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Abstract. Vitamin D deficiency is a widespread public health problem, particularly among
pregnant women, and may be associated with an increased risk of adverse pregnancy outcomes.
The aim of this systematic review was to evaluate the association between first-trimester serum
25-hydroxyvitamin D [25(OH)D] levels and adverse maternal and pregnancy outcomes.

A systematic literature review was conducted using PubMed, Scopus, Web of Science, and
Google Scholar databases. A total of 27 studies that met the inclusion criteria were analyzed. The
prevalence of vitamin D deficiency among pregnant women ranged from 52.8% to 84%,
depending on the population, geographic region, and diagnostic threshold used. Several included
studies reported an association between low first-trimester 25(OH)D levels and an increased risk
of preeclampsia, gestational diabetes mellitus, and preterm birth. Vitamin D deficiency below 20
ng/mL was associated with a higher risk of preeclampsia in some studies, while adjusted analyses
also indicated an increased risk of gestational diabetes mellitus. Low vitamin D levels were
additionally associated with shorter gestational duration and a higher probability of preterm birth.

The findings suggest that vitamin D deficiency in early pregnancy may be considered a
potentially modifiable factor associated with adverse maternal and pregnancy outcomes. Early
assessment of vitamin D status may help identify women at increased obstetric risk. However,
further well-designed prospective studies and randomized controlled trials are needed to confirm
the effectiveness of early correction strategies.

Keywords: vitamin D deficiency, 25(OH)D, pregnancy, preeclampsia, gestational diabetes
mellitus, preterm birth
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APACBIHJIAT Bl BAMJIAHBIC

TypbimoexoBa P.E., Moananues U.C., Knipbikbaesa C.C.
Koowca Axmem HAcayu amvinoazvr Xanvikapanvlk kazax-mypik yrueepcumemi sKozapwl
MeOUYUHANBIK OK) OPHBIHAH Kelinel Oinim oepy gaxyromemi (Typkicman, Kazaxcman)

Anparna. D 1opyMeHiHIH TallIbUIBIFBl KOFAMJIBIK JEHCAYJIBIK CAKTayJbIH KEH TapaliFaH
MoceienepiniH 0ipi 601bII TaObLIaAbI XKOHE dcipece KYKTI olernep apackiHaa xui keznecei. by
XKaraal KYKTUTIKTIH KaFbIMCBI3 HOTHDKEJEPIHIH JAaMy KayHiMeH OalaaHbICThl OOJIYbl MYMKIH.

50

Received: 2.05.2026 / Accepted: 31.07.2026


https://doi.org/10.47526/3080-8715.6437
https://orcid.org/0009-0004-7182-8902
https://orcid.org/0000-0002-3289-1958
https://orcid.org/0000-0001-6151-6025

Yassawi Journal of Health Sciences, Ne2(5), 2026 ISSN-p 3080-8707
ISSN-e 3080-8715

Ocpl JKy#eni MOy IbIH MaKCaThl — XKYKTUIIKTIH OipiHII TPUMECTPIHJIET1 KaH CapbICYbIHAAFHI 25-
ruapokcuButaMuH D [25(OH)D] nmenreiii MeH KaFbIMCBI3 aHAJIBIK KOHE XYKTIIIK HOTHXKeENepi
apachIHIaFbl OAlIaHBICTHI OaFanay.

PubMed, Scopus, Web of Science xone Google Scholar nepexkkopiiapsr 6oibIHIIA KYyiiem
onebu oy xyprizingi. Kocy kputepuitnepine colikec kenareH 27 3epTrey Taiganasl. JKykTi
oiieniep apachiHaa D mopyMeHI TaNIIbUIBIFBIHBIH —Tapaixybl 3€pTTEITreH MOIYJISIUSFa,
reorpadusUIbIK aiiMaKKa >KoHE KOJIJaHBUIFaH JUArHOCTUKAJBIK IIEKKe OaitnaHbicThl 52,8%-maH
84%-ra neitin e3repai. bipkarap 3eprreynepae Oipinmn Tpumectpaeri 25(OH)D nenreitinin
TOMEH OOJIybl NMPE3KJIAMIICHS, TeCTAUMSIBIK KaHT nuabeTi jkoHe Mep3iMiHeH OypbIH OocaHy
KayIiHiH )XOFapblIaybIMeH OaitnanbICThl ekeHi kepceTinren. 25(OH)D nenreitinin 20 Hr/mi-neH
TeMeH OO0Tybl KeHOip 3epTTeysepie MPedKIaMIICHs KayImiHIH apTybIMEH OaiJIaHBICTBI OOJIBI, all
TY3€TUITEH TajIayyap recTalrsuIbIK KaHT Tua0eTi KayIiHiH )KorapbUIaybiH 1a kepceTTi. COHbIMEH
Karap, D mopyMeHiHIH TOMEH JEHIeWl »KYKTUIIK Mep3iMiHIH KbICKapybIMEH JXOHE Mep3iMiHEH
OypbIH 00CaHy BIKTUMAJIIBIFBIHBIH apTYbIMEH OaiIaHbICThI OOJIJIBI.

AJBIHFaH HOTHIKEJIEp epTe KYKTUIIK Ke3eHiHAeri D aopyMeHi TalibUIbIFBIH KaFbIMCBI3
AHAJIBIK JKOHE KYKTLIIK HOTHXKeNepiMeH OailIaHBICTBI BIKTUMANl ©3TepTUIeTiH (hakTop peTiHzae
KapacThIpyFa OOJIaTBIHBIH KepceTenmi. D mopyMeHi AeHrediH epre Oaranay akymepiik Kayil
JKOFaphl SHeNepAl aHbIKTayFa MYMKIHJIIK Oepyl MyMKiH. JlereHMeH, epTe Ty3eTy IapaiapblHbIH
TUIMIUTITIH ~ HaKThUIAy YIIIH J>KakKChl JKOCHApliaHFaH TMPOCHEKTHUBTI 3€pTTeyiep MeH
paHIOMHU3AlMSIIAHFaH OAKBUTAHATHIH 3EPTTEYIICP KAKET.

Tyiiin ce3gep: D nmopymeni tammbuieirel, 25(OH)D, kyKTinmik, mDpesKiIamMIcus,
recTalUsIIBIK KaHT 1uadeTi, Mep3iMiHeH OypbIH O0caHy

CBA3b MEXAY YPOBHEM 25-T'HIPOKCUBUTAMMUWHA D B IIEPBOM
TPUMECTPE U HEBJIAT'OITPUATHBIMU MATEPUHCKUMHU U AKYIIEPCKUMUA
NCXOJAMH

TypbimoexoBa P.E., Moananues U.C., KnipbikbaeBa C.C.
MesicoynapooHulil kazaxcko-mypeyxuil yHugepcumem umeHu Xooxca Axmeod fAcasu @axynomem
8bICULE20 MEOUYUHCKO20 NOCIe8Y308¢cK020 obpasosanus (Typrecman, Kazaxcman)

Annoranus. Jlepunur BuramuHa D sBiseTcs mUPOKO pacmpocTpaHEHHOW TPoOIeMoit
0OLIECTBEHHOI'O 3/IpaBOOXPAHEHHSI U OCOOEHHO YaCTO BCTPEUaeTCs Cper OEpEMEHHBIX KEHILHH.
JlanHO€ cOCTOSIHME MOKET OBITh CBSA3aHO C MOBBIIIEHHBIM PUCKOM HEOJIAroNnpHUsTHBIX MCXO/0B
6epemeHHOCTH. Llenpl0 HACTOAIIET0 CHCTEMATHYECKOro 0030pa OBIJIO OLEHHUTH CBA3b MEXKIY
ypoBHeM 25-ruapokcuButamuHa D [25(OH)D] B mnepBom Tpumectpe O€peMEHHOCTH H
HEeOJIaronpUsATHBIMA MAaTEPUHCKUMHU U aKYIIEPCKUMH HCXOAaMHU.

[TpoBenén cucreMaTHueCcKuii 0030p JIUTEPATYPHI C UCIOIb30BaHUEM 0a3 TaHHBIX PubMed,
Scopus, Web of Science u Google Scholar. B ananu3 Obuti BiiIOYeHBI 27 WCCIEAOBaHUH,
COOTBETCTBYIOIIMX KpHUTepusiM otOopa. PacmpoctpanéHHocTh nedunura ButamuHa D cpenu
OepeMEeHHBIX JKEHIIUWH BapbupoBaia ot 52,8% 10 84% B 3aBUCHMOCTH OT HCCIEAyEeMOM
MOMYJSIIIMK, TeorpadUyecKoro peruioHa U NpUMEHSEeMOro JuarHoctudeckoro mnopora. B psae
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BKJIIOYEHHBIX Ucciea0BaHui HU3kui ypoBeHb 25(OH)D B nepBoM TpuMecTpe acCOLIMUPOBAIICS C
MOBBIIICHHBIM PUCKOM MPEIKIAMIICHH, T€CTAlMOHHOTO CaXapHoro AuadeTa U MpexaeBpeMEHHbIX
ponoB. Jlebuuut Butamuna D Hike 20 HI/MIJI B OTAENBHBIX UCCIEIOBAaHUSAX ObLI CBA3aH ¢ Oolee
BBICOKHM PHUCKOM IIPEIKIIAMIICHH, & CKOPPEKTUPOBAHHBIN aHAIN3 TAKkKe YKa3bIBaJl HA YBEIHUCHUE
pHCKa TrecTallMOHHOrO caxapHoro auabera. Huskuii ypoBeHb BHUTamMHHA D JOMONMHUTEIHHO
aCCOLIMMPOBAJICS. C COKpAlllEHUEM CpOKa TeCTallud U  TOBBIIIEHHON  BEPOSTHOCTHIO
IPEXKIEBPEMEHHBIX POJIOB.

[Tony4yeHHbIe JaHHBIE TTO3BOJIIOT PACCMATPUBATh Ae(HUIUT BUTaMHHA D Ha paHHUX CpOKax
0epeMEeHHOCTH KaK MOTEHIIHATLHO MOAU(DULIMpPYEMBIi (haKTOp, CBA3aHHBINA ¢ HEOIATONIPUATHBIMU
MAaTePUHCKHUMH M AaKyIIEpCKUMH HCXOAaMu. PaHHss oLeHKa craTyca BUTaMuHa D MoxeT
CI0COOCTBOBATH BBISIBJICHUIO KEHIIKH C MOBBIIICHHBIM aKyIIEPCKUM pUcKoM. BMecTe ¢ Tem anst
noATBepkIeHUs 3 (HEKTUBHOCTH PAHHUX KOPPEKTUPYIOLIUX MEPONPUATUN HEOOXOTUMBI XOPOIIIO
CIUTAHUPOBAHHbIE MPOCTIEKTUBHBIC U PAHIOMU3UPOBAHHBIE KOHTPOIUPYEMbIE UCCIIETOBAHUS.

KualoueBbie ciaoBa: neduuur ButammuHa D, 25(OH)D, GepemeHHOCTh, MpedKIaMIICHs,
recTallMOHHBIN CaxapHBIA AUa0eT, MPEKICBPEMEHHBIE POIBI.

Introduction. Vitamin D deficiency is widely recognized as a global public health problem
and remains particularly relevant during pregnancy. Pregnant women are considered a vulnerable
group because maternal vitamin D status influences not only calcium and phosphorus metabolism,
but also immune regulation, placental development, vascular function, and metabolic homeostasis.
According to recent studies, the prevalence of 25-hydroxyvitamin D [25(OH)D] insufficiency and
deficiency among pregnant women remains high in many regions of the world and may vary
depending on geographic latitude, season, ethnicity, nutritional habits, clothing style, sun
exposure, and socioeconomic factors (Abbasalizadeh et al., 2025; Ku et al., 2024; Varthaliti et al.,
2025).

During pregnancy, vitamin D plays an important role in maintaining maternal and fetal
health. Its biological effects are mediated through vitamin D receptors and the enzyme la-
hydroxylase, which are expressed in placental and decidual tissues. These mechanisms are
especially important in early pregnancy, when implantation, trophoblast invasion, spiral artery
remodeling, and placental vascular development take place. Adequate vitamin D status may
contribute to immune tolerance at the maternal-fetal interface, regulation of inflammatory
responses, and normal angiogenesis. Therefore, vitamin D deficiency during the first trimester
may theoretically affect key processes involved in the development of adverse pregnancy
outcomes, including preeclampsia, gestational diabetes mellitus, and preterm birth (Mansur et al.,
2022; Giourga et al., 2023; Al Balawi et al., 2024; Chen et al., 2024).

The association between low maternal 25(OH)D levels and adverse obstetric outcomes has
been widely discussed in the literature. Several observational studies have reported that vitamin D
deficiency is associated with an increased risk of preeclampsia, gestational diabetes mellitus,
hypertensive disorders of pregnancy, and preterm birth (Das et al., 2021; Reverzani et al., 2025).
However, the available evidence remains inconsistent. Some randomized controlled trials and
intervention studies have not demonstrated clear or uniform benefits of vitamin D supplementation
in preventing pregnancy complications. These discrepancies may be explained by differences in
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study design, baseline vitamin D status, supplementation dose, timing of intervention, population
characteristics, and adjustment for confounding factors such as body mass index, seasonality, diet,
and ethnicity (Dahma et al., 2023; lbrahim et al., 2022; Ku et al., 2024).

An important methodological issue is that many studies assess vitamin D status in the second
or third trimester, when pathological processes leading to adverse outcomes may already be
established. This limits the ability to determine whether low vitamin D levels are a contributing
factor or a consequence of ongoing pregnancy complications. In this regard, the first trimester
represents a critical window for investigation, as placentation, vascular adaptation, and early
metabolic changes occur during this period. Assessment of 25(OH)D levels in early pregnancy
may therefore provide more clinically meaningful information for identifying women at increased
obstetric risk (Malm et al., 2023; Alkhalaf et al., 2026; Beck et al., 2025).

Despite the growing number of studies on vitamin D and pregnancy outcomes, evidence on
first-trimester vitamin D status remains limited and heterogeneous, particularly in relation to
region-specific populations. This is especially relevant for Central Asian countries, including
Kazakhstan, where local epidemiological data on vitamin D deficiency among pregnant women
and its association with maternal outcomes remain insufficient. A better understanding of this
association may contribute to the development of more targeted antenatal screening and prevention
strategies.

Objective. The objective of this systematic review was to evaluate the association between
first-trimester serum 25-hydroxyvitamin D [25(OH)D] levels and the risk of adverse maternal and
pregnancy outcomes, with a particular focus on preeclampsia, gestational diabetes mellitus,
hypertensive disorders of pregnancy, and preterm birth.

Materials and Methods

Study Design. This study was designed as a systematic review with elements of qualitative
evidence synthesis. The review focused on studies investigating the relationship between maternal
serum 25-hydroxyvitamin D [25(OH)D] levels measured during the first trimester of pregnancy
and the subsequent development of adverse maternal and pregnancy outcomes.

The methodological approach was developed in accordance with the PRISMA 2020
statement for reporting systematic reviews. Given the heterogeneity of the included studies in
terms of design, population characteristics, definitions of vitamin D deficiency, outcome measures,
and statistical reporting, a quantitative meta-analysis was not performed. Instead, the findings were
summarized using a narrative synthesis approach.

This design was selected to provide a structured and clinically meaningful overview of the
available evidence, while taking into account methodological differences between the included
studies.

Literature Search Strategy. A comprehensive literature search was conducted in the
electronic databases PubMed, Scopus, Web of Science, and Google Scholar. The search was
performed from April 13 to April 25, 2026.

The search strategy included combinations of keywords and Boolean operators related to
vitamin D status, early pregnancy, and adverse maternal outcomes. The following terms and their
combinations were used: “vitamin D,” “25-hydroxyvitamin D,” “25(OH)D,” “pregnancy,” “first
trimester,” “early pregnancy,” ‘“maternal outcomes,” ‘“adverse pregnancy outcomes,”
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“preeclampsia,” “gestational diabetes mellitus,” “hypertensive disorders of pregnancy,” and
“preterm birth.”

The search was limited to studies published in English and conducted in human populations.
Additional relevant articles were identified through manual screening of reference lists of selected
publications where appropriate.

Inclusion and Exclusion Criteria. Studies were included in the review if they met the
following criteria:

1. original research articles, including cohort studies, case-control studies, cross-sectional
studies, and randomized controlled trials;

2. assessment of maternal serum 25(OH)D levels during the first trimester of pregnancy or
early pregnancy;

3. analysis of adverse maternal or pregnancy outcomes, including preeclampsia, gestational
diabetes mellitus, hypertensive disorders of pregnancy, preterm birth, or related obstetric
complications;

4. availability of full-text articles;

5. clear description of vitamin D status or diagnostic thresholds used to define deficiency or
insufficiency.

Studies were excluded if they met any of the following criteria:

1. review articles, systematic reviews, meta-analyses, editorials, letters, comments, or case
reports;

2. studies that did not clearly define vitamin D status or did not report serum 25(OH)D levels;

3. studies in which vitamin D levels were assessed only in the second or third trimester
without separate first-trimester data;

4. studies with insufficient information on maternal or pregnancy outcomes;

5. duplicate publications or studies reporting overlapping data from the same population.

Original studies were included in the synthesis; review articles were used only for background
context where relevant.

Study Selection. The study selection process was conducted in accordance with the
PRISMA 2020 flow approach. The initial search identified 140 publications. After removing
duplicates, 128 records remained. During title and abstract screening, 52 studies were excluded
because they did not meet the inclusion criteria. Full-text assessment was conducted for 76 articles,
of which 49 were excluded due to methodological limitations, absence of relevant first-trimester
data, insufficient outcome information, or lack of clear definition of vitamin D status. Finally, 27
studies were included in the qualitative synthesis.

Table 1. PRISMA-based study selection process

Stage of selection Number of records
Records identified through database search 140

Records after duplicate removal 128

Records excluded after title/abstract screening 52

Full-text articles assessed for eligibility 76

Full-text articles excluded 49

Studies included in qualitative synthesis 27
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Data Extraction. Data extraction was performed using a structured approach. For each
included study, the following information was collected:

— author and year of publication;

— country and study setting;

— study design;

— sample size and main characteristics of participants;

— gestational age at the time of 25(OH)D assessment;

— serum 25(0OH)D levels;

— cut-off values used to define vitamin D deficiency or insufficiency;

— maternal and pregnancy outcomes assessed,

— statistical measures of association, including odds ratios, adjusted odds ratios, confidence
intervals, and p-values where available;

— key findings and conclusions of the study.

Data extraction was performed independently by two reviewers. Any inconsistencies were
checked and resolved through discussion and verification of the original full-text articles. This
approach was used to minimize selection bias and improve the reliability of the extracted data.

Quality Assessment. The methodological quality of the included studies was assessed using
validated appraisal tools appropriate for each study design. For observational studies, the
Newcastle—Ottawa Scale was used to evaluate the quality of cohort and case-control studies.

The assessment focused on the following domains:

— selection of study participants;

— comparability of study groups;

— adequacy of exposure assessment;

— clarity and validity of outcome measurement;

— adjustment for potential confounding factors;

— completeness of follow-up or outcome data.

Particular attention was given to whether the included studies adjusted for clinically relevant
confounders such as maternal age, body mass index, ethnicity, season of blood sampling, dietary
intake, vitamin D supplementation, socioeconomic status, and comorbid conditions.

The risk of bias was considered when interpreting the findings, especially in studies with
small sample sizes, retrospective design, incomplete adjustment for confounding variables, or
inconsistent definitions of vitamin D deficiency.

Data Synthesis. Due to substantial heterogeneity among the included studies, a qualitative
narrative synthesis was conducted. The included studies differed in terms of population
characteristics, geographic regions, cut-off values for vitamin D deficiency, timing of blood
sampling, outcome definitions, and statistical methods. Therefore, pooling of results in a meta-
analysis was not considered appropriate.

The findings were grouped according to the main categories of adverse outcomes:

1. preeclampsia and hypertensive disorders of pregnancy;
2. gestational diabetes mellitus;
3. preterm birth and gestational duration;
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4. other reported maternal or pregnancy-related outcomes.

Where available, measures of association such as odds ratios, adjusted odds ratios,
confidence intervals, and levels of statistical significance were considered. Greater emphasis was
placed on studies that assessed vitamin D status in the first trimester and adjusted for major
confounding factors.

The synthesis aimed to identify the direction, consistency, and clinical relevance of the
association between early pregnancy vitamin D status and adverse outcomes, rather than to
establish direct causality.

Results. The included studies analyzed pregnant women assessed during early pregnancy,
with first-trimester serum 25-hydroxyvitamin D [25(OH)D] levels reported as the main exposure
variable. Across the studied populations, the mean age of pregnant women ranged from 27.9 to
31.27 years (Abbasalizadeh et al., 2025; Beck et al., 2025). The mean body mass index (BMI)
ranged from 22.16 to 26.6 kg/m?, and in some cohorts a substantial proportion of participants had
normal body weight at the time of registration, reaching up to 71% (Abbasalizadeh et al., 2025;
Beck et al., 2025). The mean gestational age at the initial assessment varied from 9.4 to 11.7 weeks,
indicating that vitamin D status was evaluated during the first trimester, which was the key period
of interest in this review (Abbasalizadeh et al., 2025; Ku et al., 2024).

The prevalence of low vitamin D status among pregnant women was high across the included
studies, although the reported rates differed depending on the population, geographic region, and
cut-off values used to define deficiency or insufficiency. Hypovitaminosis D, defined as serum
25(0H)D levels below 30 ng/mL, reached 52.8% (95% CI: 46.98-58.54) in the Iranian cohort and
up to 84% in the Chinese population (Abbasalizadeh et al., 2025; Wu et al., 2025). Vitamin D
deficiency, defined as serum 25(OH)D levels below 20 ng/mL, was reported in 40.5% of pregnant
women in the Mexican cohort (Arce-Sanchez et al., 2025). The proportion of women with
sufficient vitamin D levels, defined as 25(OH)D > 30 ng/mL, varied from 12.1% to 47.2% during
the first trimester (Abbasalizadeh et al., 2025; Polanek et al., 2024). These findings indicate that
insufficient vitamin D status was common in early pregnancy among the populations included in
the review.

Table 2. Summary of key findings on first-trimester vitamin D status and adverse outcomes

Outcome Reported finding Measure of association Source
Preeclampsia More frequent among women with | Not reported in this row Alkhalaf et al., 2026
vitamin D deficiency: 16.9% vs.
9.6%

Preeclampsia Higher risk among women with |OR: 11.31; 95% CI: 7.60-14.01; |Das et al., 2021
serum 25(OH)D levels <20 ng/mL | p < 0.001

Gestational Diagnosed in 14.4%-24.3% of | Not reported in this row Arce-Sanchez et al,
diabetes mellitus | cases 2025; Aslan Cin et al.,

2022
Gestational Increased odds among women with |aOR: 2.04; 95% CI: 1.14-3.65; p | Arce-Sanchez et al.,
diabetes mellitus | vitamin D  deficiency after | =0.01 2025

adjustment for age and BMI
Gestational Higher risk among women with |OR: 10.60; 95% CI: 2.82-39.76; | Aslan Cin et al., 2022
diabetes mellitus | vitamin D deficiency p <0.001
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Preterm birth Preterm birth before 37 weeks | Not reported in this row Beck et al., 2025
occurred in 8.3% of cases
Preterm birth Low  first-trimester 25(OH)D |OR: 4.35; 95% CI: 1.14-16.55 Beck et al., 2025
levels < 40 nmol/L were
associated with increased risk

Delivery at < 38 | Associated with serum 25(OH)D |OR:1.611;95% CI: 1.120-2.318; |Chen et al., 2024

weeks levels < 14.7 ng/mL p=0.010

Severe Increased odds among women with |aOR: 2.86; 95% ClI: 1.45-6.08; p | Reverzani et al., 2025
hypertensive vitamin D deficiency =0.003

disorders

Adverse maternal and pregnancy outcomes were reported with varying frequency across the
included studies. Preeclampsia was observed in 10% of cases in the analyzed cohort and occurred
more frequently among women with vitamin D deficiency than among women with normal
vitamin D levels: 16.9% versus 9.6%, respectively (Alkhalaf et al., 2026). Gestational diabetes
mellitus (GDM) was diagnosed in 14.4%—-24.3% of cases, depending on the study population and
diagnostic criteria used (Arce-Sanchez et al., 2025; Aslan Cin et al., 2022). Preterm birth before
37 weeks of gestation was reported in 8.3% of cases (Beck et al., 2025).

The analysis of reported associations showed that low first-trimester 25(0OH)D levels were
associated with a higher risk of several adverse outcomes. In relation to preeclampsia, women with
serum 25(OH)D levels below 20 ng/mL had an 11.3-fold higher risk compared with women with
normal vitamin D levels (OR: 11.31; 95% CI: 7.60-14.01; p < 0.001) (Das et al., 2021). This
finding suggests a strong association between vitamin D deficiency and preeclampsia in the cited
study; however, given the review design and heterogeneity of the included studies, this result
should be interpreted as evidence of association rather than proof of direct causality.

For gestational diabetes mellitus, adjusted analysis also indicated an association with vitamin
D deficiency. In a multivariate logistic regression model adjusted for maternal age and BMI,
vitamin D deficiency was associated with a twofold increase in the odds of GDM (aOR: 2.04; 95%
Cl: 1.14-3.65; p = 0.01) (Arce-Sanchez et al., 2025). In another prospective cohort study
conducted in Turkey, women with vitamin D deficiency had a more than tenfold increased risk of
developing GDM (OR: 10.60; 95% CI: 2.82-39.76; p < 0.001) (Aslan Cin et al., 2022). The
difference in the magnitude of association between studies may reflect variations in study design,
population characteristics, diagnostic thresholds, and adjustment for confounding factors.

Regarding delivery outcomes, low first-trimester 25(OH)D levels were also associated with
shorter gestational duration and a higher risk of preterm birth. Serum 25(0OH)D levels below 40
nmol/L were associated with a 4.35-fold increase in the risk of preterm birth (95% CI: 1.14-16.55)
and with a reduction in gestational duration by an average of 1.17 weeks (Beck et al., 2025). In
addition, serum 25(OH)D levels < 14.7 ng/mL were identified as an independent factor associated
with delivery at < 38 weeks of gestation (OR: 1.611; 95% CI: 1.120-2.318; p = 0.010) (Chen et
al., 2024).

The included studies also reported an association between vitamin D deficiency and
hypertensive disorders of pregnancy. Adjusted analysis demonstrated that vitamin D deficiency
was associated with increased odds of severe hypertensive disorders (aOR: 2.86; 95% CI: 1.45—
6.08; p =0.003) (Reverzani et al., 2025). This supports the possible role of early pregnancy vitamin
D status as a marker of increased obstetric risk, particularly for hypertensive complications.
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Overall, the findings of the included studies consistently suggest that low serum 25(OH)D
levels in the first trimester are associated with an increased risk of preeclampsia, gestational
diabetes mellitus, hypertensive disorders of pregnancy, and preterm birth. However, the strength
of these associations varied across studies. Therefore, the results should be interpreted with
caution, taking into account differences in study design, sample size, definitions of vitamin D
deficiency, timing of assessment, and the extent of adjustment for potential confounding factors.

Limitations. This review has several limitations. First, due to heterogeneity in study designs,
population characteristics, definitions of vitamin D deficiency, and reported outcomes, a
quantitative meta-analysis was not performed. Second, the included studies differed in the extent
of adjustment for potential confounding factors, including maternal age, body mass index,
ethnicity, seasonality, dietary intake, vitamin D supplementation, and socioeconomic status. Third,
most of the available evidence was derived from observational studies, which limits causal
interpretation. Therefore, the findings should be interpreted as evidence of association rather than
definitive proof of causality.

Conclusion. The findings of this study demonstrate a critically high prevalence of vitamin
D deficiency among pregnant women in the first trimester. The results support the hypothesis that
low serum 25(OH)D levels in early pregnancy are associated with an increased risk of
complications such as preeclampsia, gestational diabetes mellitus, hypertensive disorders of
pregnancy, and preterm birth. Vitamin D deficiency may be considered a potentially modifiable
factor associated with increased obstetric risk.

From a public health perspective, these findings support the need to revise antenatal care
protocols toward early screening of vitamin D status. Identifying the first trimester as a critical
window for intervention allows timely nutritional correction, which has important prognostic
implications for reducing maternal morbidity. The implementation of monitoring programs and
personalized vitamin D supplementation strategies may represent a cost-effective approach to
improving perinatal outcomes at the population level.
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