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Abstract: It is known that a percentage of patients who undergo total thyroidectomy,
approximately 16-34%, complain of symptoms of hypothyroidism or altered quality of life
(QoL) despite achieving normal serum TSH values. The present study aimed to identify
whether the level of selenium could be responsible for this phenomenon. This pilot cohort
study included 44 thyroidectomized outpatients. All patients underwent surgery for
benign disease. In this study, no patients with a history of autoimmunity, malignancy,
or other conditions that could affect well-being, absorption, or selenium intake were
included. Serum levels of TSH, fT3, fT4, Selenoprotein P (SelP), and glutathione peroxidase
3 (GPx3) were measured. The patients also completed the ThyPRO-39 questionnaire to
assess their QoL. A strong and significant direct correlation was found between SelP and
GPx3 (r = 0.88). However, no correlation was found between hormonal status and SelP
or GPx3. Analysis of ThyPRO-39 results did not show clinically significant differences
between items nor a correlation with thyroid hormone levels, except for symptoms of
hypothyroidism. Interestingly, a significant direct correlation was observed between SelP
and tiredness, as well as between GPx3 and tiredness. Furthermore, the fT3/fT4 ratio
was correlated with worsening symptoms of hypothyroidism. The results suggest that
the selenium status, in turn related to antioxidant activities, as reflected in SelP and GPx3
levels, may be associated with the QoL tiredness domain in thyroidectomized patients,
despite normal levels of thyroid hormones. More research is needed to elucidate the role of
selenium in the persistent symptoms experienced by some thyroidectomized patients.
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1. Introduction

The standard replacement therapy for hypothyroidism after total thyroidectomy is
synthetic thyroxine (i.e., levothyroxine, L-T4). Although most patients experience good
health with appropriately dosed L-T4 therapy, a subset of patients, approximately 16-34%,
report persistent symptoms of hypothyroidism or a decreased quality of life compared to
their pre-thyroidectomy state. This occurs even though normal serum thyroid stimulating
hormone (TSH) concentrations are achieved [1,2].

Thyroxine (T4) is a prohormone with low intrinsic activity, secreted by the thyroid
gland and subsequently converted by deiodinases in target tissues into triiodothyronine
(T3), the biologically active thyroid hormone. Persistent symptoms of hypothyroidism,
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despite normal serum TSH levels, may indicate that L-T4 therapy is insufficient to fully
restore physiological levels of thyroid hormone within tissues. After total thyroidectomy;,
the secretion of circulating T3 from the thyroid gland ceases, accounting for approximately
20% of total body T3 production, along with the cessation of other thyroid metabolites. This
disruption may lead to hormonal imbalances in predisposed individuals. Furthermore,
some studies have explored factors that could predispose individuals to tissue hypothy-
roidism, even in the presence of normal TSH levels. One such factor is the polymorphism of
the enzyme deiodinase D2 (DIO2), which converts T4 into the active form T3 [3]. Selenium,
a trace mineral incorporated into approximately 25 different types of selenoproteins in
humans, acts as a cofactor for the deiodinases DIO1, DIO2, and DIO3, which are involved
in the activation and deactivation of thyroid hormones [4]. Furthermore, it also acts as
a cofactor for key antioxidant enzymes such as thioredoxin reductase and glutathione
peroxidase (GPx) [5].

Glutathione peroxidase (GPx) is a crucial enzyme that protects cells from oxidative
damage by catalyzing the reduction of hydrogen peroxide and organic hydroperoxides
by using reduced glutathione (GSH) as a substrate. There are multiple isoforms of GPX,
each exhibiting distinct substrate specificities and tissue distributions. Selenium acts as
an essential cofactor for most GPx isoforms; therefore, selenium deficiency can alter GPx
activity, increasing the risk of diseases related to oxidative stress. In humans, plasma
glutathione peroxidase (GPx3), also known as extracellular glutathione peroxidase, is
encoded by the GPX3 gene [6].

When analyzing selenium’s role in thyroid hormone metabolism, Selenoprotein P
(SelP) reflects body levels of selenium quite accurately, serving as an indicator of selenium
status [5]. SelP is a selenocysteine-containing protein synthesized and secreted primarily
by the liver and serves as the primary transporter of selenium in the bloodstream. Its main
function is to deliver selenium to various tissues, thus playing a critical role in maintain-
ing selenium homeostasis and ensuring sufficient selenium availability for selenoprotein
synthesis in different tissues [7].

Both GPx3 and SelP are selenoproteins, which means that they incorporate selenium
in the form of the amino acid selenocysteine. Overall, GPx3 and SelP are key compo-
nents of the body’s antioxidant defense system, with functions closely related to selenium
metabolism and the maintenance of cellular redox balance. Consequently, dysregulation of
GPx3 and SelP has been implicated in various pathological conditions related to oxidative
stress and selenium deficiency [7].

The present study aims to verify, in a population of patients undergoing total thy-
roidectomy, whether the availability of selenium is correlated with the following:

e The antioxidant level, analyzing the relationship between SelP and GPx3
(primary endpoint).

e Quality of life (QoL), evaluated using a thyroid-specific QoL questionnaire
(secondary endpoint).

e  Thyroid hormones (secondary endpoint).

2. Results

Table 1 reports the mean =+ standard deviation (SD) values of general parameters such
as age and thyroid hormones (and their ratio), along with SelP and GPx3.

A strong direct correlation (r = 0.88) between SelP and GPx3 was recognized as
significant (Figure 1), but no correlation was found between hormonal status, SelP or GPx3,
and BML
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Table 1. Clinical and demographic characteristics of the population studied. SD: standard deviation;
BMI: body mass index; SelP: Selenoprotein P; GPx3: plasma glutathione peroxidase; TSH: thyroid-
stimulating hormone; fT4: free thyroxine; fT3: free triiodothyronine.

Parameter Mean £+ SD
Age (years) 56.01 4+ 9.54
BMI (kg/m?) 27.46 + 4.96
SelP (mg/L) 5.16 £ 0.76
GPx3 (U/L) 222.08 £ 32.92
TSH (uU/mL) 132 £1.28
fT4 (ng/dL) 1.40 £0.22
fT3 (pg/mL) 3.12 £ 0.61
fT3 /T4 ratio 0.22 £0.04
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Figure 1. Relationship between glutathione peroxidase activity (GPx3) and Selenoprotein P (SelP)
concentrations. A positive correlation analysis is reported between SelP (mg/L) and GPx3 (U/L).
p <0.01.

Table 2 shows the results of ThyPRO-39 in our population of thyroidectomized patients.

Table 2. Results of the ThyPRO-39 questionnaire. The table reports the mean percentage and range of
the ThyPRO-39 scales for each item.

Item Mean % and Range
Hypothyroidism symptoms (4 questions) 38 (0-88)
Hyperthyroidism symptoms (4 questions) 29 (0-100)
Tiredness (3 questions) 57 (8-100)
Cognitive (3 questions) 41 (0-100)
Anxiety (3 questions) 39 (0-100)
Depression (3 questions) 36 (0-100)
Emotional susceptibility (2 questions) 60 (0-100)
Impaired social life (3 questions) 15 (0-83)
Impaired daily life (3 questions) 27 (0-83)

Once again, no correlation with thyroid hormones was highlighted. However, when
considering the fT3/fT4 ratio and the ThyPRO-39 evaluation, a significant direct correlation
emerged between the ratio and the symptoms of hypothyroidism (Figure 2).
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Figure 2. Correlation between the fT3/fT4 ratio and the hypothyroidism symptoms reported in the
ThyPRO-39 questionnaire. p < 0.01.

When analyzing the correlation between selenium status (i.e., SelP), GPx3, and
ThyPRO-39 items, a significant direct correlation was obtained between SelP and tiredness
and between GPx3 and tiredness (Figure 3).
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Figure 3. Relationship between tiredness and SelP (a) or tiredness and GPx3 (b). Parameters affected
by tiredness: (a) correlation between tiredness and SelP (p = 0.01); (b) correlation between tiredness
and GPx3 (p = 0.05). SelP: Selenoprotein P; GPx3: plasma glutathione peroxidase.

3. Discussion

The present study offers new insights into the role of selenium status in patients
who underwent total thyroidectomy. We measured SelP, which represents the most com-
mon selenoprotein that can be measured in plasma and is therefore a reliable indicator of
selenium intake [7], and GPx3, as a marker of oxidative stress/antioxidant response. Ac-
cordingly, an adequate intake of selenium is necessary for the proper functioning of GPx3.
The tissue conversion efficiency of thyroid hormones was evaluated using the fT3/{T4
ratio. The perceived clinical state of hypothyroidism was assessed by administering to
cohorts a quality-of-life questionnaire for patients with thyroid disease (ThyPRO-39) [8]. By
correlating the results acquired from the evaluation of these parameters in a homogeneous
population of patients with a biohumoral state of euthyroidism (TSH level within the
normal range), we verified whether selenium deficiency may be responsible for inadequate
conversion of fT4 into fT3 at the tissue level and whether there is a relationship with the
development of hypothyroidism symptoms perceived by the patient.
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Surprisingly enough, the fT3/fT4 ratio was correlated with a worsening of hypothy-
roidism symptoms on the ThyPRO-39 questionnaire. Furthermore, the tiredness scale was
directly correlated with the SelP and GPx3 levels.

It can be hypothesized that, at the tissue level, the conversion of T4 into T3 may differ
from the systemic conversion. Therefore, measuring antioxidant parameters downstream of
hormonal action, such as GPx3, could provide additional information on thyroid hormone
measurement. The ThyPRO-39 questionnaire is a concise form derived from the original
ThyPRO, which has been available in several languages since 2009, including Italian [9]. We
specifically used this thyroid-related QoL to overcome the intrinsic limitations of general
health-related QoL, seeing that QoL is subjective and can prove a challenge to measure [10].
We also narrowed the scales down to ameliorate the analysis in this particular setting of
patients thyroidectomized for benign thyroid diseases, excluding eye symptoms, goiter
symptoms, and cosmetic complaints.

Higher scores of hypothyroidism symptoms were correlated with higher levels of the
fT3/{T4 ratio.

Even if this study had a limited size, its methodology rules out bias due to a moment
of depressed mood during the patient’s completion of the questionnaire. Alternatively, we
would have expected the involvement of other domains, particularly depression.

To our knowledge, all previous studies focusing on selenium concerned hypothyroidism
due to thyroid autoimmunity, which is associated with an increased state of oxidative stress.
Several studies explored the effect of selenium supplementation on QoL in hypothyroidism
due to thyroid autoimmune disease. A recent randomized, placebo-controlled trial, the
CATALYST study, a double-blind, multicenter trial, investigated the effect of 12 months of
selenium supplementation on disease-specific QoL (ThyPRO-39 questionnaire) in hypothy-
roid patients with autoimmune thyroiditis, which showed no benefit [11]. Further studies
also showed no effect [12-14], while others reported improved well-being with selenium
supplementation [15-17]. The present research is the first study to intentionally exclude the
presence of thyroid autoimmunity and thyroid cancer, which could influence the QoL. We
aimed to investigate the role of SelP and GPx3 at the thyroid target tissue level, indirectly
inquiring about deiodinase activity. We intentionally selected thyroidectomized patients to
avoid the thyroid source of T3, while remaining focused on the peripheral tissue level. No
clear association was found between thyroid hormones and ThyPRO-39 domains, except for
hypothyroid symptoms, which worsened with higher values of the fT3/fT4 ratio. Previous
studies evaluating QoL in hypothyroid patients did not find the same correlation, although
autoimmune thyroid disease and thyroid cancer were not excluded [18,19]. It can be pos-
tulated that our findings could be the results of an adaptation reaction since the function
of deiodinases is preferential over other selenoproteins in the case of selenium deficiency.
Winther et al. [20] in their study enrolled 491 euthyroid subjects who were randomized
to receive 100 ug (n = 124), 200 pg (n = 122), or 300 pg (n = 119) selenium-enriched yeast
or matching yeast-based placebo tablets (n = 126); the authors showed that selenium sup-
plementation, compared to a placebo, has no significant effect on the fT3/fT4 ratio. They
concluded that selenium supplementation is not warranted under conditions of marginal
selenium deficiency. Our study reveals a significant correlation between SelP and GPx3.
The strength of this correlation suggests that SelP levels could serve as a reliable marker of
selenium status and, therefore, antioxidant capacity in these patients.

Several experimental and clinical studies have shown that oxidative stress (OS) is
related to hyperthyroidism and hypothyroidism [21]. Nevertheless, the mechanisms under-
lying OS in these two conditions differ: hyperthyroidism is associated with increased ROS
production, while hypothyroidism is characterized by reduced availability of antioxidants.
Oxidative stress is involved in several complications of hyperthyroidism that affect target
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tissues [22]. Thyroid hormones themselves can act as oxidants, which can potentially
cause DNA damage, a process mitigated by catalase (CAT), likely due to their pheno-
lic structure, which resembles that of steroidal estrogens [23]. Conversely, some thyroid
hormone-regulated processes help maintain the oxidative balance through autoloop feed-
back. Uncoupling proteins UCP-2 and UCP-3 are involved in this regulation, with evidence
from plant and animal studies suggesting their antioxidant effects [24]. Thyroid hormones
influence the lipid composition of rat tissues, which in turn affects their vulnerability to
oxidative stress (OS). However, the response is tissue-specific, and conflicting effects of
T3 and T4 have been reported [25,26]. Furthermore, the effects of hyperthyroidism on
antioxidant enzyme activity, including Mn-, Cu-, or Zn-superoxide dismutase (SOD), CAT,
and GPx, vary by tissue type, with T3 and T4 exerting distinct influences depending on
the tissue analyzed [27]. On the other hand, data on hypothyroidism and OS in humans
are inconsistent. A study of patients with primary hypothyroidism revealed increased
levels of nitric oxide (NO) and elevated plasma levels of malondialdehyde (MDA), which
is a marker of OS resulting from lipid peroxidation [28]. Elevated MDA levels were also
observed in cases of subclinical hypothyroidism [29]. In this context, the increased OS
was mainly attributed not only to reduced antioxidant levels but also to disruptions in
lipid metabolism, as a significant correlation was found between MDA levels and LDL-
cholesterol, total cholesterol, and triglyceride levels. Total antioxidant status (TAS) was
similar across patients with overt hypothyroidism, subclinical hypothyroidism, and healthy
controls. Other authors reported the OS in subclinical hypothyroidism, as shown by re-
duced aryl-esterase and increased TBARS and CAT, but they attributed this pattern to
hypercholesterolemia [30]. Lastly, a study involving patients with subclinical hypothy-
roidism secondary to Hashimoto’s thyroiditis found no difference in baseline MDA levels
between hypothyroid patients and healthy controls [31]. It is important to interpret studies
involving thyroiditis with attention, as both tissue and systemic inflammation are present
in such conditions.

The method used to induce hypothyroidism also influences the findings related to OS
(surgical thyroidectomy vs. drug-induced hypothyroidism) [32-34]. Other research has
focused on oxidative damage in specific organs, particularly the liver, bone, skeletal muscle,
and heart. Cardiomyocyte metabolism is dependent on serum fT3, as these cells have
minimal deiodinase activity [35]. Hypothyroidism has been associated with varying effects
on antioxidant levels in cardiomyocytes, including increased, decreased, or unchanged
levels of SOD isoforms, GPx, GSH, and vitamin E [36].

In the present study, our cohort exhibited normal thyroid function; therefore, the positive
correlation between fT3 and GPx3 levels could be an early indicator of oxidative unbalance.
In such a situation, the activity of GPx3 plays a compensatory mechanism to counteract the
injtial oxidative stress condition [37]. Since selenium plays a permissive role in the activity
of GPx3, it could be speculated that, over time, selenium deficiency or increased radical
production could cause a dangerous uncompensated status (i.e., an OS condition).

GPX activity proved to be central even in recent non-thyroidal models, where dys-
regulation of antioxidant defenses and enhanced ROS production can trigger ferroptosis
and tissue injury [38]. It is evident that the oxidative balance is not solely dependent on
selenoproteins but rather arises from a more intricate interplay of biochemical and cellular
processes. Compelling evidence from animal models suggests that combined supplementa-
tion with selenium and other trace elements, such as zinc, may exert synergistic antioxidant
effects and resilience against oxidative insults [39]. While our study focused uniquely
on selenium-related biomarkers with no data on possible therapies, future works might
explore whether multi-nutrient interventions offer superior clinical benefits to the sole
selenium. For instance, in a recent study, Ginkgo biloba extract was shown to alleviate
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pesticide-induced testicular injury by modulating SKP2 and Beclinl signaling pathways to
reduce OS-related autophagy [40]. Finally, it is worth remembering that oxidative stress-
mediated apoptosis mechanisms highlight the complexity of cellular responses to oxidative
insults with possible systemic involvement. Recent single-cell transcriptomic studies have
demonstrated that environmental exposure to redox-active metals such as vanadium can
significantly alter mitochondrial function, immune responses, and antioxidant defenses
both in the liver and the kidney [41,42].

Despite these findings, this study has some limitations: the small number of patients,
the heterogeneous age, the absence of a control group of euthyroid non-thyroidectomized
patients, and the lack of intracellular markers for thyroid hormone activation. The current
results are only observational associations and randomized controlled trials are needed
to verify the eventual clinical utility of selenium supplementation in this population.
Additionally, reference values for SelP and GPx3 in humans are not well-established.
Furthermore, no univocal explanation for OS can be determined, as it is not solely related
to thyroid hormone levels, BM], or other comorbidities. However, it could be indicative of
low-grade inflammation, potentially linked to the self-reported sense of not experiencing
well-being as captured in the questionnaire. The lack of significant correlations between
specific ThyPRO-39 scales and SelP or GPx3 may be attributed to different factors. First,
the sample size of our study was rather small, and this may have limited the statistical
power to detect subtle associations. Furthermore, ThyPRO-39, although validated, may not
be adequately sensitive to evidencing small differences in well-being related specifically
to oxidative stress or selenium status. Finally, the scales are designed to detect clinical
symptoms related to thyroid functions rather than micronutrient-specific dysfunctions.
These points suggest that future studies should be performed in larger cohorts and, when
possible, analyze more targeted patient-reported outcome measures.

4. Materials and Methods
4.1. Study Protocol and Population

The study protocol was submitted and approved by the local ethics committee (prot.
n. 205/CE Laziol). We conducted a pilot cohort study, selecting 44 thyroidectomized
outpatients (4 men and 40 women) referred for endocrinological follow-up at the Center
for Thyroid Disease of the San Carlo di Nancy (GVM Care & Research) University Hospital
in Rome, in the timeframe between 1 January 2023 and 30 April 2024.

All patients were under replacement thyroxine (L-T4) treatment for previous total
thyroidectomy because of benign thyroid disease (simple multinodular goiter, toxic multin-
odular goiter, pre-toxic multinodular goiter).

Patients aged 18-75 years, who were previously (at least 12 months before the inclu-
sion) thyroidectomized, with adequate replacement thyroxine treatment demonstrated by
TSH levels ranging from 0.35 to 3 uU/mL, at least in two different blood samples in the
last 12 months beforehand, were included in this study. The exclusion criteria were the
evidence of thyroid autoimmunity and/or thyroid cancer at the final histology, chronic liver
insufficiency and chronic kidney failure (based on blood chemistries and urine analyses),
active malignancies, smoking habit, use of supplements providing >50 pug Se/day in the
past 6 months, body mass index (BMI) > 40 kg/m?, low T3 syndrome due to malnutrition,
or other chronic diseases.

All patients approved and signed informed consent, and they were subsequently
subjected to a clinical history assessment, blood test, and the ThyPRO-39 questionnaire.
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4.2. Biochemical and Hormone Parameter Assays

The following data were collected for each patient: sex, age, BMI, medical history, cur-
rent drug therapy, serum TSH, fT3, fT4, SelP, GPx3, and score on ThyPRO-39 questionnaire
items. Free thyroxine (fT4), free triiodothyronine (fT3), and TSH levels were measured by
an immunoassay in electrochemiluminescence using an Elecsys System 2010 (Roche Diag-
nostics, ECLIA, Modular E, Indianapolis, IN, USA); reference ranges were 8.5-15.5 pg/mL
for fT4,2.3-4.2 pg/mL for {fT3, and 0.35-2.80 mIU/L for TSH. The functional sensitivity
of TSH was 0.03 pU/L (coefficient of variation, CV 20%) and the measuring range was
0.005-100 mUI/1. The functional sensitivity of fT3 was 0.40 pg/mL (20% CV) and the
range was 0.40-50. The functional sensitivity of fT4 was 0.92 pg/mL (20% CV) and the
measuring range was 0.9-75 pg/mL. Selenoprotein P (SelP) levels were measured in serum
by a quantitative method using a human SelP ELISA kit (selenOtest, selenOmed GmbH,
Berlin, Germany), with a detection range of 5-700 mg/L and a sensitivity of 10 mg/L. The
sample preparation and assay procedures were performed according to the manufacturer’s
instructions. GPx3 activity in serum samples was measured using a coupled enzymatic
assay that monitors NADPH consumption spectrophotometrically [38]. Briefly, the activity
of GPx3 is indirectly determined by the rate of NADPH oxidation at 340 nm, which occurs
as glutathione reductase catalyzes the regeneration of consumed glutathione during the
GPx3-mediated reduction of HyO, [43].

4.3. Questionnaire Administration

Each patient received the ThyPRO-39 questionnaire consisting of 39 questions,
grouped into 13 multi-item scales [8,9,44]. The ThyPRO scales cover the following as-
pects: symptoms of goiters, symptoms of hyperthyroidism, symptoms of hypothyroidism,
eye symptoms, tiredness, cognitive problems, anxiety, depression, emotional susceptibility,
impairment of social life, impairment of daily life, cosmetic complaints, and overall QoL.
Each item is rated on a 5-point scale from 0 (no) to 4 (very) and refers to the last 4 weeks.
The raw scale scores are derived by adding the response values (0—4) for all the items in
a scale. All scales were derived in a linear transformation in the range of 0-100. Increasing
scores indicate decreased QoL. The formula for the linear transformation was “Transformed
score = (raw sum score/highest possible raw sum score) x 100” [39]. In our study, goiter
symptoms were not collected since patients were thyroidectomized; eye symptoms were
not included since they were not correlated with thyroidectomy and tissue euthyroidism;
cosmetic complaints and overall QoL impact were not evaluated due to the bias offered by
the recent surgical intervention. Therefore, 29 items grouped on 10 scales were included in
the statistical analysis.

4.4. Statistical Analysis

Statistical analysis was carried out using GraphPad Prism (version 10.2.3, GraphPad,
Boston, MA, USA). The D’Agostino and Pearson test was performed to preliminarily
evaluate all data distributions in the population studied. Continuous variables were
expressed as mean + SD. If a normal distribution of the data was displayed, the results
were analyzed by employing Student’s unpaired t-test to evaluate the differences between
groups and the Pearson coefficient for correlation analysis. On the other hand, if data
did not show a normal distribution, the Mann-Whitney test was performed to study the
differences between groups and the Spearman coefficient for correlation analysis. The level
of significance was set at 0.05 unless otherwise specified.
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5. Conclusions

Despite the limitations, this pilot study could represent the basis for a larger longitudi-
nal study aimed at enrolling patients who develop an uncompensated status of oxidative
stress as well as exploring the potential role of selenium supplementation in managing
SelP and GPX3 levels in such conditions. Thus, the SelP evaluation may offer a marker
of selenium deficiency. Furthermore, the study of other biomarkers could be useful to
better characterize oxidative stress conditions and their correlation with the clinical status
of surgical patients.

In conclusion, monitoring replacement therapy should involve a more comprehensive
biochemical evaluation, particularly in patients who do not experience an improvement
in well-being despite adequate therapy, as assessed solely by T4 and TSH levels, which is
common practice in clinical settings.
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