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Abstract

Background Mild iodine deficiency (MID) is endemic in
Belgium. Previous surveys, which assessed iodine nutrition
in Belgium, focused on children. The iodine status of adults
and the influence of ethnicity or seasonality on urinary
iodine concentrations (UIC) have not been investigated.
Since the nutritional profile of children differs from that of
adults, we may anticipate similar differences in iodine
status. Seasonal fluctuations in UIC have also been repor-
ted from other MID regions.
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Aim of the study We aimed at assessing iodine status and
its association with ethnicity and seasonality in adults.
Methods A stratified random sample of 401 healthy
subjects aged between 40 and 60 years, of Belgian,
Moroccan, Turkish and Congolese descent residing in
Brussels was obtained. Iodine status and thyroid function
were determined.

Results Median UIC was 68 pg/L. The frequency of UIC
below 100 pg/L was 73.3%, of which 41.9% fell between
50 and 99 pg/L, and 29.8% between 49 and 20 pg/L. There
was no difference in UIC and thyroid function between
subjects of different ethnic origins. The frequency of UIC
below 50 pg/L. was higher in the fall-winter compared to
spring-summer periods (P = 0.004). Serum FT3 concen-
trations, but not FT4 and TSH, were significantly greater in
winter than in summer.

Conclusion Seasonal fluctuations in UIC suggest that the
risk of iodine deficiency among adults living in Brussels is
higher in fall-winter than in spring-summer. The preva-
lence of MID in Brussels is high among adults but ethnicity
does not appear to influence iodine status.

Keywords Goiter - Iodine deficiency - Ethnicity -
Thyroid
Introduction

Iodine deficiency (ID) has profound effect on human
health, with endemic goiter and mental retardation being
the most serious consequences of severe ID. The effect of
mild iodine deficiency (MID) is more insidious because of
an extended latency period before visible thyroid abnor-
malities occur. To some extent, this may explain the
common perception that MID is not a public health
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problem [1]. This in untrue since, for example, the preva-
lence of autonomous thyroid nodules (ATN) and multino-
dular goiter (MNG) was shown to be higher in MID
areas compared to areas of iodine sufficiency, such as
Switzerland and the United States of America [2-5].
Incidentally, both ATN and MNG are the main causes of
hyperthyroidism in the adult population. In addition, MID
may affect thyroid function in both pregnant women and
their offspring [6, 7]. A recent, prospective study, designed
to investigate the benefits of MID correction on the neu-
robehavioral outcome of offspring, demonstrated the
importance of early dietary iodine fortification during
pregnancy [8]. Several studies from MID areas have reported
an association between intelligence quotient, auditory
threshold and the adequacy of iodine intake in children
[9-13]. Hypothyroxinemia, common in pregnant women,
particularly in iodine-deficient areas is associated with
impaired neurodevelopment among their offspring [14-17].

The majority of the past surveys into the iodine status in
Belgium concerns children [18]. However, the nutritional
profile of children may differ from that of adults, and so the
outcome of these previous studies may not present an
accurate picture of iodine deficiency in the population as a
whole. The influence of ethnicity and seasonality on iodine
status has never been investigated in Belgium, although
these factors have been shown to be an important deter-
minant of iodine status in other European countries
[19, 20]. The aim of this study was to asses the iodine
status and its association with ethnicity and seasonality in
adults aged over 40 years residing in Belgium.

Methods

A stratified random sample of 1,000 subjects, aged between
40 and 60 years, of Belgian, Moroccan, Turkish and
Congolese descent was obtained from 7 of the 19 munic-
ipalities of Brussels as described in details elsewhere [21].
The sample was stratified according to the four different
ethnic groups living in Brussels: autochthonous Belgians,
and first-generation immigrants from Morocco, Turkey and
the Democratic Republic of Congo. Ethnicity classification
was observer-assigned and based on the subject’s name
and own or parents’ country of birth. Second-and third-
generation immigrants were excluded from the sample. In a
second stage, a random subsample of each ethnic group
was invited to Erasme Hospital for further assessment of
the iodine status and thyroid function. Only healthy adults
without known history of thyroid disease or medications
affecting thyroid function were included in the study.
MID was defined as a UIC between 50 and 99 ng/L,
moderate ID as a UIC between 20 and 49 pg/L and severe
ID below 20 pg/L, according to WHO recommendations.
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The protocol for this study was approved by the Ethics
Committee of Erasme University Hospital.

Laboratory measurements

Serum free thyroxine (FT4), free triiodothyronine (FT3),
thyrotropin (TSH) were measured by chemoluminescence
using the Modular Analytic System (Elecsys, Roche,
Mannheim, Germany). The normal ranges for adults in
Belgium were as follows: serum FT4, 0.8-1.7 ng/dL;
serum FT3, 1.8-4.6 pg/mL; serum TSH 0.4—4.0 mIU/L.
Urinary iodine was measured by inductively coupled
plasma mass spectrometry (ICPMS), as previously
described [22].

Statistical analysis

Continuous variables were summarized by their mean
(£SD), and means were compared using one-way analysis
of variance. The Scheffé multiple-comparison test was
used to compare pairs of means. All P values were two-
sided. For discrete variables, we compared proportions
using Chi-square tests and computed odds ratios with a
95% confidence interval. To control for possible con-
founding factors, adjusted odds ratios were computed by
logistic regression. Statistical analyses were performed
using SPSS (Chicago, Illinois).

Results

Among the 386 subjects from Brussels in whom spot UIC
were measured, the median was 68 pg/L (Fig. 1). Based on
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the UIC values, the overall prevalence of iodine deficiency
was 73.3% (95% CI 69-78%) of adults residing in Brus-
sels, with 41.9% scoring a UIC of between 50 and 99 ng/L,
29.8% scoring between 49 and 20 pg/L and 1.6% below
20 pg/L.

There was no significant difference in UIC subjects of
different ethnicity (Table 1). Within the four ethnic groups
studied, Belgian subjects were slightly older when com-
pared with the other subjects. Overall, the prevalence of
thyroid dysfunction (TSH <0.4 or >4 mIU/L) was greater
than 6% but there were no differences in thyroid function
between the groups.

The frequency of moderate iodine deficiency fluctuated
significantly according to seasons (Fig. 2). The frequency
of low UIC was nearly twice as high between January and
March than between April and June. After controlling for
age, sex, ethnicity and BMI, this seasonal difference was
confirmed by multivariate analysis (Table 2), which also
showed the absence of association between iodine status
and ethnicity. Similarly to UIC, serum FT3 concentrations
also fluctuated with the seasons. Serum FT3 concentrations
were significantly greater in winter than in summer, while
serum FT4 and serum TSH concentrations showed no
seasonal fluctuation (Fig. 3).

Discussion

The prevalence of mild (41.9%) and moderate (29.8%)
iodine deficiency among adults residing in Brussels was
high. Iodine deficiency in the adult population we studied
was associated with seasonal fluctuations in UIC, but not
with ethnicity.

Table 1 Characteristics of the subjects

p = 0.004
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Fig. 2 Frequency of urinary iodine concentrations below 50 pg/L
according to the seasons (global Chi-square P = 0.027)

The frequency of iodine deficiency was higher in the
population studied than that reported in the most recent
survey of Belgian schoolchildren survey [18]. Our finding
suggests that iodine deficiency in Belgium may be more
pronounced in adults than that detected among children
as reported previously in other iodine-deficient regions
[19, 23].

There was no difference in UIC between the different
ethnic groups residing in Brussels. Low UIC have been
reported among immigrant pregnant women in Italy [20].
In this study, a positive correlation was found between the
length of residence in Italy and UIC. The authors attributed
the difference to pronounced iodine depletion, prior to their

Characteristics Belgians Congolese Moroccan Turkish P value
Values No. of Values No. of Values No. of Values No. of
subjects subjects subjects subjects

Age (year) 51+6 101 49+ 5 99 49 £+ 5 100 49 +5 101 0.01*
BMI 26.7 £ 7.1 99 277 46 97 284 £ 5.7 98 287 £ 5.5 102 0.08
Male sex-no. (%) 51 (50) 49 (49) 50 (50) 51 (50) 1
Serum TSH (mIU/L) 1.6 £ 1.1 100 1.7+ 1.1 99 1.8 £24 100 1.6 £ 09 101 0.87
Serum TSH <0.4-number (%) 3 (3) 4 4) 4 4) 3(3) 0.52
Serum TSH >4-number (%) 1(1) 4 (4) 4 4) 2(2) 0.32
Serum FT4 (ng/dL) 1.3 £0.15 97 1.2 +£04 99 1.2 £0.2 100 1.2 £0.23 101 0.53
Serum FT3 (pg/mL) 32+ 04 97 32+ 15 99 32+05 100 34 +£0.7 101 0.27
Urinary iodine (ug/L)" 68 (40-100) 99 66 (44-97) 94 75 (50-75) 95 68 (41-108) 98 0.30

P values were derived from one-way analysis of variance or by the chi-square test with Yates’ correction. The Scheffé multiple-comparison test

was used to compare pair of means

* The value for the Belgian subjects differs significantly from the values for the Congolese, Moroccan and Turkish subjects

> Median with 25-75th percentile in parentheses. P value for urinary iodine was derived from Kruskal-Wallis test
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Table 2 Risk of moderate

iodine deficiency in adult Variable No.b of No'. of cases Crude or Adjusted or P value
inhabitants of brussels subjects of 10fhne (95% CI) (95% CI)
deficiency (%)
Age (year) 0.564
4044 82 22 (26.8) 0.76 (0.37-1.56) 0.71 (0.35-1.45)
45-49 119 36 (30.3) 0.90 (0.47-1.70) 0.85 (0.45-1.59)
50-54 99 35 (35.4) 1.13 (0.59-2.18) 1.14 (0.59-2.17)
>55 86 28 (32.6) 1 1
Sex 0.269
Female 192 65 (33.8) 1.26 (0.80-1.99) 1.29 (0.82-2.04)
Male 194 56 (28.9) 1 1
Ethnicity 0.391
Belgian 99 35 (354) 1.03 (0.55-1.93) 1.02 (0.55-1.93)
Congolese 94 29 (30.8) 0.84 (0.44-1.6) 0.79 (0.43-1.49)
Moroccan 95 23 (24.2) 0.60 (0.31-1.18) 0.61 (0.32-1.18)
Turkish 98 34 (34.7) 1 1
Seasons
Apr-Sep 182 44 (29.1) 1 0.006
OR f;idenoteslodds rlatilg anld Cl Oct-Mar 204 77 (37.7) 1.89 (1.19-3.03) 1.89 (1.19-2.90)
ot el g
denotes body mass index. Odds 17-24 117 34 (29.1) 0.98 (0.55-1.76) 0.99 (0.55-1.77)
ratios for season have been 25-29 135 46 (34.1) 1.21 (0.70-2.09) 1.28 (0.75-2.21)
adjusted for age, sex, ethnicity >30 129 38 (29.5) 1 1

and BMI

arrival in Italy. Unlike the subjects studied by Mian et al.,
our Brussels subjects were long-term Belgian residents,
which could explain the absence of association between
ethnicity and iodine status.

The frequency of low UIC (<50 pg/L) in adults was
significantly greater in the fall-winter period than during
spring-summer. Seasonal variations in the iodine content of
nontoxic goiter, revealed by X-ray fluorescence, have
previously been reported in Belgium [24]. In line with the
findings of this study, the authors reported that the iodine
content of the thyroid was found to peak in April-May and
decline during September—October. By contrast, other
European studies have reported lower UIC during the
summer months and higher values in winter for both
children and adults [19, 25, 26]. Seasonal variation has
been attributed to variations in the content of iodine in
milk. Indeed, during the winter months, cattle are housed
indoors and fed with iodine supplements. Because the
consumption of dairy product in Belgium among the adult
population is low [27], seasonal variations in the iodine
content of milk are unlikely to impact upon the iodine
status of the adult population. Nevertheless, there are few
foods other than milk that have demonstrated such seasonal
fluctuations. One recent study suggests that, in Belgium,
milk is an important dietary source of iodine [28]. Con-
sequently, variations in the iodine content of milk cannot

@ Springer

be completely ruled out as the explanation for UIC sea-
sonal fluctuations which we observed.

The proportion of household iodized salt represents
approximately 10% of all salt consumption in Belgium.
However, iodized salt may become a more important
source of iodine in Belgium because it was decided
recently to use iodized salt in bread baking. Although this
measure is not compulsory by law, the use of iodized salt in
bread is expected to provide an extra iodine daily intake of
approximately 30 pg.

Seasonal fluctuations in UIC were associated with
increased serum FT3 concentrations in winter when com-
pared to summer. In Belgium, seasonal variations in the
concentrations of circulating T3 concentrations have been
reported previously and attributed to exposure to cold [29].
Because in conditions of low iodine availability the thyroid
favors T3 production, an alternative explanation might be
that the aggravation of iodine deficiency during the winter
months enhances the production of T3.

In the adult population studied, 50% were women and,
of these women, 31% were women of childbearing age.
The iodine status of these women may be a matter of public
health concern. Our findings suggest that those women who
fall pregnant in winter may be exposed to a greater risk of
iodine deficiency. In MID areas, the impact of the seasonal
fluctuations in UIC on the thyroid function of pregnant
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Fig. 3 Distribution of serum FT4, FT3 and TSH concentrations
according to season. Box plots show median values (the horizontal
line in center of each box), as well as 25th and 75th percentile (bottom
and top of each box), and lowest and highest value (bottom and top of
error bar). P values were derived from one-way analysis of variance

women has not been investigated. Further research is
needed to confirm the fluctuation in UIC across the seasons
over larger sample of women in order to assess the impact
of these fluctuations on the thyroid function and the neu-
rodevelopment of their offspring.

The measurement iodine status among adults residing in
Brussels was deliberately conducted in municipalities of
the city containing large immigrant communities of low
socio-economic status. Therefore, extrapolating of this data

to the entire Belgian adult population should be undertaken
cautiously, as the autochthonous Belgians in our sample
did not necessarily represent a cross-section of the total
Belgian population.

In conclusion, seasonal fluctuations in urinary iodine
concentrations suggest that the risk of iodine deficiency in
adults is higher in fall-winter than in spring-summer. The
prevalence of mild iodine deficiency is high among the
adult population in Brussels but ethnicity has no impact on
iodine status.
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