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Folic acid (FA) food fortification has substantially resulted in marked decreases in the 
birth prevalence rate of neural tube deficits [1]. Further better maternal folate status also 
significantly lowered the risks of neonates and incidence of small for gestational age children 
[2]. Similarly, the group of Hoek et al. showed that in both low and high periconceptional 
maternal folate levels as determined by red blood cell (RBC) folate are associated with 
reduced growth trajectories of human embryo and embryonic cerebellum [3,4]. Previously 
studies in humans mainly focused on the effect of paternal folate status on semen parameters. 
Boomnyarangkul et al. [5] in a randomized trial showed that 3 months of 5mg of FA/d resulted 
in increased percentage of motile sperms, that increased from 11.4% to 20.4%. Although 
maternal diet with the long-term health of her offspring has been well studied, understanding 
of how paternal diet might affect fetal health remains limited. It has been seen that male 
overnutrition/obesity is associated with worse semen parameters and decreased reproductive 
potential. Obese men have a contribution in higher rates of miscarriage and couples with an 
obese male partner using artificial reproductive technology (ART) have significantly lower 
live birth rates compared with normal weight men [6]. Paternal undernutrition can also have 
an adverse effect on offspring. Mcpherson et al. [7] showed that undernourished male rodents 
contributed to reduced postnatal growth and a paradoxical increase in obesity in offspring. 
This study further showed that paternal diet restriction led to impaired sperm function, 
sperm DNA methylation, pregnancy rates and embryo development [8]. These deleterious 
effects can get reversed by supplementing diet restricted male mice with micronutrients like 
folate before conception. Another mouse model showed that paternal folate deficiency has 
an effect on sperm epigenome by changing the level of DNA methylation in spermatogenesis 
leading to higher DNA damage in spermatocytes [8]. This was the 1st study to show that 
paternal folate status might play an important role in determining pregnancy outcomes and 
the health of the offspring.

Recently Hoek et al. [9] examined the association between periconceptional paternal 
folate status and embryonic growth trajectories using a prospective cohort study design. Of 
the cohort of 511 singleton pregnancies, 303 were spontaneously conceived, while 208 used 
in vitro fertilization (IVF), intracytoplasmic sperm injection (ICSI) for the same. Paternal 
red blood cell (RBC) folate levels were measured and the cohort was divided into quartiles. 
Embryonic growth was found by measuring, crown rump length (CRL)and embryo volume at 
7, 9 and 11-weeks’ gestation with the use of 3D-Ultrasound and virtual reality software. For 
spontaneous pregnancies this quartile (Q3) of paternal RBC folate levels quartile (had the 
highest embryonic growth, while lower and higher folate levels in Q2 and Q4 were associated 
with reduced growth. The 1st quartile had decreased embryonic growth trajectories 
compared to Q3, but surprisingly, the difference was not statistically significant. If there is an 
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optimum range for paternal folate status, then one would expect 
levels above and below that range to show reduced embryonic 
growth, although the relationship was not linear. It is possible that 
there is a confounding value which was not accounted for in the 
regression analysis. 

This relationship between paternal folate status and embryonic 
growth was not seen in the IVF/ICSI pregnancies, which Hoek et 
al. explain might be due to IVF/ICSI overriding the influence of 
paternal folate status on epigenetic programming of the embryo. 
A possible explanation is that IVF/ICSI pregnancies lack the 
influence of seminal fluid an effect that might counteract the 
influence of paternal folate status. Contact of seminal fluid with 
the cervix and endometrium leads to adaptive immune response 
in the female, which might aid with embryo implantation and 
placental development, while decreasing the likelihood of gestation 
disorders, like fetal growth and restriction and preeclampsia [10]. 
Being the 1st investigators who have attempted to examine this 
association between paternal folate status (both low and high long-
term folate status) and embryonic growth trajectories, Hoek et al. 
[9] emphasize on the importance of paternal folate status but still 
stop short at recommending folate supplementation for fathers. 
Though minimal studies have been done in this subject in humans, 
Naushad & and Das[11] showed that maternal methylene tetra 
hydro folate reductase (MTHFR) C677T and paternal glutamate 
carboxypeptidase (GCP) IIC15IT polymorphisms are associated 
with increased risk of neural tube defects (NTD) in South India, 
although they did not study that extensively as Hoek et al. [9]. 
Pauwels et al. [12] found no statistically significant correlation 
between paternal food folate intake, birthweight and DNA 
methylation in offspring. However, Ratan et al. [13] found lower 
folate levels in fathers of children born with NTD’s when compared 
with control group. 

Since no current guidelines for paternal folate supplementation 
exist, it was not surprising that only 8.1% of the men in the study 
used these supplements, with an increasing number of men using 
them over the 4 quartiles. As seen by the reduced embryonic growth 
trajectory in Q4 group, a possibility exists that there might be 
detrimental effects of excessive paternal folate. A need for making 
any recommendations for paternal folate supplementation for 
fathers exists and investigating this further is required to understand 
the paternal folate contribution for conception, gestation and birth 
and to find out the optimal folate levels in men. Still this study 
stimulates more investigative questions, i.e. could paternal folate 
deficiency be responsible as one of the factors which could explain 
the incomplete success of maternal folate supplementation in 
preventing neural tube defects (NTD’s)? How does paternal folate 
status affect growth later in pregnancy or in the post-natal period? 
The study by Hoek et al. [9] was done in Holland, where widespread 
folate food fortification is not done. But in countries like USA, where 

folate food fortification is done, it will be important to understand 
how paternal RBC folate levels compare and if they are associated 
with the risks or benefits observed in the Hoek et al. [9]. It is clear 
that the father’s nutritional status with regard to the micronutrient 
play a larger role in couple fertility than was thought to begin with, 
but a more complete understanding of the micronutrients which 
are essential to normal reproduction and live birth is required.

References
1.	 Honein MA, Paulozzi LI, Mathews TJ, Eerickson JD, Wong LY (2001) 

Impact of folic acid fortification of the US food supply on the occurrence 
of neural tube defects. JAMA 285(25): 2981-2986.

2.	 Vellaro PM, Munoz NEM, Rebagliato M, Iniguez C, Murcia M, et al. (2011) 
Periconceptional folic acid supplementation and anthropometric 
measures at birth in a cohort of pregnant women in valencia, Spain. Br J 
Nutr 105(9): 1352-1360.

3.	 Van Uitert EM, Van Ginkel S, Willemsen SP, Undermans J, Lindermans 
J, et al. (2014) An optimal periconceptional maternal folate status for 
embryonic size: The rotterdham predict study. BJOG 121(7): 821-829.

4.	 Koning IV, Groenenberg IA, Gotink AW, Willemsen SP, Gijtenbeek M, et al. 
(2015) Periconceptional maternal folate status and human embryonic 
cerebellum growth trajectories: The rotterdham predict study. PLoS One 
10: e0141089.

5.	 Boonyarangkul A, Vinayanuvattikhun N, Chiamchanya C, Visitakul P 
(2015) Comparative study of the effects of tamoxifen citrate and folate 
on semen quality of the infertile male with semen abnormality. J Med 
Assoc Thai 98(11): 1057-1063.

6.	 Campbell JM, Lane M, Owens JA, Bakos HW (2015) Paternal obesity 
negatively affects male fertility and assisted reproduction outcomes: 
A systematic review and meta-analysis. Reprod Biomed Online 31(5): 
593-604.

7.	 Mcpherson NO, Fullston T, Kang WX, Sandeman LY, Corbett MA, et 
al. (2016) Paternal undernutrition programs metabolic metabolic 
syndrome in offsprings which can be reversed by antioxidant/vitamin 
food fortification in fathers. Sci Rep 6: 27010.

8.	 Lambrot R, Xu C, Saint  Phar S, Chountalos G, Cohen T, et al. (2013) 
Low paternal dietary folate alters the mouse sperm epigenome and is 
associated with negative pregnancy outcomes. Nat Commun 4: 2889.

9.	 Hoek J, Koster M, Schoenmakers S, Koning AHJ, Steegers EAP, et al. (2019) 
Does the father matter? The association between the periconceptional 
paternal folate status and the embryonic growth. Fertil Steril 111(2): 
270-279.

10.	Robertson SA, Sharkey DJ (2016) Seminal fluid and fertility in women. 
Fertil Steril 106(3): 511-519.

11.	Naushad SM, Devi AR (2010) Role of parental folate pathway single 
nucleotide polymorphisms in altering the susceptibility to neural tube 
defects in South India. J Perinatal Med 38(1): 63-69.

12.	Pauwels S, Truijen I, Ghosh M, Duca RC, Langer SAS, et al. (2017) 
The effect of paternal methyl-group donor intake on offspring DNA 
methylation and birth weight. J Dev Orig Health Dis 8(3): 311-321.

13.	Ratan SK, Rattan KN, Pandey RM, Singhal S, Kharab S, et al. (2008) 
Evaluation of the levels of folate, vitamin B12, homocysteine and fluoride 
in the parents and affected neonates with neural tube defects and their 
matched controls. Pediatr Surg Int 24(7): 803-808.

For possible submissions Click below: 

Submit Article

https://www.ncbi.nlm.nih.gov/pubmed/11410096
https://www.ncbi.nlm.nih.gov/pubmed/11410096
https://www.ncbi.nlm.nih.gov/pubmed/11410096
https://www.ncbi.nlm.nih.gov/pubmed/21272409
https://www.ncbi.nlm.nih.gov/pubmed/21272409
https://www.ncbi.nlm.nih.gov/pubmed/21272409
https://www.ncbi.nlm.nih.gov/pubmed/21272409
https://www.ncbi.nlm.nih.gov/pubmed/24517216
https://www.ncbi.nlm.nih.gov/pubmed/24517216
https://www.ncbi.nlm.nih.gov/pubmed/24517216
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0141089
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0141089
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0141089
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0141089
https://www.ncbi.nlm.nih.gov/pubmed/26817175
https://www.ncbi.nlm.nih.gov/pubmed/26817175
https://www.ncbi.nlm.nih.gov/pubmed/26817175
https://www.ncbi.nlm.nih.gov/pubmed/26817175
https://www.ncbi.nlm.nih.gov/pubmed/26380863
https://www.ncbi.nlm.nih.gov/pubmed/26380863
https://www.ncbi.nlm.nih.gov/pubmed/26380863
https://www.ncbi.nlm.nih.gov/pubmed/26380863
https://www.nature.com/articles/srep27010
https://www.nature.com/articles/srep27010
https://www.nature.com/articles/srep27010
https://www.nature.com/articles/srep27010
https://www.ncbi.nlm.nih.gov/pubmed/24326934
https://www.ncbi.nlm.nih.gov/pubmed/24326934
https://www.ncbi.nlm.nih.gov/pubmed/24326934
https://www.ncbi.nlm.nih.gov/pubmed/30691629
https://www.ncbi.nlm.nih.gov/pubmed/30691629
https://www.ncbi.nlm.nih.gov/pubmed/30691629
https://www.ncbi.nlm.nih.gov/pubmed/30691629
https://www.ncbi.nlm.nih.gov/pubmed/27485480
https://www.ncbi.nlm.nih.gov/pubmed/27485480
https://www.ncbi.nlm.nih.gov/pubmed/20047525
https://www.ncbi.nlm.nih.gov/pubmed/20047525
https://www.ncbi.nlm.nih.gov/pubmed/20047525
https://www.ncbi.nlm.nih.gov/pubmed/28260562
https://www.ncbi.nlm.nih.gov/pubmed/28260562
https://www.ncbi.nlm.nih.gov/pubmed/28260562
https://www.ncbi.nlm.nih.gov/pubmed/18463884
https://www.ncbi.nlm.nih.gov/pubmed/18463884
https://www.ncbi.nlm.nih.gov/pubmed/18463884
https://www.ncbi.nlm.nih.gov/pubmed/18463884
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php

	References
	_GoBack

