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Abstract. Previous reports indicate that selenium supplementation may be useful to reduce cell oxidative stress. In particular,
selenium may decrease the level of thyroid autoantibodies in patients with Hashimoto’s thyroiditis (HT). Recent studies also
indicate that myo-inositol may have beneficial effects on thyroid function in patients with HT. Hence, the aim of the present
study is to evaluate whether myo-inositol may enhance the protective effect of selenium on HT progression to
hypothyroidism. The study was designed as observational and retrospective. Thyroid hormones were evaluated in patients
with HT who were either euthyroid or subclinically hypothyroid. These patients were subdivided into three groups: untreated,
treated with selenomethionine alone (Se-meth: 83 μg/day) and treated with Se-meth plus myo-inositol (Se-meth + Myo-I: 83
μg/day + 600 mg/day). Outcome evaluation was performed at baseline and after 6 and 12 months of treatment. High-
resolution ultrasound of the thyroid gland was performed to evaluate changes in thyroid echoic pattern during the study.
Compared to baseline, levels of thyroid-stimulating hormone (TSH) increased significantly in untreated patients but decreased
by 31% and 38%, respectively, in those treated with Se-meth and Se-meth + Myo-I. Moreover, in the latter group the TSH
reduction was observed earlier than in the Se-meth-treated group. Densitometric analysis of thyroid ultrasonography showed
an echoic pattern improvement in both treated groups compared to untreated patients, although this difference was not
statistically significant. Thus, Se-meth treatment is effective in patients with HT and its effect may be improved in
combination with Myo-I through earlier achievement of TSH levels closer to physiological concentrations.
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HASHIMOTO’S THYROIDITIS (HT) is the most fre‐
quent autoimmune disease arising from the interaction
between genetic and environmental factors. While family
history of thyroid disease may play a significant role in
HT risk, environmental effects such as radiation expo‐
sure, pollutants and iatrogenic factors may trigger the
autoimmune process [1, 2]. Specific autoantibodies—
thyroid peroxidase antibodies (TPOAb) and thyroglobu‐
lin antibodies (TgAb)—against thyroid antigens are a
serum hallmark of HT and may cause continuous dam‐
age to the thyroid tissue. Radiation, chemicals, excessive
iodine and drugs (along with T and B lymphocyte activa‐
tion), via increased hydrogen peroxide production, cause
thyrocyte apoptosis and necrosis in HT [3-7]. The
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inflammation and oxidative stress is counteracted by
antioxidant defense systems, such as increased serum
levels of interleukin-37 [8]. Some studies have shown
that selenium (Se) supplementation may be beneficial in
autoimmune thyroid disorders but its clinical use is still
under debate [9, 10]. In the last decade, several studies
have shown that Se may protect thyroid cells from oxida‐
tive stress during autoimmune disease [11, 12]. Indeed,
autoimmune thyroiditis incidence is higher in severe
Se-deficient areas because of decreased activity in
Se-dependent glutathione peroxidase. As Se-dependent
enzymes regulate the general immune response, mild Se
deficiency may also contribute to the development of
several autoimmune diseases, including HT [13, 14]. Se
supplementation may have potential immunomodulatory
action due to its effect on the production of interferon
gamma-inducible chemokines such as CXCL9, CXCL10
and CXCL11, which play a role in thyroid autoimmunity,
although this effect is still controversial in the current lit‐
erature [10, 15]. Inositols are hexahydroxycyclohexane
compounds (C6H12O6) that include nine stereoisomeric



forms. The first identified is myo-inositol (Myo-I), a C6
sugar alcohol that plays a pivotal role in many metabolic
pathways and whose derangement exerts negative effects
on human health [16]. Inositol derivatives are important
components in the cell’s structural lipids and have sev‐
eral relevant functions, including morphogenesis, cyto‐
skeleton rearrangement, regulation of cell proliferation
and glucose metabolism [17, 18]. Inositols are also
involved in the signaling of various hormones, including
insulin, gonadotropins and thyroid-stimulating hormone
(TSH) [19]. In particular, impaired inositol metabolism
can negatively affect hormone biosynthesis, storage
and secretion in mammalian thyroid. Myo-I is the
precursor of phosphoinositides, which are mediators in
the phosphatidylinositol signal transduction pathway.
Phosphatidylinositol, via a second messenger of inositol
1,4,5-triphosphate, modulates intracellular Ca2+ release
and acts as a docking molecule for several signal trans‐
duction proteins [20].

TSH signaling is based upon two different signaling
branches: one branch involves cAMP production and the
other is inositol-dependent. While cAMP mainly regu‐
lates cell growth, differentiation and thyroid hormone
secretion, the inositol-dependent branch is involved in
H2O2-mediated iodination [21, 22]. In particular, experi‐
mental evidence indicates that low TSH levels are able to
stimulate the cAMP-mediated signal cascade whereas
high TSH levels (up to 100-fold) are able to recruit the
inositol-mediated signal cascade [23].

The aim of this study in HT patients is to evaluate the
effect of combined selenomethionine (Se-meth) and
Myo-I supplementation on disease evolution.

Materials and Methods

This is an observational and retrospective study on
patients selected from our medical records with the
following inclusion criteria: treatment with either oral
Se-meth (83 μg Se in the form of L-Se-meth, Syrel®,
IBSA Srl, Rome, Italy) or combined Se-meth plus Myo-I
(83 μg Se in the form of L-Se-meth plus 600 mg Myo-I,
Tiroxil®, Lo.Li. Pharma Srl, Rome, Italy) for at least 12
months; TSH levels between 2.5 and 10 mIU/L; normal
free thyroxine (fT4) and free triiodothyronine (fT3)
levels; positive serum TgAb and/or TPOAb; ultrasound
pattern of chronic thyroiditis without the typical feature
of nodular goiter; available data on serum TSH, fT3 and
fT4 concentrations before treatment and thereafter at 6
and 12 months. Patients with the following criteria were
excluded: previous treatment with levothyroxine; chronic
debilitating diseases (e.g. severe hepatic and renal fail‐
ure); malabsorption disorders (atrophic gastritis, celiac
disease); patients under adjuvant treatment with trace

elements, vitamins or antidepressant and antipsychotic
drugs. An untreated control group of patients observed in
the same period and who met the same above-mentioned
criteria was selected. Medical records from a total of 101
patients were analyzed for this study (86 women and 15
men, mean age 45.4 ± 14.2 years). All patients were
examined at our outpatient thyroid clinic and followed-
up for a period of 12 months from July 2016 to June
2017. The study was carried out in accordance with the
recommendations of our Institutional Review Board for
retrospective study and with the 1964 Helsinki Declara‐
tion and its later amendments. Written informed consent
was obtained from all participants. The primary endpoint
was to compare the thyroid hormonal trend (TSH, fT4
and fT3) in the three groups of patients and the second‐
ary endpoint was to evaluate the variations in thyroid
echogenicity before and after therapy.

Laboratory and technical investigations
The study was performed over a period of 12 months.

Blood samples were obtained from each patient and
serum TSH, fT3 and fT4 levels were measured at
baseline and at 6 and 12 months. TSH, fT3 and fT4
concentrations were measured by a third-generation
chemiluminescent immunoassay (Abbott Architect
TSH; Abbott, Wiesbaden, Germany) with inter- and
within-assay coefficient of variation <10% and 5%,
respectively, over the analytical range 0.02–88.0
μIU/mL. Two expert operators (M.R. and P.M.) in thy‐
roid ultrasonography, who were both blinded to the treat‐
ment assigned to each group, performed high-resolution
ultrasound through the MyLabSeven scanning platform
(Esaote, Florence, Italy) at baseline and after 6 and 12
months. Definite elliptic areas were selected on ultra‐
sound images of the thyroid gland in the right and left
lobes. Changes in tissue density, evaluated as any gray‐
scale variations from the baseline value at 6 and 12
months, were compared by densitometric analysis (aver‐
age densitometry between the two lobes was used) on
acquired images processed through the NIH ImageJ soft‐
ware (https://imagej.nih.gov/ij/download.html).

Statistical analysis
Quantitative data are represented as mean ± standard

deviation (SD), or as median and 25–75 interquartile
range when appropriate, whereas qualitative data are rep‐
resented as numbers and percentages. Percentages were
compared by chi-square test and continuous variables by
t-test. Repeated measurements of TSH values (baseline
and after 6 and 12 months) were analyzed by multilevel
linear regression analysis to compare the change over
time between untreated patients and patients treated with
either Se-meth alone or combined with Myo-I. All tests

1094 Pace et al.



were two-sided and a p value of <0.05 was considered to
be statistically significant. Statistical analyses were per‐
formed with Stata software version 16.1 (StataCorp, Col‐
lege Station, TX, USA).

Results

We selected 29 untreated patients (24 females and 5
males, mean age 50.3 ± 12.8 years), 29 patients receiving
Se-meth alone (26 females and 3 males; mean age 47.3
± 13.5 years) and 43 patients receiving oral combined
treatment with Se-meth + Myo-I (36 females and 7
males; mean age 40.8 ± 14.3 years) (Table 1). Patients in
the Se-meth + Myo-I group were younger than patients
in the control group (p = 0.01), whereas there was no sig‐
nificant difference in age between Se-meth alone and the
control group (p = 0.39). The male to female ratio was
not significantly different between the three groups.
Among the 101 selected patients, 60 (59.4%) had sub‐
clinical hypothyroidism: 10/29 (34.5%) in the control
group, 15/29 (51.7%) in the Se-meth group and 35/43
(81.4%) in the Se-meth + Myo-I group. At baseline, the
TSH level was 3.7 ± 0.9 mIU/L in the control group,
which is significantly lower than the Se-meth (4.5 ± 1.6
mIU/L, p = 0.03) and Se-meth + Myo-I groups (4.7 ± 1.2
mIU/L, p < 0.001). At baseline, fT3 and fT4 levels were

not significantly different between the three groups
(Table 1).

After 6 months of supplementation, TSH did not
change significantly in either the control or the Se-meth
group (p = 0.50 and p = 0.45 vs. baseline, respectively),
whereas a statistically significant TSH reduction was
observed in the Se-meth + Myo-I group (p = 0.007 vs.
baseline). Compared to baseline values, after 12 months
of observation TSH increased significantly in untreated
patients (mean TSH = 5.0 ± 2.6 mIU/L, p = 0.02). In
contrast, a significant reduction of TSH was observed in
both treated groups (Table 2, Fig. 1). Moreover, the TSH
reduction was slightly more pronounced in the Se-meth
+ Myo-I group compared to the Se-meth group (38% vs.
31%, respectively). No changes were observed in the fT3
and fT4 values among the three groups (Table 2).

Along with the TSH increase in untreated patients dur‐
ing the 12 months of observation, the percentage of sub‐
clinical hypothyroidism also increased from 34.5% (at
baseline) to 58.6% at 6 months (p = 0.07 vs. baseline)
and 75.9% at 12 months (p = 0.002 vs. baseline). A simi‐
lar, but not statistically significant, trend was observed in
the Se-meth group, where the percentage of subclinical
hypothyroidism was 51.7% at baseline, 58.6% at 6
months (p = 0.60 vs. baseline) and 75.9% at 12 months
(p = 0.055 vs. baseline). Conversely, patients in the

Table 1 Clinical and laboratory characteristics of patients at study entry

Parameter Control (n = 29) Se-meth (n = 29) Se-meth + Myo-Inositol (n = 43) p value

Sex Female 24 (83%) 26 (90%) 36 (84%)
0.72

Male 5 (17%) 3 (10%) 7 (16%)

Age, mean (SD) 50.3 (12.8) 47.3 (13.5) 40.8 (14.3) 0.012

TSH, median (IQR) 3.6 (2.9–4.3) 4.3 (3.5–4.7) 4.6 (4.1–5.3) <0.001

fT3, median (IQR) 2.9 (2.5–3.3) 2.6 (2.3–3.0) 2.9 (2.4–3.2) 0.15

fT4, median (IQR) 1.1 (0.9–1.2) 1.0 (0.9–1.1) 1.0 (0.8–1.1) 0.14

TgAb, median (IQR) 288 (123–428) 152 (54–490) 110 (51–394) 0.19

TPOAb, median (IQR) 248 (161–633) 172 (80–600) 228 (68–645) 0.60

Table 2 Comparison of thyroid function tests between patients untreated and treated with either Se-meth or Se-meth + Myo-I, at baseline
and after 6 and 12 months

Control (n = 29)
 

Se-meth (n = 29)
 

Se-meth + Myo-Inositol (n = 43)

baseline 6 months 12 months baseline 6 months 12 months baseline 6 months 12 months

TSH
(mIU/L) 3.7 ± 0.9 3.1 ± 1.3

(NS)
5.0 ± 2.6

(0.02) 4.5 ± 1.6 4.9 ± 2.0
(NS)

3.1 ± 1.0
(0.03) 4.7 ± 1.2 3.5 ± 1.3

(0.007)
2.9 ± 1.2
(<0.001)

fT3
(pg/mL) 2.9 ± 0.7 2.9 ± 0.6

(NS)
2.8 ± 0.6

(NS) 2.6 ± 0.7 2.7 ± 0.5
(NS)

2.9 ± 0.8
(NS) 2.8 ± 0.6 2.9 ± 0.6

(NS)
3.0 ± 0.3

(NS)

fT4
(ng/dL) 1.1 ± 0.2 1.1 ± 0.3

(NS)
1.0 ± 0.2

(NS) 1.0 ± 0.2 1.0 ± 0.2
(NS)

1.0 ± 0.2
(NS) 1.0 ± 0.2 1.0 ± 0.2

(NS)
0.9 ± 0.1

(NS)

Numbers shown in brackets are the p values relative to baseline. NS, not significant.
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Se‑meth + Myo-I group showed an initial reduction of
the percentage of subclinical hypothyroidism from 81.4%
at baseline to 67.4% (p = 0.14) after 6 months, but then
an increase to the stable value of 79.1% at 12 months (p
= 0.79 vs. baseline) (Table 3).

At baseline, 41 (40.6%) of the 101 patients had normal
thyroid function. Among these 41 patients, the develop‐
ment of subclinical hypothyroid at 12 months was
observed in 12/19 (63.2%) of the control group, 10/14
(71.4%) of the Se-meth group and 3/8 (37.5%) of the Se-
meth + Myo-I group (p = 0.28).

At baseline, ultrasound examination in all patients
revealed a variable degree of typical hypoechoic pattern
in thyroid tissue. As expected, thyroid echogenicity
decreased during follow-up in all patients; however, a
lower reduction of thyroid echogenicity was observed in
both treated groups (–8% in Se-meth group and –7.4%
in Se-meth + Myo-I group) compared to the control
(–11%), although this difference was not statistically sig‐
nificant.

Discussion

Several trials described the impact of Se-meth on
inflammatory activity in thyroid-specific autoimmune

disease, suggesting a possible therapeutic effect in reduc‐
ing TPOAb levels in patients with HT. Moreover, meta-
analyses on this topic raised several issues due to the
heterogeneity among different studies, including the
absence of specific clinical endpoints, the Se status in the
examined population and the properties of the different
Se formulations employed. In this respect, the previous
reports indicate that Se-meth is better adsorbed than
sodium selenite, as the absorption of selenite is approxi‐
mately two-thirds that of Se-meth. However, no conclu‐
sive results from randomized controlled trials are
available to date in HT. Hence, the current evidence does
not support the use of Se supplementation in HT treat‐
ment [10, 24-26]. Se supplementation in patients with
HT has been investigated also in combination with Myo-
I. A prospective randomized double-blinded study dem‐
onstrated that combined therapy (Se-meth + Myo-I)
results in greater reductions of TSH level (by 31%) and
antibody titer (by 10%) than with Se-meth alone. This
study concluded that only combined therapy (Se-meth +
Myo-I) is able to significantly reduce TSH levels in HT
patients [27]. A second study [28], performed by the
same research group in a larger cohort of patients,
showed a significant reduction in TSH level and signifi‐
cant decreases in both TgAb and TPOAb. Furthermore,

Fig. 1  Changes in thyroid-stimulating hormone (TSH) over time between selenomethionine + myo-inositol- and selenomethionine-
treated groups with respect to the control group (p < 0.001).

Table 3 Variation in the percentage of subclinical hypothyroidism during the observation period in the three groups of patients

n of patients Baseline 6 months p value 12 months p value

Control 29 34.5% 58.6% 0.07 75.9% 0.002

Se-meth 29 51.7% 58.6% 0.60 75.9% 0.055

Se-meth + Myo-Inositol 43 81.4% 67.4% 0.14 79.1% 0.79 

1096 Pace et al.



quality of life was significantly improved in all treated
patients at the end of this study. Even fT3 and fT4 levels
were significantly higher at the end of the study com‐
pared to baseline values. In our study, the differences
between Se-meth and Se-meth + Myo-I are not so pro‐
nounced as the previous reports but are still present. Our
results indicated an earlier serum TSH reduction in the
group receiving combined supplementation (Se-meth +
Myo-I) than with Se-meth alone. We did not investigate
changes of quality of life, including the occurrence of
female sexual dysfunction that has been documented in
patients with thyroid disorders [29].

On the other hand, fT4 and fT3 levels did not signifi‐
cantly change in response to the different treatments and
no data were analyzed on TPOAb levels because in our
study we considered as endpoints the changes in both
TSH level and thyroid ultrasound echogenicity evaluated
over a period of 12 months.

The effect of Myo-I may be explained by its role in
TSH receptor (TSH-R) signaling [19]. TSH-R is a G-
protein receptor that couples to Gαs and Gαq proteins.
Gαs activation activates the cAMP-protein kinase A sig‐
nal transduction pathway and, along with adenylate
cyclase, stimulates iodine uptake, thyroglobulin gene
transcription, thyroid peroxidase activity and the sodium-
myo-iodine symporter in thyrocytes [21-23]. Higher
TSH levels bind to the high-affinity binding site on both
protomers of the TSH-R homodimer, thereby activating
Gs and Gq/11 to increase both cAMP and IP1 (inositol
monophosphate) production [30]. Derangement of the

inositol-dependent TSH signaling pathway may contrib‐
ute to hypothyroidism development, hence it is possible
to hypothesize that Myo-I supplementation may enhance
thyrocyte sensitivity to TSH stimulation in terms of IP1
production, thereby preventing thyroid insufficiency to a
certain degree [31]. We are aware that in our cohort the
rate of developing hypothyroidism is higher than previ‐
ously reported in the general population [32]. However,
in our series the higher prevalence of subclinical hypo‐
thyroidism may be influenced by several factors, includ‐
ing adult age, antibody titer, ultrasound pattern and TSH
in the upper range [33, 34]. As our study is observational
and performed in an Endocrinology Unit, these patients
are not representative of the general population but are
selected for thyroid disease.

In conclusion, our data indicate that combined Se-
meth + Myo-I is helpful in restoring and maintaining the
euthyroid state in patients with HT, with or without sub‐
clinical hypothyroidism, and that this effect occurs ear‐
lier than with Se supplementation alone. However, HT
remains a complex and ever-expanding disease of
unknown pathogenesis that awaits prevention and plan‐
ning more prospective studies to investigate novel forms
of treatment.
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