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ABSTRACT
Introduction. Currently, only a small number of countries have a stable iodine adequacy, about a third of the world’s
population lives in areas with some iodine deficiency. Because children have an increased risk of adverse effects in
response to iodine deficiency, it is important to assess the health of these children.
Aim. To investigate the frequency of iodine deficiency in children from the iodine deficiency region.
Methods. The research was conducted during expeditions to various geographical areas of Northern Bukovyna
(Chernivtsi region, Ukraine). 1,973 school-age children were examined (measurement of anthropometric indicators,
assessment of cognitive, physical and sexual development, ultrasonography of the thyroid gland (TG), ovaries and
testicles, determination of hormonal status and iodine in urine).
Results. Of 1,973 children, 53.7% (1060) had thyroid abnormalities. The frequency of goiter in the mountain zone
– 59.8%. In 12.3% of children there was a tendency to increase of TSH. The median ioduria in children from mountainous areas corresponds to moderate iodine deficiency. Children from mountainous areas have various disorders:
38.5% disharmonious physical development, a third low intellectual development, disorders of the order of appearance and development of secondary sexual characteristics in the examined children.
Conclusion. The results of the study show the negative impact of iodine deficiency on the body of children. It is
necessary to continue monitoring of ioduria and children’s health and implement preventive measures.
Keywords: children, median ioduria, iodine deficiency disorders

Abbreviations
НG – health groups
TG – thyroid gland
МІ – masculinization index
UNICEF – United Nations Children's Fund
DD – disharmonious development
WHO – World Health Organization
ICCIDD – International Committee for Control of OBW – over body weight
DBW – deficit body weight
Iodine Deficiency Disorders
SSDB – score of sexual development of boys
IDD – odine deficiency diseases
SSDG – score of sexual development of girls
UIC – urinary iodine concentration
TSH – thyroid-stimulating hormone

INTRODUCTION
Iodine deficiency (excretion of iodine in the urine
less than 100 mcg/day) causes serious adverse health
effects and is a major cause of mental retardation that
can be prevented in childhood [1]. Almost two billion
people are at risk of developing iodine deficiency
disease (IDD) [2]. And this is a global health problem
[3]. Iodine deficiency is common in the world [4-7],

especially in Asia [8-13], Africa [14], Eastern Europe
[15-18]. Currently, only a small number of countries
have stable iodine adequacy, about a third of the
world’s population lives in areas with some iodine
deficiency, severe iodine deficiency is observed in
mountainous areas such as the Alps, the Himalayas,
the Carpathians [19]. Access to iodized salt is partial
(Fig. 1).
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Figure 1. Proportion of households with access to iodised salt in various parts of the world;
Adopted from UNICEF, 2007 [20]

In 1991, the world health assembly (WHA) declared iodine deficiency as a major public health
problem which should be eliminated by the year
2000. This goal had been endorsed in 1990 by world
leaders when they met at the United Nations world
summit for children. The World Health Organization
(WHO) and United Nations Children’s Fund
(UNICEF) recommended universal salt iodization
(USI) for elimination of IDD in 1992 and 1993. Considerable progress has since been achieved, and it has
been estimated that at least 75 million newborns entering the world in 2002 had been protected against
the brain damage caused by iodine deficiency. In East
Asia and Pacific, 20.8 million (16%) of the global
newborns and in South Asia 9 million, (14%) were
the highest numbers of newborns who were protected
[20]. Data made available by WHO shows that 31.5%
(264 million) of schoolchildren and 30.6 % (2000
million) of the general population worldwide have
insufficient iodine intake [21,22]. National (n = 121)
or large subnational (n = 31) surveys were conducted
in 152 countries, representing 98% of the world’s
population. In 2014, iodine consumption was sufficient in 112 countries, deficient in 29 countries and
excessive in 11 countries. The number of iodine-sufficient countries has increased from 67 to 112 in recent years [23]. However, even economically developed countries have iodine deficiency [24]. Because
children have an increased risk of adverse effects in
response to iodine deficiency, it is important to assess
the health of these children.

AIM
To investigate the frequency of iodine deficiency
in children from the iodine deficiency region.

METHODS
The research was conducted during expeditions to
various geographical areas of Northern Bukovyna
(Chernivtsi region, Ukraine), which are divided into
plains and mountains in terms of natural, climatic and
socio-economic features. 1973 school-age children
were examined. The examination program included:
questionnaires, measurement of anthropometric indicators, assessment of cognitive, physical and sexual
development, ultrasonography of the thyroid gland
(TG), ovaries and testicles, determination of hormonal status and iodine in the urine. Criteria for inclusion in the study: age 7-18 years, living in the Chernivtsi region, absence of somatic pathology of the
central nervous system. Criteria for exclusion from
the study: conducting a contrast X-ray examination
and the use of iodine-containing drugs and thyroid
hormones for 6 months.
Anthropometric measurements were performed in
the morning, 1.5-2 hours after breakfast with a standard stadium meter and medical scales. The result was
rounded to the nearest 0.5 cm and 0.5 kg. The obtained data of anthropometric measurement of children were evaluated according to regional standards
[25].
The formation of intellectual function was determined using a fragment of theR. Kettel test (adapted
modified version of the children’s personality questionnaire R. Kettel) [26]. The sexual development of
children was assessed by the severity of primary and
secondary sexual characteristics, indicators of ultrasound examination of the internal genitals on the
Scanner-100 using linear sensors with a frequency of
5 and 7.5 MHz. In order to mathematically reflect the
sexual development of boys used the index of mascu-
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linization (MI) and the total score of sexual development of boys (SSDB = Ах + Р + F + L + V), and girls
calculated the score of sexual development of girls
(SSDG) with the reflection of menstrual function
(SSDG = Р + Ах + Ма + Ме) [27].
Assessment of the thyroid gland (TG) was performed according to the indicators of visual-manual
examination. According to the WHO classification
[28], the degree of the TG is palpable, the particle
size corresponds to the distal phalanges of the patient
– I degree, the particle size exceeds the size of the
patient’s distal phalanges – II degree, the particle size
exceeds the size of the distal phalanges – III.
Ultrasonographic examination of the TG was performed on a Scanner-100 using a linear sensor with a
frequency of 7.5 mHz. According to the parameters
obtained during the ultrasonography, the volume of
each thyroid lobe was calculated according to the formula: maximum thickness/cm/ x width /cm/ x length
/cm/ x 0.478 and compared with the recommended
thyroid volumes obtained during the examination of
children in iodine-supplied regions Europe, taking
into account age, sex and body area [29].
The functional state of the pituitary-thyroid system was assessed by clinical symptoms using screening integrated tables, as well as standard kits for RIA
T3 – RIO-T3 -PG, T4 – RIO-T4 -PG, (Belarus), standard
test kits from Mallinchbrodt (Germany) minus the
TSH/T4 index determined the concentration of thyroid-stimulating hormone (TSH).
Taking into account that the concentration of iodine in a single portion of urine correlates well with
the level of iodine in daily urine, we took urine from
children in test tubes by 5 ml of urine at a time. The
concentration of iodine was determined by ceriumarsenite method with preliminary wet ashing of its
samples. According to the obtained data, the median
ioduria was calculated, which was expressed in μg of
iodine per 1 liter of urine.
The analysis of the data was carried out with the
help of the software security of SPSS version 16. The
links between the fallow and non-fallen ones were
seen. P-value ≤ 0.05 was considered significant.
The study follows ethical principles for people
who act as subjects of research, taking into account
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the main provisions of the GCR ICH and the Helsinki
Declaration of the World Medical Association for
Biomedical Research, where the person acts as their
object (World Medical Association Declaration of
Helsinki 1964, 2000, 2008), Council of Europe Convention on Human Rights and Biomedicine (2007)
on the positive conclusion of the Commission on Bioethics of the Bukovinian State Medical University
(protocol No. 5; 16.04.2017) and the local commission on biomedical ethics at the «Chernivtsi Regional
Children’s Clinical Hospital» (protocol No.9;
18.05.2017). This included adherence to the informed
consent concept, consideration of the benefits over
harm of risk, the principle of confidentiality and respect for the child’s personality as a non-self-protective person, and other ethical principles for the children under study.

RESULTS
Of 1973 children, 53.7% (1060) had thyroid abnormalities (Table 1) and 56.3% (867) had no abnormalities. Among thyroid diseases, goiter was most
often registered – 96.3%, including: grade I goiter –
77.1%, grade II goiter – 14.6%, diffuse toxic goiter
– 2.3%, nodular goiter – 2.1%. In different climatic
zones, the frequency of goiter is different (Fig. 2).
Table 1. Frequency of TG diseases in children (%)
Area
Mountain
Plain
TGD
Chernivtsi
area
area
n = 353
n = 339
n = 368
Goiter I degree, %
82.1
69.1*
80.1
Goiter II degree, %
10.1
21.5*
12.5
Nodular goiter, %
1.4
3,8*
1.3
Autoimmune thyroiditis, %
4.2
3,2
3.5
DTG, %
2.2
2.3
2.4
* – probably in terms of indicators in children of Chernivtsi and
the plain zone, p < 0.05. TG – thyroid gland; TGD – thyroid gland
diseases; DTG – diffuse toxic goiter

In prepubertal children living in Chernivtsi and
the plains, goiter is slightly more common in boys,
while in children in mountainous areas there is no
gender difference. In addition, in girls of puberty, re-

Figure 2. Frequency of goiter in children from
different climatic zones (%)
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gardless of place of residence, goiter is more common than in boys. The distribution of children with
goiter in the mountainous area was noteworthy. Thus,
in this population of children goiter of the II degree
was more often registered – 21.5% against 10.1% in
children of Chernivtsi (p < 0.05).
In 89.3% of cases, diffusely enlarged, soft-elastic
consistency, painless thyroid was detected, in 10.7%
– the thyroid was slightly compacted. At ultrasound
in 32.5% there was an increase in echogenicity, in
33.5% – a violation of the structure of the gland, in
24.3% a decrease in echogenicity. In 23 children
(2.2%) single nodes were found. The number of boys
with ultrasonographic changes in the thyroid gland
was 39.1%, girls – 60.9%. The results of the study of
the functional state of the thyroid gland are shown in
Table 2.
Table 2. The content of TSH and thyroid hormones in
the peripheral blood of the examined children
Indicators
TSH (μU/l)
Т3 (nmol/l)
Т4 (nmol/l)
Т3/Т4
ТSH/Т4

Gender
Boys (M ± m, n)
Girls (M ± m, n)
2.23 ± 0.27, 48
3.04 ± 0.15, 54
1.55 ± 0.19, 45
1.71 ± 0.16, 54
89.04 ± 8.73, 45
95,44 ± 6.73, 54
0.013 ± 0.003
0.014 ± 0.002
0.023 ± 0.004
0.022 ± 0.005

12.3% of children were characterized by TSH in
the range of age standards, which are shifted towards
its increase (4.23-5.0 μIU/l).
The results of determination of iodine in the urine
of 399 children were characterized by a high amplitude of fluctuations (17.7 μg/l – 156 μg/l) with average values of 55-70 μg/l. The median ioduria in children from the plains and Chernivtsi was 67.54 ± 4.02
μg/l and 69.32 ± 3.99 μg/l, which meets the WHO
criteria for mild iodine deficiency and in children
from mountainous areas – 29.34 ± 3.11 μg/l, which
corresponds to the average degree of iodine deficiency.
When examining children without thyroid disorders, it was found that the first health groups (HG)
include 11.6% of children, the second – 69.7%, and
the third – 18.5%. The distribution of children by HG
depending on the area of residence is given in Table 3.

Table 3. Distribution of children by HG depending on the
area of residence (%)
HG
1
2
3

Chernivtsi
n = 420
11.5
69.2
19.3

Mountain area
n = 410
8.8*
68.3
22.9*

Plain area
n = 420
12.3
72.2
15.5

HG – health groups; * – probably in relation to the indicators in children
of Chernivtsi and the plain zone (p < 0.05)

15.5% of children with the third HG live in the
plain zone, ie 7.4% less than in the mountain zone
and 3.8% less than in Chernivtsi. The distribution of
children by HG depending on age showed that with
age the proportion of children of the third HG increases, especially at 13-14 years of age (table 4).
The group of frequently ill children was 11.2%.
The largest number of frequently ill children was observed in 13-14 years – 32.3%. SARS predominated
among the transferred diseases, and among children
living in mountainous areas, they were observed in
64.4%, and among those living on the plains – in
42.5% of children. Respiratory diseases averaged
36.5% among the surveyed children, and they were
more common in mountainous children. Digestive
diseases occur in 14.2% of children. Diseases of the
musculoskeletal system (kyphosis, scoliosis, flat feet,
etc.) were observed in 18.0% of children. Posture disorders were more common after the age of 12. 67.3%
of children have caries, and 20.6% are not treated.
The functional state of the thyroid in these children was not impaired: the average level of TSH 2.48
± 0.72, T3 – 1.62 ± 0.34, 45 nmol/l, T4 – 92.14 ± 8.3
nmol/l.
The largest annual increase in length, body weight
and chest circumference in children without thyroid
changes is observed 1-2 years earlier than in children
with goiter. At the age of 13-16 years, the average
annual increase in body length in boys of both groups
was greater than in girls. The results of physical development harmony analysis of children depending
on gender and place of residence are shown in Table
5. Among children living in the plains and in Chernivtsi, the number of children with disharmonious
physical development was lower and amounted to
30.77% and 23.86% in accordance.

Table 4. Distribution of children by HG depending on age (%)
7
8
n = 101 n = 100
1
13.7
12.5
2
79.9
77.5
3
6.3
9.9
HG – health groups
HG

9
n = 109
11.0
64.6
15.5

10
11
n = 111 n = 102
13.8
14.0
67.6
65.8
21.4
18.2

Age (years)
12
13
n = 107
n = 104
11.2
6.4
65.1
66.8
22.8
28.3

14
n = 80
7.7
69.7
25.3

15
n = 83
10.2
69.7
19.9

16
n = 89
15.9
66.4
17.5

17
n = 43
14.2
67.5
18.3

18
n = 43
12.2
71.5
16.3
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Table 5. Indicators of harmony of physical development of children depending on sex and area of residence (%)
Area

Boys
HD

Girls
HD

DD
DD
DD
DD
(DBW)
(OBW)
(DBW)
(OBW)
Chernivtsi
9.29
79.29
11.42
11.79
73.00
15.21
Mountain area
18.27
61.97*
19.76
18.75
60.99*
20.26
Plain area
14.39
70.45
15.16
11.78
68.01
20.21
* – probably in relation to the indicators of children in Chernivtsi and the plain area of residence; DD – disharmonious development;
OBW – over body weight; DBW – deficit body weight

According to the analysis of the harmony of physical development among children living in the mountain zone, 38.52% have disharmonious physical development, and children with excess body weight
and body weight deficit were equally common.
In children with goiter I-II degree from 14 years
there is a clear tendency to lag behind in growth and
at the age of 16 it is 8.25 cm (p < 0.05). We did not
receive data that could be regarded as a “pubertal
leap” in children with goiter. Children with goiter in
all age groups had lower body weight compared to
children without goiter, with boys of 12 and 13 years
of age and girls of 13 years of age experiencing this
difference. The dynamics of body weight in children
with goiter is characterized by uneven growth in certain age groups, especially in boys and girls at 14
years of age. The number of children with goiter and
body weight deficit compared to children without
goiter is probably increased (p < 0.001).
In general, children with goiter have a probable (p
< 0.01) decrease in the proportion of children with
harmonious physical development (Fig. 3).
Children without goiter

Children with goiter

Figure 3. Indicators of children’s physical development
OBW - over body weight; DBW – deficit body weight;
HD – harmonious development

The results of the study showed that children
mostly have an average degree of intellectual development (58.9%). The level of intellectual formation
changed in the direction of decreasing with increasing degree of iodine deficiency (Fig. 4). Thus, in children living in the plains the share of children with a
high level of development ranged from 22.7 to
14.6%, while in children from the mountainous zones
– 10.3 – 9.2% of people (p < 0.05).
Children with high and medium level of intelligence development had sufficiently developed abstract forms of thinking, a large amount of knowledge. Children with a low level of intelligence were
dominated by a primitive approach to solving logical
problems, they were dominated by specific forms of
thinking.
The results of the study of puberty with the assessment of the sexual development score of girls
(SSDG) show (fig. 5) that girls living in the mountains have lower rates of sexual development. This
difference is especially noticeable at the age of 13. In
other age groups there was a tendency to decrease (p
> 0.05).
Among girls from the mountain zone, II-III degree (SSDG lag of more than 3-4 years) of puberty
delay (12.4 and 6.5%) was more often registered than
girls from the plain zone, where mostly I-II degree
was observed(SSDG lag by 2-3 years) (34.7 and
13.8%). All boys from the mountain zone have a tendency to delay sexual development (Table 6). A probable difference is observed in the group of 15-yearold boys (p < 0.05).

DISCUSSION
The study found that the overall prevalence of
goiter is high, especially in mountainous areas –
(59.8%), which indicates that IDD is a serious health
problem in Ukraine, despite the fact that in other regions of Ukraine the frequency of goiter among children is lower [30,31]. Iodine-deficient euthyroid
goiter is the most common. This study found that iodine deficiency is more common in girls than in boys,
which is consistent with other studies [32]. This can
be explained by the greater need for iodine in girls,
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Figure 4. The level of formation of
intellectual functions of school-age
children depending on gender and
area of residence (1 – Chernivtsi, 2 –
Plain area, 3 – Mountain area)

Figure 5. Average sexual
development score of girls (SSDG)
depending on the area of residence

Table 6. Indicators of sexual development of boys
Age
(years)

n

MI
Percentage
Mountain area
Plain area
Mountain area
Plain area
11
23
2.21 ± 0.11
2.41 ± 0.14
42.8
48.4
12
38
2.69 ± 0.21
2.89 ± 0.27
54.3
69.2
13
30
3.12 ± 0.11
3.31 ± 0.42
62.3
78.5
14
29
3.56 ± 0.25
3.72 ± 0.89
59.5
82.4*
15
28
4.24 ± 0.39
5.91 ± 0.32*
78.4
92.8*
* – probably relative to the indicators of boys from the mountain zone (p < 0.05); MI –masculinization index

especially during puberty [33]. It is known that estrogen, which is a female hormone, has an inhibitory
effect on the absorption of iodine by follicular cells
of the thyroid gland. In addition, estrogen also increases the proliferation of thyroid follicles, which
leads to an increase in the thyroid gland [34-36].
Urine iodine levels are used as a valuable indicator to measure the nutritional status of iodine and to
assess IDD in humans, as 90% of iodine in the body
is excreted with the urine [21]. Possible iodine deficiency is associated with low iodine content in soil,
water, food [37,38], frequent consumption of digestible foods (cabbage, soybeans, turnips, millet, corn)
[39-41] and insufficient levels of iodized salt [42]. In
our study, the level of iodine in the urine ranged from
55 to 70 μg/l, which meets the WHO criteria for mild
iodine deficiency [43-44]. Similar results were obtained [45] – a slight deficiency of iodine in the urine
in the age group of 7-10 years was in 58% of children, at the age of 11-13 years – in 49%. However,
studies [46] showed that 84.2% of children have a
level of ioduria greater than 100 μg/l and only 15.8%

of ioduria corresponds to mild iodine deficiency, and
studies [47] found high levels of ioduria. The possible reason for the higher prevalence of iodine deficiency goiter in this study may be due to several reasons: low iodine content in soil, water, and,
accordingly, food (most children (68.4%) lived in a
mountainous iodine deficiency zone, respectively,
they had the lowest median ioduria), low iodine content in food [48] (children mostly consume locally
produced foods, iodized salt is partially consumed)
and the consumption of digestible foods (including a
large proportion of corn consumption). Thus, the rate
of iodine depends on the climatogeographical zone of
habitat, nutritional support [49] and the effectiveness
of prevention of iodine deficiency [50-53]. Most
studies confirm the negative impact of iodine deficiency on children [54], in particular, found a connection between iodine levels in the urine of a child
and mental development, [55] identified the negative
impact of iodine deficiency on physical and mental
development [56], frequency of thyroid hyperplasia
and goiter [57-60] showed the effect of iodine defi-
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ciency of the mother on fetus and newborn. In [6163] the researches results of Spain, Italy, Iran, Benin
scientists on character of disturbances of neuropsychic development of children in areas were generalized and it is convincingly proved that in the conditions of iodine deficiency cognitive functions in
children are essentially broken [64], and intellectual
the coefficient (IQ-index) of the population of iodinedeficient regions is 10-15% lower than those in areas
with adequate iodine consumption. In the work of
Salarkia N. et al. [65] was demonstrated an increase
in IQ from 89 to 97 points in rural children 7-13 years
of age from the region of severe iodine deficiency 10
years after the introduction of combined iodine
prophylaxis (injection of iodinated oil to mothers before conception or during pregnancy or children aged
1- 3 years, as well as eating only iodized salt). In addition, there was a decrease in the number of children
with IQ below 70 points from 12% to 0 [64]. Aboud
FE et al. [66] found the best Bailey scores in assessing the neuropsychological development of 1,835 infants aged 5-11 months before the families used iodized salt and the same children (85% of the sample)
again after 20-29 months. Our study showed that
children and adolescents living in iodine-deficient regions have significant abnormalities in physical development, especially in the presence of goiter. At the
same time, there is a decrease in weight-height ratios,
an increase in the proportion of children with body
weight deficit, reduced body surface area, which confirms the results of our previous studies [67] and
studies conducted by Kudabaeva HI et al. [68] and
Turchina SI [69]. Surveys of more than 4 thousand
children and adolescents of both sexes aged 8-17
years, conducted in the region of moderate iodine deficiency in Russia (Saratov region) showed that most
morphological features (length, body weight, body
mass index) in children with goiter had a significant
lag from healthy peers (p < 0.001). The authors associate such indicators with functional insufficiency
of the thyroid gland [70]. Various reproductive disorders have been identified in children from the iodine
deficiency region: high frequency of delayed puberty
in boys and girls, later menarche, and ovarian-men-
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strual irregularities in adolescent girls [71]. In particular, a study by Heidari Z. et al [72] showed that
one third of adolescent girls in the region of Shahriar,
Iran, were iodine deficient (the incidence of mild,
moderate and severe iodine deficiency was 22.4%,
14.3% and 0%, respectively).
This study found a high prevalence of respiratory
diseases in children with iodine deficiency, including
SARS, as well as digestive diseases. Other authors
[73] established specific age peaks in the formation
of chronic diseases in children in regions with iodine
deficiency: at 3 years (960.6‰), 5 years (1,481‰), 7
years (2,245.8‰) and 12 years (2,292.2‰). Shilin
DE [74] convincingly proved the formation of chronic somatic pathology from the first years of life and
the presence of two or more diseases at the beginning
of puberty in children with significant iodine deficiency in the diet [75]. Later, a number of authors
have demonstrated in their work the connection of
iodine deficiency with high morbidity of children of
different ages, as well as infant mortality [76-78].
Our results also demonstrate the negative effects
of iodine deficiency on children. IDD is an urgent
task of health care in Ukraine. Continued monitoring
of ioduria and children’s health and the implementation of health measures at the national, regional and
individual levels, including public nutrition education programs, are needed.

CONCLUSIONS
The results of our study showed that with some
external well-being, children from the iodine deficiency region are characterized by abnormalities in
health (goiter frequency, disharmony of physical development, borderline cognitive disorders, impaired
rate and timing of puberty), which differ depending
on the degree of iodine deficiency. Since the examined children were standardized according to the
main factors of influence, it can be assumed that the
detected changes are provoked mainly by iodine deficiency in the environment. Future complications
can be prevented by using a method of testing iodine
in the urine and studies of thyroid hormone levels.
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