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5Nutrition & Metabolism, NOVA Medical School / FCM, Universidade Nova de Lisboa, Lisboa, Portugal
6Nobre Laboratory, Faculty of Medicine, University of Porto, Porto, Portugal
7Department of Community Medicine, Information and Health Decision Sciences (MEDCIDS), Faculty of Medicine, University
of Porto, Porto, Portugal
8Department of Obstetrics, Centro Hospitalar Universitário S. João, Porto, Portugal
9REQUIMTE/LAQV – Department of Chemical Sciences, Faculty of Pharmacy, University of Porto, Porto, Portugal
10Department of Environmental Health, School of Health, Politécnico do Porto, Porto, Portugal
11REQUIMTE/LAQV – Instituto Superior de Engenharia do Porto, Instituto Politécnico do Porto, Portugal
12Department of Gynecology-Obstetrics and Pediatrics, Faculty of Medicine, University of Porto, Porto, Portugal
13Instituto de Investigação e Inovação em Saúde, i3S, Universidade do Porto, Porto, Portugal
14School of Health, University of Algarve, Faro, Portugal
15EpiUnit, Institute of Public Health of the University of Porto, Porto, Portugal
16Department of Environmental Health, Section of Environmental Exposure and Epidemiology, Norwegian Institute of Public
Health, Oslo, Norway

(Submitted 12 August 2020 – Final revision received 30 December 2020 – Accepted 11 January 2021 – First published online 19 January 2021)

Abstract
Lack of knowledge about iodine has been suggested as a risk factor for iodine deficiency in pregnant women, but no studies have addressed this issue
in Portugal. So, the aim of this study was to investigate iodine knowledge among Portuguese pregnant women and its association with iodine status.
IoMum, a prospective observational study, included 485 pregnant women recruited at Centro Hospitalar e Universitário de S. João, Porto, between the
10th and 13th gestational weeks. Partial scores for knowledge on iodine importance, on iodine food sources or on iodised salt were obtained through
the applicationof a structuredquestionnaire. Then, a total iodine knowledge scorewas calculated and grouped into low,mediumandhighknowledge
categories. Urinary iodine concentration (UIC) wasmeasured in spot urine samples by inductively coupled plasmaMS. Of the pregnant women, 54%
correctly recognised iodine as important to neurocognitive development, 32%were unable to identify any iodine-rich food and 71%presented lack of
knowledge regarding iodised salt. Of the women, 61% had a medium total score of iodine knowledge. Knowledge on iodine importance during
pregnancy was positively associated with iodine supplementation and also with UIC. Nevertheless, median UIC in women who correctly recognised
the importance of iodine was below the cut-off for adequacy in pregnancy (150 μg/l). In conclusion, knowledge on iodine importance is positively
associatedwith iodine status. Despite this, recognising iodine importance during pregnancymay not be sufficient to ensure iodine adequacy. Literacy-
promoting actions are urgently needed to improve iodine status in pregnancy.
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Dietary iodine is essential for the production of thyroid hor-
mones which are crucial for normal growth and neurodevelop-
ment in utero(1–3). The fetus obtains maternal iodine and thyroid
hormone through the placenta and the amniotic fluid(4). After the
16th week of pregnancy, the fetal thyroid gland becomes func-
tional and uses iodine for its own thyroid hormone synthesis.
Iodine deficiency, estimated to affect 1·9 billion people world-
wide, has been announced by the WHO as the most common
preventable cause of brain damage(3–5).

Severe iodine deficiency causes major adverse health effects,
especially in pregnant women, who have a higher iodine
requirement when compared with non-pregnant women, and
their offspring(2,4). There are a few mechanisms responsible
for increased iodine demand during pregnancy: (1) increment
in thyroid hormones production due to thyroid-stimulating
hormone-like action of human chorionic gonadotropin and oes-
trogen-stimulated increase in thyroxine-binding globulin levels;
(2) 1·3–1·5-fold increase in glomerular filtration resulting in
increased renal iodine clearance and (3) transplacental iodine
transfer from maternal to fetal blood(3,6–9).

While severe iodine deficiency in pregnant women is associ-
ated with endemic cretinism, spontaneous abortion, preterm
delivery, low birth weight, fetal growth restriction and neurologi-
cal damage(4), mild-to-moderate iodine deficiency in pregnancy
is also known to affect neurodevelopmental outcomes in the
offspring(10).

The recommended daily intake of iodine varies according to
the life cycle stage with theWHO (2007) recommending 150 μg/d
for adults and 250 μg/d for pregnant and lactating women(11).
Iodine is found in a range of foods, with the richest source being
fish, followed by dairy products(12,13). Among the European
countries that have assessed iodine nutrition during pregnancy,
two-thirds have reported inadequate iodine intakes(14). Thus,
several actions should be implemented in order to improve
iodine intakes in pregnant women in Europe. The WHO
emphasised that an effective iodised salt programme with high
household coverage is the best strategy to provide adequate
iodine to pregnant women, partly because it ensures that thyroi-
dal iodine storage is full in women of reproductive age(5,14). Since
2013, the PortugueseDirectorateGeneral of Health recommends
daily supplementation with 150–200 μg potassium iodide to
women during pre-conception, pregnancy and lactation(15).
This recommendation resulted from a nationwide study by
Limbert et al. (2010), which evidenced that only 17 %of pregnant
women in Portugal (between 2005 and 2007) had urinary iodine
concentration (UIC) status above the recommended levels
(≥150 μg/l)(16). Although the Portuguese Directorate General
of Health advocates the need to monitor the implementation
of the recommendation and its impact on the target population,
this has not been done in Portugal until today. Threemain factors
reinforce the importance of this monitoring effort: first, iodine
supplements have a variable iodine content (in our cohort,
iodine content in supplements ranged from 75 to 200 μg iodine);
second, they may be available either by medical prescription (in
the case of iodine-only supplements) or over the counter (in the
case of multimineral/multivitamin supplements) and third, it is
generally perceived that compliance to iodine supplementation
is not widespread in the Portuguese population (both among

health-care providers and pregnant women) given the concerns
of potential health hazards, mainly in cases of subclinical thyroid
dysfunction.

As a result, characterisation of compliance of health care pro-
viders to the recommendation and quantification of the preva-
lence of iodine supplementation and iodised salt usage by
pregnant women are urgently required in Portugal.

Importantly, knowledge about iodine importance has been
suggested as a predictor of iodine supplement use(17), and lack
of knowledge about iodine may be a risk factor for iodine defi-
ciency in pregnant and lactating women(1). Until the present
date, no studies have been performed to characterise knowledge
about iodine importance and nutrition among Portuguese preg-
nant women. So, the aim of this study was to investigate iodine
knowledge among Portuguese pregnant women as well as its
association with iodine status.

Methods

Ethical approval

This study (trial registration number NCT04010708) was
conducted according to the guidelines laid down in the
Declaration of Helsinki, and all procedures involving human
subjects/patients were approved by the Ethics Committee of
S. João Hospital University Center/Faculty of Medicine of
University of Porto.Written informed consent was obtained from
all subjects.

Study design and participants

This is a prospective observational study that included 485 preg-
nant women from the IoMum cohort, recruited between April
2018 and April 2019 at Centro Hospitalar e Universitário S.
João, Porto (Fig. 1). Participants were invited to participate at
their routine first trimester ultrasound scan. At this time, a ran-
dom spot urine sample was collected as well as demographic,
lifestyle and iodine knowledge information through a structured
questionnaire.

Inclusion criteria were: signed informed consent, gestational
age at recruitment between 10 and 13 weeks and fetal vitality
confirmed in the ultrasound. All pregnant women taking levo-
thyroxine were excluded from the study.

Assessment of iodine knowledge

A structured questionnaire was applied to all participants. The
questionnaire was divided into four main sections: (1) general
information (focused on sociodemographic characteristics,
anthropometric measures, previous obstetric history and smok-
ing habits), (2) medication information (including thyroid dis-
ease and levothyroxine administration, iodine and folic acid
supplement use), (3) dietary habits (including a semi-quantitative
assessment of intake of specific iodine-rich food sources) and
(4) knowledge on iodine (focused on knowledge of the impor-
tance of iodine in pregnancy and knowledge of iodine food
sources).

Iodine knowledge questions were chosen based on vali-
dated iodine knowledge questionnaires previously used by
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Garnweidner-Holme et al.(1) andHenjum et al.(18). The questions
used in the present study specifically assessed knowledge on: (a)
importance of iodine during pregnancy; (b) richest iodine foods;
(c) which foods are the biggest contributors to iodine intake and
(d) which types of commercially available salt correspond to
iodised salt. In the questions (a) and (d), participants could
choose more than one answer and thus each answer was ana-
lysed independently. In the questions (b) and (c), participants
had to choose only one answer. Questions (a), (b) and (c)
had only one correct answer; question (d) had two correct
answers. The questionnaire was adopted after pilot test among
eighteen pregnant women and content validation by three sub-
ject experts.

In order to assess to what extent the type of professional
occupation of the participants was associated with knowledge
on iodine, professional occupations were categorised into two
ways: (a) cognitive v. manual occupations, based on the cata-
logue of Portuguese classification of professions(19) and in (b)
health-related (including health-care and health-promoting
occupations) v. other occupations not related to health care or
health promotion.

Construction of a knowledge score

All four iodine knowledge questionswere used to develop a total
iodine knowledge score, afterwards categorised into three cat-
egories of knowledge. Each correct answer scored 2 points,
and each incorrect answer scored 0 points. Based on the score
of each individual knowledge question, a partial score of each
question’s theme was created.

Question (a) generated a partial knowledge score of iodine
importance, and participants could score either 0 points if
selected an incorrect answer or 2 points if the correct answer
was chosen. The set of questions (b) and (c) originated a partial
knowledge score of iodine food sources where participants
could score 0 points if selected an incorrect answer, 2 points if
one correct answer was selected or 4 points if both correct

answers were selected. Question (d) generated a partial score
of knowledge about iodised salt, and participants could score
0 points if selected an incorrect answer, 2 points if one correct
answer was selected or 4 points if both correct answers were
selected. Thus, partial knowledge score of iodine importance
has two categories: no (0 point) and yes (2 points). Partial score
of iodine food sources and partial score about iodised salt were
categorised into three categories: low knowledge (0 point),
medium knowledge (2 points) and high knowledge (4 points).

A total knowledge score ranging from 0 to 10 points was cal-
culated by the sum of all partial scores. Thus, a scale of knowl-
edge was created as follows: low knowledge (0 points), medium
knowledge (2–4 points) and high knowledge (6–8 points, as the
maximum of 10 points were not achieved by none of the
participants).

Assessment of urinary iodine excretion (urinary iodine
concentration)

Random spot urine was collected directly into a urine collection
container. Urine samples were stored at 4°C until the end of each
day when they were aliquoted and stored frozen at −80°C until
analyses.

UIC was assessed by inductively coupled plasma MS accord-
ing to the methodology developed by the Centre for Disease
Control and Prevention, as previously described by us(20).

Statistical analysis

Categorical variables were described as absolute frequencies (n)
and relative frequencies (%). Variables’ distribution was assessed,
and continuous variables were described as medians and inter-
quartile ranges (25th, 75th percentiles; P25, P75) or as means
and standard deviations, depending on the normality of their dis-
tribution. Statistical differenceswere tested using the χ2 test for cat-
egorical variables and the Mann–Whitney test or Kruskal–Wallis
test to test for differences between continuous variables from

Fig. 1. Recruitment diagram evidencing inclusion of participants and sample size (n) for each group.
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two or more than two groups, respectively, and according to the
normality of distribution.

Univariate- and multivariate-weighted logistic regression
models were used to assess factors associated with iodine
deficiency defined as UIC below 100 μg/l. In this analysis, we
considered UIC of 100 μg/l as cut-off rather than the WHO-
recommended values as this population was particularly
skewed to low UIC values with a small proportion achieving
UIC≥ 150 μg/l. In addition, adverse pregnancy outcomes have
been reported by several studies to occur for UIC< 100 μg/l(21–23).

The dependent variable in all models was UIC< 100 μg/l.
The following independent variables were evaluated as poten-
tial confounders: maternal age, pre-pregnant BMI, parity, gesta-
tional age at the time of recruitment, education and occupation.
Of these, the final model only included maternal education and
professional occupation. The model goodness-of-fit was
assessed by the Hosmer–Lemeshow statistic and test. The dis-
criminative/predictive power of the model was evaluated by
receiver operating characteristic curve analysis. The influence
of outlier data values on model fit was estimated using leverage
statistics, and collinearity was assessed by evaluation of the

coefficient correlation matrix. The results are presented as
adjusted OR and their respective 95 % CI.

Data were analysed using the statistical package IBM® SPSS®
Statistics 2017, version 25, and differences were considered sta-
tistically significant whenever P< 0·05.

Results

Demographic characteristics

From the eligible study sample, 485 pregnant women answered
the questionnaire. Table 1 presents the characterisation of the
study population according to the UIC stratified by the WHO-
recommended cut-off for adequacy in pregnant women (150 μg/l).
The median UIC was 103·8 (P25, P75 61·4, 190·6) μg/l. The partic-
ipants’mean agewas 32 (SD 5) years, andmedian gestational age at
recruitment was 12 (P25, P75 12, 13) weeks, with 58% of women
being multiparous. Educational level ≥ 13 years was reported by
50%ofwomen. The greatmajority (89%) of participants had a cog-
nitive (non-manual) professional occupation, and aminority (19%)
had a professional occupation related to health care or health

Table 1. Demographic and clinical characteristics of the study sample by urinary iodine concentration (UIC) categories
(Numbers and percentages; mean values and standard deviations; medians and 25th and 75th percentiles (P25, P75))

Characteristics

Total UIC < 150 μg/l UIC≥ 150 μg/l

Pn % n % n %

Age (years) 0·20*
n 479 318 161
Mean 32 31 32
SD 5 5 5

Pre-pregnancy BMI
Underweight 24 5 18 75 6 25
Normal weight 294 63 189 64 105 36 0·19†
Overweight 97 21 72 74 25 26
Obese 54 12 33 61 21 39

Primiparous
Yes 193 42 120 62 73 38 0·09†
No 268 58 187 70 81 30

Gestational age (weeks) 0·10‡
n 481 319 162
Median 12 12 12
P25, P75 12, 13 12, 13 12, 13

Education
Low (≤9 years) 77 16 57 74 20 26
Medium (10–12 years) 156 33 102 65 54 35 0·30†
High (≥13 years) 235 50 152 65 83 35

Occupation
Cognitive 337 89 225 67 112 33 0·61†
Manual 41 11 29 71 12 29
Health-related 73 19 47 64 26 36 0·54†
Other 307 81 209 68 98 32

Nationality n % n % n %
Portuguese 462 97 308 67 154 33 0·17†
Other 16 3 8 50 8 50

Iodine supplement use
Yes 271 57 140 52 131 48 < 0·001†
No 204 43 174 85 30 15

Tobacco use n % n % n %
Non-smoker 339 71 227 67 112 33
Former smoker 83 17 53 64 30 36 0·85†
Smoker 57 12 37 65 20 35

* t test.
† Pearson χ2.
‡Mann–Whitney. Individuals with missing data vary between 1 and 22% of the total sample.

1334 C. Pinheiro et al.

https://doi.org/10.1017/S0007114521000155  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114521000155


promotion. Also, 97% of women were Portuguese, 57% were tak-
ing iodine supplements and 71 % were non-smokers. Iodine
supplementation was the only variable associated with UIC
categories distribution below and above the WHO threshold
for adequacy. Among women who were taking iodine supple-
ments, 48 % had UIC of at least 150 μg/l.

Iodine knowledge and iodine status

Table 2 shows frequencies of answers to iodine awareness ques-
tions of the survey. Of the participants, 34 % acknowledged not
knowing the importance of iodine in pregnancy, while 30 %
chose incorrect answers. Importantly, only 2 % of the women
revealed they did not consider iodine particularly important dur-
ing pregnancy. Regarding knowledge about iodine food
sources, although the higher (66 %) proportion of participants
could identify fish as the richest iodine food item, only
twenty-two women (5 %) correctly identified milk as the food
item that contributes the most to iodine intake. In fact, milk
intake has been shown to associate positively with iodine status
in pregnant women(24–27) and, in Portugal, it has been shown to
associate positivelywith iodine status in pregnant women(28) and
in school-age children(20), while other iodine-rich food sources
such as milk products, fish or eggs have not.

Furthermore, a high proportion of these women had never
heard about iodised salt (46 %), and, from the ones that had
heard about iodised salt before, only 24 % could correctly iden-
tify iodised salt products from the list given (data not shown).

Table 3 shows the distribution of the study population by
scores of iodine knowledge and the association with iodine sta-
tus. Regarding iodine knowledge scores, 54 % had adequate
knowledge about the importance of iodine in pregnancy, 65 %
had medium knowledge about iodine food sources and 32 %
were completely unable to correctly identify any iodine food
source (scoring 0 points, low knowledge). The majority of the
study sample (71 %) presented lack of knowledge regarding
iodised salt. For the total score of iodine knowledge (scored from
0 to 8 points), the majority (61 %) of the study sample presented
medium knowledge (2–4 points). No participant was able to
answer correctly to all iodine knowledge questions, reaching
the maximum of 10 points in the total score (data not shown).

Regarding association between scores of iodine knowledge
and urinary iodine excretion (UIC), participants recognising
iodine importance (partial score) presented a median UIC
30 % higher than participants with no knowledge on iodine
importance (P= 0·02). The partial score of knowledge on iodine
food sources, the partial score of knowledge on iodised salt and
the total score of iodine knowledge were not associated with
iodine status.

When the sample was split by iodine supplement use, the
association between knowledge score of iodine importance
and UIC was no longer observed (Table 3).

As mentioned, knowing the importance of iodine showed a
positive association with median UIC values (P= 0·02; Table 3).
This associationmaybeexplainedby ahigher compliance to iodine
supplementation by the participants who know the importance of
iodinewhen comparedwith participants who do not recognise this
micronutrient’s importance (68 v. 45%, P< 0·001; Table 4). In addi-
tion, despite knowledge on iodine food sources lacked associa-
tion with UIC, the proportion of women consuming fish (but not
eggs, milk or other dairy products) at least 4 times a week was
higher for higher knowledge score on iodine food sources
(P= 0·002, online Supplementary Table S1).

Iodine knowledge and sociodemographic characteristics

Furthermore, an analysis was conducted to examine if the socio-
demographic characteristics educational level and professional
occupation were associated with the scores obtained on the total
knowledge scale. The results show that having high education
level (≥13 years) was positively associated with the total iodine
knowledge score (P< 0·001). Also, having a health-related pro-
fessional occupation was positively associated with the total
iodine knowledge score (P< 0·001) and having a cognitive pro-
fessional occupation tended to be associated with higher total
iodine knowledge scores, when compared with a manual occu-
pation (P= 0·05) (Table 5).

Beingmultiparous was not associatedwith any iodine knowl-
edge scores and neither with iodine supplement use (data not
shown). In fact, multiparous women had lower UIC (median
92 (P25, P75 56, 173) μg/l) than primiparous women (median
122 (P25, P75 71, 215) μg/l) (P= 0·004).

Finally, logistic regression analysis of the likelihood of having
low UIC (i.e. below < 100 μg/l) showed no association with low
iodine knowledge independently of professional occupation
and educational attainment (Table 6).

Table 2. Response frequencies to iodine awareness questions
(Numbers and percentages)

n %

What do you consider to be the importance of
iodine during pregnancy?
I do not consider iodine particular relevant in

pregnancy
9 2

It contributes to the neurocognitive development
of the child*

252 54

It improves the outcomes of pregnancy 27 6
It prevents neural tube defects in the fetus 111 24
I do not know 160 34

Which of the following foods do you consider to be
the richest in iodine?
Beef 6 1
Fish* 307 66
Milk 24 5
Cereals 0 0
Fruit 9 2
Nuts 4 1
Do not know 117 25

Which of the following foods do you consider to be
the major contributor to iodine consumption?
Beef 8 2
Fish 276 60
Milk* 22 5
Cereals 2 0
Fruit 5 1
Nuts 6 1
Do not know 142 31

Have you ever heard of iodised salt?
Yes 216 46
No 257 54

* Correct answers.
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Discussion

Globally, both iodine knowledge and awareness are low among
women of childbearing age, including non-pregnant, pregnant
and lactating women(29).

The main finding of this study was that Portuguese pregnant
women had inadequate iodine knowledge and that iodine
knowledge was significantly associated with iodine supplement
use and consequently with iodine status. This is the first study
reporting iodine knowledge and its association with iodine
intake in Portugal. In a context where almost half of the popu-
lation were uncompliant with the iodine supplementation rec-
ommendation, knowledge about iodine importance seems to
be an important determinant of this compliance.

In our study, partial scores were obtained for knowledge
about the importance of iodine in pregnancy, iodine food
sources and iodised salt. Of our participants, 54 % correctly rec-
ognised iodine as important to neurocognitive development of
the child, 65 % had medium score in knowledge about iodine
food sources, while 32 % were unable to identify any iodine-rich

food and 71 % did not know which types of salt (sea salt; special
sea salt; Fleur de sel; iodised sea salt; iodised refined salt) really
correspond to iodised salt. As a result, in our study, 61 % of preg-
nant women had amedium total score of iodine knowledge and,
importantly, 18 % were unable to correctly answer to any ques-
tion about iodine.

Charlton et al. observed that between 2007 and 2012 in
Australia, the knowledge about iodinewas generally poor across
all areas assessed. In that study, between 27 and 31 % of preg-
nant and lactating women correctly identified mental retardation
as a potential outcome. Therefore, comparatively with our study,
the Australian women seem to have a lower level of knowledge
regarding the detrimental outcomes of iodine deficiency during
pregnancy(30).

In another study conducted in Norway in 2016, Garnweidner-
Holme et al. also assessed knowledge about iodine in pregnant
and lactating women(1). That study found a lack of knowledge
about the importance of iodine in this population, as well as
about the most important dietary sources of iodine. Namely,
52 % of pregnant women reported knowing what iodine is but
only 24, 16 and 27 % of pregnant women correctly identified
iodine as important for normal child growth and development,
for normal fetal development and for maintaining normal
metabolism, respectively. Again, those numbers reveal a poorer
knowledge on iodine importance in pregnancy comparing with
our cohort. One possible explanation for the better scores in our
study could be the fact that women were asked to sign an
informed consent which briefly referred the importance of
iodine and thyroid hormones for brain development.
Regardless of this putative bias, knowledge on iodine impor-
tance in pregnancy was shown to be associated with a better
iodine status as assessed by iodine quantification in urine sam-
ples collected at the same time as informed consent and ques-
tionnaire application. So, this knowledge should not be
exclusively viewed as instantly acquired.

Table 3. Urinary iodine excretion (UIC) by partial and total score of iodine knowledge in the total sample and in iodine-containing supplement non-users
and users
(Numbers and percentages; medians and 25th and 75th percentiles (P25, P75))

Scores of iodine knowledge

Total Non-supplement users Iodine supplement users

n %

UIC (μg/l)

n %

UIC (μg/l)

n %

UIC (μg/l)

Median P25, P75 P Median P25, P75 P Median P25, P75 P

Knowledge on iodine importance
No (0 points) 216 46 92 54, 166 118 60 73 42, 117 97 36 138 75, 260
Yes (2 points) 252 54 119 69, 198 0·02* 79 40 76 42, 120 0·98* 171 64 149 84, 241 0·74*

Knowledge on iodine food
sources
Low (0 points) 148 32 105 63, 197 65 33 79 48, 115 81 31 168 79, 246
Medium (2 points) 296 65 103 58, 185 0·84† 127 65 68 40, 120 0·41† 167 64 136 83, 268 0·63†
High (4 points) 14 3 90 79, 160 3 2 81 79, 92 11 4 110 67, 199

Knowledge on iodised salt
Low (0 points) 339 71 106 60, 196 147 73 74 42, 121 188 70 159 83, 259
Medium (2 points) 86 18 100 61, 160 0·89† 39 19 65 43, 101 0·88† 47 17 132 81, 284 0·66†
High (4 points) 51 11 94 72, 176 16 8 82 51, 113 35 13 112 73, 230

Total score
Low (0 points) 81 18 95 61, 184 41 21 86 50, 125 39 15 144 71, 280
Medium (2–4 points) 278 61 107 58, 193 0·96† 117 61 69 40, 117 0·33† 159 61 151 84, 250 0·85†
High (6–8 points) 94 21 96 69, 172 33 17 70 42, 94 61 24 128 84, 215

* Mann–Whitney.
† Kruskal–Wallis.

Table 4. Association between knowledge on iodine importance and iodine
supplement use
(Numbers and percentages)

Iodine supplementation

No Yes

n % n % P

Partial score of knowledge on iodine importance
No 118 55 97 45
Yes 79 32 171 68 < 0·001*

* Pearson χ2.

1336 C. Pinheiro et al.

https://doi.org/10.1017/S0007114521000155  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114521000155


Regarding knowledge on iodine food sources, only 5 % of
pregnant women of our cohort correctly answered about milk
being the major contributor to iodine intake and the majority
wrongfully believed that it was fish (60 %). Milk is considered
to be the main iodine source in countries without mandatory salt
iodisation(18), which is the case of Portugal. Importantly, milk,
but not yogurt, cheese, fish or eggs, was found to contribute
to iodine intake in pregnant women of the IoMum cohort(28)

and also in Portuguese school-age children(20). Nevertheless,
knowledge on the role of milk consumption on iodine intake
is usually low among pregnant women. Similarly to our study,
Combet et al. observed in the UK between the years 2011 and
2012 that only 9 % of pregnant women could recognise milk
as a source of iodine(31). Curiously and in the same line, a study
performed in Northern Ireland in 2015 revealed that exactly the
same proportion of pregnant women (9 %) was aware of dairy
products as a good source of iodine(12).

UIC is regarded as a good population biomarker of recent
iodine intake because more than 90 % of ingested iodine is

excreted in the urine(8). Importantly, in our study population,
knowledge about iodine importance in pregnancy is posi-
tively associated with UIC and this may be attributable to
iodine supplement use, which was also positively asso-
ciated with knowledge on iodine importance in pregnancy.
Nevertheless, a high knowledge on iodine importance in
pregnancy may not be enough to ensure adequate iodine sta-
tus since the median UIC in pregnant women who correctly
recognised iodine as important for fetal neurodevelopment
was lower than the WHO cut-off for iodine adequacy in preg-
nancy (150 μg/l).

So, our study suggests that awareness about iodine impor-
tance during pregnancy may contribute to the use of iodine sup-
plements and, thus, to an adequate iodine status.

In addition, knowledge on iodine food sourceswas positively
associated with fish intake frequency (but not with UIC). This
again suggests that knowledge may influence food choices.
The lack of association between knowledge on iodine food
sources and UIC, despite its positive association with the fre-
quency of fish intake, may be explained by the fact that fish is
usually consumed in amounts insufficient to ensure a sufficient
daily iodine intake. This was further analysed by Ferreira et al. in
the IoMum cohort(28).

Inversely to what could be expected, being multiparous did
not associate with iodine knowledge and it was associatedwith a
lowermedian UICwhen comparedwith being primiparous. This
evidences that multiparous women did not acquire iodine
knowledge from their previous pregnancy(ies), suggesting that
knowledge on iodine is an emergent issue among Portuguese
pregnant women.

In line with our results, Martin et al. observed that pregnant
women may be prone to take an iodine supplement if they have
greater knowledge of the increased iodine needs during preg-
nancy(17). Additionally, Wang et al. evaluated knowledge, prac-
tices and nutrition related to iodine in pregnant women in
China(32). In that study, participants with a high level of knowl-
edgewere iodine sufficient (medianUIC= 150 μg/l), while those
with a low level of knowledge were iodine deficient (median
UIC below 150 μg/l). Previous studies in Norway and Australia
also showed that pregnant women’s iodine knowledge was pos-
itively associated with their UIC(1,33).

Nevertheless, other studies in women of childbearing
age found that participants’ knowledge scores were not associ-
ated with women’s iodine status(1,18), where suboptimal iodine

Table 6. Logistic regression models for the association between urinary
iodine concentration (UIC) < 100 μg/l (n 240) and measures of
knowledge on iodine importance, food sources or iodised salt*
(Adjusted odds ratios and 95% confidence intervals)

UIC < 100 μg/l

Adjusted
OR 95% CI P

Partial score of knowledge on iodine
importance
No (0 points) 1·45 0·94, 2·23 0·10
Yes (2 points) 1·00

Partial score of knowledge on iodine food
sources
Low (0 points) 0·53 0·16, 1·79 0·30
Medium (2 points) 0·68 0·21, 2·21 0·52
High (4 points) 1·00

Partial score of knowledge on iodised salt
Low (0 points) 0·80 0·39, 1·61 0·53
Medium (2 points) 0·94 0·42, 2·08 0·88
High (4 points) 1·00

Total score of iodine knowledge
Low (0 points) 0·69 0·33, 1·43 0·32
Medium (2–4 points) 0·71 0·40, 1·24 0·23
High (6–8 points) 1·00

* Adjusted for the co-variates: educational level and type of professional occupation
(cognitive v. manual and health-related v. health unrelated).

Table 5. Associations between total score of iodine knowledge and maternal education and professional occupation
(Numbers and percentages)

Education categories Occupation categories

Total score of iodine knowledge

Low Medium High

P

Manual Cognitive

P

Health
unrelated

Health
related

Pn % n % n % n % n % n % n %

Low (0 points) 19 24 30 38 30 38 11 18 51 82 57 92 5 8
Medium (2–4 points) 44 16 93 34 135 50 < 0·001* 22 10 196 90 0·05* 189 86 31 14 < 0·001*
High (6–8 points) 4 4 21 23 66 73 4 5 74 95 44 56 34 44

* Pearson χ2.
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intake was attributed to inappropriate practices, but not to
knowledge(34).

The positive association between level of education and
iodine knowledge scores found in our study corroborates results
by Garnweindner-Holme et al. who showed that being highly
educated was a predictor for higher iodine knowledge scores
in pregnant women in Norway(1).

The limitations and the strengths of this study should be con-
sidered to frame the interpretation of its results. One of the lim-
itations is the education level found in our study group which
was higher than that expected for Portuguese women. In fact,
national statistics show that in the year 2018, more than 50 %
of the Portuguese female population with at least 15 years old
had a maximum of 9 years of education(35). This bias may be jus-
tified by the fact that more educated women are usually more
prone to agree to participate in any scientific study. As such,
in amore representative sample of Portuguese pregnant women,
a lower degree of iodine knowledge than the one reported in this
study could be expected.

The use of random spot urine could be seen as another limi-
tation. In fact, random spot UIC is not a good measure for the
assessment of individual iodine status and as it may be influ-
enced by recent iodine intake, it may account for an extra
intra-individual variability. Nevertheless, considering also the
high complexity and unfeasibility of collecting 24 h urine sam-
ples in big populations such as ours, this has been considered
the method of choice for evaluating iodine status at a population
level(36). In addition, adjustment to creatinine excretion could be
considered, but as this also depends on nutritional status and
muscle mass, an extra variable could be accounting for the
results(36–38).

Despite these limitations, important strengths of this study
include its relatively large sample size and the fact that the pop-
ulation includes both iodine supplement users and non-users.
Another strength is that all women were recruited in the first tri-
mester of pregnancy, as the invitation was made upon their
check-in for the first ultrasound scan at the same hospital.
Finally, the collected urine sample was exclusively used for
the scope of this study, completely abolishing the risk of contam-
inations from health-care professional handling, such as the use
of a dipstick for clinical assessments.

Studies on knowledge and practices related to iodine are
helpful to determine the existing nutrition problem, identify
the barriers to dietary practices and feed into future design of
intervention and education(32,33). Our study evaluated and
explored iodine knowledge, supplementation use and iodine
status in pregnant women in Porto region in Portugal. The
present study has shown that the majority of pregnant women
had medium knowledge about iodine. Although the conse-
quences of iodine deficiency are well known, the potential con-
sequences of mild-to-moderate iodine deficiency are likely to be
more subtle. Scientific evidence points to the importance of ini-
tiating iodine supplement use and use of iodised salt prior to
pregnancy in order to ensure sufficient thyroidal store to handle
the increased needs during pregnancy(10,39–41).

In conclusion, this study reveals for the first time that dietary
iodine knowledge and knowledge on iodine importance among
Portuguese pregnant women is medium and that iodine

knowledge associates with compliance to iodine supplementa-
tion and thus with iodine status. Nevertheless, this study also
acknowledges that recognising iodine importance in pregnancy
may not be sufficient to ensure iodine adequacy. Knowledge and
awareness are a means of empowerment in any case of choice.
In view of this, several actions should be implemented to
improve iodine knowledge and intake in Portuguese women
of childbearing age to ensure that they enter pregnancy with
adequate thyroid hormone storage. More and better educational
approaches to the community by the public health authorities
and clinical registered nutritionists are needed to improve iodine
knowledge in the population.
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