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ABSTRACT

Background: lodine deficiency as well as iodine excess can result in an increased prevalence of thyroid disorders.
The prevalence of excess iodine nutrition is increasing all over the world. The aim of the present study was to find the
occurrence of iodine nutrition status in primary school children of Eastern Nepal and find the prevalence of associated
thyroid dysfunction among those with excess urinary iodine concentration.

Methods: A community based cross sectional study was conducted in Udayapur district which is located in Eastern
part of Nepal. Primary school aged children (6 years to 12 years) were enrolled in this study from three schools.
Blood and urine samples were collected and assayed for urinary iodine concentration (UIC), free thyroid hormones
(fTs; and fT,), and thyroid stimulating hormone (TSH).

Results: The median UIC was 232.27 pg/L. The iodine status showed that 15.5% (n=31) had low UIC, 21% (n=42)
had above requirement and 36% (n=72) had excessive iodine nutrition status. The mean concentration of fT; and fT,
was 2.87 pg/ml and 1.21 ng/dl respectively, while the median TSH concentration was 3.03 mIU/L. The prevalence of
thyroid dysfunction was 10% (n=20) with subclinical hypothyroidism being the most common. Majority of
participants with subclinical hypothyroidism had excess UIC.

Conclusions: Above requirement and excess iodine nutrition is more common in region where there is unregulated
consumption and improper monitoring of iodized salt. Subclinical hypothyroidism is common in regions of excess
iodine nutrition.
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INTRODUCTION

lodine is an essential trace element required for the
synthesis of thyroid hormones. It has been indicated that
both iodine deficiency and iodine excess can result in an
increased prevalence of thyroid disorders." The number
of countries with excessive iodine nutrition is increasing
gradually. Current data suggests that 12 countries have
excessive iodine nutrition.> The aim of the present study
was find the occurrence of excess iodine nutrition in
primary school children of Udayapur district situated in

Eastern part of Nepal and find the prevalence of thyroid
dysfunction among those with excess UIC.

METHODS

We conducted a cross sectional study from August 2015
to July 2016 in Udayapur district located in Eastern part
of Nepal. Primary school aged children (6 years to 12
years) were enrolled from three schools. We randomly
selected 200 healthy school going children from the three
schools. Sample size was calculated on the basis of latest
prevalence of excess iodine nutrition in children of
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Eastern Nepal (prevalence of possible excess iodine
nutrition =47%, 95% confidence interval, 85% power).?
We excluded children taking drugs that interfere with
thyroid function and those having chronic illness.
Informed written consent was obtained from the
guardians of respective participating children. The ethical
clearance for this study was given by the Institutional
Review committee of BP Koirala Institute of Health
Sciences (BPKIHS), Dharan. Basic demographic,
anthropometric measurement and relevant history was
taken. Random urine (10 ml) and venous blood samples
(3 ml) were collected from participating children. Serum
and urine samples were refrigerated at -20°C until
analysis.

We used urinary iodine concentration (UIC) as an
indicator of iodine status. Urinary iodine concentration
was measured by ammonium persulfate digestion
microplate (APDM) method.* As per WHO guidelines on
the basis of UIC, children were classified into different
categories as shown in Table 1.

Serum thyroid hormones i.e. free triiodothyronine (fTs),
free thyroxine (fT,) and thyroid stimulating hormone
(TSH) were used as an indicator of thyroid function
status. Measurements of serum fT;, fT, and TSH was
carried out by using ELISA commercial Kit from
Diametra®. Normal reference range for thyroid hormones
were fT; (1.2-4.2 pg/ml), fT, (0.8-2.2 ng/dl) and TSH

(0.39-6.16 mIU/L) according to kit manufacturer.
Participants were classified as euthyroid, subclinical and
overt hypo and hyperthyroid based on the thyroid
hormone results. Data was entered in Microsoft excel
2013 and analyzed using SPSS version 21.0. Appropriate
parametric and nonparametric tests were applied
according to the distribution of data. P-value less than
0.05 was considered statistically significant.

RESULTS

Among the 200 school children enrolled in the study
54.5% (n=109) were male and 45.5% (n=91) were
female. The mean age of the children was 10.13+1.66.
Overall, the median UIC was 232.27 (129.9, 340.8) pg/L.
The iodine status of primary school children showed that
15.5% were deficient in iodine, 48.5% were taking
adequate iodine and 36% of children had excessive iodine
nutrition status. The mean+SD of serum fT5 and fT, and
median (IQR) of serum TSH concentrations was
2.87+0.52 pg/ml, 1.21+0.26 ng/dl and 3.03 (2.26, 4.34)
mlIU/L respectively. Thyroid function parameters across
different iodine status group is shown in Table 2. The
mean serum fT, was lowest in the iodine deficient group
and the difference between the groups was statistically
significant. Meanwhile median TSH was highest in the
iodine excess group but the difference between the
groups was not statistically significant.

Table 1: WHO classification of iodine nutrition status according to UIC.

lodine intake lodine nutrition
<20 Insufficient Severe iodine deficiency
20-49 Insufficient Moderate iodine deficiency
50-99 Insufficient Mild iodine deficiency
100-199 Adequate Optimum
200-299 More than adequate Risk of iodine-induced hyperthyroidism in susceptible groups
>300 Excessive Risk_ of adverse he_alth_consequences (iodine-induced hyperthyroidism,
autoimmune thyroid disease)

Adapted from Assessment of iodine deficiency disorders and monitoring their elimination: a guide for programme managers.®

Table 2: Different biochemical parameters according to iodine status.

lodine status

_ Deficient Sufficient . Excessive
Parameters Total (n=200) UIC<100 UIC 100- 199 requirement UIC >300 P value
o/l (n=31) pg/L (n=55)  D1C€200-299 ) (=79
: pg/L (n=42)
232.27 (129.9, 68.59 (41.94, 150.51(123.8, 249.4(228.05, 366.16 (330.5,
UIC(iolL) 5409 85.16) 175.27) 284.92) 403.37) <0.001
fT5 (pg/ml) 2.87+0.52 2.72+0.42 2.93+0.48 2.87+0.6 2.88+0.55 0.357
fT, (ng/dl) 1.21+0.26 1.09+0.28 1.24+0.26 1.26+0.24 1.2+0.26 0.03
29 2.74 3.25
TSH (MIU/L)  3.03 (2.26, 4.34) (2.3, 4.19) (248, 3.77) 3.01 (2.1, 4.38) (2.46, 4.78) 0.10

Data expressed as mean+SD (fT3 & fT4), median (25" percentile, 75" percentile) UIC& TSH. P value was calculated at 95%
confidence interval.
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Table 3: Thyroid status across different iodine status group.

Thyroid status

. Euthyroid Subclinical ~ Subclinical Overt

lodine status 90% hypothyroid  Hyperthyroid hypothyroid
(n=180) 7% (n=14) 1.5% (n=3) 1.5% (n=3)

Deficient (UIC<100 pg/L) 155% (31) 87.1%(27) O 3.2% (1) 9.7% (3)

Sufficient (UIC 100- 199 pg/L) 27.5% (55) 92.72% (51) 5.5% (3) 1.81% (1) 0

Above Requirement (UIC 200-299 pg/L) 21% (42) 92.9% (39) 7.1% (3) 0 0

Excessive (UIC >300 pg/L) 36% (72) 87.5% (63)  11.1% (8) 1.38% (1) 0

Data expressed as number (percentage).

The prevalence of thyroid dysfunction was 10% (20). The
most common thyroid dysfunction found was subclinical
hypothyroidism 7%  (14), followed by overt
hypothyroidism and subclinical hyperthyroidism. Most
cases of subclinical hypothyroidism (n=8) had excess
UIC as shown in Table 3.

Spearman’s rho correlation was applied between the
thyroid parameters (fT3, fT, and TSH) and UIC. The
correlation of UIC was very weakly positive with fT;
(r=0.094, p=0.184) but was not significant. Similarly,
UIC was weakly positively correlated with fT4 and TSH
(r=0.118, p=0.097) and (r=0.109, p=0.124) respectively
but was not significant.

DISCUSSION

lodine deficiency and excess both interfere with thyroid
gland function.! The median UIC in our study was
232.27ug/L which is indicative of above requirement
level of iodine. Similar finding of above requirement
level of iodine nutrition was also reported in national
IDD survey in 2007° and various other sub-national
surveys done in eastern Nepal.>"*®

Our study showed that more than one third (36%) of
children had UIC higher than 300 pg/L, which indicates
excessive iodine nutrition. Similarly, 21% (42) had above
requirement iodine status. Excess iodine nutrition in more
than half of the participating children was also reported in
studies done in various regions of eastern Nepal.®"®
These results demonstrate a possible transition in the
iodine nutritional profile. Excessive iodine nutrition is
mostly found in urban areas and could be due to the
consumption of improperly monitored iodized salt. The
average quantity of daily salt consumption should also be
taken in account.

Overall, the mean serum fT3, fT, and median TSH was
within reference range in our study. Similar finding of
normal thyroid function parameters in similar age group
was found in study done in Eastern Nepal and in New
Zealand school children.”’® We have also found non-
significant difference in TSH concentration between
iodine deficient, iodine sufficient and iodine excess
groups.

The present study showed that the prevalence of thyroid
dysfunction was 10% with majority of cases being
subclinical hypothyroidism. Similarly, Chaudhari et al
and Shakya et al have also reported higher prevalence of
subclinical hypothyroidism among SAC in two district of
eastern Nepal.>” The present study depicted higher
prevalence of subclinical hypothyroidism among children
with iodine excess. Similarly, various studies done in
different parts of the world have also reported higher
prevalence of subclinical hypothyroidism in iodine excess
population.**™** Compared with the adequate iodine intake
level recommended by WHO/UNICEF/ICCIDD median
UIC (100-200upg/L), our data indicated that
UIC>300ug/L may increase the risk of developing
hypothyroidism. This report differs from that of Shan et
al who suggested that UIC of 200-300ug/L might be
related to potentially increased risk of developing
subclinical hypothyroidism.*

The exact mechanism by which chronic high iodine
intake induces hypothyroidism remains unclear. Vitale et
al and other experimental studies have revealed that high
iodine intake damages endogenous thyroid peroxidase
and induces apoptosis in these cells through a mechanism
that involves the generation of free radicals, but whether
the iodine-induced apoptosis contributes to chronic
iodine-induced hypothyroidism is unknown.***’

In the present study, no significant correlation was found
between UIC and thyroid profile parameters. This was in
accordance to the finding in study done by Skeaff et al in
New Zealand school children.! In contrast to our finding
Chaudhari et al have shown weak negative correlation
between TSH and UIC and weak positive correlations
between UIC with fT; and fT,.” Johner et al found a
significantly positive association between UIC and TSH
levels in a study done in thyroid-healthy children of
Germany.*®

Improved or excess iodine leads to decreased thyroid cell
mass and amount, which presumably require a higher
TSH signal to maintain the required thyroid hormone
production, suggesting an underlying physiologic
adaptation.’® The association between iodine excretion
and TSH was only observable for those iodine excretion
parameters that were corrected for individual creatinine
excretion in study done by Johner et al.** Median iodine
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concentration is the parameter recommended by the
WHO to estimate iodine status of a population. The mean
fT,, T4, and TSH concentrations of the school children
fell within normal reference ranges, which was not
unexpected as changes in these indices only occur in
moderate to severe iodine deficiency or iodine excess for
prolonged period.

There are several limitations of the present study. The
sample size was small to proportionately reflect the
iodine status of whole population as well as to see the
correlation with thyroid parameters. Our study is cross
sectional and therefore does not include individual
changes over time.

Since the initiation of universal salt iodization program,
there has been substantial progress towards the
elimination of iodine deficiency disorder which used to
be one of the major public health problem. Nepal is
continuously moving towards the sustainable elimination
of IDD but lodine excess is occurring more frequently
these days. It might be due to overconsumption or
consumption of improperly monitored salt. Monitoring
programs should be done at the community level to
ensure optimal iodine nutrition status and prevent
occurrence of iodine induced thyroid disorders.
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