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Resumo 

As Tecnologias de Reprodução Assistida (TRA) têm emergido nos últimos anos, sendo 

que um número crescente de casais enfrenta dificuldades em conceber de forma 

natural. No entanto, estas técnicas ainda enfrentam desafios consideráveis e 

beneficiariam de um aumento de eficiência. Está bem estabelecido que a infertilidade é 

influenciada por diversos fatores, alguns deles relacionados com estilo de vida e 

exposição ambiental. Os efeitos de suplementação dietária têm sido objeto de estudo 

em casais que recorrem a TRA, com o objetivo de melhorar os desfechos reprodutivos 

dessas técnicas, com resultados promissores. Apesar disso, ainda há muitos resultados 

contrastantes na literatura, o que restringe a sua implementação prática em ambientes 

clínicos. Tendo isto em conta, esta tese teve o objetivo de sumarizar e analisar 

criticamente a literatura existente relacionada com a suplementação dietária em homens 

e mulheres sujeitos a TRA e resultados reprodutivos, assim como identificar 

objetivamente estratégias de suplementação com potencial aplicação prática. Para este 

propósito, uma pesquisa extensiva por literatura científica foi efetuada, tendo resultado 

em diversos artigos relevantes, sob os quais a análise foi executada. Os resultados 

sugeriram que a suplementação dietária com Coenzima Q10 (CoQ10) está associada a 

resultados reprodutivos positivos tanto em homens como mulheres, enquanto o mio-

inositol (MI) e L-Carnitina (LC) aparentam ser benéficos em mulheres e homens, 

respetivamente. A Vitamina D (VitD) demonstrou efeitos positivos quando utilizada 

especificamente na correção de deficiência em ambos os géneros. Para além disso, os 

resultados também revelaram que provavelmente a suplementação com melatonina 

(MEL) em mulheres e com Vitamina E (VitE) em homens não está diretamente 

correlacionada com melhores desfechos reprodutivos. Com bases nestes resultados, 

protocolos de suplementação específicos foram apresentados para várias condições 

clínicas. 

Palavras-chave: Tecnologias de Reprodução Assistida, infertilidade, infertilidade 

masculina, infertilidade feminina, suplementação nutricional dietária, resultados 

reprodutivos, coenzima Q10, mio-inositol, L-carnitina, vitamina D, melatonina, vitamina 

E 
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Abstract 

Assisted Reproductive Technologies (ART) emerged in the last years, as more couples 

struggle to conceive naturally. However, ART still face considerable challenges, with low 

success rates and would thus benefit from enhanced efficiency. It is well known that 

infertility is influenced by multiple factors, some of them related to lifestyle and 

environmental exposure. The effects of dietary nutrient supplementation have been an 

object of study in couples going through ART treatments as a means of improving the 

reproductive outcomes of such techniques, with promising results. Nevertheless, there 

are still multiple conflicting results in the literature, which restricts its practical 

implementation in clinical environments. Given this background, this thesis aimed to 

summarize and critically analyze the existing literature regarding nutrient 

supplementation in both men and women undergoing ART and its association with 

reproductive outcomes, as well as objectively identify supplementation strategies with 

potential practical application. For this purpose, an extensive search for scientific 

literature was conducted, which resulted in several relevant articles, upon which the 

analysis was performed. The results highlight that dietary supplementation with 

Coenzyme Q10 (CoQ10) is associated with positive reproductive outcomes in both 

women and men, while Myo-inositol (MI) and L-carnitine (LC) appear to be beneficial in 

women and men, respectively. Vitamin D (VitD) shows positive effects when used 

specifically to correct deficiency in both genders. Moreover, the results also reveal that 

melatonin (MEL) in women and Vitamin E (VitE) in men cannot be directly correlated with 

improved reproductive outcomes. Based upon these findings, specific supplementation 

protocols were presented for several clinical conditions. 

Keywords: Assisted reproductive technologies, infertility, male infertility, female infertility, 

dietary nutrient supplementation, Coenzyme Q10, myo-inositol, L-carnitine, vitamin D, 

melatonin, vitamin E 
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Introduction 

1. Infertility 

The definition of infertility, according to the World Health Organization (WHO), consists 

of the inability to achieve pregnancy following 12 months or more of regular and 

unprotected sexual intercourse [1]. There are two types of infertility considered [1]. The 

first is known as primary infertility and is defined by the individual's lack of prior 

pregnancies [1]. The second type, referred to as secondary infertility, happens when a 

person or couple achieved a pregnancy, but is struggling to conceive again [1]. The WHO 

has estimated that roughly 1 in 6 people worldwide have experienced infertility during 

their lifetime, corresponding to 17.5% of the global population [2]. Infertility causes vary 

between female factor, male factor, combined male and female, and unexplained 

(idiopathic) [1], [2]. The latter is characterized by the absence of a physiological 

explanation [1]. Identifiable causes underlying infertility correspond to approximately 

85% of all cases, while 15% correspond to unexplained infertility [3]. 

ART has emerged as a clinical answer to infertility cases in the past few decades, along 

with an increased interest in strategies to improve reproductive outcomes [4]. One of 

those latter strategies consists in the use of dietary nutritional supplementation as a 

potential ART adjuvant, based on the fact that infertility is often multifactorial and 

influenced by hormonal and metabolic factors [5]. Antioxidants, vitamins and 

micronutrients may attenuate oxidative stress and inflammation, which contribute to 

impaired reproductive function for both men and women [6]. Even though these 

supplements are being increasingly used in clinical practice, specific recommendations 

are lacking, and the protocols are heterogeneous [5]. Nevertheless, the first medical 

approach in infertility cases remains the evaluation of the physiological characteristics 

and lifestyle of patients [3], [7].  

 

 

2. The process of the initial approach 

One of the first factors to be considered when approaching a couple with infertility is the 

age of the members, especially of the woman [7]. It is well known that women fertility 

declines steeply with age, being less probable to achieve a pregnancy as they age, 

especially after 35 years of age [8]. This is primarily because oocytes are finite, being 
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produced in fetal development and monthly released through the menstrual cycle [9], 

[10]. In addition to the reduction in quantity, the remaining oocytes undergo a reduction 

in quality caused by their natural aging [11], [12]. Oocytes from older women were 

associated with increased oxidative damage caused by lipid and protein peroxidation 

[13]. Furthermore, an imbalanced cellular redox state, change in energy sources and 

compromised mitochondrial function were also correlated with higher age [13]. Advanced 

maternal age has also been reported to higher risks of having an aneuploidy embryo 

[14], lower fecundability [15] and higher miscarriage rates (MR) [16]. 

 

Male fertility may also be impacted by advanced age, particularly regarding sperm quality 

[17]. In older men, lower sperm motility, total progressive motility, total progressive motile 

count, and normal sperm morphology were reported [17]. Higher MR have also been 

observed [16]. 

Lifestyle choices are also an important factor in both female and male fertility [18]. 

Smoking, alcohol or drugs consumption, poor nutrition, obesity, physical inactivity, 

psychological factors, and environmental exposures, have been associated with 

impaired fertility in both genders [18]. 

Nutritional status should also be considered during the initial evaluation of infertile 

couples. Deficiencies in vitamins, minerals and other micronutrients may impair 

reproductive function by disrupting mitochondrial function and antioxidant defenses, 

leading to increased oxidative stress and reduced gamete quality [5], [6]. Therefore, 

identifying and correcting clinically relevant nutritional deficiencies before ART has been 

proposed as a strategy to optimize reproductive outcomes [5]. 

After evaluating these factors, in the case of undisclosed health issues, additional gender 

specific steps are performed to underly the causes of infertility. 

 

 

3. Gender specific analyses 

3.1. Assessing female factor  

Among all the causes of female infertility, the main ones are ovulatory, cervical, uterine 

and tubal-peritoneal factors.  
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3.1.1. Ovulatory factor 

Ovulation is characterized by the release of a mature oocyte by the ovary into fallopian 

tubes so it can be fertilized. [19], [20]. Thus, the functionality of this process is critical in 

the establishment of pregnancy. Ovulatory disorders constitute approximately 25% of 

infertility causes [3]. When menstrual cycles are irregular, considering less than 21 days 

and more than 35 days, or are abnormal bleeding or amenorrhea, anovulation can be 

suspected [3].  To confirm, serum progesterone level may be obtained in the expected 

midluteal phase, approximately one week before the expected menses [1], [3].  Among 

the causes of anovulation, Polyendocrine Metabolic Ovarian Syndrome (PMOS) is the 

most frequent, being estimated to affect 70% of women with anovulation [3]. Additional 

causes may be idiopathic, thyroid or pituitary disease-related, adrenal hyperplasia or 

tumor, and functional hypothalamic amenorrhea [3]. Anovulation is more common in 

people who are obese or suffer from eating disorders [3].  As aforementioned, the oocyte 

reserve diminishes with age, being the main reason for Diminished Ovarian Reserve 

(DOR) [3]. Other contributing factors include a family history of early menopause, ovarian 

surgery, gonadotoxic cancer treatments, and the FMR1 premutation (fragile X) [3]. 

Ovarian reserve can be assessed using serum anti-Müllerian hormone levels, antral 

follicle count (AFC) by transvaginal ultrasound, and early follicle-stimulating hormone 

(FSH) levels on day two or three of the menstrual cycle [3]. 

 

3.1.2. Tubal factor 

Functional fallopian tubes are essential in the establishment of pregnancy, since they 

have functions ranging from ovulation to fertilization and embryo development [19]. 

Bilateral tubal blockage has been associated with 17% of causes of female infertility [1], 

[2]. Another cause for tubal infertility is impaired oocyte capture by the fallopian tube [3]. 

Hysterosalpingography is often used to diagnose tubal disease. The most important risk 

factor for such problems is infection from sexually transmitted diseases [3]. 

 

3.1.3. Uterine factor 

The uterus is where implantation and pregnancy occur. Thus, uterine abnormalities are 

related to difficulty in obtaining a pregnancy and to a higher risk of miscarriage [3]. The 

most common causes are endometrial polyps, leiomyomas, intrauterine synechiae, and 

congenital uterine malformations such as septate uterus [3]. Surgery is common to 

correct the uterine cavity disorders [3].  



FCUP 
Nutrient supplementation in Assisted Reproductive Technologies: A review 

4 

  

 
3.1.4. Cervical factor 

Cervical factors are not very common and are often correlated to congenital irregularities 

or postsurgical problems [3]. Most cervical factors are related to mucous dysfunction or 

to problems in the interaction between mucous and sperm, which have a negative impact 

in sperm progression to the uterus [3], [21], [22].  

 

 

3.2. Assessing male factor 

The assessment of male fertility is done by a seminogram [23]. This exam consists in 

the obtainment of a semen sample and posterior analysis of both microscopic and 

macroscopic parameters [23]. The macroscopic parameters analyzed are sperm volume, 

pH, color, scent, viscosity and liquefaction [23]. As for microscopic parameters, the ones 

analyzed are motility, concentration, morphology and sometimes vitality (in the case of 

less than 40% of total progressive motility) [23]. In some cases, the assessment of 

deoxyribonucleic acid (DNA) fragmentation can also be done [23]. Male factor is 

considered when the values obtained for one or more the parameters is below the WHO 

reference values, represented in Table 1 [23]. The most important diagnosis for each 

impairment is represented in Table 2 [24]. 

 

 

 

Table 1 - Table summarizing main semen parameters and respective reference values used in the assessment of male 
fertility [23]. 

Semen volume >1,4 ml 

Sperm concentration * 106/ml ≥16 million 

Total sperm number * 106/ejaculate ≥39 million 

Total motility (progressive+non-progressive) ≥42 % 

Progressive motility ≥30 % 

Immotile  ≥20 % 

Normal forms ≥4,0 % 

Vitality ≥54 % 

Leucocytes * 106/ml 1 - 2 
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Table 2 - Table summarizing clinical classifications of semen abnormalities based on deviations from reference semen 
parameters [24]. 

Normozoospermia Normal sperm values 

Asthenozoospermia Progressive motility ≤ 30% 

Teratozoospermia Normal morphology ≤ 4% 

Oligozoospermia Total number or concentration below reference 

values 

Cryptozoospermia Absence of spermatozoa in fresh preparations, but 

present after centrifugation 

Asthenoteratozoospermia Progressive motility ≤ 30% and normal morphology 

≤ 4% 

Oligoasthenozoospermia Total number or concentration below reference 

values and progressive motility ≤ 30% 

Oligoteratozoospermia Total number or concentration below reference 

values and normal morphology ≤ 4% 

Oligoasthenoteratozoospermia Total number or concentration below reference 

values, progressive motility ≤ 30% and normal 

morphology ≤ 4% 

Azoospermia Absence of spermatozoa in the ejaculate 

Aspermia No semen collected 

 

 

 

3.3. Genetic factors 

Genetic abnormalities are an important cause of both men and women infertility, affecting 

reproductive function through gene mutations, chromosomal alterations or epigenetic 

mechanisms [25], [26]. Genetic factors could contribute up to 30% of male infertility 

cases, particularly in men diagnosed with severe oligozoospermia or azoospermia [27]. 
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4. Clinical interventions 

4.1. Intrauterine insemination (IUI) 

Intrauterine insemination (IUI), due to its cost-effective and noninvasive nature, is the 

first approach of therapy in couples with unexplained infertility, infertility caused by 

ovulatory disorders, cervical factors, mild male infertility, ejaculatory disorders or 

immunological factors [28]. However, is not commonly used in tubal factor, severe cases 

of men infertility, endometriosis and women of advanced age [28]. The procedure 

consists in the processing of a sperm sample and subsequent deposition into the uterus, 

with or without prior ovarian stimulation [3], [28]. The main objective is to bypass the 

barriers within the female reproductive trait [28]. It is estimated to contribute to up to 20 

% of clinical pregnancy rates (CPR) per cycle [28].   

 

 

4.2. In vitro fertilization (IVF) 

IVF is a second line intervention treatment that involves a process of controlled ovarian 

stimulation in order to enhance the number of follicles and consequently of mature 

oocytes [1]. The patients undergo an intervention named oocyte retrieval, in which a 

doctor tries to extract all follicles large enough to have responded to ovarian stimulation 

[29]. After the procedure, an embryologist identifies all the oocytes [29]. Another common 

thing among IVF cycles is the process of a semen sample through gradients, wash, and 

swim up or through a microfluidic chamber [23]. These treatments are divided into 

conventional in vitro fertilization (cIVF) and intracytoplasmic sperm injection (ICSI). In an 

ART cycle, one of these techniques or their combination can be used [30].  

 

4.2.1. cIVF 

cIVF is characterized by the incubation of an oocyte with a defined concentration of 

spermatozoa, previously processed [30]. In this procedure, the cumulus remains intact 

after oocyte retrieval, allowing the natural penetration of the spermatozoa into the oocyte, 

and therefore its fertilization [30]. Compared with ICSI, cIVF is a more natural procedure, 

as sperm selection and fertilization occur with minimal embryologist intervention, without 

the direct injection of a spermatozoa into the oocyte  [30]. 
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4.2.2. ICSI 

ICSI is a treatment more commonly used in couples with severe male factor [30]. The 

cumulus is removed through mechanical and chemical processes with hylaruronidase 

[29]. A spermatozoon for each oocyte is chosen based on its morphology and motility 

and immobilized by stroking the tale [30]. The injection pipette will collect the 

spermatozoon and subsequently inject it into the oocyte through zona pelucida, 

positioned by a holder pipette in a way that the globular polar is at ninety degrees from 

the pipette, due to the perturbation otherwise [30]. 

 

 

4.3. Post-IVF assessment 

4.3.1. Fertilization 

After cIVF or ICSI, the culture plates are stored in incubators at 37ºC and controlled 

atmospheric conditions, optimal for embryo development [31]. Normal fertilization is 

confirmed after 16 to 18 hours, through the visualization of polar bodies and pronuclei 

[1]. If the oocyte has two of each, the fertilization was successfully accomplished [29], 

[30].  

 

4.3.2. Embryo development 

After an oocyte has been fertilized, it undergoes consecutive cellular divisions [30]. 

Ideally, there must be a total of four cells on day two and a total of eight cells on day 

three [30]. If the embryo on day three has good quality, and there is medical 

recommendation, fresh embryo transfer can be considered [30]. On day four, the embryo 

is supposed to start to compact and form a morula, which forms a unity [30]. 

Subsequently, a blastocyst is formed, by day five or six of culture [30]. However, embryos 

can stay in culture until day seven [30]. 

 

4.3.3. Embryo quality 

The main parameters analyzed to determine embryo quality until day three or four are 

the number of cells, symmetry and the percentage of fragmentation [30]. At the 

blastocyst stage, embryo quality is primarily based on its expansion, morphology of 
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trophectoderm and inner cell mass [30]. Embryo quality assessment is essential for 

selecting embryos with the highest implantation potential [30]. 

 

 

4.4. Embryo final destination 

4.4.1. Embryo transfer 

Embryo transfer is the final step of an ART cycle and can be divided into fresh or frozen 

embryo transfer. The first consists of transferring one or more embryos directly from 

culture into the uterine cavity, and the second involves thawing of a previously frozen 

embryo [32]. The final step of both types of embryo transfer is done recurring to a soft 

catheter which will collect the embryo and place it in the uterus [30]. The timing of embryo 

transfer depends on several factors, such as embryo development, patient 

characteristics and medical recommendations. It is commonly performed at the cleavage 

stage (day three) or blastocyst stage (day five) [33]. Single embryo transfer is 

recommended to reduce the multiple pregnancy risk [30], [34]. 

 

4.4.2. Embryo cryopreservation 

Embryo cryopreservation allows the preservation of embryos for future use, mantaining 

their viability [30]. It is mostly used in cases of excedent embryos after fresh embryo 

transfer, in the risk of ovarian hyperstimulation syndrome, and in preimplantation genetic 

testing [35]. 

 

4.4.3. Preimplantation Genetic Testing 

Preimplantation genetic testing (PGT) is performed when couples have a medical 

recommendation, normally due to genetic abnormalities or recurrent pregnancy loss [36], 

[37]. The main objective is to ensure that the embryo has a normal genetic profile before 

its transfer [36]. The technique consists of an extraction of embryo cells, normally from 

the trophectoderm at the blastocyst stage, through laser biopsy, followed by genetic 

screening [38]. This technique is divided into different categories, and the choice 

depends on the case, as represented in Table 3 [37]. 
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Table 3 - Types of preimplantation genetic testing and clinical indications [37]. 

Types Abbreviations Description Indications 

Preimplantation 

genetic testing for 

aneuploidies  

PGT-A Identification of 

numerical 

chromosomal 

abnormalities in 

embryos 

Couples with recurrent 

pregnancy loss or 

implantation failure, 

advanced maternal 

age, and unexplained 

severe 

teratozoospermia 

Preimplantation 

genetic testing for 

monogenic/single-

gene disorders  

PGT-M Detection of 

specific inherited 

genetic diseases in 

embryos 

Couples with genetic 

diseases that can 

affect the progeny 

Preimplantation 

genetic testing for 

structural 

rearrangements  

PGT-Sr Detection of 

chromosomal 

structural 

abnormalities 

Couples carrying 

balanced 

chromosomal 

abnormalities 

 

 

 

5. Objectives 

Even though the use of supplements in the context of fertility has increased substantially, 

the recommendations for clinical practice remain unspecified and heterogeneous. This 

dissertation aims to summarize and critically analyze the current knowledge regarding 

supplementation in women and men undergoing ART treatments, and where possible, 

propose practical recommendations. Firstly, evidence from scientific literature for both 

genders will be gathered and presented. Secondly, the results will be summarized and 

discussed. 
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Methods 

This dissertation was written in parallel with laboratory and technical work in the host 

institution Centro de Responsabilidade Integrada de Medicina da Reprodução do 

Hospital de São João in Oporto. This professional experience provided the technical 

background required to critically assess the scientific evidence regarding nutrient 

supplementation in assisted reproductive technologies (ART). 

 

Information Sources and Search Strategy 

A comprehensive literature search was conducted to identify studies evaluating the 

effects of nutrient supplementation on ART outcomes. The search was performed using 

the literature databases Google Scholar, PubMed and Cochrane Library. The search 

strategy combined terms related to assisted reproductive technologies, infertility and 

nutrient supplementation. The complete search strategy, including all search terms, is 

provided in Table 4. 

 

Study Selection and Eligibility Criteria 

Studies were selected according to predefined eligibility criteria. Original clinical studies, 

systematic reviews and meta-analyses published from 2015 were considered eligible if 

they evaluated the effects of a single nutrient supplement in women or men undergoing 

ART. Studies investigating combinations of multiple supplements were excluded to 

minimise potential confounding effects and enable the specific contribution of individual 

nutrients to be evaluated. However, studies evaluating inositol combined with folic acid 

were also included, as folic acid represents standard periconceptual supplementation 

[39]. Thus, the potential for a combined effect of inositol and folic acid was 

acknowledged. Animal studies, conference abstracts, editorials and publications not 

available in English were also excluded. The selection of nutrients was performed in two 

parts. Firstly, a broad literature search was conducted to identify the supplements most 

frequently investigated in the context of ART, while focusing on studies evaluating 

individual supplementation. Subsequently, supplements were selected based on the 

availability of the evidence, prioritising those investigated independently across multiple 

studies and study populations. 
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Data Extraction and Outcomes 

 

Data was extracted manually from all eligible studies, including study design, participant 

characteristics, type of supplementation, ART procedure and reported outcomes. For 

female supplementation, outcomes of interest included ovarian response, oocyte quality, 

fertilization rate, embryo quality, implantation rate, clinical pregnancy rate, live birth rate 

and miscarriage rate. For male supplementation, the extracted outcomes included 

semen parameters and reproductive outcomes, whenever these were reported. 

 

Evidence Synthesis 

As this dissertation constitutes a narrative review, studies were synthesized according 

to the supplement evaluated rather than through quantitative meta-analysis. The 

evidence was organized separately for female and male supplementation. The female 

chapter was further divided according to the reproductive outcomes assessed, whereas 

the male chapter was organized by individual nutrient, due to the more limited and 

heterogeneous available evidence. 

 

Risk of Bias 

Given the narrative nature of this review, no formal risk-of-bias assessment was 

performed. However, greater emphasis was placed on evidence derived from systematic 

reviews, meta-analyses and higher-quality clinical studies to ensure that the discussion 

reflected the best available evidence. The quality of the clinical studies was evaluated 

according to the availability of the metrics for the populations used (e.g. number of 

patients) and clear identification of study bias by the authors. 
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Table 4 - Table summarizing keyword groups used in the general and targeted searches. Terms within the same keyword 
group were combined with OR, and keyword groups were combined with AND. 

Search category First keyword group Second keyword group 

General supplementation 

search 

Supplementation 

Nutrient supplementation 

Antioxidant supplementation 

Dietary supplementation 

Micronutrient supplementation 

ART 

Assisted reproductive technology 

Assisted reproductive technologies 

IVF 

ICSI 

Fertility 

Infertility 

Reproductive outcomes 

IVF outcomes 

ICSI outcomes 

Fertilization rate 

Embryo quality 

Oocyte quality 

Sperm quality 

Targeted search for 

female fertility  

Outcomes 

Coenzyme Q10 

CoQ10 

Vitamin D 

Melatonin 

Myo-inositol 

Folic acid 

Folate 

ART 

Assisted reproductive technology 

Assisted reproductive technologies 

IVF 

ICSI 

Female fertility 

Female infertility 

Ovarian response 

Oocyte quality 

Embryo quality 

Implantation rate 

Fertilization rate 

Clinical pregnancy 

Live birth rate 

Miscarriage 

Targeted search for male 

fertility outcomes 

Coenzyme Q10 

CoQ10 

Vitamin D 

Vitamin E 

Vitamin C 

Melatonin 

Myo-inositol 

Folic acid 

Folate 

L-carnitine 

Zinc 

 

ART 

Assisted reproductive technology 

Assisted reproductive technologies 

IVF 

ICSI 

Male fertility 

Male infertility 

Sperm quality 

Semen parameters 

Sperm concentration 

Sperm count 

Sperm motility 

Progressive motility 

Sperm morphology 

Sperm DNA fragmentation 

Clinical pregnancy 

Live birth rate 
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Results and discussion 

 

The literature search performed in the databases Google Scholar, Cochrane Library and 

PubMed using the keywords represented in Table 4. Some searches originated an 

unfeasible number of articles to evaluate in the one-year time span of the internship (e.g. 

the keywords ‘Coenzyme Q10 AND Assisted Reproductive Technologies’ originated 

16600 results using Google Scholar). In these cases, the chosen articles were 

represented in the first five pages when ordered by relevance criteria, defined by the 

database algorithm (50 articles). From these, several articles were excluded by title (e.g. 

when the title referred to combination of supplements and language). Using this 

approach, a total of 285 articles from the different databases were selected to evaluate 

the clinical effects of the six selected supplements, with approximately 48 articles per 

supplement. After excluding articles based on the abstract content and relevant findings, 

a total of 114 articles were fully analyzed. Of these, 60 were excluded according to 

exclusion criteria mentioned in the Methods section. From the remaining 54 articles, 4 

studies investigated Coenzyme Q10 (CoQ10) in women and 7 in men; 7 investigated 

Myo-inositol (MI) in women; 6 investigated melatonin (MEL) in women; 14 investigated 

vitamin D (VitD) in women and 9 in men; 4 investigated L-carnitine (LC) in men; and 3 

investigated vitamin E (VitE) in men. The characteristics of the studies are represented 

in Supplementary Table 1 and 2.  

 

 

1. Coenzyme Q10  

 

CoQ10 is a lipid-soluble molecule endogenously synthesized by human cells, essential 

in the mitochondrial electron transport chain, since it facilitates electron transfer between 

complexes I/II and III [40]. Consequently, CoQ10 supports ATP production required for 

oocyte maturation, fertilization and embryonic development [40]. In addition, CoQ10 acts 

as a potent lipid-soluble antioxidant, reducing reactive oxygen species (ROS) [40], [41], 

which diminishes lipid peroxidation and DNA oxidation [41]. In the male reproductive 

system, CoQ10 is highly concentrated in spermatozoa and contributes to mitochondrial 

energy production and antioxidant protection, processes that are particularly relevant to 

sperm motility and overall sperm quality [42]. Consistent with these biological functions, 
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studies in men with impaired semen parameters suggest that CoQ10 supplementation 

may improve sperm motility and reduce oxidative stress [43], [44]. Studies in animal 

models reported that CoQ10 supplementation improves mitochondrial function and 

oocyte quality during reproductive ageing, suggesting a protective role against age-

related mitochondrial dysfunction [40], [45], [46]. Interestingly, CoQ10 endogenous 

levels decline with age [40], [45], [46], which may partly explain the beneficial effects of 

supplementation during the ageing process in both men and women. 

 

 

 

1.1. Effects of Coenzyme Q10 supplementation in women 

1.1.1. Ovarian response and oocyte quality 

CoQ10 supplementation has emerged as a promising intervention in improving the 

ovarian response to stimulation [41], [47], [48]. Studies have demonstrated that CoQ10 

pretreatment increases the number of retrieved oocytes, particularly in women with poor 

ovarian response (POR) [41], [48] or diminished ovarian reserve (DOR) [47]. In a 

Figure 1 - Schematic representation of the proposed role of CoQ10 in both female and male reproductive health. Created 
using artificial intelligence (AI). 
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prospective randomized controlled trial, Xu et al. evaluated women younger than 35 

years with POR who received oral CoQ10 at a dose of 200 mg three times daily for 60 

days before ovarian stimulation [41]. The study found that CoQ10 pretreatment 

significantly increased the number of retrieved oocytes while reducing the total dose of 

gonadotrophins required for stimulation. [41]. Nonetheless, the antral follicle count and 

cycle cancellation rate were not significantly different between groups [41]. These 

findings suggest that CoQ10 may improve ovarian responsiveness, which is consistent 

with the enhancement of the mitochondrial function and cellular energy production. 

Another study reported that CoQ10 administration significantly increased antral follicle 

count, the total number of retrieved oocytes and the number of metaphase II (MII) 

oocytes in women with (POR) compared to the control group. [48]. Nevertheless, the 

same was not observed in regard to MII oocytes rate [48]. Regarding women with DOR, 

CoQ10 pretreatment appears to increase the number of oocytes retrieved across 

IVF/ICSI cycles and reduce cycle cancellation rate and total dose of gonadotrophins [47]. 

Overall, supplementation with CoQ10 was associated with an enhanced number of 

oocytes retrieved in both POR [41], [48] and DOR [47] populations, as demonstrated in 

Figure 1. Evidence regarding the number of oocytes retrieved is lacking in mixed 

populations. Concerning the gonadotrophins required for stimulation, one article 

approaching POR [41] and another DOR [47] reported that CoQ10 supplementation 

lowered the necessary dose, which suggests a positive influence in ovarian response. 

Contrarily, the retrospective controlled trial performed by Qui et al. did not find any 

difference with regard to the dose of gonadotrophins needed in women diagnosed with 

POR [48]. However, the daily dose of CoQ10 administered by the authors was 20 times 

lower than the one used by Xu et al., and possibly insufficient to induce an effect [41], 

[48]. Contrarily, AFC were higher in Qi et al., either because of a beneficial effect of low 

doses of CoQ10 or due to inner study differences, such as baseline patients’ 

characteristics [48]. 

 

1.1.2. Fertilization rates and embryo quality 

Supplementation with CoQ10 was systematically correlated with enhanced number of 

embryos with good quality either in POR, [41], [48] or DOR [47] populations (Figure 1). 

Nonetheless, the rate of good quality embryos was not unanimously associated with 

positive outcomes in POR population upon CoQ10 supplementation [48]. This may be 

due to the fact that the number of embryos was higher alongside the number of oocytes 
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retrieved, resulting in a proportional enhancement in both total and good-quality embryos 

without affecting embryo quality rate. The effects regarding embryo quality were not 

reported in mixed population. The fertilization rate was only evaluated in POR and was 

enhanced when the dose of CoQ10 supplementation was higher [41]. 

 

1.1.3.  Implantation, clinical pregnancy rates and live birth rates 

CoQ10 has been correlated with the enhancement of the aforementioned parameters, 

although not consistently [41], [47], [48], [49]. The systematic review and meta-analysis 

by Florou et al., which analyzed five RCT’s, demonstrated that CoQ10 supplementation 

significantly enhanced CPR, both generally and particularly among women with POR 

and PMOS when assessed separately [49]. Nevertheless, LBR and miscarriage rate did 

not exhibit a significant difference between the groups analyzed. In a different study by 

Qi et al., the findings indicated that implantation, CPR and LBR improved with CoQ10 

treatment in women with POR [48]. Nonetheless, the research conducted by Xu et al. 

indicated a positive trend of CPR towards enhancement, however it was not statistically 

significant [41]. LBR also did not show a statistically significant difference [41]. The study 

conducted by Lin et al. has associated the oral supplementation of women with DOR 

with increased CPR and lower miscarriage rates [47].  

Broadly speaking, CoQ10 appeared to enhance CPR in both mixed population and DOR, 

without any noted effect in POR, likely due to specific biological characteristics of women 

in this group [41], [47], [48], [49]. Even though the number of good quality embryos is 

improved intragroup after supplementation, it may not still be comparable to the other 

two groups and may not be sufficient to enhance CPR, as this condition is often 

associated with less transferable embryos [41], [48]. Cycle cancellation rates may 

corroborate this hypothesis, since they are lower in DOR [47], but not significantly 

different in POR [41], [48]. Nevertheless, data regarding mixed population is missing. 

Implantation rate was solely studied in one research centered on POR, with CoQ10 

providing a statistically significant enhancement [48]. LBR were not improved in any of 

the analyzed studies, likely because this outcome is influenced by multiple factors 

beyond improvements in the aforementioned biological parameters, such as fetal 

development. 
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1.1.4. Miscarriage rates 

Supplementation with CoQ10 lowered MR in a systematic review and meta-analysis 

conducted by Lin et al. in women diagnosed with DOR undergoing IVF/ICSI [47]. 

However, the same was not observed in other studies either in women with POR [41], 

[48], or women with diverse characteristics [49]. These results underscore the need for 

more studies in order to formulate any hypothesis.  

 

1.1.5. Overall interpretation 

Remarkably, several outcomes in women with DOR [47] were ameliorated with CoQ10 

supplementation, with greater benefits observed compared with POR and mixed 

population [41], [48], [49]. Women with DOR were reported to have, in comparison with 

women with NOR, increased oxidative stress and inflammation on follicular fluid, along 

with reduced antioxidant capacity [50]. Moreover, DOR has also been associated with 

disrupted energy metabolism in granulosa cells, as reduced glucose uptake, 

downregulated main substances in energy pathways, and impaired mitochondrial 

function were observed [51]. Taking this into account, the overall better efficacy of 

CoQ10 supplementation in women diagnosed with DOR may be due to the fact that it 

has the ability to counteract the increased oxidative stress and mitochondrial alterations 

in these individuals. 

Taking all the evidence into account, CoQ10 may be considered as an adjuvant 

intervention, and particularly in DOR, as an attempt to improve reproductive outcomes 

in women undergoing ART. Regarding dose and duration, only two articles provided 

specific information on these parameters, with considerable different in the reported 

regimens. Consequently, the available evidence is insufficient to recommend a specific 

dose or treatment duration. 
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1.2. Effects of Coenzyme Q10 supplementation in men  

1.2.1. Sperm quality and reproductive outcomes 

Akhigbe et al. conducted a systematic review and meta-analysis of eight RCTs in which 

the semen parameters of a total of 877 male subjects with ages ranging from 18 and 50 

were evaluated (462 underwent CoQ10 supplementation and 415 were untreated) [52]. 

Interestingly, Co10Q10 supplementation led to an increase in total sperm count, total 

and progressive motility and in the ratio of sperm with normal morphology [52]. The latter 

parameter was observed in men supplemented from over three months with single 

therapy, but not in men with shorter treatments and as a combined therapy [52]. 

However, no differences were observed in sperm concentration and ejaculate volume 

[52]. It should be taken into account that publication bias was observed in all the 

Figure 2 - Graphical representation summarizing the studied articles and the main outcomes of CoQ10 supplementation 
in female patients on assisted reproductive outcomes across different patient populations (Mixed population in lilac, POR 
in light blue, and DOR in light yellow. Columns represent group population and the respective doses and treatment 
duration in the case in which they were explicitly discriminated in the articles. The respective references and number of 
patients are below the columns. The articles which analysed for each outcome a different sample number, are indicated. 
Rows display main reproductive outcomes and the results for each one in the specific article. Green circles correspond to 
a statistically significant enhancement after treatment, orange circles to a non-statistically significant difference upon 
treatment and grey circles to not evaluated outcomes. 
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mentioned parameters. A similar pattern was observed relatively to inner-study 

heterogeneity, with the exception of ejaculate volume [52]. The systematic review and 

network meta-analysis of randomized controlled trials by Su et al. demonstrated that 

sperm concentration was increased by CoQ10 supplementation, with statistically 

significant differences when compared to the placebo [53]. In one of the statistical tests, 

it was the only supplement between the analyzed ones (folic acid, zinc, VitE, LC, 

selenium, CoQ10, N-acetylcysteine, and vitamin C) to achieve a statistical difference 

[53]. Regarding motility and normal morphology, both were significatively enhanced by 

CoQ10 supplementation in one test, but only motility had a significant difference in 

another [53]. The randomized controlled trial study by Bahar et al. analyzed 30 

participants with idiopathic infertility in each CoQ10 and placebo groups, with the mean 

ages of 34.07 (5.26) and 34.83 (6.22), respectively [54]. The treatment consisted in daily 

capsules containing 100 mg CoQ10 for three months [54]. It was reported that only the 

normal morphology achieved a significant increase in the CoQ10 supplemented group 

[54]. The remaining analyzed parameters, such as the volume and viscosity of semen, 

sperm count and sperm motility, had a non-significant increase [54]. In another study, a 

systematic review and meta-analysis of randomized controlled trials, 781 participants 

with idiopathic infertility were divided in two groups, in which 430 received CoQ10 

treatment and 351 corresponded to the control [44]. The concentration, ejaculate volume, 

total sperm motility and morphology (in treatment with duration superior to three months) 

were increased, along with seminal CoQ10 levels [44].  

Alahmar et al. published several articles over the last years related to CoQ10 

supplementation of men with idiopathic oligoasthenoteratozoospermia (OAT) [43], [55], 

[56].  In a prospective study, the supplementation of men with idiopathic OAT for three 

months with 200 mg/day (n=35) or 400 mg/day (n=30) of CoQ10 was correlated with a 

significant increase in sperm concentration as well as in total and progressive motility 

[55]. These improvements were more accentuated in the 400 mg group, which suggests 

that a greater dosage may have more beneficial effects [55]. In a subsequent prospective 

controlled study, 50 patients with idiopathic OAT and 50 fertile men who served as 

controls received 200 mg of CoQ10 orally and daily for a total of three months [43]. The 

sperm concentration and total and progressive motility were also enhanced when 

compared to baseline values [43]. In another prospective controlled study, 50 patients 

with idiopathic oligoasthenozoospermia (OA) and 35 fertile controls were analyzed [56]. 

All patients received oral CoQ10 (300 mg/day) daily for three months [56]. After CoQ10 

therapy, total sperm and progressive motility were significantly higher [56]. Nonetheless, 
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there was a non-significant reduction in sperm normal morphology after CoQ10 

treatment [56]. 

 

1.2.2 Overall interpretation 

In general, CoQ10 supplementation in men appears to improve several parameters of 

sperm quality. As shown in Figure 2, total sperm motility was systematically enhanced 

across all the populations, when studied [43], [44], [52], [53], [55], [56]. The two articles 

analyzed regarding OAT reported higher progressive motility [43], [55]. Moreover, the 

only article that evaluated OA also showed higher progressive motility [56]. However, 

conflicting results were observed in non-specific subfertility or infertility [52], [54]. These 

outcomes are probably the result of enhanced mitochondrial ATP production and 

reduced oxidative stress mediated by CoQ10 [40]. The more pronounced effects in OAT 

and OA could be due to higher baseline levels of oxidative stress and mitochondrial 

dysfunction in these conditions, although evidence to support it is missing. Sperm 

concentration was consistently improved on idiopathic male infertility [44], idiopathic OAT 

[43], [55], and OA [56]. As for unspecific infertile or subfertile men, the results were 

inconsistent between studies [52], [53]. Normal morphology was enhanced in non-

specific infertility [52], [53], [54] and idiopathic male infertility [44], but not in OAT [43], 

[55] or OA [56], likely because in the latter two, the abnormalities are more severe and 

cannot be reversed by CoQ10 supplementation. Interestingly, two studies reported that 

this effect was only noticed after three months of supplementation [44], [52]. Sperm 

volume was only improved in idiopathic infertility [44], whereas two studies in non-

specific infertility [52], [54], two in OAT [43], [55] and one in OA reported no difference 

[56]. Total sperm counts were only higher in one article [52], without any differences in 

the others that assessed this parameter [44], [54]. Higher clinical pregnancy rates were 

only reported in one article in idiopathic male infertility, with a positive correlation with 

supplementation [44]. More studies including this outcome are necessary in order to 

understand if CoQ10 supplementation also has effects beyond upstream outcomes. 

Sperm viscosity does not seem to be improved by CoQ10 supplementation [44], [54].  

Taking this evidence into account, CoQ10 supplementation may be prescribed to the 

general men with any type of infertility or subfertility, and specifically in men with severe 

forms of infertility, such as idiopathic OAT and OA. The best dose and duration probably 

range between 100 and 300 mg daily for a minimum of three months.  
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Figure 3 - Graphical representation summarizing the studied articles and the main outcomes of CoQ10 supplementation 
in male patients on assisted reproductive outcomes on assisted reproductive outcomes across different patient 
populations: 
A: Unspecific subfertile/infertile men in light blue and idiopathic male infertility in darker blue; 
B: OAT in light green and OA in darker green. 
Columns represent group population and the respective doses and treatment duration in the case in which they were 
explicitly discriminated in the articles. The respective references and number of patients are below the columns. The 
articles which analysed for each outcome a different sample number, are indicated. Rows display main reproductive 
outcomes and the results for each one in the specific article. Green circles correspond to a statistically significant 
enhancement after treatment, orange circles to a non-statistically significant difference upon treatment and grey circles to 
not evaluated outcomes. 
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2. Myo-inositol 

 

MI is a naturally occurring cyclic sugar alcohol which functions as an insulin-sensitizing 

agent [57], [58]. Since it reduces insulin resistance, a condition associated with PMOS, 

it can be beneficial in ovulation induction in those patients [59], [60]. Moreover, MI acts 

as a second messenger of FSH in the ovary, supporting the maturation and proliferation 

of granulosa cells [57], [59]. Furthermore, MI has also been reported to enhance 

aromatase (CYP19A1) expression and activity, thereby promoting the conversion of 

androgens into estrogens [57]. These mechanisms may improve oocyte maturation and 

embryo development, supporting the use of MI as an adjuvant in assisted reproductive 

techniques  

 

 

 

 

Figure 4 - Schematic representation of the proposed role of MI in female reproductive health. Created using artificial 
intelligence (AI). 
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2.1. Effects of Myo-inositol supplementation in women  

2.1.1. Ovarian response and oocyte quality 

Beneficial effects on ART outcomes have been linked to MI [61], [62], [63], [64], [65], 

[66]. A study correlated significantly higher mean number of oocytes and MII oocytes to 

MI supplementation in women who went through IVF or ICSI cycles [61]. Contrarily, the 

meta-analysis and systematic review by Zheng et al. did not confirm any impact MI 

supplementation on the quantity of oocytes recovered and MII stage oocytes obtained 

during ICSI or IVF with embryo transfer [62]. Nevertheless, the MI group had 

substantially fewer degenerated oocytes and the dose of gonadotrophins required was 

lower [62]. 

Regarding women with PMOS, the study by Tabatabaie et al. linked supplementation to 

a higher percentage of MII oocytes but found no difference relatively to the number of 

oocytes retrieved [63]. Zhang et al. demonstrated that the MII stage oocyte rate was 

higher when women were supplemented with MI, including in women with PMOS, but 

not in those with POR [64]. In accordance, MI in women with POR did not appear to have 

any effect on the quantity of oocytes or the MII stage ones, according to Nazari et al. 

[65].  The double-blinded randomized controlled study by Mohammadi et al. indicated 

that in the group supplemented with Inofolic (4 g MI + 400 μg folic acid) the number of 

oocytes retrieved and MII oocytes was higher, although not statistically significantly, 

when compared with folic acid supplementation (400 μg) for the same period [66]. 

Nevertheless, the ovarian sensitivity index and the required dose of gonadotropin were 

significantly lower in the MI group [66].  

Generally, the rate of MII oocytes was improved by MI supplementation in women with 

PMOS [63], [64]. Contrarily, in POR, neither MII oocytes rate nor number was enhanced 

[64], [65], [66]. Regarding mixed populations, the results were inconsistent, as well as 

regarding the number of oocytes retrieved [61], [62]. The difference in sample number 

could be the reason for discrepancy between these analyzed outcomes. The 

improvement in MII oocyte rates in women with PMOS, but not in POR and inconsistently 

in mixed population are results probably associated with MI-specific mechanisms of 

action in women diagnosed with PMOS. Increased oocyte retrieval in POR and PMOS 

was not observed in any of the analyzed articles [63], [64], [65], [66]. The dose of 

gonadotrophins required was lower in mixed population, POR and PMOS after 

supplementation [62], [64], [66]. However, only one article for each population evaluated 

the dose of gonadotrophins needed [62], [64], [66]. 
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2.1.2. Fertilization rates and embryo quality 

Supplementation with MI appears to improve fertilization rates in both POR and PMOS 

populations [63], [64], [65], [66], as illustrated in Figure 3. Further research supports that 

the number of fertilized embryos was higher in mixed population, without evaluating 

fertilization rates itself [61]. The number of embryos with good quality was substantially 

higher in the study by Nazari et al., in women with POR [65]. Nevertheless, no other 

article on a similar population supported that outcome, and one article did not corroborate 

any difference regarding good embryo quality rates [64]. As for mixed population, an 

article which assessed the number of good quality embryos reported that there was no 

enhancement elicited by MI supplementation [61], but another observed a higher good 

embryo quality rate in the supplemented group [62]. In PMOS, only one study evaluated 

the rate of good quality embryos, with a positive effect [63]. 

 

2.1.3.  Implantation, clinical pregnancy rates and live birth rates 

MI is reported to have an effect on clinical pregnancy rates [61], [62], [64], [65], [66]. The 

double blind randomized controlled trial by Seyedoshohadaei et al. verified an 

enhancement in CPR and LBR in women undergoing IVF/ICSI cycles [61]. Nonetheless, 

in a meta-analysis and systematic review of published articles concerning IVF or ICSI 

with embryo transfer, CPR improved, while LBR did not [62]. As for women with POR, a 

double-blinded randomized controlled study reported a non-significant increase in 

chemical and CPR in the MI intervention group [66]. Moreover, in another randomized 

controlled trial conducted in women with POR, implantation and CPR were not enhanced 

among the supplemented group [65]. Regarding women with PMOS, MI’s 

supplementation was not correlated with a statistically significant higher CPR [64]. 

However, in POR and PMOS, none of the articles were able to correlate MI to enhanced 

clinical pregnancy rates [63], [64], [65], [66]. The results regarding LBR in patients with 

diverse characteristics were not homogeneous, since one article associated 

supplementation with MI to enhanced live birth rates [61], but another did not [62]. 

Although in one article LBR were higher in the supplemented group in women diagnosed 

with POR [64], more studies are necessary in order to determine the effect of 

supplementation on those patients. 
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2.1.4. Miscarriage rates 

The systematic review and meta-analysis by Zheng et al. reported that MR were 

diminished after MI supplementation, in a heterogeneous group of patients [62]. 

Contrarily, this evidence was not supported by any other evaluated article, either in 

diversified population [61] or POR [66]. 

 

2.1.5. Overall interpretation 

MI appears to enhance general and population-specific outcomes, and so its 

administration can be thought-out. The most consistent observation was the 

enhancement of fertilization rates, which suggests a beneficial effect in oocyte 

competence. In women with PMOS, supplementation was also associated with a higher 

rate of MII oocytes, good embryo quality, higher MII oocytes rate and lower dose of 

gonadotrophins needed. In POR, improvements in LBR, embryo quality and lower doses 

of gonadotrophins were reported. In mixed population, CPR were higher, as well as the 

rates of good embryo quality, number of fertilized embryos, and number of MII oocytes. 

Moreover, the dose of gonadotrophins was lower. Regarding dose and duration of 

treatment, more studies are needed in order to determine the best option. 
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Figure 5 - Graphical representation summarizing the studied articles and the main outcomes of MI supplementation in 
female patients on assisted reproductive outcomes across different patient populations.  
A: Mixed population in lilac, 
B: POR in light blue; 
C: PMOS in light green.  
Columns represent group population and the respective doses and treatment duration in the case in which they were 
explicitly discriminated in the articles. The respective references and number of patients are below the columns. The 
articles which analysed for each outcome a different sample number, are indicated. Rows display main reproductive 
outcomes and the results for each one in the specific article. Green circles correspond to a statistically significant 
enhancement after treatment, orange circles to a non-statistically significant difference upon treatment and grey circles 
to not evaluated outcomes. 
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3. Melatonin 

 

MEL is a neurohormone secreted by the pineal gland, although it is also produced in 

oocytes, granulosa cells and luteal cells, contributing to a higher MEL concentration in 

the follicular fluid of Graafian follicles than in the blood of healthy women [67]. Beyond 

its role in regulating circadian rhythms, MEL is a potent antioxidant that directly 

scavenges reactive oxygen and nitrogen species (ROS and RNS), thereby reducing 

oxidative stress and protecting mitochondrial and nuclear DNA from oxidative damage 

[68]. Consequently, MEL supplementation has been investigated as an adjuvant therapy 

in IVF, where it has shown promising effects on oocyte quality and fertilization rates in 

women undergoing IVF [68]. 

 

 

 

 

Figure 6 - Schematic representation of the proposed role of MEL in female reproductive health. Created using artificial 
intelligence (AI). 
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3.1. Effects of Melatonin supplementation in women  

3.1.1. Ovarian response and oocyte quality 

MEL has been studied as a possible contributor to enhanced number of oocytes retrieved 

and maturated oocytes [69], [70], [71], [72], [73]. Espino et al. verified that MEL 

significantly improved the number of oocytes retrieved, independently of the dose 

administered in women with unexplained infertility [69]. Moreover, the proportion of MII 

oocytes was also higher in the MEL supplemented group [69]. In line with this, Hu et al. 

reported an increased number of oocytes collected and maturated oocytes [74]. The 

results, however, are not homogeneous. Tang et al. observed a significantly enhanced 

number of MII oocytes in MEL supplemented group, but not on the number of oocytes 

retrieved [70]. Moreover, MEL in addition to folic acid, increased the number of MII 

oocytes [70]. These authors also studied the MEL supplementation in women with PMOS 

and normal ovarian reserve (NOR) and conclude that it increased the number of MII 

oocytes in the first group, but not in the latter [70]. In another article, a higher mature 

oocyte count was observed, but the total number of oocytes and mature oocytes were 

not verified [71]. An article showed no difference in total oocyte number and number of 

mature oocytes in women who underwent IVF [72], and another reported a statistically 

significant increase in number of patients with DOR who had mature MII oocytes, but not 

in mean number of MII oocytes, although a positive trend has been observed [73].  

 

3.1.2. Fertilization rates and embryo quality 

MEL has been studied regarding its effect on embryo quality and fertilization rates [69], 

[70], [71], [72], [73], [74]. Fertilization rates upon MEL supplementation were consistently 

increased in three analyzed articles concerning mixed populations and in the only article 

in women with unexplained infertility (UI), as represented in Figure 4 [69], [70], [72], [74]. 

Evidence for this outcome is missing from DOR patients. The number of good quality 

embryos was enhanced in both women with UI and DOR [69], [73]. Nevertheless, only 

one article analyzed this outcome in UI and DOR, and so any inference should be 

cautiously done [69], [73]. As for mixed population, two articles correlated MEL 

supplementation with enhanced number of good quality embryos [70], [74], but two 

articles stated that there was no difference [71], [72]. Regarding retrieved oocytes, a 

higher number was observed in two articles on mixed populations [71], [74], but Tang et 

al. and Fernando et al. iterated that there was no difference [70], [72]. Antral follicle 

counts were not different in DOR [73]. 
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3.1.3.  Implantation, clinical pregnancy rates and live birth rates 

Some studies associated supplementation with MEL in mixed population with enhanced 

CPR [70], [74]. However, there are studies which did not demonstrate a statistically 

significant difference [71], [72]. Moreover, LBR do not seem to be affected by MEL intake 

[70], [71], [72], [74]. In women with unexplained infertility or DOR, supplementation with 

MEL did not enhance CPR [69], [73]. 

 

3.1.4. Overall interpretation 

Based on the evidence, MEL may have a more relevant impact in downstream outcomes, 

probably due to effects on ovarian response and oocyte quality and competence, which 

is consistent with its antioxidant properties [68]. Nonetheless, it should be noted that the 

results were heterogeneous, and more studies are required for further inferences and to 

determine an effective regimen. 

 

 

Figure 7 - Graphical representation summarizing the studied articles and the main outcomes of MEL supplementation in 
female patients on assisted reproductive outcomes on assisted reproductive outcomes across different patient 
populations: Mixed population in lilac; UI in pink and DOR in light yellow. Columns represent group population and the 
respective doses and treatment duration in the case in which they were explicitly discriminated in the articles. The 
respective references and number of patients are below the columns. The articles which analysed for each outcome a 
different sample number, are indicated. Rows display main reproductive outcomes and the results for each one in the 
specific article. Green circles correspond to a statistically significant enhancement after treatment, orange circles to a non-
statistically significant difference upon treatment and grey circles to not evaluated outcomes. 



FCUP 
Nutrient supplementation in Assisted Reproductive Technologies: A review 

30 

  

 

4. Vitamin D 

VitD is a fat-soluble secosteroid hormone synthesised mainly in the skin following 

ultraviolet B (UVB) exposure, although it can also be obtained through dietary sources 

and supplementation [75]. Following hepatic and renal hydroxylation, VitD is converted 

into its biologically active form, calcitriol [76]. In addition to its classical role in calcium 

homeostasis, VitD may contribute to reproductive function through the VitD receptor 

(VDR), which is expressed in ovarian tissue and involved in follicular development, 

steroidogenesis and oocyte maturation [76]. VitD deficiency has been associated with 

insulin resistance and ovulatory dysfunction, particularly in women with PMOS [76]. In 

men, VitD status has also been associated with semen quality, particularly sperm 

concentration and motility [77], [78]. 

 

 

Figure 8 - Schematic representation of the proposed role of VitD in both female and male reproductive health. Created 
using artificial intelligence (AI). 
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4.1. Effects of Vitamin D supplementation in women  

4.1.1. Fertilization rates and embryo quality 

VitD is one of the most studied supplements when it comes to women fertility. In respect 

of embryo quality, there are various articles which study its impact [79], [80], [81], [82], 

[83], [84], [85], [86].  

Regarding VitD supplementation, only in one article fertilization rates were reported to 

be improved, namely in women diagnosed with PMOS [79]. Christoforidis et al. evaluated 

the number of fertilized embryos, without proving supplementation’s efficacy [80]. As for 

embryo quality, some research could not support VitD efficacy [79], [82]. 

Higher serum or follicular fluid VitD levels were stated to improve the number of good 

embryos obtained [81]. Contrarily, several articles could not correlate VitD levels to 

embryo quality [83], [84], [85], [86] and fertilization rates [82], [84], [85], [86] in different 

populations. 

 

4.1.2.  Implantation, clinical pregnancy rates and live birth rates 

VitD has been linked to higher CPR [79], [87]. The supplementation of VitD has been 

reported to enhance CPR with regard to IVF, ICSI, fresh embryo transfer cycles, and 

frozen embryo transfer [87]. Nonetheless, the same cannot be iterated as for 

implantation rates. Abedi et al. reported enhanced CPR and biochemical pregnancy 

rates [82]. Another meta-analysis, focused on women with PMOS demonstrated that 

supplementation enhanced CPR [79]. Christoforidis et al. also found an insignificant 

result in LBR and CPR in frozen embryo transfer cycles [80].   

As for blood, serum or follicular VitD levels, the evidence is more homogeneous. Various 

articles associate higher levels of VitD with increased CPR [83], [84], [86], [88], [91]. 

Wang et al. interestingly observed in IVF cycles that CPR were diminished in the 

advanced age group with VitD deficiency but were not altered in the young group [86]. 

Zhao et al. meta-analysis correlated deficient levels of VitD to a trend to lower CPR, but 

higher ongoing pregnancy [90]. Illiuta et al. observed a higher biochemical pregnancy 

and ongoing pregnancy in the sufficient VitD group, but only an insignificant trend 

towards higher CPR [91]. Moreover, some articles failed to prove CPR increase when 

VitD levels were higher in mixed population [83], [85], [92]. Enhanced LBR were also 

correlated with higher blood, serum or follicular VitD levels, either in a population with 

different patient’s characteristics [88], [89], [90], [91]. However, some research could not 
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find any difference between control and treatment [81], [85]. Implantation rates were 

positively correlated to serum VitD levels in the study by Wang et al. [86]. Nonetheless, 

the observed inconsistent pattern in other outcomes was also verified, as several articles 

failed to prove that VitD levels influence implantation rates [88], [91], [92]. 

In a general way, VitD supplementation was more prominently associated with enhanced 

pregnancy rates, in mixed population or PMOS [79], [82], [87], as shown in Figure 5. 

However, one article reporting mixed population had conflicting findings, reporting no 

difference in CPR after VitD supplementation [80]. Regarding biochemical pregnancy 

rates, one article showed that VitD supplementation was correlated with higher levels in 

mixed population [82]. Contrarily, studies involving mixed population and PMOS, did not 

observe any statistically significant difference [79], [87]. Only in women with PMOS, MR, 

fertilization rates and MII oocytes rate were enhanced upon supplementation [79]. The 

dosage ranges are comparable among both groups. 

As for VitD levels, there is considerably more evidence regarding the outcomes studied, 

in accordance with Figure 6. A total of five articles reported enhanced CPR in women 

from a diversified group with higher VitD levels [81], [84], [86], [88], [89]. Nonetheless, 

four articles could not show a positive correlation between VitD levels and CPR in mixed 

populations [83], [85], [90], [91], as well one considering NOR was also not verified to 

have any difference [92]. Increased live birth rates were also associated with higher VitD 

levels in mixed population [88], [89], [90], [91]. Nevertheless, the same pattern was 

observed, with research performed on mixed populations claiming that the difference 

was not significant [81], [85]. The same can be observed regarding biochemical 

pregnancy rates. Three studies reported higher rates in women with higher VitD levels, 

but one study did not [84], [88], [89], [91]. Although in one study, implantation rates were 

enhanced by increased levels in mixed population, in two studies in mixed population 

and in one study for NOR there was no difference [86], [88], [91], [92]. 

 

4.1.3. Miscarriage rates 

Solely one article from the analysed literature stated that VitD supplementation had a 

positive influence on MR, namely in women with PMOS [79]. Taken this into account, 

VitD supplementation does not seem to influence MR in most cases [80], [87]. Moreover, 

VitD levels also did not affect MR in several groups with different characteristics [85], 

[86], [88], [89], [91], [92]. 
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4.1.4. Overall interpretation 

VitD supplementation seems to be associated with increased positive outcomes in 

PMOS patients when compared to mixed population. This is likely due to specific effects 

within this subgroup that are possibly diluted when observing general population. 

Notably, PMOS is often associated with VitD deficiency, which is a possible contributor 

to elevated parathyroid hormone, as well as impaired menstrual cycle, anovulation, 

insulin resistance and hyperandrogenism [79], [93]. Thus, VitD deficiency seems to 

worsen PMOS symptoms [93]. Further studies suggest that VitD supplementation is able 

to reduce both androgen and anti-müllerian hormone levels, improve menstrual 

regularity and folliculogenesis, and is positively associated with ovulation probability in 

women with PMOS [76]. 

VitD supplementation may be considered especially in the case of insufficiency or 

deficiency, and in women diagnosed with PMOS. As previously referred, VitD 

supplementation was more markedly associated with improved outcomes in women with 

PMOS when compared to other patient’s characteristics. Notably, VitD supplementation 

in PMOS was associated with enhanced CPR, fertilization and MII oocytes rates and 

diminished miscarriage [79]. Although the results in PMOS were more relevant, 

beneficial effects from supplementation were also observed in other populations, such 

as enhanced CPR and biochemical pregnancy [82], [87]. The same can be said 

regarding VitD levels improvement, as LBR, CPR and biochemical pregnancy rates, 

embryo quality, fertilization rates, rate of MII oocytes and number of oocytes retrieved 

were ameliorated in some cases [81], [84], [86], [88], [89], [90], [91]. Nevertheless, these 

outcomes should be interpreted with caution, due to the heterogeneity of the performed 

research.  
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Figure 9 - Graphical representation summarizing the studied articles and the main outcomes of VitD supplementation in 
female patients on assisted reproductive outcomes across different patient populations (Mixed population in lilac and 
PMOS in light green). Columns represent group population and the respective doses and treatment duration in the case 
in which they were explicitly discriminated in the articles. The respective references and number of patients are below the 
columns. The articles which analysed for each outcome a different sample number, are indicated. Rows display main 
reproductive outcomes and the results for each one in the specific article. Green circles correspond to a statistically 
significant enhancement after treatment, orange circles to a non-statistically significant difference upon treatment and 
grey circles to not evaluated outcomes. 
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4.2. Effects of Vitamin D supplementation in men  

4.2.1. Sperm quality and reproductive outcomes 

VitD has been studied in order to understand its effects on male fertility. Several studies 

reported that infertile men have lower serum levels of VitD when compared with fertile 

men [77], [78], [94], [95]. The most consistently observed outcomes were progressive 

sperm motility [94] and total motility [78], [94], [95], [96]. One study associated VitD levels 

with sperm concentration, morphology, and total sperm count [78]. A systematic review 

and meta-analysis correlated low levels of VitD to a decrease in sperm concentration, 

Figure 10 - Graphical representation summarizing the studied articles and the main outcomes of enhanced VitD levels in 
female patients on assisted reproductive outcomes across different patient populations.  
A and B: Mixed population in lilac; 
C: NOR in violet and PMOS in light green.  
Columns represent group population and the levels that were effective in the case in which they were explicitly 
discriminated in the articles. The respective references and number of patients are below the columns. The articles which 
analysed for each outcome a different sample number, are indicated. Rows display main reproductive outcomes and the 
results for each one in the specific article. Green circles correspond to a statistically significant enhancement, orange 
circles to a non-statistically significant difference upon levels and grey circles to not evaluated outcomes. 
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total sperm count, motility, and progressive motility. However, no difference was 

observed regarding semen volume [77]. 

As for supplementation, studies have shown improvements in sperm motility with VitD 

treatment, especially in men with baseline problems [97], [98]. Additionally, some 

research revealed decreases in sperm apoptosis and oxidative stress indicators [97]. 

Nevertheless, despite supplementation, no appreciable changes in semen parameters 

were observed in other studies [99]. Notably, Jensen et al. noted that live birth rates were 

higher only in oligozoospermic men [99].  

Regarding non-specific infertility or subfertility population, VitD supplementation 

improved total sperm count [98] and live birth rates per transfer [99], but only one article 

was analyzed for each outcome, as represented in Figure 7. Progressive motility was 

enhanced in one article [98], but another reported no difference [99]. No other outcome 

was influenced by VitD supplementation in patients with those characteristics, including 

normal morphology, total motility, sperm concentration and sperm volume [99]. As for 

asthenozoospermic men, progressive motility was increased in the only study which 

evaluated it [97]. Moreover, total motility was enhanced in one study [97], although not 

consistently [99]. Normal morphology, sperm concentration and volume were not 

significantly different in any article [97]. 

 

4.2.2. Overall interpretation 

VitD levels were positively correlated with increased total motility most of the articles 

analyzed in unspecific infertility or subfertility [94], [95], [96], as illustrated in Figure 8. 

Progressive motility was consistently enhanced in one study [94]. As for total sperm 

count and concentration, the results were conflicting, but the majority of the research 

supported improved outcomes [94], [95], [96]. Normal morphology was higher in one 

study which evaluated it and had no significant differences in the other two [94], [95], 

[96]. Regarding sperm volume, only one article supports a significant positive difference 

[94], [96]. Regarding a broader population, with either fertile, subfertile or infertile men, 

progressive motility, sperm concentration and total sperm count were consistently 

improved in two articles, when higher VitD levels were considered [77], [78]. Total motility 

was also enhanced but was only reported in one article [78]. Normal morphology, sperm 

viability and sperm volume did not seem to be impacted by different VitD levels [77], [78]. 

These findings support supplementation of VitD in men with insufficiency or deficiency 

of this nutrient, but not in men with clinically adequate levels of VitD. 
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Figure 11 - Graphical representation summarizing the studied articles and the main outcomes of VitD supplementation in 
male patients on assisted reproductive outcomes across different patient populations (Unspecific subfertile/infertile male 
population in light blue and Asthenozoospermia in darker blue). Columns represent group population and the respective 
doses and treatment duration in the case in which they were explicitly discriminated in the articles. The respective 
references and number of patients are below the columns. The articles which analysed for each outcome a different 
sample number, are indicated. Rows display main reproductive outcomes and the results for each one in the specific 
article. Green circles correspond to a statistically significant enhancement after treatment, orange circles to a non-
statistically significant difference upon treatment and grey circles to not evaluated outcomes. 
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Figure 12 - Graphical representation summarizing the studied articles and the main outcomes of enhanced VitD levels in 
male patients on assisted reproductive outcomes across different patient populations.  
A: Unspecified subfertile/infertile men population in light blue; 
B: Unspecified fertile/subfertile/infertile men population in light beige. 
Columns represent group population. The respective references and number of patients are below the columns. The 
articles which analysed for each outcome a different sample number, are indicated. Rows display main reproductive 
outcomes and the results for each one in the specific article. Green circles correspond to a statistically significant 
enhancement, orange circles to a non-statistically significant difference upon levels and grey circles to not evaluated 
outcomes. 
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5. L-Carnitine 

 

LC is a naturally occurring compound involved in mitochondrial energy metabolism, 

where it facilitates the transport of long-chain fatty acids into mitochondria for β-oxidation 

and ATP production [100]. Because spermatozoa have high energy requirements for 

motility, LC is highly concentrated in the epididymis and may contribute to sperm 

maturation and function [100], [101] In addition to its metabolic role, LC has antioxidant 

properties that may help reduce oxidative stress and protect spermatozoa from oxidative 

damage [100]. Consistent with these biological functions, studies in men with idiopathic 

infertility suggest that LC supplementation may improve sperm motility, particularly 

progressive motility, and may have beneficial effects on other semen parameters [64], 

[101]. These effects are thought to reflect improved mitochondrial energy metabolism 

and reduced oxidative stress. 

 

 

 

Figure 13 - Schematic representation of the proposed role of LC in male reproductive health. Created using artificial 
intelligence (AI). 
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5.1. Effects of L-Carnitine supplementation in men  

5.1.1. Sperm quality and reproductive outcomes 

LC supplementation has been widely investigated for its potential role in improving male 

reproductive function. Clinical studies indicate that daily doses ranging from one to three 

g administered over periods of three to six months lead to significant improvements in 

sperm motility, concentration, morphology, and total sperm count, with some evidence 

of enhanced pregnancy outcomes [100]. The randomized controlled trial by Ma et al., in 

which patients received LC (15 g per bag, administered orally, twice daily) suggested 

that in addition to the enhancement of sperm motility, concentration and morphology, LC 

is associated with increased testosterone and luteinizing hormone [102]. Khaw et al. 

verified that the intake of LC and l-acetylcarnitine supplementation in men with idiopathic 

infertility, improved total sperm motility and morphology, but did not alter concentration 

or clinical pregnancy rates [101]. A systematic review and meta‐analysis correlated 

supplementation with LC and l‐acetyl carnitine to better motility and clinical pregnancy 

rates, but failed to prove an enhancement on sperm volume, concentration and 

percentage of atypical forms [103]. Moreover, the systematic review and network meta-

analysis of randomized controlled trials by Su et al. did not show a statistically significant 

improvement in sperm morphology and concentration with LC compared with placebo. 

In contrast, LC significantly improved sperm motility and was ranked as the most 

effective antioxidant for enhancing motility in the analysis [53].  

5.2.2. Overall interpretation 

Taken together, LC increased total motility in all the articles studied, independently of 

the population [53], [101], [102], [103] (Figure 9). Moreover, progressive motility was 

enhanced in idiopathic OAT  [103] and in one article in idiopathic male infertility [101]. 

Nonetheless, in the latter population, one article had conflicting results [102]. Normal 

morphology was improved in idiopathic male infertility [101], [102], but not in idiopathic 

OAT [103] or non-specific infertility [53]. Sperm concentration was higher in one article 

in idiopathic male infertility [102], but this result was not observed in any other article 

[53], [101], [103]. Clinical pregnancy rates were improved in idiopathic OAT [103], but 

not in idiopathic male infertility [103]. Sperm volume does not seem to be improved by 

LC supplementation [101], [103].  

Based upon these findings, LC can be prescribed generally and especially in patients 

with diminished motility. 
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6. Vitamin E 

VitE is a fat-soluble antioxidant that protects cell membranes from oxidative damage by 

inhibiting lipid peroxidation caused by reactive oxygen species (ROS) [104], [105]. 

Because spermatozoa are particularly susceptible to oxidative stress due to the high 

content of polyunsaturated fatty acids in their plasma membranes and their limited 

endogenous antioxidant capacity, excessive ROS can impair sperm motility, viability and 

DNA integrity [6]. By neutralising free radicals and preserving membrane integrity, VitE 

contributes to the maintenance of sperm function and fertilising potential [104], [105]. 

Consistent with these biological functions, studies in men with idiopathic infertility 

suggest that VitE supplementation, either alone or in combination with other antioxidants, 

may improve sperm motility and reduce oxidative damage [104], [105]. 

 

 

 

 

Figure 14 - Graphical representation summarizing the studied articles and the main outcomes of LC supplementation in 
male patients on assisted reproductive outcomes across different patient populations (Idiopathic male infertility population 
in darker blue, idiopathic OAT, and unspecified subfertile/infertile men population in light blue. Columns represent group 
population and the respective doses and treatment duration in the case in which they were explicitly discriminated in the 
articles. The respective references and number of patients are below the columns. The articles which analysed for each 
outcome a different sample number, are indicated. Rows display main reproductive outcomes and the results for each 
one in the specific article. Green circles correspond to a statistically significant enhancement after treatment, orange 
circles to a non-statistically significant difference upon treatment and grey circles to not evaluated outcomes. 
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Figure 15 - Schematic representation of the proposed role of VitE in male reproductive health. Created using artificial 
intelligence (AI). 

 

 

6.1. Effects of Vitamin E supplementation in men  

6.1.1. Sperm quality and reproductive outcomes 

Supplementatiom with VitE was solely reported in subfertile or infertile men [53], [104], 

[105] (Figure 10). It was observed that there was a higher live birth rate per transfer in 

the only article which analyzed that outcome [104]. The same can be said regarding total 

motility [53]. As for progressive motility, one article verified a positive correlation [105], 

but another did not [104]. The results for clinical pregnancy odds were also inconsistent 

[104], [105]. Total sperm counts followed the same pattern [104], [105]. Sperm 

concentration was found to be higher in one article upon VitE supplementation [105], but 

other two articles contradicted this result [53], [104]. Implantation rates, sperm volume 

and sperm viability were not different between groups [104], [105]. Nevertheless, more 

studies are needed, since only one study evaluated each outcome. In one study, 

fertilization rate and normal sperm morphology were significantly higher in the placebo 

group than in the VitE group [104]. However, in another two studies there was no 

difference between groups regarding normal morphology [53], [105]. 
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6.2.2. Overall interpretation 

Taken together, the available evidence regarding VitE supplementation is inconsistent. 

Although improvements in certain semen parameters and live birth per transfer have 

been reported, these findings were not consistently reproduced across studies. 

Therefore, current evidence is insufficient to support the routine use of VitE 

supplementation for improving male fertility, and further well-designed randomized 

controlled trials are needed. 

 

 

 

Figure 16 - Graphical representation summarizing the studied articles and the main outcomes of VitE supplementation in 
male patients on assisted reproductive outcomes in unspecified subfertile/infertile men population. Columns represent 
group population and the respective doses and treatment duration in the case in which they were explicitly discriminated 
in the articles. The respective references and number of patients are below the columns. The articles which analysed for 
each outcome a different sample number, are indicated. Rows display main reproductive outcomes and the results for 
each one in the specific article. Green circles correspond to a statistically significant enhancement after treatment, orange 
circles to a non-statistically significant difference upon treatment and grey circles to not evaluated outcomes. 
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Conclusion 

The reviewed literature shown in this thesis highlights the potential of dietary 

supplementation protocols in the optimization and improvement of reproductive 

outcomes in both men and women. In the last decade, there has been increasing reliance 

on ART due to rising infertility rates. Nevertheless, the techniques have remained 

relatively unchanged over the years, leading to increased interest in alternative 

strategies, such as dietary nutrient supplementation. Despite the observed positive 

effects of such strategies in the general population groups evaluated, the benefits of 

adequate supplementation are particularly evident in individuals diagnosed with clinical 

conditions that diminish reproductive capabilities. In this context, CoQ10 shows 

consistent benefits in both women and men. MI appears particularly useful in women, 

while LC is more relevant for male reproductive outcomes. VitD is mainly effective when 

used to address a deficiency rather than as a general supplement. In contrast, MEL in 

women and VitE in men do not show clear evidence of improving reproductive outcomes. 

Overall, the evidence supports supplementation, but it should be individually considered 

based on patient characteristics and nutritional status. 
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Attachments 

Attachment 1 

Supplementary Table 1 - Table summarizing the characteristics of the analysed articles for female patients. [+] favourable increase/improvement; [-] favourable reduction for outcomes where lower 
values are desirable; [=] no significant/favourable difference. 

Supplement Reference Study design Population n Intervention / exposure Corrected outcomes from evidence map 
Coenzyme Q10 Florou et al. 

(2020) 
Systematic review and 

meta-analysis 
Mixed population undergoing 

ART 
n = 449; CoQ10: 215; 

control: 234 
CoQ10 supplementation; variable dose 

and duration 
[+] Clinical pregnancy rate; [=] live birth rate and miscarriage rate. 

Coenzyme Q10 Xu et al. (2018) Randomized controlled trial Young women with poor ovarian 

reserve; age <35 years 
n = 169; CoQ10: 76; 

control: 93 
CoQ10 200 mg three times daily for 2 

months 
[+] Good embryo quality (n), fertilization rate and oocytes retrieved (n); [-

] gonadotrophin dose required; [=] live birth rate, clinical pregnancy rate, 

miscarriage rate, cycle cancellation rate and antral follicle count.  
Coenzyme Q10 Qi et al. (2022) Retrospective controlled 

study 
Women with poor ovarian 

response; age ≥35 years 
n = 330; CoQ10: 110; 

CoQ10 + TEAS: 110; 

control: 110 

CoQ10 10 mg three times daily for 2 

months, with or without TEAS 
[+] Implantation rate, good embryo quality (n), oocytes retrieved (n), MII 

oocytes (n) and antral follicle count; [=] live birth rate, clinical pregnancy 

rate, miscarriage rate, good embryo quality rate, fertilization rate, cycle 

cancellation rate, MII oocyte rate and gonadotrophin dose required. 
Coenzyme Q10 Lin et al. (2024) Systematic review and 

meta-analysis 
Women with diminished ovarian 

reserve 
n = 1529; CoQ10: 761; 

control: 768 
CoQ10 supplementation; variable dose 

and duration 
[+] Clinical pregnancy rate, good embryo quality (n) and oocytes retrieved 

(n); [-] miscarriage rate, cycle cancellation rate and gonadotrophin dose 

required. 
Myo-inositol Seyedoshohada

ei et al. (2021) 
Clinical study Mixed population undergoing 

ART 
n = 70; myo-inositol: 36; 

control: 34 
2000 mg myo-inositol + 200 μg folic acid 

twice daily for 2 months 
[+] Live birth rate, clinical pregnancy rate, fertilized embryos (n), oocytes 

retrieved (n) and MII oocytes (n); [=] miscarriage rate, good embryo 

quality (n) and fewer degenerated oocytes. 
Myo-inositol Zheng et al. 

(2017) 
Systematic review and 

meta-analysis 
Mixed population undergoing 

IVF/ICSI 
n ≤ 935; myo-inositol: 

482; outcome-specific 

control groups 

Myo-inositol supplementation; variable 

dose and duration 
[+] Clinical pregnancy rate, good embryo quality rate, [-] miscarriage rate, 

degenerated oocytes and dose of gonadotrophins required; [=] live birth 

rate, cycle cancellation rate, oocytes retrieved (n) and MII oocyte rate. 
Myo-inositol Zhang et al. 

(2025) 
Systematic review and 

meta-analysis 
Infertile women, including women 

with PMOS and poor ovarian 

response 

n ≤ 981; myo-inositol: 

478; control: 503; 

outcome-specific 

Myo-inositol supplementation; variable 

dose and duration 
Mixed/POR analysis: [+] live birth rate and fertilization rate; [=] clinical 

pregnancy rate, good embryo quality rate, oocytes retrieved (n) and MII 

oocyte rate. PMOS subgroup: [+] fertilization rate and MII oocyte rate; [-] 

gonadotrophin dose required; [=] clinical pregnancy rate and oocytes 

retrieved (n). 
Myo-inositol Nazari et al. 

(2020) 
Randomized controlled trial Poor ovarian responder women n = 112; myo-inositol + 

folic acid: 56; folic acid: 

56 

4 g myo-inositol + 400 μg folic acid daily 

for 1 month 
[+] Good embryo quality (n) and fertilization rate; [=] clinical pregnancy 

rate, miscarriage, oocytes retrieved (n) and MII oocytes (n). 
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Supplement Reference Study design Population n Intervention / exposure Corrected outcomes from evidence map 
Myo-inositol Mohammadi et 

al. (2021) 
Randomized clinical trial Poor ovarian responder women n = 60; myo-inositol + 

folic acid: 30; folic acid: 

30 

4 g myo-inositol + 400 μg folic acid daily 

for 3 months 
[+] Fertilization rate; [-] gonadotrophin dose required; [=] clinical 

pregnancy rate, miscarriage rate, oocytes retrieved (n) and MII oocytes 

(n). 
Myo-inositol Tabatabaie et al. 

(2022) 
Experimental clinical study Women with PMOS, aged 20-35 

years 
n = 90; three groups of 30 

participants 
4 g myo-inositol + 400 μg folic acid daily 

for 1 month 
[+] Good embryo quality rate, fertilization rate and MII oocyte rate; [=] 

oocytes retrieved (n). 
Melatonin Hu et al. (2018) Systematic review and 

meta-analysis of 

randomized trials 

Women undergoing IVF n = 1203; melatonin: 645; 

control: 558 
Melatonin ≥3 mg daily [+] Clinical pregnancy rate, good embryo quality (n), oocytes retrieved (n) 

and MII oocytes (n); [=] live birth rate and miscarriage rate. 

Melatonin Tang et al. 

(2025) 
Systematic review and 

meta-analysis 
Women undergoing ART n = 1241 Melatonin 2-8 mg daily [+] Clinical pregnancy rate, good embryo quality (n), fertilization rate and 

MII oocytes (n); [=] live birth rate, miscarriage rate and oocytes retrieved 

(n). 
Melatonin Melhjede et al. 

(2021) 
PRISMA systematic review 

and meta-analysis 
Women undergoing IVF n = 889; melatonin: 535; 

control: 354 
Melatonin 3 mg daily to 8 mg twice daily [+] Oocytes retrieved (n); [=] live birth rate, clinical pregnancy rate, 

miscarriage rate, good embryo quality (n) and MII oocytes (n). 
Melatonin Fernando et al. 

(2018) 
Double-blind randomized 

placebo-controlled trial 
Women undergoing ART n = 140; 2 mg: 41; 4 mg: 

49; 8 mg: 10; control: 40 
Melatonin 2, 4 or 8 mg twice daily during 

ovarian stimulation 
[+] Fertilization rate; [=] live birth rate, clinical pregnancy rate, good 

embryo quality (n), fertilized embryos (n), oocytes retrieved (n) and MII 

oocytes (n). 
Melatonin Espino et al. 

(2018) 
Randomized pilot study Women with unexplained 

infertility undergoing ART 
n = 160; subgroup 

allocation unclear 
Melatonin 3-6 mg daily from first 

appointment/controlled ovarian 

stimulation until oocyte retrieval 

[+] Good embryo quality (n), fertilization rate, oocytes retrieved (n) and 

MII oocyte rate; [=] clinical pregnancy rate. 

Melatonin Jahromi et al. 

(2018) 
Double-blind randomized 

clinical trial 
Women with diminished ovarian 

reserve 
n = 66; melatonin: 32; 

control: 34 
Melatonin 3 mg daily from day 5 of the 

cycle prior to stimulation until oocyte 

retrieval 

[+] Good embryo quality (n); [=] clinical pregnancy rate, miscarriage rate, 

MII oocytes (n) and antral follicle count. 

Vitamin D 

supplementation 
Meng et al. 

(2023) 
Systematic review and 

meta-analysis 
Infertile patients n = 325; outcome-

specific 
Vitamin D 1000-10,000 IU daily [+] Clinical pregnancy rate; [=] biochemical pregnancy rate, multiple 

pregnancy rate, miscarriage rate and implantation rate. 
Vitamin D 

supplementation 
Christoforidis et 

al. (2025) 
Clinical study Women undergoing frozen 

embryo transfer 
n = 252; vitamin D: 115; 

control: 137 
Vitamin D 25,000-50,000 IU weekly [=] Live birth rate, clinical pregnancy rate, miscarriage rate, fertilized 

embryos (n), oocytes retrieved (n), MII oocytes (n) and antral follicle 

count. 
Vitamin D 

supplementation 
Abedi et al. 

(2024) 
Randomized double-blind 

placebo-controlled trial 
Women undergoing ICSI n = 85; vitamin D: 70; 

control: 15 
Vitamin D 50,000 IU weekly for 6 weeks [+] Clinical pregnancy rate and biochemical pregnancy rate; [=] good 

embryo quality rate, fertilization rate, oocytes retrieved (n) and MII 

oocytes (n). 
Vitamin D 

supplementation 
Yang et al. 

(2023) 
Systematic review and 

meta-analysis 
Women with PMOS n = 196; outcome-

specific 
Vitamin D 200-10,000 IU daily, one dose 

or for 8, 12 and 24 weeks 
[+] Clinical pregnancy rate, fertilization rate and MII oocyte rate; [-] 

miscarriage rate; [=] biochemical pregnancy rate and good embryo quality 

rate. 
Vitamin D status / 

levels 
Chu et al. (2018) Systematic review and 

meta-analysis 
Women undergoing ART Outcome-specific n Serum vitamin D status [+] Live birth rate, clinical pregnancy rate and biochemical pregnancy rate; 

[=] miscarriage rate. 
Vitamin D status / 

levels 
Neysanian et al. 

(2021) 
Prospective cohort study Women undergoing ART, 

grouped according to serum and 

follicular fluid vitamin D levels 

n = 137 Serum and follicular fluid vitamin D 

assessment 
[+] Clinical pregnancy rate and biochemical pregnancy rate; [=] good 

embryo quality (n) and fertilization rate. 
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Supplement Reference Study design Population n Intervention / exposure Corrected outcomes from evidence map 
Vitamin D status / 

levels 
Xu et al. (2025) Systematic review and 

dose-response meta-

analysis 

Women undergoing ART n = 970; outcome-

specific 
Vitamin D status assessment; effects 

reported at ≤24 ng/L 
[+] Live birth rate and clinical pregnancy rate; [=] biochemical pregnancy 

rate, miscarriage rate and implantation rate. 

Vitamin D status / 

levels 
Jiang et al. 

(2025) 
Predictive modelling study Women undergoing ART, 

grouped according to clinical 

pregnancy outcome 

n = 188; divided into two 

groups based on clinical 

pregnancy outcomes 

Vitamin D status included in ART success 

prediction 
[+] Clinical pregnancy rate, good embryo quality rate, oocytes retrieved 

(n) and antral follicle count; [=] live birth rate. 

Vitamin D status / 

levels 
Wang et al. 

(2018) 
Clinical observational study Women undergoing IVF; 

deficient, insufficient and replete 

groups 

n = 149; deficient: 49; 

insufficient: 72; replete: 

28 

Serum vitamin D assessment [+] Clinical pregnancy rate and implantation rate; [=] miscarriage rate, 

good embryo quality (n), fertilized embryos (n), fertilization rate, oocytes 

retrieved (n) and antral follicle count. 
Vitamin D status / 

levels 
Zhao et al. 

(2024) 
Systematic review and 

meta-analysis 
Women undergoing IVF/ICSI n = 2254; outcome-

specific 
Vitamin D status assessment [+] Live birth rate; [=] clinical pregnancy rate. 

Vitamin D status / 

levels 
Iliuta et al. (2025) Systematic review and 

meta-analysis 
Women undergoing IVF n < 371; outcome-

specific 
Vitamin D level assessment [+] Live birth rate and biochemical pregnancy rate; [=] clinical pregnancy 

rate, miscarriage rate and implantation rate. 
Vitamin D status / 

levels 
Antunes et al. 

(2018) 
Observational cohort study Couples undergoing IVF 

treatment 
n = 267 Vitamin D level assessment [=] Clinical pregnancy rate, good embryo quality (n), oocytes retrieved (n), 

MII oocytes (n) and antral follicle count. 
Vitamin D status / 

levels 
Walz et al. (2020) Cohort study Women undergoing IVF n = 287 Serum vitamin D assessment [=] Live birth rate, clinical pregnancy rate, miscarriage rate, good embryo 

quality (n), fertilized embryos (n), fertilization rate, oocytes retrieved (n), 

MII oocytes (n) and antral follicle count. 
Vitamin D status / 

levels 
Luo et al. (2023) Cohort study Women with normal ovarian 

reserve undergoing first IVF/ICSI 

cycle 

n = 264 Serum vitamin D assessment [=] Clinical pregnancy rate, biochemical pregnancy rate, miscarriage rate, 

implantation rate, fertilized embryos (n), MII oocytes (n) and antral follicle 

count. 
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Supplementary Table 2 - Table summarizing the characteristics of the analysed articles for male patients. [+] favourable increase/improvement; [-] favourable reduction for outcomes where lower 
values are desirable; [=] no significant/favourable difference. 

Supplement Reference Study design Population n Intervention / exposure Corrected outcomes from evidence map 

Coenzyme Q10 Akhigbe et al. (2025) Systematic review and meta-

analysis 
Men with infertility included in CoQ10 

intervention studies 
Outcome-specific n; up 

to 877 
CoQ10 supplementation; variable 

dose and duration 
[+] Normal morphology, progressive motility, total motility 

and total sperm count; [=] sperm concentration and 

sperm volume. 

Coenzyme Q10 Su et al. (2022) Systematic review and 

network meta-analysis 
Subfertile men included in antioxidant 

trials 
Outcome-specific n; up 

to 1790 
CoQ10 supplementation; variable 

dose and duration 
[+] Normal morphology, total motility and sperm 

concentration. 

Coenzyme Q10 Bahar et al. (2023) Double-blind placebo-

controlled randomized 

clinical trial 

Idiopathic infertile men referred to an 

infertility center 
n = 60; CoQ10: 30; 

control: 30 
CoQ10 100 mg daily for 12 weeks [+] Normal morphology; [=] progressive motility, total 

sperm count, sperm viscosity and sperm volume. 

Coenzyme Q10 Bakri et al. (2025) Systematic review and meta-

analysis of randomized trials 
Men with idiopathic male infertility n = 781; CoQ10: 430; 

control: 351 
CoQ10 supplementation; variable 

dose and duration 
[+] Clinical pregnancy odds, normal morphology, total 

motility, sperm concentration and sperm volume; [=] total 

sperm count and sperm viscosity. 

Coenzyme Q10 Alahmar et al. (2019) Randomized controlled trial Idiopathic 

oligoasthenoteratozoospermia (OAT) 
n = 85; CoQ10: 50; 

control: 35 
CoQ10 200 or 400 mg daily for 3 

months 
[+] Progressive motility, total motility and sperm 

concentration; [=] normal morphology and sperm 

volume. 

Coenzyme Q10 Alahmar et al. (2020) Randomized controlled trial Idiopathic 

oligoasthenoteratozoospermia (OAT) 
n = 100; CoQ10: 50; 

control: 50 
CoQ10 200 mg daily for 3 months [+] Progressive motility, total motility and sperm 

concentration; [=] normal morphology and sperm 

volume. 

Coenzyme Q10 Alahmar et al. (2022) Clinical intervention study Idiopathic oligoasthenozoospermia (OA) n = 65; CoQ10: 30; 

control: 35 
CoQ10 300 mg daily for 3 months [+] Progressive motility, total motility and sperm 

concentration; [=] normal morphology and sperm 

volume. 

L-carnitine Ma et al. (2022) Randomized controlled trial Idiopathic male infertility n = 143; study: 73; 

control: 70 
L-carnitine 15 g/bag orally, twice daily [+] Normal morphology, total motility and sperm 

concentration; [=] progressive motility. 

L-carnitine Khaw et al. (2020) Systematic review and meta-

analysis of randomized 

controlled trials 

Idiopathic male infertility Outcome-specific n; up 

to 49 
L-carnitine and/or L-acetyl-carnitine 

supplementation; variable dose and 

duration 

[+] Normal morphology, progressive motility and total 

motility; [=] clinical pregnancy odds, sperm concentration 

and sperm volume. 



FCUP 
Nutrient supplementation in Assisted Reproductive Technologies: A review 

61 

  

 

Supplement Reference Study design Population n Intervention / exposure Corrected outcomes from evidence map 

L-carnitine Zhang et al. (2019) Systematic review and meta-

analysis 
Idiopathic 

oligoasthenoteratozoospermia (OAT) 
n = 693; outcome-

specific 
L-carnitine and/or L-acetyl-carnitine 

supplementation; variable dose and 

duration 

[+] Clinical pregnancy odds, progressive motility and total 

motility; [=] normal morphology, sperm concentration and 

sperm volume. 

L-carnitine Su et al. (2022) Systematic review and 

network meta-analysis 
Subfertile men included in antioxidant 

trials 
Outcome-specific n; up 

to 1790 
L-carnitine supplementation; variable 

dose and duration 
[+] Total motility; [=] normal morphology and sperm 

concentration. 

Vitamin E Matorras et al. (2020) Double-blind randomized 

controlled study 
Men from infertile couples undergoing 

IVF/ICSI 
n = 101; vitamin E: 50; 

control: 51 
Vitamin E 400 mg daily for 3 months [+] Live birth rate per transfer; [-] fertilization rate and 

normal morphology; [=] clinical pregnancy odds, 

implantation rate, progressive motility, sperm 

concentration and total sperm count. 

Vitamin E Zhou et al. (2022) Systematic review and meta-

analysis of randomized 

controlled trials 

Infertile men included in vitamin E trials Outcome-specific n; up 

to 832 
Vitamin E supplementation; variable 

dose and duration 
[+] Clinical pregnancy odds, progressive motility, sperm 

concentration and total sperm count; [=] normal 

morphology, sperm viability and sperm volume. 

Vitamin E Su et al. (2022) Systematic review and 

network meta-analysis 
Subfertile men included in antioxidant 

trials 
Outcome-specific n; up 

to 1790 
Vitamin E supplementation; variable 

dose and duration 
[+] Total motility; [=] normal morphology and sperm 

concentration. 

Vitamin D 

supplementation 
Jiao et al. (2025) Systematic review and meta-

analysis of prospective 

randomized controlled trials 

Infertile men included in vitamin D3 

supplementation trials 
n = 945; outcome-

specific 
Vitamin D3 supplementation; variable 

dose and duration 
[+] Progressive motility and total sperm count. 

Vitamin D 

supplementation 
Jensen et al. (2018) Single-centre triple-blinded 

randomized clinical trial 
Vitamin D-insufficient infertile men n = 330 Initial cholecalciferol loading dose 

followed by vitamin D and calcium 

supplementation for 150 days 

[+] Live birth rate per transfer; [=] normal morphology, 

progressive motility, total motility, sperm concentration 

and sperm volume. 

Vitamin D 

supplementation 
Moghadam et al. 

(2020) 
Experimental clinical study Asthenozoospermia n = 80; study: 40; 

control: 40 
Vitamin D exposure/intervention 

protocol in asthenozoospermic semen 

samples 

[+] Progressive motility and total motility; [=] normal 

morphology and sperm concentration. 

Vitamin D status / 

levels 
Arab et al. (2019) Systematic review and meta-

analysis of observational 

studies 

Fertile and infertile adult men n = 4773; outcome-

specific 
Serum vitamin D status assessment [+] Progressive motility and total motility; [=] normal 

morphology, sperm concentration, total sperm count and 

sperm volume. 

Vitamin D status / 

levels 
Hajianfar et al. (2021) Cross-sectional study Iranian infertile men n = 350 Serum vitamin D status assessment [+] Normal morphology, total motility, total sperm count 

and sperm volume. 

Vitamin D status / 

levels 
Rezayat et al. (2022) Case-control study Infertile men and fertile controls n = 114; study: 57; 

control: 57 
Serum vitamin D status assessment [+] Total motility and total sperm count; [=] normal 

morphology. 
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Supplement Reference Study design Population n Intervention / exposure Corrected outcomes from evidence map 

Vitamin D status / 

levels 
Ciccone et al. (2021) Cross-sectional study Men selected for semen and hormone 

assessment 
n = 260; study: 136; 

control: 124 
Serum vitamin D status assessment [+] Progressive motility, total motility, sperm 

concentration and total sperm count; [=] sperm volume. 

Vitamin D status / 

levels 
Yan et al. (2023) Systematic review and meta-

analysis 
Fertile and infertile men included in 

vitamin D status studies 
Outcome-specific n; up 

to 7138 
Serum vitamin D status assessment [+] Progressive motility, sperm concentration and total 

sperm count; [=] normal morphology, sperm viability and 

sperm volume. 

 

 

 

 

 

 


