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ABSTRACT

Aim To examine dietary iodine intake and urinary iodine concentration in young adults, as well as the rela-
tionship between iodine concentration in urine and muscle mass and speed of muscle reaction.

Methods Seventy euthyroid participants aged between 18 and 24 participated, 35 (50%) males and 35 (50%)
females. The participants were young adults who live, study and work in the region of Osijek, Osijek-Baran-
ja County, Croatia. Exclusion criteria were the diagnosed thyroid disease and iodine metabolism disorder.
Spot urine samples were analysed, dietary iodine intake was assessed, muscle mass and reaction speed were
measured.

Results The median concentration of iodine in urine was 120.77 nug/L, and the estimated iodine intake was
624.66 ng. The median muscle mass was 32.55%, and the median speed of muscle reaction 274.5 ms. A sig-
nificant, negative and weak correlation between iodine concentration in urine and speed of muscle reaction
was observed (Rho =-0.289). Other associations of urine iodine concentration and muscle mass percentage,
muscle tissue and reaction speed were not significant.

Conclusion The estimated dietary iodine intake was higher than the reference values of the World Health
Organization. The urinary iodine concentration was within the reference values. Urinary iodine concentra-
tion was not related to the muscle mass. Urinary iodine concentration in urine was significantly, negatively
and weakly related to reaction speed.
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INTRODUCTION

A previously unknown chemical element was discovered
in 1811 during algae processing and was later named iodine
(1). Todine is important for thyroid function, especially for its
synthetic function (2). Iodine deficiency has been fought by
adding iodine to salt, Switzerland and the USA being the first
countries to do so (3)termed iodine deficiency disorders, due
to inadequate thyroid hormone production. Globally, it is es-
timated that 2 billion individuals have an insufficient iodine
intake, and South Asia and sub-Saharan Africa are particularly
affected. However, about 50% of Europe remains mildly io-
dine deficient, and iodine intakes in other industrialized coun-
tries, including the United States and Australia, have fallen in
recent years. lodine deficiency during pregnancy and infancy
may impair growth and neurodevelopment of the offspring and
increase infant mortality. Deficiency during childhood reduces
somatic growth and cognitive and motor function. Assessment
methods include urinary iodine concentration, goiter, newborn
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TSH, and blood thyroglobulin. But assessment of iodine status
in pregnancy is difficult, and it remains unclear whether iodine
intakes are sufficient in this group, leading to calls for iodine
supplementation during pregnancy in several industrialized
countries. In most countries, the best strategy to control iodine
deficiency in populations is carefully monitored universal salt
iodization, one of the most cost-effective ways to contribute
to economic and social development. Achieving optimal io-
dine intakes from iodized salt (in the range of 150-250 pg/d
for adults. Approximately a fifth of absorbed iodine is taken
in the thyroid gland. About 90% of iodine is excreted through
the kidneys. Therefore, the best method to quantify the iodine
status of an individual is a 24-hour urine sample. Since this
method is not practical, the most used method for scientific
research is a spot urine sample (4-6).

The thyroid gland excretes hormones thyroxine (T4), triiodo-
thyronine (T3) (2). T3 and T4 influence the metabolism in
many tissues of the body (2,7). After entering the cells of the
tissues, the hormones encourage gene transcription in the cell
nucleus (2). They increase the metabolic activity of the cell,
the activity and number of mitochondria, they increase ther-
mogenesis and oxygen expenditure, they also control lipid and
glucose metabolism (2, 8). They encourage the growth and
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development of the brain, musculoskeletal system and heart
function. They increase blood pressure, accelerate peristalsis
and respiration, encourage muscle contractions and endocrine
functions of other glands. They also have a stimulative effect
on the central nervous system (2, 8).

Skeletal muscles make up around 40% of body mass (9). Mus-
cle tissue is specific for its plasticity, which is conditioned by
extrinsic and intrinsic factors (10). Thyroid hormones play a
key role in normal muscle contractility, metabolic function, re-
generation and myogenesis (9, 10). The important factors for
myogenesis are muscle load, contraction, tissue regeneration
and hormones (testosterone, P-adrenergic agonists and thy-
roid hormones) (9, 11). Body composition is expressed as to-
tal body water (intracellular and extracellular water), fat mass
and fat-free mass. Considered as fat free mass are bones, liga-
ments, tendons and organs (12, 13). Body composition can be
assessed with bioelectrical impedance analysis measuring the
opposition to the flow of electrical energy through the body,
approximating the relationship between total body water, fat
mass and fat-free mass (12).

Males and females have different relationships between mus-
cle mass and fat (14). A reaction receives stimulus, it is pro-
cessing, deciding on an answer and the answer to the stimulus
(15). Time elapsed between receiving stimulus to the answer
is called reaction speed. lodine is connected to reaction speed
with the stimulative effects of thyroid hormones on the central
nervous system and muscle contraction (2, 8). People with hy-
pothyroidism have slow cognitive and muscle function. The
reaction speed of such persons accelerates after T4 introduc-
tion to their therapy (15, 16).

Inadequate iodine intake is a still a big public health issue in
the 21st century, especially for women of reproductive age and
pregnant women (4). Daily recommended intake of iodine for
grownups is 150 pg (17, 18). Historically, iodine deficiency
and endemic congenital iodine deficiency syndrome have been
a problem in Croatia. Measures against them were introduced
in 1953 when the first law mandating iodination of kitchen salt
was introduced and is now considered solved (19).

In Croatia iodine status studies have been conducted on gener-
al population, children and pregnant women, however, studies
looking at possible connections of iodine, muscle mass and re-
action speed have not been done.

Knowing the importance of iodine, we wanted to research young
adults around Osijek, Croatia (Slavonija and Baranja region) to
have a better understanding of our iodine status, our dietary hab-
its and analyse possible connections between the iodine status of
individuals and their muscle mass and reaction speed.

PARTICIPANTS AND METHODS

Participants and study design

The study was conducted as a cross-sectional study in Osijek
(Croatia) in spring of 2024. All measurements and sampling
were done once. The participants were euthyroid people be-
tween 18 and 24 years of age. A total of 70 participants, 35
males and 35 females, were included in the study. The partic-
ipants were invited to participate in the study via e-mail and
oral invitations. Before signing appropriate consent forms, it
was confirmed that the participants fulfilled the inclusion cri-
teria. Inclusion criteria were: euthyroid young adults between
18 and 24 years of age who agreed to participate in the study,
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confirming their intentions by signing an informed consent
form. The participants were young adults who lived, studied
and worked in the region of Osijek, Osijek-Baranja County,
Croatia. Exclusion criteria were: thyroid disease and iodine
metabolism disorder.

The study analysed the following data: estimated daily iodine
intake, the correlation between concentration of iodine in urine
and muscle mass, and the correlation between concentration of
iodine in urine and reaction speed.

The study was approved by the Ethics Committee of the Osijek
School of Medicine.

Methods

Daily iodine intake was approximated using a semiquantitative
questionnaire about the frequency of food intake. The ques-
tionnaire included 49 food items, including salt, meat, sea fish,
seafood and food items that interfere with thyroid hormone
production (white bread, semi-white bread, cornbread, integral
bread, other types of bread, baked goods, peanuts, soy flakes,
tofu, cooked potatoes, baked potatoes, cooked sweet potatoes,
spinach, mangold, radish, cabbage, cale, brussels sprouts,
beans, lentils, chickpeas, peas, legumes, green zucchinis).
The food quantity was defined using standardized quantitative
food item models and Croatian meals during the questionnaire
development at the Faculty of Food Technology of Osijek or
standards available on FoodData Central (20, 21). The quan-
tity of iodine in food items was taken from Frida, a publicly
available food composition dataset (22). lodine concentration
in urine was analysed from a spot urine sample at the Faculty
of Food Technology of Osijek using the spectrophotometric
method based on the Sandell-Kolthoff reaction between iodine
and ammonium cerium (IV) sulphate on VIS Spectrophotom-
eter (ONDA Touch V-11 Scan, Giorgio Bormac, Capri, Italy)
(23). Muscle mass was measured by Omron BF500 (Tokyo, Ja-
pan scale) using bioelectrical impedance. Reaction speed was
measured using the online test “Human benchmark test” (24).
The test is validated for rough estimation of reaction speed.
The reaction speed was measured five times and the result was
represented as the average of the five measurements (25).

Statistical analysis

Categorical data were presented as absolute and relative fre-
quencies. Normality of the distribution of numerical variables
was tested by the Shapiro-Walk test. Continuous variables that
follow a normal distribution were presented by the arithmetic
mean and standard deviation (SD), and in other cases by the
median and the limits of the interquartile range. The assess-
ment of the association was given by the Spearman correla-
tion coefficient (Rho). The significance level was set at alpha
a=0.05.

RESULTS

This study was done on 70 participants, 35 (50 %) males and
35 (50 %) females. The mean (M) age was 22 (SD+2) years,
with the age range 19-24 years.

The median (Mdn) concentration of iodine in urine was 120.77
pg/L (range 30.71 pg/L - 762.67 pg/L. The estimated dietary
iodine intake was Mdn=624.66 pg (range 94.07 pg - 2672.28
pg). The median muscle mass of 32.55 % (range 24.70 % -



45.70 %), and the median reaction speed of 274.5 ms, (range
205 ms - 457 ms) was found (Table 1).

Table 1. Results of variable values measured in 70 participants

Variable Median (interquartile range)

120.77 (92.3-160.49)
624.66 (419.49-842.72)
32.55 (28.9-37.3)
274.50 (259.75-297.25)

Urine iodine concentration (pg/L)
Estimated iodine intake (ng)
Muscle tissue (%)

Muscle reaction speed (ms)

Spearman’s rank correlation coefficient was used to assess the
correlation between the concentration of iodine in urine with
muscle mass and reaction speed. A significant, negative and
weak correlation between the concentration of iodine in urine
and reaction speed was observed (Rho = - 0.289). Other test-
ed correlations of urine iodine concentration and muscle mass
percentage, muscle tissue and reaction speed were not signif-
icant (Table 2).

Table 2. Statistical analysis of the correlation between the
studied variables

Spearman’s correlation coefficient Rho (p)

Variable

Urine iodine Muscle Muscle
concentration tissue reaction speed

Urine iodine i

concentration

Muscle tissue -0.053 (0.67) -

Muscle reaction -0.289(0.02)  0.066 (0.59) -

speed

DISCUSSION

The WHO recommends an intake of 150 pg of iodine daily for
adults (23). In this study, we found that the median of estimat-
ed dietary iodine intake was 624.66 ng using a standardized
semiquantitative questionnaire. A Norwegian study estimated
the dietary intake of iodine of healthy Norwegian adults aged
between 40 — 69 years at 281 pg (26). Other research showed
an increased estimated dietary iodine intake as higher than rec-
ommended by the WHO as well (23, 26, 27). Since the median
estimated dietary intake of iodine was well over the recom-
mended quantities, the population included in this study was
not at risk of deficient iodine intake.

Collecting data on iodine in urine is important to follow the
success of the salt iodination program (4). The method used
in this study is simple and easily applied to population stud-
ies (3-6). The median iodine concentration of urine between
100-199 ng/L is considered a sign of appropriate dietary io-
dine intake (4); we found the median iodine concentration of
urine of 120.77 pg/L. In Korean population iodine concentra-
tions in urine at 292 pg/L were found, which is higher than
the WHO’s recommendation (28); in Belgian population it was
equal to 93.6 png/L, which represents a slight deficiency (29).
There are some studies on the Croatian population showing
the level in adults in Croatia at 178 pg/L (30), in children at
248 pg/L, which is higher than the recommended values, and
in pregnant women lower than recommended (159 nug/L) (31).
This study showed that the studied population was within the
recommended range for iodine saturation, according to the
WHO guidelines (23).
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Normal function of muscles relates to iodine through thyroid
hormones (9, 10). T3 has an important role in muscle tissue
plasticity. In patients with hypothyroidism delayed contrac-
tion and relaxation of the muscles was noticed (10). In this
study muscle mass percentage was 32.55 %. A statistical cor-
relation with iodine in urine with muscle mass percentage was
not found. The correlation most likely does not exist because
many other factors, such as exercise and other hormones (Insu-
lin-like growth factor 1, androgens and 2 agonists), influence
muscle mass (11,32).

A short reaction speed is important in some professions and
is considered a good sign of health (25). People with hypo-
thyroidism have a significantly longer reaction speed in com-
parison to euthyroid people however, this prolongation can be
remedied with hormone replacement therapy (15, 33). Rele-
vant literature describes a decrease of reaction speed in persons
with hypothyroidism because of the lack of stimulative effect
of the hormones on the central nervous system (15, 33). In this
study, the “Human benchmark test” was used to measure reac-
tion speed, as it is validated for rough estimation of reaction
speed (24,25). Median reaction speed was 274.5 ms. A signifi-
cant, negative and weak correlation between iodine concentra-
tion in urine and reaction speed was noticed. The more iodine
in urine, the faster muscle reaction. The results of this study are
in accordance with the results from the relevant literature and
the results on the online test “Human benchmark test” (24,25).
Our study was one of the few studies that researched the io-
dine status of individuals in the region, since the question of
hypothyroidism in our region is considered solved. However,
researching the nutritional intake of salt, closely connected
to intake of iodine, gives us important data, since the modern
diet contains more salt, hidden in the so-called ultra-processed
food. To explain the faster reaction speed in persons with high-
er iodine concentration in urine, a study with a larger sample
size and more parameters is needed.

In conclusion, our study has opened the door to the possibility
of further iodine status and reaction speed research. The study
itself, showing the iodine status of young adults, is an invalu-
able epidemiological resource for the region of Slavonija and
Baranja in Croatia.
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