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Abstract 
Diabetes is a widespread chronic disease with detrimental effects on male fertility. This study aims to 

investigate the relationship between diabetes and male fertility, focusing on the process of 

spermatogenesis and the occurrence of epigenetic modifications. This study was done as a review and 

library research. For this purpose, the researchers conducted in this field was examined. The results 

showed that spermatogenesis, the complex process of sperm cell production, is highly sensitive to 

disturbances in glucose metabolism caused by diabetes. The altered metabolic environment in diabetes 

can potentially disrupt the development and function of sperm cells. Moreover, emerging evidence 

suggests that diabetes can induce epigenetic modifications, which are heritable changes in gene activity 

without altering the DNA sequence. These epigenetic alterations may occur during spermatogenesis, 

affecting the quality and genetic integrity of sperm cells. Consequently, they can have significant 

implications for fertility and the health of offspring. Understanding the mechanisms underlying the 

impact of diabetes on male fertility is crucial for developing effective diagnostic and therapeutic 

strategies. Further research is needed to elucidate the precise molecular pathways involved in the 

interplay between diabetes and spermatogenesis. Additionally, investigating the epigenetic alterations 

associated with diabetes can provide valuable insights into the transgenerational effects on fertility and 

offspring health. In conclusion, diabetes exerts considerable influence on male fertility through its 

effects on spermatogenesis and the occurrence of epigenetic modifications. This study highlights the 

importance of comprehensive management and care for individuals with diabetes to mitigate the adverse 

effects on male reproductive health and ensure the well-being of future generations. 
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Introduction 
Diabetes is a destructive disease that is divided into two types: Type 1 diabetes and Type 2 diabetes. Type 1 diabetes 
is caused by an autoimmune reaction against beta cells. Approximately 5% of diabetic individuals worldwide have 
Type 1 diabetes [1]. Type 2 diabetes affects 95% of diabetic patients. This type of diabetes often occurs in adulthood 
and is associated with genetic predisposition, inflammatory components, and environmental determinants such as 
obesity, poor dietary habits, and low physical activity. Diabetes affects various tissues, including the reproductive 
glands (testes). This impact can lead to reduced fertility and infertility [2]. Generally, about 15 to 20% of couples are 
infertile. Additionally, 30 to 40% of infertility cases are related to male factors. The health of sperm DNA is one of 
the factors that directly affects sperm quality and quantity. Furthermore, apart from familial and genetic backgrounds, 
it is possible that a portion of the 13 to 16% of young couples affected by infertility issues may suffer from 
hyperglycemia [3]. Additionally, metabolic imbalance, oxidative stress, and hormonal disorders caused by 
hyperglycemia can be considered as factors contributing to infertility. On the other hand, epigenetics refers to factors 
that create changes in genetic activity without altering the sequence. Research on DNA suggests that epigenetic 
changes may play a role in spermatogenesis and potentially impact fertility. Moreover, diabetes can directly or 
indirectly influence epigenetic changes [1]. These changes can particularly affect germ cells and consequently have 
an impact on fertility. Due to the limited studies conducted so far on the effects of diabetes on fertility, epigenetic 
changes, and spermatogenesis, and considering the importance of this subject, recent research has investigated this 
topic. 
 

Theoretical foundations of research 
Diabetes is a metabolic disorder in which the body loses its ability to utilize carbohydrates and fats effectively. This 
condition occurs due to a disruption in insulin secretion or insulin resistance, leading to increased blood glucose levels 
(hyperglycemia) and the excretion of glucose in the urine (glucosuria). Diabetes has been recognized for a long time 
and is associated with specific symptoms such as polyuria (increased urination), polydipsia (excessive thirst), 
polyphagia (increased appetite), and weight loss [2]. It is a significant global health issue today, with an estimated 246 
million people worldwide affected by diabetes, according to the International Diabetes Federation. The prevalence of 
diabetes is rapidly increasing, with projections suggesting that the number of affected individuals will rise to 380 
million by 2025 [1]. 
Diabetes is associated with short-term complications such as hypoglycemia and long-term complications including 
cardiovascular diseases, neuropathy, nephropathy, and retinopathy. Moreover, diabetes doubles the risk of individuals 
developing depression, with approximately one in every five diabetic patients affected by depression [2]. Beta cells 
in the islets of Langerhans, responsible for insulin secretion, are sensitive to the level of glucose present in the blood 
and adjust their secretion in response to its increase or decrease. In addition to responding to changes in glucose levels, 
beta cells also secrete insulin in response to changes in amino acids and fatty acids in the blood [3]. Insulin secretion 
is regulated and modulated by specific neuronal signals, hormones, and pharmacological factors. In individuals with 
type 2 diabetes, insulin is either not produced or produced in insufficient amounts to adequately control blood glucose 
levels. Diabetes is classified into two types: type 1 and type 2 [1]. The cause of type 1 diabetes is primarily autoimmune 
destruction of beta cells. Type 2 diabetes has more complex causes and arises due to the resistance of muscle and fat 
tissues to insulin. In the advanced stages of type 2 diabetes, multiple stages of the apoptosis cycle (programmed cell 
death) are activated, leading to the death of beta cells. As a result, insulin deficiency occurs, resembling a state very 
similar to type 1 diabetes. Therefore, in diabetic patients, blood glucose levels increase, and daily insulin injections 
are necessary, similar to individuals with type 1 diabetes [4]. 
 
Types of Diabetes 
There are three main types of diabetes: type 1, type 2, and gestational diabetes (diabetes while pregnant). 
- Type 1 Diabetes 
Type 1 diabetes is thought to be caused by an autoimmune reaction (the body attacks itself by mistake). This reaction 
stops your body from making insulin. Approximately 5-10% of the people who have diabetes have type 1. Type 1 
diabetes can be diagnosed at any age, and symptoms often develop quickly. If you have type 1 diabetes, you’ll need 
to take insulin every day to survive. Currently, no one knows how to prevent type 1 diabetes. 
- Type 2 Diabetes 
With type 2 diabetes, your body doesn’t use insulin well and can’t keep blood sugar at normal levels. About 90-95% 
of people with diabetes have type 2. It develops over many years and is usually diagnosed in adults (but more and 
more in children, teens, and young adults). You may not notice any symptoms, so it’s important to get your blood 
sugar tested if you’re at risk. Type 2 diabetes can be prevented or delayed with healthy lifestyle changes, such as  [5]:  

✓ Losing weight. 
✓ Eating healthy food. 
✓ Being active. 
✓ Gestational Diabetes.  

Gestational diabetes develops in pregnant women who have never had diabetes. If you have gestational diabetes, your 
baby could be at higher risk for health problems. Gestational diabetes usually goes away after your baby is born. 
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However, it increases your risk for type 2 diabetes later in life. Your baby is more likely to have obesity as a child or 
teen and develop type 2 diabetes later in life [1].  
 
Common tests to diagnose diabetes 

The following tests are used for the diagnosis of diabetes [3]: 
A fasting plasma glucose test measures your blood glucose after you have gone at least 8 hours without eating. This 
test is used to detect diabetes or prediabetes. 
An oral glucose tolerance test measures your blood sugar after you have gone at least eight hours without eating and 
two hours after you drink a glucose-containing beverage. This test can be used to diagnose diabetes or prediabetes  
[4].  
In a random plasma glucose test, your doctor checks your blood sugar without regard to when you ate your last meal. 
This test, along with an assessment of symptoms, is used to diagnose diabetes, but not prediabetes. 
A hemoglobin A1c (HbA1c) test can be done without fasting, and can be used to diagnose or confirm either prediabetes 
or diabetes  [2].  
Positive test results should be confirmed by repeating the fasting plasma glucose test or the oral glucose tolerance test 
on a different day. When first diagnosed with diabetes, your doctor may suggest a zinc transporter 8 autoantibody 
(ZnT8Ab) test. This blood test -- along with other information and test results -- can help determine if a person has 
type 1 diabetes and not another type. The goal of having the ZnT8Ab test is a prompt and accurate diagnosis and that 
can lead to timely treatment [2]. 
The relationship between diabetes and fertility 
Diabetes can be a factor that affects infertility in couples. Additionally, diabetes can lead to other problems such as 
disorders in the uterus and fallopian tubes, as well as difficulties in sexual function and intimacy, which can contribute 
to infertility. Let's explore the impact of diabetes on fertility [1]: 
- Impact of diabetes on ovarian function and hormone production in women: Diabetes can have a direct and 
indirect impact on the functioning of the ovaries and the production of sex hormones in women. Disturbances in blood 
glucose and insulin levels in the body may disrupt the balance of sex hormones. This can result in irregular ovulation, 
lack of egg production, or failure in egg release, ultimately affecting fertility. 
- Impact of diabetes on sperm quality and sexual function in men: Diabetes can also have a direct and indirect 
impact on sperm quality and sexual function in men. Imbalances in blood glucose and insulin levels can lead to tissue 
damage, oxidative stress, and hormonal disturbances, which can affect sperm quality and sexual function. This can 
result in reduced sperm count and motility, posing challenges to fertility  [2].  
 
Factors Affecting Fertility in Individuals with Diabetes 
Several factors can impact the fertility of individuals with diabetes. Below are some of these factors: Type of diabetes 
and duration of the condition: The type of diabetes and the duration of the condition can significantly affect fertility. 
For example, studies have shown that women with type 2 diabetes may experience ovarian issues such as polycystic 
ovary syndrome (PCOS), which can lead to infertility. Moreover, the duration of diabetes can also have an impact, as 
long-term blood glucose control can directly affect fertility  [2].  
Blood glucose control and HbA1c levels: In examining the impact of diabetes on fertility, maintaining proper blood 
glucose control and HbA1c levels is crucial for fertility management. Stable blood glucose levels within the normal 
range, as well as adequate control of HbA1c (which reflects blood glucose control over a few months), can reduce 
pregnancy-related risks in women with diabetes and improve fertility [4].  
Side effects of diabetes medications: When considering the impact of diabetes on infertility, it's important to note that 
certain medications used to control diabetes may have side effects on fertility. For example, some glucose-lowering 
medications may have a negative impact on ovulation, egg production, or sperm quality, thereby affecting fertility. 
Influence of psychological and emotional factors on fertility in individuals with diabetes: Psychological and emotional 
factors can play a significant role in the fertility of individuals with diabetes. Stress, anxiety, and depression can be 
factors that negatively affect fertility. This can impact fertility through their influence on the hormonal system, ovaries, 
sperm quality, sexual function, and other factors related to fertility [1].  
 
The Role of Epigenetics in Male Infertility 

One of the causes of male infertility is epigenetic disorders, which have recently gained importance compared to other 
factors. Recent technological advancements have enabled the study of the role of epigenetics in male infertility. 
Epigenetic changes refer to a set of factors that affect gene expression but do not alter the DNA sequence. Figure 1 
illustrates the main mechanisms of epigenetics. 
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Figure 1- Major epigenetic mechanisms affecting gene activity 

 
Hypermethylation and hypomethylation 
Hypermethylation and hypomethylation are the most important mechanisms among other epigenetic factors, involving 
DNA [6]. Numerous human genes contain CpG islands near their promoter regions. Hypermethylation of these regions 
leads to gene suppression, while hypomethylation results in gene expression. Many genes are involved in regulating 
this process, making them good candidates for study [1]. Epigenetic infertility in men is associated with these 
mechanisms (Table 1).  
 

Table 1- List of the genes/proteins important for epigenetic modifications. 

Genes/proteins Function Reference 

MTHFR Maintains the pool of methyl donors [7] 

DNMT1, DNMT3A, DNMT3B DNA methylation [8, 9] 

DNMT3L Required for DNMT3A2 activity [10, 11] 

SWI/SNF, ISWI Chromatin remodeling [12,13] 

Jhdm2a Chromatin remodeling [14, 15] 

Suv39h1 Histone methylation [15] 

G9a Histone methylation [16] 

LSD1-domain proteins, JmjC-domain 
proteins 

Histone demethylation [13] 

HATs Histone acetylation [17] 

MYST Histone acetylation [14] 

HDACs Histone deacetylation [17] 

SIRT1 Histone deacetylation [18] 

MUTp Histone phosphorylation [19] 

NHK-1 Histone phosphorylation [20] 

MSK1, MSK2 Histone phosphorylation [21] 

PKA Histone phosphorylation [22] 

HR6B Histone ubiquitylation [23] 

E1 SUMO-activating enzyme 1, E1 SUMO-
activating enzyme 2, UBC9 

Histone sumoylation [24] 

CTCF Interacts with differential methylated 
regions 

[25, 26] 
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BORIS Interacts with demethylases [25, 26] 

 
Histone modifications 
Changes in histones following translation are highly significant for proper cellular functioning. The N-terminal region 
of histones is crucial for proper cellular processes such as mitosis and spermatogenesis. The N-terminal region 
contains amino acids that can undergo methylation, acetylation, phosphorylation, and ubiquitination. The information 
exchange that occurs through these modifications is referred to as the histone code. Some common modifications 
include acetylation, monomethylation, dimethylation, and trimethylation of lysines, as well as phosphorylation of 
serines [4]. Enzymes such as histone acetyltransferases, histone methyltransferases, histone kinases, histone 
deacetylases, histone demethylases, and histone phosphatases are involved in these modifications. Depending on the 
type of modification, chromatin can be classified into heterochromatin and euchromatin [27]. Heterochromatin regions 
are less active due to their highly condensed state, while euchromatin regions are less condensed and therefore 
transcriptionally active. Heterochromatin itself can be divided into two categories: constitutive heterochromatin, 
which cannot be converted into euchromatin, and facultative heterochromatin, which can be converted into 
euchromatin. Various histone modifications have been described in both euchromatin and heterochromatin regions 
(Table 2).  
 

Table 2- List of aberrant epigenetic modification reported in male infertility 

Genes/proteins Aberration and male infertility Reference 

MTHFR DNA hypermethylation results in poor 
semen quality and infertility 

[28] 

PAX8, NTF3, SFN, HRAS DNA hypermethylation associates with 
poor sperm concentration, motility and 
morphology 

[29] 

JHM2DA Knockout results in loose packaging of 
DNA and may cause infertility 

[13] 

IGF2, H19 Low methylation associates with low 
sperm concentration 

[31] 

RASGRF1 Hypermethylation at the imprinted locus 
associates with poor semen parameters 

[29] 

GTL2 Hypermethylation at the imprinted locus 
associates with poor semen parameters 

[32] 

PLAG1, D1RAS3, MEST Hypermethylation at the imprinted loci 
associates with poor semen parameters 

[29] 

 
Chromatin remodeling  
Chromatin remodeling complexes can alter the structure or position of nucleosomes on DNA using the energy derived 
from ATP hydrolysis. Through this mechanism, genes can become more accessible for transcription or completely 
inaccessible.  
 
 Epigenetics in assisted reproductive technologies 
As described previously, the DNA of spermatozoa is differentially methylated at several maternal and paternal 
imprinting regions, as well as exhibits unique global methylation patterns. Reprogramming of the epigenome and 
imprinted loci during gametogenesis and peri-implantation stages is very crucial for maintaining proper pattern of 
inheritance, particularly at imprinted loci [25, 26].  There is a concern that assisted reproductive technologies such as 
intracytoplasmic sperm injection (ICSI) and round spermatid injection (ROSI) may increase the incidence of 
imprinting disorders and adversely affect embryonic development by using immature spermatozoa that may not have 
proper imprints or global methylation established [29]. Deregulation of imprinted regions has been associated with the 
onset of Angelman syndrome in the cases undergoing intracytoplasmic sperm injection [1]. Deregulation of Igf2 
imprinted loci has been previously associated with malformed offspring in mice, characterized by retardation [29] and 
Beckwith-Wiedemann syndrome  [2]. However, long term studies on imprinting disorders in assisted reproductive 
techniques have denied an association between the two  [4]. The evidence describing ART procedures as increasing 
the frequency of imprinting disorders such as Prader-Willi Syndrome, Beckwith-Wiedemann Syndrome and 
Angelman Syndrome has remained contradictory. Doornbos et al., Manning et al. and others contend that use of ART 
does not increase the risk of imprinting disorders  [5], while Manipalviratn et al., Shiota et al. and others conclude that 
it indeed does  [33]. Large longitudinal studies must be conducted to examine this connection more thoroughly. 
Evidence has been provided, however, that ROSI is linked to abnormal zygotic epigenetic regulation. Indeed, a study 
by Kishigami et al. demonstrated that injection with round spermatids versus mature spermatozoon results in 
distinguishable methylation patterns of the paternal zygotic genome (Okada et al, 2007). Data from this study show 
that zygotic genomes derived from round spermatids are remethylated after initial demethylation before completion 
of the first mitosis  [2]. This inability to prevent global DNA remethylation does indeed lead to abnormal genome-
wide DNA methylation in the paternal zygotic genome  [33]. Moreover, unlike spermatozoa, round spermatids exhibit 
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H3K9 trimethylation, which is preserved through the first mitosis of the zygote  [5]. The authors believe these 
differences in epigenetic patterns may account for the lower success rates of ROSI  [4].  
 
Impact of assisted reproductive technology on epigenetic profile 

Studies in humans and mice have shown that oocytes induced by hormonal stimulation and embryos created through 
assisted reproductive technologies (ART) exhibit differences in gene expression and DNA methylation patterns. 
Several recent studies have also indicated a higher prevalence of epigenetic abnormalities among children born 
through ART compared to naturally conceived children. This increased prevalence has been reported for Angelman 
syndrome with an odds ratio of 6 to 12, and for Beckwith-Wiedemann syndrome with an odds ratio of 6 to 17 [1]. An 
interesting observation in both of these syndromes is that they involve abnormalities in the maternal allele imprinting. 
Among these children, loss of methylation in a differentially methylated region of maternal origin in 11q15 is eight 
times more frequent for Angelman syndrome, and 1.9 times more frequent for Beckwith-Wiedemann syndrome in 
11q15. It is worth noting that environmental conditions can also contribute to these types of changes in the human 
embryo  [2]. 
For many years, the role of epigenetic factors in infertility and the impact of assisted reproductive technologies on the 
epigenetic profile of embryos were not widely recognized. However, recent studies have shown that epigenetic factors 
are one of the important and measurable factors in male infertility, and thus these factors should be further investigated 
and incorporated into diagnostic methods for male infertility [33]. On the other hand, it is now evident that artificial 
ovarian stimulation, which is a stage of infertility treatment, is associated with epigenetic alterations in paternal and 
maternal alleles, but it is still unclear whether epigenetic abnormalities themselves contribute to infertility or if they 
are a consequence of the artificial ovarian stimulation. Therefore, further studies are needed to determine the precise 
prevalence of epigenetic abnormalities among children conceived through ART and to investigate the impact of ART 
on the epigenetic pattern of embryos  [4].  
 
Impact of parental diabetes on male germ cell epigenetic regulation 
 Epigenetic patterning starts in the germ line and is essential for normal embryo and postnatal development.62 
Epigenetic modifications during germ cell development are postulated to play roles in gene expression, meiosis, 
genomic integrity, and genomic imprinting.63 Epigenetics refers to a collection of mechanisms and phenomena that 
define the phenotype of a cell without affecting the genotype. Epigenetic states can be modified by environmental 
factors, which may contribute to the development of abnormal phenotypes [29]. Epidemiological evidence increasingly 
suggests that environmental exposures early in development have a role in susceptibility to disease in later life [28]. 
A growing body of data, from animal as well as human studies, has established that the molecular basis of 
programming involves altered DNA methylation. In molecular terms, it represents chromatin modifications including 
DNA methylation, histone modifications, remodeling of nucleosomes and the higher-order chromatin reorganization, 
and noncoding RNAs. Epigenetic modifications are essential during spermatogenesis (Figure 2). 
 

 
Figure 2- Epigenetic modifications occurring during spermatogenesis. 
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Streptozotocin induced diabetes model 

 In animals, the male reproductive milieu (testis and epididymal sperm) of streptozotocin (STZ)-induced diabetic mice 
is subjected to significant OS during the early diabetic phase and may apparently contribute to the development of 
testicular dysfunction, thus leading to altered steroidogenesis and impaired spermatogenesis [2]. In insulin-dependent 
diabetes, leydig cell function and testosterone production decrease due to the absence of the stimulatory effect of 
insulin on these cells and an insulin-dependent decrease in FSH, which, in turn, reduces LH levels. Sperm output and 
fertility are reduced because of a decrease in FSH caused by a reduction in insulin  [2]. Hyperglycemia has an adverse 
effect on sperm concentration and motility via the changes in energy production and free radical management [4]. 
Furthermore, rats treated with STZ for 1 month, showed some metabolic adaptations, such as the increase in the 
efficiency of mitochondrial ATP production, in order to circumvent the deleterious effects promoted by the disease 
[2]. Male diabetes may cause male subfertility by altering steroidogenesis, sperm motility, and GLUT expression. 
Fertilization rates were distinctly lower in the Akita group, and the STZ-injected male group compared with the normal 
group  [5]. Furthermore, in fertilized zygotes, embryo developmental rates to the blastocyst stage in two diabetic 
models were lower than that in controls [29]. Mallidis et al. described the changes in the testicular metabolome after 
the induction by STZ in an experimental model of type 1 diabetes and identified the perturbations in several important 
metabolites. Specifically, diabetic mice showed the decreased carnitine, creatine, and choline and the increased lactate, 
alanine, and myo-inositol [6]. Epidermal growth factor deficiency is a potential cause for the pathogenesis of 
oligozoospermia in diabetic mice. STZ-diabetes also notably reduced the epididymal tissue concentrations of 
testosterone, androgen-binding protein, sialic acid, and glycerylphosphorylcholine, suggesting its adverse effects on 
the secretory activity and the concentrating capacity of epididymal epithelium [5]. Impaired cauda epididymidal sperm 
motility and fertility in STZ-diabetic rats implied the defective sperm maturation. Insulin replacement prevented these 
changes either partially or completely  [2]. From the above findings, it is evident that STZ-diabetes has an adverse 
effect on sperm maturation, which may be caused by the decrease in the bioavailability of testosterone and epididymal 
secretory products. Some scientists indicated that the germ cell abnormalities observed in the hyperglycemic group 
could be interpreted as the primary effect of STZ, not the hyperglycemia [34]. Some researchers demonstrated that 
STZ-induced DM may influence the male fertility potential via affecting sperm parameters and DNA integrity in mice. 
However, diabetes has no detrimental effect on histone-protamines replacement during the testicular phase of sperm 
chromatin packaging  [4].  
 

Literture review 
Cescon et al (2020) considered the environmental impact on male (in) fertility via epigenetic route. In this scenario, 
evidence now suggests that epigenetics shapes endocrine functions, linking genetics and environment. During 
fertilization, spermatozoa share with the oocyte their epigenome, along with their haploid genome, in order to 
orchestrate embryo development. The epigenetic signature of spermatozoa is the result of a dynamic modulation of 
the epigenetic marks occurring, firstly, in the testis—during germ cell progression—then, along the epididymis, where 
spermatozoa still receive molecules, conveyed by epididymosomes. Paternal lifestyle, including nutrition and 
exposure to hazardous substances, alters the phenotype of the next generations, through the remodeling of a sperm 
epigenetic blueprint that dynamically reacts to a wide range of environmental and lifestyle stressors. With that in 
mind, this review will summarize and discuss insights into germline epigenetic plasticity caused by environmental 
stimuli and diet and how spermatozoa may be carriers of induced epimutations across generations through a 
mechanism known as paternal transgenerational epigenetic inheritance [33].  
Rotondo et al (2021) studied the epigenetics of male infertility: the role of DNA methylation. The findings support 
the hypothesis that sperm DNA methylation is associated with sperm alterations and infertility. Several genes have 
been found to be differentially methylated in relation to impaired spermatogenesis and/or reproductive dysfunction. 
Particularly, DNA methylation defects of MEST and H19 within imprinted genes and MTHFR within non-imprinted 
genes have been repeatedly linked with male infertility. A deep knowledge of sperm DNA methylation status in 
association with reduced reproductive potential could improve the development of novel diagnostic tools for this 
disease. Further studies are needed to better elucidate the mechanisms affecting methylation in sperm and their impact 
on male infertility [2]. 
Jazayeri et al (2022) explored Underestimated aspects in male infertility: epigenetics is a new approach in men with 
obesity or diabetes. The results show Many molecular mechanisms involved in male infertility. Destructive effects of 
infertility on the next generations are not well understood. Approximately 60-75% of male infertility cases have 
idiopathic causes, and there is a need for additional investigations other than routine examinations. Molecular factors 
that surround DNA, which are mitotically stable and independently regulate genome activity of DNA sequences, are 
known as epigenetics. The known epigenetic mechanisms are DNA methylation, histone modifications and non-
coding RNAs. Prevalence of metabolic diseases has been increased dramatically because of changes in lifestyle and 
the current levels of inactivity. Metabolic disorders, such as obesity and diabetes, are prevalent reasons for male 
infertility; despite the association between metabolic diseases and male infertility, few studies have been conducted 
on the effects of epigenetic alterations associated with these diseases and sperm abnormalities. Diabetes can affect the 
reproductive system and testicular function at multiple levels; however, there are very few molecular and epigenetic 
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studies related to sperm from males with diabetes. On the other hand, obesity has similar conditions, while male 
obesity is linked to notable alterations in the sperm molecular architecture affecting both function and embryo quality. 
Therefore, in this review article, we presented new and developed technologies to study different patterns of epigenetic 
changes, and explained the exact mechanisms of epigenetic changes linked to metabolic diseases and their relationship 
with male infertility [1]. 
Jazayeri et al (2022) examined Epigenetic modifications at DMRs of imprinting genes in sperm of type 2 diabetic 
men. This study has been performed to test the hypothesis of the relationship between T2DM and the epigenetic profile 
of the sperm, as well as sperm quality indices. This research included 42 individuals referred to the infertility clinic 
of Royan Institute, Iran in 2019–2021. The study subjects were assigned to three groups: normozoospermic non-
diabetic (control), normozoospermic diabetic (DN) and non-normozoospermic diabetic (D.Non-N). Sperm DNA 
fragmentation was evaluated using the sperm chromatin structure assay technique. The global methylation level was 
examined using 5-methyl cytosine antibody and the methylation status in differentially methylated regions of H19, 
MEST, and SNRPN was assessed using the methylation-sensitive high-resolution melting technique. The results 
showed that the sperm global methylation in spermatozoa of D.Non-N group was significantly reduced compared with 
the other two groups (P < 0.05). The MEST and H19 genes were hypomethylated in the spermatozoa of D.Non-N 
individuals, but the difference level was not significant for MEST. The SNRPN gene was significantly 
hypermethylated in these individuals (P < 0.05). The results of this study suggest that T2DM alters the methylation 
profile and epigenetic programming in spermatozoa of humans and that these methylation changes may ultimately 
influence the fertility status of men with diabetes [27]. 
Guerra-Carvalho et al (2022) explored the molecular mechanisms regulating spermatogenesis in vertebrates: 
Environmental, metabolic, and epigenetic factor effects. In animal production, there are many barriers breeders and 
researchers have to overcome to develop new practices to improve reproductive potential and hasten sexual maturation 
of the commercially viable species, while maintaining meat quality and sustainability. With the utilization of 
molecular biology techniques, there have been relevant advances in the knowledge of spermatogenesis, especially in 
mammals, resulting in new possibilities to control male fertility and the selection of desirable characteristics. Most of 
these discoveries have not been implemented in animal production. In this review, recent studies are highlighted on 
the molecular pathways involved in spermatogenesis in the context of animal production. There is also exploration of 
the interaction between environmental factors and spermatogenesis and how this knowledge may revolutionize animal 
production techniques. Furthermore, new insights are described about the inheritance of desired characteristics in 
mammals and there is a review of nefarious actions of pollutants, nutrition, and metabolism on reproductive potential 
in subsequent generations. Even though there are these advances in knowledge base, results from recent studies 
indicate there are previously unrecognized environmental effects on spermatogenesis. The molecular mechanisms 
underlying this interaction are not well understood. Research in spermatogenesis, therefore, remains pivotal as a pillar 
of animal production sustainability [5]. 
Ryu et al (2022) examined abnormal histone replacement following BPA exposure affects spermatogenesis and 
fertility sequentially. The results demonstrated that the mRNA levels of the histone family and PRMs were 
significantly altered by BPA exposure in testes and spermatozoa. Subsequently, core histone proteins, the 
PRM1/PRM2 ratio, directly linked to male fertility, and transition proteins were significantly reduced. Furthermore, 
the results discovered that BPA significantly caused abnormal histone-to-protamine replacement during 
spermiogenesis by increased histone variants-related to histone-to-PRM transition. The levels of histone H3 
modification in the testes and DNA methylation in spermatozoa were significantly increased. Consequently, sperm 
concentration/motility/hyperactivation, fertilization, and early embryonic development were adversely affected as a 
consequence of altered signaling proteins following BPA exposure [4].  
Minas et al (2024) carried out  Effects of diabetes-induced hyperglycemia on epigenetic modifications and DNA 
packaging and methylation during spermatogenesis. They expressed the impact of diabetes on various organs failure 
including testis has been highlighted during the last decades. If on one hand diabetes-induced hyperglycemia has a 
key role in induced damages; on the other hand, glucose deprivation plays a key role in inducing male infertility. 
Indeed, glucose metabolism during spermatogenesis has been highlighted due to post-meiotic germ cells drastic 
dependence on glucose-derived metabolites, especially lactate. In fact, hyperglycemia-induced spermatogenesis arrest 
has been demonstrated in various studies. Moreover, various sperm maturation processes related to sperm function 
such as motility are directly depending on glucose metabolism in Sertoli cells. It has been demonstrated that diabetes-
induced hyperglycemia adversely impacts sperm morphology, motility and DNA integrity, leading to infertility. 
However, fertility quality is another important factor to be considered. Diabetes-induced hyperglycemia is not only 
impacting sperm functions, but also affecting sperm epigenome. DNA packing process and epigenetics modifications 
occur during spermatogenesis process, determining next generation genetic quality transmitted through sperm. Critical 
damages may occur due to under- or downregulation of key proteins during spermatogenesis. Consequently, unpacked 
DNA is more exposed to oxidative stress, leading to intensive DNA damages. Moreover, epigenetic dysregulation 
occurred during spermatogenesis may impact embryo quality and be transmitted to next generations, increasing 
offspring genetic issues. Herein we discuss the mechanisms by which diabetes-induced hyperglycemia can affect 
epigenetic modifications and DNA packaging and methylation during spermatogenesis thus promoting long-lasting 
effects to the next generation [3]. 
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Conclusion 
Diabetes is a chronic and prevalent disease worldwide that has wide-ranging and significant impacts on individuals' 
health. It creates challenges in controlling blood glucose levels and can lead to cardiovascular, neurological, renal, 
and visual complications. However, one aspect that has received less attention is the impact of diabetes on male 
fertility. Fertility is a vital aspect of population health, referring to a couple's ability to reproduce and conceive. 
However, diabetes can directly and indirectly affect male fertility. Unfortunately, the link between diabetes and male 
fertility is not fully understood and remains a subject that requires further investigation and research. One aspect that 
has garnered attention in the context of diabetes and male fertility is the impact of diabetes on the process of 
spermatogenesis. Sperm cells are produced in a complex and delicate process within the testicles and require proper 
nutrition and an optimal environment for growth and development. Considering that diabetes has a significant impact 
on glucose metabolism and cellular function, its effects on the process of spermatogenesis may be observed. 
Furthermore, research has shown that diabetes can induce epigenetic modifications in cells. Epigenetics refers to 
changes in gene activity that occur without altering the DNA sequence and can be transmitted from one generation to 
another. These epigenetic modifications may occur during the process of spermatogenesis and have significant 
implications for fertility and the health of offspring. 
Given the importance of fertility for society and couples affected by diabetes, a thorough examination of the impact 
of this disease on male fertility and a better understanding of the biological and molecular mechanisms underlying 
this relationship are warranted.  There fore, the purpose of this study is investigating the impact of diabetes on male 
fertility and epigenetic modifications in the process of spermatogenesis. 
Generally, the results of this study have shown that glucose metabolism is highly important for sperm cells, and both 
type 1 and type 2 diabetes can have detrimental effects on male fertility, particularly on sperm quality. These effects 
include reduced sperm motility, sperm DNA damage, and changes in seminal fluid composition. Additionally, 
diabetes may induce epigenetic modifications during the process of sperm production, and these modifications can be 
transmitted through the male germline to future generations, thereby increasing the risk of diabetes in offspring. 
Therefore, this study demonstrates a significant association between diabetes and male fertility, epigenetic changes, 
and sperm production. Diabetes can have negative impacts on sperm quality and the health of offspring. Investigating 
the intergenerational effects and inheritance of diabetes on male fertility and the health of offspring is highly important. 
Studying the epigenetic effects and alterations in the process of sperm production can provide valuable insights into 
the biological and molecular factors underlying these associations, and multi-generational animal models can be 
utilized in this area of research. 
Considering that epigenetic factors have been implicated in the development of this type of infertility, it is necessary 
to consider this aspect when investigating infertile individuals. Furthermore, due to the reversibility of epigenetic 
patterns, correcting these factors is often easier than genetic corrections in individuals. However, further research is 
needed to fully understand these issues. Multi-generational animal models resulting from parental hyperglycemia and 
intergenerational epigenetic inheritance can be utilized to investigate the intergenerational effects and inheritance of 
diabetes. 
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