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Abstract

Obijectives: This study investigates the effects of high-dose radioactive iodine therapy on gonadotropin and sex hormone levels, and on sperm
parameters in male patients with differentiated thyroid carcinoma following thyroidectomy.

Methods: Twenty-five male patients (aged 20-60 years) with differentiated thyroid carcinoma underwent thyroidectomy and iodine therapy. The
therapeutic dose was 150 mCi of oral sodium iodide solution. Levels of gonadotropins, sex hormones, and anti-Mdllerian hormone (AMH) were
measured before and two weeks after radioiodine therapy (RT). Semen analysis included liquefaction, odor, color, viscosity, agglutination, and
aggregation. The main parameters evaluated were semen volume, pH, sperm count, percentages of motile and progressively motile sperm, round
cells, and sperm morphology. Sperm maotility, including progressive, non-progressive, and immotile types, and DNA fragmentation were analyzed
according to World Health Organization guidelines.

Results: The Wilcoxon signed-rank test was used with a significance level of p=<0.05. Follicle-stimulating hormone levels in patients’ sera were
significantly higher than pre-RIT measurements (p=0.002), whereas luteinizing hormone, dihydrotestosterone, dehydroepiandrosterone sulfate,
testosterone, and AMH levels were not significantly different from pre-RT measurements. Total sperm count, volume, motility, and rapid
progressive motility increased significantly compared to pre-radiciodine ablation measurements, while other parameters remained unchanged.
Conclusion: Male patients who received 150 mCi of radioactive iodine showed no impairment in fertility. Long-term follow-up studies with larger
sample sizes are crucial to investigate the physiological roles of gonadal hormones, sperm DNA fragmentation, and AMH in the testes after RIT.
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Amag: Bu calisma, diferansiye tiroid karsinomlu erkek hastalarda tiroidektomi sonrasi yilksek doz radyoaktif iyot tedavisinin gonadotropin, seks
hormonu seviyeleri ve sperm parametrelerini nasil etkiledigini arastirmaktadir.

Yontem: Diferansiye tiroid karsinomlu yirmi bes erkek hastaya (20-60 yas arasl) tiroidektomi ve iyot tedavisi uygulandi. Terapétik doz 150 mCi
sodyum iyodUr oral sollisyonuydu. Gonadotropin, seks hormonu ve anti-Mdillerian hormon (AMH) seviyeleri, radyoiyot tedavisinden (RT) 6nce ve
iki hafta sonra 6lculdu. Semen analizi sivilasma, koku, renk, viskozite, agliitinasyon ve agregasyonu iceriyordu. Degerlendirilen baslica parametreler
semen hacmi, pH, sperm sayisi, hareketli ve progresif hareketli sperm ylizdeleri, yuvarlak hticreler ve morfolojiydi. Progresif, non-progresif ve
immotil tipler dahil olmak (izere sperm motilitesi ve DNA parcalanmasi, Diinya Saglik Orgiitii kilavuzlarina gére analiz edildi.

Bulgular: Wilcoxon isaretli siralamalar testi, p<0,05 anlamlilik esigi ile kullanildi. Hastalarin serumlarindaki folikdl uyarici hormon seviyeleri, RIT
Oncesi Olctimlere gore anlamli derecede yiksek bulundu (p=0,002), ancak luteinize edici hormon, dihidrotestosteron, dehidroepiandrosteron
silfat, testosteron ve AMH seviyelerinde anlamli bir fark gorilmedi. Toplam sperm sayisi, hacmi, motilitesi ve hizli progresif motilite, radyoiyot
ablasyonu 6ncesi 6lclimlere kiyasla anlamli sekilde artarken, diger parametreler degismeden kaldi.

Sonug: YUz elli mCi radyoaktif iyot alan erkek hastalarda infertilitede herhangi bir bozulma gériilmedi. RIT sonrasi gonadal hormonlarin, sperm
DNA parcalanmasinin ve testislerdeki AMH’nin fizyolojik rollerini arastirmak icin daha genis bir drneklem buydkliglyle uzun sureli takip cok
Onemlidir.

Anahtar kelimeler: Radyoaktif iyot tedavisi, sperm DNA parcalanmasi, tiroid
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Introduction

Recently, thyroid cancer has become a common malignancy
of the endocrine system, with a threefold higher incidence
in females than in males (1). Papillary thyroid carcinoma
(PTC) is the most prevalent subtype of differentiated
thyroid carcinoma (DTC), accounting for 80% of thyroid
cancers. Follicular thyroid carcinoma accounts for a smaller
proportion of DTCs (2). PTC usually presents as a thyroid
nodule. Treatment for PTC includes surgery (involving the
complete removal of the thyroid gland) and radioactive
iodine (RAI) therapy (often given after surgery). Itis routinely
recommended when DTC exceeds 4 c¢m, demonstrates
extrathyroidal or extranodal extension, or presents with
distant metastasis (3).

RAI therapy aims to obliterate residual thyroid tissue
and any lingering cancer cells remaining after surgery.
Additionally, RAI therapy may be employed in cases where
DTC has metastasized to distant sites, and thyroid hormone
replacement is required after surgery because cessation
of endogenous thyroid hormone production necessitates
lifelong replacement therapy. These hormones play a
crucial role in regulating metabolic processes, growth,
and development. Consequently, individuals undergoing
thyroidectomy are mandated to receive thyroid hormone
replacement therapy lifelong, with careful follow-up to
monitor for recurrence (4).

RAIl can cause direct damage to gonadal tissues, especially
affecting the testes in males and the ovaries in females.
This damage may lead to reduced hormone production,
impaired spermatogenesis, and dysfunction of oocytes (5).
RAl-induced sexual dysfunction in men most commonly
presents as erectile dysfunction (ED), which is characterized
by the inability to achieve or maintain an erection sufficient

for sexual activity. Studies report a significant increase in ED
rates after RAl therapy, with up to 50% of men affected. This
treatment adversely affects the patient’s quality of life (6).
In male patients with DTC, testosterone (T) levels are lower,
sperm quality is poorer, and follicle-stimulating hormone
(FSH) and luteinizing hormone (LH) levels are higher (7,8).
Additionally, other studies have found that transient male
infertility is dose-dependent (9,10). As a result, permanent
infertility is linked to receiving high or cumulative doses of
RAI administered because of metastasis.

RAI therapy using iodine-131 (I-131) effectively destroys
thyroid cancer cells by emitting beta particles. This process
can be detected through gamma radiation scanning (11).

The primary gap identified is the lack of detailed
information regarding the impact of RAI therapy on male
fertility following DTC treatment. There is a need for
comprehensive findings from relevant studies, a deeper
exploration of the effects on reproductive hormones, and
insights into personalized approaches to managing DTC.
The objective of this study is to assess hormonal alterations
and sperm DNA fragmentation following administration of
high-dose RAI in individuals with thyroid cancer.

Materials and Methods

In this study, we identified 25 male patients (20-60 years)
who were referred to the clinic for DTC, underwent
thyroidectomy, and were selected for iodine therapy. This
study excluded patients referred for problems related
to environmental pollution, varicocele, excessive heat
exposure, infections, non-thyroid cancers, and dietary
and lifestyle factors. Those with benign thyroid disease
were also excluded. Organic disorders of the reproductive
organs, including varicocele, abnormal testicular position,
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testicular torsion, and a history of severe genital trauma,
were excluded. A limitation of this study is that the sample
size is small due to time and cost constraints.

The goal of RAI therapy is to destroy both remaining
thyroid cells and cancer cells after surgery. Based on thyroid
radionuclide results, the therapeutic dose was 150 mCi
of oral sodium iodide solution. The RAI dose is typically
selected based on an assessment of tumor recurrence risk
and other factors (12), as there is no definitive agreement
on the optimal dose (13).

Consequently, 10-mL blood samples were collected from all
patients undergoing thyroidectomy to assess the levels of
gonadotropins and sex hormones. Serum concentrations of
FSH, LH, dihydrotestosterone (DHT), dehydroepiandrosterone
(DHEA), T, and anti-Mullerian hormone (AMH) were measured
using immunoassay techniques, specifically by ELISA (enzyme-
linked immunosorbent assay) or chemiluminescence (CL),
both before and at two weeks after radioiodine therapy.
Semen samples were collected from patients twice—
once before iodine treatment and again two weeks after
treatment—to evaluate semen parameters and sperm DNA
fragmentation. We asked the patients to abstain from sexual
intercourse for 3-5 days prior to semen collection. Each
participant was asked to complete a comprehensive health
questionnaire covering age, weight, height, reproductive
characteristics, pregnancies and outcomes, medical history,
intoxications, and medication use. Additionally, all patients
provided their signed informed consent before undergoing
surgery and iodine treatment.

Semen analysis was conducted in accordance with the
additional guidelines outlined by Bjorndahl et al. (14)
the observational evaluation stage for semen parameters
is classified as A-. This evaluation encompasses several
elements, including volume (the total count of spermatozoa
and non-sperm cells present in the ejaculate, which must
be calculated) and concentration, often referred to as
sperm count. Number of sperm count x dilution factor/
volume x 1000 = sperm/mL. Stickiness: Semen is typically
a semisolid, coagulated mass. At room temperature,
semen usually begins to liquefy within a few minutes
to approximately 15 minutes, becoming thinner and
changing color. A standard liquefied semen sample has a
homogeneous, grey-opalescent appearance (15).

Semen analysis should begin with a basic inspection shortly
after liquefaction, ideally within 30 minutes but no later
than 1 hour post-ejaculation. The microscopic evaluation
of semen parameters involves examining sperm shape,
motility, and count using light microscopy on slides. A
comprehensive analysis includes assessment of motility
(total and progressive), morphology (sperm shape), and

concentration. Determining sperm concentration, along
with evaluating motility and morphology, is essential for
assessing fertility (16). The next step involves molecular
evaluation of semen parameters to assess DNA integrity.
This includes using the halo sperm method with the
sperm chromatin structure assay (SCSA) kit to analyze
sperm DNA. SCSA is a flow cytometric test that detects
high levels of DNA fragmentation in sperm samples, a
condition characterized by small breaks in DNA. Sperm
DNA breaks are assessed indirectly by measuring DNA
denaturability. SCSA is the most extensively studied
method for determining DNA integrity. In this assay, sperm
are exposed to a dye that highlights damaged DNA. The
assay measures the susceptibility of sperm DNA to acid-
induced denaturation in situ, followed by staining with the
fluorescent dye acridine orange (17,18).

These observations were used to calculate the DNA
fragmentation index (DFI), with a DFI of less than 25% was
considered within the normal range. Normal sperm DNA
exhibited radiating halos, whereas damaged sperm DNA
exhibited either no halos or only minor halos. Fragmented
sperm were defined as those having a small or absent halo
(19). The DFI was calculated using the following formula:

DFI (%) =100x (number of spermatozoa with fragmented
DNA/total number of spermatozoa) (20).

Sperm DNA fragmentation was measured using the SDFA
kit (DNA Fragmentation Assay Kit; Ideh Varzan Farda,
Tehran, Iran). This kit facilitates the detection of DNA
fragmentation through a halo assay, where stained sperm
are examined under bright-field microscopy. Following the
manufacturer’s protocol, sperm samples were processed,
stained, and observed. The extent of DNA fragmentation
was determined by assessing the halo size and contrast,
with larger halos indicating intact DNA and smaller or
absent halos indicating fragmentation.

Ethical clearance for this research was obtained from the
Fasa University of Medical Sciences Ethics Committee on
May 22, 2022, and the study was conducted in accordance
with the approved protocol. This committee reviewed and
endorsed the study’s ethical considerations (ethical code:
REC.1401.020, date: 11.05.2025).

Statistical Analysis

The data were analyzed using SPSS version 23, presenting
the results as the median, 25" percentile (P25), and
75" percentile. The Wilcoxon signed-rank test, a non-
parametric test, was used when the assumptions of the
dependent t-test were violated. The significance level was
set at p<0.05.
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Results

Study Population Characteristics

We identified 25 male patients (20-60 years) who
were referred to the clinic for DTC, who underwent
thyroidectomy, and who were selected for iodine therapy.

Hormonal Assessment Via Immunoassay

The median serum FSH level in patients increased
significantly compared with levels before RAI therapy (RIT)
(p=0.002; p<0.05 Wilcoxon test). However, values for LH,
DHT, DHEA-SO4 (DHEA sulfate), T, and AMH did not change
significantly before and after RIT (Figure 1 and Table 1).

Sperm Analysis

Through detailed microscopic examinations, essential
parameters in patients such as semen volume (mL,
p=0.02), total sperm count (million/ejaculate, p=0.034),
sperm motility (%), and rapid progressive motility
(%), showed significant changes before and after RAI
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therapy. However, we assessed characteristics such
as liquefaction, color, odor, viscosity, agglutination,
and aggregation during semen analysis; these
assessments revealed no significant differences before
and after RIT. Additionally, following World Health
Organization (WHO) guidelines, we assessed sperm
motility to determine the percentages of progressive,
non-progressive, and immotile sperm. No significant
changes were observed in these parameters before or
after RIT. Furthermore, we evaluated semen pH; sperm
count (million/mL); motile sperm (%); slow progressive
sperm (%); non-motile sperm (%); round cells (million/
mL); and normal and abnormal morphology (%), and
found no significant differences before and after RIT
(Figure Ta-e and Table 2). Figure 2 presents a semen
analysis report generated using the High-Frame-rate
Tracking-Computer-Assisted Semen Analysis system,
following WHO 2010 (6'") guidelines.
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Figure 1. Values of different parameters before and after treatment with radioactive lodide
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): FSH values in patients before and after treatment with radioactive iodide (p-value=0.02)

: Total sperm count values in patients before and after treatment with radioactive iodide (p-value=0.034)

Sperm motility values in patients before and after treatment with radioactive iodide (p-value=0.017)

Quick progressive motility values in patients before and after treatment with radioactive iodide (p-value=0.031)
: Semen volume values in patients before and after treatment with radioactive iodide (p-value=0.020)
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Sperm DNA Fragmentation

Moreover, other WHO-defined dynamic parameters that
use standardized terminology for velocity variables were
measured using CASA systems. No significant change in
sperm DNA fragmentation was observed before and after
RIT (p=0.460; Table 2).

Discussion

In DTC patients, RAl has been widely used for postoperative
remnant ablation. RAI causes side effects in DTC patients,
particularly in male patients. Spermatogonia and the germ-
cell-producing of the testis are the tissues most sensitive
to radiation. Therefore, low doses of radiation to the

Table 1. Determining the effect of radioactive iodine on men’s sex hormones before and after removing the thyroid gland
Variables Mean * SD before intervention Mean * SD after intervention p-value

Follicle stimulating hormone 3.18+0.45 3.54+0.48 mIU/mL 0.02
Luteinizing hormone 3.70+0.40 3.87£0.39 mlU/mL 0.453
Testosterone 14.37+1.49 13.76+1.58 0.17

DHEA-SO4 348.75+46.24 354.93+49.54 mIU/mL 0.660
Dihydrotestosterone 585.41+49.54 598.64+65.51 Pg/mL 0.717
anti-Mdllerian hormone 6.93+0.84 6.44+0.62 ng/mL 0.211

SD: Standard deviation

Visual Inspection
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Id Health Organization (WHO) 2010, 6" Ed.]. The report includes visual

inspection parameters (liquefaction, color, viscosity, agglutination), main semen parameters (volume, pH, sperm count, motility, morphology), motility
assessment results (progressive: 36.11%, non-progressive: 4.44%, immotile: 59.44%), and other WHO dynamic parameters (e.g., curvilinear velocity,

straight-line velocity, average path velocity). Velocity profiles illustrate the d

istribution of sperm velocities, using standard terminology for velocity

variables measured by CASA systems. Data were analyzed as part of a fertility evaluation study
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Table 2. Determining the effect of radioactive iodine on microscopic observations of sperm analysis before and after
removing the thyroid gland
Variables Ll S.D e LA ES S.D A Unit p-value
intervention intervention
Volume 2.76+0.30 3.52+0.48 mL 0.02
Liguefaction 28.12+1.20 28.12+1.43 min 0.914
Sperm count 41.31+£7.52 44.12+5.98 Million/mL 0.98
Total sperm count 106.50+£20.09 148.25+28.11 Million/ejaculate 0.034
Motility 38.43+£3.01 41.84+2.13 % 0.017
Quick progressive motility 7.50+£0.94 7.87+0.92 % 0.031
Slow progressive motility 26.62+2.60 29.87+1.90 % 0.48
Non-progressive motility 4.25+0.77 4.06+0.80 % 0.97
Non-motile 61.56+3.01 56.88+2.41 % 0.079
Normal morphology 4.25+0.78 4.81+0.67 % 0.111
Abnormal morphology 95.75+0.78 95.18+0.67 % 0.111
Count 20.98+3.62 24.31+£3.54 Million/mL 0.285
Sperm DNA fragmentation 19.90+1.33 21.43+2.00 % 0.460
SD: Standard deviation

gonads can seriously disrupt their function (21,22). Our
research revealed elevated serum FSH levels in a sample
of 25 men aged 20-60 years. This outcome aligns with
similar observations reported in other studies (23,24).
Gonadotropins typically exert a direct influence on sex
hormones and on the production of sperm and ova (25).
The effects of gonadotropins on testicular cells delineate the
precise pathways governing T synthesis, spermatogenesis,
and sperm quality (6). The available literature indicates that
the risk of permanent gonadal dysfunction may increase
in certain patients of either sex following cumulative doses
(26). Another study, albeit with a limited sample size,
identified a positive correlation between radioiodine dose
and FSH levels over a mean follow-up period exceeding
seven years. However, their results did not demonstrate
a significant impact of radioiodine treatment on infertility
rates (27).

In a sample of 12 men with DTC undergoing I-131 therapy,
an increase in serum FSH levels and a dose-dependent
impairment of spermatogenesis were observed. However,
clinically significant effects were mainly seen in individuals
receiving multiple doses totaling over 100 mdCi (5).
Conversely, our results showed that levels of LH, DHT,
DHEA, and T did not change significantly from before
to after RIT. T secretion and spermatogenesis depend
on the hormones FSH and LH, with FSH serving as a key
indicator of spermatogenesis and LH playing a vital role in T
production. These hormones are produced in the anterior
pituitary gland (28). When assessing infertility, measuring

LH and FSH is important because they have an inverse
relationship with sperm concentration (29). Additionally,
LH levels are linked to sperm motility (30). A meta-analysis
found increases in FSH, LH, and T levels, as well as in
sperm quality parameters; however, at one-year follow-up
these increases were not statistically significant (1). Our
findings suggest there were no changes in serum T levels
or in the occurrence of oligospermia despite a temporary
rise in FSH levels. These results are consistent with a study
of testicular function following radioiodine therapy in
patients with thyroid cancer (31). The transient increase
in FSH generally reverses several months after receiving
RAI therapy, indicating that high cumulative I-131 activity
does not necessarily cause permanent infertility. Our
data suggest that testicular dysfunction caused by I-131
therapy is likely temporary, consistent with another study in
which all patients maintained normal T levels (9). T affects
the paracrine activity of Sertoli cells, promoting their
function and helping the maturation of spermatogonia
into spermatocytes (32). Studies have demonstrated that
Leydig cells in the testes are more resistant to radiation
than the reproductive epithelium and are damaged only
by high doses of therapeutic radiation (33). However, this
study found no statistically significant differences in LH and
T levels before and after RAI treatment, even in subgroup
analyses. This indicates that Leydig cell function remains
unaffected after RAI, although further research is needed
to determine whether higher doses of RAI would produce
different results.
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DHEA, produced by the adrenal glands, is a precursor of
T and estrogens, which are crucial for male reproductive
health and sperm production (34). Reported DHT levels
are likely to influence prostate growth (35). T can also be
converted by the enzyme 5a-reductase 2 into a potent
non-aromatizable androgen, 50-DHT, which is required
for the masculinization of the external genitalia in utero
and for many of the changes associated with puberty,
including the growth and activity of the prostate gland
(36). Additionally, DHEA exhibits anti-inflammatory
properties (37), while DHT contributes to improved oocyte
quality and increased likelihood of conception. Both DHT
and DHEA offer potential benefits for fertility (38). Our
findings revealed that levels of DHT, DHEA, and T did not
change significantly before and after RIT. Our investigation
also assessed another factor: AMH levels before and after
RIT did not change significantly. evidence shows that
serum AMH levels are markedly decreased in infertile men
(39). In our study, their levels remained unchanged before
and after the intervention. AMH (Mdillerian inhibiting
substance, AMH) and inhibin B (InhB) are produced by the
Sertoli cells of the testes. AMH is secreted during testis
development and in adulthood, whereas sperm production
in adult men is regulated by InhB. These hormones are
also recognized as regulators of homeostasis. In a cohort
study involving men over 50, InhB levels were inversely
associated with age, although no age-related effect was
observed in young men (40). Furthermore, these hormones
were correlated with each other. The health status of older
adults is influenced by the AMH/InhB ratio, although they
(AMH and InhB) may be independent (41). In an animal
study, AMH and InhB cooperatively inhibited testicular
cancer, and AMH also suppressed aromatase activity in
FSH-stimulated sertoli cells, independent of LH. Future
research could explore AMH’s role after RIT with respect
to its physiological function in the testis (42). In infertile
men, low serum AMH levels are associated with severely
impaired gonadal function, as evidenced by compromised
semen quality and a reduced T-to-LH ratio. Additionally,
the role of circulating AMH during adulthood is less well
understood (39).

Semen analysis currently serves as the benchmark for
assessing male fertility status; however, a standard semen
analysis does not guarantee fertility (1). Semen analysis
was conducted within one hour of collection in accordance
with the WHO laboratory manual, supplemented by
additional guidelines (15). The assessment evaluated
semen parameters, including pH, viscosity, volume, sperm
concentration, motility, round cells, and morphology.
Poor semen quality, characterized by abnormal physical
parameters, low sperm count, reduced motility, and

irreqular morphology, is a significant contributor to male
infertility. Our study results indicate a significant increase
in semen volume, total sperm count, and sperm motility,
particularly rapid progressive motility. Total sperm count is
the number of spermatozoa in the ejaculate, calculated by
multiplying sperm concentration by semen volume (43).
The normal sperm concentration is =20 million sperm per
milliliter of semen (3), and our study results confirm this.

A man is considered fertile when total motility is at least
40% and progressive motility is at least 32%. Sperm
motility refers to the ability of sperm to move efficiently
and is a crucial factor in fertility (44). Our results for
motility and rapid progressive motility are consistent with
previous reports that demonstrate that sperm motility
is regulated by various factors, including intracellular
and extracellular pH, the concentrations of calcium ions
(Ca?") and bicarbonate ions (HCO,-), and sperm surface
proteins. Factors such as radiation, psychological stress,
and environmental pollution can impair motility. For
example, radiation exposure, mutations in CatSper genes,
or psychological stress through hormonal changes and
impaired calcium metabolism can impair sperm motility
(44). Fertility clinics typically analyze sperm parameters
such as density, count, motility, and morphology. Still,
sperm DNA fragmentation testing, such as the SCSA, is
often overlooked due to limited awareness, cost concerns,
or practical considerations. This test, first described by Son
in 1980, uses flow cytometry to detect DNA fragmentation
through acid- or heat-induced denaturation and identifies
poor-quality sperm (45). Healthy and mature sperm nuclei
contain abundant disulfide bonds, resulting in their DNA
being in the double-stranded form (46).

The SCSA detects sperm DNA fragmentation; rates
exceeding 30% are associated with a significant decrease
in term pregnancies. Multiple RAI treatments can cause
permanent testicular damage, resulting in a 50% reduction
in sperm count and a 40% reduction in FSH levels. These
effects occur in 20% of patients who undergo multiple
treatments and in 10% of those who receive a single
treatment. Despite these potential risks, our findings
indicate minimal changes in sperm DNA fragmentation
measured before and after RIT, suggesting a limited impact
on DNA integrity, which is consistent with Anderson’s
findings (47). The mechanisms underlying DNA damage
in sperm may include unrepaired DNA breaks during
chromatin remodeling and packaging, as well as abortive
apoptosis  during  spermatogenesis. Other possible
causes include the effects of endogenous endonucleases
and caspases; exposure to various genotoxic agents
for therapeutic purposes or from occupational or
environmental sources; infections; certain types of cancer;
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and oxidative damage (48). Taken together, these points
suggest that administration of RAIl is unlikely to impair
long-term male fertility in DTC patients receiving doses of
100 mCi (3.7 GBq) or higher (49). Therefore, conflicting
findings exist regarding the effect of RAl on semen quality;
this relationship may depend on RAI dose and follow-up
duration after treatment (1).

Study Limitations

The study assessed subjects before therapy and again two
weeks afterward, thereby potentially overlooking long-
term effects on male fertility. Exclusion criteria may limit
the applicability of the results to the broader thyroid cancer
patient population, as individuals with factors that influence
fertility, such as varicocele or lifestyle factors, were excluded.
Although the study evaluated sperm DNA fragmentation
and semen parameters, the lack of a comprehensive
longitudinal follow-up may hinder a thorough assessment
of permanent fertility changes. Variations in RAI dosing
and the lack of consensus on optimal dosing complicate
the interpretation of results. Future research with diverse
and extended follow-up periods is necessary to understand
the long-term impact of RAI therapy on male fertility.

Conclusion

Radioiodine therapy for thyroid cancer may temporarily
increase serum FSH levels, indicating a transient impact
on gonadal function. Other reproductive hormones,
such as LH, DHT, DHEA, and T, remain unaffected. Our
results did not demonstrate that male patients with DTC
experienced infertility after receiving a cumulative RAI dose
of 150 mCi. Larger sample sizes and longer follow-up are
needed to further assess the possible effects of sex and
gonadal hormones on sperm DNA fragmentation. Further
investigation into the role of AMH post-RIT in testicular
physiological function is recommended.

Ethics

Ethics Committee Approval: Ethical clearance for this
research was obtained from the Fasa University of Medical
Sciences Ethics Committee on May 22, 2022, and the
study was conducted in accordance with the approved
protocol. This committee reviewed and endorsed the
study’s ethical considerations (ethical code: REC.1401.020,
date: 11.05.2025).

Informed Consent: The authors declare that they have no
competing interests.
Acknowledgments

The authors thank the Vice-Chancellor for Research at Fasa
University of Medical Sciences.

Footnotes

Authorship Contributions

Surgical and Medical Practices: M.A., R.H., Concept: M.A.,
M.S., Design: M.A., M.S., Data Collection or Processing:
R.H., M.S., Analysis or Interpretation: RH., AT, M.S,
Literature Search: R.H., Writing: R.H., A.T,, M.S.

Conflict of Interest: No conflict of interest was declared
by the authors.

Financial Disclosure: The authors declared that this study
has received no financial.

Availability of Data

The dataset analyzed during the current study is available
from the corresponding author upon reasonable request.

References

1. CaiY, Yang Y, Pang X, Li S. The effect of radioactive iodine treatment for
differentiated thyroid cancer on male gonadal function: a meta-analysis.
Endocr Connect. 2023;12:6230299.

2. Sherman SI, Perrier N, Clayman GL. Thyroid cancer. 60 years of survival
outcomes at The University of Texas MD Anderson Cancer Center:
Springer; 2012;295-310.

3. Silver RJ, Parangi S. Management of thyroid incidentalomas. Surg Clin
North Am. 2004;84:907-919.

4. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov
YE, Pacini F; Randolph GW, Sawka AM, Schlumberger M, Schuff KG,
Sherman SI, Sosa JA, Steward DL, Tuttle RM, Wartofsky L. 2015
American Thyroid Association management guidelines for adult patients
with thyroid nodules and differentiated thyroid cancer: the American
Thyroid Association guidelines task force on thyroid nodules and
differentiated thyroid cancer. Thyroid. 2016;26:1-133.

5. Henderson BE, Ross RK, Pike MC, Casagrande JT. Endogenous hormones
as a major factor in human cancer. Cancer Res. 1982;42:3232-3239.

6. NiesM, ArtsEGJM, van Velsen EFS, Burgerhof JGM, Muller Kobold AC, Corssmit
EPM, Netea-Maier RT, Peeters RP van der Horst-Schrivers ANA, Cantineau AEP
Links TP Long-term male fertility after treatment with radioactive iodine for
differentiated thyroid carcinoma. Eur J Endocrinol. 2021;185:775-782.

7.  Bendarska-Czerwinska A, Zmarzly N, Morawiec E, Panfil A, Brys K,
Czarniecka J, Ostenda A, Dziobek K, Sagan D, Boron D, Michalski P
Pallazo-Michalska V, Grabarek BO. Endocrine disorders and fertility and
pregnancy: an update. Front Endocrinol (Lausanne). 2023;13:970439.

8. Y, Cuil, LuY, Tan J Dong X, Ni T, Yan J, Guan Y, Hao G, Liu JY, Zhang
B, Wei D, Hong Y, He Y, Qi J, Xu B, Lu J, Zhang Q, Zhao S, Ji X, Du X,
Zhang J, Liu J, Wang J, Huang Y, Huang D, Du Y, Vankelecom H, Zhang H,
Chen ZJ. Prednisone vs placebo and live birth in patients with recurrent
implantation failure undergoing in vitro fertilization: a randomized
clinical trial. JAMA. 2023;329:1460-1468.

9.  van Rijswijk J, Pham CT, Dreyer K, Verhoeve HR, Hoek A, de Bruin JB Nap
AW, Wang R, Lambalk CB, Hompes PGA, Mijatovic \, Karnon JD, Mol BW.
Oilbased or water-based contrast for hysterosalpingography in infertile
women: a cost-effectiveness analysis of a randomized controlled trial.
Fertil Steril. 2018;110:754-760.

10. Rosario PW, Barroso AL, Rezende LL, Padrao EL, Borges MA, Guimaraes
VC, Purisch S. Testicular function after radioiodine therapy in patients
with thyroid cancer. Thyroid. 2006;16:667-670.

11. Carballo M, Quiros RM. To treat or not to treat: the role of adjuvant
radioiodine therapy in thyroid cancer patients. J Oncol. 2012;2012:707156.



Mol Imaging Radionucl Ther 2026;35(1):1-9

Alavi et al. Radioactive lodine Impact on Fertility Hormones

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin.
2018;68:7-30.

Nguyen NC, Anigati EM, Desai NB, Oz OK. Radioactive iodine therapy in
differentiated thyroid cancer: an update on dose recommendations and risk
of secondary primary malignancies. Semin Nucl Med. 2024;54:488-496.
Bjérndahl L, Barratt CL, Mortimer D, Jouannet P ‘How to count sperm
properly": checklist for acceptability of studies based on human semen
analysis. Hum Reprod. 2016;31:227-232.

Kandil H, Agarwal A, Saleh R, Boitrelle F Arafa M, Vogiatzi P Henkel
R, Zini A, Shah R. Editorial commentary on draft of World Health
Organization sixth edition laboratory manual for the examination and
processing of human semen. World J Mens Health. 2021;39:577-580.
Bonde JR Ernst E, Jensen TK, Hjollund NH, Kolstad H, Henriksen TB,
Scheike T, Giwercman A, Olsen J, Skakkebaek NE. Relation between
semen quality and fertility: a population-based study of 430 first-
pregnancy planners. Lancet. 1998;352:1172-1177.

Evenson DP Larson KL, Jost LK. Sperm chromatin structure assay: its
clinical use for detecting sperm DNA fragmentation in male infertility
and comparisons with other techniques. J Androl. 2002;23:25-43.
Spano M, Bonde JR Hjgllund HI, Kolstad HA, Cordelli E, Leter G. Sperm
chromatin damage impairs human fertility. The Danish First Pregnancy
Planner Study Team. Fertil Steril. 2000;73:43-50.

Agarwal A, Sharma R. Sperm chromatin assessment. Textbook of
assisted reproductive techniques: CRC Press. 2023.

Rochdi C, Allai L, Bellajdel |, Taheri H, Saadi H, Mimouni A, Choukri M.
Evaluation of sperm DNA fragmentation using halosperm technique
after the freezing-thawing process in men: a study on the validation of
the SCD protocol. J Reprod Infertil. 2024;25:12-19.

Hyer S, Vini L, O'Connell M, Pratt B, Harmer C. Testicular dose and fertility in men
following I(131) therapy for thyroid cancer. Clin Endocrinol (Oxf). 2002;56:755-758.
De Felice |, Marchetti C, Marampon F, Cascialli G, Muzii L, Tombolini V.
Radiation effects on male fertility. Andrology. 2019;7:2-7.

Wichers M, Benz E, Palmedo H, Biersack HJ, Griinwald F, Klingmdiller D.
Testicular function after radioiodine therapy for thyroid carcinoma. Eur J
Nucl Med. 2000;27:503-507.

Rosario PW, Xavier AC, Calsolari MR. Recombinant human thyrotropin in
thyroid remnant ablation with 131-iodine in high-risk patients. Thyroid.
2010;20:1247-1252.

Stamatiades GA, Carroll RS, Kaiser UB. GnRH-A key regulator of FSH.
Endocrinology. 2019;160:57-67.

Ko KY, Yen RE, Lin CL, Cheng MF, Huang WS, Kao CH. Pregnancy outcome
after 1-131 therapy for patients with thyroid cancer: a nationwide
population-based cohort study. Medicine (Baltimore). 2016;95:e2685.
Sawka AM, Lakra DC, Lea J, Alshehri B, Tsang RW, Brierley JD, Straus
S, Thabane L, Gafni A, Ezzat S, George SR, Goldstein DR A systematic
review examining the effects of therapeutic radioactive iodine on ovarian
function and future pregnancy in female thyroid cancer survivors. Clin
Endocrinol (Oxf). 2008;69:479-490.

Fakhrildin MB. Correlation between seminal fluid analysis and levels of
gonadotropins in serum and seminal plasma of normozoospermic men
and infertile patients. 2007.

Sheikh MA, Begum B, KHAN MS, Turabi A, DANYAL A, Zaidi SSH.
Azoospermia & oligozoospermia: semen and hormonal analysis of
patients. The Professional Medical Journal. 2005;12:80-84.

Zhao W, Jing J, Shao Y, Zeng R, Wang C, Yao B, Hang D. Circulating sex
hormone levels in relation to male sperm quality. BMC Urol. 2020;20:101.
Roséario PW, Ward LS, Carvalho GA, Graf H, Maciel RM, Maciel LM, Maia
AL, Vaisman M; Sociedade brasileira de endocrinologia e metabologia.
Thyroid nodules and differentiated thyroid cancer: update on the
Brazilian consensus. Arq Bras Endocrinol Metabol. 2013;57:240-264.
Tyagi V, Scordo M, Yoon RS, Liporace FA, Greene L\W. Revisiting the role
of testosterone: are we missing something? Rev Urol. 2017;19:16-24.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Liang P Changyue L, Dan M, Yajun L, Xiaojie W, Ying L. Study on the
effect of postoperative radioactive 131 | treatment for differentiated
thyroid cancer on fertility in people of reproductive age. Journal of
Clinical Military Medicine. 2020;48:1099-1100.

Urysiak-Czubatka I, Kmie¢ ML, Broniarczyk-Dyta G. Assessment of the
usefulness of dihydrotestosterone in the diagnostics of patients with
androgenetic alopecia. Postepy Dermatol Alergol. 2014;31:207-215.
Swerdloff RS, Wang C. Dihydrotestosterone: a rationale for its use as
a non-aromatizable androgen replacement therapeutic agent. Baillieres
Clin Endocrinol Metab. 1998;12:501-506.

Kang HJ, Imperato-McGinley J, Zhu YS, Rosenwaks Z. The effect of
Se-reductase-2 deficiency on human fertility. Fertil Steril. 2014;101:310-316.
Danenberg HD, Alpert G, Lustig S, Ben-Nathan D. Dehydroepiandrosterone
protects mice from endotoxin toxicity and reduces tumor necrosis factor
production. Antimicrob Agents Chemother. 1992;36:2275-2279.

Nehra D, Le HD, Fallon EM, Carlson SJ, Woods D, White YA, Pan AH,
Guo L, Rodig SJ, Tilly JL, Rueda BR, Puder M. Prolonging the female
reproductive lifespan and improving egg quality with dietary omega-3
fatty acids. Aging Cell. 2012;11:1046-1054.

Holt R, Yahyavi SK, Kooij I, Andreassen CH, Andersson AM, Juul A,
Jorgensen N, Blomberg Jensen M. Low serum anti-miillerian hormone
is associated with semen quality in infertile men and not influenced by
vitamin D supplementation. BMC Med. 2023;21:79.

Zarén P Alson S, Henic E, Bungum M, Giwercman A. Interaction between serum
levels of anti-mdillerian hormone and the degree of sperm DNA fragmentation
measured by sperm chromatin structure assay can be a predictor for the
outcome of standard in vitro fertilization. PLoS One. 2019;14:e02209009.
Chong YH, Dennis NA, Connolly MJ, Teh R, Jones GT, van Rij AM,
Farrand S, Campbell AJ, McLennan IS. Elderly men have low levels of anti-
mullerian hormone and inhibin B, but with high interpersonal variation:
a cross-sectional study of the sertoli cell hormones in 615 community-
dwelling men. PLoS One. 2013;8:e70967.

Evenson D, Jost L. Sperm chromatin structure assay is useful for fertility
assessment. Methods Cell Sci. 2000;22:169-189.

Oehninger S, Franken DR, Ombelet W. Sperm functional tests. Fertil
Steril. 2014;102:1528-1533.

Sanita OMD. WHO laboratory manual for the examination and processing
of human semen: World Health Organization; 2010.

Chakraborty S, Saha S. Understanding sperm motility mechanisms and
the implication of sperm surface molecules in promoting motility. Middle
East Fertility Society Journal. 2022;27:4.

Evenson DP The Sperm Chromatin Structure Assay (SCSA(®)) and other
sperm DNA fragmentation tests for evaluation of sperm nuclear DNA
integrity as related to fertility. Anim Reprod Sci. 2016;169:56-75.
Bungum M, Giwercman A, Spano M. Male subfertility and sperm
chromatin damage. In: Zini A, Agarwal A, editors. Sperm chromatin:
biological and clinical applications in male infertility and assisted
reproduction. New York, NY: Springer Science+Business Media; 2011.
p. 321-335.

Anderson C, Engel SM, Weaver MA, Zevallos JP Nichols HB. Birth rates
after radioactive iodine treatment for differentiated thyroid cancer. Int J
Cancer. 2017;141:2291-2295.

Sakkas D, Alvarez JG. Sperm DNA fragmentation: mechanisms of
origin, impact on reproductive outcome, and analysis. Fertil Steril.
2010;93:1027-1036.



