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Abstract
Purpose  Despite longstanding voluntary salt iodisation in Switzerland, data suggest inadequate iodine intake in vulnerable 
population groups. In response, the salt iodine concentration was increased from 20 to 25 mg/kg and we assessed the impact 
on iodine status.
Methods  We conducted a cross-sectional national study in school-age children (n = 731), women of reproductive age 
(n = 353) and pregnant women (n = 363). We measured urinary iodine concentration (UIC) and urinary sodium concentra-
tion (UNaC) in spot urine samples. The current median UIC was compared with national data from 1999, 2004 and 2009. 
We measured TSH, total T4 and thyroglobulin (Tg) on dried blood spot samples collected in women.
Results  The median UIC (bootstrapped 95% CI) was 137 µg/L (131, 143 µg/L) in school children, 88 µg/L (72, 103 µg/L) in 
women of reproductive age and 140 µg/L (124, 159 µg/L) in pregnant women. Compared to 2009, the median UIC increased 
modestly in school children (P < 0.001), but did not significantly change in pregnant women (P = 0.417). Estimated sodium 
intake exceeded the recommendations in all population groups. The prevalence of thyroid disorders in women was low, but 
Tg was elevated in 13% of the pregnant women.
Conclusion  Iodine intake is overall adequate in Swiss school-age children, but only borderline sufficient in pregnant and 
non-pregnant women, despite high salt intakes and satisfactory household coverage with iodized salt. Our findings suggest 
increasing the concentration of iodine in salt may not improve iodine intakes in women if iodised salt is not widely used in 
processed foods.
Registration  This trial was registered at clinicaltrials.gov as NCT02312466.
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Introduction

Iodine fortification of salt is the most effective strategy to 
correct and prevent iodine deficiency [1–3]. Switzerland 
was historically affected by moderate to severe iodine defi-
ciency, with high goitre rates in certain areas, and one of the 
first countries worldwide to introduce iodised salt in 1922 
[4–6]. Iodised salt has been available nationwide since 1952 
[4]. The level of iodine fortification was increased stepwise 
from 3.75 to 7.5 mg/kg in 1962, to 15 mg/kg in 1980 and to 
20 mg/kg in 1998, and goitre due to iodine deficiency has 
successfully been eliminated [4, 7]. The legislation stipu-
lates voluntary iodine fortification, i.e. both iodised and non-
iodised salt must be available, and the current fortification 
range is regulated at 20–40 mg iodine/kg [8]. One main salt 
producer distributes salt in the country and changes to the 
actual salt fortification level are rapidly implemented.

The Swiss voluntary salt iodisation strategy has been 
regarded an international model with its cautious approach 
and the well-working public private partnership between 
the government bodies, academia and salt industry. More 
than 80% of the households use iodised salt and the iodine 
intake is adequate in school-age children, as we showed in 
periodic national urinary iodine concentration (UIC) surveys 
conducted in 1999, 2004 and 2009 [7, 9, 10]. However, in 
the same studies we observed concurrent borderline deficient 
iodine intakes in pregnant women [7, 10]. Poor iodine nutri-
tion has also been reported in national studies conducted in 
adults [11, 12], lactating women [10] and infants [10, 13]. 
Thus, although Switzerland may be considered an iodine-
sufficient country based on data in 6–12-year-old children, 
iodine intakes appear to be low in vulnerable population 
groups. This situation is similar in many other countries 
worldwide, particularly in Europe [14–16]. In an attempt to 
improve the overall iodine intake in Switzerland, the iodine 
concentration in salt was increased from 20 to 25 mg/kg in 
January 2014.

We conducted a cross-sectional national study in 2015 
with the objective to assess the current iodine status in 
school-age children, women of reproductive age and preg-
nant women. We performed a longitudinal analysis of UIC 
in school-age children and pregnant women over the years 
1999, 2004, 2009 and 2015, and evaluated the impact of 
increasing the salt iodine concentration by 5 mg/kg.

Subjects and methods

Study design

We conducted a cross-sectional study in April 2015–January 
2016 and aimed to obtain a representative national sample of 
primary school children (6–12 years), women of reproduc-
tive age (18–44 years) and pregnant women (18–44 years). 
The study design was consistent with the previous national 
iodine status studies conducted in 1999, 2004 and 2009 [7, 
9, 10, 17].

Following WHO recommendations for iodine surveys 
[1], we applied a two-stage probability proportionate-to-size 
(PPS) cluster sampling, using the current census data from 
the Swiss Federal Office of Statistics in which Switzerland 
is divided into five geographic regions. Each of the regions 
are divided into three strata listing communities with differ-
ent population size (< 10′000, 10′000–99′999 and > 99′999 
inhabitants). The number of clusters in the study was bal-
anced proportional to the population size by region and com-
munity size. We selected one school and one obstetric/pre-
natal care clinic per cluster. For school children, we aimed 
for 30 clusters including 30 subjects per cluster, and for the 
women of reproductive age and pregnant women, we aimed 
for 20 clusters each including 35 subjects.

School‑age children

We contacted 581 randomly selected primary schools. Out of 
the 349 schools that replied, 31 initially agreed to participate 
and 29 schools finally participated (one private school and 
28 public schools). In each school, 2–11 classes (depending 
on class size and response rate) were randomly selected, and 
all children in the classes who consented were enrolled. The 
response rate was 34% and we enrolled additional classes 
until we reached the intended sample size for the cluster.

Women

We contacted 346 obstetric/prenatal care clinics/hospitals 
throughout Switzerland by email and 29 clinics/hospitals 
agreed to participate. Eleven clinics withdrew after the study 
start without enrolling any subjects. Of the remaining 18 
units, 14 enrolled between 20 and 26 women per population 
group and 4 included < 20 women per group.

Subjects

The inclusion criteria for all subjects were: (1) residence 
in Switzerland for ≥ 12 months; (2) general good health as 
assessed by no reported treatment for chronic disease, gas-
trointestinal or metabolic disorders; (3) no family history 
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of thyroid disease; (4) no exposure to iodine-containing 
contrast agent or medication within the last year. Women 
of reproductive age were non-pregnant and non-lactating. 
Additional inclusion criteria for pregnant women were a 
healthy and singleton pregnancy.

The sample size of the study was determined to assess 
the median UIC with 5% precision (95% CI) [18], using 
data on the intra- and inter-individual variability of UIC in 
the study population. A previous study reported an intra- 
and inter-individual variability of 38 and 55% for UIC in 
Swiss women and recommended a sample size of 473 to 
accurately estimate median UIC with 5% precision [19]. To 
account for the cluster survey design [1], we aimed to enrol 
900 school-age children, 700 women of reproductive age 
and 700 pregnant women. We over-sampled school children 
in the Italian part of Switzerland (4.5 times, i.e. 90 children 
from three schools) to compare the iodine status in Ticino 
with the rest of the country. We hypothesised that the iodine 
intake in Ticino may be lower than in the other parts of the 
country due to consumption of non-iodised salt entering the 
market from Italy.

We obtained ethical permission for the study from the 
Ethics Committee of the Canton Zurich (KEK-ZH-Nr. 
2014-0692). Written informed consent was obtained from 
the parents of the participating school-age children and 
all participating women. An oral consent was additionally 
obtained from all children in a semi-private setting on the 
day of sampling. All data were collected anonymously and 
registered only by subject number, location, age and sex. The 
study was registered at clinicaltrials.gov as NCT02312466.

Study procedures

The sample collection period was April 2015–November 
2015 for school children and April 2015–Jan 2016 for 
women. Subject recruitment was done with the help of the 
teachers in the selected classes. Teachers were informed in 
detail about the study procedures. They received an over-
view of the most important points to communicate to the 
children and their parents. The teachers distributed a writ-
ten information sheet addressed to the parents outlining the 
goals and procedures of the study and a shorter version of 
the information for the children themselves, plus a consent 
form to be signed by the parents. Children who brought back 
the signed written informed consent were eligible to partici-
pate in the study.

Women were recruited by the supervising physician in 
respective participating obstetric/prenatal care clinics. The 
physicians were informed about the study procedures and 
instructed the subjects. Eligible subjects were provided with 
the written study information and were given sufficient time 
to read and take a decision. Written informed consent was 

obtained before sampling was initiated. The participants 
received no compensation for their participation.

A questionnaire was administered to all participants. It 
was adapted to each population group specifically and was 
used to assess the inclusion criteria, use of iodised salt in 
the household, consumption of processed foods contain-
ing iodised salt and foods rich in native iodine as well as 
consumption of iodine-containing dietary supplements. 
All women were asked about education, cigarette smoking, 
number of births and number of children living with the 
women at home.

Height and weight were measured in school-age children 
and women of reproductive age using standard anthropomet-
ric techniques [20]. For the measurements, subjects removed 
their shoes, emptied their pockets, and wore light indoor 
clothing. Body weight was measured to the nearest 0.1 kg 
using a digital scale. Height was measured to the nearest 
0.1 cm using a portable stadiometer in the children and a 
fixed stadiometer in the clinics.

We collected a casual “spot” urine sample from all 
subjects for the measurements of UIC, urinary creatinine 
concentration (UCC) and urinary sodium concentration 
(UNaC). A repeat spot urine sample was obtained in a ran-
domly selected subgroup of 30% of the subjects. We aimed 
to collect the second repeat spot urine sample within a week 
of the first urine sample. Urine samples were collected at 
various times of the day, but not from the first morning void. 
The subjects were given a plastic cup and were asked to 
provide ~ 20 mL of fresh midstream urine. All urine samples 
were aliquoted (2.0 mL) and frozen at − 20 °C until analysis.

Women provided a dried blood spot (DBS) sample for 
determination of thyroid stimulating hormone (TSH), total 
thyroxine (TT4) and thyroglobulin (Tg). Blood drops (50 µL) 
were collected by a finger prick and directly collected onto 
filtre paper cards (IDBS-226, Perkin Elmer, CT, USA). The 
DBS cards were dried at room temperature, placed in sealed 
plastic bags, and stored at 4 °C until analysis or frozen at 
− 20 °C.

We collected household salt samples from a random 
subsample of 30% of participating school-age children for 
measurement of salt iodine concentration. The subjects were 
asked to bring a 40 g salt sample (two table spoons) from 
their homes in provided clean plastic containers. The salt 
samples were stored in closed containers and stored in a cool 
and dry place until analysis.

Biochemical analysis

Urinary iodine concentration

We analysed UIC with the use of the Sandell–Kolthoff 
method [21]. Our laboratory participates in the programme 
to ensure the quality of UIC procedures (EQUIP, U.S. 
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Centers for Disease Control and Prevention, Atlanta GA, 
USA). Four external control samples (range 10–400 µg/L) 
are measured quarterly and our results are compared to ICP-
MS measured at U.S. CDC (Atlanta GA, USA, R2 = 0.99: 
data available on request). External quality control was 
ensured by measuring two control urine samples that were 
added to each plate analysed. The CV was 6% at 64 µg/L 
(n = 70) and 5% at 198 µg/L (n = 70). Adequate iodine sta-
tus was defined as median UIC ≥ 100 µg/L for school-age 
children and women of reproductive age, and as median 
UIC ≥ 150 µg/L for pregnant women [1].

Urinary creatinine concentration

The UCC was analysed manually using the modified 
Jaffé method [22]. We measured a subset of the samples 
(n = 130) using an automated system (Beckman Coulter, 
SYNCHRON® system) and the agreement was satisfactory 
(R = 0.99, P < 0.001).

Urinary sodium concentration

The UNaC was determined in the spot urine samples using 
flame atomic absorption spectrometry (AA240FS; Varian 
Inc., Tectron, Agilient Technology USA). Results were 
verified by measurement of certified reference material, 
i.e. Seronorm Trace Elements Urine Levels (Sero, Nor-
way). Between-run precision was 6.7% at 1680 g/L, 5.6% at 
2340 g/L and 6.4% at 3980 g/L.

Salt iodine concentration

The salt iodine concentration was analysed with the use of 
the Sandell–Kolthoff method [21]. Urine control samples 
(same as for UIC) were used as external controls for the 
analysis: The CV was 7% at 65 µg/L (n = 16) and 3% at 
194 µg/L (n = 16). The salt iodine concentration was defined 
as low at < 15 mg/kg, adequate at 15–40 mg/kg and high at 
> 40 mg/kg [1].

Thyroid function tests

We analysed TSH and TT4 in all DBS samples with the use 
of an automated time-resolved fluoroimmunoassay method 
(GSP 2021-0010; PerkinElmer, Turku, Finland) and related 
GSP Neonatal TSH/T4 kit (PerkinElmer, Turku, Finland). 
Kit-specific DBS controls were used for the analysis. 
The CV for TSH was 10% at 15 mU/L (n = 31) and 10% 
(n = 31) at 63 mU/L. For TT4, the CV was 14% at 42 nmol/L 
(n = 34) and 10% (n = 34) at 102 nmol/L. Age-, kit- and 
laboratory-specific reference ranges were used to calculate 
the prevalence of thyroid dysfunction for school children 

and women of reproductive age (TSH: 0.1–3.7 mU/L; TT4: 
65–165 nmol/L).

For pregnant women, we used trimester- and pregnancy 
week-specific reference ranges. We used the normal refer-
ence values defined for DBS-TSH in non-pregnant adults 
(0.1–3.7 mIU/L) for pregnant women in the second and 
third trimesters. We lowered the upper limit of our DBS-
TSH assay by 18% to 3.0 mIU/L in the first trimester, as 
recommended by the American Thyroid Association 
[23]. For DBS-TT4 in pregnant women in weeks 1–6, we 
applied the assay-specific normal reference range for non-
pregnant adults of 65–165 nmol/L. We then increased the 
non-pregnant upper reference limit by 5% per week, begin-
ning with week 7 (week 7, 65.0–173.3 nmol/L; week 8, 
65.0–181.5 nmol/L; week 9, 65.0–189.8 nmol/L; week 10, 
65.0–198.0 nmol/L; week 11, 65.0–206.3 nmol/L; week 
12, 65–214.5 nmol/L; week 13, 65.0–222.8 nmol/L; week 
14, 65.0–231.0 nmol/L; week 15, 65-239.3 nmol/L) [23, 
24]. Starting at week 16, we multiplied the non-pregnant 
adult reference range by 1.5 and used the resulting range of 
97.5–247.5 nmol/L.

Tg was measured on the DBS samples with a DBS-Tg 
enzyme-linked immunosorbent assay (ELISA) [25]. Serum 
control samples (Liquicheck Tumor Marker Control; Bio-
Rad, Hercules, CA, USA) were used as standards for the 
DBS-Tg assays. In-house DBS samples were used for quality 
control and the CVs were 28% at 21 µg/L (n = 9) and 15% at 
65 µg/L (n = 12). Assay-specific reference ranges for DBS-
Tg were used for school-age children (4–40 µg/L [26]) and 
pregnant women (0.3–43.5 µg/L [27]). No reference ranges 
are available for this DBS-Tg assay for women of reproduc-
tive age.

Thyroid autoimmunity and the presence of Tg antibodies 
(TgAb) may confound the individual assessment of Tg in 
clinical monitoring of thyroid disorders. We measured DBS-
TgAb concentrations in a subsample (n = 255) of the samples 
collected in pregnant women using a serum enzyme-linked 
immunosorbent assay (TgAb enzyme-linked immunosorb-
ent assay, version 2; RSR, Cardiff, UK) adapted in our 
laboratory for DBS [25]. The inter-assay CV was 13.8% at 
150 ± 50 U/mL and 9.9% at 520 ± 150 U/mL. The manufac-
turer cut-off for TgAb positivity is ≥ 65 U/mL.

Statistical analysis

We used Excel 2010 (Microsoft, Redmond, WA, USA) and 
SPSS version 23 (IBM, Armonk, NY, USA) for data pro-
cessing and analysis.

The primary outcome of the study was UIC. Second-
ary outcomes were UNaC and thyroid function param-
eters measured on DBS (TSH, TT4 and Tg) in the women. 
We calculated the UIC:UCC ratio and estimated the daily 
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urinary iodine excretion (UIE) for each subject. For children, 
we used the following formula [28]:

For women, we used the following formula,

To obtain the estimated daily iodine intake, we assumed 
92% of consumed iodine is excreted in the urine and divided 
the estimated daily excretion by 0.92 [31, 32]. The estimated 
daily sodium excretion and sodium intake were calculated 
in the same way as for iodine. We estimated the habitual 
iodine intake and the prevalence of inadequate iodine intake 
using the EAR cut-point method [11, 33, 34]. We used the 
estimated average requirement (EAR) and upper level (UL) 
established by the US IOM [32]. The EARs for iodine for girls 
and boys aged 4–8 years and 9–13 years are 65 µg/day and 
73 µg/day, respectively. The ULs for iodine for girls and boys 
aged 4–8 years and 9–13 years are 300 µg/day and 600 µg/
day, respectively. The EAR and UL for non-pregnant and non-
lactating women (19–70 years) are 95 µg/day and 1100 µg/
day, respectively. We used the personal computer version of 
Software for Intake Distribution Estimation (version 1.0, 2003; 
available from the Department of Statistics, Iowa State Uni-
versity) and the supporting documentation to estimate usual 
intake distributions [35, 36]. Details of the method known as 
the Iowa State University method are discussed in detail else-
where [33, 37]. An estimate of variance from the subsample 
in which duplicate urine samples were collected was applied 
to the entire population. The software produces an empirical 
estimate of the usual nutrient intake of each EAR/UL age and 
sex subgroup, estimates adjusted percentiles, and calculates 
the prevalence of inadequate or excessive intake from the sub-
group using the EAR/UL cut-point method. Per definition, a 
prevalence of 2.5% below the EAR and 2.5% above the UL is 
acceptable in a population with adequate iodine intake [34].

We assessed normality by testing the distributions of 
continuous variables against a normal distribution with the 
Kolmogorov–Smirnov test and graphically by evaluating 
histograms and Q–Q plots. Normally distributed data were 
expressed as mean ± SD (95% CI). Non-normally distributed 
data were log-transformed and if a parameter met the assump-
tion of normal distribution it was presented as geometric mean 
(SD). Median (IQR) was used for data that remained skewed 
after transformation. Nonparametric 95% confidence inter-
vals (CI) around the median were obtained using the boot-
strap technique (n = 1000). No outliers were removed from 

Estimated UIE (μg/d) =
UIC (μg∕L)

UCC (g∕L)

× UCC reference values (g × kg−1 × d−1 [29]) × body weight .

Estimated UIE (μg/d) =
UIC (μg∕L)

UCC (g∕L)

× UCC reference values
(

g × d−1 [30]
)

.

the descriptive data, apart from one UIC outlier for school-age 
children (UIC > 2500 µg/L).

Wilcoxson signed rank test was used to test differences 
in measured parameters between the first and second urine 
samples. For continuous variables, group differences between 
two categories were tested by using the Mann–Whitney U test 
and for more than two categories we used the Kruskal–Wallis 
ANOVA test followed by Mann–Whitney post hoc tests and 
Bonferroni correction of the significance level (e.g. longitu-
dinal comparison of UIC in school-age children and pregnant 
women). We used Pearson chi-square test to evaluate differ-
ences between the trimesters for categorical data. Associations 
between two variables were assessed using the Kendall’s tau 
correlation coefficient (R). The association between estimated 
iodine and sodium intakes was assessed by Pearson correla-
tion using log data. Iodine intakes > 4000 ug/day (n = 3) and 
sodium intakes > 15000 mg/day (n = 3) were excluded from 
the analysis for women of reproductive age. Statistical signifi-
cance was set at P < 0.05.

Results

School‑age children

We enrolled 754 school-age children from 29 schools: 
23 children did not meet the inclusion criteria or did not 
provide a urine sample and were excluded from the data 
analysis. The final study population is comprised of 731 
children, representing approximately 1 in 760 children in 
the age group from 6 to 12 years in Switzerland. Gen-
eral characteristics of the children are shown in Table 1. 
All regions were well represented, except for the north-
east region where only 41% of the intended numbers of 
children were recruited. Communities with a population 
> 99′999 inhabitants were under-represented: only 1 out 
of 5 intended subjects were obtained.

We obtained 193 salt samples collected from a random 
subsample of the households of the participating children. 
The measured salt iodine concentration in the collected salt 
samples (n = 193) was adequate (15–40 mg/kg) in 82.9% 
and low (5–15 mg/kg) in 4.7%. No iodine (< 5 mg/kg) was 
detected in 12.4% of salt samples, but none of the samples 
had iodine concentrations exceeding 40 mg/kg. The median 
iodine concentration in iodised salt samples (≥ 5 mg/kg) was 
23.9 mg/kg (IQR: 21.8, 25.4 mg/kg) (n = 169). We did not 
observe higher proportion of non-iodized salt samples or 
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different salt iodine concentration in Ticino (n = 37) com-
pared to the other regions combined (P = 0.670).

The overall median UIC in school-age children was 
137 µg/L (bootstrapped 95% CI: 131, 143 µg/L, n = 729) 
(Table  2), higher than the median UIC of 120  µg/L 
(bootstrapped 95% CI: 116, 124 µg/L) obtained in 2009 
(n = 916, P < 0.001, Fig. 1a). Only 5.7% of the children 
had a UIC < 50 µg/L for the first spot urine sample. UIC 
did not correlate with age (P = 0.335) or household salt 
iodine concentration (P = 0.642), but boys had margin-
ally higher median UIC than girls (median = 143 µg/L vs. 
131 µg/L; P = 0.046).

The median UIC in children was ≥ 100  µg/L in all 
five of the geographic regions of Switzerland, ranging 
from 128 µg/L to 163 µg/L. The highest median UIC of 
163 µg/L (IQR: 109, 228 µg/L) was observed in Ticino 
(n = 142), higher than the median UIC of 133 µg/L (IQR: 
98, 179 µg/L) of the other four regions combined (n = 589) 
(P < 0.001). However, the overall national median UIC was 
unaffected by the data obtained in Ticino (P = 0.141). We 
observed no differences in median UIC between commu-
nities with a population of < 10′000 inhabitants (n = 472) 
compared to communities with a population between 
10′000 and 99′999 inhabitants (n = 239: P = 0.367). The 
only school obtained in communities with > 99′999 was 
excluded from the comparison.

The median daily iodine intake was estimated separately 
for two age groups in accordance with the dietary intake 
recommendations [32] and by adjusting for intra-individ-
ual variability. The estimated iodine intake was inadequate 

(below the EAR) in 10% of the children: 11.5% for 6–8 years 
old and 8.8% for 9–12 years old (Table 2). No children had 
excessive intakes exceeding the UL. The median estimated 
daily sodium intake was 2394 mg/day (IQR: 2059, 2770 mg/
day, Table 2). The estimated iodine intake was positively 
associated with the estimated sodium intake (R = 0.407, 
P < 0.001, Fig. 2a).

Women of reproductive age

A total sample of 361 women from 18 obstetricians/gynae-
cologists participated in the study. We excluded eight sub-
jects as they did not fulfil the inclusion criteria and the 
final sample size entailed 353 women of reproductive age 
(Table 1). The northeast region had only one participating 
clinic and was under sampled.

Ninety-two percent of the women reported using iodised 
salt in their homes, but only 1.4% consumed iodine-contain-
ing dietary multivitamin supplements (Table 1). The median 
UIC in women of reproductive age was 88 µg/L (boot-
strapped 95% CI: 72, 103 µg/L, n = 345), borderline below 
the WHO threshold of 100 µg/L indicating iodine sufficiency 
(Table 2). The UIC distribution of the first urine sample was 
strongly skewed and the proportion of UIC < 50 µg/L was 
28%. After adjusting the iodine intake for intra-individual 
variability, the median iodine intake was estimated to be 
163 µg/day (IQR: 117, 241 µg/L, n = 330, Table 2). The 
prevalence of inadequate iodine intake was 12.4% and only 
0.4% of the women had estimated iodine intakes above the 
upper intake level.

Table 1   Subject characteristics 
of the three population groups

a Data are geometric mean (SD), all such values
b Data are median (interquartile range), all such values

School-age children  
(n = 731)

Women of reproductive age 
(n = 353)

Pregnant women 
(n = 363)

Value n Value n Value n

Male/female 385/342 727 – –
Age (years)a 9.3 (1.6) 695 29.3 (7.1) 345 31.3 (4.4) 353
Weight (kg)b 33.0 (27.8, 39.6) 730 62 (57, 68) 341 – –
Height (cm) 138 (131, 146) 730 166 (163, 171) 342 – –
BMI (kg/m2) – – 21.8 (20.4, 24.6) 340 – –
Pregnancy week – – – – 23 (13, 37) 359
Reported household use of iodised salt (%)
 Yes/No/Do not 

know
– 91.5/7.9/0.6 353

Dietary supplement consumption (%)
 Yes/No/Do not 

know
– 28.6/69.1/2.3 353 91.5/7.2/1.4 363

Iodine-containing dietary supplement consumption (%)
 Yes/No/Do not 

know
– 1.4/94.1/4.5 353 36.6/62.0/1.4 363
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The median UNaC was 2018  mg/L (IQR: 1045, 
3199 mg/L) and estimated median daily sodium intakes 
was 3566 mg/day IQR: (2850, 4407 mg/day, Table 2). We 
observed a positive correlation between the estimated iodine 
and sodium intakes (R = 0.328, P < 0.001, Fig. 2b).

TSH, TT4 and Tg concentrations of the women are pre-
sented in Table 3. The prevalence of subclinical and overt 
thyroid disorders was low, comparable to a typical euthy-
roid population (Table 3). No reference values have been 
established for DBS-Tg, but when applying the reference 
ranges for pregnant women the prevalence of elevated Tg 
was 16.3%. We observed no association between UIC and 
any of the thyroid parameters (data not shown).

Pregnant women

A total sample of 375 pregnant women from 18 clinics par-
ticipated. We excluded 12 subjects as they did not fulfil the 
inclusion criteria and the final sample size was 363 pregnant 
women. The median UIC in pregnant women was 140 µg/L 
(bootstrapped 95% CI: 124, 159 µg/L, n = 359), statistically 
not below the WHO threshold of 150 µg/L indicating inad-
equate iodine intake during pregnancy. The median UIC 
(bootstrapped 95% CI) of women in the first trimester of 
pregnancy (n = 60) was 110 µg/L (75, 153 µg/L), in the sec-
ond trimester (n = 163) it was 128 µg/L (106, 174 µg/L), and 
for women in the third trimester (n = 130) it was 171 µg/L 

Table 2   UIC, UCC, UNaC, 
estimated iodine and sodium 
intakes in the three population 
groups

UIC urinary iodine concentration, UCC​ urinary creatinine concentration, UIE urinary iodine excretion, 
UNaC urinary sodium concentration
*Values are median (IQR), all such values
† Wilcoxson signed rank test was used to test differences between sample 1 and sample 2. Labeled values 
without a common superscript letter differ between sample 1 and sample 2, p < 0.05
‡ Adjusted distribution accounting for intra-individual variability using the Iowa State University Software 
for Intake Distribution Estimation [33, 35, 36]
δ Two outliers removed

School-age children Women of reproductive 
age

Pregnant women

Value n Value n Value n

UIC (µg/L)*,†

 Sample 1 137 (100, 188)a 729 88 (45, 171)a 345 140 (65, 314)a 359
 Sample 2 145 (102, 192)a 202 62 (39, 131)a 96 97 (40, 164)b 102

UCC (g/L)†

 Sample 1 1.05 (0.78, 1.32)a 709 0.76 (0.41, 1.31)a 341 – –
 Sample 2 1.01 (0.77, 1.32)a 198 0.70 (0.48, 1.32)a 95 – –

UIC/UCC ratio (µg/g)†

 Sample 1 131.2 (99.8, 180.4)a 708 103 (71, 161)a 341 – –
 Sample 2 141.5 (101.5, 183.7)a 196 87 (59, 119)b 94 – –

Estimated 24-h UIE (µg/day)†

 Sample 1 88.1 (64.5, 119.2)a 708 127 (86, 197)a 334 – –
 Sample 2 92.2 (67.3, 122.1)a 195 106 (72, 144)b 94 – –

Estimated iodine intake (µg/day)‡

 Children 6–8 years 89 (75, 106) 220 – – – –
 Children 9–12 years 110 (90, 136) 457 – – – –
 Women 18–44 years – 163 (117, 241) 330 – –

UNaC (mg/L)†

Sample 1 3212 (2305, 4038)a 715 2018 (1045, 3199)a 320 1872 (927, 3008)a 352
Sample 2 2931 (2085, 4087)a 209 1716 (1010, 2564)a 96 1693 (868, 2844)a 104
UNaC/UCC ratio (mg/g)†

 Sample 1 3127 (2099, 4395)a 703 2458 (1619, 3610)a 318 – –
 Sample 2 2944 (19,142, 4035)a 194 2208 (1257, 3498)a 93 – –

Estimated 24-h sodium excretion (mg/day)†,δ

 Sample 1 2016 (1337, 2824)a 703 3014 (1986, 4398)a 311 – –
 Sample 2 1926 (1252, 2812)a 193 2667 (1523, 4254)a 92 – –
 Estimated sodium 

intake (mg/day)‡
2394 (2059, 2770) 673 3566 (2850, 4407) 316 – –
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(146, 216 µg/L, P = 0.055). The proportion of UIC < 50 µg/L 
was 18% and the proportion > 1000 µg/L was 3%.

Eighty-five percent of the women reported using iodised 
salt in their homes. Iodine-containing prenatal multivitamin 
supplements (containing 150 to 220 µg iodine/day) were 
consumed by 37% of the pregnant women and the rates 
were similar for all three trimesters (P = 0.943). The median 
UIC did not differ between supplement users and non-users 
(P = 0.404). The median UNaC in pregnant women was 
comparable to that in women of reproductive age (1872 vs. 
2018 mg/L, P = 0.207).

We observed a statistical difference in the median UIC 
in pregnant women over the years from 1999 to 2015 in the 
overall longitudinal analysis (P < 0.001), but the difference 
was only significant for the median UIC in 2004 (post hoc 
analysis). We did not find an explanation for the high median 
UIC in 2004, but it is possible that some of the collected 
urine samples were contaminated with iodine from urinary 
glucose test dip sticks used by the participating clinics in 
that study [9, 38]. The median UIC in 2015 was not lower 

than the median of 162 µg/L (bootstrapped 95% CI: 144, 
177 µg/L, n = 648) observed in 2009 (P = 0.417, Fig. 1b).

The median TSH and geometric mean TT4 represent an 
overall euthyroid population, and the prevalence of subclini-
cal hypothyroidism, subclinical hyperthyroidism and iso-
lated maternal hypothyroxinaemia was low at 0.9%, 0.2% 
and 4.8%, respectively (Table 3). TSH did not differ between 
trimester (P = 0.764), but as expected TT4 was lower in the 
first trimester (P < 0.001).

The median DBS-Tg concentration was high at 23.8 µg/L 
(IQR: 15.5, 35.3 µg/L), comparable to the median Tg in 
women of reproductive age (P = 0.968). We observed no 
difference in the median Tg concentration between the tri-
mesters (P = 0.833). The prevalence of elevated DBS-Tg was 
13.3%. The Tg concentration was lower in women taking 
iodine-containing supplements (n = 126), compared to non-
users (n = 219) (median Tg 22.6 vs. 24.6 µg/L, P = 0.013). 
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Fig. 1   Median (boostrapped 95% CI) UIC in school-age children 
(a) and pregnant women (b) by year [7, 9, 10]. UIC urinary iodine 
concentration. The shaded areas indicate optimal iodine nutrition 
according to WHO UIC thresholds [1, 55]. Kruskal–Wallis ANOVA 
followed by Mann–Whitney post hoc tests with Bonferroni correc-
tion was used to test differences in median UIC between years. Values 
with different superscript letters differed (P < 0.001)

Fig. 2   Linear regression lines showing the association between esti-
mated iodine and sodium intakes for school-age children (a) and 
women of reproductive age (b)
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We also observed lower TT4 concentration in women tak-
ing iodine-containing supplements (n = 129), compared to 
non-users (n = 220) (median TT4 130.5 vs. 139.7 nmol/L, 
P = 0.011).

Discussion

The iodine intake in Switzerland is overall adequate in 
school-age children, but only borderline sufficient in women 
of reproductive age and pregnant women using the WHO 
thresholds for the median UIC. At the same time, 10% of 
children and 12% of women have inadequate habitual iodine 
intakes, i.e. intakes below the EAR.

Iodine deficiency in a population is defined as a median 
UIC < 100 µg/L (< 150 µg/L for pregnant women) [39], i.e. 
at an intake level below which the risk of goitre increases 
(< 100 µg/L in school-age children [40]; <100 µg/day, i.e 
UIC < 60–70 µg/L in adults [41, 42]). An alternative method 
to assess adequate iodine intakes from UIC was recently pro-
posed [11], based on the established EAR cut-point method 
[34]. This method defines adequate iodine intake as when 
97% of individuals in a population meet the EAR. The intake 
level required to maintain adequate habitual iodine intake is 
higher than the minimum intake needed to prevent goitre. 
Optimal iodine nutrition is achieved when both criteria are 
fulfilled [3, 11].

We observed a modest improvement of the median UIC 
in children in the current study compared to the three pre-
vious national studies, which in part may be attributed to 
the increased salt iodine content from 20 mg/kg to 25 mg/
kg. Yet, the iodine intake remained low in women of repro-
ductive age and pregnant women [10–12] and a 5 mg/kg 
increase of the salt iodine content did not appear to ben-
efit women with higher dietary iodine requirements. We 
recently showed that salt iodine fortification at 25 mg/kg 
can be sufficient to meet the dietary iodine requirements of 
all population groups if the coverage of iodised salt is high 
[3]. However, the median UIC in Swiss children and women 
is only half of that observed in populations with mandatory 
iodisation of all edible salt [3].

Iodised salt is likely the primary source of iodine in the 
Swiss diet [12]. The use of iodised salt in the households 
remains high (> 80%) and satisfactory. However, foods pro-
duced or cooked outside the households, i.e. ready-made 
foods obtained from a store or a restaurant, are the main 
sources of salt in a western diet (70–80% of the total amount 
of salt consumed) [43]. The use of iodised salt in such foods 
is critical to achieve optimal iodine status. Data on the pro-
portion of food products produced and/or sold with iodised 
salt in Switzerland are limited, but the coverage appears 
incomplete: only 61% of the food grade salt sold in 2017 
was iodised (Personal communication, Swiss Saltworks AG, 
2018). The estimated median iodine intake in women of 

Table 3   Thyroid function 
markers and prevalence of 
thyroid dysfunction in women 
of reproductive age and 
pregnant women

TSH thyroid stimulating hormone, TT4 total thyroxine, Tg thyroglobulin, TgAb thyroglobulin antibody
a Data are median (IQR), all such values
b Data are geomean (SD), all such values
c Defined as elevated TSH and normal TT4
d Defined as elevated TSH and low TT4
e Defined as low TSH and normal TT4
f Defined as low TSH and elevated TT4
g Defined as normal TSH and low TT4
h Defined as Tg > 43.5 µg/L [27]; references values are defined for pregnant women only
i Defined as TgAb ≥ 65 U/mL

Women of reproductive age Pregnant women

Value n Value n

TSH (mU/L)a 0.8 (0.6, 1.0) 350 0.8 (0.6, 1.1) 352
TT4 (nmol/L)b 113.7 (37.5) 350 132.5 (33.7) 351
Tg (µg/L)a 23.1 (15.7, 35.4) 349 23.8 (15.5, 35.3) 347
Subclinical hypothyroidism (% [n])c 0.3 [1] 350 0.9 [3] 351
Overt hypothyroidism (% [n])d 0.3 [1] 350 0.3 [1] 351
Subclinical hyperthyroidism (% [n])e 0.0 [0] 350 0.2 [1] 351
Overt hyperthyroidism (% [n])f 0.0 [0] 350 0.0 [0] 351
Isolated hypothyroxinaemia (% [n])g 3.4 [12] 350 4.8 [17] 351
Elevated Tg (% [n])h – – 13.3 [46] 347
TgAb positive (% [n])i – – 23.1 [59] 255
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reproductive age in our study was 163 µg/day (Table 2). If all 
salt would be iodized the intake would increase to ≥ 220 µg/
day. Universal salt iodisation, i.e. iodisation of all food grade 
salt, remains the golden standard [1], yet its implementation 
is challenging. National policies and legislation for iodised 
salt differ across countries [44] and many European food 
producers choose to use non-iodised salt to facilitate export 
and import of their products. The consequence is inadequate 
iodine nutrition in women of reproductive age and pregnant 
women [15, 16]. In Switzerland an overall increase in iodine 
intake of approximately 25 µg/day is likely sufficient  to 
achieve optimal iodine nutrition.

The sodium intake in the Swiss population is well above 
the national (1.5 g/day [45]) and international recommenda-
tions (2 g/day [46]). We estimate a sodium intake of 3.5 g/
day in women (corresponding to a salt intake of 8.9 g/day), 
consistent with a previous national study [47]. Not surpris-
ingly, the sodium intakes exceed the recommendations also 
in children, in agreement with a recent local study [48]. 
The Swiss nutrition strategy for 2017–24 set out to reduce 
the overall sodium intake [49]. A successful salt reduction 
may increase the risk of emerging iodine deficiency in the 
Swiss population, if the overall coverage of iodised salt is 
not improved. The salt iodisation strategy must, therefore, 
be integrated with the salt reduction policy and be adapted 
to the actual salt intakes [50, 51].

The contribution of iodine from different dietary sources 
cannot directly be quantified by our data. However, Fig. 2 
suggests that a substantial proportion of the daily iodine 
intake may come from sources other than salt and partially 
compensate for the incomplete coverage of iodized salt. 
Cow’s milk and dairy products are important sources of die-
tary iodine in the Swiss population, particularly in children 
[52, 53]. We estimate that daily consumption of one glass 
(0.3 L) of Swiss milk (with a median milk iodine concen-
tration of ≈ 87 µg/L) would contribute ≈ 25 µg iodine [53], 
i.e. a quarter of the recommended daily iodine intake for 
children [1, 32]. Subgroups not consuming dairy products 
may have particular low iodine intakes and be at high risk 
of iodine deficiency, as previously shown for vegans [54].

Is the borderline low iodine intake a health concern? Our 
data suggest an increased thyroid activity in women, pos-
sibly due to the borderline low iodine intake. The median 
Tg concentrations in women were higher than typically seen 
in iodine-sufficient populations and 13% of the pregnant 
women had elevated Tg concentrations [3, 27]. Tg increases 
in iodine deficiency [27, 55, 56], but the potential signifi-
cance is uncertain. The thyroid gland in healthy individuals 
is generally able to adapt to mildly iodine-deficient intakes 
[57, 58] and this is supported by the low prevalence of hypo-
thyroidism in our study. However, to maintain euthyroidism 
in the face of chronic low iodine intake requires increased 
thyroid activity; over the long term this may increase risk 

of multifocal autonomous growth and thyroid nodules [57, 
59]. Long-term iodine sufficiency normalises thyroid activ-
ity, reduces the incidence of thyroid nodules and autonomy, 
and prevents thyroid disorders in the general population [58, 
60, 61].

Representative data on thyroid disorders in Switzerland 
are limited [62]. The risk of a transient increased incidence 
of hyperthyroidism at further improvements of the iodine 
intake into the adequate intake range is likely low [58, 60, 
61], considering that the iodine intake is only borderline 
inadequate and has been stable since the 1980s [63]. A 
small increase of subclinical hypothyroidism associated 
with increased risk of mild thyroid autoimmunity (with 
antibodies at a low titre) has been observed after improved 
iodine status, but the risk is uncertain [58, 64, 65]. Stud-
ies evaluating the impact of iodine fortification on thyroid 
disorders have been conducted in populations with mild-
to-moderate iodine deficiency, but long-term studies are 
needed to evaluate the benefits and risks associated with 
correcting borderline inadequate intakes. Importantly, 
there is low risk of excessive iodine intakes at current salt 
intake and the present level of salt iodine fortification [3, 
66].

Iodine supplementation of 150 µg iodine daily during 
pregnancy is recommended in several countries [23, 67, 
68] and supported by WHO when the coverage of iodised 
salt is incomplete [69]. In the U.S., 62% of prenatal vita-
mins contain iodine [70], whereas in Europe most pre-
natal vitamin supplements do not. In Switzerland, iodine 
supplementation is not specifically recommended, but 
approximately half of the various prescribed prenatal sup-
plement brands contain iodine, yet the most commonly 
used product does not. The consumption of iodine-con-
taining prenatal multivitamin supplements during preg-
nancy increased from 15% in 2009 to 41% in 2015 [10]; 
however, the median UIC in 2015 was not higher in users 
compared to non-users, possibly because of the low sam-
ple size. Controlled studies evaluating the impact of iodine 
supplementation on thyroid function of the mother and 
long-term health effects of the child are limited [71, 72]. A 
recent randomised controlled trial of prenatal iodine sup-
plementation in mildly deficient pregnant women observed 
improved iodine status during pregnancy, but no long-term 
benefit on child development [73]. Furthermore, iodine 
supplementation is generally begun at the end of the first 
trimester and may miss the critical time-window of rapid 
thyroid and brain development that occurs during the first 
trimester. Thus, the priority should be an overall improve-
ment of the iodine intake in the population at large, cov-
ering women of reproductive age and thereby ensuring 
adequate iodine nutrition in early pregnancy as well as 
lactating women with low breastmilk concentrations [10].
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Strengths of our study include: (1) longitudinal iodine 
status assessment using data from four national studies 
conducted over 16 years, which all used recommended and 
consistent study design [1]; (2) parallel assessment of three 
population groups identifying gaps in the effectiveness of 
the salt iodization policy; (3) assessment of both UIC and 
thyroid function; (4) data on the prevalence of inadequate 
iodine intake recognising disparities in habitual iodine 
intakes not detected by the overall median UIC. We rec-
ognise that the sample sizes were lower than intended, due 
to the poor response rate. However, previous studies did 
not report differences between regions or community size 
[10–12] and we still consider the data representative.

In conclusion, despite longstanding and successful vol-
untary salt iodisation in Switzerland, the strategy currently 
falls short to achieve optimal iodine nutrition in women, 
despite high salt intakes and high household coverage with 
iodized salt. Our findings suggest increasing the concentra-
tion of iodine in salt may not improve the overall iodine 
intake if iodised salt is not widely used in processed foods. 
Thus, effective strategies to improve the use of iodised salt 
in processed food production are warranted.
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