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ABSTRACT

Objective: To explore the relationship between Hashimoto's
autoimmune hypothyroidism (HT) and male fertility, focusing on
hormonal and seminal factors.

Methods: A systematic literature search was conducted across
databases such as PubMed, Web of Science, EMBASE, Scopus,
Cochrane, and Google Scholar, covering studies published from
January 2000 to March 2024. Studies investigating the impact of
HT on semen quality parameters and reproductive hormones were
included. Pooled effect estimates were calculated using standard
mean difference (SMD) and 95% confidence intervals (CI).

Results: A total of 8 studies with 8965 participants were included.
HT significantly affected semen quality and reproductive hormone
levels. Specifically, there was a notable decrease in progressive
morphology (SMD= -0.78; 95% CI: -1.40 to -0.17; P=0.01) and
sperm motility (SMD= -1.151; 95% CI: -1.876 to -0.425; P=0.002).
In addition, there were no significant changes in reproductive
hormones, although there were elevated levels of luteinizing
hormone (SMD=0.437; 95% CI: 0.000 to 0.874; P=0.050) and
follicle-stimulating hormone (SMD=0.293; 95% CI: -0.171 to 0.758;
P=0.216), with a slight impact on testosterone levels (SMD=-1.143;
95% CI. -2.487 to 0.200; P=0.095).

Conclusions: This systematic review and meta-analysis provides
robust evidence of the detrimental effects of HT on semen quality
and reproductive hormones, underscoring the necessity for thorough
evaluation and management of thyroid function in male infertility

assessments.
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1. Introduction

Hashimoto's thyroiditis (HT), an autoimmune disorder of the
thyroid gland, is the most prevalent cause of hypothyroidism
in regions with adequate iodine levels[1.2]. This condition is
characterized by autoimmune-mediated inflammation and
destruction of thyroid tissue, leading to decreased thyroid hormone
production(3]. The biological hallmark of HT is the presence of
antibodies against thyroid peroxidase (TPO-a) and thyroglobulin
(TG-a), indicating a chronic autoimmune response against thyroid
tissue. It is noteworthy that autoimmune thyroid disorders are more
prevalent in women than men, likely due to hormonal differences.
Consequently, Hashimoto's disease has received less attention
regarding its impact on male reproductive health[4]. Furthermore,
the specific effects of HT on male fertility, especially regarding
reproductive hormones and semen quality parameters, have not
yet been investigated in a comprehensive meta-analysis[4.5]. This
knowledge gap is significant given the essential role of thyroid
hormones in modulating the hypothalamic-pituitary-gonadal (HPG)
axis and influencing spermatogenesis and steroidogenesis.

In the realm of HT, resultant hypothyroidism can profoundly

disturb hormonal processes, posing potential risks to male
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reproductive capability. Specifically, hypothyroidism frequently
correlates with variations in luteinizing hormone (LH) and
follicle-stimulating hormone (FSH) levels, attributable to
heightened secretion of thyrotropin-releasing hormone. This issue
stimulates the pituitary gland, influencing the release of these
crucial gonadotropins[6-8]. Furthermore, the dysfunction of the
thyroid gland can indirectly impact testosterone levels as thyroid
hormones play a vital role in the normal function of Leydig
cells and steroidogenesis[9.10]. In addition, the impact of HT on
semen quality is another crucial aspect of male fertility. Semen
quality, encompassing parameters like sperm count, motility, and
morphology, plays a fundamental role in facilitating the fertilization
process[11-13]. Thyroid hormones regulate testicular temperature,
antioxidant defense systems, and sperm maturation, suggesting that
HT may lead to decreased sperm motility and increased abnormal
sperm morphology. Although studies suggest a correlation between
hypothyroidism caused by HT and male fertility issues, further
research is required to definitively confirm this association[9,14].

This investigation aims to provide a comprehensive meta-analytic
and meta-regression synthesis of the existing literature on the
relationship between HT and male fertility, focusing on hormonal
and seminal factors. This endeavor contributes to our understanding
of the impact of HT on male fertility and underscores the importance
of thyroid health in the broader context of reproductive function and
fertility.

2. Methods

2.1. Protocol and registration

In order to uphold the highest standards of methodological rigor
and transparency, this meta-analysis and systematic review on the
effects of HT on male fertility follows the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
Our study protocol is registered with PROSPERO, an international
database for prospectively registered systematic reviews in health and
social care, under the registration number CRD42024557738]15,16].

2.2. Eligibility criteria

Our study inclusion criteria were meticulously defined to capture
the relevant literature assessing the relationship between HT
and male fertility, focusing on semen quality parameters and
reproductive hormones (LH, FSH, testosterone). Criteria included:
(1) Observational studies exploring the link between HT and semen
quality or reproductive hormone levels. Hashimoto's thyroiditis was
classified by elevated anti-thyroid peroxidase (TPO) antibodies,
along with corresponding changes in thyroid stimulating hormone
(TSH), free triiodothyronine (FT3), and free thyroxine (FT4). Also,
we defined overt hypothyroidism using established thresholds:

increased TSH (>5.0 plU/mL) with decreased FT4 (<0.89 ng/
dL)[17]. (2) Research published from January 2000 to March 2024.
(3) Studies that provided specific data on semen parameters like
volume, motility, morphology, and hormone levels. (4) Human
subject research published in English peer-reviewed journals. We
excluded reviews, abstracts, non-human studies, and any research

lacking primary data or adequate methodological detail.

2.3. Literature search

In order to conduct a comprehensive review of relevant literature,
a meticulous search strategy was designed and executed across
multiple prominent electronic databases including PubMed, Web
of Science, EMBASE, Scopus, Cochrane Library, and Google
Scholar. The search aimed to capture a wide array of studies
published from January 2000 to March 2024, encompassing a span
of over three decades to include seminal and contemporary research
findings. A variety of keywords and medical subject headings
(MeSH terms) were used to cover all potential studies related to HT
and its implications for male fertility. Key search terms included

non

"Hashimoto's thyroiditis," "hypothyroidism," "male fertility,"

non "o

"semen quality," "sperm quality," "semen parameters,” "sperm
concentration," and "sperm motility," as well as "reproductive
hormones," "luteinizing hormone (LH)," "follicle-stimulating
hormone (FSH)," and "testosterone". These terms were strategically
combined using Boolean operators (AND, OR) to construct a

nuanced and comprehensive search algorithm.

2.4. Study selection

Two independent reviewers (S.B., M.A.) conducted the initial
literature screening, specifically focusing on titles and abstracts to
identify relevant studies. Subsequently, they reviewed the full texts
of the selected studies, ensuring that they met our predetermined
inclusion criteria. Any discrepancies were resolved through
discussion or, if necessary, with the involvement of a third party for
adjudication (M.D.).

2.5. Data extraction

Data extraction from each relevant study was conducted
methodically, employing a strategic approach aligned with a
predefined data collection protocol previously established by our
research team[18-20]. This included publication details (author,
publication year, study location), study context, design specifics,
participant demographics [sample size, age range, body mass index
(BMI)], criteria for diagnosing overt hypothyroidism, assessed
fertility parameters, and sperm quality outcomes (semen volume,
morphology, progressive motility, total sperm count, sperm

concentration), and other pertinent findings.
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2.6. Quality assessment

Included studies were appraised using the Newcastle-Ottawa Scale
to evaluate their quality and the risk of bias, focusing on the selection
of study groups, comparability of groups, and ascertainment of
either the exposure or outcome of interest[21]. Each study was
independently reviewed by two team members, with discrepancies

resolved through consensus or third-party adjudication.

2.7. Statistical analysis

The impact of HT on male fertility was quantitatively synthesized.
Standardized mean differences (SMD), 95% confidence intervals
(CI), and prediction intervals (PI) were calculated for each relevant
outcome, including semen parameters and hormone levels[22]. Meta-
regression and subgroup analyses were employed to investigate
sources of heterogeneity and potential modifying effects. The /*
statistic and Cochran's Q-test quantified heterogeneity among
studies, while publication bias was assessed through Egger's
test[23]. Given the considerable heterogeneity among the studies
analyzed, a random-effects model was applied to better account
for the variability across studies. Statistical analyses were executed
using Comprehensive Meta-Analysis (CMA) v3 software, aiming
to deliver a thorough and nuanced understanding of Hashimoto's

impact on male reproductive health[22].

Records identified from all databases
(n=819)

149
3. Results

3.1. Selection process and characteristics of the included studies

Our comprehensive literature search included multiple databases,
yielding 819 studies relevant to HT and its impact on male fertility.
After removing 191 duplicate records and excluding 571 articles
based on title and abstract screening, we thoroughly evaluated 57
full-text articles. Ultimately, eight studies met our stringent inclusion
criteria, encompassing a combined sample size of 8§ 965 participants.
During the full-text review, we excluded 49 articles for the following
reasons: incorrect study design (n=20), inappropriate comparators
(n=18), non-English language (n=6), and lack of full-text (n=5).
The detailed selection process, from initial article retrieval to final
study inclusion, is outlined in a flowchart (Figure 1), providing a
comprehensive overview of our systematic review methodology.
Table 1 shows the characteristics of eight studies included in the

systematic review and meta-analysis.

3.2. Association and comparison details

The eight studies included in this analysis, involving a total of 8956
participants, primarily aimed to examine the relationship between
HT and key indicators of male fertility. These indicators specifically
include semen quality metrics and reproductive hormone levels.
Furthermore, the studies included underwent assessment using the
Newcastle-Ottawa scale to evaluate their quality and risk of bias, as
shown in Table 2. Through our analyses, we identified potential

variables contributing to outcome heterogeneity, such as BMI,

Records removed before screening due to

duplication (n=191)

Records screened (n=628)

Records removed for irrelevant information

(n=571)

Reports sought for retrieval (n=57)

Reports assessed for eligibility (n=57)

Records not retrieved (n=0)

Record included in the review (n=8)

Reports excluded (n=49):
Wrong study design (n=20)
Wrong comparators (n=18)
Ineligible articles included those not in English (n=6)

Ineligible articles without accessible full texts (n=5)

Figure 1. The flow diagram of the study selection.
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Table 1. Characteristics of the studies included in the systematic review and meta-analysis.
Age (years) BMI (kg/m”)
. . No. of Semen analysis
Author Year Country Ethnicity Study design participants  method Yy Mean+SD Mean+SD Outcome
(HT vs. Control)  (HT vs. Control)
Vaghela et al., 2016 India Asian Case-control 351 WHO-guided 33.22+0.90; 21.84+0.60; Semen volume, sperm
semen analysis 31.95+0.36 22.15+0.23 count, sperm viability,
progressive motility,
sperm morphology
Nikoobakht et al., 2012 Iran Mixed Case-control 72 CASA 43.1x11.6; 24.50+4.92; Sperm total count,
41.5+69.0 2.46+4.14 sperm motility, sperm
morphology
Rao et al., 2021 China Asian Case-control 2511 WHO-guided 36.0+£56.8; 24.5+3.2; Semen volume,
semen analysis 34.5£6.2 24.2+3.3 sperm concentration,
progressive motility,
sperm morphology
Zhao et al., 2022 China Asian Cross-sectional 5401 CASA 35.35+6.48; 24.66+3.45; Semen volume,
34.20+5.97 24.34+3.48 sperm concentration,
progressive sperm
motility, total sperm
count, normal sperm
morphology
Rehman et al., 2020 Pakistan Mixed  Cross-sectional 376 WHO-guided 33.90+5.97; 26.78+3.58; Sperm total count, sperm
semen analysis ~ 37.65+6.12 24.75+3.08 morphology
Lotti et al., 2016 Italy European Cross-sectional 157 WHO-guided 39.1£5.5; 43.1x11.6; Semen volume, sperm
semen analysis 38.9+8.4 41.5+69.0 concentration, sperm
total count, progressive
motility, sperm
morphology
Sarma et al., 2017 India Asian Cross-sectional 62 CASA 31.57+5.43; 24.13+1.10; Semen volume, sperm
33.59+4.48 24.65+1.36 count, total sperm
motility
Krassas et al., 2008 Greece  European Case-control 35 WHO-guided 44.0+13.7, NA Sperm concentration,
semen analysis 41.8+12.3 progressive motility,

sperm morphology

Table 2. Quality assessment based on the Newcastle-Ottawa Scale of studies

included in this meta-analysis.

Quality indicators

Author, & year . . Outcome/ Total quality
Selection Comparability exposure SEOTES
Krassas et al., 2008 Hk * Hx 6
Nikoobakht et al., 2012 RIS & Ak 6
lotti et al., 2016 etk ek ook 8
Vaghela et al., 2016 ok * k% 7
Sarma et al., 2017 Hkotk #3% Hkok 9
Rehman et al., 2020 HkkK * B 7
Rao et al., 2021 HAE ok wk 8
Zhao et al., 2022 SR * *k 7

georaphic location, study quality, and participant health status. This
thorough examination offered deeper insights into the multifaceted
relationship between thyroid dysfunction and male reproductive
health.

3.3. A meta—analysis of the relationship between Hashimoto's

thyroiditis and male fertility

3.3.1. Assessing the effect of HT on reproductive hormones
Further analysis revealed that men with HT experience significant

changes in their reproductive hormone profiles. Specifically, there

were significant increases in LH (SMD=0.437; 95% CI: 0.000 to
0.874; P=0.050; PI: -1.149 to 2.023) and FSH (SMD=0.293; 95%
CI: -0.171 to 0.758; P=0.216; PI: -1.415 to 2.002). Additionally,
there is an unexpected decrease in testosterone levels (SMD=-1.143;
95% CI: -2.487 to 0.200; P=0.095; PI: -6.433 to 4.146) compared to
the control groups (Figure 2).

3.3.2. Assessing the effect of HT on semen quality parameters

Our meta-analytic findings demonstrated significant associations
between HT and various semen quality parameters. Affected
individuals showed reductions in semen volume (SMD=-0.221; 95%
CI: -0.527 to 0.084; P=0.155; PI: -1.301 to 0.858), total sperm count
(SMD = -0.499; 95% CI: -1.127 to 0.130; P=0.120; PI: -2.919 to
1.922), and progressive motility (SMD = -1.151; 95% CI: -1.876 to
-0.425; P=0.002; PI: -3.807 to 1.506). Sperm morphology was also
adversely affected (SMD = -0.78; 95% CI: -1.40 to -0.17; P=0.01;
PI: -2.97 to 1.41). These pivotal results are visually summarized in

forest plots for more transparent comprehension (Figure 3).

3.4. Meta—regression analysis

In the meta-regression analysis section of our study, we

meticulously examined several potential moderators that could
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A
Statistics for each study
Stud [P
Uy name Std diff Standard o L Std diff in means and 95% CI
inmeans  error Lower limit Upper limit Z-value  P-value
Lotti 2016 0.000 0.300 -0.589 0.589 0.000 1.000 —t
Rehman 2020 0.152 0.132 -0.106 0.410 1.155 0.248
Nikoobakht 2012 0.279 0.239 -0.190 0.748 1.165 0.244 +o—
Sarma 2017 0.569 0.261 0.057 1.081 2.179 0.029 —e—
Vaghela 2016 1.107 0.167 0.779 1.434 6.623 <0.001 ——
Pooled random-effects  0.437 0.223 0.000 0.874 1.962 0.050 -
Prediction interval 0.437 -1.149 2.023 [ b
-4.00 -2.00 0 2.00 4.00
Random-effects model, Heterogeneity overall I 83.00, (P-value): <0.01
B
Statistics for each study
Stud ep s .
Hey name Std diff Standard o o Std diff in means and 95% CI
inmeans  error Lower limit Upper limit Z-value P-value
Rehman 2020 -0.052 0.132 -0.310 0.206 -0.395 0.693 —
Sarma 2017 0.064 0.256 -0.438 0.566 0.249 0.803 —_—
Nikoobakht 2012 0.178 0.239 -0.290 0.646 0.746 0.456 —t——
Lotti 2016 0.216 0.301 -0.373 0.805 0.719 0.472 —_——
Vaghela 2016 1.019  0.166 0.693 1.345 6.129  <0.001 —_—
Pooled random-effects 0.293 0.237 -0.171 0.758 1.237 0.216 e
Prediction interval 0.293 -1.415 2.002 b +
-2.00 -1.00 0 1.00 2.00
Random-effects model, Heterogeneity overall I 85.20, (P-value): <0.01
C
Statistics for each stud
Stud alisties foreach sdy Std diff in means and 95% CI
tudy name St diff  Standard . .
in means error Lower limit Upper limit Z-value  P-value
Lotti 2016 -0.118 0.300 -0.707 0.471 -0.393 0.694 -
Nikoobakht 2012 -0.145 0.239 -0.613 0.322 -0.608 0.543 -+
Rehman 2020 -0.592 0.133 -0.853 -0.331 -4.439 <0.001 -
Sarma 2017 -0.978 0.271 -1.508 -0.447 -3.611 <0.001 -
Vaghela 2016 -3.870 0.224 -4.308 -3.432 -17.312  <0.001 »
Pooled random-effects -1.143 0.686 -2.487 0.200 -1.668 0.095 T
Prediction interval -1.143 -6.433 4.146 +
-8.00 -4.00 0 4.00 8.00

Random-effects model, Heterogeneity overall % 97.94, (P-value): 0.01

Figure 2. Forest plots demonstrating the effects of Hashimoto's thyroiditis (HT) on male reproductive hormones, including A) luteinizing hormone (LH), B)

follicle-stimulating hormone (FSH), and C) testosterone levels.
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A
' Stud Statistics for each study
tudy name S Standard Std diff in means and 95% CI
: Variance Lower limit ~ Upper limit Z-value P-value
1n means error
Sarma 2017 0264  0.257 0.066 -0.240 0.769 1.028  0.304 So—
Zhao 2022 -0.033  0.051 0.003 -0.133 0.067 -0.651 0515 r
Rao 2021 -0.059  0.089 0.008 -0.233 0.116 -0.659  0.510 +
Lotti 2016 -0.359  0.301 0.091 -0.949 0.231 -1.194  0.233 ——t
Vaghela 2012 -0.931  0.165 0.027 -1.255 -0.606 -5.626  <0.001 ——
Pooled random-effects -0.221 0.156 0.024 -0.527 0.084 -1.422 0.155 -
Prediction interval 0.221 -1.301 0.858 —+—
-4.00 -2.00 0 2.00 4.00
Random-effects model, Heterogeneity overall I 86.61, (P-value): <0.01
B
Statistics for each study
Study name —
Std diff
in melans GS:lElz-lglrdard Variance ~ Lower limit Upper limit Z-value P-value Std diff in means and 95% CI
Zhao 2022 0.021 0.051 0.003 -0.079 0.121 0.416 0.677 -
Sarma 2017 -0.078 0.256 0.066 -0.580 0.424 -0.305 0.760 g
Lotti 2016 -0.106 0.300 0.090 -0.694 0.483 -0.352 0.725 ——
Rehman 2020 -0.700 0.134 0.018 -0.963 -0.437 -5.223 <0.001 —
Vaghela 2016 -1.585 0.173 0.030 -1.925 -1.246 -9.153 <0.001 +
Pooled random-effects -0.499 0.321 0.103 -1.127 0.130 -1.554 0.120 it
Prediction interval -0.499 -2.919 1.922
-4.00 -2.00 0 2.00 4.00
Random-effects model, Heterogeneity overall I 95.86, (P-value): <0.01
C Statistics for each study e
Study name ST aT—Standard Std diff in means and 95% CI
in means e;;glr 4 Lower limit Upper limit Z-value ~P-value
Nikoobakht 2012 -2.50 0.30 -3.09 -1.90 -8.25 <0.01 —
Vaghela 2016 -1.59 0.17 -1.92 -1.25 -9.15 <0.01 —-—
Sarma 2017 -0.97 0.27 -1.50 -0.44 -3.59 <0.01 —
Krassas 2008 -0.46 0.33 -1.10 0.19 -1.38 0.17 —
Lotti 2016 -0.09 0.30 -0.67 0.50 -0.28 0.78 —
Rehman 2020 0.00 0.13 -0.26 0.26 0.00 1.00 -
Zhao 2022 0.00 0.05 -0.10 0.10 0.00 1.00 s
Pooled random-effects -0.78 0.31 -1.40 -0.17 -2.51 0.01 —mi—
Prediction interval -0.78 -2.97 1.41 } ' .
-4.00 -2.00 0 2.00 4.00
Random-effects model, Heterogeneity overall I 95.95, (P-value): <0.01
D Statistics for each study
Study name e
iSnthlncggls S;?gf ard Lower limit Upper limit Z-value P-value Std diff in means and 95% CI
Vaghela 2016 -3.933 0.225 -4.374 -3.491 -17.457  <0.001 —.—
Nikoobakht 2012 -2.640 0.309 -3.246 -2.034 -8.542 <0.001 ——
Sarma 2017 -1.326 0.282 -1.879 -0.772 -4.694 <0.001 ——
Rehman 2020 -0.943 0.136 -1.210 -0.676 -6.930 <0.001 -
Krassas 2008 -0.200 0.327 -0.842 0.442 -0.611 0.541 —e—
Rao 2021 -0.132 0.089 -0.306 0.043 -1.477 0.140 -
Lotti 2016 -0.071 0.300 -0.660 0.517 -0.238 0.812 —
Zhao 2022 -0.038 0.051 -0.137 0.062 -0.736 0.461 L
Pooled random-effects -1.151 0.370 -1.876 -0.425 -3.107 0.002 ——
Prediction interval -1.151 -3.807 1.506 I t 1

Random-effects model, Heterogeneity overall I': 89.35, (P-value): <0.01

Figure 3. Forest plots illustrating the impact of Hashimoto's thyroiditis (HT) on semen quality parameters in men, including A) semen volume, B) total sperm
count, C) morphology, and D) progressive motility.
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influence the relationship between HT and key male fertility
parameters, including hormonal levels (LH, FSH, testosterone)
and seminal quality indicators. The meta-regression was structured
to discern the effects of variables such as BMI, semen analysis
methods, Newcastle-Ottawa Scale (NOS) quality score, and total
sample size on the outcomes of interest (Table 3).

The meta-regression results based on BMI>25 kg/m” revealed
nuanced relationships with the fertility parameters. Specifically, we
observed that higher testosterone levels were positively correlated
with increasing BMI (meta-regression coefficient: 1.3093; 95% CI:
-1.671 to 4.290; P=0.038). Conversely, sperm volume demonstrated
a negative correlation with higher BMI values (meta-regression
coefficient: -0.1592; 95% CI: -1.073 to 0.754; P=0.043). Analyzing
other seminal parameters like sperm concentration and total sperm
count also exhibited negative but less pronounced correlations with
BMI. Regarding the meta-regression analysis focused on the semen
analysis method based on global health guidelines, we found that the
progressive motility of sperm exhibited a negative association with
the methodology employed (meta-regression coefficient: -0.0461;
95% CI: -1.888 to 1.787; P=0.096). This finding was intriguing,
particularly when juxtaposed with the positive correlation observed
between the semen analysis method and sperm morphology (meta-
regression coefficient: 0.0031; 95% CI: -1.702 to 1.708; P=0.060).
In terms of the NOS quality score meta-regression results, both
progressive sperm motility and morphology demonstrated negative
correlations (progressive motility meta-regression coefficient:
-0.1241; 95% CI: -1.304 to 1.056; P=0.83); morphology meta-
regression coefficient: -0.3201; 95% CI: -1.899 to 0.221; P=0.27).
These outcomes suggest that studies of higher methodological

quality reported more detrimental effects of HT on these parameters.

Table 3. Meta-regression analysis for the potential variables between studies.
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Lastly, the meta-regression analysis based on the total sample size
indicated positive correlations for both progressive sperm motility
(meta-regression coefficient: 0.002; 95% CI: -0.001 to 0.006; P=
0.22) and morphology (meta-regression coefficient: 0.035; 95% CI:
-0.011 to 0.027; P=0.31). These findings suggest that more extensive
studies tend to report more significant associations between HT and
improvements in these seminal parameters.

These nuanced findings from our meta-regression analyses provide
deeper insights into the multifactorial nature of male fertility in
the context of overt Hashimoto's thyroiditis, underscoring the
significance of individual and study-related factors in interpreting

the associations observed across the literature.

3.5. Sensitivity analysis and publication bias

A sensitivity analysis was rigorously performed to ensure
the robustness and consistency of our meta-analytic findings.
Methodically removing individual studies from the pooled analysis
did not significantly alter the core conclusions, affirming the meta-
analysis's stability and reliability. Such findings are graphically
represented in Figure 4. The investigation into publication bias
involved applying Egger's test, complemented by a thorough
examination of the funnel plot for asymmetry. Results from Egger's
test indicated no significant evidence of publication bias in the
studies examining the relationship between HT and male fertility
parameters. The symmetrical distribution observed in the funnel plot

is detailed in Figure 5.

Variables No. studies Coefficient Standard error P 95% CI
BMI > 25 kg/m’
Luteinizing hormone 5 -0.5921 0.351 0.091 -1.2807 to 0.096 6
Follicle-stimulating hormone 5 -1.2036 1.55 0.437 -4.2441 10 1.8370
Testosterone levels 5 1.3093 1.52 0.038 -1.671 to 4.290
Semen volume 6 -0.1592 0.46 0.043 -1.073 t0 0.754
Semen analysis method
Semen morphology 0.003 1 0.07 0.060 -1.702 to 1.708
Semen progressive motility -0.046 1 0.93 0.096 -1.888 to 1.787
NOS quality score
Semen morphology 7 -0.3201 0.33 0.27 -1.899 to 0.221
Semen progressive motility 7 -0.1241 0.60 0.83 -1.304 to 1.056
Luteinizing hormone 5 0.4273 0.13 0.001 0.157 t0 0.679
Follicle-stimulating hormone 5 0.4677 0.12 0.002 0.221t0 0.714
Testosterone levels 5 -1.524 0.57 <0.001 -2.653 to -0.396
Total sample size
Semen morphology 7 0.035 0.07 0.31 -0.011 to 0.027
Semen progressive motility 7 0.002 0.00 0.22 -0.001 to 0.006
Luteinizing hormone 5 0.0021 0.01 0.36 -0.02 to 0.006
Follicle-stimulating hormone 5 0.0004 0.00 0.86 -0.005 to 0.006
Testosterone levels 5 -0.004 0.00 0.53 -0.018 to 0.009
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A
, Statistics with study removed Std diff in means (95% CI)
Study name with study removed
Point SIE? (r)lrdard Variance Lower limit Upper limit Z-value P-value Y
Lotti 2016 -0.200 0.172 0.030 -0.538 0.137 -1.162 0.245
Vaghela 2016 -0.037 0.043 0.002 -0.122 0.047 -0.869 0.385
Sarma 2017 -0.312 0.173 0.030 -0.650 0.026 -1.806 0.071
Rao 2021 -0.271 0.264 0.070 -0.789 0.246 -1.028 0.304
Zhao 2022 -0.280 0.264 0.070 -0.798 0.238 -1.060 0.289
Random -0.221 0.156 0.024 -0.527 0.084 -1.422 0.155
Pred Int -0.221 -1.301 0.858
-5.00 -2.50 0 2.50 5.00
Sensitity analysis
B
Study name Statistics with study removed St‘d diff in means (95% CI)
Point g;?grdard Variance  Lower limit Upper limit Z-value P-value with study removed
Lotti 2016 -0.586 0.373 0.139 -1.317 0.145 -1.571 0.116 ——t
Vaghela 2016 -0.227 0.221 0.049 -0.659 0.206 -1.026 0.305 —oF
Sarma 2017 -0.597 0.381 0.145 -1.344 0.151 -1.565 0.118 ——t
Rehman 2020  -0.443 0.433 0.188 -1.292 0.406 -1.022 0.307 —_———
Zhao 2022 -0.644 0.340 0.116 -1.311 0.023 -1.893 0.058 ——
Random -0.499 0.321 0.103 -1.127 0.130 -1.554 0.120 —
Pred Int -0.499 0.000 0.000 -2.919 1.922 0.000  <0.001
-5.00 -2.50 0 2.50 5.00
Sensitity analysis
C
Statistics with study removed
Study name
. Std diff in means (95% C
Point glf?(r)lrdard Lower limit Upper limit Z-value P-value with study removéd b Ch)
Krassas 2008 -0.83 0.35 -1.51 -0.16 -2.41 0.02
Nikoobakht 2012 -0.51 0.27 -1.05 0.03 -1.87 0.06 .
Lotti 2016 -0.89 0.35 -1.58 -0.21 -2.56 0.01 o
Vaghela 2016 -0.63 0.28 -1.19 -0.08 -2.23 0.03 —]
Sarma 2017 -0.75 0.34 -1.43 -0.08 -2.19 0.03 ——
Rehman 2020 -0.93 0.42 -1.76 -0.10 -2.19 0.03 —_——
Zhao 2022 -0.93 0.40 -1.72 -0.14 -2.30 0.02 ——
Random -0.78 0.31 -1.40 -0.17 -2.51 0.01 -
Pred Int -0.78 0.00 -2.97 1.41 0.00 <0.01 b 1 1
-5.00 -2.50 0 2.50 5.00

Sensitity analysis




Meta—analysis of the association between Hashimoto's thyroiditis and male fertility 155
D Statistics with study removed oo .
Study name : Strdard — — Std diff in means (95% CI)
Point 2 Lower limit Upper limit Z-value P-value with study removed
Krassas 2008 -1.280 0.402 -2.068 -0.492 -3.183 0.001 ——
Nikoobakht 2012 -0.946 0.373 -1.677 -0.215 -2.535 0.011 ——
Lotti 2016 -1.300 0.404 -2.091 -0.509 -3.221 0.001 —C—
Vaghela 2016 -0.727 0.236 -1.190 -0.263 -3.073 0.002 —0=
Sarma 2017 -1.126 0.399 -1.908 -0.345 -2.824 0.005 ——
Rehman 2020 -1.183 0.430 -2.027 -0.339 -2.748 0.006 ——
Rao 2021 -1.305 0.524 -2.333 -0.278 -2.490 0.013 —_—
Zhao 2022 -1.320 0.517 -2.332 -0.307 -2.554 0.011 —_—
Random -1.151 0.370 -1.876 -0.425 -3.107 0.002 _
Pred Int -1.151 0.000 -3.807 1.506 0.000 <0.001 I t J
-5.00 -2.50 0 2.50 5.00
Sensitity analysis
E Statistics with study removed Std diff in means (95% CI)
Study name Point S;?élrdard Lower limit Upper limit Z-value P-value with study removed
Nikoobakht 2012 0.472 0.276 -0.069 1.013 1.711 0.087 —0—
Lotti 2016 0.528 0.252 0.033 1.022 2.093 0.036 =
Vaghela 2016 0.218 0.100 0.023 0.413 2.188 0.029 o
Sarma 2017 0.403 0.272 -0.131 0.937 1.480 0.139 +o—
Rehman 2020 0.520 0.261 0.009 1.031 1.996 0.046 —0—
Random 0.437 0.223 0.000 0.874 1.962 0.050 f
Pred Int 0.437 -1.149 2.023 e —
-5.00 -2.50 0 2.50 5.00
Sensitity analysis
F Statistics with study removed Std diff in means (95% CI)
Stndy name Point g;?grdard Lower limit Upper limit Z-value P-value with study removed
Nikoobakht 2012 0.319 0.296 -0.260 0.899 1.080 0.280 -
Lotti 2016 0.309 0.283 -0.246 0.863 1.091 0.275 -o—
Vaghela 2016 0.034 0.099 -0.160 0.229 0.346 0.730 <
Sarma 2017 0.346 0.288 -0.218 0.910 1.202 0.229 o
Rehman 2020 0.395 0.264 -0.122 0.912 1.496 0.135 +0—
Random 0.293 0.237 -0.171 0.758 1.237 0.216 L=
Pred Int 0.293 -1.415 2.002 f——
-5.00 -2.50 0 2.50 5.00
Sensitity analysis
G
Statistics with study removed Std diff in means (95% CI)
Study name Point Standard L imi . with study removed
error ower limit Upper limit Z-value P-value
Nikoobakht 2012 395 (842 3042 0258  -1.654  0.098 o
Lotti 2016 1305 0813 298 0197 1717 0086
Vaghela 2016 0475 0178 0823 0127 2671  0.008 -
Sarma 2017 1184 0855 2850 0492 -1385  0.166
Rehman 2020 1282 0960 3164 0601  -1335  0.182 o
Random 1143 0686 2487 0200  -1.668  0.095 1
Pred Int 1143 0000 6433 4146
Sensitity analysis -5.00 -2.50 0 2.50 5.00

Figure 4. Sensitivity analysis and male fertility parameters, including A) semen volume, B) total sperm count, C) morphology, D) progressive motility, E)
luteinizing hormone (LH), F) follicle-stimulating hormone (FSH), and G) testosterone levels. Pred Int: prediction interval.
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4. Discussion

The interplay between HT and male fertility is a complex and
multifaceted issue that has garnered significant attention in
endocrinological and reproductive medical research[24,25]. Our
meta-analysis included eight studies and 8965 participants from
January 2000 to March 2024, providing compelling insight into
this crucial issue. Meta-analytic and meta-regression analyses offer
substantive evidence regarding the adverse effects of HT on both
seminal quality and reproductive hormone profiles in affected males,
highlighting the critical impact of this autoimmune thyroid disorder

on male reproductive health. Our meta-analysis result revealed
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Figure 5. Funnel plot to assess the presences of publication bias

about Hashimoto's thyroiditis (HT) and male fertility parameters,
including A) semen volume, B) total sperm count, C) morphology,
D) progressive motility, E) luteinizing hormone (LH), F) follicle-

stimulating hormone (FSH), and G) testosterone levels.

significant negative associations between HT and important semen
quality parameters. In particular, a reduction in semen volume, total
sperm count, and progressive motility, as well as impaired sperm
morphology were observed. These results suggest that HT impairs
spermatogenesis and sperm function through its influence on thyroid
hormone levels and possibly associated autoimmune or inflammatory
processes|26]. These results are consistent with previous studies, as
shown by Vaghela and his colleagues[27]. The reduction in semen
volume and sperm count in HT may be due to the direct and indirect
effects of thyroid hormone imbalance on the seminiferous tubules
and Sertoli cells, which are critical for spermatogenesis[28.,29].

Thyroid hormones have been shown to regulate gene expression and
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protein synthesis in Sertoli cells, and their dysregulation may impair
the support these cells provide to developing spermatozoa[30.31]. In
addition, autoimmunity of the thyroid gland can have adverse effects
through systemic inflammation or specific autoimmune responses
targeting the testes[32]. Also, these results are consistent with
previous studies, as shown by Zhao et al[33]. The observed decrease
in progressive sperm motility and morphology further emphasizes
the potential impact of HT on the functional aspects of sperm[34].
In addition, thyroid hormones are known to affect mitochondrial
energy metabolism, which is paramount for sperm motility. An
imbalance in thyroid hormone levels may disrupt the energy supply
of sperm, consequently impacting their motility and fertilization
potential[35,36]. The significant changes in LH, FSH, and testosterone
levels in men with HT indicate a disruption of the HPG axis[37.38].
Elevated LH and FSH levels may reflect a compensatory response
to decreased testicular function, while decreased testosterone levels
indicate impaired Leydig cell activity[38.39].

Conversely, the observed decline in testosterone levels is
particularly concerning as it plays a central role in spermatogenesis,
libido, and overall male reproductive health[39.40]. These hormonal
changes could be due to the direct effects of thyroid hormone
imbalance on the HPG axis or the broader systemic effects of chronic
autoimmune inflammation associated with HT. This topic has been
thoroughly investigated in prior studies, such as those conducted by
Sharma et al[39].

Our meta-regression analyses provided further deepened our
understanding of the associations between HT and male fertility
parameters and have shown how these associations may vary
depending on specific moderators. The association between higher
BMI and altered fertility parameters underscores the complex
interplay between metabolic health and reproductive function[41.42].
The positive correlation between BMI and testosterone levels
may reflect an adaptive response to increased adiposity, while the
negative correlations with semen volume and other parameters
suggest that metabolic factors associated with higher BMI may
exacerbate the reproductive effects of HT[43.44]. These results are
consistent with previous studies, as demonstrated by Krasas and his
colleagues|45]. The results of the methodology of semen analysis
underline the importance of standardization and quality in assessing
reproductive health[46.47]. The negative correlation with progressive
motility suggests that methodological differences may influence the
observed effects of HT on this parameter. Conversely, the positive
correlation with sperm morphology suggests that certain analytical
methods may be more sensitive to morphological changes associated
with the disease. Finally, the NOS quality score meta-regression
results suggest that higher-quality studies tend to have stronger
negative associations between HT and key sperm parameters,
adding credibility to these findings[48.49]. This meta-analysis on
the relationship between HT and male fertility boasts several
strengths, bolstering the reliability and relevance of its findings.
Firstly, the rigorous search methodology employed ensured the

inclusion of a comprehensive and representative sample of studies

encompassing diverse populations and settings. This extensive data
pool, comprising 8965 participants across multiple studies, enhances
the generalizability of the results, making them applicable to a
broader demographic. The utilization of meta-regression techniques
is a significant strength, as it allows for the exploration of potential
moderators and confounders that could influence the observed
associations. By systematically examining variables such as age,
assay technique, and BMI, the analysis provides nuanced insights
into how different factors might modulate the impact of HT on
male reproductive health. This approach not only strengthens the
interpretation of the results but also helps identify specific subgroups
that might be more vulnerable to the detrimental effects of HT.
Another notable strength is the focus on both hormonal and seminal
parameters. This dual approach provides a holistic understanding
of how HT affects male fertility, addressing both endocrine and
gametogenic aspects.

Despite these strengths, several limitations must be acknowledged
to provide a balanced perspective. One significant limitation is
the heterogeneity among the included studies. Variations in study
design, diagnostic criteria for HT, and methods for assessing
reproductive parameters contribute to substantial heterogeneity (all
[=75%). This variability can influence the robustness of the pooled
estimates and suggests that the impact of HT on male fertility may
differ across populations and contexts. Future studies should strive
for standardization in diagnostic and assessment methodologies to
mitigate this issue. Additionally, the influence of confounding factors
such as concomitant medical conditions, medications, and lifestyle
variables was not uniformly accounted for across studies|50.51]. For
instance, conditions like obesity and diabetes, which are prevalent
in HT patients, can independently affect reproductive health[52].
The lack of consistent adjustment for these confounders may skew
the observed associations. Detailed reporting and control of these
variables in future research will enhance the accuracy of the findings.
Lastly, while the study provides valuable insights into the impact of
HT on male fertility, it does not extensively explore the underlying
biological mechanisms. Future studies should delve deeper into these
mechanisms, using advanced molecular and genetic techniques to
unravel the precise biological underpinnings.

In conclusion, according to a meta-analytic investigation involving
8965 individuals, male fertility parameters such as seminal factors
and reproductive hormones are linked to HT in men. The analysis,
which covers various studies and involves data from a significant
number of participants, highlights the potential negative impacts of
HT on semen quality parameters and reproductive hormone profiles.
These findings underscore the importance of clinicians considering
the assessment of thyroid function as an integral part of strategies for

evaluating and treating male infertility.
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