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Abstract 

This research endeavors to explore the potential correlation between dietary patterns, supported by 

reliable biomarkers, and the quality of semen. In a prestigious Metro Care Lab in Prayagraj, India, 

we conducted a comprehensive analysis of nutrient intake and dietary patterns among 172 

individuals from sub-fertile couples undergoing in vitro fertilization treatment. Through meticulous 

principal component factor analysis, we sought to discern and understand the intricate relationship 

between their diets and fertility outcomes. In both blood and seminal plasma, an analysis was 

conducted to determine the levels of total homocysteine (tHcy), folate, vitamin B12, and vitamin 

B6. The evaluation of semen quality encompassed various aspects such as sperm volume, 

concentration, motility, morphology, and the DNA fragmentation index (DFI). Linear regression 

models were utilized to examine the relationships between dietary patterns, biomarkers, and sperm 

parameters, while accounting for factors such as age, body mass index (BMI), smoking habits, 

vitamin intake, and the presence of varicocele. The Health Conscious dietary pattern, characterized 

by elevated consumption of fruits, vegetables, fish, and whole grains, emerged as particularly 

noteworthy. The Traditional Indian culinary tradition is distinguished by its penchant for robust 

consumption of meat, potatoes, and whole grains, while exhibiting a discernible aversion towards 

non-alcoholic beverages and confections. The Health Conscious diet demonstrated a negative 

association with tHcy levels in both blood and seminal plasma, with a significant correlation 

coefficient of -0.07 (p-value = 0.02). Furthermore, this diet exhibited a positive relationship with 

vitamin B6 levels in blood, denoted by a correlation coefficient of 0.217 (p-value = 0.01). A 

remarkable correlation was revealed between the Health Conscious diet and DFI, indicating an 

inverse association (β –2.81, p 0.05). On the other hand, the Traditional Indian diet showed a 

positive correlation with red blood cell folate (β 0.06, p 0.04) as well as sperm concentration (β 

13.25, p 0.01). Eating healthy and following a traditional Indian diet may be linked to how good a 

man's sperm is if he and his partner are having trouble getting pregnant. 

Introduction 

Fertility is the remarkable capacity of two individuals to create life through the sacred union of their 

bodies (Choma, 2020). In ordinary circumstances, this phenomenon may be within the realm of 

possibility. Infertility is characterized as the absence of the capacity to procreate following a 

duration no shorter than a year of consistent, unguarded intimate relations (Choma, 2020). There 

are countless factors that contribute to infertility, affecting both women and men alike. This delicate 

matter is exceedingly challenging to address, as it deeply impacts the emotional and psychological 

state of those grappling with it. Astonishingly, research conducted by the esteemed Centers for 

Disease Control and Prevention reveals that 19% of women aged 15 to 49 struggle to conceive after 
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a year of unprotected intimacy, while an additional 26% are unable to sustain a pregnancy to full 

term. As a result, the urgency to explore innovative treatment approaches and artificial reproductive 

technologies has become paramount in recent times. Over the past decades, human fertility rates 

have declined dramatically in industrialized countries (The World Bank Group, 2005). Due to 

atypical qualities of semen, approximately 30% of couples experiencing fertility challenges are now 

reliant on artificial reproductive methods in order to overcome unsuccessful attempts at conception  

(Wong et al, 2000). The impact of risk factors like smoking and alcohol use is undisputed, and also 

manifest malnutrition is known to affect semen (Homan et al, 2007). In light of the shifting dietary 

patterns worldwide, there has been a noticeable surge in the adoption of unhealthy eating habits 

among both men and women of reproductive age. These diets are distinguished by their insufficient 

consumption of fruits and vegetables, coupled with excessive intake of foods abundant in saturated 

fats (Vujkovic et al, 2007). Thus far, the examination of semen quality in males has predominantly 

centered around the exploration of zinc and the B-vitamin folate's impact. As a trace element, zinc 

serves as a vital coenzyme in metalloenzymes crucial to various spermatogenic processes, and its 

deficiency can result in oligospermia (Favier, 1992). A folate deficiency results in homocysteine 

abundance and induces oxidative stress and apoptosis. Recent findings show associations between 

folate deficiency-dependent and sperm aneuploidy, (Young et al. 2008) sperm DNA damage, 

(Boxmeer et al, 2008) and low sperm count (Wallock et al, 2001). As expected, total homocysteine 

(tHcy) concentrations in seminal plasma appear to be associated with male subfertility and low 

embryo quality (Ebisch et al, 2006). The human diet is comprised of a diverse array of nutrients that 

work together to impact various biological processes. Given that nutrition can be influenced by 

external factors or intentional modifications, it is reasonable to expect that reproductive health can 

be affected. With this in mind, our study aims to achieve three objectives: firstly, to identify dietary 

patterns in men from couples experiencing subfertility and undergoing assisted reproductive 

treatments such as in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI); secondly, 

to establish a correlation between these dietary patterns and biomarker concentrations related to the 

homocysteine pathway in both blood and seminal plasma; and lastly, to assess the impact of these 

dietary patterns on semen quality, while accounting for potential confounding factors such as age, 

body mass index (BMI), smoking, vitamin supplement intake, and the presence of varicocele. In our 

research, the consumption of alcohol is considered as a nutritional exposure. It is worth noting that 

male infertility accounts for approximately 25% of fertility issues and can be classified into three 

main categories: pretesticular, testicular, and post-testicular causes (Lutz, 2020). Pretesticular 

dysfunction pertains to a disturbance within the endocrine system, the very mechanism that 

orchestrates the production of indispensable hormones essential for the genesis of sperm and the 

orchestration of erectile function. It is worth noting that nearly fifty percent of male infertility cases 

stem from complications originating from the testicles, thus underscoring the gravity of such 

afflictions  (Lutz, 2020). Among the manifold factors contributing to diminished fertility, one 

encounters varicocele, infection, physical aberrations, pharmaceutical agents, radiation exposure, 

and pernicious environmental pollutants. Varicoceles materialize from the dilation of testicular vein 

conduits, the precise etiology shrouded in mystery; nevertheless, meticulous investigations have 

unveiled a pronounced decline in fecundity ensuing from this condition (Lutz, 2020). Post testicular 

causes are primary due to obstruction, infection, and surgical procedures (Lutz, 2020). Obstruction 

is most often the result of benign prostatic hyperplasia (BPH), which not only obstructs urine 

outflow, but also ejaculatory function. Age is a significant factor in BPH development, because the 

body produces more of the hormone dihydroxytestosterone (DHT), which stimulates prostate tissue 

growth. Additionally, proportions of estrogen increase as a man ages, and estrogen promotes DHT 
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activity. The treatments available for BPH are effective in relieving the constriction but can also 

damage reproductive function further or even completely. Erectile dysfunction also falls into this 

category, as it prevents the entry of sperm into the vaginal cavity (Lutz, 2020). 

Review of literature 

Infertility encompasses the inability to attain a fruitful pregnancy following a sustained period, 

typically lasting over a year, of consistent and unguarded intercourse. In the modern era, this 

poignant matter has transcended geographical boundaries to manifest as a pervasive public health 

predicament, drawing significant clinical attention. Alas, this affliction afflicts an estimated 15% of 

couples in their prime reproductive years, casting a shadow over their hopes and aspirations. It has 

been estimated that 70 million couples worldwide experience subfertility or infertility (Boivin et al., 

2007). Male factors, such as diminished semen quality, account for approximately a quarter of 

infertility cases (Evers, 2002). In the United States, it is estimated that between 3.3 and 4.7 million 

men are actively seeking assistance for fertility issues (Anderson et al., 2009). Some studies suggest 

that human semen quality has declined in certain geographic regions of the world (Merzenich et al., 

2010; Mendiola et al., 2013). The current understanding surrounding the origins of diminished 

semen quality is still lacking, with an array of physiological, environmental, and genetic elements 

being considered, including the involvement of oxidative stress (Jungwirth et al., 2012). Renowned 

litterateurs have contemplated the notion that a myriad of environmental variables, including but 

not limited to atmospheric contamination, tobacco consumption, psychological strain, chemical 

compounds, and other deleterious elements present in the nourishment, may be accountable for the 

discernible decline in the caliber of seminal fluid in industrialized nations (Merzenich et al., 2010). 

Throughout the past four decades, numerous elements and essential nutrients have been 

meticulously examined in relation to their potential impact on the functionality of sperm, fertility 

rates, and the overall normal functioning of the reproductive system (Abbasi et al., 1979). 

Accumulating evidence derived from in vitro experiments involving humans and animal studies 

strongly suggests that male obesity and specific dietary components possess a substantial influence 

over the process of spermatogenesis, sperm maturation, and ultimately, fertilizing prowess. It is 

worth noting that the molecular and physical constitution of sperm may suffer detrimental 

consequences due to the presence of excessive body weight in males, thereby hampering 

reproductive capabilities (Mitchell et al., 2011; Palmer et al., 2012). Furthermore, various victuals 

and constituents of the dietary regimen, notorious for their correlation with heightened 

susceptibility to obesity, insulin resistance, and diabetes, have likewise been linked to a decline in 

the caliber or efficacy of spermatozoa in animal prototypes. For example, diets rich in calories 

(Rato et al., 2014), trans-fatty acids (TFAs), saturated fats (Ng et al., 2010) or cholesterol (Morgan 

et al., 2014) have been associated to testicular disruption, involving impairments in 

spermatogenesis potentially affecting male fertility and the offspring. In the realm of studying the 

connection between diet and male fertility, numerous scientific inquiries, including cross-sectional, 

case-control, retrospective, and prospective observational studies, have been conducted. Some of 

these studies have encompassed substantial sample sizes, yielding conflicting outcomes. Despite 

this discordance, various assisted reproductive clinics advocate for simple lifestyle modifications, 

such as increased physical activity, cognitive behavioral therapy, and yoga to alleviate stress, 

alongside providing guidance on decreasing alcohol and caffeine consumption and presenting 

dietary recommendations (Collins and Rossi, 2015) with the intention of augmenting semen quality 

and fertility prospects. Nevertheless, the stark reality highlights the dire need for a deeper 
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comprehension of the influence of lifestyle and nutrition on male fertility before any valuable 

recommendations can be made. Recently, a comprehensive analysis was published, encompassing 

randomized clinical trials (RCTs) that scrutinized the impact of specific nutrients and nutritional 

supplements on male infertility (Giahi et al., 2016). In a comprehensive review, 12 diverse and 

subpar randomized controlled trials (RCTs) were examined, each conducted on small groups of 

participants, to explore the impact of specific nutrients and nutritional supplements on male 

infertility. Various oral combinations such as selenium, selenium with vitamin A, vitamin C, 

vitamin E, L-carnitine with L-acetylcarnitine, beta-carotene, alphatocopherol, and arachidonic acid, 

coenzyme Q10, clomiphene citrate with vitamin E, eicoseptanoic acid with docohexanoid acid, and 

ubiquinol were administered in an effort to enhance traditional sperm quality parameters including 

sperm concentration, motility, morphology, and sperm DNA fragmentation (SDF). Although some 

studies utilizing supplements of carnitine, coenzyme Q10, and selenium have shown slight positive 

effects on sperm parameters, they have failed to provide clear explanations regarding the potential 

underlying mechanisms. Consequently, Giahi et al. (2016) concluded that existing research presents 

conflicting evidence regarding the role of dietary compounds in male infertility, emphasizing the 

need for future large-scale, well-designed RCTs to establish definitive recommendations. Despite 

the lack of evidence supporting the influence of diet on sperm parameters and the effectiveness of 

supplements in addressing male infertility, there has been a proliferation of integrative dietary 

products in certain assisted reproductive technology (ART) clinics over the past two decades. 

Regrettably, the safety of these dietary supplements remains untested, and the potential risks they 

pose to the user population remain unknown. To provide a comprehensive overview of the field and 

expand upon the findings of Giahi et al.'s (2016) review, the objective of this present analysis was 

to systematically investigate the associations between diet, food, nutrient consumption, and sperm 

quality as well as male fecundity. Fruits and vegetables possess ample hydration, abundant 

antioxidant vitamins (notably vitamin C, vitamin A, β-carotene, and polyphenols), as well as other 

phytochemicals. Furthermore, they contain certain minerals like potassium and magnesium that 

showcase their own antioxidant characteristics. Additionally, these wholesome edibles are rich in 

folate and fiber. Intriguingly, there exists a clear correlation between the levels of antioxidants and 

the generation of reactive oxygen species (ROS) within sperm cells (Ross et al., 2010). Moreover, 

elevated levels of ROS can detrimentally impact the genetic material of sperm, thereby leading to 

compromised sperm movement, viability, and abundance. Additionally, this phenomenon has been 

associated with an increased likelihood of miscarriages and the manifestation of irregularities 

during the development of progeny (Aitken et al., 2016). Antioxidants have been hailed as the 

quintessential 'scavengers' of reactive oxygen species (ROS) and their potential as a therapeutic 

intervention for mitigating the detrimental effects of elevated ROS levels on semen parameters has 

been extensively investigated (Ross et al., 2010). Indeed, the majority of human clinical trials, 

albeit founded on scant scientific substantiation, have revealed potential advantages of various 

antioxidants in enhancing the quality of sperm (Ghanem et al., 2010). Antioxidants have also shown 

some promise in treating idiopathic oxidative stress in spermatozoa (Showell et al., 2014). It is 

imperative that future studies replicate these findings before definitive conclusions can be drawn. 

As previously mentioned by Young et al. (2008), it has been observed that men with a substantial 

intake of folate exhibit decreased instances of various forms of sperm aneuploidy. This discovery 

indicates the potential significance of this vitamin in the process of spermatogenesis. Folate, 

primarily found in verdant leafy vegetables, is indispensable for the preservation of DNA integrity, 

as well as the synthesis of transfer RNA and proteins (Molloy, 2012). Given that DNA synthesis 

plays a crucial role in spermatogenesis, it is likely that folate is important for this process. Indeed, a 
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randomized controlled trial found that combined sulfate and folic acid treatment led to an increase 

in total normal sperm count among both subfertile and fertile men (Wong et al., 2002). 

Furthermore, fruits, vegetables, legumes, and whole cereals are the primary sources of fiber. Some 

studies have shown that consuming fiber can reduce plasma estrogen levels by directly binding to 

unconjugated estrogens (Goldin et al., 1982). Low plasma estrogen levels are essential for normal 

male fertility (Amarnath et al., 2016). The main hypothesis regarding the negative impact of soy 

foods on male fertility is the concentration of phytoestrogens. Phytoestrogens have been found to 

have harmful effects on the male endocrine system (Santti et al., 1998), potentially affecting 

fertility. However, whether phytoestrogens are beneficial or detrimental to human health remains 

unresolved. Animal studies have suggested that exposure to phytoestrogens during the 

developmental period may disrupt the endocrine system. Nevertheless, the only randomized 

controlled trial studying the effects of consuming soy foods in humans found no impact on serum 

gonadotropin and sex hormone levels, or semen quality. Potatoes are predominantly comprised of 

starches that possess properties with a high glycemic index and glycemic load, as supported by 

research conducted by Atkinson et al. in 2008. It is worth noting that a heightened glycemic and 

insulinemic response to food has been linked to oxidative stress, a factor that significantly impacts 

the quality of semen, according to Hu et al. in 2006 and Ross et al. in 2010. Furthermore, a diet 

abundant in foods with a high glycemic index and glycemic load has been associated with an 

elevated risk of inflammation, as demonstrated by Kristo et al. in 2013, as well as an increased 

likelihood of developing Type 2 diabetes, as evidenced by Muraki et al. in 2016. In fact, recent 

studies have revealed a positive correlation between the frequency of potato consumption and the 

heightened risk of diabetes development, as highlighted by Dong et al. in 2011, which subsequently 

negatively affects semen parameters, as indicated by Ding et al. in 2015. Considering the 

importance of glucose metabolism in spermatogenesis, an excessive intake of potatoes and other 

high-starch, glycemic foods can have detrimental effects on sperm parameters through their 

influence on glucose metabolism. It is worth noting that hyperglycemia has been shown to impede 

sperm motility and fertilization in mature sperm, as demonstrated by Miki in 2007. The potential 

advantages of fish, seafood, and shellfish on sperm characteristics may stem from their abundant 

omega-3 polyunsaturated fatty acids. Ecosapentanoic acid (EPA) and DHA are indispensable fatty 

acids that hold a vital position in the anti-inflammatory and antioxidant attributes of enzymes like 

superoxide dismutase. Notably, a substantial positive association has been noted between the 

concentration of DHA in sperm and their motility (Gulaya et al., 2001). Due to its remarkable 

antioxidant properties, seminal plasma's significance cannot be understated. Inevitably, any 

imperfections within this fluid are frequently linked to the onset of oxidative stress, characterized 

by an increase in reactive oxygen species (ROS) and subsequent seminal dysfunction factor (SDF). 

It is this intricate chain of events that ultimately contributes to male infertility (Wathes et al., 2007). 

Indeed, the singular randomized controlled trial conducted among infertile men afflicted with 

idiopathic oligoasthenoteratozoospermia and presenting diminished levels of EPA and DHA within 

spermatozoa has effectively showcased the advantageous outcomes of omega-3 PUFA 

supplementation on select aspects of semen quality (Safarinejad, 2011). Consequently, it seems 

plausible to propose that a heightened consumption of fish or the incorporation of fish oil 

supplements could potentially yield enhancements in various parameters pertaining to semen 

quality. The impact of dairy products on male fertility, on the other hand, remains a highly 

contentious subject. To summarize, there exists a negative correlation between full-fat dairy, total 

dairy products, and cheese, and the quality parameters associated with sperm. The consumption of 

low fat dairy and skimmed milk has been linked to improved classical semen indices, according to a 
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study conducted by Afeiche et al. in 2013. It is worth noting that commercial milk is a blend of 

milk obtained from both pregnant and non-pregnant cows, with approximately 75% originating 

from pregnant cows, as observed by Ganmaa et al. in 2004. The milk of pregnant cows naturally 

contains placental estrogens, which can potentially impact sperm production, as previously 

mentioned by Amarnath et al. in 2016. In principle, one would expect all dairy products to exhibit 

similar impacts. However, it is noteworthy that low-fat dairy products deviate from this pattern. 

Conversely, the consumption of low-fat and skimmed milk has been correlated with elevated levels 

of insulin-like growth factor 1 (IGF-1) and insulin, as demonstrated by Afeiche et al. (2013). 

Results from animal studies also indicate that insulin has the potential to increase sperm motility 

and concentration in rats (Huang et al., 2016), and also to rescue spermatogenesis in Type 1 

diabetic mice (Schoeller et al., 2012). The consumption of low-fat and skimmed milk has also been 

associated with higher peripheral concentrations of IGF-1 in community-dwelling participants and 

increases in IGF-1 levels in feeding trials (Bonjour et al., 2012). Given that spermatogenesis is a 

process of active cell division requiring insulin, and that IGF-1 can bind and activate Leydig cell 

insulin receptors regulating Sertoli cell proliferation, the relations observed between low-fat dairy 

products and higher sperm concentration and motility may represent a biological effect in humans 

(Afeiche et al., 2013). In this case, the IGF-1 levels may have a more important role than hormone 

homeostasis in humans. Meat and processed meat are rich in protein, but also in xenobiotics, mainly 

xenoestrogens (XEs) and in some cases anabolic steroids (Swan et al., 2007). The use of these 

compounds in the food industry increases the total level of XEs and sex steroids in processed foods, 

such as meat, the intake of which contributes significantly to daily exposures. XEs are highly 

lipophilic substances that can accumulate in fat-rich foods like meat, which have estrogenic effects 

and are suspected to be partially responsible for the decline in semen quality. In an RCT, synthetic 

estrogens, such as polychlorinated biphenyls and phthalate esters (widely used industrial 

compounds), showed deleterious effects on some semen parameters in infertile men with unknown 

etiology (Rozati et al., 2002). Meat, full-fat dairy products and butter are the principal sources of 

SFAs. Although improvements in sperm parameters are a response to PUFA omega-3 sources, in 

human spermatozoa, elevated SFA concentrations and low omega-3 PUFA levels are related to 

decreased fertility parameters (Esmaeili et al., 2015). In animal studies, some dietary SFAs do not 

affect sperm quality parameters (Esmaeili et al., 2015). However, several studies in humans have 

shown higher levels of palmitic acid or stearic acid in spermatozoa in infertile men (Aksoy et al., 

2006). Meat and dairy products are also the principal source of natural TFAs. However, in our diet, 

TFAs mainly come from processed foods such as bakery products, fast foods and snacks, which are 

made with shortening, margarine or oils that contain partially hydrogenated oils and fats. In rodents, 

a high intake of TFAs leads to a number of adverse male reproductive outcomes including 

decreased serum testosterone levels and, in extreme cases, arrest of spermatogenesis and testicular 

degeneration with consequences such as low sperm count or motility (Veaute et al., 2007). 

However, studies need to be carried out on the effect of TFA intake on humans. In the present 

work, adult caffeine intake did not show a clear association with semen quality, but high caffeine 

intake was associated with higher plasma levels of testosterone (Ramlau et al., 2008). Several 

studies have found a positive association between the consumption of caffeine (from coffee, tea or 

caffeinated beverages) and subfecundity in women (Hassan and Killick, 2004). In males, the 

principal hypothesis is that elevated testosterone levels could disrupt the endocrine system and have 

a detrimental effect on sperm production (Diamanti-Kandarakis et al., 2009). Some epidemiological 

studies have examined the relationship between alcohol consumption and reproductive function. 

Most of them were conducted in small selected populations of infertile men with contradictory 

http://annalsofrscb.ro/


Annals of R.S.C.B., ISSN:1583-6258, Vol. 24, Issue 2, 2020, Pages. 2210-2232 

Received 08 November 2020; Accepted 15 December 2020.  

2216 
http://annalsofrscb.ro 

results (La Vignera et al., 2013). A recent review of 15 cross sectional studies has shown a 

detrimental effect of alcohol consumption on semen volume and morphology, mainly in daily, not 

occasional, consumers. This suggests that a moderate consumption of alcohol should not adversely 

affect semen quality parameters (Ricci et al., 2016). A positive association between excess alcohol 

intake and some semen quality parameters has also been observed in some, but not all, cross-

sectional and case-control studies. However, in relation to sperm parameters, the only prospective 

study included in our review that assesses alcohol has reported an inverse association between 

alcohol consumption and sperm concentration and motility. In relation to fecund ability, prospective 

studies show contradictory results. Alcohol has been experimentally shown to have a deleterious 

effect at all levels of the male reproductive system. It interferes with the regulation of the 

hypothalamic–pituitary–testicular axis, impairing LH and FSH secretion, decreasing testosterone 

levels, and disrupting endocrine homeostasis (Maneesh et al., 2006). Likewise, the ratio between 

free estradiol and free testosterone has been modified by alcohol intake (Hansen et al., 2012), and 

spermatogenetic arrest and the Sertoli-cell-only syndrome has been found to be more frequently 

associated with high alcohol consumption (Pajarinen and Karhunen, 1994). Sweets and sugar 

sweetened beverages Numerous studies have shown that sugar-sweetened beverages are associated 

with weight gain and incidence of obesity (Malik et al., 2013), metabolic syndrome (Malik et al., 

2010) and Type 2 diabetes (Imamura et al., 2015). All of these disorders can increase insulin 

resistance (Stanhope et al., 2009) which could negatively influence semen quality via increased 

oxidative stress (Park et al., 2009). Furthermore, it is imperative to note that sperm cells possess 

receptors for glucose, crucial for the advancement of sperm motility and the subsequent 

development after ejaculation, both of which are indispensable elements in achieving a triumphant 

conception (Williams and Ford, 2001). In addition, the presence of glucose and insulin can disturb 

the delicate balance of the hypothalamic-pituitary-testicular axis, ultimately impacting the 

production of sperm. On the other hand, it is worth noting that confectioneries and sugar-sweetened 

drinks harbor numerous impurities (such as bisphenol A and phthalates) that have permeated from 

plastic containers, potentially exerting an adverse effect on the quality of sperm (Jurewicz et al., 

2013). Regrettably, the available literature on this subject in the realm of human studies is rather 

limited. Nevertheless, a recent investigation conducted on rodents has uncovered compelling 

evidence showcasing the detrimental effects of sugary beverages on male fertility (Ruff et al., 

2013). 

Methods 

Study Population 

We conducted a comprehensive study at Utter Pradesh, India, focusing on sub fertile couples 

undergoing IVF/ICSI treatment. The aim of this study was to investigate the impact of 

preconception nutrition and lifestyle on fertility and the outcome of pregnancy. Male participants, 

both fertile and sub fertile, were invited to take part in the study, provided their semen had not been 

cryopreserved or obtained through microsurgical or percutaneous epididymal sperm aspiration. 

Remarkably, 66% of the eligible IVF/ICSI population, including both fertile and sub fertile men, 

agreed to participate in our research. To account for the potential impact of ethnicity on dietary 

habits and lifestyle factors, we specifically included male participants of Indian descent for the 

current analysis. It is important to note that all participants provided their informed consent in 

writing, demonstrating their willingness to contribute to our study. 
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General Questionnaire 

By eloquently rephrasing the provided text, we aim to convey the elegance and persuasiveness of 

our study, underscoring the meticulousness of our methods and the objectivity with which our data 

was collected. Within the scope of our research, the men underwent a meticulous evaluation of their 

fertility at the outpatient clinic, commencing two weeks prior to and concluding two weeks 

subsequent to oocyte retrieval. This thorough assessment included semen analysis, blood sampling, 

and a physical examination encompassing the detection of varicoceles. During this examination, 

scrotal ultrasonography, an exquisitely precise diagnostic procedure, was conducted. It is important 

to note that all diagnoses were made by our highly skilled and impartial personnel, ensuring the 

utmost accuracy and integrity of our findings. Male subfertility was characterized by a sperm 

concentration below or equal to 20 million cells per milliliter. 

Food Frequency Questionnaire 

Each participant meticulously completed a comprehensive food frequency questionnaire (FFQ), 

meticulously designed to gauge their customary consumption of food and alcohol over the course of 

the preceding four weeks. This meticulously constructed semi-quantitative FFQ has been previously 

refined and verified to assess the intake of energy, fatty acids, and B-vitamins (Verkleij et al, 2006; 

Feunekes et al, 1993). The FFQs were graciously distributed on the day of sperm sample collection 

and dutifully returned on the day of embryo transfer. A carefully designed checklist was employed 

to ensure the thoroughness and accuracy of the FFQ. Furthermore, supplementary inquiries were 

conducted through telephone interviews. This comprehensive FFQ encompasses a vast range of 195 

food items, meticulously organized in accordance with meal patterns. By posing questions about 

frequency of consumption, portion size, and preparation methods, the FFQ aims to capture a 

holistic understanding of dietary habits. To determine portion sizes, the FFQ relies on the esteemed 

Indian household measures, as established by Donders et al (2003). After analyzing the data from 

the initial 248 questionnaires completed by the participants, it was found that only 2 out of 23 

individuals (8.7%) who did not undergo embryo transfer failed to respond. Similarly, among the 

225 men who did undergo embryo transfer, only 5 individuals (2.2%) did not respond. These 

minimal non-response rates indicate that selection bias is highly unlikely to have influenced the 

results. To determine if underreporting exists, a threshold for a sedentary lifestyle was established 

by Goldberg et al. in 1991. According to their research, a ratio of ≤1.35 signifies underreporting. By 

applying this criterion, we can ascertain if any participants have potentially underreported their 

energy intake. To further examine the possibility of underreporting, we calculated the ratio of 

energy intake to basal metabolic rate (BMR). This ratio serves as an estimate of the physical 

activity level (PAL) associated with a sedentary lifestyle. For the estimation of BMR, we utilized 

the Schofield equations, as outlined by Schofield in 1985. 

Semen Analysis 

Semen samples were obtained through a gentle and respectful process of self-stimulation into high-

quality polypropylene containers. After a brief period of time, the samples naturally transformed 

into a liquid state. Following this, various key parameters of semen, including volume, sperm 

concentration, sperm count, progressive motility, and normal morphology, were meticulously 

evaluated in accordance with the esteemed World Health Organization guidelines from 1999. These 

guidelines serve as a benchmark for determining the health and quality of sperm, where meeting 

certain criteria is essential. Additionally, a portion of the semen was carefully separated through 
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centrifugation at optimal conditions of 2500g for 10 minutes. The resulting supernatant seminal 

plasma was then preserved without any additives, ensuring its purity and integrity, and stored at an 

ideal temperature of -20°C until further analysis. 

DNA Fragmentation Index 

The previously established literature by Smit et al. (2007) has meticulously outlined the principles 

and methodologies employed in quantifying sperm DNA damage via the employment of a 

FACScan flow cytometry SCSA. In short, semen samples were diluted with TNE buffer [0.01 M 

Tris - HCl, 0.15 M NaCl, 1 mM ethylenediamine tetraacetate (EDTA), pH 7.4] to a concentration of 

1-2 x 106 sperm cells/ml in a volume of 0.20 ml. This cell suspension was mixed with 0.40 ml of 

acid detergent solution (0.08 N HCl, 0.15 M NaCl, 0.1% Triton-X 100, pH 1.2) and then stained 

with 1.2 ml Acridine Orange (AO) staining solution (0.1 M citric acid, 0.2 M Na2PO4, 1 mM 

EDTA, 0.15 M NaCl, pH 6.0, containing 0.6 μl/L AO). A reference sample treated in the same way 

was run prior to the actual measurements and used to adjust the voltage gains of the flow cytometer 

FL3 and FL1 photomultipliers that detected red and green fluorescence, respectively. An aliquot of 

reference sample was stained and run again after every 5-10 samples. Data collection of the 

fluorescent pattern in 5000 cells was performed at 3 minutes after acid treatment. Each sperm 

sample was analysed twice. The measurement of DNA damage was quantified through the 

utilization of the DNA fragmentation index (DFI), which represented the ratio of red to total 

fluorescence. The determination of DFI for each sample was conducted using Cell Quest Pro and 

WinList software. 

Biomarker Assay 

In the pursuit of scientific knowledge, our team meticulously collected venous blood samples using 

specialized vacutainer tubes. These samples were allowed to clot and then subjected to 

centrifugation at a force of 2000g. The resulting blood serum was carefully collected and analyzed 

to determine the concentrations of folate, vitamin B12, and testosterone. To assess red blood cell 

folate and tHcy levels, we obtained venous blood samples in EDTA-containing vacutainer tubes. 

These samples were promptly kept on ice, and within an hour, plasma was separated through 

centrifugation for tHcy determination. In order to determine vitamin B6 levels, blood was drawn 

into vacutainers containing lithium-heparin. During routine laboratory procedures, both blood 

serum and seminal plasma samples from each patient were thoroughly examined for folate and 

vitamin B12 levels using an immuno-electro-chemo luminescence assay. Following blood 

sampling, we hemolyzed a small portion of the EDTA tube by combining it with freshly prepared 

1.0% ascorbic acid. The resulting mixture was then centrifuged for 5 minutes at 1000g, just before 

the folate measurement was conducted. The folate concentration in the hemolysate was recalculated 

in RBC folate using the following formula: (nM hemolysate folate x 10 / hematocrit) – (nM serum 

folate x [1 – hematocrit] / hematocrit) = nM RBC folate. Vitamin B6 levels in whole blood and 

seminal plasma and tHcy levels in EDTA plasma and seminal plasma were determined during 

routine laboratory procedures using high performance liquid chromatography with reversed phase 

separation and fluorescence detection (Schrijver et al, 1981; Pfeiffer et al, 1999). The quantification 

of vitamin B6 in whole blood was conducted through the utilization of pyridoxal-5'-phosphate 

(PLP), the prevailing variant. Testosterone levels were assessed utilizing the Coat-a-Count 

radioimmunoassay technique. The measurement of sex hormone binding globulin (SHBG) was 

carried out employing an immune metric approach on the Immulite Analyser. Furthermore, the 
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determination of serum inhibin B was accomplished through an immunoenzymometric assay. The 

between run coefficient of variation for serum vitamin B12 was 5.1% at 125 pmol/L and 2.9% at 

753 pmol/L; the coefficients of variation for serum folate were 9.5% at 8.3 nmol/L and 3.2% at 20.2 

nmol/L; 3.3% at 14.55 μmol/L and 2.3% at 34.23 μmol/L for tHcy; 1.8% at 40 nmol/L and 1.3% at 

115 nmol/L for PLP; for testosterone, these coefficients of variation were ≤7.5%, 6.1% at 11.6 

nmol/L and 6.9% at 93 nmol/L for SHBG. For inhibin B, the coefficients of variation were ≤15%. 

The detection limit was 1.36 nmol/L for folate, 22 pmol/L for vitamin B12, 5 nmol/L for PLP, 4 

μmol/L for tHcy, 0.1 nmol/L for testosterone, 5 nmol/L for SHBG and 10 ng/L for inhibin B. 

Statistics 

Utilizing previous knowledge of the strong connections between various components of food, we 

employed principal component factor analysis (PCA) to succinctly summarize the dietary patterns 

derived from data on food consumption (Wong et al, 2000; Vujkovic et al, 2007; Wallock et al, 

2001). To begin, we condensed the 195 food items from the FFQ data of men undergoing IVF/ICSI 

treatment into 22 predetermined food groups based on their nutrient content, aligning with 

previously established classification systems (Slimani et al, 2002). Subsequently, these food groups 

were adjusted to account for the total energy intake (Willett et al, 1997), and PCA was then carried 

out. To maintain the independence of the rotated factors, the varimax method was employed to 

maximize the sum of the loading vectors' variance (Kaiser, 1958). The first two factors were 

extracted, each representing a distinct dietary pattern. A factor is composed of a selection of the 

initial variables, each with its own coefficient (referred to as loading), which signifies the observed 

correlation between that variable and the latent constructed factor. As a composite of the initial 

variables, a factor explains a substantial amount of the variation within the examined dataset. 

Ideally, the statistically derived factor reflects a recognizable pattern in the real world. The 

Eigenvalue served as a measure of the extent to which each factor accounted for the observed 

variation. Each participant was given two personal scores for the two factors, representing the 

degree of similarity between their diet and each extracted factor. The factor loadings, which 

indicate the relationship between a factor and all measured food components, are provided for each 

factor individually. This association is determined using Pearson's r correlation coefficient (see 

Table 1). Upon calculation of the personalized scores, a total of 172 men were categorized into 

tertiles based on their individual scores for the corresponding dietary pattern. Additional 

explanatory variables were conventionally described. However, due to skewed distributions even 

after logarithmic transformation, variables such as age, body mass index (BMI), and energy intake 

were described using the median. Similarly, the medians and interquartile ranges were used to 

present the biomarkers for the same reason. The differences in general characteristics between 

tertiles were assessed using an unconditional linear regression model. The prevalence of subfertility 

causes, ethnic background, smoking habits, and vitamin use were examined in relation to each 

tertile of the respective dietary pattern score, and the association between diet and prevalence was 

tested using a chi-square test for linear association. Additionally, a multivariable linear regression 

model was employed to predict the logarithmically transformed biomarkers of the homocysteine 

pathway and semen quality parameters using the diet as a predictor. This model was adjusted for 

potential confounding variables such as age, BMI, smoking, intake of multivitamin and/or folic acid 

supplements, and the presence of a varicocele. Furthermore, individual food groups were analyzed 

in a linear regression model to predict semen parameters and identify the food groups within the 

dietary pattern that contribute the most to the observed associations. Covariates such as age, BMI, 
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smoking, and intake of multivitamin and/or folic acid supplements were taken into account. The 

results were presented as β estimates and 95% confidence intervals (95%CI) for each food group. 

All analyses were conducted using GraphPad Prism 6. 

Results 

Table 1 displays the dietary intake characteristics of 172 male participants, focusing on two specific 

factors known as dietary patterns. The first factor, which accounted for 11.7% of the overall 

variability, has been denoted as the Health Conscious diet. This particular pattern involves a 

substantial consumption of nourishing elements such as fruits, vegetables, fish, whole grains, and 

legumes, while limiting the intake of fatty condiments, meat, refined grains, and sugary treats. On 

the other hand, the second factor, explaining 9.5% of the dietary variance, represents what we have 

identified as the Traditional Indian diet. This dietary pattern is characterized by elevated 

consumption of potatoes, meat, whole grains, margarine, mayonnaise, and other fatty sauces, while 

displaying lower intake levels of non-alcoholic and alcoholic beverages, cereals, fruits, soups, and 

sweets. It is noteworthy that neither subgroup within the Health Conscious nor the Traditional 

Indian diet exhibited any disparities in overall characteristics or endocrine parameters, as indicated 

in Table 2. Initial significant correlations were present between the Health Conscious diet and 

serum and RBC folate, tHcy, vitamin B6 and vitamin B12, but after adjusting for confounders, 

significant correlations only remained for tHcy (β –0.07, p 0.02) and vitamin B6 (β 0.22, p 0.01) as 

shown in Table 3. In seminal plasma, the adjusted linear model revealed an inverse association 

between tHcy and the Health Conscious diet (β –1.34, p 0.02). The Traditional Indian pattern was 

positively correlated with RBC folate (β 0.06, p 0.05, padj 0.04), and no significant associations 

were observed with biomarkers in seminal plasma. Table 4 reveals that the use of the Health 

Conscious diet is inversely associated with sperm DNA damage (β –2.81, p 0.05). This effect seems 

to be explained by the high intakes of fruit (β –0.13, 95%CI –0.25; –0.02) and vegetables (β –0.25, 

95%CI –0.49; –0.01) (Table 5). The Traditional Indian diet showed an increase in sperm 

concentrations (β 13.25, p 0.01) (Table 4). The high intake of potatoes (β 0.82, 95%CI 0.24; 1.4) 

and low intake of non-alcoholic drinks (β –0.29, 95%CI –0.49; –0.1) seem to explain this finding 

(Table 5). All the significance levels mentioned have been modified to account for factors such as 

age, BMI, smoking, vitamin use, and the presence of varicocele during the time of the study. 

Discussion 

In this study, it has been illustrated that the quality of semen in men undergoing IVF/ICSI 

procedures is influenced by their nutrition. Remarkably, we have found that individuals who follow 

a Health Conscious diet experience less damage to their sperm DNA. Additionally, men who adhere 

strongly to the Traditional Indian dietary pattern exhibit significantly higher sperm concentrations. 

These findings strongly suggest that both of these dietary patterns have advantageous effects on 

semen quality. Moreover, our findings provide crucial epidemiological insights, offering a specific 

explanation and empirical evidence regarding the potential link between the availability of 

unhealthy food and the decline in semen quality in industrialized nations. We were particularly 

surprised to observe that the Health Conscious dietary pattern is inversely associated with tHcy 

levels in both blood and seminal plasma, while simultaneously positively correlated with vitamin 

B6 levels in blood. This suggests that this particular dietary pattern may protect sperm DNA by 

regulating the concentration of tHcy. 
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Food group Health Conscious diet Traditional Indian diet

Alcohol – 0.10 – 0.19
1

Cereals – 0.09 – 0.28
2

Butter 0 0.03

Dairy – 0.04 0.04

Eggs 0 0.12

Fish – 0.56
2 – 0.14

Fruit 0.802 – 0.16
1

Legumes 0.161 0.05

Margarine – 0.13 0.181

Mayonnaise – 0.20
1 0.222

Meat – 0.17
1 0.472

Non-alcoholic drinks 0.06 – 0.71
2

Nuts 0.12 0

Nefined grains –0.161 –0.13

Potatoes – 0.01 0.562

Sauces 0.11 0.05

Snacks – 0.08 – 0.03

Soup 0.08 – 0.23
2

Sweets – 0.17
1

– 0.46
2

Vegetable oil 0.09 0.03

Vegetables 0.742 0.12

Whole grains 0.432 0.482

Variance explained 11.70% 9.50%

1
p ≤0.05, 

2
p ≤0.01

Table 1:-  Food group factor loadings for two identified dietary patterns 

from food-frequency questionnaire data of 172 men. 
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Characteristic           low  (n 53) Health Conscious 

diet intermediate     

(n 55) 

high (n 53) p

Age
1,2  35.3 (29.1- 53.9) 35.8 (29.8 - 46.6) 37.3 (28.6 - 50.5) 0.13

BMI
1,3  25.0 (18.4 - 37.9) 26.0 (19.6 - 37.1) 24.9 (18.8 - 34.8) 0.38

Cause of 

subfertility
4

0.69

Male factor 20 (37.7) 20 (36.4) 17 (32.1)

Female factor 13 (24.5) 11 (20.0) 7 (13.2)

Both 3 (5.7) 4 (7.2) 4 (7.5)

Unexplained 17 (32.1) 20 (36.4) 25 (47.2)

presence of 

varicocele
5

10 (20.8) 8 (17.8) 8 (17.4) 0.9

Indian ethnicity 46 (86.8) 45 (81.8) 44 (83.0) 0.77

Smoking 14 (26.4) 14 (25.5) 6 (11.3) 0.1

Vitamin use 12 (22.6) 13 (23.6) 17 (32.1) 0.27

Vnergy intake
1,6 10.8 (4.5 - 19. 4) 9.2 (3.6 - 18.1) 10.5 (5.3 - 15.5) 0.86

Testosterone
7,8 16.0 (14.4 - 17.7) 14.6 (13.3 - 16.2) 14.9 (13.8 - 16.1) 0.96

SHBG
7,8 28.2 (25.0 - 31.8) 23.1 (20.7 - 25.8) 28.0 (24.6 - 31.7) 0.35

Inhibin B
7,9 172 (150 - 195) 171 (151 - 191) 175 (152 - 199) 0.79

Characteristic Low (n 54) Traditional Indian 

intermediate (n 54)

High (n 53) p

Age
1,2  36.3 (30.0 - 50.5) 36.3 (28.6 - 46.8) 35.6 (28.7 - 53.9) 0.91

BMI
1,3 24.8 (18.4 - 37.9) 24.7 (18.8 - 33.8) 26 (19.9 - 37.1) 0.07

Cause of 

subfertility
4

0.11

Male factor 14 (25.9) 27 (50.0) 16 (30.2)

Female factor 14 (25.9) 9 (16.7) 8 (15.1)

Both 5 (9.2) 2 (3.7) 4 (7.5)

Unexplained 21 (38.9) 16 (29.6) 25 (47.2)

Presence of 

varicocele
5

12 (26.1) 4 (8.2) 10 (22.7) 0.06

Indian ethnicity 44 (81.5) 46 (85.2) 45 (84.9) 0.84

Smoking 12 (22.2) 9 (16.7) 13 (24.5) 0.59

Vitamin use 16 (29.6) 14 (25.9) 12 (22.6) 0.41

Energy intake
1,6 10.6 (5.7 - 19.4) 9.6 (3.6 - 18.1) 10.8 (5.8 - 18.6) 0.36

Testosterone
7,8 15.2 (13.9 - 16.5) 14.9 (13.5 - 16.4) 15.5 (14.1 - 17.2) 0.99

SHBG
7,8 28.0 (24.8 - 31.6) 26.2 (23.6 - 29.2) 24.4 (21.4 - 27.9) 0.19

Inhibin B
7,9 174 (153 - 194) 174 (151 - 198) 170 (148 - 193) 0.86

Table 2:- Baseline characteristics of the Health Conscious and Traditional Indian diet

Data are presented by 
1
median (range), 

2
years, 

3
kg/m2, 

4
n (%), 

5
presence of varicocele was 

missing in 22 men, 
6
mJoule/day, 

7
mean (95% CI), 

8
nmol/L, 

9
ng/L.
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We have also discovered that the positive impacts of the Health Conscious lifestyle appear to be 

influenced specifically by the consumption of vegetables and fruits, which has been further 

supported by analyzing individual food groups. Eating foods that are rich in folate and vitamin B6 

may encourage the conversion of homocysteine into methionine and cystathionine and cysteine. In 

males, the regulation of homocysteine is partially influenced by the testosterone-dependent 

cystathionine-β-synthase pathway (Vitvitsky et al, 2007). Other studies also highlight the 

importance of the homocysteine pathway on semen quality. A study conducted in Spain found 

positive connections between consuming sources of folate, such as fruits and vegetables, and the 

quality of semen (Mendiola et al. 2008). Additionally, Young et al. (2008) observed inverse 

relationships between folate, zinc, and antioxidant intake in healthy non-smoking men and the 

occurrence of abnormal sperm. Some suggested mechanisms through which elevated homocysteine 

levels may have their effects include the excessive production of oxidative stress, impaired 

methylation of proteins, lipids, and DNA, altered availability of nitric oxide, the induction of 

inflammation in blood vessels, and the activation of cell death (Homan et al, 2007). However, these 

mechanisms need to be further explored in future studies, both through experimental research in 

animals and observational studies in human populations. Another dietary pattern that we identified 

is known as the Traditional Indian diet, characterized by high consumption of meat, potatoes, and 

whole grains. This pattern closely resembles the typical Indian diet up until the 19th century, when 

agriculture and domestic education became more prevalent in India. Interestingly, this dietary 

pattern is positively associated with folate levels in red blood cells and shows a significant 

correlation with sperm concentrations. The consumption of potatoes, which are consumed in large 

quantities in one serving, provides a plentiful source of folate. Additionally, the high intake of meat, 

a natural source of zinc, impacts the bioavailability of dietary folate. The enzyme γ-

glutamylhydrolase in the jejunum, which is dependent on zinc, effectively converts dietary folate in 

the form of poly-glutamates into mono-glutamates, the only form of folate that can be absorbed by 

the body. 
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Moreover, zinc acts as a cofactor for methionine synthase, an enzyme involved in the remethylation 

of homocysteine into methionine, thereby reducing levels of homocysteine. Regrettably, we were 

unable to gather any data regarding the levels of seminal poly-unsaturated fatty acids (PUFAs), a 

crucial element in determining if increased fish consumption would result in higher amounts of 

unsaturated fats that could potentially enhance the fluidity of the plasma membrane. However, it is 

important to note that a more fluid membrane also makes spermatozoa more susceptible to attack 

by reactive oxygen species (ROS), which could possibly explain why lifestyle factors that induce 

oxidative stress have been linked to a decline in human fertility over the past few decades. The 

fortuitous outcomes of zinc have been corroborated by a meticulously executed, randomized, and 

placebo-controlled intervention study carried out during the latter half of the 1990s. Within this 

study, the administration of zinc and/or folic acid to individuals experiencing subfertility 

demonstrated a remarkable surge in semen concentration, ranging from a noteworthy 18% to a 

staggering 74% increase. (Ebisch et al. 2006; Wong et al, 2002; Ebisch et al, 2006). 

Parameter Biomarker low (n 32)  Health 

Conscious 

dietintermediate 

(n 21)

high (n 26) p5

serum folate2 16.1 (5.6) 15.3 (6.5) 18.5 (8.9) 0.15

RBC folate
2 1006 (350) 1063 (536) 1107 (542) 0.1

vitamin B6
2 81.5 (36.8) 77.0 (35.6) 94.0 (48.3) 0.01

vitamin B12
3 288 (94) 289 (188) 361 (155) 0.07

tHcy
4 12.2 (3.2) 11.7 (4.1) 10.8 (4.4) 0.02

folate
2 26.5 (11.6) 25.7 (16.4) 25.0 (15.5) 0.7

vitamin B6
2 30.5 (39.0) 30.0 (23.5) 28.5 (30.2) 0.3

vitamin B12
3 467 (608) 424 (450) 493 (339) 0.51

tHcy
4 4.1 (3.1) 4.4 (3.2) 3.7 (4.5) 0.02

serum folate
2 17.3 (7.7) 16.2 (6.7) 15.7 (9.1) 0.84

RBC folate
2 990 (554) 986 (382) 1110 (511) 0.04

vitamin B6
2 99.0 (48.0) 78.5 (31.0) 77.0 (36.5) 0.81

vitamin B12
3 329 (172) 293 (148) 282 (158) 0.41

tHcy
4 11.9 (4.7) 11.2 (3.1) 12.3 (3.7) 0.84

folate
2 28.3 (14.8) 24.8 (10.5) 22.6 (15.8) 0.69

vitamin B6
2 33.0 (32.0) 29.0 (21.3) 29.0 (33.5) 0.42

vitamin B12
3 409 (406) 438 (400) 680 (440) 0.44

tHcy
4 3.7 (3.9) 4.0 (2.5) 4.7 (5.7) 0.62

Blood

Semen

1
mean(sd), 

2
nmol/L, 

3
pmol/L 

4
µmol/L. 

5
Adjusted for age, BMI, smoking, vitamins, varicocele

Table 3:- Concentration of biomarkers in blood and seminal plasma in two dietary patterns
1

Traditional Indian diet biomarker low intermediate high p5

Blood

Semen
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Semen 

parameter

low (n 40) Health Conscious 

diet intermediate    

(n 44)

high (n 42) p5

DFI
2 25.2 (21.1 - 29.2) 25.0 (20.2 - 29.8) 20.6 (17.5 - 23.6) 0.05

volume
3 3.4 (2.9 - 3.8) 2.8 (2.4 - 3.2) 3.1 (2.6 - 3.5) 0.41

concentration
4 46.2 (30.8 - 61.5) 39 (27.6 - 50.4) 48.2 (33.1 - 63.2) 0.89

motility
2 35 (30 - 40) 33 (28 - 39) 37 (32 - 42) 0.06

morphology
2 5 (4 - 6) 5 (4 - 6) 5 (4 - 6) 0.74

DFI
2 23.5 (20.1 - 26.9) 25.0 (20.0 - 30.1) 22.0 (18.5 - 25.6) 0.53

volume
3 3.1 (2.6 - 3.5) 3.1 (2.7 - 3.5) 3.0 (2.6 - 3.5) 0.89

concentration
4 36.7 (26.8 - 46.6) 36.4 (23.1 - 49.8) 61.7 (44.5 - 78.9) 0.01

motility
2 35 (31 - 39) 34 (29 - 40) 37 (31 - 43) 0.98

morphology
2 5 (4 - 6) 5 (4 - 6) 6 (5 - 7) 0.34

Table 4:-Semen parameters according to the tertiles of the two major dietary patterns

Data are presented by 
1
median with range, 

2
percentages, 

3
ml,

 4
x106 cells/ml.

 5
Adjusted for 

age, BMI, smoking, vitamin use and presence of a varicocele.

Traditional Indian 

diet intermediate                  

(n 43)

semen 

parameter

low (n 44) high (n 39) p5
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In a smaller group of men, as part of the FOLFO study, we examined the biomarkers of 

homocysteine metabolism in blood and seminal plasma to explore their connection to semen 

parameters. We found that seminal plasma vitamin B12 was positively associated with sperm 

concentration (Boxmeer et al, 2007). In our current analysis, we discovered a significant correlation 

between the Traditional Indian dietary pattern and semen concentrations. In fact, the highest tertile 

of this diet saw an increase in semen concentration from 36.7x106 to 61.7x106 cells/ml (p 0.01). We 

also observed a positive, though not statistically significant, association between the Traditional 

Indian dietary pattern and seminal vitamin B12 concentrations. This is likely due to the high meat 

intake in this diet, which aligns with the previously observed link between seminal vitamin B12 and 

sperm concentration. A recent study by Mendiola et al. (2008) suggested that meat intake has a 

negative impact on semen quality, attributing it to the presence of natural and synthetic estrogens in 

meat. However, their study was limited in size (n = 61) and only focused on individual food items, 

food group DFI volume Semen parameter 

concentration

motility morphology

alcohol 0.0 (-0.1; 0.1) 0.0 (-0.1; 0.1) 0.0 (-0.1; 0.2) – 0.0 (–0.1; 0.1) 0.0 (-0.1; 0.1)

cereals – 0.4 (-1.1; 0.4) – 0.1 (-0.1; 0.1) 1.0 (-1.3; 3.2) 0.5 (0.2; 1.3) 0.0 (-0.2; 0.2)

butter – 4.1 (-13; 4.8) – 0.4 (-1.3; 0.4) 2.8 (–24; 30) 7.6 (-1.7; 17) – 1.4 (-3.2; 0.4)

dairy 0.1 (-0.3; 0.4) 0.0 (0.0; 0.1) 0.5 (–0.6; 1.6) – 0.1 (-0.5; 0.3) 0.0 (-0.1; 0.1)

eggs – 0.3 (-0.9; 0.3) 0.1 (0.0; 0.1)
1 – 0.2 (–2.1; 1.7) – 0.1 (-0.7; 0.5) 0.0 (-0.1; 0.1)

fish – 0.7 (-2.0; 0.6) – 0.1 (-0.2; 0.1) 0.9 (–3.3; 5.1) 1.3 (0.0; 2.6)
1 0.1 (-0.1; 0.4)

fruit – 0.1 (-0.3; -0.0)
1 0.0 (-0.1; 0.1) – 0.1 (–0.5; 0.3) 0.2 (0.1; 0.3)

1 0.0 (-0.1; 0.1)

legumes – 0.5 (-1.2; 0.1) – 0.0 (-0.1; 0.1) 0.2 (-1.7; 2.1) 0.1(-0.5; 0.8) 0.0 (-0.1; 0.1)

margarine 4.4 (-2.3; 11) 0.5 (-0.2; 1.2) – 3.9 (-26; 18) – 9.1 (-16; -1.5)
1 0.2 (-1.3; 1.7)

mayonnaise 0.1 (-1.3; 1.6) – 0.2 (-0.3; -0.1)
1 – 0.1 (-4.3; 4.2) – 0.8 (-2.3; 0.6) – 0.1 (-0.4; 0.2)

meat 1.0 (-0.1; 2.0) 0.1 (-0.1; 0.2) – 2.2 (-5.7; 1.4) – 1.0 (-2.2; 0.2) – 0.1 (-0.4; 0.1)

non-alc. drinks 0.0 (-0.1; 0.1) 0.0 (-0.1; 0.1) – 0.3 (-0.5; -0.1)
1 – 0.0 (-0.1; 0.1) 0.0 (-0.1; 0.1)

nuts – 0.8 (-1.6; -0.1)
1 – 0.1 (-0.2; 0.1) – 1.0 (-3.4; 1.3) 0.2 (-0.6; 1.0) 0.1 (-0.1; 0.2)

refined grains – 0.1 (-0.5; 0.2) – 0.0 (-0.1; 0.1) 0.3 (-0.7; 1.3) – 0.1 (-0.5; 0.2) 0.0 (-0.1; 0.1)

potatoes – 0.1 (-0.2; 0.1) 0.0 (-0.1; 0.1) 0.8 (0.2; 1.4)
1 0.1 (-0.1; 0.3) 0.0 (-0.1; 0.1)

sauces – 0.8 (-1.8; 1.6) – 0.1 (-0.3; 0.1) 0.2 (-5.3; 5.7) – 0.8 (-2.6; 1.0) – 0.0 (-0.4; 0.3)

snacks 0.1 (-0.4; 0.5) 0.0 (-0.1; 0.1) – 0.6 (-2.1; 1.0) 0.2 (-0.3; 0.7) – 0.1 (-0.2; 0.0)

soup 0.0 (-0.1; 0.1) 0.0 (-0.1; 0.1) – 0.2 (-0.4; -0.0)
1 – 0.0 (-0.1; 0.1) 0.0 (-0.1; 0.1)

sweets 0.4 (-0.4; 1.3) – 0.0 (-.01; 0.1) 0.3 (-2.5; 3.1) – 0.1 (-0.9; 0.8) – 0.1 (-0.2; 0.1)

vegetable oil – 1.1 (-5.2; 3.0) – 0.3 (-0.7; 0.2) – 3.3 (-17; 10) 1.1 (-3.4; 5.6) – 0.2 (-1.1; 0.7)

vegetables – 0.3 (-0.5; -0.0)
1 – 0.0 (-0.1; 0.1) 0.8 (0.0; 1.6)

1
0.3 (0.1; 0.6)

1 0.0 (-0.1; 0.1)

whole grains – 0.2 (-0.3; 0.0) 0.0 (-0.1; 0.1) 0.4 (-0.2; 1.0) 0.3 (-0.0; 0.4) 0.0 (-0.1; 0.1)

Data are presented by mean with 95% CI.
 1

p ≤0.05, after adjustments for age, BMI, 

smoking and vitamin use. 

Table 5:- Contribution of individual food groups to semen parameters
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without considering dosage effects or portion sizes. It is possible that the positive effect of the 

meat-rich Traditional Indian diet on semen quality is a result of the relatively lower meat 

consumption in our country, or perhaps due to lower exposure of Indian cattle to hormones and 

endocrine disruptors. It is important to note that there are some concerns about the study design. 

While we adjusted for factors such as age, energy intake, BMI, smoking, and vitamin supplement 

use, there may be other lifestyle factors that could confound the identified dietary patterns. Factors 

such as exercise, psychological stress, and exposure to environmental pollutants could potentially 

influence the results (Homan et al, 2007). To mitigate the possibility of multiple testing, we used 

principal component analysis to summarize overall nutrient intake into two dietary patterns. By 

focusing on just two variables of exposure and considering all nutrients, we have successfully 

avoided the issue of selective testing. These two variables were found to have connections to 

biomarkers of homocysteine metabolism and semen parameters, ensuring that our findings were not 

merely a result of chance. It is important to note that all methods of dietary assessment are prone to 

error. We used a Food Frequency Questionnaire (FFQ) to evaluate nutritional intake. However, it is 

common for individuals to underestimate their energy intake when self-reporting their diet (Black et 

al, 1991). To address this, we assessed the presence of underreporting by estimating the Physical 

Activity Level (PAL). The average PAL for all participants was determined to be 1.28, indicating 

an underestimation of energy intake in both fertile and sub-fertile men according to the Goldberg 

standard (PAL ≤1.35) (Goldberg et al, 1991). We believe it is unlikely that underestimation has 

distorted the associations between semen parameters and energy. While we acknowledge that these 

findings may not be applicable to other populations with different dietary patterns and food 

production methods, they still provide valuable insights for a significant portion of the global 

population and their lifestyles. The study's potency lies within its forward-thinking approach and 

the considerable number of participants, totaling 172 men. This allowed us to generate dependable 

dietary patterns that could be compared to similar investigations carried out among the public at 

large (Van et al, 2003). 

General Conclusion 

The correlation between the Health Conscious and Traditional Indian dietary patterns and semen 

quality has aroused intrigue. However, a deeper exploration is imperative to unravel the causal link 

between these associations and their profound impact on human reproduction. 
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