Acta Medica Young Doctors Acta Medica
ISSN: 3108-4532 ~) Young
Volume 2 Issue 4 Doctors

# Maternal Vitamin B12 Status During Pregnancy and Language Development in the First
Year of Life: A Single-Centre Descriptive Cross-Sectional Study

Original Article

Deniz Yildiz', Batuhan Berk Demir?, Biisra Diilge’, Dicle Demir’, Emirhan Giimiisok?,
Esma Sanli’, Ismail Hakk1 Oztiirk®, Mert Giines®, Miinevver Seyma Giiclii’, Mustafa Kaan
Azizoglu®, Tassnem Tatan®, Zehra Turan’

1. Department of Pediatrics, Division of Social Pediatrics, Faculty of Medicine, Kiitahya
Health Sciences University, Kiitahya, Tiirkiye

2. Department of Pediatrics, Kiitahya City Hospital, Kiitahya, Tiirkiye

3. Faculty of Medicine, Kiitahya Health Sciences University, Kiitahya, Tiirkiye

ABSTRACT

Aim: To evaluate the association between maternal serum vitamin B12 concentrations
during pregnancy and Denver II developmental outcomes during the first year of life, with
particular emphasis on language development.

Methodology: This single-centre descriptive cross-sectional study with retrospective
archive review included mother-child pairs evaluated between September 2024 and April
2026. All potentially eligible pairs recorded within this predefined study period were
screened. Of 110 pairs in the source dataset, 13 children born before 37 completed
gestational weeks and one child older than 12 months were excluded according to the
eligibility criteria, leaving 96 pairs for analysis. Maternal vitamin B12 concentrations
measured during pregnancy were retrieved from electronic health records. Children
underwent serum vitamin B12 measurement and Denver II developmental assessment.
Associations between maternal vitamin B12 categories and developmental domains were
evaluated using Pearson's chi-square or Fisher-Freeman-Halton exact tests. Binary logistic
regression assessed factors associated with an abnormal language-domain result.

Results: Abnormal language-domain results were observed in 34/46 (73.9%) children in
the maternal vitamin B12 <200 pg/mL group, 6/20 (30.0%) in the 201-400 pg/mL group,
and 2/30 (6.7%) in the >400 pg/mL group (p<0.001; Cramer's V=0.606). Median maternal
vitamin B12 was lower in children with abnormal than normal language results (152.5
[interquartile range 124.0-190.0] vs 430.0 [217.0-458.8] pg/mL; p<0.001). After
adjustment for child vitamin B12, age, sex, gestational age, and birth weight, each 100
pg/mL increase in maternal vitamin B12 was associated with lower odds of an abnormal
language result (adjusted odds ratio 0.280, 95% confidence interval 0.163-0.480; p<0.001).

Conclusion: Lower maternal vitamin B12 concentrations during pregnancy were strongly
associated with an abnormal language-domain result during the first year of life.
Prospective studies are needed to determine causality and whether optimisation of
maternal vitamin B12 status improves child neurodevelopment.
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Nutritional Status

109
Corresponding: Deniz Yildiz, Department of Pediatrics, Division of Social Pediatrics, Faculty
of  Medicine, Kiitahya Health Sciences University, Kiitahya, Tiirkiye,
deniz.yildiz@ksbu.edu.tr
Doi: 10.66288/actamedi.2026.142



Acta Medica Young Doctors Acta Medica
ISSN: 3108-4532 | Young
Volume 2 Issue 4 Doctors

Introduction

Vitamin B12 is an essential water-soluble
micronutrient involved in DNA synthesis,
one-carbon  metabolism,  methylation
reactions, and neurological function. It
serves as a cofactor for methionine
synthase and methylmalonyl-CoA mutase
and contributes to pathways required for
normal neuronal development and myelin
integrity. Severe vitamin B12 deficiency
during infancy may cause hypotonia,
developmental regression, irritability, and
other neurological manifestations.
Proposed mechanisms include impaired
myelination, altered methylation capacity,
accumulation of potentially neurotoxic
metabolites, and disturbances in
neurotrophic pathways (1,2,15).

Pregnancy represents a  particularly
important period because fetal vitamin B12
availability is closely related to maternal
nutritional status. Adequate maternal
vitamin B12 may therefore be relevant to
fetal brain growth, neuronal differentiation,
and subsequent developmental function.
Nevertheless, recent
emphasised that evidence linking prenatal
maternal  vitamin Bl12 status with

reviews  have

cognitive, language, and motor
development remains heterogeneous (3,4).

Several observational studies support a
relationship between maternal vitamin B12
and early neurodevelopment. In the
ECLIPSES cohort, maternal vitamin B12
status was associated with infant motor,
cognitive, and  receptive  language
outcomes (5). In the GUSTO cohort,
associations were identified for selected
cognitive outcomes, although findings

were not consistent across language and
motor domains (6). Maternal prenatal
vitamin B12 intake has also been
associated  with  vocabulary, = word
combination, speech intelligibility, and
later verbal outcomes (7,16).

Other studies suggest that maternal
micronutrient  status may influence
multiple developmental domains. Maternal
vitamin B12 and folate concentrations
during pregnancy have been associated
with  offspring mental and social
development (8), and a Turkish study of
vitamin B12-deficient breast-fed infants
reported lower maternal vitamin B12
concentrations among mothers of infants
with abnormal Denver II results (9).

Interventional evidence remains mixed.
One randomised trial did not demonstrate
improvement across major Bayley-III
developmental domains following maternal
vitamin B12 supplementation, although
maternal homocysteine was associated
with expressive language and fine motor
outcomes (10). Conversely, the PRIYA trial
reported better cognitive and language
outcomes  following  preconceptional
maternal vitamin B12 supplementation
(11). A 2024 Cochrane review concluded
that supplementation improves
biochemical vitamin BI12 status, while
evidence for longer-term functional child
outcomes remains uncertain (12). More
recent randomised evidence has continued
to suggest potential developmental benefits
in populations at risk of low vitamin B12
status (13).

Relatively few studies have simultaneously
considered maternal pregnancy vitamin
B12, the child's contemporaneous vitamin
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B12 concentration, and domain-specific
developmental outcomes. The present
study therefore aimed to investigate
associations between maternal serum
vitamin  B12  concentrations  during
pregnancy and language, fine motor, gross
motor, and personal-social outcomes
during the first year of life. We additionally
examined whether maternal vitamin B12
remained associated with  language
development after adjustment for child
vitamin B12 concentration and relevant
demographic and perinatal variables.

Materials and Methods
Study design and setting

This single-centre  descriptive  cross-
sectional observational study incorporated
retrospective archive review of maternal
pregnancy vitamin B12 measurements and
anthropometric/clinical data. It was
conducted at the Social Pediatrics
Outpatient Clinic of Kiitahya City Hospital
between September 2024 and April 2026.
Children evaluated during the first year of
life who had serum vitamin B12 measured
and neurodevelopment assessed with the
Denver II Developmental Screening Test
during the same visit were considered for
inclusion. Mothers were contacted to
identify available pregnancy vitamin B12
measurements, and the recorded values
were retrieved from the national electronic
health record system (e-Nabiz). The study
is reported in accordance with the
STROBE recommendations for
observational studies.

Study population

The source statistical dataset included 110
mother-child pairs. Rather than applying a
fixed post-hoc target sample size, all
potentially eligible records within the
predefined September 2024-April 2026
study period were screened, consistent
with a date-defined census of the available
clinical population. According to the study
eligibility criteria, children  with
prematurity or chronic disease were not
eligible. During data wvalidation, 13
children had recorded gestational ages
below 37 completed weeks and one child
was older than 12 months at developmental
assessment. These 14 observations were
excluded before final inferential analyses.
The final analytic cohort therefore
consisted of 96 mother-child pairs.

Vitamin B12 assessment

Maternal serum vitamin B12 during
pregnancy and child serum vitamin B12 at
developmental assessment were evaluated
as continuous variables. For categorical
analyses, the predefined analytical strata
present in the study dataset were retained:
<200 pg/mL, 201-400 pg/mL, and >400
pg/mL. These categories were used as
analytical strata and should not be
interpreted as establishing pregnancy-
specific therapeutic thresholds. In logistic
regression analyses, maternal and child
vitamin B12 concentrations were modelled
as continuous variables. Odds ratios were
expressed per 100 pg/mL increase to
facilitate interpretation.

Developmental assessment

Neurodevelopment was assessed using the
Denver II Developmental Screening Test
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(14). Outcomes were examined separately
for language, fine motor, gross motor, and
personal-social development. Each domain
was analysed according to the normal or
abnormal classification recorded in the
final dataset. A separate validated overall
Denver II normal/abnormal variable was
not available in the source dataset;
therefore, no post-hoc composite Denver II
outcome was generated. Because the
numbers of abnormal outcomes in the fine
motor, gross motor, and personal-social
domains were small, multivariable
regression was limited to the language
domain to reduce model instability.

Missing-data management

Maternal vitamin B12, child vitamin B12,
sex, gestational age, birth weight, age at
developmental assessment, and the four
Denver II developmental-domain variables
were complete in the final analytic cohort.
Birth length and head circumference had
substantial missingness in the source
dataset. Because these variables were not
central to the research hypothesis and the
proportion of missing observations was
high, they were excluded from inferential
and multivariable analyses. No statistical
imputation was performed.

Ethics and consent

The study protocol, registered under the
title “Effect of Maternal Vitamin B12
Level During Pregnancy on Child Growth
and Development”, was reviewed by the
Kiitahya Health Sciences University Non-
Interventional Clinical Research Ethics
Committee on 9 February 2026 (meeting
no. 2026/02; decision no. 2026/02-08). The
Committee issued a written-revision

decision requesting methodological and
institutional clarifications before re-review.
The supplied decision does not document
final ethics approval or a final
consent/waiver determination.

Statistical analysis

Continuous variables were assessed for
distributional characteristics using
graphical evaluation and the Shapiro-Wilk
test. Normally distributed continuous
variables were summarised as mean +
standard deviation (SD), whereas non-
normally  distributed variables were
summarised as median and interquartile
range (IQR). Categorical variables were
presented as number and percentage.

Associations between maternal vitamin
B12  categories and  Denver I
developmental outcomes were assessed
using Pearson's chi-square test when
expected cell-frequency assumptions were
satisfied. The Fisher-Freeman-Halton exact
test was used for 3x2 contingency tables
containing small expected frequencies.
Cramer's V was calculated as a measure of
association strength. Maternal vitamin B12
concentrations in children with normal
versus abnormal language-domain results
were compared using the Mann-Whitney U
test.

Binary logistic regression was used to
evaluate factors associated with an
abnormal language-domain result.
Univariable analyses were performed for
maternal vitamin B12 concentration, child
vitamin B12 concentration, age at
developmental assessment, sex, gestational
age, and birth weight. The multivariable
model included the same variables.
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Maternal and child vitamin BI12 were
modelled per 100 pg/mL increase and birth
weight per 100-g increase. Results are
presented as crude odds ratios (ORs),
adjusted odds ratios (aORs), and 95%
confidence intervals (CIs).

Multicollinearity was evaluated before
interpretation of the multivariable model.
Overall model significance was assessed
using the likelihood-ratio test. Calibration
was evaluated wusing the Hosmer-
Lemeshow  goodness-of-fit test and
discrimination using the area under the
receiver operating characteristic curve
(AUC). Because the numbers of abnormal
fine motor, gross motor, and personal-
social outcomes were limited, these
domain-specific analyses were considered
secondary and exploratory. No formal

Results

Characteristics of the study population

The final analysis included 96 mother-
child pairs. Fifty children (52.1%) were
male. Median gestational age was 38.0
weeks (range 37.0-40.0), mean birth
weight was 3150.8 £ 517.4 g, and median
age at developmental assessment was 9.0
months (IQR 9.0-12.0). Median maternal
serum vitamin B12 concentration was
210.5 pg/mL (IQR 148.5-430.0), and
median  child serum vitamin Bl12
concentration was 449.0 pg/mL (IQR
277.3-648.0). Developmental outcomes
and vitamin Bl2  categories are
summarised in Table 1.

Maternal vitamin B12 categories and
developmental outcomes

multiplicity adjustment was applied;
secondary p values were therefore
interpreted cautiously together with effect
sizes.

Analyses were performed using Python
3.13.5 (Python Software Foundation,
Beaverton, OR, USA) with SciPy 1.17.0
and statsmodels 0.14.6. All statistical tests
were two-sided and p<0.05 was considered
statistically significant. Because all eligible
observations  available = within  the
predefined study period were screened,
sample size was based on the date-defined
clinical population rather than a post-hoc
target number. Accordingly, no observed-
power statistic was used to interpret the
study findings; effect sizes, odds ratios,
and 95% confidence intervals were
emphasised.

Maternal vitamin B12 category was
strongly associated with the language-
domain result. The proportion of abnormal
language results decreased from 73.9% in
the <200 pg/mL group to 30.0% in the
201-400 pg/mL group and 6.7% in the
>400 pg/mL group (¥*=35.31; p<0.001;
Cramer's V=0.606). Maternal vitamin B12
category was also associated with fine
motor development (exact p=0.005;
Cramer's V=0.315) and, more weakly,
gross motor development (exact p=0.045;
Cramer's V=0.247).
development was not  significantly
associated with maternal vitamin B12
category (exact p=0.134) (Table 2).
Because abnormal events were sparse in
the secondary developmental domains and
no multiplicity adjustment was applied,

Personal-social

these findings were considered exploratory.
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Maternal vitamin B12 and language

development

Children with an abnormal language-
domain result had a lower median maternal

Acta Medica
Young
Doctors

vitamin B12 concentration than children
with a normal result (152.5 [IQR 124.0-
190.0] vs 430.0 [217.0-458.8] pg/mL;
Mann-Whitney U test, p<0.001) (Figure 1).
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Figure 1. Maternal vitamin B12 concentrations by language outcome. Maternal serum vitamin B12
concentrations according to Denver II language development. Individual points represent participants; boxes
show the interquartile range and the horizontal line represents the median. Maternal vitamin B12 concentrations
were lower among children with an abnormal language-domain result than among those with a normal result
(median 152.5 [IQR 124.0-190.0] vs 430.0 [217.0-458.8] pg/mL; Mann-Whitney U test, p<0.001).

Logistic regression analysis

In univariable logistic regression, each 100
pg/mL increase in maternal vitamin B12
was associated with lower odds of an
abnormal language-domain result (OR
0.301, 95% CI 0.184-0.493; p<0.001).
After adjustment for child vitamin B12
concentration, age at developmental

assessment, sex, gestational age, and birth
weight, maternal vitamin B12 remained
independently associated with the language
outcome (aOR 0.280, 95% CI 0.163-0.480;
p<0.001). Child vitamin B12 concentration
and the remaining covariates were not
statistically significant
predictors (Table 3).

independent
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The overall multivariable model was (AUC=0.858), and the Hosmer-Lemeshow

statistically  significant (likelihood-ratio
p<0.001). Model discrimination was good

Table 1. Characteristics of the study population

test did not

demonstrate

significant lack of fit (p=0.073).

Variable Total (n=96)
Male sex, n (%) 50 (52.1)
Female sex, n (%) 46 (47.9)

Gestational age, weeks, median (range)

38.0 (37.0-40.0)

Birth weight, g, mean + SD

3150.8 +517.4

Age at developmental assessment, months, median (IQR)

9.0 (9.0-12.0)

Maternal vitamin B12, pg/mL, median (IQR)

210.5 (148.5-430.0)

Maternal vitamin B12 <200 pg/mL, n (%) 46 (47.9)
Maternal vitamin B12 201-400 pg/mL, n (%) 20 (20.8)
Maternal vitamin B12 >400 pg/mL, n (%) 30 (31.3)

Child vitamin B12, pg/mL, median (IQR)

449.0 (277.3-648.0)

statistically

Child vitamin B12 <200 pg/mL, n (%) 12 (12.5)

Child vitamin B12 201-400 pg/mL, n (%) 27 (28.1)

Child vitamin B12 >400 pg/mL, n (%) 57 (59.4)

Abnormal language-domain result, n (%) 42 (43.8)

Abnormal fine motor result, n (%) 11 (1L.5)

Abnormal gross motor result, n (%) 8(8.3)

Abnormal personal-social result, n (%) 4(4.2)

SD: standard deviation; IQR: interquartile range.

Table 2. Maternal vitamin B12 categories and Denver II outcomes

Denver II outcome 52??1:‘)4%/;11 L 201-?1(1)22%§/mL >4(()I(:=p3g(;;n L p value | Cramer's V

Abnormal language 34 (73.9) 6 (30.0) 2 (6.7) <0.001 0.606

Abnormal fine motor 10 21.7) 1(5.0) 0(0.0) 0.005* 0.315

Abnormal gross motor 7 (15.2) 1(5.0) 0(0.0) 0.045%* 0.247

Abnormal personal-social 4 (8.7) 0(0.0) 0(0.0) 0.134* 0.217

Values are n (%) within each maternal vitamin B12 category. Pearson's chi-square test was used for language development.

*Fisher-Freeman-Halton exact test was used for sparse 3x2 tables.
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Table 3. Logistic regression for an abnormal language-domain result

- (1)
Variable Crude OR (95% CI) | p value Adj““e‘égR O5% I value
Maternal vitamin B12, per 100 | 301 ¢ 184.0.493) <0.001 0.280 (0.163-0.480) <0.001
pg/mL
Child “vitamin - BI2, per 100 ¢74 0 730-1.047) 0.145 0.918 (0.739-1.142) 0.443
pg/mL
Age, per month 0.969 (0.758-1.239) 0.803 0.937 (0.647-1.355) 0.728
Female sex 1.632 (0.724-3.677) 0.238 1.380 (0.466-4.091) 0.561
Gestational age, per week 0.946 (0.526-1.700) 0.852 1.040 (0.451-2.399) 0.926
Birth weight, per 100 g 0.999 (0.924-1.081) 0.988 0.933 (0.828-1.050) 0.248

Outcome event: abnormal Denver II language-domain result. Male sex was the reference category. OR: odds ratio; CI:

confidence interval.  Overall

model

likelihood-ratio

p<0.001;

AUC=0.858;

Hosmer-Lemeshow  p=0.073.

Discussions

The principal finding of this study was a
strong association between maternal
vitamin B12 status during pregnancy and
the language-domain result during the first
year of life. An abnormal language result
was observed in nearly three-quarters of
children whose maternal vitamin B12
concentration was <200 pg/mL, compared
with fewer than one in ten children in the
>400 pg/mL category. Importantly,
maternal vitamin B12 remained associated
with language outcome after adjustment
for the child's contemporaneous vitamin
B12 concentration and major demographic
and perinatal variables.

These findings are consistent with a
growing, although heterogeneous,
literature linking maternal vitamin B12
status with offspring neurodevelopment
(3,4). The ECLIPSES prospective cohort
reported associations between maternal
vitamin B12 concentrations and infant
cognitive, motor, and receptive language

performance (5). Maternal prenatal vitamin
B12 intake has also been associated with
vocabulary, word combination, speech
intelligibility, and later language measures
(7,16). These observations are particularly
relevant because the strongest association
in our cohort was found in the language
domain.

Findings from other cohorts have been less
uniform. In the GUSTO study, maternal
vitamin B12 status was associated with
selected cognitive outcomes but not
consistently with language and motor
measures (6). Bhate et al. reported
associations between pregnancy vitamin
B12 and
developmental outcomes (8). Taken
together, these studies suggest that
associations may vary according to timing
and method of maternal vitamin B12
assessment, population nutritional status,
age at developmental testing, and the

neurodevelopmental instrument used.

later mental and social
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The present results are also broadly
consistent with findings from Tiirkiye.
Yilmaz Keskin et al. reported that mothers
of vitamin B12-deficient breast-fed infants
with abnormal Denver II results had lower
serum vitamin B12 concentrations than
mothers of infants with normal Denver II
assessments (9). Our study extends this
observation by examining individual
Denver II domains and simultaneously
considering the child's serum vitamin B12
concentration.

The persistence of the maternal association
after  adjustment for the child's
contemporaneous vitamin B12
concentration is of particular interest. One
possible explanation is that maternal
vitamin B12 reflects exposure during a
biologically sensitive prenatal period
involving proliferation,
differentiation, methylation, and
myelination (1,2,15). A single postnatal
measurement in the child may not fully
capture earlier intrauterine exposure. This
interpretation remains hypothetical and
should not be considered evidence of a

neuronal

causal prenatal mechanism.

Interventional evidence is not yet
definitive. Srinivasan et al. found no
significant overall improvement in Bayley-
III domains following maternal vitamin
B12 supplementation, although elevated
maternal homocysteine was associated
with poorer expressive language and fine
motor outcomes (10). In contrast, the
PRIYA trial reported better cognitive and
language performance after
preconceptional vitamin B12
supplementation (11). The 2024 Cochrane
review concluded that supplementation

improves maternal and infant biochemical
vitamin BI12 status, but evidence for
longer-term functional outcomes remains
uncertain  (12). A recent multicentre
randomised trial in India and Nepal
reported higher infant mental
developmental quotients with higher-dose
maternal vitamin B12 supplementation,
further supporting the need for adequately
powered intervention studies (13).

The categorical results showed a
pronounced gradient in abnormal language
results across maternal B12 strata.
Nevertheless, these observational
categories should not be interpreted as
defining an optimal pregnancy vitamin
B12 threshold. The findings support an
exposure-outcome association rather than a
therapeutic cut-off. Associations with fine
and gross motor development were weaker
than the language association, and the
numbers of abnormal observations in these
domains were small. These secondary
results should therefore be regarded as
exploratory. The personal-social domain
showed no  statistically  significant
association.

Several strengths should be noted.
Maternal pregnancy vitamin B12 and child
vitamin B12 were both available, allowing
the maternal association to be examined
after  accounting for the  child's
contemporaneous  biochemical  status.
Development was evaluated across four
separate Denver II domains rather than
relying on an artificially generated global
outcome. Maternal vitamin Bl12 was
analysed both categorically and
continuously, and the central language
finding was consistent across contingency-

117

Corresponding: Deniz Yildiz, Department of Pediatrics, Division of Social Pediatrics, Faculty

of  Medicine, Kiitahya  Health
deniz.yildiz@ksbu.edu.tr
Doi: 10.66288/actamedi.2026.142

Sciences

University,  Kiitahya,  Tiirkiye,



Acta Medica Young Doctors Acta Medica
ISSN: 3108-4532 | Young
Volume 2 Issue 4 Doctors

table, non-parametric, and multivariable
regression analyses.

This study also has important limitations.
Its observational, single-centre design
prevents causal inference and may limit
generalisability. Residual confounding
cannot be excluded because maternal
education, socioeconomic status, dietary
pattern, folate status,
supplementation, breastfeeding and

vitamin

complementary feeding, home stimulation,
and parental language environment were
not available for multivariable adjustment.
The timing of maternal vitamin B12
measurement during pregnancy was not
standardised in the available dataset.
Denver II is a developmental screening
instrument rather than a diagnostic
neurodevelopmental — assessment  (14);
therefore, an abnormal domain indicates
developmental risk rather than a definitive
diagnosis. Birth length and head
circumference could not be incorporated
into inferential analyses because of
substantial missing data, and the modest
number of abnormal language events
relative to the number of regression
cautious

covariates also warrants

interpretation and external validation.

Overall, the results suggest that maternal
vitamin B12 status during pregnancy may
be an important correlate of early language
development. The findings do not
demonstrate that supplementation will
prevent  developmental abnormalities;
prospective  cohorts and randomised
intervention studies incorporating serial
biochemical measurements, functional
vitamin B12 biomarkers, and standardised

longitudinal neurodevelopmental
assessments are needed.

Conclusion

Lower maternal serum vitamin BI2
concentrations during pregnancy were
strongly associated with an abnormal
language-domain result during the first
year of life. The association remained
significant after adjustment for child
vitamin B12 concentration, age, sex,
gestational age, and birth weight.
Associations with fine and gross motor
outcomes were less robust and should be
interpreted as exploratory, while no
significant association was observed for
personal-social development. These
findings support further investigation of
maternal vitamin B12 as a potentially
modifiable prenatal nutritional factor
relevant to early neurodevelopment, while
prospective studies are required before
supplementation
recommendations can be made.

causal or
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