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Abstract
Purpose Iodine is an essential trace element necessary for thyroid hormone synthesis. Iodine deficiency is a continuing 
public health problem despite international efforts to eliminate it. Studies on iodine status in preschoolers are scarce. Thus, 
the aims of the current study were to determine the iodine status and to investigate possible associations between urinary 
iodine concentration (UIC) and estimated 24 h iodine extraction (UIE) and iodine-rich foods.
Methods Data are cross-sectional baseline data, obtained from the two-armed randomized controlled dietary trial “Fish 
Intervention Studies-KIDS” (FINS-KIDS) conducted in Bergen, Norway. UIC was determined by inductively coupled 
plasma-mass spectrometry in spot urine samples. Inadequate UIC was defined as median < 100 µg/L, and low estimated 
24 h UIE as < 65 µg/day. Habitual dietary intake was assessed by a short food frequency questionnaire. Logistic regression 
models were used to investigate possible associations between UIC and estimated 24 h UIE and iodine-rich dietary sources 
including seafood, dairy products and eggs. Iodine/creatinine ratio (I/Cr) was also estimated.
Results Urinary spot samples were obtained from 220 children. The median (interquartile range) UIC and estimated 24 h UIE 
was 132 (96) µg/L, and 65 (55) µg/day, respectively. The majority of children had an estimated I/Cr ratio within 100–199 µg/g. 
Intake of sweet milk < 2 times/day versus ≥ 2 times/day was associated with UIC < 100 µg/L (OR 2.17, 95% CI 1.07–4.38, 
p = 0.031). Intake of dairy products (OR 3.59, 95% CI 1.13–11.43, p = 0.031) and sweet milk (OR 2.77, 95% CI 1.37–5.61, 
p = 0.005) < 2 times/day versus ≥ 2 times day was associated with estimated 24 h UIE < 65 µg/day.
Conclusions The preschoolers had adequate iodine status. Low intake of sweet milk and dairy products were associated 
with low iodine status.
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Introduction

Iodine is a trace element located mainly in the thyroid gland 
and is essential for thyroid hormone production [1, 2]. 
Worldwide, iodine deficiency is a continuing public health 
concern even though salt iodization programs have had a 
large impact on global iodine nutrition [3]. The iodine con-
tent of most foods is low. The only good natural source of 
iodine is seawater fish and other marine products. However, 
the main sources of iodine in Norway are milk and dairy 
products [4, 5]. Europe is still the continent with the highest 
prevalence of iodine deficiency and 44% of schoolchildren 
have inadequate iodine status, defined as median urinary 
iodine concentration (UIC) < 100 µg/L according to the 
World Health Organization (WHO) [6]. When iodine intakes 
are inadequate, the body may respond with impaired thyroid 
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hormone synthesis, which can result in several functional 
and developmental abnormalities [7]. In preschool children, 
mild-to-moderate iodine deficiency may induce adverse 
health effects, including impaired intellectual function and 
physical growth [8, 9].

A high consumption of milk and dairy products have led 
to eradication of endemic goiter in Norway and Britain since 
the start of iodine fortification of cow feed in the 1950s [4, 
10]. Until recently, Norway has been considered to have an 
overall adequate iodine status [3]. In a previous study on the 
iodine content of Norwegian foods along with assessment 
of iodine intakes in subgroups of the Norwegian population, 
the iodine intakes among 4-year-old girls and boys were cal-
culated to 98 and 101 µg/day, respectively [5]. This indicates 
iodine intakes slightly above the recommended intake level 
for this age group (2–5 years; 90 µg/day) [5]. Recent studies 
indicate that subgroups within the Norwegian population, 
including pregnant women and adolescent girls, may suffer 
from mild iodine deficiency due to inadequate intakes of 
dietary iodine [4, 5, 11, 12].

UIC in spot urine samples is recommended by WHO, 
UNICEF (United Nations Children’s Fund) and IGN (Iodine 
Global Network) for assessing a population’s iodine status. 
To obtain a more accurate indicator of iodine levels than 
spot urinary iodine concentration, the urine iodine-to-cre-
atinine ratio (I/Cr) is often used. Creatinine is a breakdown 
product of creatine and is steadily excreted through urine in 
24 h if fluid intake is regular [13]. Excretion of creatinine 
is constant at ~ 1 g/day, but can vary according to factors 
such as gender, age and nutritional status [13, 14]. Thus, the 
iodine concentration measured in spot urine samples can be 
expressed as µg iodine/g creatinine.

The main aims of this study were to evaluate the iodine 
status by UIC, I/Cr and estimated 24 h urinary iodine excre-
tion (UIE), and to investigate possible associations between 
UIC and estimated 24 h UIE and iodine-rich food sources in 
Norwegian preschool children aged 4–6 years.

Materials and methods

Ethics statement

The procedures were in accordance with the Declara-
tion of Helsinki. The children’s caregivers signed a writ-
ten, informed consent prior to project start. The trial was 
approved by the Regional Committees for Medical and 
Health Research Ethics North (2014/1396), and registered 
in ClinicalTrials.gov (NCT02331667).

Study procedure and participants

Data in this study are obtained from the two-armed ran-
domized controlled trial, Fish Intervention Studies-KIDS 
(FINS-KIDS), conducted in Bergen, Norway, from January 
to June 2015. The overall design, including study enroll-
ment, randomization and other results have been published 
elsewhere [15]. The children were recruited from kinder-
gartens in the area of Bergen.

Outcome measures

Iodine status

Spot urine samples were collected mainly in each child’s 
home and delivered to the respective kindergartens. For 
some children, the samples were collected in the kinder-
gartens and thereafter retrieved by study personnel. Time 
of sampling or whether they were fasting was not reg-
istered. From the kindergartens, the samples were trans-
ported to IMR and stored, first at – 80 °C, thereafter at 
– 20 °C, prior to analysis of UIC by inductively coupled 
plasma mass spectrometry (ICP-MS). Method description 
of ICP-MS is previously described by Dahl et al. [16]. In 
addition to UIC, I/Cr ratio and estimated 24 h UIE was 
determined. Determination of urinary creatinine concen-
tration was analyzed using the MAXMAT PL II multi-
disciplinary diagnostic platform with creatinine PAP kit 
[17]. The I/Cr ratio was determined by dividing the iodine 
concentration (µg/L) on the creatinine concentration (g/L). 
Estimation of 24 h UIE was determined using an anthro-
pometry-based reference value for 24 h urinary creatinine 
excretion (g/day) originally developed in German children 
[18]. The reference value was determined according to 
definite height groups. Values from the German study were 
linked to the median height of the present study popula-
tion (115 cm).

Dietary intake

A revised version of a food frequency questionnaire (FFQ) 
[19–21] also including information regarding demographics, 
was distributed electronically to the caregivers. The FFQ 
contained questions on habitual consumption of fish and 
seafood items either for dinner or as bread spread, in salads 
or as a snack meal. In addition, it contained one question 
regarding habitual intake of dairy products, and one ques-
tion regarding habitual intake of eggs. Dairy products were 
summed up in the categories “milk”, “cultured milk” and 
“yogurt”, “white cheeses” and “brown cheese”. The parents 
also reported the use of supplement in addition to type and 



2221European Journal of Nutrition (2019) 58:2219–2227 

1 3

dosage. The children’s use of multimineral supplement were 
checked for possible iodine content.

Statistical analyses

The current practice is to report iodine as median concentra-
tion (µg/L), due to generally skewed distributed data [22]. 
Categorical variables are summarized as numbers (percent-
age) and continuous variables as median with interquar-
tile range (IQR). Independent samples T test (age, weight, 
height, and parental education) and Person Chi-square test 
(family income) were used for comparisons between boys 
and girls for demographic variables and independent sam-
ples Mann–Whitney U test was used for the dietary vari-
ables, UIC, creatinine concentration, iodine/creatinine ratio 
and estimated 24 h UIE.

Unadjusted and adjusted (gender and parental education) 
logistic regression analyses were used to investigate possible 
associations of UIC and estimated 24 h UIE with iodine-rich 
dietary sources (seafood (dinner and spread), dairy products 
(milk, cultured milk, cheese and egg). Interactions between 
UIC and gender were added in a final model. Inadequate 
UIC was defined as median < 100 µg/L [6], and low esti-
mated 24 h UIE < 65 µg/day, corresponding to median esti-
mated 24 h UIE in the included children. The cut-off values 
for “low” and “high” intake (times per week) of the different 
food items are given in Table 3.

Two-tailed p values < 0.05 were considered statistically 
significant. Statistical analyses were performed using Sta-
tistical Package for the Social Sciences  (SPSS® Statistics 
Version 24).

Results

Study population

A total of 314 eligible children where invited, and 232 
agreed to participate. Of these, baseline levels of UIC and 
creatinine were available in 220 of the participants, and 198 
of the caregivers answered a food frequency questionnaire 
(FFQ) on the children’s eating habits at baseline.

Characteristics of participants are presented in Table 1. 
The median (IQR) age, weight and height of the children 
was respectively 5.2 (0.9) years, 20.0 (4.0) kg and 115.0 
(2.5) cm. The boy’s caregivers had more years of education 
and higher family income. Five children (2.4%) took daily 
doses of iodine-containing supplements.

Urinary iodine status

UIC and creatinine concentration along with the estimated 
I/Cr ratio and estimated 24 h UIE are given in Table 2. 
The median (IQR) UIC was 132 µg/L (96), ranging from 
17 to 782 µg/L, and median estimated 24 h UIE was 65 
(55) µg/day, ranging from 11 to 324 µg/day. There were no 
significant differences between boys and girls in any of the 
presented parameters (Table 2). The UIC results presented 
according to the cut offs for describing population iodine 
status given by WHO, are shown in Fig. 1. Further, Fig. 1 
illustrates that 50.5% of children had UIC within the optimal 
range (median 100–199 µg/L). In addition, 37 (16.8%) of the 
children had had an estimated I/Cr ratio below 100 µg/g and 
96 (43.6%) within 100–199 µg/g (Fig. 2).

Table 1  Characteristics of the 
participants

Data are given as median (IQR) if not other is indicated
p value for comparison between boys and girls is given with independent samples T test (demographics), 
Person Chi-square test (family income)
IQR interquartile range
a 100 NOK = approximately 10€/11$

N All (N = 220) Boys (N = 106) Girls (N = 114) p value

Demographics
 Age (years) 220 5.2 (0.9) 5.2 (1.1) 5.2 (0.8) 0.161
 Weight (kg) 176 20.0 (4.0) 20.0 (5.0) 20.0 (4.0) 0.177
 Height (cm) 179 115.0 (8.0) 116.0 (12.0) 113.0 (7.0) 0.487
 Education parents (years) 193 16.0 (2.5) 16.5 (2.0) 15.0 (2.0) 0.023

Family income  (NOKa), N (%) 202
 < 200,000 to 549,999 33 (16.3) 6 (6.4) 27 (25.0) 0.001
 550,000 to 999,999 81 (40.1) 39 (41.5) 42 (38.9)
 1,000,000 to > 2,000,000 88 (43.6) 49 (52.1) 39 (36.1)
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Urinary iodine in relation to dietary intake

The odds ratio (OR) for UIC < 100 µg/L, according to the 
intake of seafood, dairy products and eggs are shown in 
Table 3. Intake of sweet milk < 2 versus ≥ 2 times/day 
was associated with UIC < 100 µg/L (OR 2.17, 95% CI 
1.07–4.38, p = 0.031). This association was similar after 
adjusting for gender and parental education as shown in 
Table 3. No other associations between UIC and iodine-
rich dietary sources were observed. Interactions between 
UIC and gender were added in a final model with no sig-
nificant findings (data not shown).

The OR for estimated 24 h UIE < 65 µg/day according 
to iodine-rich sources are shown in Table 4. Intake of dairy 
products (OR 3.59, 95% CI 1.13–11.43, p = 0.031) and 
sweet milk (OR 2.77, 95% CI 1.37–5.61, p = 0.005) < 2 
times/day versus ≥ 2 times day was associated with 
estimated 24 h UIE < 65 µg/day. Similar findings were 
observed after adjustments (Table 4).

Discussion

In this study, we have examined iodine status of preschool 
children in Bergen, Norway. This population was found to be 
iodine sufficient with a median UIC of 132 µg/L. Low intake 
of sweet milk and dairy products were significant predictors 
of low iodine status.

According to WHO, median UIC between 100 and 
199 µg/L in school-aged children defines a population with 
no iodine deficiency, in addition not more than 20% should 
have UIC below 50 µg/L [23]. Even though the median of the 
UIC is in the sufficiency range, 30% of the children had UIC 
below 100 µg/L and 17% had I/Cr ratio below 100 µg/g. Our 
UIC results are in accordance with other studies. In a recent 
Norwegian study including 47 children (aged 3–9 years), 
the median UIC was 148 µg/L [11]. In a study performed 
in 279 Australian preschool children (aged 1–5 years), the 
median UIC was 129 µg/L [24]. In addition, in a Portuguese 
study in school children (aged 6–12 years) the median UIC 

Table 2  Urinary iodine and 
creatinine concentration in the 
participants

Data are given as median (IQR)
p value for comparison between boys and girls is given with independent samples Mann–Whitney U test
IQR interquartile range, SD standard deviation, UIC urinary iodine concentration, UIE urinary iodine 
excretion

All (N = 220) Boys (N = 106) Girls (N = 114) p value

UIC (µg/L) 132 (96) 136 (97) 131 (97) 0.321
Creatinine concentration (g/L) 0.8 (0.4) 0.8 (0.5) 0.8 (0.4) 0.119
Iodine/creatinine ratio (µg/g) 163 (138) 163 (143) 163 (138) 0.676
Estimated 24 h UIE (µg/day) 65 (55) 65 (57) 65 (55) 0.676

Fig. 1  Distribution of uri-
nary iodine concentrations 
among the children (N = 220). 
Presented according to World 
Health Organization (WHO)/
United Nations Children’s 
Fund (UNICEF)/Interna-
tional Council for Control of 
Iodine Deficiency Disorders 
(ICCIDD) criteria on iodine 
nutrition in populations (based 
on surveys in school-aged chil-
dren ≥ 6 years old)
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was 129 µg/L. However, in the latter study the median UIC 
in boys was significantly higher than in girls, which was 
partially explained by a higher energy intake among boys 
[25]. Similarly, in 857 school-age children (6–12 years old) 
from Sweden, the median UIC was 125 µg/L and no gender 
differences were found [26]. In the present study, the energy 
intake could unfortunately not be estimated. Further, our 
values are in agreement with a study from Denmark exam-
ining the iodine status of pregnant women, their partners 
and their children (N = 51, age 6 years), were the children 
had a median UIC of 126 µg/L [27]. These agreements are 
interesting considering that, in contrast to Norway, the larg-
est dietary source of iodine in the Swedish diet is iodized 
salt [26], and in Denmark, salt and bread have been fortified 
with iodine for the last 15 years [28]. However, the ana-
lytical methods in the Danish study were different, and the 
results may therefore not be directly comparable. Iodization 
of salt is not mandatory in Norway. In the present study, 
UIC < 100 µg/L was associated with low intake of sweet 
milk and estimated 24 h UIE < 65 µg/day with low intake of 
both sweet milk and dairy products in general. The role of 
dairy products in relation to adequate UIC is also in agree-
ment with studies conducted in Norwegian adults [4, 16]. 
Studies from other countries have also found milk and dairy 
products to be important predictors of iodine status in chil-
dren [29]. We did not find any associations between UIC and 
intake of seafood as dinner or spread, nor with cheese, eggs 
or cultured milk and yoghurt. Even though we did not find 

any associations between UIC or estimated 24 h UIE and 
seafood it is well known that lean fish, in general, is a good 
source of iodine if consumed. Fatty fish and most seafood 
spreads do not have such a high content of iodine. Neverthe-
less, fish is consumed less frequent than milk and other dairy 
products, and thus we do not necessarily expect to find an 
association with iodine measured in spot samples as such 
samples will contain iodine excreted only from the most 
recent intake. Still, a weekly intake of lean fish in concord-
ance with the Norwegian recommendations will be expected 
to be an important contribution for individual iodine status.

Due to traditionally higher iodine content in milk and 
dairy products during winter, the children’s iodine concen-
tration may have been affected, and consequently resulted 
in a somewhat higher iodine status than summer spot urine 
samples might have. Further, low intakes and/or the large 
variations in iodine content in different foods may be a pos-
sible explanation for the lack of further associations. Iodine 
content between dairy products, and between and within 
different fish species varies [30, 31]. However, regarding 
seasonal variation in milk, more recent data indicate less 
variation throughout the year [31].

The UIC measured in spot urine samples is a reflection 
of recent dietary iodine intake and is still the recommended 
biomarker for assessing iodine status in a population [22]. 
However, there is an ongoing debate on whether this is the 
best estimate for measuring iodine status, especially on an 
individual level [13]. The I/Cr ratio aims to reduce the effect 

Fig. 2  Distribution of urinary 
iodine concentration and 
estimated iodine/creatinine ratio 
among the children and how 
they are classified in relation to 
one another (N = 220). Each dot 
represents one child
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of hydration in urinary iodine analysis [13, 32]. It has been 
discussed whether the method of relating urinary iodine to 
creatinine is too burdensome, expensive and unnecessary 
[22]. Urinary I/Cr ratios may be unreliable especially when 
protein intake is low, and loss of muscle mass will lead to 
reduced creatinine excretion in urine [13, 22]. However, it 
has also been considered a more reliable measure of iodine 
status, due to the day-to-day variations of iodine intake and 
water consumption [13]. Norwegian reference intervals for 
urinary creatinine concentration measured in spot urine sam-
ples in children (4–6 years) are not established [33].

The relatively large sample size from the current study is 
recognized as a strength, and according to Andersen et al., a 
sample size of this magnitude makes it possible to estimate 
(with 95% CI) the iodine status from spot urine samples 
within a precision range of ± 7–10% [34]. However, data 
on the latest consumed meal and time of collection of urine 
samples were not registered, which possibly could affect 
the iodine content of the urine sample. Furthermore, both 
publicly and privately owned kindergartens were included 
in the present study, but adjustment for parental education 

(socioeconomic status) did not materially affect the results 
(Table 3), further, the response rate of 90% (from the FFQ), 
knowing that participation in the study was voluntary, is 
considered to be high [35, 36]. However, one cannot exclude 
a difference between included individuals and those who 
declined participation in the present study.

The FFQ method largely depends on the memory and per-
ceptions of the respondents [37], and self-reported dietary 
data may be subject to memory lapses, misinterpretations 
and modifications to more socially desirable responses [38]. 
However, of healthy foods, over reporting is most common 
and therefore it should strengthen our findings between 
iodine and milk and dairy products.

Conclusions

The present study shows that the iodine status of preschool 
children in Bergen, Norway was adequate. Low intake of 
sweet milk was associated with UIC < 100 µg/L and sweet 

Table 3  Odds ratio (OR) for 
urinary iodine concentration 
(UIC) < 100 µg/L according 
to intake of seafood, dairy 
products and eggs

All p values are given with logistic regression
95% CI 95% confidence interval

Dietary products N Unadjusted Adjusted for gender, parental 
education

OR (95% CI) p value OR (95% CI) p value

Seafood dinner (all)
 < 2 times/week 103 1.22 (0.65–2.28) 0.542 1.27 (0.67–2.43) 0.468
 ≥ 2 times/week 95 1 (ref.) 1 (ref.)

Seafood (spreads)
 < 2 times/week 132 1.26 (0.64–2.49) 0.499 1.29 (0.64–2.58) 0.479
 ≥ 2 time/week 66 1 (ref.) 1 (ref.)

Dairy products (all)
 < 2 times/day 102 1.96 (0.72–5.54) 0.185 2.02 (0.71–5.78) 0.189
 ≥ 2 times/day 96 1 (ref.) 1 (ref.)

Sweet milk
 < 2 times/day 45 2.17 (1.07–4.38) 0.031 2.21 (1.08–4.49) 0.029
 ≥ 2 times/day 153 1 (ref.) 1 (ref.)

Cultured milk and yoghurt
 < 4 times/week 90 1.16 (0.62–2.17) 0.641 1.22 (0.64–2.35) 0.542
 ≥ 4 time/week 108 1 (ref.) 1 (ref.)

White cheese
 < 4 times/week 94 0.95 (0.51–1.78) 0.871 1.04 (0.55–1.98) 0.901
 ≥ 4 time/week 105 1 (ref.) 1 (ref.)

Brown cheese
 < 4 times/week 153 1.21 (0.56–2.60) 0.628 1.28 (0.58–2.83) 0.545
 ≥ 4 time/week 45 1 (ref.) 1 (ref.)

Eggs
 < 2 times/week 117 1.22 (0.59–2.13) 0.723 1.28 (0.66–2.49) 0.463
 ≥ 2 times/week 81 1 (ref.) 1 (ref.)
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milk and dairy products in general with estimated 24 h 
UIE < 65 µg/day.

Acknowledgements The authors are grateful to the study participants 
and the staff at the kindergartens. We will also thank all the staff at IMR 
and RKBU for the assistance, particular Annbjørg Bøkevoll, Elisabeth 
Rasmussen Ødegård.

Author contributions MK, LKM, IEG, ØL, IK, LF, LD and JØ 
designed the research; MK, LKM, MWM and JØ conducted the 
research; MO and JØ analyzed the data and performed the statisti-
cal analysis; MO, IN and JØ wrote the paper; All authors read and 
approved the final manuscript.

Funding This trial received financial support from The Norwegian 
Seafood Research Fund (FHF) (Grant number: 900842) after vetting 
by a grant review committee appointed by the Research Council of 
Norway (project number: 222648). FHF had no role in the design of 
the study, in the collection, analyses, or interpretation of data, in the 
manuscript writing, or in the decision to publish the results.

Compliance with ethical standards 

Conflict of interest None of the authors have any conflict of interest 
to declare.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

 1. Levander OA, Whanger PD (1996) Deliberations and evalu-
ations of the approaches, endpoints and paradigms for 

Table 4  Odds ratio (OR) for 
estimated 24 h UIE < 65 µg/day 
(median) according to intake 
of seafood, dairy products and 
eggs

All p values are given with logistic regression
95% CI 95% confidence interval

Dietary products N Unadjusted Adjusted for gender, parental 
education

OR (95% CI) p value OR (95% CI) p value

Seafood dinner (all)
 < 2 times/week 103 0.89 (0.51–1.55) 0.670 1 (ref.) 0.942
 ≥ 2 times/week 95 1 (ref.) 0.98 (0.55–1.75)

Seafood (spreads)
 < 2 times/week 132 0.69 (0.38–1.26) 0.229 0.66 (0.36–1.20) 0.173
 ≥ 2 time/week 66 1 (ref.) 1 (ref.)

Dairy products (all)
 < 2 times/day 102 3.59 (1.13–11.43) 0.031 4.05 (1.23–13.28) 0.021
 ≥ 2 times/day 96 1 (ref.) 1 (ref.)

Sweet milk
 < 2 times/day 45 2.77 (1.37–5.61) 0.005 2.82 (1.38–5.76) 0.004
 ≥ 2 times/day 153 1 (ref.) 1 (ref.)

Cultured milk and yoghurt
 < 4 times/week 90 1.64 (0.93–2.87) 0.088 1.61 (0.90–2.88) 0.108
 ≥ 4 time/week 108 1 (ref.) 1 (ref.)

White cheese
 < 4 times/week 94 0.87 (0.50–1.51) 0.617 0.95 (0.54–1.68) 0.864
 ≥ 4 time/week 105 1 (ref.) 1 (ref.)

Brown cheese
 < 4 times/week 153 1.19 (0.61–2.31) 0.611 1.23 (0.62–2.42) 0.558
 ≥ 4 time/week 45 1 (ref.) 1 (ref.)

Eggs
 < 2 times/week 117 0.88 (0.50–1.56) 0.665 0.91 (0.51–1.63) 0.750
 ≥ 2 times/week 81 1 (ref.) 1 (ref.)

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


2226 European Journal of Nutrition (2019) 58:2219–2227

1 3

selenium and iodine dietary recommendations. J Nutr 126(9 
Suppl):2427S–2434S

 2. Riggs DS (1952) Quantitative aspects of iodine metabolism in 
man. Pharmacol Rev 4(3):284–370

 3. Iodine Global Network (2015) Global iodine scorecard 2014: 
number of iodine-deficient countries more than halved in the past 
decade. Iodine Global Network. http://ign.org/cm_data/IDD_
feb15 _globa l_iodin e_score card_2014.pdf. Accessed 05 Oct 2015

 4. Brantsaeter AL, Abel MH, Haugen M, Meltzer HM (2013) Risk 
of suboptimal iodine intake in pregnant Norwegian women. Nutri-
ents 5(2):424–440. https ://doi.org/10.3390/nu502 0424

 5. Dahl L, Johansson L, Julshamn K, Meltzer HM (2004) The 
iodine content of Norwegian foods and diets. Public Health Nutr 
7(4):569–576. https ://doi.org/10.1079/PHN20 03554 

 6. Zimmermann MB, Andersson M (2012) Update on iodine status 
worldwide. Curr Opin Endocrinol Diabetes Obes 19(5):382–387. 
https ://doi.org/10.1097/MED.0b013 e3283 57271 a

 7. Zimmermann MB (2011) The role of iodine in human growth and 
development. Semin Cell Dev Biol 22(6):645–652. https ://doi.
org/10.1016/j.semcd b.2011.07.009

 8. Santiago-Fernandez P, Torres-Barahona R, Muela-Martinez 
JA, Rojo-Martinez G, Garcia-Fuentes E, Garriga MJ, Leon AG, 
Soriguer F (2004) Intelligence quotient and iodine intake: a cross-
sectional study in children. J Clin Endocrinol Metab 89(8):3851–
3857. https ://doi.org/10.1210/jc.2003-03165 2

 9. Haddow JE, Palomaki GE, Allan WC, Williams JR, Knight GJ, 
Gagnon J, O’Heir CE, Mitchell ML, Hermos RJ, Waisbren SE, 
Faix JD, Klein RZ (1999) Maternal thyroid deficiency during 
pregnancy and subsequent neuropsychological development of 
the child. N Engl J Med 341(8):549–555. https ://doi.org/10.1056/
NEJM1 99908 19341 0801 doi

 10. Phillips DI (1997) Iodine, milk, and the elimination of endemic 
goitre in Britain: the story of an accidental public health triumph. 
J Epidemiol Commun Health 51(4):391–393

 11. Brantsaeter AL, Knutsen HK, Johansen NC, Nyheim KA, Erlund 
I, Meltzer HM, Henjum S (2018) Inadequate iodine intake in pop-
ulation groups defined by age, life stage and vegetarian dietary 
practice in a Norwegian convenience sample. Nutrients 10 (2). 
https ://doi.org/10.3390/nu100 20230 

 12. Dahl L, Wik Markhus M, Sanchez PVR, Moe V, Smith L, Meltzer 
HM, Kjellevold M (2018) Iodine deficiency in a study population 
of Norwegian pregnant women-results from the Little in Nor-
way Study (LiN). Nutrients 10 (4). https ://doi.org/10.3390/nu100 
40513 

 13. Soldin OP (2002) Controversies in urinary iodine determinations. 
Clin Biochem 35(8):575–579

 14. Vejbjerg P, Knudsen N, Perrild H, Laurberg P, Andersen S, Ras-
mussen LB, Ovesen L, Jorgensen T (2009) Estimation of iodine 
intake from various urinary iodine measurements in population 
studies. Thyroid 19(11):1281–1286. https ://doi.org/10.1089/
thy.2009.0094

 15. Oyen J, Kvestad I, Midtbo LK, Graff IE, Hysing M, Stormark 
KM, Markhus MW, Baste V, Froyland L, Koletzko B, Demmel-
mair H, Dahl L, Lie O, Kjellevold M (2018) Fatty fish intake and 
cognitive function: FINS-KIDS, a randomized controlled trial in 
preschool children. BMC Med 16(1):41. https ://doi.org/10.1186/
s1291 6-018-1020-z

 16. Dahl L, Meltzer HM, Opsahl JA, Julshamn K (2003) Iodine intake 
and status in two groups of Norwegians. Food Nutr Res 2003:9. 
https ://doi.org/10.3402/fnr.v47i4 .1490

 17. Diagnostics France ERBA MaxMat creatinine PAP reagents. 
ERBA Diagnostics France, Montpellier

 18. Remer T, Neubert A, Maser-Gluth C (2002) Anthropometry-
based reference values for 24-h urinary creatinine excretion during 
growth and their use in endocrine and nutritional research. Am J 
Clin Nutr 75(3):561–569

 19. Dahl L, Maeland CA, Bjorkkjaer T (2011) A short food fre-
quency questionnaire to assess intake of seafood and n-3 sup-
plements: validation with biomarkers. Nutr J 10:127. https ://doi.
org/10.1186/1475-2891-10-127

 20. Markhus MW, Graff IE, Dahl L, Seldal CF, Skotheim S, Braarud 
HC, Stormark KM, Malde MK (2013) Establishment of a seafood 
index to assess the seafood consumption in pregnant women. Food 
Nutr Res. https ://doi.org/10.3402/fnr.v57i0 .19272 

 21. Handeland K, Kjellevold M, Wik Markhus M, Eide Graff I, 
Froyland L, Lie O, Skotheim S, Stormark KM, Dahl L, Oyen 
J (2016) A diet score assessing Norwegian adolescents’ adher-
ence to dietary recommendations-development and test-retest 
reproducibility of the score. Nutrients. https ://doi.org/10.3390/
nu808 0467

 22. WHO/UNICEF/ICCIDD (2007) Assessment of iodine deficiency 
disorders and monitoring their elimination: a guide for program 
managers. http://apps.who.int/iris/bitst ream/10665 /43781 /1/97892 
41595 827_eng.pdf. Accessed 02 Sep 2015

 23. WHO (2001) Assessment of iodine deficiency disorders and moni-
toring their elimination: a guide for program managers. http://
www.who.int/nutri tion/publi catio ns/en/idd_asses sment _monit 
oring _elimi ninat ion.pdf. Accessed 11 Aug 2017

 24. Skeaff S, Zhao Y, Gibson R, Makrides M, Zhou SJ (2014) Iodine 
status in pre-school children prior to mandatory iodine fortifica-
tion in Australia. Matern Child Nutr 10(2):304–312. https ://doi.
org/10.1111/j.1740-8709.2012.00419 .x

 25. Costa Leite J, Keating E, Pestana D, Cruz Fernandes V, Maia 
ML, Norberto S, Pinto E, Moreira-Rosario A, Sintra D, Moreira 
B, Costa A, Silva S, Costa V, Martins I, Castro Mendes F, Quei-
ros P, Peixoto B, Carlos Caldas J, Guerra A, Fontoura M, Leal 
S, Moreira R, Palmares Carvalho I, Matias Lima R, Martins 
C, Delerue-Matos C, Almeida A, Azevedo L, Calhau C (2017) 
Iodine status and iodised salt consumption in Portuguese school-
aged children: the Iogeneration Study. Nutrients. https ://doi.
org/10.3390/nu905 0458

 26. Andersson M, Berg G, Eggertsen R, Filipsson H, Gramatkovski E, 
Hansson M, Hulthen L, Milakovic M, Nystrom E (2009) Adequate 
iodine nutrition in Sweden: a cross-sectional national study of 
urinary iodine concentration in school-age children. Eur J Clin 
Nutr 63(7):828–834. https ://doi.org/10.1038/ejcn.2008.46

 27. Andersen SL, Sorensen LK, Krejbjerg A, Moller M, Laurberg 
P (2014) Challenges in the evaluation of urinary iodine status 
in pregnancy: the importance of iodine supplement intake and 
time of sampling. Eur Thyroid J 3(3):179–188. https ://doi.
org/10.1159/00036 5145

 28. Nystrom HF, Brantsaeter AL, Erlund I, Gunnarsdottir I, Hulthen 
L, Laurberg P, Mattisson I, Rasmussen LB, Virtanen S, Meltzer 
HM (2016) Iodine status in the Nordic countries—past and pre-
sent. Food Nutr Res 60:31969

 29. Johner SA, Thamm M, Nothlings U, Remer T (2013) Iodine sta-
tus in preschool children and evaluation of major dietary iodine 
sources: a German experience. Eur J Nutr 52(7):1711–1719. https 
://doi.org/10.1007/s0039 4-012-0474-6

 30. Research NIoSaN (2017) Seafood data. National Institute of Nutri-
tion and Seafood Research (NIFES), Norway. https ://sjoma tdata 
.nifes .no/#/subst ance/468/-1

 31. Nerhus I, Markhus MW, Nilsen BN, Øyen J, Maage A, Ødegård E, 
Midtbo LK, Graff IE, Lie O, Dahl L, Kjellevold M (2018) Iodine 
content of seven fish species, Norwegian dairy products and eggs. 
Food Nutr Res (epub ahead of print). http://fooda ndnut ritio nrese 
arch.net/index .php/fnr

 32. Montenegro-Bethancourt G, Johner SA, Stehle P, Neubert 
A, Remer T (2015) Iodine status assessment in children: spot 
urine iodine concentration reasonably reflects true twenty-four-
hour iodine excretion only when scaled to creatinine. Thyroid 
25(6):688–697. https ://doi.org/10.1089/thy.2015.0006

http://ign.org/cm_data/IDD_feb15_global_iodine_scorecard_2014.pdf
http://ign.org/cm_data/IDD_feb15_global_iodine_scorecard_2014.pdf
https://doi.org/10.3390/nu5020424
https://doi.org/10.1079/PHN2003554
https://doi.org/10.1097/MED.0b013e328357271a
https://doi.org/10.1016/j.semcdb.2011.07.009
https://doi.org/10.1016/j.semcdb.2011.07.009
https://doi.org/10.1210/jc.2003-031652
https://doi.org/10.1056/NEJM199908193410801
https://doi.org/10.1056/NEJM199908193410801
https://doi.org/10.3390/nu10020230
https://doi.org/10.3390/nu10040513
https://doi.org/10.3390/nu10040513
https://doi.org/10.1089/thy.2009.0094
https://doi.org/10.1089/thy.2009.0094
https://doi.org/10.1186/s12916-018-1020-z
https://doi.org/10.1186/s12916-018-1020-z
https://doi.org/10.3402/fnr.v47i4.1490
https://doi.org/10.1186/1475-2891-10-127
https://doi.org/10.1186/1475-2891-10-127
https://doi.org/10.3402/fnr.v57i0.19272
https://doi.org/10.3390/nu8080467
https://doi.org/10.3390/nu8080467
http://apps.who.int/iris/bitstream/10665/43781/1/9789241595827_eng.pdf
http://apps.who.int/iris/bitstream/10665/43781/1/9789241595827_eng.pdf
http://www.who.int/nutrition/publications/en/idd_assessment_monitoring_eliminination.pdf
http://www.who.int/nutrition/publications/en/idd_assessment_monitoring_eliminination.pdf
http://www.who.int/nutrition/publications/en/idd_assessment_monitoring_eliminination.pdf
https://doi.org/10.1111/j.1740-8709.2012.00419.x
https://doi.org/10.1111/j.1740-8709.2012.00419.x
https://doi.org/10.3390/nu9050458
https://doi.org/10.3390/nu9050458
https://doi.org/10.1038/ejcn.2008.46
https://doi.org/10.1159/000365145
https://doi.org/10.1159/000365145
https://doi.org/10.1007/s00394-012-0474-6
https://doi.org/10.1007/s00394-012-0474-6
https://sjomatdata.nifes.no/#/substance/468/-1
https://sjomatdata.nifes.no/#/substance/468/-1
http://foodandnutritionresearch.net/index.php/fnr
http://foodandnutritionresearch.net/index.php/fnr
https://doi.org/10.1089/thy.2015.0006


2227European Journal of Nutrition (2019) 58:2219–2227 

1 3

 33. Hardang IM (2011) Kreatinin i urin (v. 1.7). Ahus/Divisjon for 
diagnostikk og teknologi/Tverrfaglig laboratoriemedisin og medi-
sinsk biokjemi. http://old.ahus.no/eqs/labhb ok/docs/doc_1111/
Refer ansei nterv aller _2014-06_v2.pdf. Accessed 19 April 2016

 34. Andersen S, Karmisholt J, Pedersen KM, Laurberg P (2008) 
Reliability of studies of iodine intake and recommendations 
for number of samples in groups and in individuals. Brit J Nutr 
99(4):813–818. https ://doi.org/10.1017/s0007 11450 78422 92

 35. Evans SJ (1991) Good surveys guide. Br Med J 
302(6772):302–303

 36. Altman DG, Bland JM (2007) Missing data. Br Med J 
334:424–424

 37. Biro G, Hulshof KF, Ovesen L, Amorim Cruz JA (2002) Selection 
of methodology to assess food intake. Eur J Clin Nutr 56(Suppl 
2):S25–S32. https ://doi.org/10.1038/sj.ejcn.16014 26

 38. Fadnes LT, Taube A, Tylleskär T (2008) How to identify informa-
tion bias due to self-reporting in epidemiological research. Inter-
net J Epidemiol 7(2):1–21

http://old.ahus.no/eqs/labhbok/docs/doc_1111/Referanseintervaller_2014-06_v2.pdf
http://old.ahus.no/eqs/labhbok/docs/doc_1111/Referanseintervaller_2014-06_v2.pdf
https://doi.org/10.1017/s0007114507842292
https://doi.org/10.1038/sj.ejcn.1601426

	Iodine status in Norwegian preschool children and associations with dietary iodine sources: the FINS-KIDS study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Ethics statement
	Study procedure and participants
	Outcome measures
	Iodine status
	Dietary intake

	Statistical analyses

	Results
	Study population
	Urinary iodine status
	Urinary iodine in relation to dietary intake

	Discussion
	Conclusions
	Acknowledgements 
	References


