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Maternal micronutrient status influences placental function and fetal development. Vitamin A
and zinc contribute to cellular differentiation, immune regulation, antioxidant defense, nutrient
transport, and fetal growth; however, their associations with placental and neonatal outcomes
remain heterogeneous across populations and study designs. Objectives: To systematically
synthesize contemporary evidence on maternal vitamin Aand zinc statusinrelation to placental
physiology, maternal-fetal micronutrient transfer, fetal growth, and neonatal outcomes, while
evaluating the consistency, methodological quality, and limitations of the available evidence.
Methods: This systematic review followed PRISMA 2020 guidance. Primary human studies
published from January 2020 to December 2025 were identified from PubMed/MEDLINE,
Scopus, and Web of Science. Reviews, meta-analyses, pilot studies, case reports, and case
series were excluded. Study selection, data extraction, and risk-of-bias assessment were
performed independently by two reviewers. Results: Out of 358 records identified, 19 studies
were included, comprising 12 predominantly examining zinc and seven examining vitamin A.
Zinc status was most frequently associated with birth weight, small-for-gestational-age status,
neonatal anthropometry, and maternal-fetal zinc transfer, although some studies reported
discordant or inverse associations. Vitamin A studies supported associations with placental
retinol transfer and fetal-growth regulation, including nonlinear relationships. Conclusions:
Maternal vitamin A and zinc status are associated with placental nutrient handling and fetal
growth, but the available evidence is heterogeneous and predominantly observational. Zinc
showed comparatively consistent relationships with birth weight and SGA, whereas vitamin A
wasmorecloselyrelatedtoretinol transferand fetal growthregulation.

INTRODUCTION

Adequate maternal nutrition is essential for normal
pregnancy, placental function, and fetal development.
Fetal growth depends on maternal nutrient availability,
metabolism, and transfer across the placenta [1].
Micronutrient deficiencies remain common in populations
with limited dietary diversity and increased nutritional
demands during pregnancy [2]. Among these nutrients,
vitamin A and zinc are particularly important because both
contribute to cellular proliferation, differentiation, immune
regulation, antioxidant defense, and tissue development
[3]. Disturbances in maternal micronutrient status may

therefore influence maternal health, placental physiology,
and fetal growth simultaneously [4]. Vitamin A is essential
for embryogenesis, organ development, cellular
differentiation, and requlation of gene expression through
retinoid signaling. Maternal vitamin A status has been
evaluated using dietary intake, serum or plasma retinol,
retinol-binding protein, and paired maternal-cord
measurements [5]. Previous studies have reported
associations between vitamin A indicators and birth
weight, fetal-growth patterns, neonatal anthropometry,
and placental retinol transfer [6]. Importantly, emerging
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evidence suggests that these relationships may be
nonlinear, indicating that both inadequate and excessive
vitamin A status may be unfavorable [7, 8]. Importantly,
emerging evidence suggests that the relationship may not
be strictly linear, indicating that both deficiency and
excessive concentrations may be undesirable. Zinc is
required for DNA and protein synthesis, cell division,
enzyme activity, immune function, and tissue growth.
Maternal serum zinc, dietary zinc intake, supplementation,
and cord-blood zinc have been associated with birth
weight, small-for-gestational-age status, neonatal
anthropometry, and preterm outcomes [3, 9]. Placental
zinc transport is actively regulated, suggesting that
maternal zinc status alone may not fully explain fetal zinc
availability or growth outcomes[ 10, 11].

Although vitamin A and zinc have distinct biological
functions, both participate in placental development and
fetal tissue growth. However, most available studies have
evaluated these micronutrients separately, and direct
evidence of abiological interaction between them remains
limited. In addition, variation in study design, gestational
timing of measurement, biological specimens, exposure
definitions, confounding control, and outcome
assessment complicates interpretation. Cross-sectional
and case-control studies may also be more vulnerable to
reverse causation and selection bias than prospective
cohort studies, further contributing to uncertainty in the
evidence. This study aimed to provide a broad synthesis of
contemporary primary evidence on maternal vitamin Aand
zinc status and their relationships with placental
physiology and fetal and neonatal growth. Specifically, the
review sought to: (1) characterize the associations of
maternal vitamin A and zinc with maternal-fetal
micronutrient transfer, birth weight, SGA/LGA, neonatal
anthropometry, and related pregnancy outcomes; (2)
compare the direction and consistency of findings across
different study designs and biological measurements; (3)
evaluate methodological quality and risk of bias using
design-specific JBI tools; and (4) identify major evidence
gapsand priorities forfuture prospective research.

METHODS

This systematic review was conducted to synthesize
contemporary evidence regarding maternal vitamin A and
zinc status in relation to placental physiology,
maternal-fetal micronutrient transfer, and fetal and
neonatal growth outcomes. The review was designed and
reportedinaccordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) 2020
statement[12]. As substantial clinical and methodological
heterogeneity was identified across the eligible studies,
quantitative meta-analysis was considered inappropriate.
Therefore, the findings were synthesized narratively in
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accordance with the principles of the Synthesis Without
Meta-analysis (SWiM) reporting guidance. The review was
not prospectively registered in PROSPERO or another
systematic-review registry. Registration was considered
after the review process had progressed beyond the stage
appropriate for prospective registration; nevertheless, the
eligibility criteria and methodological procedures were
predefined and are reported transparently in accordance
with PRISMA 2020. A total of 358 records were identified
through PubMed/MEDLINE, Scopus, and Web of Science.
Afterremoval of 68 duplicates, 290 records underwent title
and abstract screening. Out of these, 211 were excluded, 79
full-text reports were sought, six could not be retrieved,
and 73 full texts were assessed for eligibility. After
excluding 54 reports, 19 primary studies were included in
the qualitative synthesis(Figure1).

Identification of Studies via Databases and Registers

E Records Identified from*: Records Removed Before Screening:
'ﬁ PubMed: n=145 Duplicate Records Removed (n=68)
é Web of Science: n=112 [—» -Records marked as Ineligible by
H Scopus: n=101 Automation Tools (n=0)
= Total: n=358 « Records removed for Other Reasons (n=0)
Records Screened Records Excluded

(n=290) (n=211)
) !
E Reports Sought for Retrieval Reports Not Retrieved
g (n=79) (n=6)
’ !

Reports Assessed for Reports Excluded:
Eligibility (n=73) Systematic Reviews/Meta Analyses/

Narrative or Scoping Reviews: n=17

Pilot Studies, Case Studies/Case Reports or
Case Series: n=8

Irrelevant Vitamin A/Zinc Exposure or
Unrelated Outcome: n=18

Outside the 20202025 Period or Non-
Human Studies: n=11

Total Full-Text Reports Excluded: n=54

Studies Included in
Qualitative Synthesis (n=19)

Included

Figure 1: PRISMA 2020 lllustrating the Identification, Screening,
Eligibility Assessment, And Final Inclusion of Studies in the
Systematic Review

A systematic literature search was performed to identify
relevant original studies published from January 2020 to
December 2025. Electronic searches were conducted in
PubMed/MEDLINE, Scopus, and Web of Science. The final
database search was conducted on 31 December 2025.
Reference lists of eligible full-text articles were
additionally screened to identify potentially relevant
studies not captured during the electronic search. The
search strategy combined Medical Subject Headings
(MeSH), database-specific indexing terms, and free-text
terms related to vitamin A, zinc, pregnancy, placenta,
maternal-fetal transfer, and fetal growth. Search terms

included combinations of “vitamin A,” “retinol,” “retinol-
binding protein,” “zinc,” “maternal zinc,” "maternal
micronutrients,” “pregnancy,” “pregnant women,”

non non

“placenta,” “placental function,” “placental transfer,”
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" ", ",

“maternal-fetal transfer,” “cord blood,” “fetal growth,” “fetal
growth restriction,” “small for gestational age,” "birth
weight,” “low birth weight,” “large for gestational age,”
“neonatal anthropometry,” “birth length,” “head
circumference,” and “ponderal index.” Boolean operators
AND and OR were used as appropriate for individual
databases. Searches were restricted to human pregnancy
studies published during the predefined 2020-2025
period. Only articles published in English were included.
Grey-literature databases and trial registries were not
searched because the review was restricted to peer-
reviewed primary studies containing sufficient
methodological and outcome data for critical appraisal.
Formal statistical assessment of publication bias was not
performed because quantitative pooling was not
undertaken; however, the possibility of selective
publication and reporting was considered during
interpretation of the evidence. The detailed database
search strategyispresented(Table1).

Table 1: Database Search Strategy

"on

Database Search Strategy Limits
("vitamin A" OR retinol OR "retinol
-binding protein”) AND(zinc OR”
maternal zinc” OR “maternal
micronutrients”) AND (pregnancy
OR "pregnant women"”) AND
(placenta OR “placental function”
OR “placental transfer”OR "
maternal-fetal transfer” OR “cord
blood” OR “fetal growth” OR “fetal
growth restriction” OR “small for
gestational age” OR "birth weight”
OR “low birth weight” OR “large for
gestational age” OR "neonatal
anthropometry”)

Human pregnancy;
January 2020-
December 2025

PubMed/
MEDLINE

TITLE-ABS-KEY terms related to
vitamin A/retinol, zinc, pregnancy,
placenta, maternal-fetal transfer,
fetal growth, birth weight, SGA/
LGA, and neonatal anthropometry,
combined using AND/OR

January 2020-

Scopus December 2025

Topic terms related to vitamin
A/retinol, zinc, pregnancy,
placental function/transfer, fetal
growth, cord blood, birth weight,
SGA/LGA, and neonatal
anthropometry, combined using
AND/OR

Web
of Science

January 2020-
December 2025

Inclusion criteria: Original primary studies with pregnant
women, mother-infant pairs, cord blood, neonates, or
placental tissues that investigated maternal vitamin A
and/or zinc status, intake, supplementation,
circulating/cord concentrations, or transfer of
micronutrients from mother to child. Eligible designs:
prospective/retrospective cohort, case-control, analytical
cross-sectional, comparative observational, and other
original observational maternal-infant study designs.
Vitamin Aandzincdid not have to be tested together; either
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vitamin A or zinc could be tested, and then compared
among common outcome domains. Studies were required
to report on at least one placenta/fetal/neonatal or
pregnancy outcome, such as micronutrient transfer, cord
blood status, estimated fetal weight, FGR, SGA, LGA, birth
weight, low birth weight, birth length, head circumference,
ponderal index, neonatal anthropometry, preterm birth,
and other pregnancy outcomesthat may relate to placental
function. Exclusion Criteria: Systematic reviews, meta-
analyses, narrative/scoping reviews, pilot studies, case
reports/series, editorials, letters, conference abstracts
with inadequate primary data, protocols, commentaries,
and others that are not original publications. Excluded:
studies published prior to January 2020 or after December
2025; non-human studies; studies that did not have
outcomes related to vitamin A or zinc; and studies with no
maternal, placental, fetal, or neonatal outcomes. Two
reviewers independently studied and selected the studies.
Titlesand abstracts were then narrowed to the pre-defined
eligibility criteria after the removal of duplicates. The
potentially relevant reports were then independently
evaluated for their full text. Any disputes in terms of
eligibility for the studies were resolved by discussion and
consensus among the reviewers. A structured data-
extraction framework was developed according to the
objectives of the review. Extracted information included
first author, year of publication, country, study design,
sample size, micronutrient investigated, type of exposure
or biochemical assessment, gestational timing of
measurement where available, and principal placental,
fetal, neonatal, or pregnancy outcome. For vitamin A
studies, data relating to maternal dietary retinol intake,
serum or plasma vitamin A or retinol, retinol-binding
protein, and maternal-cord retinol measurements were
collected. For zinc studies, maternal serum zinc, dietary
zinc intake, zinc supplementation, neonatal or umbilical-
cord zinc, and measures of maternal-fetal zinc transfer
were extracted. Where available, outcome data included
birth weight, low birth weight, SGA, AGA, LGA, fetal or
neonatal growth, birth length, head circumference,
ponderal index, estimated fetal weight, preterm birth,
micronutrient transfer between mother and fetus, and
placental retinol- or zinc-related outcomes. Quantitative
findings, including means or medians with measurement
units, effect estimates, correlation coefficients,
confidence intervals, and p-values, were extracted when
reported by the original studies. Data extraction was
performed independently by two reviewers, and
discrepancies were resolved through discussion and
consensus. A total of 18 primary studies, including 12
predominantly examining zinc and seven examining
vitamin A, were included in the qualitative synthesis. The
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Joanna Briggs Institute (JBI) Critical Appraisal Tools were
used to assess methodological quality and risk of bias. The
JBI Checklist for Cohort Studies was applied to
prospective, retrospective, longitudinal, and cohort-
substudy designs; the JBI Checklist for Case-Control
Studies was applied to case-control and nested case-
control studies; and the JBI Checklist for Analytical Cross-
Sectional Studies was applied to analytical cross-sectional
and comparable cross-sectional observational studies.
The principal appraisal domains included participant
selection, validity and reliability of exposure measurement,
outcome ascertainment, identification and control of
confounding factors, and appropriateness of statistical
analysis. Risk-of-bias assessment was conducted
independently by two reviewers, with disagreements
resolved through discussion and consensus. Overall risk of
bias was classified aslow, moderate, or high by considering
the pattern, severity, and methodological importance of
the individual JBI domain judgments rather than relying
solely on a numerical score. Studies were classified as low
risk when the major methodological domains were
adequately addressed, and no important concern
regarding participant selection, measurement, outcome
assessment, or confounding was identified. Moderate risk
was assigned when one or more methodological concerns
were present but were unlikely to invalidate the principal
findings. Highrisk was assigned when substantial selection
bias, inadequate control of confounding, serious
measurement concerns, or major design limitations could
materially influence the study findings. Thus, the overall
judgment reflected the likely impact of methodological
limitations on interpretation rather than a simple total
checklist score.

A quantitative meta-analysis was not undertaken because
of considerable heterogeneity in study populations,

RESULTS
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designs, exposure definitions, micronutrient
assessments, biological samples, gestational timing of
measurement, and reported outcomes. Vitamin A was
assessed using dietary retinol intake, serum or plasma
vitamin A or retinol concentrations, retinol-binding
protein, and maternal-cord measurements. Zinc was
assessed using maternal or neonatal serum or plasma
concentrations, cord-blood concentrations, dietary
intake, and supplementation. Qutcomes also varied
substantially and included placental or maternal-fetal
nutrient transfer, birth weight, SGA/LGA, neonatal
anthropometry, preterm birth, and later developmental
outcomes. A narrative synthesis was performed in a
structured manner. Studies were sorted into micronutrient
exposure and theninto the outcome domains(birth weight,
LBW, SGA/FGR, preterm birth, neonatal anthropometry,
transfer of zinc from mother to fetus, transfer of retinol
from mother to fetus, vitamin A-related fetal growth).
Studies were not weighted equally - larger studies,
prospective designs, more precise quantitative estimates,
and lower risk of bias were given more weight, with
smaller/high-risk studies interpreted with caution. Where
available, the following were considered: effect size,
direction, precision, confidence intervals, significance,
and consistency. Discordant, inverse, or null findings were
preserved and discussed with design, sample size,
gestational timing, specimen, exposure assessment and
outcome definition, and confounding. Overall direction was
similar when high-risk studies were assigned less weight
(qualitative sensitivity check - not formal quantitative) -
see narrative. Theresults of the vitamin Aand zinc analyses
were reported independently without assuming any
synergism or interaction, unless such interaction/
synergismwastestedinanassociated study.

The included studies were published between 2020 and 2025 and represented populations from Africa, Asia, Australia,
Europe, and North America. Study designsincluded prospective cohorts, cross-sectional studies, case-control studies, and
maternal-infant observational studies. Sample sizes ranged from 21to 1,244 mother-infant pairs. Twelve studies primarily
evaluatedzincand seven evaluatedvitamin A. Tehe study shows substantial heterogeneity in study design, biological sample,
exposure measurement, and outcome assessment. This variability limited direct comparison across studies and supported
the use of narrative rather than quantitative synthesis(Table 2).

Table 2: Characteristics of Included Studies

Micro
-Nutrient
Exposure

Sr. Country Study Design Sasrir;zle Assessment Main Outcome

No. References

1 [13] Malawi Nested Case-Control 181 Zinc Maternal Serum Zinc Spontaneous Preterm Birth
2 [14] Ethiopia Prospective Cohort 341 Zinc Maternal Serum Zinc Birth Weight

3 [15] India Comparative Observational 200 Zinc Neonatal Serum Zinc SGA vs AGA

4 [16] Australia Prospective cohort 103 Vitamin A Dietary Retinol Intake Fetal and Birth Weight

5 [17] Iran Cross-sectional comparative | 200 Zinc Supplementation/Serum Zinc Birth Weight

6 [18] Thailand Prospective Observational 17 Zinc Maternal and Cord Zinc Maternal-Fetal Transfer
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7 [19] Nigeria Cross-Sectional 200 Zinc Cord Serum Zinc SGA/AGA, Birth Weight
[20] Tlrkiye Prospective Cohort 44 Vitamin A Maternal/Cord Retinol-RBP Placental Retinol Transfer

9 [21] Uganda | Prospective Cohort/Substudy | 1,244 | Vitamin A Maternal RBP Birth Weight/Anthropometry

10 [22] China Prospective Cohort 637 | VitaminA Maternal Serum Vitamin A Birth Weight, SGA, LGA

n [23] Ethiopia Cross-Sectional 432 Zinc Maternal Serum Zinc Maternal Zinc Deficiency

12 [24] Iran Case-Control 84 Zinc Maternal Serum Zinc Preterm Labor

13 [25] Palestine Case-Control 160 Zinc Serum/Dietary Zinc Pregnancy-Induced Hypertension

14 [26] Pakistan Cross-Sectional 382 Zinc Maternal Serum Zinc Low Birth Weight

15 [27] Iran Cross-Sectional Substudy 12 Zinc Cord Zinc Birth Weight/Anthropometry

16 [28] USA Maternal-Infant Observational 21 Vitamin A Maternal/Cord Retinol Retinol Transfer

17 [29] |Bangladesh Case-Control 60 Zinc Maternal/Cord Zinc Low Birth Weight

18 [30] Norway |Longitudinal Cohort/Post-Hoc| 119 Vitamin A Maternal Retinol Offspring Skeletal Growth

19 [31] China Maternal-Infant Observational | 442 Vitamin A Third-Trimester Vitamin A Ponderal Index/Fetal Growth

Most zinc studies showed that lower maternal or neonatal zinc status was associated with poorer fetal growth, particularly
lower birth weight and SGA. However, discordant findings were also identified, including higher maternal serum zinc among
women with spontaneous preterm birthin Chiudzu et al.[13]and aninverse correlation between cord zinc and birth weight in
Aminietal.[27](Table 3).

Table 3: Summary of Maternal Vitamin Aand Zinc Statusand Main Outcomes

References Micronutrient Main Finding Statistical Result Direction
[13] Zinc Higher Maternal Zinc in Spontaneous Preterm Birth Adverse/opposite Significant Association
[14] Zinc Maternal Zinc Associated with Birth Weight Beneficial Association Reported
[15] Zinc Lower Zinc In SGA then AGA Neonates Beneficial Significant Difference
[17] Zinc Higher Maternal Zinc Associated with Greater Birth Weight Beneficial a‘;:r\;v:;g?gcp;i]oogg
[19] Zinc Cord Zinc Lower In SGA; Positively Related to Birth Weight Beneficial r=0.33, p<0.001
[20] Vitamin A Maternal Retinol Related to Placental Transfer Positive Association Demonstrated
[21] Vitamin A Maternal RBP Related to Neonatal Anthropometry Predominantly positive Significant For Some Indices
[24] Zinc Lower Zinc Associated with Preterm Labor Adverse deficiency effect Significant
[26] Zinc Lower Maternal Zinc in LBW Group Beneficial 63.88 il;oldgl_s \;I)S<g30%? +8.57
[27] Zinc Cord Zinc Inversely Related to Birth Weight Inverse r=-0.249, p=0.008
[28] Vitamin A Lower Retinol in Twin Pregnancies Reduced Availability Maternal difference p=0.002
[29] Zinc Maternal Zinc Positively Correlated with Birth Weight Beneficial r=0.41, p=0.001
[31] Vitamin A Nonlinear Relation with Ponderal Index Threshold Threshold association

The overall zinc evidence favored a positive relationship between adequate zinc status and fetal growth, although the
direction was not uniform across all studies. Vitamin A findings were more consistently related to placental retinol transfer
and fetal-growth requlation rather than a simple linear relationship with birth size. Evidence for zinc was comparatively
stronger forbirthweightand SGA, whereasvitamin Aevidence was more closelyrelated to maternal-fetal retinol transfer and
regulation of fetal growth. Importantly, vitamin A and zinc were interpreted separately because the included studies did not
directly demonstrate acombined or synergistic effect(Table 4).

Table 4: Overall Synthesis of Evidence

Outcome Domain Micronutrient Overall Pattern Consistency
Birth Weight/LBW Zinc Lower Zinc Commonly Associated with Lower Birth Weight Moderate
SGA/Fetal Growth Restriction Zinc Lower Zinc Frequently Observed in SGA Moderate
Preterm Birth/Labor Zinc Altered Zinc Associated with Preterm Outcomes Low-moderate

Neonatal Anthropometry Zinc Associations Varied by Measure Moderate

Maternal-Fetal Transfer Zinc Maternal Status Related To Cord/Neonatal Zinc Moderate

Placental Retinol Transfer Vitamin A Maternal Retinol Influenced Fetal Availability Moderate

Birth Weight/Fetal Growth Vitamin A Associations with Growth Measures Moderate
Nonlinear Effects Vitamin A Both Low and High Status May be Unfavorable Limited
Combined Vitamin A-Zinc Effect Vitamin A + Zinc Direct Synergistic Evidence Insufficient Limited
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Four studies were judged to have low overall risk of bias, 13 moderate risk, and two high risks. The main concerns were
selectionbias, residual confounding, cross-sectional design, and small sample size(Table 5).

Table5: Risk-of-Bias Assessment

References JBI Appraisal Design Selection Bias Exposure Measurement Qutcome Measurement Confounding  Overall Risk
[13] Case-Control Low Low Low Moderate Moderate
[14] Cohort Low Low Low Low Low
[15] Analytical Cross-Sectional Moderate Low Low Moderate Moderate
[16] Cohort Low Moderate Low Moderate Moderate
[17] Analytical Cross-Sectional Moderate Low Low Moderate Moderate
[18] Cohort Low Low Low Low Low
[19] Analytical Cross-Sectional Moderate Low Low Moderate Moderate
[20] Cohort Moderate Low Low Moderate Moderate
[21] Cohort Low Low Low Low Low
[22] Cohort Low Low Low Low Low
[23] Analytical Cross-Sectional Moderate Low Low Moderate Moderate
[24] Case-Control Moderate Low Low Moderate Moderate
[25] Case-Control Moderate Low Low Moderate Moderate
[26] Analytical Cross-Sectional Moderate Low Low Moderate Moderate
[27] Analytical Cross-Sectional Moderate Low Low Moderate Moderate
[28] Analytical Observational High Low Low Moderate High
[29] Case-Control Moderate Low Low Moderate Moderate
[30] Longitudinal Cohort/post-Hoc Moderate Low Low High High
[31] Analytical Observational Low Low Low Moderate Moderate

The qualitative sensitivity assessment indicated that the overall direction of evidence remained broadly similar when the two high-risk-of-
bias studies were given reduced interpretive weight. Consequently, the main conclusions were driven primarily by the larger and
methodologically stronger studiesratherthan by the high-risk studies

DISCUSSION

The present systematic review found that maternal vitamin
A and zinc status was associated with several placental,
fetal, and neonatal outcomes. Zinc was more frequently
investigated and showed relatively consistent associations
with birth weight and small-for-gestational-age status,
whereas vitamin A studies more often addressed retinol
transfer and requlation of fetal growth. For zinc, most
included studies suggested that lower maternal or
neonatal concentrations were associated with poorer fetal
growth. Gupta et al. reported lower zinc concentrations
among SGA neonates [15], while Agbonlahor et al.
demonstrated a positive relationship between cord zinc
and birth weight[19]. Karim et al. and Mahmood and Deeba
similarly reported lower maternal zinc status in
pregnancies resulting in low-birth-weight neonates.
However, the evidence was not uniform[26, 29]. Chiudzu et
al. reported higher maternal zinc among women who
subsequently experienced spontaneous pretermbirth[13],
whereas Amini et al. found an inverse association between
cord zinc and birth weight. These discordant findings may
reflect differences in gestational timing of assessment,
biological specimens, baseline nutritional status, maternal
inflammation, population characteristics, and residual
confounding [27]. Maternal serum, neonatal serum, and
cord-blood zinc represent different physiological

compartments and therefore should not be interpreted as
interchangeable measures of exposure. Study design also
contributed substantially to the heterogeneity of the
evidence. Prospective cohort studies provide stronger
information on temporality because micronutrient status
is generally assessed before the pregnancy or neonatal
outcome occurs. In contrast, cross-sectional studies
measure exposure and outcome at approximately the
same time and therefore cannot establish whether altered
micronutrient status preceded the outcome, increasing
the possibility of reverse causation. Case-control studies
are useful for examininguncommon adverse outcomes but
remain vulnerable to selection bias and differences in
exposure assessment between casesand controls. Forthis
reason, findings from larger prospective studies and
studies with lower risk of bias were given greater
interpretive weight than findings from smaller cross-
sectional or high-risk studies. Vitamin A findings were also
heterogeneous but suggested an important role in
maternal-fetal retinol transfer and fetal-growth regulation.
TekglndUz et al. demonstrated an association between
maternal retinol status and placental transfer [20], while
Mezzano et al. reported relationships between maternal
retinol-binding protein and neonatal anthropometry [21].
Akbar et al. found lower maternal retinol concentrations in
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twin pregnancies, supporting the possibility of altered
vitamin A availability under greater fetal demand [28].
Jiafen et al. further reported a nonlinear relationship
between maternal vitamin A and neonatal ponderal index.
Collectively, these findings suggest that vitamin A may
operate within an optimal physiological range rather than
through a simple linear “higher is better” relationship [31].
Rohmawati et al. reported associations of maternal zinc
intake and serum zinc with neonatal growth [32], while
other external studies described links between maternal
zinc status, placental nutrient-signaling pathways, and
placental zinc transporters [32-35]. External vitamin A
studies also reported adaptive placental retinol transfer
and relationships between maternal and cord vitamin A
status [31-33]. The present review does not support a
direct synergistic effect of vitamin A and zinc. The two
micronutrients were therefore interpreted separately
because the included studies generally examined one
micronutrient at atime and did not directly test interaction
between them. The qualitative sensitivity assessment also
showed that the overall direction of evidence remained
broadly similar when the two high-risk-of-bias studies
were given reduced interpretive weight. Nevertheless, the
predominance of observational evidence, variability in
exposure assessment, and inconsistent adjustment for
confounding. were noted.

Considerable heterogeneity existed in study design,
biological samples, gestational timing of micronutrient
measurement, exposure definitions, and fetal or neonatal
outcomes, which prevented quantitative pooling. Most
included studies were observational, limiting causal
inference and increasing the possibility of residual
confounding and reverse causation. Future studies should
use well-designed prospective cohorts with serial
measurements of maternal serum, cord blood, and
placental biomarkers across gestation. Standardized
definitions of vitamin A and zinc status and consistent
reporting of effect estimates with confidence intervals
would improve comparability. Studies should also evaluate
placental transporteractivity and fetal-growth trajectories
longitudinally.

CONCLUSIONS

Maternal vitamin A and zinc status is associated with
placental nutrient handling and fetal growth, but the
available evidence is heterogeneous and does not
establish causality. Zinc showed comparatively consistent
associations with birth weight and SGA, whereas vitamin A
was more closely related to maternal-fetal retinol transfer
and regulation of fetal growth. Discordant findings,
variation in study design, and differences in biological
samples and timing of measurement limit the strength of
inference.

DOI: https://doi.org/10.54393/pbmj.v9i8.1425

Authors’ Contribution

Conceptualization: SA'

Methodology: KS, LK

Formalanalysis: SA'

Writingand Drafting: SA', KS, LK, SA? NF, SN
Reviewand Editing: SA', KS, LK, SA?, NF, SN

All authors approved the final manuscript and take
responsibility forthe integrity of the work

Conflict ofInterest
Allthe authorsdeclare no conflict of interest.
Source of Funding

The authorsreceived no financial support for the research,
authorshipand/orpublication of thisarticle.

REFERENCES

[11 Kramer AC, Jansson T, Bale TL, Powell TL. Maternal-
Fetal Cross-Talk Via the Placenta: Influence on
Offspring Development and Metabolism.
Development. 2023 Oct; 150(20): dev202088. doi:
10.1242/dev.202088.

[2] Thoene M, Haskett H, Furtado J, Thompson M, Van
Ormer M, Hanson C et al. Effect of Maternal Retinol
Status at Time of Term Delivery on Retinol Placental
Concentration, Intrauterine Transfer Rate, and
Newborn Retinol Status. Biomedicines. 2020 Aug;
8(9): 321.doi: 10.3390/biomedicines8090321.

[3] Patil R, Sontakke T, Biradar A, Nalage D. Zinc: An
Essential Trace Element for Human Health and
Beyond. Food Health. 2023; 5(3): 13. doi: 10.53388/FH
2023013.

[4] Mu F, Wang K, Jiang L, Wang F. Genetic Evidence
Linking Retinol to Birth Weight: A Two-Sample
Mendelian Randomization Study. Reproductive
Toxicology. 2024 Dec; 130: 108739. doi: 10.1016/j.
reprotox.2024.108739.

[5] Igbal S and Ali I. Effect of Maternal Zinc
Supplementation or Zinc Status on Pregnancy
Complications and Perinatal Outcomes: An Umbrella
Review of Meta-Analyses. Heliyon. 2021Jul; 7(7). doi:
10.1016/j.heliyon.2021.e07540.

[6] Stunes AK, Syversen U, @vreseth AH, Tapio Kinge |,
Markved S, Salvesen KA et al. Maternal Fat-Soluble
Vitamin Trajectories and Infant Birth Weight in
Individuals with Overweight or Obesity. Frontiers in
Endocrinology. 2026 Apr; 17: 1809102. doi: 10.3389/
fendo.2026.1809102.

[7] Dirnena-Fusini |, Stafne SN, Gustafsson MK, Mosti
MP, Sujan MA, Syversen U et al. Maternal Vitamin A
Levels During Second and Third Trimester and
Associations with Offspring's Birth Weight: A
Longitudinal Cohort Post-Hoc Study. Frontiers in

PBMJ VOL. 9 Issue. 08 Aug 2026 Copyright © 2026. PBMJ, Published by Crosslinks International Publishers LLC, USA
This work is licensed under a Creative Commons Attribution 4.0 International License.




Anwar S et al.,

PBMJ VOL. 9 Issue. 08 Aug 2026

Maternal Vitamin A and Zinc Status in Relation to Placental Physiology and Fetal Growth

Nutrition. 2026 Jun; 13: 1835994. doi: 10.3389/fnut.
2026.1835994.

Dong J, Hou J, Cheng S, Wang L, Li X. Association
Between Maternal Zinc Status and the Physical
Development of Infants Aged 0-12 Months: A Cohort
Study in Northeast China. Frontiers in Nutrition.
2026 Feb; 13: 1762341. doi: 10.3389/fnut.2026.1762
341.

Rohmawati L, Sari DK, Sitepu M. Maternal Zinc Intake
and Its Correlation with Maternal Serum Zinc Levels
and Neonatal Birth Weight and Length. Pakistan
Journal of Nutrition. 2020 Apr; 19(5): 245-52. doi:
10.3923/pjn.2020.245.252.

Ter Borg S, Koopman N, Verkaik-Kloosterman J. An
Evaluation of Food and Nutrient Intake Among
Pregnant Women in the Netherlands: A Systematic
Review. Nutrients. 2023 Jul; 15(13): 3071. doi: 10.3390
/nu15133071.

Jahan-Mihan A, Leftwich J, Berg K, Labyak C,
Nodarse RR, Allen S et al. The Impact of Parental
Preconception Nutrition, Body Weight, and Exercise
Habits on Offspring Health Outcomes: A Narrative
Review. Nutrients. 2024 Dec; 16(24): 4276. doi: 10.33
90/nu16244276.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I,
Hoffmann TC, Mulrow CD et al. The PRISMA 2020
Statement: An Updated Guideline for Reporting
Systematic Reviews. British Medical Journal. 2021
Mar; 372.

Chiudzu G, Choko AT, Maluwa A, Huber S, Odland J.
Maternal Serum Concentrations of Selenium,
Copper, And Zinc During Pregnancy Are Associated
with Risk of Spontaneous Preterm Birth: A
Case-Control Study from Malawi. Journal of
Pregnancy. 2020; 2020(1): 9435972. doi: 10.1155/20
20/9435972.

Alemu B and Gashu D. Association of Maternal
Anthropometry, Hemoglobin and Serum Zinc
Concentration During Pregnancy with Birth Weight.
Early Human Development. 2020 Mar; 142: 104949.
doi: 10.1016/j.earlhumdev.2019.104949.

Gupta N, Bansal S, Gupta M, Nadda A. A Comparative
Study of Serum Zinc Levels in Small for Gestational
Age Babies and Appropriate for Gestational Age
Babies in a Tertiary Hospital, Punjab. Journal of
Family Medicine and Primary Care. 2020 Feb; 9(2):
933.doi:10.4103/jfmpc.jfmpc_814_19.

Lee YQ, LumbersER, Schumacher TL, Collins CE, Rae
KM, Pringle KG et al. Maternal Diet Influences Fetal
Growth but Not Fetal Kidney Volume in an Australian
Indigenous Pregnancy Cohort. Nutrients. 2021 Feb;
13(2): 569. doi: 10.3390/nu130205689.

[17]

(18]

DOI: https://doi.org/10.54383/pbmj.v9i8.1425

Boskabadi H, Maamouri G, Akhondian J, Ashrafzadeh
F, BoskabadiA, FaramarziR et al. Comparison of Birth
Weights of Neonates of Mothers Receiving Vs. Not
Receiving Zinc Supplement at Pregnancy. BioMed
Central Pregnancyand Childbirth. 2021Mar; 21(1): 187.
doi: 10.1186/s12884-021-03598-8.
Dumrongwongsiri O, Winichagoon P,
Chongviriyaphan N, Suthutvoravut U, Grote V,
Koletzko B. Effect of Maternal Nutritional Status and
Mode of Delivery on Zinc and Iron Stores at Birth.
Nutrients. 2021Mar; 13(3): 860. doi: 10.3390/nu13030
860.

Agbonlahor 0J, Emokpae MA, Osuntade OP. Cord
Serum Copper-to-Zinc Ratio Correlates with Birth
Weight among Neonates in Benin City, Nigeria.
Journal of Medical Laboratory Science. 2021; 31: 47-
57.

Tekglindiiz KS, Dilek D, Kara M, Oztirk N, Tekglindiiz
SE. Factors That Affect Placental Retinol Transfer in
Preterm Infants and Mothers with Retinol Deficiency.
Turkish Journal of Medical Sciences. 2022; 52(2):
294-302.doi: 10.55730/1300-0144.5315.

Mezzano J, Namirembe G, Ausman LM, Marino-
Costello E, ShresthaR, Erhardt J et al. Effects of Iron
and Vitamin A Levels on Pregnant Women and Birth
Outcomes: Complex Relationships Untangled Using
a Birth Cohort Study in Uganda. Maternal and Child
Health Journal. 2022 Jul; 26(7): 1516-28. doi: 10.1007
/s10995-022-03387-5.

Lyu, Xiu Q, Zuo H, Xu G, Cui X, Sun Z et al. Effect of
Vitamin A on the Relationship Between Maternal
Thyroid Hormones in Early Pregnancy and Fetal
Growth: A Prospective Cohort Study. Frontiers in
Nutrition. 2022 Aug; 9: 980853. doi: 10.3389/fnut.20
22.980853.

Agedew E, Tsegaye B, Bante A, Zerihun E, Aklilu A,
GirmaMetal. Zinc Deficiency and Associated Factors
among Pregnant Women's Attending Antenatal
Clinics in Public Health Facilities of Konso Zone,
Southern Ethiopia. PLOS ONE. 2022 Jul; 17(7):
€0270971.doi: 10.1371/journal.pone.0270971.

Gohari H, Khajavian N, Mahmoudian A, Bilandi RR.
Copper and Zinc Deficiency to the Risk of Preterm
Labor in Pregnant Women: A Case-Control Study.
BioMed Central Pregnancy and Childbirth. 2023 May;
23(1): 366.doi: 10.1186/s12884-023-05625-2.

El Bilbeisi AH, Abo Khosa SM, Taleb MH, EI Afifi AM.
Assessment of Serum, Dietary Zinc Levels, and Other
Risk Factors During the Third Trimester Among
Pregnant Women with and Without Pregnancy-
Induced Hypertension: A Case-Control Study.
Frontiers In Nutrition. 2023 Jun; 10: 1155529. doi:

Copyright © 2026. PBMJ, Published by Crosslinks International Publishers LLC, USA
This work is licensed under a Creative Commons Attribution 4.0 International License.




Anwar S et al.,

[26]

PBMJ VOL. 9 Issue. 08 Aug 2026

Maternal Vitamin A and Zinc Status in Relation to Placental Physiology and Fetal Growth

10.3389/fnut.2023.1155529.

Karim S, Fazal S, Naeem M, AliH, Fazal R, Karim A etal.
Frequency of Low Birth Weight and Its Relationship
with Maternal Serum Zinc: A Cross-Sectional Study.
Annals of Medicine and Surgery. 2023 May; 85(6):
2469.doi:10.1097/MS9.0000000000000687.

Amini N, Mousavi S, Vard B, Daniali SS, Kelishadi R.
The Assessment of Neonatal Anthropometric
Indices Association with Umbilical Cord Blood Zinc
and Magnesium Levels. Advanced Biomedical
Research. 2023 Nov; 12: 253. doi: 10.4103/abr.abr_
90_23.

Akbar A, Duvall S, VanOrmer M, Slotkowski R, Hahka T,
Genaro-Mattos T et al. Plasma Retinol
Concentrations and Dietary Intakes of Mother-Infant
Sets in Singleton versus Twin Pregnancy. Nutrients.
2023 May; 15(11): 2553. doi: 10.3390/nu15112553.
Mahmood S and Deeba F. Association of Maternal
Serum Zinc and Cord Blood Zinc with Neonatal Birth
Weight. International Journal of Reproduction,
Contraception, Obstetrics and Gynecology. 2024;
13(3): 548-552. doi: 10.18203/2320-1770.ijrcog20240
453.

Stunes AK, Mosti MP, Gustafsson MK, Bgrsting T,
Thorsby PM, Stafne SN et al. Maternal Vitamin Aand D
Status in Second and Third Trimester of Pregnancy
and Bone Mineral Content in Offspring at Nine Years
of Age. Frontiers in Endocrinology. 2024 Jun; 15:
1417656. doi: 10.3389/fend0.2024.1417656.

Jiafen J, Li C, Juan N, Ruixiang L. Threshold Effects
of Third-Trimester Maternal Vitamin A on Neonatal
Ponderal Index: A Segmented Regression Analysis of
442 Mother-Infant Pairs. Food Science and Nutrition.
2025Jun; 13(6): e70462.doi: 10.1002/fsn3.70462.
Rohmawati L, Sari DK, Sitepu M, Rusmil K. A
Randomized, Placebo-Controlled Trial of Zinc
Supplementation During Pregnancy for the
Prevention of Stunting: Analysis of Maternal Serum
Zinc, Cord Blood Osteocalcin and Neonatal Birth
Length. Medicinski Glasnik. 2021 Aug; 18(2): 415. doi:
10.17392/1267-21.

Kemp JF, Hambidge KM, Westcott JL, Ali SA, Saleem
S, GarcésAetal. Zinc Supplementation Initiated Prior
to or During Pregnancy Modestly Impacted Maternal
Status and High Prevalence of Hypozincemia in
Pregnancy and Lactation: The Women First
Preconception Maternal Nutrition Trial. The Journal
of Nutrition. 2024 Jun; 154(6): 1917-26. doi: 10.1016/j.
tjnut.2024.04.018.

Castillo-Castrejon M, Yang |V, Davidson EJ,
Borengasser SJ, Jambal P, Westcott J et al.
Preconception Lipid-Based Nutrient

[35]

DOI: https://doi.org/10.54393/pbmj.v9i8.1425

Supplementation in 2 Low-Resource Countries
Results in Distinctly Different IGF-1/mTOR Placental
Responses. The Journal of Nutrition. 2021 Mar;
151(3): 556-69. doi: 10.1093/jn/nxaa3b4.
Ustianowski £, Czerewaty M, Kietbowski K,
Bakinowska E, Tarnowski M, Safranow K et al.
Placental Expression of Glucose and Zinc
Transporters in Women with Gestational Diabetes.
Journal of Clinical Medicine. 2024 Jun; 13(12): 3500.
doi:10.3390/jcm13123500.

Copyright © 2026. PBMJ, Published by Crosslinks International Publishers LLC, USA
This work is licensed under a Creative Commons Attribution 4.0 International License.




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

