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Summary
Background. Mandatory iodine fortification of salt was introduced in Italy in 2005. The 
purpose of our study is to estimate the trend of thyroid diseases in Italy before and after manda-
tory iodization in Italy. Methods. 7976 patients (6802 females; 1174 males) were examined 
between 2003 and 2010. We divided the patients into categories according to their clinical 
diagnosis. Later, we evaluated for each patient if there was the positivity for antibodies anti 
TPO. Finally, we collected data about TSH values of all patients who did not use therapy for 
thyroid disease at the time of the examination. To evaluate the differences percentages for cate-
gorical variables, χ2-Pearson test was used; to evaluate the percentage differences of TSH val-
ues we used the Kruskal-Wallis test. Values were considered statistically significant at p < 0.05. 
Results. We considered diagnosis of “toxic adenoma / goiter”, diagnosis of “Graves’ disease” and 
diagnosis of “hyperthyroidism / thyrotoxicosis” before and after the introduction of mandatory 
iodization in Italy, to demonstrate the possible presence of iodine-induced hyperthyroidism. 
Diagnosis of toxic adenoma / goiter before 2005 were 3.7%, while after 2005 they were 
reduced to 3.1%. Diagnosis of Graves’ disease before 2005 were 2.4%, and they remained 
unchanged after 2005. Finally, diagnosis of hyperthyroidism / thyrotoxicosis decreased from 
2.5% to 2.1%. Comparing these results, there were no significant differences (P = 0.261) 
between the percentages of diagnosis of hyperthyroidism before and after the introduction of 
mandatory iodization. We considered diagnosis of Hashimoto’s thyroiditis before and after 
2005 to demonstrate a link between the administration of iodine and thyroid autoimmunity. 
Prevalence of Hashimoto’s thyroiditis between 2003 and 2005 was 37%; prevalence between 
2006 and 2010 dropped to 34.7%. This small difference has a borderline statistical signif-
icance (P = 0.049). Stratifying TSH values from year to year, we found a small increase in 
TSH value, which, in any case, remains in the normal range. TSH values passed from 1.37 
in 2003, to 1.61 in 2010. Although this increase is modest, it is statistically significant (P 
values < 0.001). Conclusion. In this study there isn’t a connection between iodine fortifica-
tion and iodine-induced hyperthyroidism, and between iodine fortification and Hashimoto’s 
thyroiditis. This small increase of TSH values can not find a clear explanation yet. We con-
sidered several mechanisms to explain this phenomenon: alterations of Na/I symporter reduce 
intracellular levels of iodine, and cause a state of hypothyroidism; excessive levels of iodine 
can increase apoptosis of thyrocytes, as it is demonstrated by several studies; interference from 
external agents (endocrine disruptors).
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Firstly, a high intake of iodine can block the thyroperoxidase 
(Wolff-Chaikoff phenomenon). However, a normal thyroid can 
escape from this mechanism, modulating expression of Na/I 
symporter. Sometimes, this mechanism fails, the Na/I sym-
porter is constantly activated and the excess of iodine blocks 
thyroid function. Secondly, high levels of iodine can increase 
autoimmune thyroiditis, which, in turn, leads to reduced thy-
roid functionality. Lastly, high levels of iodine can lead to an 
increased apoptosis of thyrocytes, with consequent state of hy-
pothyroidism (10).

Materials and methods

In this retrospective study, 7976 patients were examined at Poli-
clinico Umberto I in Rome between 2003 and 2010. Of the to-
tal patients, 6802 were females, while 1174 were males. First of 
all, we divided patients into categories according to their clinical 
diagnosis. Clinical diagnosis were as follows:
•	 toxic adenoma / goiter
•	 Graves’ disease
•	 Hashimoto’s thyroiditis
•	 simple goiter
•	 multinodular goiter
•	 hypothyroidism
•	 hyperthyroidism / thyrotoxicosis
•	 single thyroid nodule
•	 multinodular thyroid disease
•	 subacute thyroiditis
•	 other thyroiditis 
•	 eutiroidism 
•	 unrelated diseases

In case of polypathology, Hashimoto’s thyroiditis prevailed 
over the other diseases. Secondly, we evaluated for each pa-
tient the positivity for anti-thyroid peroxidase antibodies. 
Finally, we collected data about TSH values of all patients 
who did not use therapy for thyroid disease at the time of 
the examination. 

Statistical method

To evaluate the differences percentages for categorical variables, 
χ2-Pearson test was used; to evaluate the percentage differences 
of TSH values we used the Kruskal-Wallis test. Values were con-
sidered statistically significant at p < 0.05.

Results

In this study, we examined 7976 patients. All patients were di-
vided into categories according to their clinical diagnosis. Clin-
ical categories are represented in table 1.

The purpose of our study is to estimate the trend of thyroid 
diseases in Italy before and after mandatory iodization in Italy. 
The daily use of iodized salt has allowed a reduction of iodine 
deficiency disorders, as demonstrated by several studies in the 
literature. 
Aghini-Lombardi et al. compared the prevalence of several thy-
roid diseases before and after mandatory iodization in Italy. The 
first study, carried out in 1995 (1), was conducted in Pescopa-
gano, a small town with moderate iodine deficiency in South-
ern Italy. After these results, local authorities encouraged the 
use of iodized salt to reduce the prevalence of diseases related 
to iodine deficiency. In 2005, a second study was conducted in 
Pescopagano (2) to assess if mandatory iodization had improved 
thyroid function. First of all, there was a reduction of prevalence 
of thyroid goiter: before 1995 the prevalence was 46%, while 
after 2005 it was 25%. The prevalence of hyperthyroidism has 
decreased over time: from 2.5% it passed to 0.5% in 2005. After 
mandatory iodization, however, autoantibody levels increased 
in both male and female patients: autoantibodies have led to an 
increased prevalence of Hashimoto’s thyroiditis which, in turn, 
has led to an increased prevalence of autoimmune hypothyroid-
ism. In addiction, Bonofiglio et al. (3) demonstrated a reduction 
of prevalence of goiter in children and young adults after man-
datory iodization in a small city in Calabria, in southern Italy. 
On the other hand, iodine excess can modify thyroid function 
and common complications related to iodine fortification are 
iodine-induced hyperthyroidism, autoimmune thyroiditis and 
hypothyroidism. 
Cerqueira et al. monitored the effects of mandatory iodization 
in Denmark (4,5). The aim of their study was to estimate the 
risk of hyperthyroidism after mandatory iodization, monitoring 
the use of antithyroid drugs. In areas with moderate iodine de-
ficiency, the use of antithyroid drugs has increased by 45% in 
four years after iodine fortification. In areas with mild iodine 
deficiency, incidence of hyperthyroidism has increased only by 
18% and only in young patients. However, it was only a tempo-
rary phenomenon. 
Another potential effect of iodine excess is autoimmune thy-
roiditis. Pedersen et al. (6) assessed concentration of thyroid 
autoantibodies before and after iodine fortification. The 
study showed a clear increase of thyroid autoantibodies, es-
pecially in young women. Also Li et al (7) reached the same 
result. Anyway, there are studies that don’t confirm these re-
sults: Zimmerman at al. (8) have not recorded an increase of 
thyroid autoantibodies.
Lastly, several authors reported an increased incidence of hypo-
thyroidism after iodine fortification. 
Pedersen et al (9) demonstrated a mild increase of hypothyroid-
ism after mandatory iodization in Denmark. Several mecha-
nisms can explain this phenomenon.
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We considered diagnosis of Hashimoto’s thyroiditis before and 
after 2005 to demonstrate a link between the administration of 
iodine and thyroid autoimmunity. Prevalence of Hashimoto’s 
thyroiditis between 2003 and 2005 was 37%; prevalence be-
tween 2006 and 2010 dropped to 34.7%. This small difference 
has a borderline statistical significance (P = 0.049) (figure 2).

Figure 2 - Prevalence of Hashimoto’s thyroiditis.
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At last, we studied TSH values, considering as normal range, 
TSH values between 0.4 and 4.5 mcIU/ml. Stratifying TSH 
values from year to year, we found a small increase in TSH 
value, which, in any case, remains in the normal range. TSH 
values passed from 1.37 in 2003, to 1.61 in 2010. Although 
this increase is modest, it is statistically significant (P values < 
0.001) (figure 3).

Figure 3 - TSH values.
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Discussion

The purpose of our study is to estimate the trend of thyroid 
diseases before and after mandatory iodization in Italy. 

Table 1 - Clinical diagnosis.

Diagnosis Frequency Percentage

Toxic adenoma / goiter 262 3.3

Graves’ disease 193 2.4

Hashimoto’s thyroiditis 2828 35.5

Simple goiter 31 0.4

Multinodular goiter 1161 14.6

Hypothyroidism 371 4.7

Hyperthyroidism / thyrotoxicosis 175 2.2

Single thyroid nodule 772 9.7

Multinodular thyroid disease 1519 19.0

Subacute thyroiditis 37 0.5

Other thyroiditis 37 0.5

Eutiroidism 368 4.6

Unrelated diseases 222 2.8

Total 7976 100%

We considered diagnosis of “toxic adenoma / goiter”, diagnosis 
of “Graves’ disease” and diagnosis of “hyperthyroidism / thy-
rotoxicosis” before and after the introduction of mandatory 
iodization in Italy to demonstrate the possible presence of io-
dine-induced hyperthyroidism.
Diagnosis of toxic adenoma / goiter before 2005 were 3.7%, 
while after 2005 they were reduced to 3.1%. Diagnosis of 
Graves’ disease before 2005 were 2.4% and they remained un-
changed after 2005. Finally, diagnosis of hyperthyroidism / thy-
rotoxicosis increased from 2.5% to 2.1%. Comparing these re-
sults, there were no significant differences (P = 0.261) between 
the percentages of diagnosis of hyperthyroidism before and after 
the introduction of mandatory iodization (figure 1).

Figure 1 - Prevalence of hyperthyroidism before and after 2005.
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ism only in areas with severe iodine deficiency. Italy is an area 
with mild iodine deficiency and, for this reason, these mecha-
nisms fail to explain the increase of TSH values. However, this 
small increase of TSH values, totally unexpected, is statistically 
significant and it can not be ignored. At the present time, it is 
not possible to find a clear explanation but several factors may 
be implicated, such as poor patients’ compliance and interfer-
ence by other agents (endocrine disruptors).
Endocrine disruptors can play an important role on thyroid 
function. Normally, there is likely to be a tight relationship be-
tween changes in circulating levels of Thyroid Hormones and 
changes in Thyroid Hormone action in various target tissues. 
This relationship is maintained by tissue-level mechanisms that 
include Thyroid Hormone metabolism and transport. Environ-
mental chemicals that interfere with Thyroid Hormone signal-
ing mechanisms (Endocrine Disrupting Chemicals, EDCs) may 
produce adverse effects both in the individual and in a pop-
ulation. Some authors underline the relationship between or-
ganic pollutants, heavy metals (lead and mercury) and thyroid 
function. They demonstrated that organic pollutant levels are 
positively related to TSH and negatively to free T4; further, an-
ti-thyroid peroxidase antibody levels also are related to organic 
pollutant levels suggesting elevated risk of autoimmune disease 
among the exposed.
In conclusion, although iodine supplementation should be im-
plemented to prevent and treat iodine- deficiency disorders, 
supplementation should be maintained at a safe level. Levels 
that are more than adequate or excessive do not appear to be 
safe, especially for susceptible populations with either potential 
autoimmune thyroid diseases or iodine deficiency.
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Iodine-induced hyperthyroidism 
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mechanism, modulating expression of Na/I symporter. Some-
times, this mechanism fails, the Na/I symporter is constantly 
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cytes, with consequent state of hypothyroidism.
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