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Abstract

Objectives: Median urinary iodine concentration (UIC) is the
recommended method to evaluate iodine statusin pregnan-
cy, but several factors may challenge the interpretation of
the results. We evaluated UIC in pregnant women according
to (1) sampling in the hospital versus at home, (2) time of the
mostrecentiodine supplementintake prior to sampling, and
(3) members of their household. Study Design: Danish cross-
sectional study in the year 2012. Pregnant women (n = 158),
their male partners (n = 157) and children (n = 51) provided
a questionnaire with detailed information on iodine supple-
ment intake and a spot urine sample obtained in the hospital
and/or at home for measurement of UIC and urinary creati-
nine concentration. Results: In the pregnant women provid-
ing a urine sample both in the hospital and at home (n = 66),
individual UIC (p = 0.002) and urinary creatinine concentra-
tion (p = 0.042), but not estimated 24-hour urinary iodine
excretion (p = 0.79), were higher when sampling was at
home. Median UIC was dependent on the time of the most

recent iodine supplement intake prior to sampling [same
day (n=79): 150 pg/l (95% Cl 131-181 pg/l), the day before
(n =51): 105 pg/l (78-131 pg/l), several days ago/non-user
(n = 28): 70 ug/l (56-94 pg/l), p < 0.001]. The pattern was
similar in the male partners. Apart from a more frequent io-
dine supplement intake in pregnancy (87.3% vs. partners
15.9%), no systematic differences were observed in urinary
measurements between the pregnant women and their
partners. Conclusions: Time of spot urine sampling and time
span from iodine supplement intake to spot urine sampling
should be considered when evaluating urinary iodine status

in pregnancy. © 2014 European Thyroid Association

Published by S. Karger AG, Basel

Introduction

Population median urinary iodine concentration
(UIC) is the recommended method to assess iodine status
[1]. UICin pregnancy is extensively studied and adequate
maternal iodine intake is of major concern [2-4]. Guide-
lines recommend the use of spot urine samples and the
estimation of median UIC in a population of pregnant
women, and results are compared to the recommended
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a male partner (n = 2).

level during pregnancy (150-249 ug/l) defined by the
World Health Organization (WHO), the United Nation
Children’s Fund (UNICEF) and the International Coun-
cil for the Control of Iodine Deficiency Disorders
(ICCIDD) [1]. Another method to study iodine intake is
to measure iodine excretion in a full 24-hour urine collec-
tion or to estimate 24-hour iodine excretion based on
measurement of both iodine and creatinine concentra-
tion in a spot urine sample [5].

Physiological changes occur in both thyroid and renal
function during pregnancy which may challenge the in-
terpretation of the results [6]. We previously reported
that iodine supplement intake in Danish pregnant wom-
en was frequent, but median UIC was low and below the
level recommended in pregnancy both in iodine supple-
ment users and non-users, and also when UIC was ad-
justed by urinary creatinine to estimate 24-hour urinary
iodine excretion [7].

In our study [7] and in the majority of studies evaluat-
ing iodine status in pregnant women, urine samples are
obtained during a routine antenatal hospital visit. We
speculated whether urine samples obtained at hospital
were representative of daily life in pregnant women. Thus,
we expanded our previous study to include both a urine
sample obtained during the hospital visit for routine an-
tenatal ultrasound in pregnancy and a urine sample ob-
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tained a subsequent day, when the pregnant woman was
at home.

It has been reported that the median UIC in family
members such as schoolchildren are not representative
for UIC in pregnant women [8]. We speculated whether
at least some of this difference might be caused by the
pregnant women and their family member being investi-
gated under different conditions. To evaluate this hy-
pothesis, we sampled urine for iodine measurements both
from the pregnant women and from members of their
household under identical conditions.

In our previous study [7], the majority of pregnant
women took iodine supplements. Finally, we speculated
whether the timing of the most recent iodine supplement
intake prior to spot urine sampling would have an influ-
ence on the UIC obtained and thus the results of iodine
status evaluation.

Materials and Methods

Study Population and Design

The pregnant women enrolled in the present study took part in
our investigation on iodine intake during pregnancy in an area of
Denmark with previously moderate iodine deficiency [7]. From
June 13 to August 10, 2012, we consecutively recruited healthy,
pregnant women referred to Aalborg University Hospital for ob-
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Table 1. Characteristics of the pregnant women and their household members at the time of inclusion in the study

Pregnant women Partners Children
(n=158) (n=157) (n=51)
Male gender NA 157 (100.0) 26 (51.0)
Danish ethnicity® 151 (95.6) 149 (94.9) 49 (96.1)
Age, years 30 (19-41) 32 (23-49) 6(1-14)
Weight, kgb 67 (48-114) 85 (56-135) 19 (9-70)
Height, cm® 169 (151-182) 183 (166-201) 115 (74-169)
BMI¢ 23.4(17.6-41.0) 25.3(19.2-39.9) 15.5(12.7-29.1)
<25 93 (60.0) 70 (45.2) 45 (97.8)
25-29.9 36 (23.2) 69 (44.5) 1(2.2)
>30 26 (16.8) 16 (10.3) 0 (0)
Smoking®
Current 6(3.8) 27 (17.3) NA
Previous 52 (32.9) 33 (21.2) NA
Never 100 (63.3) 96 (61.5) NA
Educational levelf
Basic 11 (7.0) 26 (16.6) NA
Low 21(13.3) 43 (27.4) NA
Middle 81 (51.3) 47 (29.9) NA
High 45 (28.4) 41 (26.1) NA
Supplement not containing iodine 13 (8.2) 15 (9.6) 2(3.9)
Iodine supplement 138 (87.3) 25 (15.9) 13 (25.5)
175 ug/day 111 0 0
150 pg/day 24 22 0
70 ug/day 0 0 12
Others® 3 3 1

Values are n, n (%) or median (range). * Two children had 1 parent of Danish origin and 1 parent of non-Danish

origin. ® Values are pre-pregnancy weight for the pregnant women. Missing values on weight (n = 7) not included.
¢ Missing values on height (n = 6) not included. ¢ Missing values on BMI (n = 9) not included. Pre-pregnancy BMI
for the pregnant women. ¢ Missing value on smoking (n = 1) not included. { Highest educational level achieved or
initiated. ‘Basic’ (primary/secondary education only; 9-13 years), low’ (vocational education and training: 9-13
years), ‘middle’ (short or medium cycle higher education: 14-16 years), ‘high’ (long cycle higher education: 217
years). 8 Pregnant women: 87.5 pg/day (n = 2), 350 pg/day (n = 1); partners: 300 ug/week (n = 1), 300 pug/day (n =

2); children: 75 pg/day (n = 1).

stetric ultrasound as part of the antenatal investigation program
(fig. 1). After informed consent, the women were asked to fill out
a questionnaire, to list detailed information on dietary supple-
ments and to deliver a spot urine sample.

Members of their household were recruited in one of the fol-
lowing ways: (1) the partner filled out a questionnaire and deliv-
ered a spot urine sample in the hospital at the same time as the
pregnant woman or (2) only the pregnant woman participated in
the hospital and questionnaires and vials for urine sampling were
handed out to the pregnant woman and her household members
for sampling athome (fig. 1). Thus, 66 pregnant women participat-
ing with the household at home delivered a urine sample both at
the time of inclusion in the hospital and at home (2 women only
delivered a urine sample at home). Participants were instructed to
perform non-fasting urine sampling as close in time as possible for
all household members and to list information on iodine supple-

Urinary Iodine Status in Pregnancy

ment intake including the time of the most recent supplement in-
take prior to urine sampling.

The study protocol was approved by the local ethical commit-
tee.

Laboratory Procedures

Urine samples were stored at ~20°C until measurement of UIC
in runs during the time of study inclusion. UIC was determined by
the cerium/arsenite method after alkaline ashing, as previously de-
scribed [9]. The analytical sensitivity was 2 pg/l and the recovery of
iodine was 95.5% (SEM 2.4%). When a urine sample (UIC 93.9
pg/l) was measured in triplicates in 18 assays, the intra-assay CV
was 2.1% and the inter-assay CV was 2.7% for single determination
[10]. The iodine laboratory was certified by the US Centers for Dis-
ease Control and Prevention EQUIP program. Urinary creatinine
concentrations were measured on a Cobas 8000 system (Roche,
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Table 2. UIC, urinary creatinine concentration and estimated 24-hour iodine excretion in Danish pregnant women and their household

members
All participants Iodine supplement No iodine supplement p?
n median IQR n median IQR n median IQR

UIC, ug/l

Pregnant women 158 119 67-180 138 130 69-203 20 76 55-132 0.008
Sampling in the hospital 90 105 59-208 79 112 65-213 11 59 21-93 0.021
Sampling at home 68 134 85-177 59 136 93-180 9 98 62-132 0.10

Male partners 157 91 58-124 25 110 74-164 132 91 57-123 0.12
Sampling in the hospital 90 75 51-111 15 91 36-139 75 72 51-108 0.26
Sampling at home 67 115 80-150 10 136 91-175 57 110 77-137 0.23

Children 51 126 102-157 13 151 116-202 38 121 98-150 0.035

Urinary creatinine concentration, mmol/I’

Pregnant women 158 7.6 42-12.6 138 7.2 39-11.8 20 11.8 5.7-14.2 0.051
Sampling in the hospital 90 6.4 3.4-11.1 79 5.9 3.4-10.6 11 9.1 3.6-14.3 0.30
Sampling at home 68 9.2 4.8-12.8 59 8.1 4.5-12.7 9 13.1 10.8-14.2 0.052

Male partners 157 13.1 8.0-17.4 25 14.6 55-17.5 132 13.0 8.1-17.5 0.89
Sampling in the hospital 90 11.5 7.4-16.3 15 13.6 3.4-15.7 75 11.3 74-16.4 0.90
Sampling at home 67 14.6 9.6-19.2 10 15.7 12.6-26.7 57 14.6 9.6-18.9 0.62

Children 51 7.2 4.8-10.3 13 6.3 4.7-7.8 38 7.4 51-11.6 0.28

Estimated 24-hour iodine excretion, ug/24 h

Pregnant women® 158 164 109-263 138 174 123-278 20 86 56-100 <0.001
Sampling in the hospital 90 164 114-309 79 172 121-346 11 83 54-109 <0.001
Sampling at home 68 159 105-211 60 175 123-228 9 87 77-96 <0.001

Male partners? 157 113 85-145 25 136 102-217 132 110 82-137 0.013
Sampling in the hospital 90 105 82-136 15 136 102-323 75 103 81-125 0.020
Sampling at home 67 122 92-160 10 137 94-196 57 122 86-145 0.31

Children® 51 63 49-101 13 66 59-103 38 63 48-82 0.19

2 p value from the Mann-Whitney U test: iodine supplement vs. no iodine supplement. ® Urinary creatinine: 1 mmol/l = 0.1131 pg/l.
¢ Estimated from the 24-hour urinary creatinine excretion previously measured in Danish pregnant women: mean 1.09 g/24 h [11]. ¢ Esti-
mated from the 24-hour urinary creatinine excretion previously measured in a Belgian population of men aged 25-49 years: mean 1.74
g/24 h [12]. © Estimated from the 24-hour urinary creatinine excretion previously measured in a German population of children [13].

Rotkreuz, Switzerland). Equipment was calibrated according to the
manufacturer’s instructions and external standards were included.

Statistical Analyses

Urinary iodine excretion was expressed as spot urine concen-
tration (ugiodine/l) and as estimated 24-hour iodine excretion (ug
iodine/24 h) calculated from the reported mean 24-hour urinary
creatinine excretion in a group of Danish pregnant women (1.09 g
creatinine/24 h) [11], Belgian men aged 25-49 years (1.74 g cre-
atinine/24 h) [12], and German children [13] (mean values by gen-
der and height; missing height (n = 4) was substituted by the aver-
age height for age in Danish children [14]).

UIC showed skewed distribution, and results were expressed as
medians with 25th and 75th percentiles (interquartile range, IQR)
or 95% confidence interval (95% CI). The Mann-Whitney U test
was used to compare median urinary measurements by indepen-
dent groups (iodine supplement vs. no iodine supplement and
hospital vs. at home), and the Kruskal-Wallis test was used for
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comparison by time of the most recent iodine supplement intake.
For paired analyses (two samples from the same pregnant woman
and pregnant woman vs. male partner), the Wilcoxon signed-rank
test was applied. For linear regression, logarithmically transformed
urinary measurements were used.

Statistical analyses were performed using Stata 11 (StataCorp,
College Station, Tex., USA) and a 5% level of significance was
chosen.

Results

Study Population

Among the pregnant women enrolled in the house-
hold study (fig. 1), the median gestational week at the ini-
tial inclusion in the hospital was week 20 (range 11-37),
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Fig. 2. Bar charts illustrating the value at home minus the value in
the hospital in UIC (upper row) and estimated 24-hour urinary
iodine excretion (lower row) for the 66 pregnant women who de-
livered a spot urine sample both in the hospital at inclusion and
later at home. Results are stratified according to the time of sam-

and 62% were expecting their first child. Table 1 describes
characteristics of the pregnant women and their house-
hold members. Current smoking was more frequent
among the male partners, and also the frequency of di-
etary supplement intake differed. Intake of iodine supple-
ment in pregnancy was common, and the iodine supple-
ments most frequently used contained 175 pg iodine/day.
On the other hand, iodine supplement intake was less
common among both male partners and children, and
the iodine supplements used contained less iodine.

Urinary Measurements
Overall, the median UIC among adults (pregnant
women and male partners, n = 315) was 104 pg/l (IQR

Urinary Iodine Status in Pregnancy

pling at home: left column was before 5 p.m. and right column was
at or after 5 p.m. Differences in the range from -1 to -9 (n = 6)
were set to —10 and differences in the range from 0 to 9 (n = 5) were
set to 10 for illustration. p values are results of the Wilcoxon
signed-rank test: at home versus in the hospital.

61-150) and the estimated 24-hour iodine excretion was
129 pg/24 h (IQR 95-193). In general, both median UIC
and estimated 24-hour urinary iodine excretion were
higher when iodine supplement was used (table 2).

Urine Sampling in the Hospital versus at Home

In the pregnant women and in the male partners, both
UIC and urinary creatinine concentration (table 2) tend-
ed to be higher at home than in the hospital (at home vs.
hospital: median UIC all pregnant women p = 0.17, all
male partners p < 0.001; median urinary creatinine con-
centration: all pregnant women p = 0.060, all male part-
ners p = 0.006). On the other hand, when urinary creati-
nine concentration was used to estimated 24-hour uri-
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Fig. 3. Median (95% CI) UIC (upper figure) and estimated 24-hour
urinary iodine excretion (lower figure) in 158 pregnant women
stratified by time of the most recent iodine supplement intake pri-
or to urine sampling. p values are results of the Kruskal-Wallis test:
the same day with sampling before 5 p.m. versus the same day with
sampling at or after 5 p.m. versus the day before versus several days
ago/non-user.

naryiodineexcretion, the differencesinresults diminished
(all pregnant women p = 0.25, all male partners p = 0.10).

Individual comparison in the 66 pregnant women who
delivered a urine sample both in the hospital and at home
also showed that UIC and urinary creatinine concentra-
tion were higher at home (median UIC 133 pg/l vs. in the
hospital 84 pg/l, p = 0.002; median urinary creatinine
concentration 9.2 vs. 5.7 mmol/l in the hospital, p =
0.042), whereas no difference in estimated 24-hour uri-
nary iodine excretion was observed (159 vs. 154 ug/24 h
at home, p = 0.79).

In a post hoc analysis, we evaluated whether the time
of urine sampling could be involved in our findings. All
children delivered the urine sample at home, and their
time of sampling was at median 5 p.m. (IQR 4-6 p.m.).
The pregnant women and male partners participated ei-
ther in the hospital or at home, and the time of sampling
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differed between the two locations: hospital: median 10
a.m. (IQR 9-11 a.m.), home: median 6 p.m. (IQR 3-8
p.m.). Thus, the majority of families had performed the
sampling at home in the afternoon or evening, whereas
sampling in the hospital was in the morning.

We focused our post hoc analysis on the 66 pregnant
women who delivered a urine sample both in the hospital
and at home. Differences in UIC and estimated 24-hour
iodine excretion in the 66 pregnant women who delivered
a urine sample both in the hospital and at home are de-
picted in figure 2. The women were stratified according
to the time of sampling at home: ‘before 5 p.m.” (median
2 p.m., IQR 10 a.m. to 4 p.m.) and ‘at or after 5 p.m.” (me-
dian 7 p.m., IQR 6-9 p.m.). No difference was observed
in UIC and estimated 24-hour iodine excretion between
hospital and home samples when sampling at home was
performed ‘before 5 p.m.”. On the other hand, when sam-
pling at home was performed ‘at or after 5 p.m.’, UIC was
significantly higher at home, whereas no difference was
observed in estimated 24-hour iodine excretion.

Pregnant Women versus Members of Their Household

We performed a pairwise comparison of UIC in fe-
male/male couples stratified according to iodine supple-
ment intake. In the largest group, where only the preg-
nant woman took iodine supplement (n = 109 couples),
UIC was significantly higher in the pregnant woman than
in the male partner as might be expected (median UIC
130 vs. 91 pg/l in the male partners, p < 0.001). On the
other hand, no significant difference in UIC between the
pregnant woman and her male partner was observed,
when both (n = 24 couples; median UIC 122 vs. 91 pg/lin
the male partners, p = 0.90) or none (n = 17 couples; me-
dian UIC 70 vs. 95 pg/lin the male partners, p = 0.20) took
iodine supplement, with similar results for estimated 24-
hour urinary iodine excretion (data not shown).

Median UIC in the children (table 2) was not signifi-
cantly different from the median UIC in the pregnant
women (p = 0.89) and in the male partners (p = 0.074)
sampling at home and results were similar when stratified
by iodine supplement intake (data not shown). In multi-
variate linear regression including age of the child
(grouped by quartiles), gender of the child (male/female)
and iodine supplement intake (yes/no), higher age was a
significant predictor of higher urinary creatinine concen-
tration (p < 0.001), but not UIC (p = 0.45) and 24-hour
estimated iodine excretion (p = 0.66). Gender of the child
was not a significant predictor of UIC (p = 0.55).

Altogether 29 families delivered a urine sample from
the pregnant woman, the male partner and 1-3 children.
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Multivariate linear regression including iodine supple-
ment intake and type of family member did not indicate
that UIC was significantly different between family mem-
bers [pregnant woman (reference), male partner (p =
0.81), child (p = 0.50)].

Time from Iodine Supplement Intake to Urine

Sampling

Both UIC and estimated 24-hour iodine excretion
were influenced by the timing of the most recent iodine
supplement intake prior to urine sampling (fig. 3). Me-
dian values were higher when iodine supplement intake
was the same day prior to urine sampling (first and sec-
ond bar). Looking only at groups with iodine supplement
intake the same day as urine sampling (first and second
bar), results were different for UIC and estimated 24-
hour iodine excretion (fig. 3). Considering this in relation
to figure 2, UIC was influenced by both the time of sam-
pling and the time of the most recent iodine supplement
intake, whereas mainly the time of the most recent iodine
supplement intake influenced estimated 24-hour iodine
excretion.

Among the male partners, the trend was similar to that
observed in pregnancy [iodine supplement intake the
same day (n = 10): median UIC 152 pg/1 (95% CI 94-296
ug/l), the day before (n = 11): 124 ug/1 (34-175 pg/l), sev-
eral days ago/non-user (n = 134): 90 pg/1 (77-101 pg/l),
p = 0.004].

Sensitivity Analyses

For the 66 pregnant women who delivered two urine
samples, the interval between the two samples was median
16 days (IQR 6-29). When analyses were stratified by the
median time between samplings, results were the same as
depicted in figure 2 (data not shown). None of the 66
women had made any change in iodine supplement intake
between the two samples, and 57 women took iodine sup-
plement. Considering the time of the most recent iodine
supplement intake prior to urine sampling, results (fig. 2)
were similar when analyses were restricted to the 44 wom-
en with iodine supplement the same time prior to both the
first and the second sampling (data not shown).

Discussion

Principle Findings

This study evaluates urinary iodine status in Danish
pregnant women according to the location and time of
spot urine sampling, the time of the most recent iodine

Urinary Iodine Status in Pregnancy

supplement intake prior to spot urine sampling and in
comparison to members of the household. Differences in
urinary measurements between the hospital and at home
sampling were largely explained by differences in time of
sampling during the day. UIC and urinary creatinine con-
centration were higher when sampling was performed in
the evening, but when UIC was adjusted by urinary cre-
atinine, the time-dependent differences leveled out. The
time of the most recent iodine supplement intake prior to
sampling was a predictor of UIC and in general, no sys-
tematic differences were observed between the pregnant
woman and her male partner except that iodine supple-
ment use was much more frequent in pregnancy.

Iodine Metabolism in the Pregnant versus the

Non-Pregnant State

Inorganic iodine is almost completely absorbed from
the gastrointestinal tract [15], and plasma inorganic io-
dine is primarily balanced by iodine intake, transfer of
iodine into the thyroid gland and renal excretion of io-
dine. UIC reflects iodine intake as >90% of ingested io-
dine is excreted into the urine [1]. Physiologically, the
pregnant state differs from the non-pregnant state by: io-
dine transport to the fetus across the placenta [16], in-
creased use of iodine in the thyroid gland [17], and in-
creased renal excretion of iodine (the glomerular filtra-
tion is 50% higher by the end of first trimester which is
maintained throughout pregnancy [18]). Following this,
the recommended range for median UIC in a population
of pregnant women is 150-249 pg/l, whereas in the non-
pregnant state, median UIC in the range from 100 to 199
pg/l indicates adequate iodine intake [1].

In many populations, the use of iodine supplements in
pregnancy is important to ensure adequate iodine intake
[7, 19, 20], and it is of particular importance in women
with a low intake of iodine-containing foods. Severe io-
dine deficiency in pregnancy can cause fetal brain damage
[1], but recent studies have shown that also less severe
iodine deficiency in pregnant women may associate with
lower cognitive scores in the child [3, 4].

UIC and Time of Sampling

Controversies in urinary iodine determinations have
been discussed for years [21]. One aspect is the time of
sampling during the day. In a Danish study of 22 indi-
viduals [22], estimated 24-hour iodine excretion from a
fasting morning spot urine sample was significantly
lower than the actual iodine excretion measured in a 24-
hour sample. In a study from Switzerland [23], a total of
3,023 spot urine samples were collected from 42 indi-
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viduals, and a circadian rhythm in UIC was observed
with the lowest levels in the morning and increasing lev-
els in the afternoon and evening. UIC peaks occurred
4-5 h after main meals, and the time of the peaks was
different for children and adults. As discussed by the au-
thors, this may reflect different intake of iodine-contain-
ing food and a close relationship between recent iodine
intake and the UIC profile. In our study, both UIC and
urinary creatinine concentration were higher in samples
obtained at or after 5 p.m. We speculate whether the eve-
ning meal may have influenced UIC and urinary creati-
nine concentration in samples obtained in the evening
and/or if the urine production was smaller at that time
of the day.

The ‘golden standard’ to measure urinary iodine ex-
cretion is to collect one or preferably several full 24-hour
urine samples [1]. This would alleviate problems related
to the time span between meals, supplement intake and
spot urine sampling. However, a 24-hour full urine col-
lection is often unrealistic in field studies and optimally
an objective marker such as p-aminobenzoic acid should
be used to verify the completeness [24].

UIC and Recent Iodine Supplement Intake

In a study of 16 lactating women, Leung et al. [25]
showed that an acute, high intake of iodine gave rise to an
increase in breast milk iodine concentration with a peak
median 6 h after ingestion, but median UIC remained
stable over the study period (8 h). We recently showed
[26] that breast milk iodine concentration was dependent
on the time of the most recent iodine supplement intake
(not acute high dose) in a similar pattern to what we now
illustrate for median UIC in both the pregnant women
and their male partners. However, more studies are need-
ed to corroborate results both in pregnant and non-preg-
nant populations.

UIC in Pregnant Women versus Male Partners

The mandatory iodine fortification of salt was intro-
duced in Denmark in the year 2000, and the Danish
investigation of iodine intake and thyroid disease
(DanThyr) has monitored the iodine excretion in two
regions of Denmark with a different iodine intake before
the iodine fortification (moderate vs. mild iodine defi-
ciency) [10]. The most recent data after the iodine forti-
fication (2008-2010) have shown an overall increase in
iodine excretion in both regions, but with a median UIC
just below the level recommended [10]. The DanThyr
study initially included women aged 18-65 years (main-
ly non-pregnant) and men aged 60-65 years, urine sam-
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ples were obtained between 8.00 a.m. and 5.30 p.m., and
35% of participants used iodine supplements [10]. We
examined only pregnant women, men in younger age
groups, and part of the urine samples were obtained after
5.30 p.m. Median UIC (women and men combined) was
higher in our study (104 pg/l vs. DanThyr 83 ug/1 [10]),
which could be explained by the higher frequency of io-
dine supplement use, the later time of sampling, or both.
When looking at the estimated 24-hour iodine excretion
(129 pg/24 hvs. DanThyr 125 ug/24 h [10]) or at median
UIC among no iodine supplement users only (89 ug/1 vs.
DanThyr 74 pg/1[27]), the difference in study results was
less pronounced.

The only disparity between the pregnant women and
their male partners that we observed was the more fre-
quent use of iodine supplements in pregnancy. The cou-
ples appeared similar in terms of differences in urinary
concentrations according to the time of sampling and the
time of the most recent iodine supplement intake, and no
significant differences were observed in the pairwise
comparison of UIC when they both used or did not use
iodine supplement. UIC reflects recent iodine intake, and
our results indicate that the pregnant women and their
male partners had comparable intake of iodine. Living in
the same household implies the same drinking water and
also to some extent the same diet. In our Danish study
population, it did not seem as if the pregnant woman had
changed her diet to a considerably different iodine intake
from the male partner.

UIC in Pregnant Women versus Children

Traditionally, the median UIC in schoolchildren has
been the recommended method for the assessment of io-
dine status in populations, including pregnant women
[15]. A few studies have evaluated median UIC in school-
children as a proxy for iodine status in pregnancy in a
household design [8, 28]. In these studies, median UIC
was higher in the children than in the pregnant women
suggesting that median UIC in school-aged children
should not be used for monitoring iodine status in preg-
nancy. In general, the median UIC in children is often
higher than that of pregnant women, although it may be
the other way around [29]. Notably, none of the studies
reported on the time of urine sampling. In one study [8],
urine from the pregnant woman was sampled in the an-
tenatal clinic or factory, whereas the child sampled at
home. Considering our results, this disparity may itself
lead to differences in results when looking at UIC alone
and not adjusted by urinary creatinine.

Andersen/Serensen/Krejbjerg/Moller/
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Our study is the first study to report data on urinary
iodine excretion in Danish children. The median UIC was
within the level recommended in both iodine supplement
users and non-users [1]. We were able to compare house-
hold members who sampled at home around the same
time, and we found no significant difference in UIC when
comparing children to pregnant (and non-pregnant)
adults. However, the number of children was limited and
an examination of schoolchildren in Denmark is needed.
More studies in different populations should be per-
formed to clarify the use of non-pregnant populations as
a proxy for iodine status in pregnancy.

Perspective

This study was designed to evaluate some of the chal-
lenges in the interpretation of urinary iodine status in
pregnancy. Although the number of pregnant women
and household members recruited was sufficient for the
evaluation of median UIC in a population [30], the dis-
parity in use of iodine supplements among pregnant
women and male partners made the numbers small in

to facilitate this, the time of sampling was not specified
except that they were instructed to make the urine sam-
ples non-fasting. Following this design, the majority of
families had sampled the urine in the afternoon or eve-
ning. In our post hoc analyses it appeared that the time of
sampling did influence the urinary measurements ob-
tained, and to evaluate the possible role of time and loca-
tion of sampling in more detail, it is preferable to design
a study where the time of sampling is fixed and similar in
both locations.

More studies are needed to corroborate results, but the
findings advocate that studies evaluating iodine status in
pregnant women (as well as in non-pregnant popula-
tions) from spot urine samples optimally should report
the time of urine sampling and the time of the most recent
iodine supplement intake prior to urine sampling and
measure urinary creatinine concentration.

Disclosure Statement

some of the stratified analyses.
The family members were instructed to perform the
urine sampling at home as close in time as possible, and
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