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INTRODUCTION
Infertility is a major barrier which hampers the right of individual 
and couples to have offspring [1]. Infertility is a disease defined 
by the inability to conceive a child after one year or more of 
unprotected and regular sexual intercourse [2]. According to a report 
by the World Health Organization (WHO), one in every four couples 
in developing countries is affected by infertility [3]. Global rates of 
male infertility ranges from 2.5% to 12% [4]. In North America, the 
estimated male infertility rate is between 4.5-6% while it is 9% in 
Australia. But the rate is as high as 8-12% in Eastern Europe [4,5] 
and male factor infertility prevalence is 42.2% in Nigeria [6]. In a 
study from Mongolia the infertility prevalence due to male factors 
was reported as 25.6% [7].

According to the WHO report, the prevalence of primary infertility 
in India was 3.9% (age-standardized to 25-49 years) and 16.8% 
(age-standardized to 15-49 years) [8]. Moreover, the prevalence 
of primary infertility has also been shown to vary across different 
states, for example 37.39%, from Bihar [9], 22.4% from Kashmir 
[10] and also the tribes and castes within the same region in India. 
Male infertility can be divided into two categories. The first type of 
abnormality is of secretory origin which corresponds to an alteration 

of the production of the spermatozoa by the testes. Second type 
of abnormality is excretory in origin which is defined as a defect of 
sperm delivery in the genital tract. However, in 30% of cases male 
infertility disorder remains unexplained [11].

One main cause of non obstructive male infertility is deficiency in 
the semen volume and its quality [12,13]. Previous research has 
shown meaningful positive relationships between semen quality 
and biochemical parameters like serum vitamin B12, vitamin D 
levels specially in early 1960s [14]. Researchers have emphasized 
a role of vitamin B12 in spermatogenesis, and hence in semen 
quality [14,15]. According to published literature plasma vitamin 
B12 concentrations in infertile men were found to be lower than in 
fertile men [16]. Other studies have also shown the positive effects 
of vitamin B12 on different sperm parameters [15,17]. Similarly, a 
number of previous animal and human studies have shown that 
vitamin D is necessary for optimal function of male reproduction 
system [9,18]. Some studies found a positive correlation between 
serum vitamin D and sperm motility [19-22]. But, there are no 
studies to delineate the relation with male factor infertility with 
serum levels of vitamin B12 as well as vitamin D from the eastern 
part of India.
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ABSTRACT
Introduction: According to World Health Organization (WHO), 
infertility is a disease defined by the inability to conceive a 
child after one year or more of unprotected and regular sexual 
intercourse. Not only female partner is responsible but male 
partner related factors play a crucial role in infertility. A key role of 
vitamin D in male reproductive organs has been suggested. Role 
of vitamin B12 in spermatogenesis has also been emphasised.

Aim: To delineate if there is any significant association between 
serum vitamin B12 and vitamin D levels with semen parameters 
among infertile males belonging to the Eastern India.

Materials and Methods: This cross-sectional study was 
conducted in Department of Biochemistry at Institute of Post 
Graduate Medical Education and Research and Seth Sukhlal 
Karnani Memorial Hospital, Kolkata, West Bengal, India, from 
May 2020 to July 2021. Fifty two infertile males of 25 to 40 years 
of age, with suboptimal semen parameters (semen volume, 
sperm count, sperm motility and sperm morphology were 
considered) were selected. Fasting (12 hours) blood samples 
were collected for estimation of serum vitamin B12 and vitamin 
D levels. Significance of association between each parameter 
with serum vitamin B12 and vitamin D levels was determined 
using Chi-square test and Fisher’s-exact test. Results were 
analysed using Statistical Package for Social Sciences (SPSS) 

version 25.0. A p-value less than 0.05 was considered as 
statistically significant.

Results: Low serum vitamin D levels (<20 ng/mL) were detected in 
10 (83.33% ) subjects with low semen volume and in 15 (65.21%) 
With low sperm count. No significant statistical association was 
found for vitamin D levels with semen volume and sperm count. 
Among subjects with abnormal sperm motility and morphology, 
low vitamin D levels were found in 37 (75.51%) and 16 (69.56%), 
respectively. A significant statistical association was found 
between vitamin D level and sperm motility (p-value=0.005) but 
not with sperm morphology. Amongst subjects with low semen 
volume and low sperm count, low vitamin B12 levels (<200 pg/
mL) were seen in 5 (41.6%) and 15 (65.21%), respectively. A 
significant statistical association was found between vitamin 
B12 level and sperm count (p-value=0.003). Among subjects 
with abnormal sperm motility and morphology, low vitamin 
B12 levels were present in 19 (38.77%) and 13 (56.52%) and 
there was a significant association between the variables 
p-value=0.037 and p-value=0.049, respectively.

Conclusion: It can be concluded that vitamin B12 and vitamin 
D levels in infertile male subjects disturb normal physiological 
mechanisms required for being fertile. Hence, vitamin B12 and 
vitamin D supplementation may be suggested for improvement 
of semen quality.
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Statistical analysis
Data was entered into a Microsoft excel spreadsheet and then 
analysed using Statistical Package for Social Sciences (SPSS) 
version 25.0. Results had been summarised descriptively using 
mean and standard deviation for numerical variables and count 
and percentages for categorical variables. All variables were tested 
for normality using Kolmogorov-Smirnov test. The comparison 
between the parameters of semen analysis and different biochemical 
parameters (vitamin B12 and vitamin D) were done by Chi-square 
test and Fisher’s-exact test. A p-value <0.05 was considered as 
statistically significant.

RESULTS
Fifty two male infertile subjects between 25 to 40 years of age 
(mean 30.65±3.98 years) were studied. Their mean serum vitamin 
B12 level was 230.40±96.67 pg/mL and serum vitamin D level 
showed a mean value of 22.89±16.68 ng/mL. Kolmogorov-Smirnov 
test showed in case of vitamin B12 the value of K-S statistic (D) 
was 0.16 and p-value was 0.12 and for vitamin D, K-S statistic (D) 
and p-value was 0.17 and 0.08, respectively. Hence, the data was 
normally distributed. Result analysis revealed that majority of the 
males with low semen volume had a normal serum Vitamin B12 but 
Vitamin D were low. There was no significant association between 
the vitamins and semen volume [Table/Fig-1].

Therefore, the present study was carried out in a tertiary care 
hospital in the eastern zone of India, with the primary objective to 
measure serum vitamin B12 and vitamin D levels in cases of male 
infertility with suboptimal semen parameters.

MATERIALS AND METHODS
This was a hospital-based cross-sectional study conducted at 
Department of Biochemistry, Institute of Post Graduate Medical 
Education an Research and Seth Sukhlal Karnani Memorial Hospital 
(IPGME&R and SSKM Hospital), Kolkata, West Bengal, India, from 
May 2020 to July 2021. The study was conducted after approval 
from the Institutional Ethics Committee (IPGME&R/IEC/2020/300). 
Subjects were properly informed about the study and consents were 
taken before enrolment.

Infertile males with suboptimal semen parameters attending in 
Infertility Clinic under the Department of Gynaecology and Obstetrics, 
Institute of Post Graduate Medical Education and Research and 
Seth Sukhlal Karnani Memorial Hospital, were recruited. As it was 
a pilot study, using the sample size rules of thumb [23], 52 male 
infertile patients with suboptimal semen parameters who attended 
the hospital and gave consent were studied.

Inclusion criteria: Male subjects of 25 to 40 years of age, with 
history of infertility after unprotected intercourse for more than 
one year, non obstructive type infertility, and semen tests showing 
suboptimal level of one or more semen parameters were included 
in the study. The WHO reference values for semen analysis were 
utilised to assess the semen reports.

Lower reference limits, the fifth centiles (with 95% confidence 
intervals), were as follows: semen volume, 1.5 mL (1.4-1.7); sperm 
count, 15 million/mL (12-16); progressive motility, 32% (31-34); and 
morphologically normal forms, 4% (3.0-4.0) [13].

Exclusion criteria: Subjects with any kind of acute illness, chronic 
diseases like hypertension, chronic liver disease, chronic kidney disease, 
malignancy etc., any endocrinal disorder like diabetes mellitus, thyroid 
disorder etc., taking vitamin B12, vitamin D supplementation, drugs 
altering the biochemical parameters under the study and subjects with 
history of smoking, alcoholism were excluded from the study.

Study Procedure
After the relevant history and clinical examination, semen samples 
were collected after three days of sexual abstinence and then 
were analysed in the Department of Pathology, IPGME&R and 
SSKM Hospital. Semen analysis [24] was done and patients with 
suboptimal level of one or more semen parameters were selected 
for this study.

After 12 hours of fasting, 10 mL sample of venous blood was collected 
in a red capped vial by aseptic measures for serum vitamin B12 
(reference value 206-678 pg/mL) [25] and vitamin D levels (optimal 
value 25-80 ng/mL) [26] estimation in the Department of Biochemistry, 
IPGME&R and SSKM Hospital. Complete clot formation was ensured 
prior to centrifugation and then samples were separated by centrifuging 
at 3000 rpm for five minutes and were analysed within 24 hours.

Vitamin B12 levels in serum were estimated by chemiluminescence 
method in ADVIA Centaur CP (SIEMENS) by competitive 
immunoassay method using direct chemiluminescent technology 
in which vitamin B12 from the patient samples competed with 
vitamin B12 labelled with acridinium ester in the Lite Reagent, for 
a limited amount of purified intrinsic factor, which was covalently 
coupled to paramagnetic particles in the solid phase and analysed 
accordingly [27]. Serum 25 OH vitamin D level was estimated by 
chemiluminescence method in ADVIA, Centaur (SIEMENS) which 
is competitive immunoassay using direct chemiluminescent 
technology. Here, the amount of vitamin D present in the patient’s 
sample and the relative light units detected by the system shows an 
inverse relation [28].

Semen volume

Vitamin B12 Vitamin D

Low (<200 
pg/mL) Normal

Low (<20 
ng/mL) Normal

Low (<1.5 mL per 
ejaculate)
(n=12)

5 (41.6%) 7 (58.33%) 10 (83.33%) 2 (16.66%)

Normal (n=40) 17 (42.5%) 23 (57.5%) 27 (67.5%) 13 (32.5%)

p-value 0.959 0.288

[Table/Fig-1]:	 Association between semen volume and serum vitamin B12 and 
vitamin D level.
*Calculated by Fisher’s-exact test

In subjects with low sperm counts majority have low serum levels 
of vitamin B12 and vitamin D but significant association of sperm 
count was found only with vitamin B12 levels [Table/Fig-2].

Sperm count

Vitamin B12 Vitamin D

Low (<200 
pg/mL) Normal

Low (<20 
ng/mL) Normal

Low (<15 million/mL) 
(n=23)

15 (65.21%)
8 

(34.78%)
15 

(65.21%)
8 

(34.78%)

Normal (n=29) 7 (29.13%)
22 

(75.86%)
22 

(75.86%)
7 

(29.13%)

p-value 0.003* 0.4

[Table/Fig-2]:	 Association between sperm count in semen and serum vitamin B12 
and vitamin D level.
Calculated by Chi-square test, p-value <0.05 was considered as statistically significant

Sperm motility

Vitamin B12 Vitamin D

Low 
(<200 pg/mL) Normal

Low (<20 
ng/mL) Normal

Abnormal (n=49) 
(<32%)

19 (38.77% 30 (61.22%) 37 (75.51%) 12 (24.48%)

Normal (n=3) 3 (100%) 0 0 3 (100%)

p-value 0.069 0.005*

[Table/Fig-3]:	 Association between sperm motility in semen and serum vitamin 
B12 and vitamin D level.
Calculated by Fisher’s-exact test, p-value <0.05 was considered as statistically significant

Majority of the subjects with abnormal sperm motility had normal 
serum vitamin B12 levels but low levels of vitamin D. Levels of 
vitamin D were significantly associated with sperm motility but not 
levels of vitamin B12 [Table/Fig-3].
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DISCUSSION
The present study aimed to find the association between different 
semen parameters with serum levels of vitamin B12 and vitamin D 
in cases of non obstructive male infertility.

Significant associations were found between vitamin B12 and 
vitamin D levels with some of the semen parameters. A significant 
association was found between vitamin B12 level and sperm count 
(p-value=0.003), and sperm morphology (p-value=0.049) but the 
results were insignificant in case of semen volume (p-value=0.959) 
and sperm motility (p-value=0.069). Stuhlinger MC et al., suggested 
that vitamin B12 deficiency might reduce sperm function through 
hyperhomocysteinemia-induced nitric oxide depletion by inhibiting 
nitric oxide synthase pathways, which reduced the amount of nitric 
oxide produced [29], while a study by Miraglia E et al., showed nitric 
oxide is crucial for adequate sperm motion [30]. Evidence suggested 
a possible homocysteine toxicity to sperm because low levels of 
vitamin B12 in the body reduced the catalytic activity of methionine 
synthase, so less synthesis of methionine from homocysteine [31].

It has been found that in human being vitamin B12  is transferred 
from the blood to the male reproductive organs which suggests that 
vitamin B12 may have a role in spermatogenesis [14,15]. In 2006, 
Chatterjee S et al., found that vitamin B12 had positive effects on 
sperm parameters, particularly sperm count [32]. Study by Dhillon 
VS et al., revealed plasma vitamin B12 concentrations are lower in 
infertile men compared to fertile [16]. In 2013, Abad C et al., found 
that an oral antioxidant treatment including vitamin B12 improved 
sperm motility, and DNA integrity [33].

In the present study, a significant association was found between 
serum vitamin D level and sperm motility (p-value=0.005) but 
insignificant to semen volume (p-value=0.288), sperm count 
(p-value=0.4), and sperm morphology (p-value=0.822). In the 
study by Zhu et al., serum vitamin D level in Chinese infertile 
men was significantly lower in oligospermia, asthenospermia, 
oligoasthenospermia, and azoospermia than those in fertile men 
[34]. Another cross-sectional study by Abbasihormzi Sh et al., 
showed no association between daily dietary intake of vitamin D 
and calcium with sperm parameters, whereas, a positive association 
was found between sperm motility with vitamin D categorised in 
oligoasthenoteratozoospermic men (p-value=0.028) [35]. In the 
cross-sectional study by Jensen MB et al., a positive association 
between serum vitamin D inactivating enzyme and sperm motility 
(p-value<0.004) was shown among Danish men [20]. The key role 
of vitamin D in male reproductive system has been suggested, with 
vitamin D receptor and vitamin D metabolising enzymes in the testis 
and spermatozoa [36].

One study by Ramlau-Hansen CH et al., indicated that low vitamin D 
was not a risk factor for poor semen quality although a high vitamin 
D level was associated with lower crude median total sperm count 
and percentage of normal sperm morphology but the association 

was non significant [37]. On the contrary, studies by Tirabassi G et 
al., and Hammoud AO et al., showed that vitamin D deficiency might 
damage sperm motility, suggesting that circulating 25-hydroxy-
vitamin D3 had a key role in modulating sperm motility [22,38].

Hence, to summarise, in the present study, there was significant 
association between serum vitamin B12 and vitamin D levels with 
different semen parameters which corroborates with findings of 
most of the earlier studies performed in different parts of the world.

Limitation(s)
Inspite of every sincere effort, the present study had some lacunae. 
The sample size was small as it was a pilot study but it should be 
followed by another study with adequate sample size. The study 
was done in a single center, in a tertiary care hospital, so selection 
bias could not be excluded. As the study was carried out in a tertiary 
care hospital, so hospital bias could not be ruled out.

CONCLUSION(s)
In view of the results obtained from the study done, it can thus be 
concluded that reduced vitamin B12 and vitamin D levels in infertile 
male subjects disturb normal physiological mechanisms required for 
being fertile. So estimation of vitamin B12 and vitamin D levels should 
be included during routine investigations for male infertility. It may also 
be suggested that corrective measures with vitamin B12 and vitamin 
D supplementation in males could result in successful conception.

Acknowledgement
The authors acknowledge the work of authors, editor and publisher of 
all articles, journals and books whose work were used as reference. 
The authors are also thankful to the patients, all the faculties and 
technological stuffs of the Department of Biochemistry, Department 
of Pathology and Department of Gynecology and Obstetrics, 
Institute of Post Graduate Medical Education and Research, 
Kolkata for their help, support and encouragement. The authors 
appreciate specially to Meghna Mukherjee, Statistician, Institute of 
Post Graduate Medical Education and Research, Kolkata, for her 
help during compiling data.

References
	 Zegers-Hochschild F, Dickens BM, Dughman-Manzur S. Human rights to in vitro [1]

fertilization. International Journal of Gynecology & Obstetrics 2013;123(1):86-89.
	 Zegers-Hochschild F, Adamson GD, de Mouzon J, Ishihara O, Mansour R, [2]

Nygren K, et al. International Committee for Monitoring Assisted Reproductive 
Technology (ICMART) and the World Health Organization (WHO) revised glossary 
of ART terminology, 2009. Fertil Steril. 2009; 92:1520-24.

	 Mascarenhas MN, Flaxman SR, Boerma T, Vanderpoel S, Stevens GA. National, [3]
regional, and global trends in infertility prevalence since 1990: A systematic 
analysis of 277 health surveys. PLoS Med. 2012;9(12):e1001356.

	 Agarwal A, Mulgund A, Hamada A, Chyatte MR. A unique view on male infertility [4]
around the globe. Reprod Biol Endocrinol. 2015;13:37.

	 Population Council. New Delhi: Population Council; 2004. Infertility. Looking Back, [5]
Looking Forward: A Profile of Sexual and Reproductive Health in India; pp. 67-72.

	 Ikechebelu JI, Adinma JI, Orie EF, Ikegwuonu SO. High prevalence of male [6]
infertility in southeastern Nigeria. J Obstet Gynaecol. 2003;23(6):657-59.

	 Bayasgalan G, Naranbat D, Tsedmaa B, Tsogmaa B, Sukhee D, Amarjargal [7]
O. et al., Clinical patterns and major causes of infertility in Mongolia. J Obstet 
Gynaecol Res. 2004;30(5):386-93.

	 Infecundity, infertility, and childlessness in developing countries. DHS Comparative [8]
Reports No 9.  Calverton, Maryland, USA: ORC Macro and the World Health 
Organization; 2004. World Health Organization.

	 Singh K, Kumari R, Ranjan A, Bharti G. Analysis of causes and clinical pattern of [9]
infertility in couples coming to a tertiary care centre in Bihar, India. Int J Reprod 
Contracept Obstet Gynecol. 2017; 6(6):2279-83.

	 Zargar AH, Wani AI, Masoodi SR, Laway BA, Salahuddin M. Epidemiologic [10]
and etiologic aspects of primary infertility in the Kashmir region of India. Fertil 
Steril. 1997;68(4):637-43.

	 Cavallini G. Male idiopathic oligoasthenoteratozoospermia. Asian J Androl. 2006; [11]
8(2):143-57. Doi: 10.1111/j.1745-7262.

	 Sharlip ID, Jarow JP, Belker AM, Lipshultz LI, Sigman M, Thomas AJ, et al. Best [12]
practice policies for male infertility. Fertil Steril. 2002; 77(5):873-82.

	 Cooper TG, Noonan E, von Eckardstein S, Auger J, Baker HW, Behre HM, et [13]
al. World Health Organization reference values for human semen characteristics. 
Hum Reprod Update. 2010;16(3):231-45.

	 Watson A.A. Seminal vitamin B12 and sterility. Lancet. 1962;2:644.[14]

Parameters

Vitamin B12 Vitamin D

Low 
(<200 

pg/mL) Normal

Low 
(<20 ng/

mL) Normal

Sperm morphology 
(Frequency (%)

Abnormal 
(n=23) (<4%)

13 
(56.52%)

10 
(43.47%)

16 
(69.56%)

7 
(30.43%)

Normal 
(n=29)

9 
(31.03%)

20 
(68.96%)

21 
(72.41%)

8 
(27.58%)

p-value 0.049* 0.822

[Table/Fig-4]:	 Association between sperm morphology in semen and serum 
vitamin B12 and vitamin D level.
Calculated by Chi-square test
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statistical association with sperm morphology was found only in 
case of vitamin B12 [Table/Fig-4].
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