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Earlier studies have shown a relationship betweatemal vitamin B, status and birth weight. This study
extends those findings directly in terms of neohsitamin B;, status and birth weight. One hundred and
twelve women were followed from the first trimestémpregnancy and maternal blood was obtained! ithade
trimesters along with cord blood at birth of theieonates. The maternal and cord serum vitamin B
concentrations were examined in relation to birtight. There was a significant correlation betweiamin

B1, concentration in maternal antenatal serum durahef the trimesters of pregnancy and cord sealm (
P<0.01). Neonates that were born with lower birthights (categories of < 2500 g and 2500-2999 g) had
significantly lower mean cord serum vitamin,Boncentrations when compared to those who we3800 g

(P = 0.02 andP = 0.05 respectively). A similar, however, non $iigant trend was observed for antenatal
vitamin B, concentrations at first and third trimesters. Cam@lum vitamin B, concentrations were
significantly correlated with birth weight, up t® 4veeks of pregnancy (r=0.28=0.01) but not beyond that
(> 40 weeks gestation). VitaminBstatus in the mother was related to neonatal Wity status as measured
by cord serum vitamin B concentration. In addition, low neonatal vitarBij3 concentrations were adversely
associated with low birth weights.

Key Words. neonatal vitamin B,,, birth weight, India

Introduction

The prevention of low birth weight (LBW; <2500g), whi Other reports from BraZiland Indid have also demon-
affects nearly 30% of infants born in India, is ablic strated low maternal vitamin,Bstatus in pregnancy. In
health priority. Adverse outcomes for mothers ardnts the general Indian population, low vitamin,Btakes have
during pregnancy have been largely attributed tdewi been recorded in men and women living in urban slum
spread maternal malnutrition.  Previous studies ehaand low vitamin B, status has been shown in middle class
suggested that maternal status of micronutrientg ima men and women, some of whom were non-vegetarians
fluence the risk of LBW and multiple micronutrient reporting intakes of egg, poultry and lamb >2 tinmes
supplementation to antenatal women, at the levehot or week? Low cobalamin status has also been demonstrated
twice the recommended daily allowance, has beewrshoin Asian Indians living in the USA, due primarilp tow

to increase birth weight by approximately 16dgin a dietary intake; interestingly, homocysteine concarin
prospective observational study, recently carried i@ did not always reflect a low cobalamin statisGiven the
Bangalore, India, we demonstrated a significant-relrelationship between maternal vitamin,Bntake and B
tionship between low maternal vitamin,Bstatus and an status, and between status and birth outépriteis of
increased risk of intra-uterine growth retardat{diGR) interest to confirm that these relationships alstered to
after adjusting for potential confounding factorscls as more direct measures of vitamin,Bstatus in the neonate,
maternal weight, weight gain, age, education amitypa

In that study, we also demonstrated that vitaminifgdake

was significantly correlated to the antenatal seuitamin  Correspondence address: Dr S Muthayya, Division of Nutrition,
B, concentrations, implicating poor vitaminBntake as a Institute of Population Health and Clinical Resear&t, John's
possible cause of low vitamin,Bstatus. Vitamin B National Academy of Health Sciences, Bangalore 580 hdia
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such as in the cord serum at birth, in additiordéeu-  status. Gestational age (in weeks) was calculftad
menting the relationship and magnitude of diffeeenc the reported first day of the last menstrual pefiodP).
between the maternal and cord serum concentratbns Subsequent ultrasonographic measurements donen\&ithi
vitamin By,. In particular, the relationship between neo-weeks of the initial visit and again closer to time of
natal serum vitamin B status at birth and birth weight delivery were used to confirm gestational age dated
has not been documented. Therefore, we investigatdsy LMP. A digital balance (Soehnle, Germany) wasdus
neonatal vitamin B status at birth using measures ofto record the weights of all mothers to the neatégt g.
cord serum, its association with maternal status i@  Measurements of height were made using a stadionwete
direct effect on birth size in an urban hospitatdth the nearest 1 cm. Maternal body mass index (BMi¥ w
study, where the mothers came from differing socio-calculated using weight and height at baselinengRg/
economic strata and had heterogeneous dietaryemtak  None of the women were smokers.

Subjectsand Methods Serum vitamin measurement

Study design Blood samples drawn from all subjects after an gt
The study was a prospective cohort study condudt&tl a fast by venipuncture using trained personnel olectéd
John’s Medical College Hospital, Bangalore, Indiam  at birth from the placental side of the cord, weoéected
November 2001 to August 2003. This 1200 bed tertiarin plain vacutainers (Beckton Dickinson, New Jersey
hospital draws patients of diverse socioeconomatust USA). Serum vitamin B was determined using a kit em-
from urban slums to high income residential are@seg- ployed on an Automated Chemiluminescence System
nant volunteers were enrolled in early pregnan@séb ACS:180 (Bayer Diagnostics, Tarrytown, USA). The
line) and followed up until delivery. Informatioon intra batch CV assessed by using multiple detertioing
socio-demographic factors at baseline (approximat@l  of pooled human serum with a vitaminBoncentration
weeks of gestation, 12.9 + 3.3 weeks) and on malternof 348 pmol/L (n = 20) was 2.6% and inter batch CV
anthropometry, dietary intake, and blood at basel#f ~ (n=20) done over a period of 3 weeks (n=15) wa%63.4
trimester of pregnancy (approximately 24 weeks of

gestation, 24.1+ 2.0 weeks) anfi tBimester of pregnancy Birth data

(approximately 34 weeks of gestation, 33.9 + 1.2ksp Infants were weighed to the nearest 10 g on a atdnd
and cord blood collected from the placental sidthefcut ~beam scale balance immediately after birth. LBW was
umbilical cord, at delivery, were collected. Thetins defined as birth weight <2500g (WHO, 1995). Preter
tutional Ethical Review Board at St. John's Medicaldelivery was defined as delivery before 37 weeks of
College approved all study procedures, and written gestation. Of the 410 women who had a known pregnan

formed consent was obtained from each study subject o_utcome, there were 2.6 ;pontaneous gbortions, 7 sti
enrolment y subje births, 30 premature deliveries and 347 birthsibtérm.

Statistical analysis

i All analyses were done with the SPSS program (@ersi
All pregnant women aged 17-40 years who were belo 1.5, SPSS, Chicago, IL). Only cases who delivered

20 we.eks of gestation, and registered' for antenat%"_term infant and in whom cord vitamin;Bconcen-
screening at the Department of Obstetrics and Gyn‘%’ration was also available (n=112) are includedthis
cology at St. John's Medical College Hospital wete 5,5 is Results are presented as mean + SD. Mean
vited 'to participate in the 'study.' Every effort wagde to |5 es were compared by the one way analysis 6f var
recruit women as early in their pregnancy to c@W  gnce with post-hoc tests (LSD). Correlations between
baseline measurements at 12 weeks of gestatiorméWNo qrd serum vitamin B and birth weight was assessed
with multiple pregnancies, those with a clinicaghosis  ysing Pearson’s correlation coefficient. Two siffeda-

of chronic illness such as diabetes mellitus, higmesion,  |ues <0.05 were considered statistically significakio-
heart disease and thyroid disease, those who tpst#d  men who delivered full term live babies and in whom
tive for hepatitis B (HbSAg), HIV or syphilis (VDRL cord blood was not collected had similar serummita
infections or who anticipated moving out of theydite- B;, concentrations (pg/ml) when compared with those
fore delivery were excluded. Four hundred ancesgy  used in this analysis at thé', 12" and & trimesters of
eight women consented to be part of the study amkw pregnancy; 255 + 125 (n=22), 202 + 55 (n=27) angl 20
recruited. Of them, 410 (85.8%) completed the ystud 74 (N=28) vs 229 + 81 (n=89), 208 + 57 (n=100) 4Ad
with a known pregnancy outcome. In a sub-sample of 54 (n=106) respectively. Mean serum vitamim, B
185 women, in whom blood collections were availdbte ~ concentrations in mothers who had fetal losses e

at least two trimesters of pregnancy, micronutriemt- term babies were not significantly diffe_rent fiomet
centrations of vitamin B were measured from serum 9roup of mothers used in the main analysis ofriyert.
samples obtained at all three trimesters of pregphand

from cord serum at delivery. Cord blood was obtdiite  Reqylts

Study population

112 cases. Demographic characteristics of the study populatios
_ _ o _ listed in Table 1. Approximately 40% of the mothers
Sociodemographic and anthropometric information were educated up to high school and the remainings6

At the baseline visit, trained research assistamisr-  had either a post-high school diploma or at leashia
viewed the study subjects to obtain informationage, versity degree. Primiparous women made up 64%ef t
obstetric history, family composition and socioemmic  study cohort. Approximately 20% of the wonhem a
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Table 1. Maternal baseline characteristics (n=1

Parameter Value
Age (y) 24.2+4.0
Parity*

0 72 (64.3)
1-2 38 (33.9)
>3 2(1.8)
Educational levél

Up to high school 44 (39.3)
Diploma 33 (29.5)
University degree & above 35 (31.3)
Anthropometry

Weight (kg) 53.1+11.0
Height (m) 1.54 £ 0.06
BMI (kg/m?) 22.2+4.13

Mean * SD; N (%).
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BMI less than 18.5 kg/mat enrolment. Mean birth
weight was 2.90 + 0.39 kg; 18% of the newborns lbad
birth weights (<2.5 kg). Concentrations of vitar&ip in
the newborns and their mothers during the 3 trieresbf
pregnancy are presented in Figure 1. Neonatal con-
centrations were about 27% higher than in matesaai-
ples measured at all times during pregnancy. Tasea
significant correlation between vitaminBconcentration
in maternal antenatal serum during each of theestars
of pregnancy and cord serum (Fig. 1); a strong-rela
tionship was observed for the"2and 3 trimesters
[r=0.54 (P=0.000) and r=0-56PE0.000) respectively].
The relationship between neonatal serupp IBvels and
birth weight was assessed initially by a group-wase-
lysis which showed that significant differencesstad in
cord serum vitamin B concentrations between groups of
infants, based on birth weight (Table 2).

Maternal serum vitamin ;B concentrations at each
trimester increased with increasing birth weighowH
ever, these increases in maternal serum viBere sig-
nificant only during the % trimester; here maternal serum
vitamin By, values were significantly higher in tk8000
g birth weight group as compared to the LBW (<2500g
group (Table 2). We extended the analgdis the
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Figure 1. X-axis in the different panels represents mateseaum
vitamin By, status. Upper Left Panel : First trimester, Loweft
Panel: Second trimester, Upper RigRanel: Third trimeste
Correlation values (r and P value) given in eacmepafor
respective trimester.

Table 2. Neonatal (cord) and maternal (first, second aintester) serum vitamin Bstatus (pg/ml) in relation to birth size

Period Birth weight ANOVA Post —hoc group comparisons (P value)
(P value)
Group 1 Group 2 Group 3 Group 1vs. Group 1vs. Group 2 vs.
<2500 g 2500-2999 g >3000 g Group 2 Group 3 Group 3
Neonate 264 + 85 268 + 93 320 +127 0.038 0.893 0.022 0.054
(n=20) (n=45) (n=47)
Mother 211 +88 231 +78 234+78 0.611 0.395 0.886 0.337
1 trimester (n=16) (n=39) (n=39)
Mother 188 + 45 208 +56 221+62 0.106 0.208 0.280 0.036
2"trimester  (n=19) (n=43) (n=44)
Mother 186 + 52 191 £ 45 211+61 0.120 0.725 0.091 0.084
3%trimester  (n=19) (n=44) (n=42)

Group 1: < 2500 g; Group 2: 2500-2999 g; Group 3080 g;'Significant difference by one-way ANOVA betweentbiweight category
<2500 g vs >3000 dSignificant difference by one-way ANOVA betweentbiweight category 2500-2999 gx$000 g.
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Figure 2. Figure shows a scatter plot of neonatal seruamiit

B, status and birth weight. Solid line represents ridationship
between the variables for babies with gestatiomg af 37-39
weeks (r=0.3,P=0.013). Dashed line represents the same
relationship for babies with gestational &340 weeks (r=0.1,

P =0.45).

relationship between neonatal serump Boncentration
and birth weight by evaluating whether there wéisear
association between these variables (Fig. 2). Wdoed

serum B, concentrations were plotted against birth

weight for all infants, there was no significantaten-
ship. However, when cord serum,®alues were corre-
lated with birth weights of infants born between3%7
weeks of gestation, there was a significant caticaia
(r=0.28,P=0.01, n=76). In contrast, there was no rela
tionship (r=-0.13P=0.45, n=36) between cord seruny B
concentrations and birth weight when this was a&skm
infants who were born at or after 40 weeks of diesta

Discussion

The present study showed that vitamigp Btatus in the
mothers was correlated to neonatal vitamip 8atus, as
measured by cord serum vitamin,Bat all trimesters of
pregnancy, similar to what has been shown béfdre.
In general, both maternal and fetal vitamigp, Boncen-
trations were lower than reported in western susfec
this may be linked to their lower dietary vitamin,B
intake as has been suggested in ovo-lacto vegetaaiad

low-meat eaterd and our earlier report in vegetarian and

non-vegetarian Indian pregnant wontenCord serum

vitamin B;, concentrations were linearly associated with

birth weight, such that increasing concentrationsrew
associated with increasing birth weight. In arlieaana-
lysis using the same, but extended, dataset had de-
monstrated that a low maternal vitamip, Boncentration
throughout pregnancy was independently associattd w
an increased risk of intrauterine growth retardatio
(IUGR), after controlling for confounding factorén
urban Indian women.

Furthermore, vitamin B status was significantly
related to vitamin B intake at each of the 3 trimesters in
these women. The association between vitamginBthe
mother and neonate as early as in the first trienest
suggests that it is important to enhance maternal B
stores. This may need to be considered as eadleas
peri-conceptual period, although this would needb¢o
tested prospectively. Previous studies on vitaBinsta-

tus and its effect on birth weight have produced-co
flicting results. An earlier study reported negatcorre-
lations between birth weight and maternal vitamip B
concentration at delivery in smokers in a grougve$tern
women** More recently, Yajniket al. reported no
relationship between maternal plasma vitamip &n-
centration and offspring size in rural Indian womérhe
authors concluded that the lack of an associatigghtm
have been due to an overall low vitamig Btatus. Ano-
ther study conducted in the United Kingdom showed n
relationship between maternal vitamin, Boncentrations
in early pregnancy and birth weightthe mean vitamin
By, status in this study was 324182 pg/ml, which was
about one and a half times the value observed én th
present study, suggesting that it would be difficial
demonstrate a nutrient effect in these women whewe
vitamin By, replete. The reason the present study may
have shown an association between vitaminaBd birth
size might be related to the relatively wide ingeiartile
ranges of vitamin B status observed; 132-363 pg/ml
across all trimesters of pregnancy compared to 2038-
pg/ml in the rural Indian study.

Vitamin By, deficiency has a role in elevating plasma
homocysteine (Hcy) and lowering methyl donor levals
pregnancy and has been implicated in adverse pnegna
outcomes including low birth weight.Methionine syn-
thase is an enzyme which catalyzes the methylaifon
homocysteine to methionine using vitamin, Bs a co-
factor and methyltetrahydrofolate as a substratehe
“formation of methionine through this pathway repres
an important component of the one-carbon metabolism
for synthesis of phospholipids, proteins, myelimates
cholamines, DNA and RNA. A deficiency of eithetavi
min By, and/or folic acid is likely to affect this pathway
resulting in an elevation of plasma Hcy with a tigkly
low methionine level. Low vitamin B concentrations in
pregnant women and their babies are associatedlavith
S-adenosyl methionine to S-adenosyl homocysteine
ratios® An earlier report on Indian subjects showed an
association between higher plasma homocysteine)(Hcy
concentrations and low birth weight, but could et
monstrate a relationship between vitamip &atus and
birth weight although there was a significant ireeerela-
tionship between vitamin B status and plasma homo-
cysteine (Hcy) status.From a speculative view-point, it
might also be considered that the antenatal supple-
mentation of folate, as is the norm, without vitani,,
could aggravate the methyl folate tr&mnd decrease the
rate of neural growth and myelination in uterodieg to
a diminished trophic effect on muscle growth anthyba
size. This is not unreasonable, as myelination besen
shown to be retarded in a vitamin,Bleficient child® and
clinical cobalamin deficiency with growth failureas
been reported in 2 breast fed children of vegarherst’;
after treatment for cobalamin deficiency, both dtgh
showed marked improvement in cobalamin status and
development. An association between low serum and
amniotic fluid concentrations of ;B and neural-tube
defects has also been reportéd.

It is not clear why there was a significansasation
between birth weight and cord serunyp Bf term infants
with a gestational age of 37-39 weeks and not fanits
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who were delivere¢ 40 weeks gestation in the present6.
study. It is known that as pregnancy extends ferst,
the incidence of placental insufficiency and fepalst-
maturity (dysmaturity) increases rapidly as a cqusace
of reduced respiratory and nutritive placental fiorc®
Postmaturity is correlated with an increased inoigeof
placental lesions, fetal hypoxia-asphyxia, intrange
growth retardation, increased perinatal death, aed-
natal morbidity?> At a biochemical level, placental phy-
siopathology in post term, post mature pregnarisiemt g,
well understood. However, it can be speculated ttha
relationship between blood nutrient concentrati@msl
birth weight might be confounded by poor placental
function in late term pregnancies.

In summary, the present study extends andirommf
our earlier observations that there is a relatigndie-
tween increasing antenatal vitamig,Boncentrations and
birth weight in Indian babies. The low maternahwiin
B, status translates into a low neonatal vitamindatus

7.

9.

as evinced by cord serum vitamin,Bconcentrations. 1q.

The neonatal vitamin B status — birth weight relation-
ship seems to operate up to a term gestation efetks.
Beyond this age, there appears to be no relatipnshi

between neonatal vitamim Bstatus and birth weight. 11.
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