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Objectives: to investigate the association of nutritional status with urinary iodine deficiency in 
pregnant women attending the Basic Health Units in the city of São Luís - Maranhão.

Methods: cross-sectional study carried out with 261 pregnant women. Urine samples were collected 
for analysis of determination of urinary iodine. Iodine deficiency was considered as <150 µg/L and 
adequate as ≥150 µg/L. Weight and height measurements were taken at the time of collection and 
investigation of pre-pregnancy weight calculate BMI). Continuous variables were presented as mean, 
standard deviation, median, 25th and 75th percentiles, and categorical variables as simple and relative 
frequencies and percentages. Multivariate analyses investigate the association between pre-pregnancy 
and current BMI and UIC (urinary iodine concentration).

Results: the mean pre-pregnancy BMI was 24.3 ± 4.5 kg/m², and the current BMI was 27.2 ± 6.5 kg/
m². The median UIC was 181.3 µg/L (113.2-271.7), and 40.6% of the sample showed iodine deficiency. 
The increase in pre-pregnancy and current BMI was associated with a reduction in the prevalence of 
iodine deficiency in pregnant women (PR = 0.94; (CI95% = 0.88; 0.99) and PR = 0.95; (CI95% = 
0.88 – 0.99), respectively).

Conclusion: high BMI is positively associated with UIC and provides a reduction in iodine 
deficiency prevalence in pregnant women.
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Introduction

Maternal nutritional status can induce changes that 
affect the health of the mother-child binomial beyond 
the gestational period.1 The current prevalence of 
overweight and obesity during pregnancy is high,2 and 
in developed countries, overweight is already a fact 
for women of childbearing age even before becoming 
pregnant.1 It is assumed that obesity increases the risk 
of pregnant women developing iodine insufficiency.3

Iodine is an essential micronutrient for humans.4 
Iodine deficiency during pregnancy can lead to 
disorders such as spontaneous abortion, premature 
birth, and stillbirth.5 The effect of weight gain on the 
amount of iodine may be associated with modifying the 
sodium-iodine symporter (NIS) caused by increased 
inflammatory markers in obesity.6,7 A study carried out 
with adults found the association between the increased 
presence of the interleukin 1 (IL-1) and low iodine 
levels in overweight and obese individuals.7

A survey conducted in the United Kingdom found 
iodine insufficiency prevalence of 70% among obese 
women in the 2nd trimester of pregnancy. However, 
this sample was composed only of pregnant women 
with BMI ≥30 kg/m², hence without a control group.8 
In Brazil, the maternal nutritional profile9 and the 
nutritional status of iodine during pregnancy10 have 
been evaluated separately. Consequently, there is 
a lack of studies that examine the association of 
maternal nutritional status with iodine deficiency in 
the gestational period.

In this sense, the growing prevalence of overweight 
women in  the  ges ta t ional  per iod 2 indica tes  the 
importance of further studies concerning the effects 
of changes in nutritional status on maternal health. In 
addition, investigating the association of gestational 
nutritional status with iodine deficiency is important 
because it is an essential nutrient for a good perinatal 
outcome.  Fur thermore ,  consequences  of  iodine 
deficiency on the mother-child binomial have been 
reported, including preeclampsia11 and neurological 
deficiencies in the child.12 Our hypothesis is that 
the pregnant nutritional status influences the level 
of urinary iodine. Therefore, this study aimed to 
investigate the association of nutritional status with 
urinary iodine deficiency in Brazilian pregnant women.

Methods

A cross-sectional study was carried out in the city of 
São Luís – MA, Brazil, from February 2019 to February 

2020. São Luís is located in the Northeast of Brazil and 
had about 1,109,000 inhabitants in 2020.

The sample size was determined from a minimum 
proportion of 8%, with a relative error of 4% (range 
4 to 12%) and a 95% confidence level, which led to a 
simple random sample of 177 pregnant women. As the 
sample was selected by a primary health care unit, a 
design effect of 1.5 was included, which increased the 
sample size to 266 pregnant women. For this study, data 
from 261 pregnant women aged ≥18 years, residing in 
urban and rural areas of São Luís and who were users 
of the public health network at Basic Health Units 
(UBS) during the research. Pregnant women with a 
history of thyroid disease and/or surgery and a reported 
diagnosis of hypothyroidism or hyperthyroidism were 
not included.

Twelve UBS were selected in the city, and a list of 
pregnant women attending each one was obtained. The 
pregnant women were randomly selected from this list 
to participate in the research.

Data were collected by trained research assistants. 
The interviews took place at the UBS or at the pregnant 
women’s residences when they were located at home. 
Information on pregnant women’s socioeconomic, 
demographic, and health profile was collected with a 
semi-structured questionnaire. Data included maternal 
age (years) ,  skin color (self-reported),  maternal 
education (complete elementary school/incomplete 
elementary school; incomplete high school; complete 
high school or higher education), marital status (with 
a partner and without a partner),  family income 
(categorized into tertiles), residence location (rural or 
urban), number of residents in the household, use of 
nutritional supplement (yes or no), use of a nutritional 
supplement containing iodine (yes or no), consumption 
of ultra-processed foods (percentage of consumption 
in relation to the energy value of the diet evaluated in 
tertiles), and gestational age (in weeks). Electronic 
questionnaires were answered using the RedCap® 
software on a tablet.

Food consumption was assessed by 24-hour recalls 
(24hR), utilizing the multiple pass technique of the 
24-hour dietary recall method. The multiple-pass 
24-h recall13 was applied to assess food consumption 
of pregnant women the day before the interview. All 
24hR were entered to the GloboDiet software, Brazilian 
version, using DataEntry mode. All foods consumed 
were classif ied according to the NOVA system. 
This study only used the tertile of the percentage of 
consumption of ultra-processed foods, which are foods 
produced industrially, using substances totally or 
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partially removed from other foods, derived from food 
constituents, or formulated in laboratory.14

For iodine analysis, 20 ml of urine were collected 
from pregnant women in a sterile container, tightly 
closed, labeled, and stored at -20ºC.

Iodine in urine was determined in an Elan DRC II 
inductively coupled plasma mass spectrometer (ICP-
MS) (Perkin-Elmer, Norwalk, CT), operating with high 
purity argon (99.999%, White Martins, Brazil). Quality 
control analysis used the certified reference material 
of urine from the National Institute of Standards and 
Technology (NIST), SRM 2670a - Toxic Elements in 
Freeze-Dried Urine.

The nutritional status of iodine in pregnant women 
was classified considering the median value < 150 µg/L 
as iodine deficiency.15 Urinary iodine concentration 
(UIC) was also used as a continuous variable in the 
statistical analyses.

To assess  the nutr i t ional  s ta tus  of  pregnant 
women, weight and height were measured according 
to the World Health Organization (WHO) standardized 
protocols and used to calculate the Body Mass Index 
[BMI = weight (kg)/height2 (m)], as well as surveying 
pre-gestational weight. The pre-gestational weight 
(PGW) was obtained from the Pregnant Woman’s 
Booklet or self-reported. The current weight (CW) 
was measured on an anthropometric digital platform 
scale, 0.1 kg precision, and 180 kg capacity. Height 
was measured on an AlturaExata® mobile stadiometer, 
0.5 cm precision.

Pre-gestational nutritional status cutoff points 
were recommended by the Institute of Medicine16 
and adopted by the Brazilian Ministry of Health, as 
follows: underweight (<18.5 kg/m²), normal weight 
(18.5 to 24.9 kg/m²), overweight (25.0 to 29.9 kg/m²) 
and obesity (≥ 30 kg/m²). Current nutritional status 
was assessed using the classification by Atalah et 
al.,17 considering BMI according to gestational week, 
categorized as underweight, adequate, overweight, and 
obesity. Current and pre-pregnancy BMI were used as 
continuous variables in the regression models.

Directed Acyclic Graphs (DAG) were used for 
identifying the confounding factors included in the 
adjusted analyses. DAG is an approach to configure 
a  theore t ica l  model  a iming  to  demons t ra te  the 
relationships between the explanatory and independent 
variables. This model identifies which variables require 
statistical adjustment. Thus, besides DAG avoiding 
unnecessary adjustments, it minimizes confounding 
and selection bias.18

The DAG was built  in the Dagitty® browser. 
A theoretical model was developed describing the 

relationships between the exposure variables (pre-
pregnancy BMI – Figure 1A – and current BMI – Figure 
1B) and the outcome variable (iodine deficiency or 
urinary iodine concentration during pregnancy) along 
with other covariates.

The theoretical model indicated that the minimum 
set  of  variables for  adjust ing the effect  of  pre-
pregnancy BMI on iodine deficiency or  urinary 
iodine concentration includes maternal age, maternal 
education, family income, residence location, and 
marital status. Considering current BMI as exposure, 
the suggested minimum adjustment was as follows: 
maternal age, maternal schooling, family income, 
residence location, marital status, current consumption 
of ultra-processed foods, and gestational age.

All statistical analyses were performed using Stata® 
14. Continuous variables were summarized as mean and 
standard deviation or median and interquartile range, 
depending on the distribution. The categorical variables 
were presented as simple and relative frequencies. 
As the prevalence of iodine deficiency in the sample 
was greater than 10%, the Poisson regression with 
robust variance adjustment was used to calculate the 
Prevalence Ratio (PR) in bivariate and multivariate 
models when the outcome was categorical. To assess the 
association between pre-pregnancy BMI or current BMI 
and urinary iodine concentration during pregnancy, 
linear regression analysis was used in multivariate 
models. A significance level of 5% was used in all 
analyses.

This study was approved by the Research and 
Ethics Committee of  the Universi ty Hospital  of 
the Federal University of Maranhão (HU-UFMA), 
opinion No. 2.982.185, from October 25, 2018, CAEE 
80172617.0.2005.5086.

Results

The study included 261 pregnant women with a mean 
age of 25.9 ± 5.7 years: being 18 the minimum age 
and 42 the maximum age. The median urinary iodine 
concentration among the investigated pregnant women 
was 181.3 µg/L (113.2 - 271.7), and 40.6% of the 
sample showed iodine deficiency. The socioeconomic 
and demographic characteristics showed that 88.5% 
were non-white, 76.7% of respondents completed 
high school, and 76.4% lived with a partner. The 
average family income in the 1st and 3rd tertiles was 
738.05 ± 303.26 BRL and 3869.30 ± 2194.44 BRL, 
respectively. Most pregnant women lived in the urban 
area (78.5%), and the average number of people living 
in the household was 3.7 ± 1.7 people.
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Figure 1

Directed acyclic graphs of the association between pre-gestational BMI (A) and current BMI (B) with iodine deficiency in pregnant women participating 
in the study, São Luís – MA, 2019-2020.

BMI= body mass index.

Among the  pa r t i c ipan t s ,  76 .6% used  some 
supplementation during pregnancy, and of these, only 
9.5% consumed supplements that contained iodine. 
The median of ultra-processed foods consumption was 
16.1% (5.4 – 31.4).

The third gestational trimester had the highest 
number of pregnant women, 43.2% of the total. The mean 
gestational age was 23.2 ± 10.5 weeks. The mean pre-
pregnancy BMI was 24.3 ± 4.5 kg/m², while the current 
BMI presented an average of 27.2 ± 6.5 kg/m² (Table 1).
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Table 1 

Socioeconomic, demographic and health characteristics of pregnant women participating in the study, São Luís – MA, 2019-2020 (n=261).

Variables n %
aMean ± SD

bMedian (p25-p75)

Urinary iodine concentration (µ/L) b181.3 (113.2-271.7)

Iodine deficiency 

No (≥ 150 µ/L) 155 59.4

Yes (150 µ/L) 106 40.6

Age (years) a25.9 ± 5.7

18 – 19 32 12.3

≥ 20 229 87.7

Skin color*

White 30 11.5

Non- white 230 88.5

Maternal education*

Complete elementary school/ Incomplete elementary school 28 10.9

Incomplete high school 32 12.4

Complete high school or higher education 198 76.7

Marital status*

With a partner 197 76.4

Without a partner 61 23.6

Family income*

1st tertile (0 – 1000 real) 56 35.7 a738.05 ± 303.26

2nd tertile (1001 – 2000 real) 58 36.9

3rd tertile (2001 – 10000 real) 43 27.4 a3869.30 ± 2194.44

Residence location*

Rural 56 21.5

Urban 204 78.5

Number of residents in the household a3.7 ± 1.7

Use of a nutritional supplement

Yes 200 76.6

No 61 23.4

Use of a nutritional supplement containing iodine*

Yes 18 9.5

No 172 90.5

Consumption of ultra-processed foods (%)* b16.1 % (5.4-31.4)

1st tertile (0 to 9,3%) 87 34.1

2nd tertile (9,4 to 25,8%) 83 32.5

3rd tertile (25,8 to 75,3%) 85 33.3

Gestational age* a23.2 ± 10.5

1st quarter (1 - 13 weeks) 57 24.3

2nd quarter (14 - 26 weeks) 76 32.5

3rd quarter (27 - 40 weeks) 101 43.2

Pre-pregnancy BMI* a24.3 ± 4.5

Underweight 20 8.1

Normal weight 135 54.7

Overweight 63 25.5

Obesity 29 11.7

Current BMI* a27.2± 6.5

Underweight 40 17.6

Normal weight 80 35.2

Overweight  78 34.4

Obesity 29 12.8

*n < 261, due to ignored values in variables; BMI=body mass index.
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Table 2

Bivariate analysis of the association between iodine deficiency during pregnancy and socioeconomic, demographic and health characteristics of 
pregnant women participating in the study, São Luís - MA, 2019 – 2020.

Urinary iodine concentration Iodine deficiency

Coefficient ß CI95% PR CI95%

Pre-pregnancy BMI 3.58 0.25; 6.91 0.97 0.94; 1.01

Current BMI 2.40 -0.81; 5.60 0.98 0.95; 1.01

Maternal age (years)

18 – 19 -29.71 -73.85; 14.43 1.27 0.87; 1.87

≥ 20 Ref.

Maternal education

Complete high school or higher education Ref.

Incomplete high school -17.98 -62.50; 26.55 1.34 0.90; 1.98

Complete high school or higher education -55.95 -103.14; -8.77 1.43 0.97; 2.12

Family income

1st tertile (0 – 1000 reais) Ref.

2nd tertile (1001 – 2000 reais) 22.34 -23.84; 68.52 0.89 0.57; 1.39

3rd tertile (2001 – 10000 reais) 19.41 -30.57; 69.39 0.92 0.57; 1.49

Residence location

Urban Ref.

Rural 0.09 -35.30; 35.47 0.91 0.62; 1.33

Number of residents in the household -2.28 -11.12; 6.56 1.06 0.98; 1.15

Use of a nutritional supplement containing iodine

Yes Ref.

No -45.54 -106.37; 15.30 0.94 0.54; 1.63

Gestational age -1.00 -2.41; 0.41 1.01 1.00; 1.03

Consumption of ultra-processed foods (%)

1st tertile (0 to 9.3%) Ref.

2nd tertile (9.4 to 25.8%) 40.73 5.59; 75.87 0.68 0.48; 0.97

3rd tertile (25.8 to 75.3%) 71.92 36.78; 107.06 0.68 0.48; 0.97

PR= prevalence ratio; Ref= reference category; The values highlighted in bold showed statistical significance with p<0.05; BMI= body mass index.

In the bivariate analysis, pregnant women with 
complete elementary school or incomplete elementary 
school had lower urinary iodine levels (β = -55.95; 
CI95%= -103.14; -8.77). Pre-pregnancy BMI (β = 
3.58; CI95%=0.25; 6.91) and the second and third 
tertiles of the percentage of ultra-processed foods 
consumption (β=40.73;  CI95%=5.59;  75.87 and 

β=71.92; CI95%=36.78; 107.06, respectively) were 
associated with the increase in iodine levels. Ranking 
within the highest percentage of consumption of ultra-
processed foods and classified in the second and third 
tertiles (PR=0.68; CI95% = 0.48; 0.97 and PR=0.68; 
CI95% = 0.48; 0.97, respectively) was associated with 
the lowest prevalence of iodine deficiency (Table 2).
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Table3

Multivariate analysis adjusted for pre-pregnancy BMI of the association between iodine deficiency in pregnancy and socioeconomic, demographic 
and health characteristics of pregnant women participating in the study, São Luís, 2019 – 2020.

Coefficient ß CI95% PR CI95%

Pre-pregnancy BMI 7.21 2.58; 11.85 0.94 0.89; 0.99

Maternal age (years)

18 – 19 -6.36 -79.35; 66.63 0.90 0.45; 1.82

≥ 20 Ref.

Maternal education

Complete high school or higher education Ref.

Incomplete high school 41.13 -31.33; 113.60 0.41 0.12; 1.45

Complete elementary school/ Incomplete elementary school -120.06 -213.50;-26.62 2.62 1.55; 4.43

Family income

1st tertile (0 – 1000 reais) Ref.

2nd tertile (1001 – 2000 reais) 40.42 -8.41; 89.24 0.73 0.44; 1.22

3rd tertile (2001 – 10000 reais) 33.99 -19.59; 87.58 0.75 0.44; 1.26

Residence location

Urban Ref.

Rural 77.48 18.33; 136.64 0.43 0.19; 0.99

Marital status 

With a partner Ref.

Without a partner -0.44 -123.09; 122.22 1.22 0.69; 2.18

PR= prevalence ratio; Ref= reference category; The values highlighted in bold showed statistical significance with p<0.05; BMI=body mass index.

The multivariate analysis showed that a 1 kg/
m² increase in pre-pregnancy BMI resulted in a 7.21 
µg (CI95% = 2.58; 11.85) increase in urinary iodine 
levels. Higher pre-pregnancy BMI was associated 
with a reduction in iodine deficiency (PR=0.94; 
CI95% = 0.89; 0.99) (Table 3).

For each kg/m² increase in the current BMI of 
pregnant women, there was an increase in urinary 
iodine levels of 6.12 µg (CI95% = 1.06; 11.19), 
which was  s igni f icant  for  a  l inear  associa t ion . 
The increase in current BMI was associated with 
reducing the prevalence of  iodine deficiency in 

pregnant women (PR = 0.94; CI95% = 0.88; 0.99) 
(Table 4).

We performed a sensit ivity analysis without 
pregnant women who consumed iodine supplements. 
The association between pre-pregnancy or current 
BMI and urinary iodine levels remains (β=8.48; 
CI95%= 2 .42;  14 .53  and β=7.79;  CI95%=1.17; 
14.42). On the other hand, no difference was found 
in  the  analysis  of  the  associat ion between pre-
pregnancy or current BMI and iodine deficiency 
categorized (PR=0.97;  CI95% = 0.91;  1 .02 and 
PR=0.96; CI95% = 0.90; 1.02). 
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Table 4

Multivariate analysis adjusted for current BMI of the association between iodine deficiency during pregnancy and socioeconomic, demographic 
and health characteristics of pregnant women participating in the study, São Luís, 2019 – 2020.

Coefficient ß CI95% PR CI95%

Current BMI 6.12 1.06; 11.19 0.94 0.88; 0.99

Maternal age (years)

18 – 19 - 0.32 -78.08; 77.44 0.87 0.46; 1.67

≥ 20 Ref.

Maternal education

Complete high school or higher education Ref.

Incomplete high school 51.98 -20.49; 124.45 0.25 0.04; 1.66

Complete elementary school/ Incomplete elementary school -79.77 -172.47; 12.92 2.30 1.32; 4.03

Marital status

With a partner Ref.

Without a partner -29.15 -85.58; 27.29 1.47 0.89; 2.41

Family income

1st tertile (0 – 1000 reais) Ref.

2nd tertile (1001 – 2000 reais) 47.06 -1.36; 95.48 0.73 0.45; 1.17

3rd tertile (2001 – 10000 reais) 18.08 -35.90; 72.07 0.87 0.52; 1.44

Residence location

Urban Ref.

Rural 62.86 4.05; 121.67 0.39 0.15; 0.96

Consumption of ultra-processed foods (%)

1º tertile (0 to 9.3%) Ref.

2º tertile (9.4 to 25.8%) 18.13 -34.26; 70.53 0.78 0.47; 1.30

3º tertile (25.8 to 75.3%) 54.74 5.91; 103.57 0.75 0.46; 1.24

Gestational age - 1.38 -3.28; 0.51 1.03 1.01; 1.05

PR= prevalence ratio; Ref= reference category; The values highlighted in bold showed statistical significance with p<0.05; BMI= body mass index.

Discussion

This study investigated the relationship between pre-
pregnancy and current BMI in pregnant women and levels 
and deficiency of iodine. It found that pregnant women 
with higher pre-pregnancy and current BMI are more 
likely to present higher urinary iodine levels. A positive 
association between consumption of ultra-processed foods 
and higher iodine content was also found in the sample. 
In addition, the prevalence of iodine-deficient pregnant 
women was high (40.6%).

The association between nutritional status and 
iodine def ic iency has  been repor ted by several 
studies.6,7,19 However, studies on pregnant women are 
scarce,3,8 and none have been found in Brazil so far. 
However, studies with other groups have addressed 
this association. A survey carried out in Spain showed 
that urinary iodine concentration is lower in obese 
(non-pregnant) women than in eutrophic women.6 On 
the other hand, in line with our findings, a study with 
Brazilian children aged 6 to 14 years indicated that 
the higher the BMI, the higher the iodine level in the 
urine.19 This result is attributed to the effect of the 
Brazilian salt fortification policy.

In Brazil, the policy of iodized salt for human 
consumpt ion ,  i n  fo rce  s ince  1953  in  endemic 
goiter areas, became nationally mandatory in the 
1970s. It has favored iodine intake within adequate 
dietary Standards.20 The present study found that 
pregnant women with higher BMI had higher iodine 
concentrations. This relationship is believed to be 
associated with higher iodine intake by means of 
ultra-processed foods, given that in this study, higher 
consumption of ultra-processed foods was associated 
with a lower prevalence of iodine deficiency. Thus, the 
effect of high consumption of ultra-processed foods 
seems to favor the reduction of iodine deficiency 
because  these  foods  are  h igh-sa l t  sources ,  and 
consequently, of iodine.14

Thus, despite the advantage of ensuring adequate 
iodine nutrition, the consumption of ultra-processed 
foods must not be encouraged, as the harm outweighs 
the possible benefit. In this respect, preventing and 
treating the deficiency with natural sources of iodine 
is the most recommended conduct. The inclusion of 
varied and natural sources of this mineral in habitual 
consumption favors  adherence to  a  heal thy and 
adequate diet,4 contributing to the good development 
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of pregnancy and reducing the chances of nutritional 
deviations in the mother-child binomial.11,12

The lack of information discourages adherence 
to  proper  dietary recommendat ions for  nutr ient 
supplementation such as iodine during pregnancy. 
The present study showed that mothers with less 
education are more likely to be iodine deficient. An 
investigation carried out in a rural area of Hungary 
found that pregnant women who had studied less than 
or equal to eight years were at greater risk of having 
iodine deficiency during the gestational period than 
mothers with higher education.21 Therefore, a higher 
level of education seems to contribute to adequate 
iodine nutrition during the gestational period.

Although Brazil ian est imates point  to broad 
coverage of the salt fortification program,22 knowledge 
about the mother and child group needs to be further 
examined. In 2013, there was a decrease in the iodine 
content in salt because data from studies carried out 
with schoolchildren23 showed that urinary samples had 
excess iodine. However, one must consider that the 
results for schoolchildren reflect the consumption of 
a specific population whose eating habits are often 
of high salt foods,24 which consequently provides an 
ample supply of iodine. However, this may not be the 
case for pregnant women, as the high rate of iodine 
deficiency found in the present study demonstrates.

In recent years, studies with pregnant women have 
drawn attention to a significant iodine deficiency in 
this group.25,26 Ferreira et al.25 found a prevalence of 
57% of iodine deficiency among pregnant women in 
Ribeirão Preto, SP. In the municipality of Diamantina, 
MG, studies found even higher rates, 73.8% of iodine 
deficiency among pregnant women26. In agreement 
wi th  our  f ind ings ,  Ning  Yao e t  a l . 27 ident i f ied 
40.97% of iodine deficiency among pregnant women 
in southeastern China,  even though the country 
had adopted salt  fortification as a public policy 
since 1995.28 Despite the widespread public policy 
supplementation programs in many countries, e.g., 
Brazil and China, the iodine deficiency in the mother 
and child group is worrisome.

The  h igh  p r eva l ence  o f  de f i c i ency  du r ing 
pregnancy may be related to the increased need for 
iodine. Until the second half of pregnancy, the fetal 
supply of this trace element relies exclusively on 
maternal reserves because the fetal thyroid gland 
cannot produce thyroid hormones, which regulate 
essential functions for its good development.11 Thus, 
the recommendation for daily intake of the mineral 
during pregnancy is about 30% higher than that of the 
general population.15 In deficient iodine levels, the 

consequences for the mother-child binomial may range 
from unfavorable perinatal impacts such as reduced 
fetal growth and prematurity11 to delays in child 
neurodevelopment and poor school performance.12 
For this reason, the fight against iodine deficiency in 
the maternal and child group must be on the agenda 
of public health and nutrition policies, given the 
high prevalence of iodine deficiency and its potential 
deleterious consequences.

As a limitation of this study, we should mention 
the application of a single 24-hour recall, as there 
might be memory bias in respondents over the usual 
food consumption of the population. However, the 
multiple steps method13 was used to minimize the 
recall bias as well as a questionnaire review aiming 
at commonly underreported foods.

On the other hand, the key strengths of this study 
are using DAG to define a theoretical model based on 
heuristic rules, in order to select the minimum set of 
adjustments required to diminish the confounding and 
selection bias,18 and urinary iodine excretion, as the 
most reliable measure to assess the current nutritional 
status of iodine in population studies.15 Furthermore, 
it is important to note that a single measurement may 
not reflect the usual status. To our knowledge, this is 
the first Brazilian study to investigate the association 
of pre-pregnancy and current BMI with the nutritional 
status of iodine in pregnant women.

This  s tudy shows that  a  high BMI favors  a 
reduction in the risk of iodine deficiency in pregnant 
women.  Never the less ,  the  deve lopment  and /o r 
maintenance of excess weight is not recommended, as 
it is related to several adverse outcomes in pregnancy 
that  include prematuri ty,  macrosomia,  large for 
gestational age, among others.29 In addition, the 
high consumption of ultra-processed foods during 
pregnancy observed in the present study can also 
trigger harmful health effects well documented in 
the literature.30

Therefore, we found a high prevalence of iodine-
deficient pregnant women, and higher pre-pregnancy 
and current BMI were associated with higher urinary 
iodine levels. This association is related to the elevated 
consumption of ultra-processed foods in pregnant 
women with higher BMI. Thus, the consumption of 
ultra-processed foods must be discouraged among 
pregnant women, and the consumption of natural foods 
that are sources of iodine such as fish, crustaceans, 
milk, and eggs must be encouraged. Pregnant women 
with limited access to these foods are advised to 
take iodine supplementation under proper medical 
prescription.
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