offer information about UIC, it provided data on daily
iodine intake. We found that an estimated daily iodine intake
between 200-300 pg/day (estimated above requirements iodine
intake by WHO criteria) corresponded to a higher remission rate,
when comparing with that between 700-800 pg/day (estimated
excessive iodine intake by WHO criteria). In this study, the
subjects received a short course of ATD, and the UIC was not
measured, nor was the method of estimated daily iodine intake
specified. Therefore, it was not possible to accurately assess the
subjects’ iodine nutritional status. As far as iodine intake is
concerned, the WHO recommendation for adequate daily iodine
intake for adults is 150 ug (21), so the subjects’ iodine intake was
still higher than WHO recommendation. The study did not report
an explicit recurrence rate, but its definition of remission suggests
its association with recurrence, so it is speculated from the data
given in the study that excessive iodine intake may be associated
with a lower rate of remission of hyperthyroidism (and presumably
a higher rate of recurrence) for ATD-treated GD patients, but the
effect of different iodine nutritional statuses on hyperthyroidism
recurrence and remission cannot be answered.

In 1965, a historical control study in Britain compared the
recurrence rate within 6 months after drug withdrawal in 16 GD
hyperthyroidism patients who were supplemented with 200 ug
potassium iodide daily (in 1965) and 41 patients who were not
supplemented with iodine (in 1964). Plasma inorganic iodine (PII)
was measured after ATD withdrawal. The authors concluded that the
recurrence rate was higher in the iodine-supplemented group than in
the noniodine-supplemented group (56% vs. 27%, P < 0.05) (22).
However, there are no studies on the correspondence between PII
and iodine nutritional status evaluated with UIC, preventing us from
assessing them by WHO criteria. According to a previous report by
this author, normal PII values of all ages were 0.04-0.57 ug/100 ml
(23). The noniodine supplemented group were historical controls
from the previous year, and a significant decrease in their PII was
observed within 90 days after ATD withdrawal (from 0.21 + 0.052 pg/
100 ml to 0.04 + 0.012 pg/100 ml, but still within the normal rage
specified by the authors and lack of specific iodine nutritional status
by WHO criteria). The iodine supplemented group, which was given
200 pg potassium iodide/day immediately after drug withdrawal, had
a PII of 0.27 ug/100 ml both at the time of withdrawal and 6 months
after that. Combined with the normal range given by the authors, the
iodine supplemented group might not be in a state of iodine
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deficiency, indicating iodine overdose by daily supplementation of
potassium iodide. Therefore, the high recurrence rate in this trial was
actually associated with estimated excessive iodine intake (lack of
specific iodine nutritional status by WHO criteria). The study did not
provide a clear definition of hyperthyroidism recurrence and ATD
treatment duration, nor did it measure UIC, leading to confusion
about iodine nutritional status. Moreover, the study was a historical
control study with confounding factors such as time span, patient
compliance, and ATD treatment duration that have important effects
on recurrence, so no conclusions could be drawn about the effects of
different iodine statuses on the recurrence rate of GD
hyperthyroidism after ATD treatment.

It was speculated from the results of the three observational
studies that excessive iodine intake may be associated with high or
similar recurrence and low remission rates comparing with above
requirements iodine intake in ATD-treated GD patients. However,
none could answer the effect of insufficient or adequate iodine
intake on that issue (Table 2).

Integrating all the above findings and inferences, we conclude
that the recurrence rate of hyperthyroidism is lower and the
remission rate is higher with adequate iodine intake compared to
insufficient or above requirements or excessive iodine intake in
ATD-treated GD patients (Figure 2).

3.3 Risk of bias

The risk of bias assessments for each study are summarized
in Figure 3.

Both RCT's were not double-blinded, so there were some concerns
regarding the measurement of the outcome, but the outcome
indicators (thyroid hormone, TRADb, and UIC) were objective
quantitative indicators with little subjective influence from the
participants, so the risk of bias in this area was considered to be
low. In terms of missing outcome data, the first RCT had a low rate of
dropout (<10%), and the survival analysis was performed taking into
account the censored data, but no specific information of missed
participants could be obtained. The second RCT had a high rate of
dropout (approximately 16.8%) and did not include information on
missed participants in the final analysis, so there were some concerns
about deviations from intended interventions. Overall, the RCT's were
of high quality. Although some concerns existed, the iodine status was
primarily related to dietary habits rather than additional imposed
interventions, so the risk of adverse effect associated with them may
have been relatively low and may not be able to affect the study results.

The small sample size and bias of the three observational studies
is a concern. The Korean 2015 study did consider the effect of age
when analyzing the results and performed subgroup analysis.
However, the study did not report any information related to
dropout, and the results only included those who completed 1
year of follow-up, so there were some concerns in terms of missing
data. The US 1987 and UK 1965 studies did not report any
measures related to the control of confounding factors. The
former had higher dropping (35%) due to incomplete data, while
the latter did not report information related to dropout or no
response, so there are some concerns about missing data. In
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TABLE 2 Information extracted from observational studies.
Article information Country Participants Study design Follow-  Outcome Reference
Characteristic =~ (group) up
Author  Year Journal Duration
Park, S. M. = 2015 European Korea Patients with GD* Average iodine intake 23 months No significant difference (17)
Thyroid who had taken group (group 1): UIC< on average happened in the relapse
Journal ATDP for at least 300 pg/L (N = 52); rate between group 2
12 months to excessive iodine intake (excessive iodine status)
achieve euthyroid group (group 2): UIC > and group 1 (average
function and then 300 pg/L (N = 90) iodine status) about 2
stopped their ATD years after ATD
(N = 142) withdrawal (30% vs.
21.2%, P = 0.20)
Solomon, 1987 Annals of USA Patients with an Investigate the remission At least 6 The remission rate (18)
B. L. Internal established rate and estimated iodine | months gradually increased with
Medicine diagnosis of GD (N intake (from 700-800 g/ year (from less than 10%
=69) day to 200-300 pg/day) to over 30%) (r = 0.60, P
respectively in 1973-1985 < 0.02), while the
estimated daily iodine
intake decreased (r =
-0.81, P < 0.009)
Alexander, 1965 Lancet Britain Patients with GD Intervention group At least 6 The relapse rate was (20)
W.D. after withdrawing (group 1, 1965): received = months higher in the group 1
ATD (N =57) iodide supplements with (estimated excessive
normal PIIY (N = 16); iodine status) than in the
Historical control (group group 2 (estimated iodine
2, 1964): did not receive deficiency) (56% vs. 27%,
any iodide supplements P < 0.05)
with low PII (N = 41)

*GD, Graves disease; *ATD, antithyroid drug; “UIC, urinary iodine concentration, “PII, plasma inorganic iodine.

addition, the 1987 USA study used data on estimated iodine intake
but did not detail the estimation method and data source. The

4 Discussion

authors assessed the relationship between estimated iodine intake
and year, and the remission rate and year separately to infer the
relationship between estimated iodine intake and remission rate, so
there were a lot of uncontrollable confounding factors, causing the
final bias evaluation of high risk. The UK 1965 study used historical
controls, and the baseline PII was significantly inconsistent between
the two groups, resulting in a very high risk of bias considering the
low comparability between subjects from different years. Overall,
the risk of bias was higher in observational studies.

2018, Huang, etal. _

Insufficient s,
lodine intake

Adequate ¢
lodine intake

Favorable

Unfavorable

FIGURE 2
Summary Chart for trials.
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We included two RCTs

and three observational studies and

Above requirements ,  Excessive
lodine intake lodine intake
Unfavorable Unfavorable

concluded that, according to WHO criteria for iodine intake, ATD-
treated GD patients had lower rates of recurrence and higher rates
of remission when going for adequate iodine intake compared with
insufficient or above requirements or excessive iodine intake.

This finding is consistent with the effect of iodine on thyroid
autoimmunity. Laboratory studies have shown that the effects of
excessive iodine on the thyroid gland include enhanced
immunogenicity of thyroglobulin molecules (24) and increased
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FIGURE 3

Risk of bias (using ROB2 for RCTs and ROBINS-E for observational study). (A) Risk of bias graph for RCTs: authors' judgements about each risk of
bias item presented as percentages across all included RCTs. (B) Risk of bias summary for RCTs: authors’ judgements about each risk of bias item for
each included RCTs. (C) Risk of bias graph for observational studies. (D) Risk of bias summary for observational studies.

production of reactive oxygen species in thyroid cells (25), which
exacerbates local inflammatory responses. In contrast, iodine
deficiency has been shown to upregulate the expression of
thyroid-specific proteins (26, 27), thereby stimulating thyroid
hyperplasia and exacerbating the autoimmune response.
Thyroglobulin levels were found to be significantly increased at
both low and high iodine intake in infants 6-24 months of age,
supporting the laboratory evidence (28).

A review detailed the effect of iodine intake on the synthesizing
function of the thyroid gland. Severe iodine deficiency results in a
lack of raw materials for thyroid hormones and hypothyroidism.
When iodine deficiency is mild to moderate, the thyroid gland’s
ability to take up and recycle iodine, and synthesize thyroxine,
increases as a substitute for iodine deficiency. With this chronic
stimulus, the incidence of nodular toxic goiter and hyperthyroidism
increases in the population (29). Epidemiological surveys from
Europe also confirm this (30).

These studies on the effect of iodine nutritional status on
thyroid synthetic function and thyroid autoimmune response
indicating that both low and high iodine may exacerbate the
thyroid autoimmune response and affect the thyroid’s synthetic
function, which may make the Graves’ disease more difficult to
control, or increase the rate of recurrence.

In addition to the five included studies, we identified other
studies on iodine status and GD hyperthyroidism during the
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screening process, which had also been widely cited. However,
after carefully checking the full text, we found that among them,
some studies aimed to explore the appropriate dose of ATD (31),
some aimed to explore the efficacy of iodine agents for GD
hyperthyroidism (32, 33), some had too short a follow-up period
to assess efficacy or recurrence (34), and some did not involve
different levels of iodine intake and did not make statistical
extrapolations for the comparison of recurrence rates (35). All
of them did not meet the inclusion criteria and study objectives
of this review, so we did not include these seemingly relevant
studies, but they have contributed to some extent to the interest in
this issue.

Apart from UIC, WHO also recommends the thyroid volume
size (measured by ultrasound) to assess iodine deficiency (36).
Previous studies found that children in iodine-deficient areas had
larger thyroid volumes than those in iodine-sufficient areas (37),
and goiter due to iodine deficiency persisted after correction of
iodine deficiency (38). In addition to iodine intake, ethnicity,
genetic factors and environmental factors all influence thyroid
volume, which limits the validity of international reference ranges
(39). Therefore, surveys should be conducted to determine the
normal range of thyroid volume in each region and its correlation
with iodine nutritional status.

Limitation: Our ideal study would have set up different iodine
nutritional statuses in GD patients on ATD for at least 12 months
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(18) and observed them 12 months after drug withdrawal. However,
very few RCTs met these criteria, so both the duration of ATD
treatment and post-withdrawal observation were adjusted to 6
months, and observational studies exploring the effect of iodine
status on ATD efficacy were also included. However, this resulted in
non-negligible inter-study heterogeneity, preventing us from
performing statistical analyses of synthetic effect indicators:

First, the two RCTs involved populations with different iodine
nutritional status and had different outcome indicators. Second,
among the three observational studies, two studies did not provide
UIC and could only estimate the iodine nutritional status; one
of the studies did not provide specific numbers of remissions rate
and total number of people; the last study involved historical
controls and did not provide specific values. Finally, it was also
not possible to combine the RCTs and observational studies for
quantitative analysis due to differences in study design and
quality of evidence. In addition, the studies we included did not
provide information on thyroid volume at different iodine intakes,
so we were unable to compare the effects of iodine intakes on
that issue.

All three of the included observational studies were at
some risk of bias, and two studies were older and reported
population characteristics that may differ from the current
general characteristics of patients. However, in interpreting these
studies, we carefully analyzed the actual iodine nutritional status,
redefined it according to WHO criteria, and corrected the
conclusions of some studies that only mentioned iodine intake
and ignored iodine nutritional status. The final conclusions were
drawn by combining the results of the five studies, which to some
extent compensates for the shortcomings of the individual studies.

In addition to this, when initially performing the literature
screening, we planned to include RCT's or observational studies on
populations with different etiologies of hyperthyroidism (such as
nodular goiter, functional adenomas, etc.). However, during the
progress, we found that there are very few studies exploring the
effect of iodine nutritional status and they all focus only on the GD,
the most common cause of hyperthyroidism. It is very regretful that
our article cannot answer the question of the effect of different
iodine intake on treatment outcome in recurrence rate for rare
causes of hyperthyroidism other than GD. Hopefully, this question
will be answered in the future.

Our study is the first as we know to use uniform criteria to
evaluate the iodine intake status from different studies, making the
results comparable. Available limited evidence may suggest that in
the management of patients with GD hyperthyroidism, adequate
iodine intake to achieve an appropriate iodine nutritional status
may be more helpful in improving the efficacy of ATDs to control
thyrotoxicosis and reducing the risk of recurrence.

Registration and protocol
The review was registered in NIHR PROSPERO, with the

original title of “What iodine status should be maintained in
patients with GD on ATD therapy” (CRD42022359451). Some
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changes have occurred in the inclusion and exclusion criteria,
which were amended continuously in the process of searching.

Author contributions

Conceptualization: NT and QX; methodology: QX and XZ;
software: QX and XZ; validation: JM and XL; formal analysis: QX;
investigation: QX, XZ, and XL; data curation: JM; writing—original
draft preparation: QX and XZ; writing—review and editing: NT and
YZ; visualization: XL; supervision: NT and YZ; project
administration: NT; funding acquisition: NT. All authors
contributed to the article and approved the submitted version.

Funding

This work was supported by the Natural Science Foundation of
China (82170830) and grants from the 1.3.5 project for disciplines
of excellence, West China Hospital, Sichuan University (No.
ZYGD 18017).

Conflict of interest

NT has worked on clinical trials funded by Huadong Medicine
Group Company Limited and received lecture fees from Novo
Nordisk. However, these interests will not impair the justice and
scientific nature of this study.

The remaining 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/fend0.2023.1234918/
full#supplementary-material

SUPPLEMENTARY MATERIAL 1
Search strategy.

SUPPLEMENTARY MATERIAL 3
The article retrieved and the reason for non-inclusion or exclusion.

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2023.1234918/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1234918/full#supplementary-material
https://doi.org/10.3389/fendo.2023.1234918
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Xie et al.

References

1. WHO. Guideline: Fortification of Food-Grade Salt with Iodine for the Prevention
and Control of Iodine Deficiency Disorders. Geneva: WHO Guidelines Approved by the
Guidelines Review Committee (2014).

2. Benker G, Esser J, Kahaly G, Reinwein D. New therapeutic approaches in
thyroidal autoimmune diseases. Klinische Wochenschrift (1990) 68(SUPPL. 21):44—
54. Available at: https://pubmed.ncbi.nlm.nih.gov/1695960/.

3. Laurberg P. Editorial: Iodine intake - What are we aiming at? J Clin Endocrinol
Metab (1994) 79(1):17-9. doi: 10.1210/jcem.79.1.8027222

4. Ruggeri RM, Trimarchi F. Todine nutrition optimization: are there risks for
thyroid autoimmunity? ] Endocrinol Invest (2021) 44(9):1827-35. doi: 10.1007/s40618-
021-01548-x

5. GuF, Ding G, Lou X, Wang X, Mo Z, Zhu W, et al. Incidence of thyroid diseases
in Zhejiang Province, China, after 15 years of salt iodization. J Trace Elements Med Biol
(2016) 36:57-64. doi: 10.1016/j.jtemb.2016.04.003

6. LiY, Shan Z, Teng W. Effect of the transition from more than adequate iodine to
adequate iodine on national changes in the prevalence of thyroid disorders: repeat
national cross-sectional surveys in China. Eur ] Endocrinol (2022) 186(1):115-22. doi:
10.1530/EJE-21-0975

7. Mostbeck A, Galvan G, Bauer P, Eber O, Atefie K, Dam K, et al. The incidence
of hyperthyroidism in Austria from 1987 to 1995 before and after an increase in
salt iodization in 1990. Eur ] Nucl Med (1998) 25(4):367-74. doi: 10.1007/
5002590050234

8. Todd CH, Allain T, Gomo ZAR, Hasler JA, Ndiweni M, Oken E. Increase in
thyrotoxicosis associated with iodine supplements in Zimbabwe [15]. Lancet (1995)
346(8989):1563-4. doi: 10.1016/S0140-6736(95)92095-1

9. Koutras DA. Control of efficiency and results, and adverse effects of excess iodine
administration on thyroid function. Annales d’Endocrinol (1996) 57(6):463-9.
Available at: https://pubmed.ncbi.nlm.nih.gov/9084691/.

10. Vargas-Uricoechea H, Mera-Mamian A, Bastidas-Sanchez B, Pinzon-Fernandez
M, Murillo-Palacios J, Ramirez-Bejarano L. Population status of iodine and its potential
effects on thyroid function and autoimmunity in Southwestern Colombia. J Clin Med
Res (2022) 14(3):126-35. doi: 10.14740/jocmr4689

11. Association CM, House CMJP. Practice CSoG, Association EBoCJoGPoCM,
Disease EGoGfPCoES. Guideline for primary care of hyperthyroidism (2019). Chin |
Gen Practitioners (2019) 18(12):1118-28. doi: 10.3760/cma.j.issn.1671-
7368.2019.12.002

12. Thyroid disease: assessment and management. London: National Institute for
Health and Care Excellence: Guidelines (2019).

13. Kahaly GJ, Bartalena L, Hegedus L, Leenhardt L, Poppe K, Pearce SH. 2018
European thyroid association guideline for the management of Graves’
Hyperthyroidism. Eur Thyroid ] (2018) 7(4):167-86. doi: 10.1159/000490384

14. 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

15. Monitoring Nutritional Status & Food Safety Events NaFS. Urinary iodine
concentrations for determining iodine status in populations. Available at: https://www.
who.int/publications/i/item/WHO-NMH-NHD-EPG-13.1 (Accessed 21 January
2023).

16. Huang H, Shi Y, Liang B, Cai H, Cai Q, Lin R. Optimal iodine supplementation
during antithyroid drug therapy for Graves disease is associated with lower recurrence
rates than iodine restriction. Clin Endocrinol (2018) 88(3):473-8. doi: 10.1111/
cen.13543

17. Dai WX, Lian XL, Lu L, Li SM, Li SH, Li XW. Effect of universal salt iodization
on antithyroid drugs. Chin Med ] (Engl) (2006) 119(13):1108-12. doi: 10.1097/
00029330-200607010-00009

18. Garcla-Mayor RVG, Paramo C, Luna Cano R, Perez Mendez LF, Galofre JC,
Andrade A. Antithyroid drug and Graves” hyperthyroidism. Significance of treatment
duration and TRAb determination on lasting remission. ] Endocrinol Invest (1992) 15
(11):815-20. doi: 10.1007/BF03348811

19. Park SM, Cho YY, Joung JY, Sohn SY, Kim SW, Chung JH. Excessive iodine
intake does not increase the recurrence rate of graves” disease after withdrawal of the
antithyroid drug in an iodine-replete area. Eur Thyroid J (2015) 4(1):36-42. doi:
10.1159/000375261

Frontiers in Endocrinology

10

10.3389/fendo.2023.1234918

20. Solomon BL, Evaul JE, Burman KD, Wartofsky L. Remission rates with
antithyroid drug therapy: Continuing influence of iodine intake. Ann Internal Med
(1987) 107(4):510-2. doi: 10.7326/0003-4819-107-4-510

21. Organization WH. Assessment of iodine deficiency disorders and monitoring their
elimination: a guide for programme managers. Available at: http://apps.who.int/iris/
bitstream/handle/10665/43781/9789241595827_eng.pdf?sequence=1 (Accessed 21
January 2023).

22. Alexander WD, Harden RM, Koutras DA, Wayne E. Influence of iodine intake
after treatment with antithyroid drugs. Lancet (1965) 2(7418):866-8. doi: 10.1016/
$0140-6736(65)92501-8

23. Alexander WD, Koutras DA, Harden RM, Wayne E. Iodine and thyroid
function: physiological significance of the plasma inorganic iodine. J Clin Endocrinol
Metab (1964) 24:851-6. doi: 10.1210/jcem-24-9-851

24. Kolypetri P, Noel NA, Carayanniotis KA, Carayanniotis G. Iodine content of
thyroglobulin in Nod.H2h4 mice developing iodine-accelerated autoimmune
thyroiditis. Hormones (Athens) (2010) 9(2):151-60. doi: 10.14310/horm.2002.1265

25. Burek CL, Rose NR. Autoimmune thyroiditis and ROS. Autoimmun Rev (2008)
7(7):530-7. doi: 10.1016/j.autrev.2008.04.006

26. Huang H, Chen L, Liang B, Cai H, Cai Q, Shi Y. Upregulation of TSHR, TTF-1,
and PAX8 in nodular goiter is associated with iodine deficiency in the follicular lumen.
Int ] Endocrinol (2016) 2016:2492450. doi: 10.1155/2016/2492450

27. Huang H, Shi Y, Lin L, Li L, Lin X, Li X, et al. Inhibition of thyroid-restricted
genes by follicular thyroglobulin involves iodinated degree. J Cell Biochem (2011) 112
(3):971-7. doi: 10.1002/jcb.23014

28. Farebrother J, Zimmermann MB, Assey V, Castro MC, Cherkaoui M, Fingerhut
R, et al. Thyroglobulin is markedly elevated in 6- to 24-month-old infants at both low
and high iodine intakes and suggests a narrow optimal iodine intake range. Thyroid
(2019) 29(2):268-77. doi: 10.1089/thy.2018.0321

29. Zimmermann MB, Boelaert K. Todine deficiency and thyroid disorders. Lancet
Diabetes Endocrinol (2015) 3(4):286-95. doi: 10.1016/S2213-8587(14)70225-6

30. Laurberg P, Bulow Pedersen I, Knudsen N, Ovesen L, Andersen S.
Environmental iodine intake affects the type of nonmalignant thyroid disease.
Thyroid (2001) 11(5):457-69. doi: 10.1089/105072501300176417

31. Azizi F. Environmental iodine intake affects the response to methimazole in
patients with diffuse toxic goiter. J Clin Endocrinol Metab (1985) 61(2):374-7.
doi: 10.1210/jcem-61-2-374

32. Li D, Pei H, Liu X, Li X, Xie Y. Short-term effects of combined treatment with
potassium bromide and methimazole in patients with Graves’ disease. ] Endocrinol
Invest (2012) 35(11):971-4. doi: 10.1530/acta.0.0840538

33. Uchida T, Goto H, Kasai T, Komiya K, Takeno K, Abe H, et al. Therapeutic
effectiveness of potassium iodine in drug-naive patients with Graves’ disease: a single-
center experience. Endocrine (2014) 47(2):506-11. doi: 10.1007/s12020-014-0171-8

34. Hiraiwa T, Ito M, Imagawa A, Takamatsu ], Kuma K, Miyauchi A, et al.
Restriction of dietary iodine does not ameliorate the early effect of anti-thyroid drug
therapy for Graves’ disease in an area of excessive iodine intake. J Endocrinol Invest
(2006) 29(4):380-4. doi: 10.1007/BF03344113

35. Lumbholtz IB, Poulsen DL, Siersbaek-Nielsen K, Friis T, Rogowski P, Kirkegaard
C, et al. Outcome of long-term antithyroid treatment of graves’ disease in relation to
iodine intake. Acta Endocrinol (Copenh) (1977) 84(3):538-41. doi: 10.1530/
acta.0.0840538

36. Zimmermann MB, Hess SY, Molinari L, De Benoist B, Delange F, Braverman LE,
et al. New reference values for thyroid volume by ultrasound in iodine-sufficient
schoolchildren: a World Health Organization/Nutrition for Health and Development
Iodine Deficiency Study Group Report. Am ] Clin Nutr (2004) 79(2):231-7.
doi: 10.1093/ajcn/79.2.231

37. Vitti P, Martino E, Aghini-Lombardi F, Rago T, Antonangeli L, Maccherini D,
et al. Thyroid volume measurement by ultrasound in children as a tool for the
assessment of mild iodine deficiency. J Clin Endocrinol Metab (1994) 79(2):600-3.
doi: 10.1210/jcem.79.2.8045982

38. Vitti P, Rago T. Thyroid volume in children: role of iodine intake. ] Endocrinol
Invest (2002) 25(8):666-7. doi: 10.1007/BF03345097

39. Johnson A, Edwards C, Reddan T. A review of sonographic thyroid volume and
iodine sufficiency in children: An Australian perspective. Australas J Ultrasound Med
(2020) 23(1):33-8. doi: 10.1002/ajum.12189

frontiersin.org


https://pubmed.ncbi.nlm.nih.gov/1695960/
https://doi.org/10.1210/jcem.79.1.8027222
https://doi.org/10.1007/s40618-021-01548-x
https://doi.org/10.1007/s40618-021-01548-x
https://doi.org/10.1016/j.jtemb.2016.04.003
https://doi.org/10.1530/EJE-21-0975
https://doi.org/10.1007/s002590050234
https://doi.org/10.1007/s002590050234
https://doi.org/10.1016/S0140-6736(95)92095-1
https://pubmed.ncbi.nlm.nih.gov/9084691/
https://doi.org/10.14740/jocmr4689
https://doi.org/10.3760/cma.j.issn.1671-7368.2019.12.002
https://doi.org/10.3760/cma.j.issn.1671-7368.2019.12.002
https://doi.org/10.1159/000490384
https://doi.org/10.1089/thy.2016.0229
https://www.who.int/publications/i/item/WHO-NMH-NHD-EPG-13.1
https://www.who.int/publications/i/item/WHO-NMH-NHD-EPG-13.1
https://doi.org/10.1111/cen.13543
https://doi.org/10.1111/cen.13543
https://doi.org/10.1097/00029330-200607010-00009
https://doi.org/10.1097/00029330-200607010-00009
https://doi.org/10.1007/BF03348811
https://doi.org/10.1159/000375261
https://doi.org/10.7326/0003-4819-107-4-510
http://apps.who.int/iris/bitstream/handle/10665/43781/9789241595827_eng.pdf?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/43781/9789241595827_eng.pdf?sequence=1
https://doi.org/10.1016/s0140-6736(65)92501-8
https://doi.org/10.1016/s0140-6736(65)92501-8
https://doi.org/10.1210/jcem-24-9-851
https://doi.org/10.14310/horm.2002.1265
https://doi.org/10.1016/j.autrev.2008.04.006
https://doi.org/10.1155/2016/2492450
https://doi.org/10.1002/jcb.23014
https://doi.org/10.1089/thy.2018.0321
https://doi.org/10.1016/S2213-8587(14)70225-6
https://doi.org/10.1089/105072501300176417
https://doi.org/10.1210/jcem-61-2-374
https://doi.org/10.1530/acta.0.0840538
https://doi.org/10.1007/s12020-014-0171-8
https://doi.org/10.1007/BF03344113
https://doi.org/10.1530/acta.0.0840538
https://doi.org/10.1530/acta.0.0840538
https://doi.org/10.1093/ajcn/79.2.231
https://doi.org/10.1210/jcem.79.2.8045982
https://doi.org/10.1007/BF03345097
https://doi.org/10.1002/ajum.12189
https://doi.org/10.3389/fendo.2023.1234918
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Effect of iodine nutritional status on the recurrence of hyperthyroidism and antithyroid drug efficacy in adult patients with Graves’ disease: a systemic review
	1 Introduction
	2 Method
	2.1 Literature review methodology and results
	2.2 Inclusion and exclusion criteria for clinical intervention studies
	2.3 Criteria in the analysis and evaluation of the study
	2.4 Clinical intervention studies included in the analysis
	2.5 Data collection
	2.6 Study evaluation and bias analysis

	3 Results
	3.1 RCTs
	3.1.1 RCTs with outcomes about relapse
	3.1.2 RCTs with outcomes about efficacy

	3.2 Observational studies with outcome about relapse
	3.3 Risk of bias

	4 Discussion
	Registration and protocol
	Author contributions
	Funding
	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


