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ABSTRACT
Our overall aim is to monitor iodine supply in a prospective study

before and after the September 1998 increase of salt iodide content in
Switzerland. Because iodide is supplied by alimentation, we moreover
wondered whether urinary iodine concentration (UI) is governed by
circadian rhythmicity.

Forty-two subjects (18 males and 24 females, including 13 children)
collected 3023 urine spots between May 1996 and May 1998, at a rate
of three to five samples per month, at any time of the day. The results
show that circadian rhythmicity of UI in adults and children was
found independent of the individual subject, age, gender, and season.
Lowest UI levels were found between 8–11 h. A curve increasing

progressively between 12 and 24 h was obtained. UI returned to
base-line levels between 21 and 22 h in children only. UI peaks
occurred 4–5 h after main meals; children’s peaks occurred later than
that of adults.

Although the existence of a circadian rhythm of UI is probably
universal, its profile, however, depends on alimentation. Because
nadir of UI is represented by morning spots, this might seem an
appropriate collecting period. In view of the significant circadian
rhythmicity of UI, studies with restriction of sampling time to morn-
ing hours, for example, cannot be directly compared with studies in
which urine is sampled all over the day. (J Clin Endocrinol Metab 85:
1367–1369, 2000)

URINARY IODINE CONCENTRATION (UI) is influ-
enced by gender, age, socio-cultural and dietary fac-

tors, drug interferences, geographical location, and season.
In Switzerland, severe iodine deficiency (ID) had progres-
sively resolved with the introduction of iodized salt in 1922.
Our ongoing prospective study is primarily intended for
monitoring iodine supply before and after the increase of salt
iodization from 15–20 ppm iodide (20–26 mg potassium
iodide per kg salt) that took place in September 1998. As
iodine is supplied by alimentation, we wondered whether UI
is governed by a circadian rhythm. Could the known chro-
nobiological rhythmicity of the thyroid parameters serum
TSH and T3 be paralleled by an as yet unknown circadian
rhythmicity of UI (1)?

In the present study, our aim was to determine whether a
relation between UI and the spot sampling hour exists in
adults and children. Is the hour of spot urine sampling a
significant factor to be considered in the design of epidemi-
ologic studies and in the interpretation of own data on UI?

Subjects and Methods
Subjects

This ongoing prospective study, approved by the Ethical Commission
of the University Hospital of Bern, is patronized by the Swiss National
Foundation for Scientific Research (number 32-49424.96). An informed
consent was signed by all study subjects. The subjects in the present
study were 42 healthy volunteers: 18 males and 24 females (aged 4–60
yr at the beginning of the study in May 1996), including 13 children
(Table 1). Of a total of 50 subjects at the beginning of the study, 8 subjects
aged 47–75 yr had been excluded because of: 1) long-lasting iodine
exposure by oral ingestion of oligoelements (n 5 4) or percutaneous
application of betadine (n 5 1); 2) lack of compliance (n 5 2); and 3)
incomplete age category with only one 66-yr-old subject left after ex-
clusion of the other subjects more than 60 years of age.

Spot urine sampling

Between May 1996 and May 1998, a total of 3023 urine spots were
collected at a rate of three to five samples per month, at any time of the
day, as convenient. The urines were immediately frozen. The subjects
recorded the sampling hour, but not the hour of meals. The main meals
were breakfast, lunch, and supper; some subjects moreover took small
meals in-between. Due to the long-time study design aimed primarily
at monitoring a potential increase of UI in Switzerland, no special em-
phasis had been laid on sampling during late night. As a consequence,
only few spot samples were collected between 1 and 5 h in the morning.
Therefore, those hours were left out from statistical analysis.

Laboratory analyses

The laboratory analyses of all 3023 spots, primarily frozen at 230 C,
were realized in a continuous run-through between May and September
1998 in the laboratory of the Swiss Federal Office of Public Health.
Urinary iodine was measured according to a new method: inductively
coupled plasma mass spectrometry (ICP-MS) (2). ICP-MS allows the
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tion of the University of Bern.

0021-972X/00/$03.00/0 Vol. 85, No. 4
The Journal of Clinical Endocrinology & Metabolism Printed in U.S.A.
Copyright © 2000 by The Endocrine Society

1367

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/85/4/1367/2851194 by guest on 16 August 2022



direct determination of iodine in urine. The application of isotope di-
lution analysis by using the long-lived radioisotope of iodine I-129 as a
spike offered possibilities for automatic and accurate measurement.

Because of extremely high values between 2500–6000 mg I/L, 5 sam-
ples were excluded from the calculations, as also were 67 samples
collected between 1 and 5 h in the morning. Results were expressed as
I/volume (mg/L). The relation between daytime of spot urine sampling
and UI was evaluated.

Results and Statistical Analysis

The obtained UI values are described by a right-skewed
distribution. The application of the simple square root
transformation yi 5 (xi)

0.5 yields values that follow approx-
imately a normal distribution. To reveal the unbiased influ-
ence of daytime (sampling hour) on UI, the subject means ȳ
were subtracted from the respective yi values for each sub-
ject to center the data around zero: zi 5 yi 2 ȳ. Accordingly,
the transformed UI data (zi) were evaluated by ANOVA.
Thereby, the effects of season (summer, winter) and sam-
pling hour were significant (P , 0.001), whereas the effects
of individual subject, gender, and age were not (P . 0.9). A
fully factorial ANOVA of the transformed UI data (zi) with
the factors sampling hour (P , 0.001) and season (P , 0.001)
was next calculated and revealed that interaction between
the two categorical variables did not occur (P 5 0.84). Con-
sequently, it was assumed that the factor sampling hour was
not modified by seasonal variations.

Most urine spots were sampled in the morning (6–10 h,
n 5 191–390/h). Less specimens were obtained in the
evening (19–23 h, n 5 106–262/h) and between 11–18 h (n 5
95–140/h); for obvious reasons, even less at 24 h (n 5 20/h)
and between 1 and 5 h (n 5 2–11/h, n 5 67 samples omitted
in Fig. 1).

As can be seen in Fig. 1, a curve of UI increasing progres-
sively between 12 and 24 h was obtained with significant
differences between the mean values of the sampling hours
(P , 0.001). Although the effect of age was not significant, the
circadian rhythm is given separately for both children and
adults to point out the differences. There was no return of UI
to base-line levels between 12 and 24 h, except for children
between 21 and 22 h. After midnight, however, the return
took place progressively over about 12 h in adults and chil-
dren (i.e. lowest levels were found in the morning, between
8–11 h). UI “peaks” appeared around 13–14 h, around 16–17
h, and most pronounced around 22–23 h. The child’s first UI
peak between 12–14 h was relatively higher than the corre-
sponding adult peak; each child’s peak was found delayed
as compared to the corresponding adult’s peak.

Discussion

The presented data of a large-scale study, designed pri-
marily for the quantitative evaluation of iodine supply, dem-

onstrate a circadian rhythm of UI in adults and children,
independently of the individual subject, age, gender, and
season. Contrary to a former study, in which complete urine
spots over 24 h in 62 adults had failed to show consistent
diurnal variations (3), a highly significant interaction be-
tween daytime and UI appeared in our longitudinal study
over a 2-yr-period with as many as 3023 samples. The large
number of spot urine samples in our study was obviously
necessary to demonstrate this interrelationship.

Although the existence of a circadian rhythm of UI is most
probably universal (nadir in the morning, followed by a
progressive increase until about 24 h), its profile seems to
depend on alimentary peculiarities. As UI peaks followed the
three main meals by 4–5 h, the profile of the circadian rhythm
suggests a short-timed relation to alimentary iodine intakes.
Compared to an UI peak at about 20 h in 193 Romanian
children (4), the third peak at 22–23 h in our study is possibly
due to later intakes of qualitatively different suppers. In
analogy, the different shape of the first peak in our children
and adults, respectively, may be related to qualitatively dif-
ferent breakfasts. In this context, it has been shown that in
Switzerland milk is an important provider of iodine, espe-
cially during the winter months, when cows are fed in the
stables with industrially prepared animal foods (5). In our
study, indeed, the reported milk intake at breakfast of par-
ticipating children was high: 0.2–0.6 L. On the contrary,
adults consumed much less milk at breakfast: 0–0.15 L. The
abundant consumption of milk at breakfast by our child
subjects should, thus, be considered an important provider
of iodine, mirrored by the children’s first peak of UI between
12 and 14 h.

In analogy to the circadian rhythmicity of UI described
herein, other 24-h rhythmic profiles (i.e., of serum TSH and
T3) have been described in young and elderly men, aged
20–27 and 67–84 yr, respectively (1). The chronobiological
modulation of TSH and of T3 is preserved in the elderly
compared with young men, even if the amplitude of the
overall normal TSH secretion over 24 h is decreased in the
elderly. However, in contrast to our findings of a nadir of UI
between 8 and 11 h both in adults and children, the nadir of
serum TSH was found in the afternoon, both in young and
elderly men. Moreover, the acrophases of UI between 13 and
14 h, 16 and 17 h, and 22 and 23 h anticipate (or follow!) the
acrophase of serum TSH found between 0 and 8 h. Thus,
thyroid economy underlies a chronobiological rhythmicity of
several of its main parameters. To find out whether or not
relations between circadian rhythmicity of UI and of plasma
TSH or T3 exist is beyond the scope of this study. Future
studies should deal with this question.

As the significant interaction between daytime and UI had
to, our knowledge, not been known as such up to now, it is

TABLE 1. Characteristics of adult and child subjects

Subject

Male (n 5 17) Female (n 5 25)

Spots
(n)

Spots/person
(mean 6 SD)

Age (yr)
(mean 6 SD)

Urinary iodine (mg/L) Spots
(n)

Spots/person
(mean 6 SD)

Age (yr)
(mean 6 SD)

Urinary iodine (mg/L)

(mean 6 SD) (median) (mean 6 SD) (mean)

Adults 859 76 6 22 47 6 8 120 6 61 110 1136 69 6 27 41 6 8 93 6 60 82
Children 600 86 6 12 8 6 1.2 154 6 73 147 428 72 6 15 11 6 3 127 6 66 117
Total 1459 79 6 19 31 6 20 134 6 68 125 1564 69 6 24 33 6 15 102 6 64 93
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not astonishing that in virtually all reviews and studies,
including ours, dealing on epidemiological or methodolog-
ical aspects of iodine in urine, this point was not systemat-
ically addressed. On the contrary, spot urine sampling was
often random [i.e. untimed (6–15); Brander, L., C. Als, H.
Buess, F. Haldimann, M. Harder, W. Hanggi, U. Hermann,
K. Lauber, U. Niederer, H. Odermatt, E. Schürch, T. Zürcher,
U. Bürgi, and H. Gerber, submitted for publication]. The
question remains open whether randomized sampling com-
pared to early morning sampling leads to significantly dif-
ferent results of UI. However, only the integral of daily iodine
excretion really counts. Indeed, complete urine collections of
24 h, albeit very difficult to obtain in field conditions, rep-
resent without doubt the most precise marker of daily iodine
intake.

For a feasible and adequate assessment of a population’s
iodine status, however, the WHO and others (3) have rec-
ommended early morning, respectively, fasting urine sam-
ples. Our results show that spots taken in the morning or

8–12 h after the last meal represent the nadir of UI; hence, this
might seem a sensitive collecting period. In view of the pro-
nounced circadian rhythmicity of UI, studies with exclusive
urine spot collections in the morning (i.e. in the nadir of UI),
cannot be directly compared with studies in which urine
spots are sampled all over the day (i.e. including the peaks
that may not reflect real iodine intake). Our data are useful
for standardization of the methodology of surveys assessing
iodine intake of a population.

Acknowledgments

We thank the subjects for their participation in the study and PD Dr.
Christoph Minder for his statistical advice.

References

1. Van Coevorden A, Laurent E, Decoster C, et al. 1989 Decreased basal and
stimulated thyrotropin secretion in healthy elderly men. J Clin Endocrinol
Metab. 69:177–185.

2. Haldimann M, Zimmerli B, Als C, Gerber H. 1998 Direct determination of
urinary iodine by inductively coupled plasma mass spectrometry using iso-
tope dilution with iodine-129. Clin Chem. 44:817–824.

3. Thomson CD, Smith TE, Butler KA, Packer MA. 1996 An evaluation of
urinary measures of iodine and selenium status. J Trace Elements Med Biol Vol.
10:214–222.

4. Nicolau GY, Haus E, Dumitriu L, et al. 1989 Circadian and seasonal variations
in iodine excretion in children with and without endemic goiter. Endocrinolo-
gie (Romania). 27:73–86.
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FIG. 1. Circadian rhythm of urinary iodine concentration (UI, in
mg/L) in adults and children. The mean values of UI for each hour of
the day from 6–24 h are represented as square root transformed
values that were centered around zero for each individual subject
(means with 95% CIs).
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