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Vitamin D Status of Mother During Pregnancy and its Association 
with Bone Mineral Content in Off Spring
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ABSTRACT

Introduction: Vitamin D is essential for the maintenance of 
the calcium homeostasis and bone mineralization regulation. In 
adults and in children, Vitamin D deficiency manifests as rickets 
and osteomalacia respectively. The individuals with vitamin D 
deficiency are also associated with significantly increased risk 
of occurrence of fractures. The low values of vitamin D in the 
mothers during pregnancy are hypothesized to be associated with 
the low bone mineral content (BMC) in the off-springs. Hence; 
we prospectively analyzed the correlation between the maternal 
25-hydroxyvitamin D [25(OH) D] concentrations in pregnant 
women and BMC of their off-springs. 
Material and methods: The present cohort study was carried in 
the department of Gynaecology and obstetrics and Department of 
orthopeadics of the medical institution and included assessment 
of pregnant women. Only those subjects were included in the 
present study in which mother and single ton off spring pair was 
present and the other had eligible results for results for 25(OH) 
D concentrations in pregnancy and off spring had undergone 
dual-energy x-ray absorptiometry (DA) at age 9–10 years. Liquid 
chromatography tandem mass spectrometry was used for the 
measurement and assessment of the levels of the serum 25(OH) 
D levels in mothers and the off-spring. In each trimester of the 
pregnancy period and overall pregnancy, the mean concentrations 
of 25(OH) D were calculated. All the results were analyzed by 
SPSS software.
Results: A total of 4200 mother and off-spring pairs were 
analyzed in the present study. Mean age of the off-spring at the 
time of the sample collection and assessment was 9.7 years. In 28 
percent of the women, Vitamin D concentration was measured in 
the first trimester while in women in second and third trimester, 
the samples were measured in 30 and 42 percent of the cases 
respectively. For the 25 (OH) D concentrations predicted in the 
third trimester, we observed that more than 65 percent were 
sufficient while less than 30 percent were insufficient. 
Conclusion: Maternal 25(OH) D concentrations occupy some 
amount of position in the determination of the bone health of the 
off-spring.
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INTRODUCTION
For the maintenance of the calcium homeostasis and bone 
mineralization regulation, Vitamin D is essentially required in the 
body. Rickets and osteomalacia are the common manifestations 
of vitamin D deficiency occurring in children and adults 
respectively. The individuals with vitamin D deficiency are 
also associated with significantly increased risk of occurrence 
of fractures.1,2 Previtamin D3 is formed by the action of ultra-
violet B on the human skin resulting in the molecular stability 
of cholesterol precursor (7-dehydrocholesterol) located in the 
skin. Vitamin D3 (cholecalciferol) is formed by the conversion 
from previtamin D3 as a result of chemical rearrangement. 

This vitamin D3 is taken up into the circulation by action of 
vitamin D binding protein. Vitamin D may also be derived from 
the dietary component in the form of Vitamin D2 or vitamin 
D3 from fatty fishes, egg yolks etc.3,4 In an off-spring, the 
low values of vitamin D in the mothers during pregnancy are 
hypothesized to be associated with the low bone mineral content 
(BMC). If at any point, this hypothesis proves to be true, this 
will impose a very big problem for the health care professionals 
as more than 60 percent of the healthy appearing pregnant 
females are suffering from the insufficient concentration of 
25-hydroxyvitamin D (25[OH] D. Time to time, literature quotes 
some studies with smaller study groups that have assessed the 
correlation of maternal vitamin D concentration and the BMC 
in the off-springs but no single point results haven’t been 
established so far due to wide variations in the results.5-7 Hence; 
we prospectively analyzed the correlation between the maternal 
25(OH) D concentrations in pregnant women and BMC of their 
off-springs. 

MATERIAL AND METHODS
The present cohort study was carried in the department of 
Gynaecology and obstetrics and Department of orthopeadics 
of the medical institution and included assessment of pregnant 
women of the state population from 2006 to 2013. Ethical 
approval was taken from the institutional ethical committee 
and written consent was obtained from all the participants after 
explaining them in written the entire research protocol. Only 
those subjects were included in the present study in which 
mother and single ton off spring pair was present and the other 
had eligible results for results for 25(OH) D concentrations 
in pregnancy and off spring had undergone dual-energy x-ray 
absorptiometry (DA) at age 9–10 years. Blood samples were 
collected from the mothers as non-fasting samples as a part of 
the routine antenatal care and were stored in the laboratory at 
minus twenty degree centigrade during the initial time followed 
by minus eighty degree centigrade without further freeze–thaw 
cycles. The storage procedure was followed until the time the 
samples were used for the assessment of the 25(OH) D levels. No 
fix time was chosen for the assessment of the samples from the 
mothers. They could be of any time of pregnancy. Atleast results 
were used in subjects in whom more than one result was available 
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at the time of pregnancy. Date and time of the withdrawal of the 
blood samples were confirmed from the data records. In case of 
the off-springs, the samples were withdrawn at the age of nine 
to ten years. The children were recalled for follow-up for the 
collection of the samples. Liquid chromatography tandem mass 
spectrometry was used for the measurement and assessment 
of the levels of the serum 25(OH) D levels in mothers and the 
off-spring.8,9 In each trimester of the pregnancy period and 
overall pregnancy, the mean concentrations of 25(OH) D were 
calculated. Since, it is hypothesized that maternal concentration 
of 25(OH) D during pregnancy affects the BMC, we used the 
mean differences in total body less head (TBH) and spinal BMC 
as the main outcome. 

STATISTICAL ANALYSIS 
All the results were analyzed by SPSS software. Multivariate 
regression curve and chi-square test were used for the assessment 
of level of significance.

RESULTS
In the present study a total of 4200 mother and off-spring pair 
were analyzed. Mean age of the off-spring at the time of the 
sample collection and assessment was 9.7 years. In 28 percent 
of the women, Vitamin D concentration was measured in the 
first trimester while in women in second and third trimester, 
the samples were measured in 30 and 42 percent of the cases 
respectively. Table 1 shows the multivariate correlation between 
third trimester maternal 25(OH) D concentration and BMC of the 
off-spring. Lowest value of the mean 25(OH) D concentration 
was observed in the first trimester while the highest concentration 
was observed in the third trimester. Figure 1 shows maternal 
estimated exposure to ultra-violet B in the third trimester of the 
pregnancy and the BMC of the off-spring. Table 2 highlights 

the p-value for the maternal estimated exposure to ultra-violet B 
in the third trimester of the pregnancy and the BMC of the off-
spring. For the 25 (OH) D concentrations predicted in the third 
trimester, we observed that more than 65 percent were sufficient 
while less than 30 percent were insufficient. Positive association 
was observed in context of exposure to ultraviolet B in the third 
trimester and TBH BMC.

DISCUSSION
In post-natal life, importance of Vitamin D for the physiologic 
functioning of the muscle is a well proven fact. Isolation of 
vitamin D receptor (VR) in the skeletal muscles is also proved 
along with positive correlation of polymorphisms in the VDR 
and strength if muscles.10-12 Proximal myopathy is associated 
with severe vitamin D deficiency. Improvement of proximal 
myopathy is also seen in persons who were administered with 
vitamin D supplementation. Reduced physical performance 
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Figure-1: Maternal estimated exposure to ultra-violet B in the third 
trimester of the pregnancy and the BMC of the off-spring

Parameter Model 1 Model 2 Model 3 Model 4
Mean  

difference in 
BMC per
25(OH)D 
category

p-value Mean  
difference in 

BMC per
25(OH)D 
category

p-value Mean  
difference in 

BMC per
25(OH)D 
category

p-value Mean  
difference 

in BMC per 
25(OH)D 
category

p-value

TBH 
BMC

Sufficient 0 0.5 0 0.5 0 0.4 0 0.5
Insufficient -0.8 -2.0 1.1 -2.5
Deficient -9.8 -11.5 1.1 -12.5

Spine 
BMC

Sufficient 0 0.4 0 0.4 0 0.6 0 0.6
Insufficient -0.2 -0.4 -0.2 -0.4
Deficient -0.9 -0.9 -0.4 -0.9

BMC: bone-mineral content, 25(OH)D=25–hydroxyvitamin-D, TBLH: Total body less head, Model 1: Adjusted for maternal age and off spring 
mean age and sex, Model 2: Model 1 along with adjusted maternal education, smoking in pregnancy, and body-mass index before pregnancy, 
Model 3: Model 2 along with potential mediation by off spring 25(OH) D concentrations, Model 4: Linear trend testing across the 25(OH) D 
categories

Table-1: Multivariate correlation between third trimester maternal 25(OH) D concentration and BMC of the off-spring

Parameter Unadjusted eUVB eUVB adjusted for the off-spring’s 
age 

eUVB adjusted for the off-spring’s 
age and the maternal 25(OH) D 

concentration
Mean difference p-value Mean difference p-value Mean difference p-value

TBH BMC 13.9 0.02* 0.96 0.4 10.5 0.8
Spinal BMC 0.35 0.5 -0.66 0.03* -0.68 0.03*
*: Significant

Table-2: p-value for the maternal estimated exposure to ultra-violet B in the third trimester of the pregnancy and the BMC of the off-spring
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and muscle functions in patients of young and puberty age is 
seen in patients with subclinical vitamin D insufficiency.13 
Some amount of data do exist in the literature which show that 
some correlation do exist between maternal serum 25-hydroxy-
vitamin D [25(OH)D] levels in pregnant and offspring body 
composition in childhood.14 A positive association has been 
reported in the literature regarding the association of maternal 
antenatal serum 25(OH) D levels and bone mass of the off-
spring.15 There is a scarcity of data in the literature which 
highlights the correlation of the muscle development in the 
post-natal period and exposure of 25(OH) D in the intra-uterine 
period.16 Hence; we prospectively analyzed the correlation 
between the maternal 25(OH) D concentrations in pregnant 
women and BMC of their off-springs. 
In the present study, we didn’t observe any association between 
the maternal 25(OH) D concentration and the BMC of the off-
spring in any trimester of the pregnancy. At mean off-spring age 
of 9.9 years, no effect of maternal 25 (OH) D concentrations was 
observed on the bone outcomes. The earlier reported positive 
correlation observed between the ultra-violet B’s ambient 
exposure of the pregnant women during the third trimester and 
BMC and BMD of the off-spring at 9.9 years of the age could 
be fully demonstrated by the age of the off-spring at the time of 
DA.17 Moon et al investigated the correlation of maternal plasma 
n-3 and n-6 PUFA status at 34 week gestation and offspring 
body composition. They analyzed 12583 non-pregnant females 
and assessed their off spring body composition by dual-energy 
x-ray absorptiometry. They observed that maternal plasma n-6 
PUFA concentration positively predicted offspring fat mass at 4 
yr and 6 yr, but observed no correlation with offspring lean mass 
at either age. From the result, they concluded that in childhood, 
offspring adiposity might get influenced by maternal n-6 PUFA 
status during pregnancy.18 Lawlor et al prospectively assessed the 
correlation of Vitamin D status of the mother during pregnancy 
along with bone mineral content in off spring. They observed that 
9.9 years was the mean age of the off-spring. Sufficient 25(OH) 
D concentrations in pregnancy were observed in more than 65 
percent of the individuals. Less than 30 percent pregnant females 
had insufficient 25(OH) D concentrations. From the results, 
they concluded that no significant correlation exists between 
maternal vitamin D status in pregnancy and offspring BMC in 
late childhood.19 Zhu et al prospectively analyzed the correlation 
between maternal vitamin D status and peak bone mass of 
offspring in Western Australian population. They assessed the 
25-hydroxyvitamin D levels from the maternal serum samples 
which were collected at 18 weeks of gestation. They observed 
that the mean maternal serum 25-hydroxyvitamin D levels was 
57.2 nmol/L. Vitamin D-deficiency was observed in less than 40 
percent of the pregnant females in the study population. Positive 
association was seen in between maternal 25-hydroxyvitamin D 
concentration, total body BMC and BMD in the off spring. From 
the results, they concluded that in pregnant women, association 
of vitamin D deficiency exists with the peak bone mass in their 
off-spring. This further predisposes the children with higher 
risk of fracture.20 Petersen et al prospectively analysed the 
association between the maternal vitamin D concentrations 
during the time of pregnancy and offspring forearm fractures 
during childhood. They assessed over 30000 mother and child 
pairs and analyzed the correlation of vitamin D status in these 

women and first-time forearm fractures among offspring. They 
observed that the off-spring of the women who took more than 
10 µg/d of the material in the time period of mid-pregnancy 
were associated with significantly higher risk of development 
of fractures. From the result, they concluded that in relation to 
the forearm fractures of the off-spring, no protective action of 
material vitamin D levels exists.21 Skaaby et al investigated the 
correlation of vitamin D concentration and risk of development 
of cardiovascular abnormalities. They couldn’t observe any 
correlation between the status of vitamin D concentration and 
the frequency of occurrence of ischemic heart disease or stroke. 
From the result, they concluded that an inverse correlation exists 
in between vitamin D concentration and mortality.22 Strøm et al 
assessed the association between the maternal serum vitamin 
D levels and neuro-developmental outcomes in the off-spring. 
They analyzed 965 subjects in the study and observed a direct 
correlation between maternal vitamin D status and offspring 
depression. From the results, they concluded that no association 
exists in between the fetal effect of vitamin D concentration and 
behavioural effect of the off-spring.23 Harvey et al assessed the 
correlation between maternal plasma 25 (OH) D statuses and 
offspring lean mass and muscle strength. They prospectively 
analyzed UK population and evaluated the maternal vitamin D 
level. They observed a positive correlation between the maternal 
serum vitamin D concentration and offspring height-adjusted 
hand grip strength. Also, a positive correlation was observed 
in their study between Maternal 25(OH)D level s and offspring 
percent lean mass. From the results, they concluded that during 
late pregnancy period, intrauterine exposure to 25(OH)D may 
affect the offspring muscle development.24

CONCLUSION
From the above results, the authors concluded that maternal 
25(OH)D concentrations occupy some amount of position in 
the determination of the bone health of the off-spring. However, 
future studies are advocated for better exploration of this area 
of medicine.

REFERNCES
1. Weaver CM. Vitamin D, calcium homeostasis, and skeleton 

accretion in children. J Bone Miner Res. 2007;22:V45–49.
2. Gartner LM, Greer FR. Prevention of rickets and vitamin D 

deficiency: new guidelines for vitamin D intake. Pediatrics. 
2003;111:908–10.

3. Holick M.F., MacLaughlin J.A., Clark M.B., Holick S.A., 
Potts J.T., Anderson R.R., Blank I.H., Parrish J.A., Elias, 
P. Photosynthesis of previtamin D3 in human skin and the 
physiologic consequences. Science 1980;210: 203-235.

4. Nowson C.A., Margerison, C. Vitamin D intake and vitamin 
D status of Australians. Med. J. Aust. 2002;177: 149-152.

5. Dror DK, Allen LH. Vitamin F inadequacy in pregnancy: 
biology, outcomes and interventions. Nutrition Rev. 2012; 
68:465–77.

6. Dawodu A, Wagner CL. Mother-child vitamin D 
deficiency: an international perspective. Arch Dis Child. 
2007;92:737–40.

7. Viljakainen HT, Korhonen T, Hytinantti T, et al. Maternal 
vitamin D status aff ects bone growth in early childhood—a 
prospective cohort study. Osteoporos Int. 2011;22:883–91.

8. Sayers A, Fraser WD, Lawlor DA, Tobias JH. 
25-Hydroxyvitamin-D3 levels are positively related to 



Kumar, et al. Vitamin D Status of Mother During Pregnancy

International Journal of Contemporary Medical Research  
ISSN (Online): 2393-915X; (Print): 2454-7379   | ICV (2015): 77.83 | Volume 3 | Issue 10 | October 2016

3017

subsequent cortical bone development in childhood: fi 
ndings from a large prospective cohort study. Osteoporos 
Int. 2012;23:2117–28.

9. Tolppanen AM, Fraser A, Fraser WD, Lawlor DA. Risk 
factors for variation in 25-Hydroxyvitamin D3 and D2 
concentrations and vitamin D defi ciency in children. J Clin 
Endocrinol Metab. 2012;97:1202–10.

10. Bischoff HA, Borchers M, Gudat F, Duermueller U, 
Theiler R, Stahelin HB, Dick W. In situ detection of 
1,25-dihydroxyvitamin D3 receptor in human skeletal 
muscle tissue. Histochem J. 2001;33:19–24. 

11. Geusens P, Vandevyver C, Vanhoof J, Cassiman JJ, Boonen 
S, Raus J. Quadriceps and grip strength are related to 
vitamin D receptor genotype in elderly nonobese women. 
JBone MinerRes. 1997;12:2082–2088.

12. Crozier SR, Harvey NC, Inskip HM, Godfrey KM, Cooper 
C, Robinson SM. Maternal vitamin D status in pregnancy 
is associated with adiposity in the offspring: findings from 
the Southampton Women’s Survey. AmJClinNutr. 2012; 
96:57–63.

13. Javaid MK, Crozier SR, Harvey NC, Gale CR, Dennison 
EM, Boucher BJ, Arden NK, Godfrey KM, Cooper C. 
Maternal vitamin D status during pregnancy and childhood 
bone mass at age 9 years: a longitudinal study. The Lancet. 
2006;367:36–43.

14. Viljakainen HT, Korhonen T, Hytinantti T, Laitinen EK, 
Andersson S, Makitie O, Lamberg- Allardt C. Maternal 
vitamin D status affects bone growth in early childhood-
-a prospective cohort study. Osteoporos Int. 2011;22:883–
891.

15. Loos RJ, Beunen G, Fagard R, Derom C, Vlietinck R. 
Birth weight and body composition in young women: a 
prospective twin study. AmJClinNutr. 2002;75:676–682.

16. Sayer AA, Dennison EM, Syddall HE, Jameson K, Martin 
HJ, Cooper C. The developmental origins of sarcopenia: 
using peripheral quantitative computed tomography 
to assess muscle size in older people. JGerontolA 
BiolSciMedSci. 2008;63:835–840.

17. Sayers A, Tobias JH. Estimated maternal ultraviolet 
B exposure levels in pregnancy infl uence skeletal 
development of the child. J Clin Endocrinol Metab. 2009; 
94:765–71.

18. Moon RJ, Harvey NC, Robinson SM, Ntani G, Davies JH, 
Inskip HM, Godfrey KM, Dennison EM, Calder PC, Cooper 
C. Maternal plasma polyunsaturated fatty acid status in late 
pregnancy is associated with offspring body composition 
in childhood. J Clin Endocrinol Metab. 2013;98:299-307. 

19. Lawlor DA, Wills AK, Fraser A, Sayers A, Fraser WD, 
Tobias JH. Association of maternal vitamin D status 
during pregnancy with bone-mineral content in offspring: 
a prospective cohort study. Lancet. 2013;22;381:2176-83. 

20. Zhu K, Whitehouse AJ, Hart PH, Kusel M, Mountain J, Lye 
S, Pennell C, Walsh JP. Maternal vitamin D status during 
pregnancy and bone mass in offspring at 20 years of age: a 
prospective cohort study. J Bone Miner Res. 2014;29:1088-
95.

21. Petersen SB, Strøm M, Maslova E, Granström C, 
Vestergaard P, Mølgaard C. Predicted vitamin D status 
during pregnancy in relation to offspring forearm fractures 
in childhood: a study from the Danish National Birth 
Cohort. Br J Nutr. 2015;114:1900-8. 

22. Skaaby T. The relationship of vitamin D status to risk 
of cardiovascular disease and mortality. Dan Med J. 
2015;62:B5008.

23. Strøm M, Halldorsson T, Hansen S, Granström C, Maslova 
E, Petersen SB, Cohen AS, Olsen SF. Vitamin D measured 
in maternal serum and offspring neurodevelopmental 
outcomes: a prospective study with long-term follow-up. 
Ann Nutr Metab. 2014;64:254-61. 

24. Harvey NC, Moon RJ, Sayer AA, Ntani G, Davies 
JH, Javaid MK. Maternal antenatal vitamin D status 
and offspring muscle development: findings from the 
Southampton Women's Survey. J Clin Endocrinol Metab. 
2014;99:330-7.

Source of Support: Nil; Conflict of Interest: None

Submitted: 10-09-2016; Published online: 24-10-2016


