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Abstract: Iodine deficiency is a common problem in pregnant women and may have implications
for maternal and child health. Iodine supplementation during pregnancy has been recommended
by several scientific societies. We undertook a cross-sectional survey to assess the efficacy of these
recommendations in a European iodine-deficient region. Urinary iodine concentrations (UIC) were
determined in pregnant women before (n = 203) and after (n = 136) the implementation of guide-
lines for iodine supplementation in pregnancy. Iodine supplementation (200 µg/day) reduced the
proportion of pregnant women with severe iodine deficiency (37.4% to 18.0%, p = 0.0002). The
median UIC increased from 67.6 µg/L to 106.8 µg/L but remained below the recommended target
level (>150 µg/L) for pregnant women. In conclusion, iodine supplementation in pregnant women
improved iodine status in this iodine-deficient region but was insufficient to achieve recommended
iodine levels in pregnancy. Additional measures, such as the adjustment of the dose or timing of
supplementation, or universal salt iodization, may be needed.

Keywords: iodine deficiency; thyroid hormones; pregnancy; supplementation

1. Introduction

Pregnancy requires a healthy diet that includes an adequate supply of energy, protein,
vitamins, and minerals to meet the increased needs of the mother and the fetus [1]. Poor
dietary intake of key micronutrients has been linked to compromised pregnancy outcomes
and neonatal health and is a global public health concern [2]. Although adequate food
intake remains the preferred means for meeting dietary needs, some micronutrient require-
ments in pregnancy are difficult to meet with diet alone. In response, some countries have
implemented programs for the fortification of selected foods and/or recommendations for
the use of dietary supplements [3].

Iodine is an essential element for the synthesis of thyroid hormones and its deficiency
remains a public health problem in many regions around the world [4]. Dietary iodine
requirements are higher during pregnancy due to increased thyroid hormone production,
increased renal iodine excretion, and fetal iodine requirements. Thus, pregnant women are
particularly vulnerable to iodine deficiency [5].

Adequate nutritional iodine intake during pregnancy and early childhood is critically
important for brain development and maturation. Severe maternal iodine deficiency
has been associated with cretinism or impaired neurodevelopment in children as well as
obstetric complications [6]. Universal salt iodization or iodine supplementation programs
have been shown to prevent these effects in severely iodine-deficient areas [7]. Mild to
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moderate iodine deficiencies have also been associated with poorer cognitive outcomes in
children, although the evidence for this is less robust [8,9].

The median urinary iodine concentration (UIC) is the most frequently used biomarker
to assess the iodine status of a population [10]. A median UIC < 100 µg/L in the general
population, or <150 µg/L in pregnant women, indicates iodine deficiency [11]. In many
parts of the world, including Europe and North America, significant iodine deficiency
has been observed in pregnant women [12,13]. Several scientific societies, including the
European Thyroid Association [14], the American Thyroid Association [15], and the En-
docrine Society [16], currently recommend iodine supplementation for women who are
pregnant, breastfeeding, or planning pregnancy, with formulas containing at least 150 µg
of iodine/day.

A countrywide cross-sectional survey of pregnant Portuguese women reported in
2010 [17] showed widespread iodine deficiency in this population (median UIC 82.5 µg/L).
Consequently, in 2013, the Portuguese health authorities issued recommendations for
iodine supplementation (150 to 200 µg/day) in all women during the preconception,
pregnancy, and breastfeeding periods [18]. The aim of this study is to assess the impact
of these measures on the iodine status of pregnant Portuguese women living in an iodine-
deficient region.

2. Materials and Methods
2.1. Subjects

The study was carried out as a cross-sectional survey of pregnant women attending a
hospital-based outpatient clinic (Centro Hospitalar Universitário Cova da Beira, Covilhã,
Portugal) for routine pregnancy checkups and screening tests. This regional hospital is
located in the hinterland of continental Portugal, which is historically known as an iodine-
deficient region [19]. A previous countrywide study [17] showed that pregnant women
in this region were among the most severely affected by iodine deficiency. We used the
data of 203 pregnant women who had been enrolled for a previous study [17], from June
2006 to March 2007 (mean gestational age ± standard deviation (SD) = 29.0 ± 9.9 weeks).
None of these women had taken iodine supplements during pregnancy at the currently
recommended levels, as national guidelines to promote iodine supplementation during
pregnancy were only established in 2013 [18]. To evaluate the effect of these guidelines on
iodine status during pregnancy, we assessed a random sample of 136 pregnant women,
from October 2018 to May 2019 (mean gestational age ± SD = 27.8 ± 8.7 weeks). Women
with known thyroid disorders were excluded from the study. Women were considered
to be receiving iodine supplements if they were taking a daily tablet containing at least
150 µg of iodine, as recommended in national guidelines [18]. The study was approved by
the Institutional Ethics Committee of the Centro Hospitalar Universitário Cova da Beira,
Covilhã (Ref: 35/2017) and informed consent was obtained from all subjects.

2.2. Assessment of Urinary Iodine Concentration

Iodine status was assessed by determining the UIC in morning spot urine samples
using a fast colorimetric method appropriate for population studies [20]. Samples from the
2018/19 group of pregnant women were measured by the same method, laboratory, and
technician, as those that had been measured in the 2006/07 survey [17]. UIC (µg/L) were
assigned to categories of an ordinal variable, as previously described [17].

2.3. Statistical Analyses

Median UIC values were calculated by distributing sample concentrations evenly
within each category of ordinal variables [17]. The distribution of UIC was compared
between the groups of pregnant women using a chi-square test. The proportions of women
with severe iodine deficiency (<50 µg/L) and iodine sufficiency (>150 µg/L) were compared
between the groups using a one-sided Fisher’s exact test. A p-value < 0.05 was considered
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statistically significant. All analyses were performed using GraphPad Prism (Version
7.04/2017 for Windows, GraphPad Software, San Diego, CA, USA).

3. Results

In the 2018/19 group of 136 pregnant women, 111 (81.6%) were taking one of several
commercially available tablets containing potassium iodide (providing a daily dose of 200
µg of iodine) since their first prenatal medical visit (GestaCare®, Lifewell, Paço d’Arcos,
Portugal, https://lifewell.pt/gestacare-gravidez/, accessed 5 March 2022; Matervita®,
Laboratórios EFFIK, Algés, Portugal, https://www.effik.pt/detalhe_produto.php?cd_
produto=70, accessed 5 March 2022; Natalben Supra®, Italfarmaco, Algés, Portugal, https:
//italfarmaco.wixsite.com/italfarmaco2019/p/natalben-supra; or Yodafar®, Bial, Coro-
nado, Portugal, https://www.bial.com/pt/produtos/, accessed 5 March 2022). The re-
maining 25 (18.4%) women were not taking any supplements or were taking multivita-
min/mineral tablets containing less than the recommended (150 µg) daily dose of iodine.
These 25 women were at an earlier stage of pregnancy than those who were taking iodine
supplements (mean gestational age 23.7 vs. 28.7 weeks, t-test p = 0.009).

The median UIC in the 2006/07 non-supplemented, 2018/19 non-supplemented,
and 2018/19 iodine-supplemented groups were 67.6 µg/L, 50.0 µg/L, and 106.8 µg/L,
respectively. The percentage of women with severe iodine deficiency (<50 µg/L) was
significantly lower in the 2018/19 iodine-supplemented group, compared with the 2006/07
non-supplemented (18.0% vs. 37.4%, p = 0.0002) and with the 2018/19 non-supplemented
(18.0% vs. 52.0%, p = 0.0008) groups (Table 1). The percentage of women with adequate
iodine levels (>150 µg/L) was significantly higher in the 2018/19 iodine-supplemented
group, compared with the 2006/07 non-supplemented (20.7% vs. 9.9%, p = 0.0069) and
with the 2018/19 non-supplemented (20.7% vs. 0%, p = 0.0058) groups (Table 1). Overall,
the comparison between pregnant women tested in 2006/07, before the launch of national
guidelines on iodine supplementation, and pregnant women undergoing supplementation
in 2018/19, showed a shift towards a higher UIC in the latter group (p < 0.0001) (Table 1
and Figure 1).

Table 1. Urinary iodine concentration (UIC) before (2006/07) and after (2018/19) the launch of
national guidelines to promote iodine supplementation during pregnancy.

Year 2006/07 (No Iodine
Supplementation)
(n = 203; Median
UIC = 67.6 µg/L)

Year 2018/19 (No Iodine
Supplementation)

(n = 25; Median
UIC = 50.0 µg/L)

Year 2018/19 (200 µg/Day
Iodine Supplementation)

(n = 111; Median
UIC = 106.8 µg/L)

UIC (µg/L) n (%) n (%) n (%)

<25 30 (14.8) 5 (20.0) 4 (3.6)
25–50 46 (22.7) 8 (32.0) 16 (14.4)

50–100 74 (36.5) 4 (16.0) 31 (27.9)
100–150 33 (16.3) 8 (32.0) 37 (33.3)
150–200 12 (5.9) 0 3 (2.7)
200–300 8 (3.9) 0 20 (18.0)

p < 0.0001 (a)

<50 76 (37.4) 13 (52.0) 20 (18.0)
p = 0.0002 (b)/p = 0.0008 (c)

>150 20 (9.9) 0 23 (20.7)
p = 0.0069 (b)/p = 0.0058 (c)

n, number of women. (a) Chi-square test, five degrees of freedom (vs. 2006/07 untreated group); (b) Fisher’s exact
test (vs. 2006/07 untreated group); (c) Fisher’s exact test (vs. 2018/19 untreated group).

https://lifewell.pt/gestacare-gravidez/
https://www.effik.pt/detalhe_produto.php?cd_produto=70
https://www.effik.pt/detalhe_produto.php?cd_produto=70
https://italfarmaco.wixsite.com/italfarmaco2019/p/natalben-supra
https://italfarmaco.wixsite.com/italfarmaco2019/p/natalben-supra
https://www.bial.com/pt/produtos/
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Figure 1. Distribution of urinary iodine concentration (UIC) in untreated (n = 203) and iodine-sup-
plemented (n = 111) pregnant women, studied in 2006/07 and 2018/19, respectively. Supplementa-
tion with a daily dose of 200 μg iodine resulted in a shift towards a higher UIC in pregnancy (chi-
square test p < 0.0001). For clarity, UIC higher than 150 μg/L have been grouped together. Bars rep-
resent percentages (%) of total and error bars represent 95% confidence intervals. 
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 50–150 60 (48.4) 6 (50.0) 44 (64.7) 
 >150 12 (9.7) 0 12 (17.6) 

  (median UIC = 
62.2 μg/L) 

(median UIC = 
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(median UIC = 
101.5 μg/L) 

n, number of women. (a) Fisher’s exact test, p = 0.0224 (vs. 2018/19 untreated group); (b) Fisher’s exact 
test, p = 0.0279 (vs. 2006/07 untreated group); (c) Fisher’s exact test, p = 0.0004 (vs. 2006/07 untreated 
group); (d) Fisher’s exact test, p = 0.0228 (vs. 2018/19 untreated group). Chi-square test for trend across 
gestational trimesters showed no significant differences in any of the groups. 

4. Discussion 
This cross-sectional survey of pregnant women in a European iodine-deficient region 

showed an improvement in iodine status after national health authorities issued recom-
mendations for iodine supplementation of all women during the preconception, preg-
nancy, and breastfeeding periods [18]. At the time of this survey, over 80% of pregnant 
women were taking iodine-supplement tablets (200 μg/day). Compared with pregnant 
women surveyed before the introduction of iodine supplementation, the proportion of 

Figure 1. Distribution of urinary iodine concentration (UIC) in untreated (n = 203) and iodine-
supplemented (n = 111) pregnant women, studied in 2006/07 and 2018/19, respectively. Supple-
mentation with a daily dose of 200 µg iodine resulted in a shift towards a higher UIC in pregnancy
(chi-square test p < 0.0001). For clarity, UIC higher than 150 µg/L have been grouped together. Bars
represent percentages (%) of total and error bars represent 95% confidence intervals.

The median UIC was lower in later stages of pregnancy, in both the 2006/07 and
2018/19 surveys, although this was not statistically significant (Table 2).

Table 2. Urinary iodine concentration (UIC) according to gestational period.

Gestation
Trimester UIC (µg/L)

Year 2006/07 (No Iodine
Supplementation)

Year 2018/19 (No Iodine
Supplementation)

Year 2018/19 (200 µg/Day
Iodine Supplementation)

n (%) n (%) n (%)

First <50 6 (30.0) 2 (40.0) 1 (16.7)
50–150 10 (50.0) 3 (60.0) 3 (50.0)
>150 4 (20.0) 0 2 (33.3)

(median UIC = 78.6 µg/L) (median UIC = 116.7 µg/L) (median UIC = 125.0 µg/L)

Second <50 16 (30.2) 5 (62.5) 7 (18.9) (a)

50–150 33 (62.3) 3 (37.5) 21 (56.8)
>150 4 (7.5) 0 9 (24.3) (b)

(median UIC = 73.9 µg/L) (median UIC = 43.8 µg/L) (median UIC = 109.1 µg/L)

Third <50 52 (41.9) 6 (50.0) 12 (17.6) (c, d)

50–150 60 (48.4) 6 (50.0) 44 (64.7)
>150 12 (9.7) 0 12 (17.6)

(median UIC = 62.2 µg/L) (median UIC = 50.0 µg/L) (median UIC = 101.5 µg/L)

n, number of women. (a) Fisher’s exact test, p = 0.0224 (vs. 2018/19 untreated group); (b) Fisher’s exact test,
p = 0.0279 (vs. 2006/07 untreated group); (c) Fisher’s exact test, p = 0.0004 (vs. 2006/07 untreated group);
(d) Fisher’s exact test, p = 0.0228 (vs. 2018/19 untreated group). Chi-square test for trend across gestational
trimesters showed no significant differences in any of the groups.

4. Discussion

This cross-sectional survey of pregnant women in a European iodine-deficient region
showed an improvement in iodine status after national health authorities issued recom-
mendations for iodine supplementation of all women during the preconception, pregnancy,
and breastfeeding periods [18]. At the time of this survey, over 80% of pregnant women
were taking iodine-supplement tablets (200 µg/day). Compared with pregnant women
surveyed before the introduction of iodine supplementation, the proportion of pregnant
women with severe iodine deficiency (UIC < 50 µg/L) was reduced to half (37.4% to 18.0%),
and those with adequate iodine levels (UIC > 150 µg/L) increased two-fold (9.9% to 20.7%).
The median UIC increased from 67.6 µg/L to 106.8 µg/L. However, this increase in median
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UIC was still insufficient to meet the World Health Organization (WHO) recommended
levels for pregnant women (median UIC of at least 150 µg/L) [11].

To achieve an adequate iodine status during pregnancy, the WHO currently recom-
mends a dietary intake of 250 µg of iodine daily, which in iodine-deficient regions can be
provided through universal salt iodization or administration of iodine supplements [11].
The widespread problem of iodine deficiency has led medical societies in Europe and North
America to recommend that all pregnant women take a daily tablet containing at least
150 µg of iodine [14–16]. Health authorities in several countries, including Portugal, have
introduced these recommendations into routine pregnancy care [18,21]. However, our data
suggest that current recommendations for iodine supplementation during pregnancy may
still be insufficient to achieve an adequate iodine status in some iodine-deficient regions.

In our study, the daily dose of iodine supplementation in pregnant women was
200 µg, as this is the content of the most widely available oral tablets containing potassium
iodide in Portugal. This dose of supplementation, which is higher than the minimum
recommended dose (150 µg), failed to increase the median UIC to recommended levels
in pregnancy. This suggests that iodine dietary intake in this iodine-deficient region is at
such a low level that it cannot be compensated by currently recommended doses of iodine
supplementation. Indeed, a previous survey of pregnant women in this region showed that
the median UIC (67.6 µg/L) was among the lowest in continental Portugal prior to iodine
supplement implementation [17]. In addition, a study of schoolchildren in this region
showed widespread iodine deficiency (median UIC 97.2 µg/L) [19].

It should be noted that iodine supplementation is recommended to be initiated ideally
before conception [18], but in our group of pregnant women, supplementation occurred
only after women knew they were pregnant. This means that women were likely to already
have largely depleted thyroid iodine stores when entering pregnancy and that most of
the supplemented iodine may have been taken up by the thyroid for both production of
thyroid hormones and rebuilding iodine stores, resulting in a lower iodine excretion in the
urine. It remains to be determined whether the results would have been different if women
had initiated supplementation before becoming pregnant. As it is unrealistic to expect
all pregnancies to be planned for and preceded by a period of iodine supplementation,
additional measures to increase the baseline iodine intake in this region, such as universal
salt iodization, may be justified. Mandatory salt iodization has already been introduced
in at least 124 countries, but not in Portugal, as a strategy to improve the populational
iodine intake [22]. This approach could help ensure that all women of reproductive age
have higher levels of iodine intake at the start of pregnancy and during the initial stages
of fetal development, even before iodine tablets are prescribed. The importance of having
adequate iodine stores before pregnancy is illustrated by a study in the United Kingdom that
demonstrated a positive association between preconception iodine status and subsequent
cognitive function in childhood [23].

In other populations, iodine supplementation has not always fully corrected iodine
deficiency in pregnancy [24]. This may be due to the severity of baseline iodine deficiency
in these populations and illustrates the importance of monitoring the iodine status of
pregnant women even when iodine supplements are routinely prescribed [25].

Our results should be viewed with caution. First, although our measurements of UIC
followed WHO recommendations for population surveys [11], we did not measure urinary
creatinine to account for urine dilution or other indicators of iodine intake, such as maternal
thyroid-stimulating hormone (TSH) and thyroglobulin levels. Second, individual data on
iodine supplementation were based on self-reporting and prescription records, but the
extent of treatment compliance could not be determined. Third, iodine supplementation
was initiated only after conception, and it remains to be elucidated if supplementation
before pregnancy would have corrected the iodine deficiency. Last, the use of larger doses
of iodine supplements to improve UIC during pregnancy would need careful consideration
to avoid the risk of overdosing and causing any harmful effects on the mother or fetus.
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In conclusion, our study suggests that, in some iodine-deficient regions, supplementa-
tion of pregnant women with currently recommended doses of iodine may be insufficient
to achieve an adequate iodine intake and additional measures, such as adjustment of the
dose or timing of supplementation, or universal salt iodization, may be needed.

Author Contributions: Conceptualization, C.A.L. and M.C.L.; formal analysis, C.A.L., S.P., J.M.-d.-O.,
E.L. and M.C.L.; investigation, C.A.L., S.P., J.M.-d.-O. and E.L.; writing—original draft preparation,
M.C.L.; writing—review and editing, C.A.L., S.P., J.M.-d.-O. and E.L.; supervision, M.C.L.; project
administration, M.C.L.; funding acquisition, M.C.L. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by a grant from the Portuguese Society for Endocrinology, Dia-
betes & Metabolism (Bolsa Dra. Maria da Conceição Barbas/SPEDM—2016) and by the Portuguese
Foundation for Science and Technology (UIDB/00709/2020).

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Ethics Committee of the Centro Hospitalar Universitário
Cova da Beira, Covilhã (Ref: 35/2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Jouanne, M.; Oddoux, S.; Noel, A.; Voisin-Chiret, A.S. Nutrient Requirements during Pregnancy and Lactation. Nutrients 2021,

13, 692. [CrossRef] [PubMed]
2. Mousa, A.; Naqash, A.; Lim, S. Macronutrient and Micronutrient Intake during Pregnancy: An Overview of Recent Evidence.

Nutrients 2019, 11, 443. [CrossRef]
3. Gernand, A.D.; Schulze, K.J.; Stewart, C.P.; West, K.P., Jr.; Christian, P. Micronutrient deficiencies in pregnancy worldwide: Health

effects and prevention. Nat. Rev. Endocrinol. 2016, 12, 274–289. [CrossRef]
4. Candido, A.C.; Morais, N.S.; Dutra, L.V.; Pinto, C.A.; Franceschini, S.; Alfenas, R.C.G. Insufficient iodine intake in pregnant

women in different regions of the world: A systematic review. Arch. Endocrinol. Metab. 2019, 63, 306–311. [CrossRef] [PubMed]
5. Rodriguez-Diaz, E.; Pearce, E.N. Iodine status and supplementation before, during, and after pregnancy. Best Pract. Res. Clin.

Endocrinol. Metab. 2020, 34, 101430. [CrossRef]
6. Toloza, F.J.K.; Motahari, H.; Maraka, S. Consequences of Severe Iodine Deficiency in Pregnancy: Evidence in Humans. Front

Endocrinol. 2020, 11, 409. [CrossRef] [PubMed]
7. Zimmermann, M.B. The Importance of Adequate Iodine during Pregnancy and Infancy. World Rev. Nutr. Diet. 2016, 115, 118–124.

[CrossRef] [PubMed]
8. Dineva, M.; Fishpool, H.; Rayman, M.P.; Mendis, J.; Bath, S.C. Systematic review and meta-analysis of the effects of iodine

supplementation on thyroid function and child neurodevelopment in mildly-to-moderately iodine-deficient pregnant women.
Am. J. Clin. Nutr. 2020, 112, 389–412. [CrossRef]

9. Levie, D.; Korevaar, T.I.M.; Bath, S.C.; Murcia, M.; Dineva, M.; Llop, S.; Espada, M.; van Herwaarden, A.E.; de Rijke, Y.B.;
Ibarluzea, J.M.; et al. Association of Maternal Iodine Status With Child IQ: A Meta-Analysis of Individual Participant Data. J.
Clin. Endocrinol. Metab. 2019, 104, 5957–5967. [CrossRef]

10. Rohner, F.; Zimmermann, M.; Jooste, P.; Pandav, C.; Caldwell, K.; Raghavan, R.; Raiten, D.J. Biomarkers of nutrition for
development iodine review. J. Nutr. 2014, 144, 1322S–1342S. [CrossRef]

11. Secretariat, W.H.O.; Andersson, M.; de Benoist, B.; Delange, F.; Zupan, J. Prevention and control of iodine deficiency in pregnant
and lactating women and in children less than 2-years-old: Conclusions and recommendations of the Technical Consultation.
Public Health Nutr. 2007, 10, 1606–1611. [CrossRef] [PubMed]

12. Zimmermann, M.B.; Gizak, M.; Abbott, K.; Andersson, M.; Lazarus, J.H. Iodine deficiency in pregnant women in Europe. Lancet
Diabetes Endocrinol. 2015, 3, 672–674. [CrossRef]

13. Caldwell, K.L.; Pan, Y.; Mortensen, M.E.; Makhmudov, A.; Merrill, L.; Moye, J. Iodine status in pregnant women in the National
Children’s Study and in U.S. women (15–44 years), National Health and Nutrition Examination Survey 2005–2010. Thyroid 2013,
23, 927–937. [CrossRef] [PubMed]

http://doi.org/10.3390/nu13020692
http://www.ncbi.nlm.nih.gov/pubmed/33670026
http://doi.org/10.3390/nu11020443
http://doi.org/10.1038/nrendo.2016.37
http://doi.org/10.20945/2359-3997000000151
http://www.ncbi.nlm.nih.gov/pubmed/31340241
http://doi.org/10.1016/j.beem.2020.101430
http://doi.org/10.3389/fendo.2020.00409
http://www.ncbi.nlm.nih.gov/pubmed/32636808
http://doi.org/10.1159/000442078
http://www.ncbi.nlm.nih.gov/pubmed/27198746
http://doi.org/10.1093/ajcn/nqaa071
http://doi.org/10.1210/jc.2018-02559
http://doi.org/10.3945/jn.113.181974
http://doi.org/10.1017/S1368980007361004
http://www.ncbi.nlm.nih.gov/pubmed/18053287
http://doi.org/10.1016/S2213-8587(15)00263-6
http://doi.org/10.1089/thy.2013.0012
http://www.ncbi.nlm.nih.gov/pubmed/23488982


Nutrients 2022, 14, 1393 7 of 7

14. Lazarus, J.; Brown, R.S.; Daumerie, C.; Hubalewska-Dydejczyk, A.; Negro, R.; Vaidya, B. 2014 European thyroid association
guidelines for the management of subclinical hypothyroidism in pregnancy and in children. Eur. Thyroid. J. 2014, 3, 76–94.
[CrossRef]

15. Alexander, E.K.; Pearce, E.N.; Brent, G.A.; Brown, R.S.; Chen, H.; Dosiou, C.; Grobman, W.A.; Laurberg, P.; Lazarus, J.H.; Mandel,
S.J.; et al. 2017 Guidelines of the American Thyroid Association for the Diagnosis and Management of Thyroid Disease During
Pregnancy and the Postpartum. Thyroid 2017, 27, 315–389. [CrossRef]

16. De Groot, L.; Abalovich, M.; Alexander, E.K.; Amino, N.; Barbour, L.; Cobin, R.H.; Eastman, C.J.; Lazarus, J.H.; Luton, D.;
Mandel, S.J.; et al. Management of thyroid dysfunction during pregnancy and postpartum: An Endocrine Society clinical practice
guideline. J. Clin. Endocrinol. Metab. 2012, 97, 2543–2565. [CrossRef]

17. Limbert, E.; Prazeres, S.; Sao Pedro, M.; Madureira, D.; Miranda, A.; Ribeiro, M.; Jacome de Castro, J.; Carrilho, F.; Oliveira, M.J.;
Reguengo, H.; et al. Iodine intake in Portuguese pregnant women: Results of a countrywide study. Eur. J. Endocrinol. 2010, 163,
631–635. [CrossRef]

18. Direção-Geral da Saúde (DGS). Orientação da Direção-Geral da Saúde. Aporte de Iodo em Mulheres na Preconceção, Gravidez e
Amamentação. Available online: http://www.dgs.pt/?cr=24648 (accessed on 5 March 2022).

19. Limbert, E.; Prazeres, S.; Sao Pedro, M.; Madureira, D.; Miranda, A.; Ribeiro, M.; Carrilho, F.; Jacome de Castro, J.; Lopes, M.S.;
Cardoso, J.; et al. Iodine intake in Portuguese school children. Acta Med. Port. 2012, 25, 29–36.

20. Gnat, D.; Dunn, A.D.; Chaker, S.; Delange, F.; Vertongen, F.; Dunn, J.T. Fast colorimetric method for measuring urinary iodine.
Clin. Chem. 2003, 49, 186–188. [CrossRef]

21. Bath, S.C. The effect of iodine deficiency during pregnancy on child development. Proc. Nutr. Soc. 2019, 78, 150–160. [CrossRef]
22. Zimmermann, M.B.; Andersson, M. Global Endocrinology: Global perspectives in endocrinology: Coverage of iodized salt

programs and iodine status in 2020. Eur. J. Endocrinol. 2021, 185, R13–R21. [CrossRef] [PubMed]
23. Robinson, S.M.; Crozier, S.R.; Miles, E.A.; Gale, C.R.; Calder, P.C.; Cooper, C.; Inskip, H.M.; Godfrey, K.M. Preconception Maternal

Iodine Status Is Positively Associated with IQ but Not with Measures of Executive Function in Childhood. J. Nutr. 2018, 148,
959–966. [CrossRef] [PubMed]

24. Taylor, P.N.; Okosieme, O.E.; Dayan, C.M.; Lazarus, J.H. Therapy of endocrine disease: Impact of iodine supplementation in
mild-to-moderate iodine deficiency: Systematic review and meta-analysis. Eur. J. Endocrinol. 2014, 170, R1–R15. [CrossRef]
[PubMed]

25. Volzke, H.; Caron, P.; Dahl, L.; de Castro, J.J.; Erlund, I.; Gaberscek, S.; Gunnarsdottir, I.; Hubalewska-Dydejczyk, A.; Ittermann,
T.; Ivanova, L.; et al. Ensuring Effective Prevention of Iodine Deficiency Disorders. Thyroid 2016, 26, 189–196. [CrossRef]

http://doi.org/10.1159/000362597
http://doi.org/10.1089/thy.2016.0457
http://doi.org/10.1210/jc.2011-2803
http://doi.org/10.1530/EJE-10-0449
http://www.dgs.pt/?cr=24648
http://doi.org/10.1373/49.1.186
http://doi.org/10.1017/S0029665118002835
http://doi.org/10.1530/EJE-21-0171
http://www.ncbi.nlm.nih.gov/pubmed/33989173
http://doi.org/10.1093/jn/nxy054
http://www.ncbi.nlm.nih.gov/pubmed/29767745
http://doi.org/10.1530/EJE-13-0651
http://www.ncbi.nlm.nih.gov/pubmed/24088547
http://doi.org/10.1089/thy.2015.0543

	Introduction 
	Materials and Methods 
	Subjects 
	Assessment of Urinary Iodine Concentration 
	Statistical Analyses 

	Results 
	Discussion 
	References

