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Context: The WHO Technical Consultation recommends urinary iodine concentrations (UIC) from
250 to 499 �g/L as more-than-adequate iodine intake and UIC �500 �g/L as excessive iodine for
pregnant and lactating women, but scientific evidence for this is weak.

Objective: We investigated optimal and safe ranges of iodine intake during early pregnancy in an
iodine-sufficient region of China.

Method: Seven thousand one hundred ninety pregnant women at 4–8 weeks gestation were
investigated and their UIC, serum thyroid stimulating hormone (TSH), free thyroxine (FT4), thyroid-
peroxidase antibody (TPOAb), thyroglobulin antibody (TgAb), and thyroglobulin (Tg) were
measured.

Results: The prevalence of overt hypothyroidism was lowest in the group with UIC 150–249 �g/L,
which corresponded to the lowest serum Tg concentration (10.18 �g/L). Prevalences of subclinical
hypothyroidism (2.4%) and isolated hypothyroxinemia (1.7%) were lower in the group with UIC
150–249 �g/L. Multivariate logistic regression indicated that more-than-adequate iodine intake
(UIC 250–499 �g/L) and excessive iodine intake (UIC � 500 �g/L) were associated with a 1.72-fold
and a 2.17-fold increased risk of subclinical hypothyroidism, respectively. Meanwhile, excessive
iodine intake was associated with a 2.85-fold increased risk of isolated hypothyroxinemia. More-
over, the prevalence of TPOAb positivity and TgAb positivity presented a U-shaped curve, ranging
from mild iodine deficiency to iodine excess.

Conclusion: The upper limit of iodine intake during early pregnancy in an iodine-sufficient region
should not exceed UIC 250 �g/L, because this is associated with a significantly high risk of subclinical
hypothyroidism, and a UIC of 500 �g/L should not be exceeded, as it is associated with a significantly
high risk of isolated hypothyroxinemia. (J Clin Endocrinol Metab 100: 1630–1638, 2015)

ISSN Print 0021-972X ISSN Online 1945-7197
Printed in U.S.A.
Copyright © 2015 by the Endocrine Society
Received October 2, 2014. Accepted January 23, 2015.
First Published Online January 28, 2015

Abbreviations: ATA, American Thyroid Association; CV, coefficients of variation; MUI,
median urinary iodine; SHEP, Subclinical Hypothyroid during Early Pregnancy; UIC, urinary
iodine concentrations; USI, universal salt iodization.

O R I G I N A L A R T I C L E

1630 jcem.endojournals.org J Clin Endocrinol Metab, April 2015, 100(4):1630–1638 doi: 10.1210/jc.2014-3704

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/100/4/1630/2815136 by guest on 19 M
ay 2023



Iodine is an essential micronutrient required for the syn-
thesis of thyroid hormones. Generally, fetal thyroid

function is established at the 20th week of gestation, so
almost all thyroid hormone required for fetal brain devel-
opment during the first half of pregnancy originates from
the maternal thyroid (1). In the end of the last century,
negative effects of subclinical hypothyroidism on neuro-
cognitive development of offspring were reported (2), and
this topic received increased interest in endocrine and peri-
natal medicine fields (3). Iodine deficiency in pregnancy as
a chief cause of maternal hypothyroidism is under inves-
tigation by endocrinologists and they attempt to establish
an optimal and safe iodine status in early pregnancy to
prevent iodine-induced thyroid disorders.

In 2007, WHO recommended a new standard to assess
iodine nutrition status based on urinary iodine concentra-
tions (UIC) for pregnant and lactating women, including
insufficient (UIC � 150 �g/L), adequate (UIC 150–249
�g/L), more-than-adequate (UIC 250–499 �g/L), and ex-
cessive iodine status (UIC � 500 �g/L) (4). Furthermore,
in 2011, the American Thyroid Association (ATA) guide-
lines suggested “all pregnant and lactating women should
ingest a minimum of 250 �g iodine daily” (5). In 2012, the
guideline of The Endocrine Society (TES) also recom-
mended: “As long as possible before pregnancy and during
pregnancy and breastfeeding, women should increase
their daily iodine intake to 250 �g on average” (6). The
recommendations of both guidelines indicate that the
WHO Technical Consultation has been widely accepted.
However, particular emphasis has been placed on the
safety of upper limits of iodine intake by WHO Technical
Consultation, because pregnant women and infants are
vulnerable. Therefore, more epidemiological and clinical
evidence is needed to assure optimal and safe upper limits
of iodine intake for ideal maternal thyroid function, preg-
nancy outcomes, and neuropsychiatric development of
offspring. Hence, a large-scale population-based study fo-
cusing on “Subclinical Hypothyroid during Early Preg-
nancy (the SHEP study)” in Liaoning Province in China
was conducted, and 9245 pregnant women in first trimes-
ter were enrolled. The work depicted here represents a
preliminary report of the SHEP study, and allows us to
understand the effects of iodine intake in early pregnancy
on maternal thyroid function and thyroid antibodies.

Subjects and Methods

Subjects
The SHEP study was conducted in Dalian and Shenyang cities

of Liaoning Province in China. From June 2012 to May 2014, the
Departments of Obstetrics and Gynecology, and Endocrinology
from 19 hospitals participated in this study. Recruitment criteria

included women aged 19–40 years who had lived in the city for
more than 10 years and were pregnant with a singleton preg-
nancy at 4–8 weeks of gestation. Excluded were smokers, those
pregnant �8 weeks, patients with a history of thyroid disease or
any other chronic diseases, and subjects on any medical regimen
before pregnancy that may affect thyroid function, such as glu-
cocorticoids, dopamine, or antiepileptic drugs. Of the 9245 preg-
nant women enrolled, 7190 pregnant women met the inclusion
criteria of this study (Figure 1).

Materials and Methods

All subjects were asked to complete a questionnaire during their
first hospital visit. UIC, serum TSH, FT4, TPOAb, and TgAb
were measured in all subjects, and serum Tg was measured in a
subpopulation with negative TgAb. BMI was recorded and sam-
ples of spot urine and blood were obtained from each participant
at 8:00 am and 10:00 am after an overnight fast. All specimens
were frozen at �20°C until analysis one week later. The thyroid

Figure 1. Flow chart of the study population.
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parameters were measured in all participants using electrochemi-
luminescence immunoassay on a Cobas Elesys 601 (Roche Di-
agnostics). The functional sensitivity of serum TSH was 0.002
mIU/L. The intra-assay coefficients of variation (CV) of serum
TSH, FT4, TPOAb, TgAb, and Tg were 1.57–4.12%, 2.24–
6.33%, 2.42–5.63%, 1.3–4.9%, and 2.0–4.8%, respectively.
The interassay CV values were 1.26–5.76%, 4.53–8.23%,
5.23–8.16%, 2.1–6.9%, and 4.0–5.9%, respectively.

UIC was measured using an ammonium persulfate method
based on the Sandell-Kolthoff reaction. The intra- and interassay
CVs for UIC were 3–4% and 4–6% at 66 �g/L, and 2–5% and
3–6% at 230 �g/L, respectively. External reference samples were
provided by the National Laboratory for Prevention and Treat-
ment of Iodine Deficient Disorders in China. BMI was calculated
as weight in kilograms divided by squared height in meters.

Diagnostic criterion for thyroid disorders
Pregnancy-specific references were made by our laboratory in

accordance with Guideline 22 of the National Academy of Clin-
ical Biochemistry (7): TSH 0.29–5.22 mIU/L, FT4 12.27–20.72
pmol/L; the reference of TPOAb 0–34 IU/mL, and TgAb 0–115
IU/mL were provided by the manufacturer. The criterion of thy-
roid dysfunction was defined as reported previously (8, 9): Overt
hypothyroidism, TSH � 5.22 mIU/L and FT4 � 12.27 pmol/L;
subclinical hypothyroidism, TSH � 5.22 mUI/L, with normal
FT4; isolated hypothyroxinemia: FT4 � 12.27 pmol/L with nor-
mal TSH, negative TPOAb, and negative TgAb. The positive
TPOAb was �34 IU/mL and a positive TgAb was �115 IU/mL.

Category criteria for iodine nutrition
According to UIC values, pregnant women were divided into

five groups: iodine deficient (UIC � 100 �g/L), borderline iodine
deficient (UIC 100–149 �g/L), iodine sufficient (UIC 150–249
�g/L); more-than-adequate iodine intake (UIC 250–499 �g/L),
and those with excessive iodine intake (UIC � 500 �g/L).

Statistical analysis
The Kolmogorv-Smirnov method was used to test data dis-

tribution normality. Serum TSH, FT4, UIC, and Tg failed the
normality test, therefore, these variables were assessed using the
Kruskal-Wallis one-way analysis of variance (ANOVA) on ranks

in groups, and pairwise comparisons were performed using the
Mann-Whitney rank sum test. Pearson’s �2 test was used to com-
pare disease prevalence. Spearman correlations were calculated
between TPOAb and serum TSH.

In this study, bivariate analyses were, in part, exploratory,
therefore, a P value of .05 was deemed significant in these anal-
yses when compared with reference group. Multivariate analyses
were confirmatory, and the conventional significance level of
P � .05 was chosen to avoid type II statistical errors. All statis-
tical analyses were performed with SPSS version 19.0 software.

Ethics committee approval
All research protocols were approved by the Medical Ethics

Committee of China Medical University and were congruent
with the declaration of Helsinki. All participants were provided
with written informed consent after the research protocols were
carefully explained to them.

Results

Iodine status
According to the historical data, Shenyang and Dalian

used to be an iodine-sufficient region in China. The me-
dian UIC measured in 200 school-age children was 150.8
�g/L, suggesting that this area was iodine-sufficient. The
median UIC was 152.6 �g/L in pregnant women investi-
gated in this study. According to WHO criteria, of the
7190 pregnant women, 3462 (48.2%) were iodine defi-
cient (UIC � 150 �g/L), 2459 (34.2%) were iodine suf-
ficient (UIC 150–249 �g/L), 1040 (14.5%) had more than
adequate intake (UIC 250–499 �g/L), and 229 (3.2%)
had iodine excess (�500 �g/L).

Serum TSH and FT4
Table 1 depicts serum concentrations of TSH and FT4

in different UIC groups. Compared with UIC 150–249
�g/L group, TSH was significantly higher in UIC 250–499

Table 1. Serum Concentration of TSH, FT4, and Tg in Different UIC Groupsa,b,c

UIC
(�g/L) TSH (mIU/L)

P
Value FT4 (pmol/L)

P
Value Tg (�g/L)d

P
Value

Tg > 40
(�g/L)d
n (%)

P
Value

�100 1.90 (0.23–6.70) .49 16.02 (12.15–21.14) .20 11.91 (1.83–55.40) �.001 69 (5.4) �.001
100–149 1.80 (0.28–5.55) .37 16.10 (12.25–21.16) .92 10.69 (0.94–37.32) .01 28 (1.6) �.05
150–249 1.86 (0.24–5.63) Ref 16.12 (12.23–21.01) Ref 10.18 (0.82–31.35) Ref 19 (0.9) Ref
250–499 2.07 (0.22–6.76) �.001 15.95 (12.13–21.41) .06 10.97 (2.27–38.73) .001 16 (1.8) �.05
�500 2.32 (0.36–6.12) �.001 15.27 (12.14–20.64) �.001 13.58 (5.75–48.50) �.001 14 (7.1) �.001

Abbreviations: TSH, thyroid stimulating hormone; FT4, free thyroxine; Tg, thyroglobulin; Ref, reference category.
a P values represent the median level of this group compared with the reference group.
b P � .05, was considered as a significant difference.
c Number of pregnant women investigated in different groups: UIC � 100 �g/L (n � 1491); UIC between 100 and 149 �g/L (n � 1971); UIC
between 150 and 249 �g/L (n � 2459); UIC between 250 and 499 �g/L (n � 1040); UIC � 500 �g/L (n � 229).
d To eliminate the effect of TgAb on Tg concentration, serum Tg was measured in a subpopulation whose TgAb was negative(n � 6325). The
number of pregnant women investigated in terms of Tg in different groups: UIC � 100 �g/L (n � 1271); UIC between 100 and 149 �g/L
(n � 1732); UIC between 150 and 249 �g/L (n � 2211); UIC between 250 and 499 �g/L (n � 913); UIC � 500 �g/L (n � 198).
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�g/L group and UIC � 500 �g/L group. TPOAb was pos-
itively correlated with TSH in UIC 250–499 group (r �
0.10, P � .001) and in UIC � 500 �g/L group (r � 0.28,
P � .001).

There was no significant difference in TSH values
among groups with UIC � 249 �g/L. In contrast, serum
FT4 was significantly lower in the UIC � 500 �g/L group
compared with the UIC 150–249 �g/L group, but no sig-
nificant difference was found among other UIC groups.

Prevalence of thyroid disorders
Table 2 depicts the prevalence of thyroid disorders and

positive thyroidantibodies.The lowestprevalenceofovert
hypothyroidism (0.7%) was in the group with UIC 150–
249 �g/L. Compared to the UIC 150–249 �g/L group, the

prevalence of subclinical hypothyroidism increased with
increased UIC, but there was no significant difference in
the prevalence of subclinical hypothyroidism among
groups with UIC � 249 �g/L. In terms of isolated hypo-
thyroxinemia, the prevalence in UIC � 500 �g/L was sig-
nificantly higher than that of in the UIC 150–249 �g/L
group. According to methods previously reported, we cal-
culated the prevalence of subclinical hypothyroidism (10,
11) and Figure 2 depicts this as being relatively lower when
UIC values are between 150 and 250 �g/L.

Table 2 also indicates a U-shaped curve for the preva-
lence of TPOAb and TgAb as UICs increased and de-
creased. The lowest prevalence of TPOAb positivity
(7.1%) and TgAb positivity (10.1%) occurred in the UIC
150–249 �g/L group.

Table 2. Prevalence of Thyroid Disorders According to Iodine Statusa,b

UIC
(�g/L)

Total
n

Overt
Hypothyroidism
n (%)

P
Value

Subclinical
Hypothyroidism
n (%)

P
Value

Isolated
Hypothyroxinemia
n (%)

P
Value

TPOAb
Positivity
n (%)

P
Value

TgAb
Positivity
n (%)

P
Value

�100 1491 22 (1.5) .02 44 (3.0) .33 23 (1.5) .62 168 (11.3) �.001 220 (14.8) �.001
100–149 1971 15 (0.8) .79 43 (2.2) .57 39 (2.0) .57 161 (8.2) .19 239 (12.1) .03
150–249 2459 17 (0.7) Ref 60 (2.4) Ref 43 (1.7) Ref 175 (7.1) Ref 248 (10.1) Ref
250–499 1040 12 (1.2) .17 44 (4.2) .004 18 (1.7) .97 96 (9.2) .03 127 (12.2) .06
�500 229 2 (0.9) .67 13 (5.7) .004 10 (4.4) .01 23 (10.0) .11 31 (13.5) .10

a P � .05 was considered as a significant difference.
b The diagnostic standard for thyroid disorders was according to the pregnant -specific reference ranges reported previously (8, 9).

Figure 2. Prevalence of subclinical hypothyroidism among 7190 pregnant women. According to the method reported previously (10, 11), the
prevalence of subclinical hypothyroidism was relatively lower when UIC was between 150 and 250 �g/L. In order to show the main result more
clearly, the Y axis is truncated.
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Serum Tg
Table 1 depicts serum Tg concentrations according to

WHO categories of UIC. Individuals with positive TgAb
(�115 IU/mL) were excluded to eliminate the effect of
TgAb on Tg concentration (n � 6,325 left for analysis).
The lowest concentration was found in the group of UIC
150–249 �g/L and the higher concentration occurred in
the group of UIC � 100 �g/L and group of UIC � 500
�g/L. A significant difference was found in Tg among all
groups from iodine mild deficiency to iodine excess, indi-
cating that it was a sensitive biomarker for iodine status.
According to the method reported previously (12), we in-
vestigated the relationship between Tg and UIC, a Loess
smoothed-line calculation was used for detailed analysis.
Figure 3 depicts this relationship as a U-shaped curve.

Multivariate analysis
To assess confounding factors

and effect modifications, a multiple
logistic regression analysis was ap-
plied to evaluate the risk of overt
hypothyroidism and subclinical hy-
pothyroidism, isolated hypothyrox-
inemia, TPOAb positivity, and TgAb
positivity. Model 1 evaluated the risk
of overt hypothyroidism in pregnant
women. No statistically significant dif-
ferences were noted among different
UIC groups (adjusted for age, weeks
of gestation, BMI, TPOAb, TgAb).
Model 2 evaluated the risk of sub-
clinical hypothyroidism in pregnant
women. Model 3 evaluated the risk
of isolated hypothyroxinemia. Model 4
evaluatedtheriskofTPOAbpositivity.
Model 5 evaluated the risk of TgAb
positivity. The results of Model 1
confirm that neither iodine excessive
nor iodine deficiency may act as a
risk factor of overt hypothyroidism.
As shown in Table 3, Model 2 re-

vealed that more-than-adequate iodine intake was asso-
ciated with a 1.72-fold increased risk of subclinical hypo-
thyroidism, and excessive iodine intake was associated
with a 2.17-fold increased risk of subclinical hypothyroid-
ism. Model 3 showed that excessive iodine intake might be
associated with a 2.85-fold increased risk of isolated hy-
pothyroxinemia. Model 4 and Model 5 indicated that
UIC � 100 �g/L may be a risk factor for both TPOAb
positivity (OR � 1.69) and TgAb positivity (OR � 1.43).

Discussion

Recently, concerns about excessive iodine intake in preg-
nant women have received increased attention. First, preg-

Figure 3. Relationship between UIC and Tg in pregnant women. To eliminate the effect of
TgAb on Tg concentration, serum Tg was measured in a subpopulation whose TgAb was
negative (n � 6325). Scatterplot of serum Tg vs UIC with a Loess smoothed line added to show
best fit. Data are presented on a log scale for Tg and UIC. This figure clearly indicated that the
relationship between UIC and Tg was a U-shaped curve.

Table 3. Multivariate Logistic Regressiona

UIC
(�g/L)

Subclinical
Hypothyroidismb

Isolated
Hypothyroxinemiab TPOAb Positivityc TgAb Positivityd

�100 1.14 (0.75–1.74) 1.00 (0.59–1.68) 1.69 (1.35–2.11) 1.43 (1.15–1.78)
100–149 0.94 (0.62–1.42) 1.26 (0.81–1.98) 1.18 (0.94–1.48) 1.23 (1.00–1.52)
150–249 Ref Ref Ref Ref
250–500 1.72 (1.13–2.61) 1.05 (0.59–1.87) 1.30 (0.99–1.70) 1.25 (0.97–1.60)
�500 2.17 (1.13–4.19) 2.85 (1.40–5.81) 1.49 (0.94–2.36) 1.25 (0.79–1.97)

a P � .05 was considered a significant difference.
b Adjusted for age, weeks of gestation, BMI, TPOAb, and TgAb (stepwise manner).
c Adjusted for age, weeks of gestation, and BMI (stepwise manner).
d Adjusted for age, weeks of gestation, BMI, and TPOAb (stepwise manner).
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nant women and infants are vulnerable populations for
iodine excess. Next, increased iodine intake for pregnant
and lactating women was proposed by WHO, although
they admitted that evidence for the recommendation was
weak as they stated “This indicator of UIC should not be
used for the purposes of individual diagnosis and treat-
ment. As an indicator of iodine intake, median UIC does
not provide direct information about thyroid function”
(4). However, a low median UIC indicates that a popula-
tion is at risk of developing thyroid disorders. Also, the
American Thyroid Association (ATA) and The Endocrine
Society (TES) recommended “all pregnant and lactating
women should supplement their diet with a daily oral io-
dine supplement of 150–200 �g/d irrespective of histor-
ical iodine nutrition status” (5, 6). Finally, detrimental
effects from more-than-adequate and excessive iodine in-
take have been reported in general populations (10), and
in 2001, the WHO defined median urinary iodine (MUI)
�300 �g/L as excessive iodine intake in general popula-
tions and stated “individuals with iodine intake above 300
�g/L may be vulnerable for iodine-induced hyperthyroid-
ism and autoimmune thyroid disease” (13).

Universal salt iodization (USI) had been introduced to
China since 1996 and the country was exposed to exces-
sive iodine status for 6 years (1996–2002) and more-than-
adequate iodine status for 9 years (2003–2012) (14). In
2011, the latest national survey reported that MUI in
school-age children was 238.6 �g/L with an average of
30�2 ppm iodine in household salt (15). Prior to 2012,
China is still considered to be a country with more than
adequate iodine intake (16). But according to criteria of
iodine status proposed by WHO for pregnant and lactat-
ing women, we identified a much higher overall prevalence
(48.2%) of iodine deficiency (UIC � 150 �g/L) in preg-
nant women with MUI 150.8 �g/L in school-age children
in this study. Thus, the question remains whether pregnant
women should receive iodine supplementation and if so,
what iodine status target should be appropriate?

To our knowledge, this is the largest population-based
study on the relationship between the prevalence of thy-
roid disorders and iodine intake in early pregnancy in a
long-term iodine sufficient region. To eliminate the effects
of gestational age on thyroid hormone, pregnant women
beyond 8 weeks of gestation were excluded. Multivariate
analysis indicated that more-than-adequate iodine intake
and excessive iodine intake was associated with increased
risk of subclinical hypothyroidism. Meanwhile, excessive
iodine intake was also associated with increased risk of
isolated hypothyroxinemia. Therefore, our findings sug-
gest an optimal and safe upper limit of iodine intake for
early pregnancy women is UIC � 250 �g/L and that mon-
itoring the iodine status in pregnant women is critical dur-

ing early pregnancy even in iodine-sufficient regions. In
contrast with upper limits of iodine intake, there was not
a higher prevalence of subclinical hypothyroidism or iso-
lated hypothyroxinemia in pregnant women with low io-
dine intake, but we have no abundant evidence in this
study to address the consequences of low iodine intake on
pregnancy outcomes. To clarify this, more evidence re-
garding neurodevelopment in offspring are required.

Safety and efficacy are an important foci of iodine sup-
plementation during pregnancy, however, the relation-
ship between iodine status and thyroid function during
pregnancy in iodine-sufficient regions is not well investi-
gated. In individual pregnant woman, the best surrogate
for measuring iodine sufficiency is maternal thyroid func-
tion. Recently, a similar study with 1844 pregnant women
(gestational age range 8–23 weeks) was reported by Re-
bagliato in an iodine-sufficient region (MUI 137 �g/L) in
Spain. They observed an increased risk of TSH above 3.0
mIU/L in pregnant women who consumed 200 �g or more
of iodine supplements daily compared with those who
consumed less than 100 �g/d (adjusted OR � 2.5) (17).
Orito reported the relationship between thyroid function
and UIC in 514 pregnant women (mean of gestational age
10.5 weeks) in an iodine-sufficient region (MUI 328 �g/L)
in Japan and found significant positive correlations be-
tween UIC and TSH and significant negative correlations
between UIC and FT4 (18); However, Blumenthal re-
ported that there was no association between UIC and
thyroid function in pregnant women (n � 367) in a mild-
iodine-deficient region (MUI 81 �g/L) (19). In contrast to
these studies, eight controlled trials (total n � 360) re-
ported on iodine supplementation during pregnancy in
European countries for which MUIs were 30–70 �g/L in
mild-moderately iodine deficient regions. These data in-
dicated that supplementation was associated with reduced
maternal thyroid size and decreased maternal TSH in four
studies (5). Hollowell and Haddow found no evidence of
low T4 or high TSH (� 4.5 mIU/L) values in a small sample
of US pregnant women with UIC � 50 �g/L (20). In ad-
dition, patients and experimental animals treated with
amiodarone tend to have a transient elevation in serum T4
and TSH that lasts for several months (21, 22). Brabant’s
group reported that a daily 200 �g iodine supplement
could increase serum TSH in young, healthy men (23);
Laurberg considered “even the healthy thyroid gland
tends to somewhat overreact to an increase in iodine in-
take, with compensatory increase in pituitary TSH secre-
tion” (24). Iodine-related hypothyroidism in the general
population was reported in our five-year follow-up study.
In three communities with MUI 88 �g/L, 214 �g/L, and
634 �g/L, respectively, the prevalence of overt and sub-
clinical hypothyroidism were 3.2 times higher in a more-
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than-adequate iodine take region and 6.8 times higher in
excessive-iodine-intake regions. The incidence of subclin-
ical hypothyroidism showed the same trend: 13 times
higher in more-than-adequate iodine intake regions and
14.5 times higher in excessive-iodine-intake regions (25).

There may be two explanations for high TSH caused by
an increased iodine intake. First, a strong association of
thyroid autoimmunity with increased serum TSH aggra-
vated by high iodine intake has been reported due to in-
creased iodination of thyroglobulin or direct stimulation
of immune cells (26). In the present study, as prevalence of
subclinical hypothyroidism increased with increased io-
dine intake, a significantly higher prevalence of positive
TPOAb was observed in pregnant women with UIC � 250
�g/L, indicating that thyroid autoimmunity might impair
the thyroid sufficiently to raise TSH. Next, our animal
study offers a novel explanation. The activity of deiodi-
nase-II (D2) in the hypothalamus and pituitary was sig-
nificantly inhibited by chronically increased iodine intake,
which reduced T3 production in the hypothalamus and
the pituitary and resulted in increased TSH production
(27). Rosene reported the same results in amiodarone-
treated mice (22). However, a significantly increased prev-
alence of positive thyroid antibodies was also found in
pregnant women with UIC � 100 �g/L, suggesting that
both iodine deficiency and iodine excess could result in
thyroid autoimmunity and the lowest prevalence of thy-
roid antibodies exists in groups with UIC 150–249 �g/L.

Maternal isolated hypothyroxinemia during early
pregnancy is an important thyroid disorder which impairs
fetal neurodevelopment (28, 29). Isolated hypothyroxine-
mia was once attributed to iodine deficiency; however, we
did not observe this in our group with UIC � 100 �g/L. We
did see significantly higher prevalence of isolated hypo-
thyroxinemia in those with UIC � 500 �g/L compared to
the group with UIC 150–249 �g/L. Likely, the Wolff-
Chaikoff effect may explain this as it involves decreased
formation and release of thyroid hormone with high io-
dide (30). Most people with normal thyroid function can
escape these effects but a few with underlying thyroid dis-
orders may not, and they may acquire isolated hypothy-
roxinemia (31).

The iodine status of this study was further assessed by
serum Tg concentration. Serum Tg is considered to be a
sensitive indicator of iodine status but there was little ev-
idence for this in pregnant women in iodine-sufficient re-
gions (32). Although WHO and UNICEF/International
Council for the Control of Iodine Deficiency Disorders
(ICCIDD) now recommended DBS (whole-blood spot) Tg
for monitoring of iodine status in school-aged children
(32). On behalf of the study group, Zimmermann reported
serum Tg in school-age children from 12 countries and

observed a higher prevalence of elevated Tg values with
iodine deficiency and iodine excess, and proposed a stan-
dard of median value of Tg �13 �g/L and/or �3% Tg
values of �40 �g/L for iodine sufficiency in general pop-
ulations (12). Ma reviewed eight observational studies
measuring Tg in iodine-deficient pregnant women. Six
studies suggested that iodine-deficient pregnant women
(at any time in the pregnancy or at delivery) had a median
Tg � 13 �g/L (32). The present study is the first large-scale
population study of pregnant women in an iodine-suffi-
cient region to measure serum Tg in groups with different
iodine intakes. We observed that serum Tg was a sensitive
indicator for iodine status in early pregnancy in iodine-
sufficient regions. Serum Tg responds precisely to iodine
deficiency as well as iodine excess. The lowest serum Tg
value (10.18 �g/L, 0.9% Tg values of �40 �g/L) occurred
in women with UIC 150–249 �g/L validating that this
interval of iodine intake was optimal during early preg-
nancy in iodine-sufficient regions.

Our work has several limitations. First, the conclusion
may be only appropriate for pregnant women living in an
iodine-sufficient region not in an iodine deficient region.
Next, this is a cross-sectional study and the causal rela-
tionship between maternal thyroid function and iodine
intake could not been well established. Moreover, this
should be stressed that urinary iodine concentration val-
ues given by WHO are for groups of women, not for in-
dividuals. Thus, even with statistically significant differ-
ences between groups, certain limits of urinary iodine
concentration cannot be used to diagnose iodine defi-
ciency or excess in individuals, unless this is based on a
series of samples. Finally, similar data from the second and
third trimester were required to confirm findings in the
first trimester because of changes of maternal thyroid
function and growth of fetus with advanced pregnancy.
Also, optimal and safe low limits of iodine intake for preg-
nant women should be further clarified by evidence of
neurodevelopment in the offspring in longitudinal studies.

In conclusion, we investigated the relationship between
maternal thyroid dysfunction and UIC in 7190 women in
the stages of early pregnancy in an iodine-sufficient region.
The criterion of a UIC of 150–249 �g/L proposed by
WHO could be used as an optimal and safe interval for
pregnant women, but the upper limit of iodine intake for
early pregnancy in iodine-sufficient regions should not ex-
ceed UIC 250 �g/L, because this is associated with a sig-
nificantly high risk of subclinical hypothyroidism and
UICs that exceed 500 �g/L is associated with a signifi-
cantly high risk of isolated hypothyroxinemia.
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