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Abstract

Emerging evidence suggests that inadequate vitamin D levels in preg-
nant mothers can adversely affect fetal development, pregnancy out-
comes, and maternal health. This systematic review analyzes current 
research to gain a better understanding of the association between sea-
sonal variation in maternal vitamin D levels and differing, potentially 
adverse, fetal outcomes. A systematic search was conducted across four 
databases; combinations of keywords and/or MeSH guided the litera-
ture search, yielding 1,852 articles that were screened and included if 
the study focused on seasonal variation in maternal vitamin D levels 
with associated neonatal outcomes. Full text review was performed by 
four reviewers on 39 articles, yielding a finalized total of 11 articles. 
The results of this systematic review supported that, across a vast array 
of geographic locations, vitamin D levels in pregnant women were, on 
average, consistently highest during the summer and lowest in the win-
ter. However, the relationships between maternal vitamin D status and 
select neonatal outcomes including small for gestational age (SGA), 
preterm birth, and low birth weight were inconsistent. These discrep-
ancies most likely result from external factors including geographic 
latitude and resulting sun exposure, limited supplementation, cultural 
conventions, and maternal demographics. Additionally healthcare ac-
cess and public health policies cannot be overlooked; thus, vitamin D 
deficiency amongst pregnant women, especially in areas with limited 
sun exposure, needs to be prioritized and addressed via clinician inter-
vention and public health services and programs, and further research is 
needed to refine these protocols to reduce global vitamin D deficiency 
and its associated, potentially adverse, outcomes.

Keywords: Pregnancy; Vitamin D; Infant; Newborn; Seasons; Pre-
mature birth; Birth weight; Birth length

Introduction

The timing of pregnancy within the calendar year can have 

profound implications for neonatal outcomes, as environ-
mental and biological factors fluctuate with the seasons [1]. 
Seasonal changes influence various maternal physiological 
conditions, including nutrient availability, exposure to patho-
gens, and physical activity levels, all of which can affect fetal 
development [2, 3]. Research has demonstrated that the season 
of conception or delivery may correlate with variations in birth 
weight, preterm birth rates, and other neonatal outcomes [4]. 
Among these factors, vitamin D status, which depends heavily 
on sunlight exposure, is particularly noteworthy.

Vitamin D, a critical fat-soluble vitamin, plays an essential 
role in calcium homeostasis, bone health, immune function, 
and cellular growth. Its synthesis is stimulated by ultraviolet B 
(UVB) radiation from sunlight, with some contributions from 
dietary sources [5]. Consequently, serum 25-hydroxyvitamin 
D, or 25(OH)D, levels fluctuate significantly depending on the 
season, latitude, and individual sun exposure [6]. These vari-
ations can have profound physiological implications, particu-
larly for pregnant individuals, as vitamin D is vital for both 
maternal and fetal health [7]. This has led to the inclusion of 
vitamin D in prenatal vitamins, yet many pregnant women 
continue to experience deficiency [8].

Emerging evidence suggests that maternal vitamin D in-
sufficiency can adversely affect fetal development. A meta-
analysis examining neonatal outcomes among mothers receiv-
ing vitamin D supplementation found significant results for 
increased weight and length of the neonate when compared to 
women deficient in vitamin D [9]. Recent literature also sug-
gests possible associations between maternal vitamin D deple-
tion and increased risks of pregnancy losses, preeclampsia, 
gestational diabetes, maternal infections, and preterm births 
[7]. Although more randomized trials are needed to determine 
the extent of vitamin D supplementation on neonatal outcomes, 
it is evident that vitamin D deficiency can adversely affect both 
pregnant women and their fetuses. It is standard of care to give 
vitamin D supplementation to pregnant and lactating women, 
through prenatal supplements and beyond. However, dosage of 
the supplementation is another debate entirely.

The current systematic review aimed to analyze current 
research on seasonal variations in vitamin D levels among 
pregnant women and examined how these fluctuations may 
have contributed to differences in neonatal outcomes. There is 
established research to suggest that season of birth affects birth 
outcomes as well as scientific evidence to indicate that sea-
sonal exposure to sunlight impacts vitamin D levels. This sys-
tematic review aimed to investigate this understanding further 
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by evaluating the association between seasonal differences in 
maternal vitamin D levels being significant enough to lead to 
differing, potentially adverse, neonatal outcomes. Understand-
ing the interplay between seasonal vitamin D variability and 
neonatal outcomes is crucial for developing targeted interven-
tions to mitigate risks and improve maternal and child health, 
both in the USA and across various global climates.

Materials and Methods

Search strategy

For this systematic literature review, a comprehensive search 
of relevant literature was performed in May of 2024, across 
four databases. The search utilized a combination of keywords 
and/or Medical Subject Headings (MeSH) term following re-
view with a medical librarian, to ensure a thorough and proper 
review. The search strategy focused on the key search terms 
“pregnancy,” “vitamin D,” and “season” along with their as-
sociated MeSH terms, as listed in Table 1.

Inclusion and exclusion criteria

Articles that satisfied all our PICO(T) search criteria were in-
cluded in our study. The PICOT strategy used for the system-
atic review was as follows: population: pregnant women with 
serum 25(OH)D concentrations measured during pregnancy 
who did not explicitly consume vitamin D supplements, inter-
ventions: the pregnancies of these women that occurred in the 

winter season, comparison: the pregnancies of these women 
that occurred in the summer season, outcome: evaluates dif-
ferences in neonatal pregnancy outcomes between these two 
groups. Articles that assessed maternal vitamin D levels, the 
season or time of year that vitamin D levels were obtained, and 
at least one adverse neonatal outcome were included. Maternal 
vitamin D levels were determined through quantitative labora-
tory data that categorize vitamin D levels on standard guide-
lines or qualitative descriptors such as “high, low, sufficient, 
insufficient, adequate or hypovitaminosis,” as determined by 
each author’s guidelines for each study. Seasons were defined 
as “spring, summer, fall, winter” based on local criteria specific 
to the data source, with individual months used as a descriptor 
for timing of year. Adverse neonatal outcomes were used to aid 
in reflecting the impact of maternal vitamin D levels through-
out pregnancy and may include abnormal birth weight (low 
or SGA), preterm birth (being less than 37 weeks’ gestation), 
birth length, or head circumference. Studies were excluded if 
they did not include prenatal maternal vitamin D levels, had 
no assessment of adverse neonatal outcomes, if mothers in the 
study received vitamin D supplementation outside of prenatal 
vitamins or multivitamin use, were a non-English study, were a 
non-human study, or were a systematic review or editorial let-
ter. The PRISMA diagram outlining the article selection pro-
cess of our systematic review can be found in Figure 1.

Study selection

Rayyan [10] software was utilized for the screening process. 
After duplicate articles were resolved from the four database 
searches, a preliminary screen of the articles was conducted, 

Table 1.  Database Search Strategy for Keywords and MeSH Terms (PubMed, CINAHL, Cochrane Library, Scopus)

Database Search/MeSH term
PubMed ("Pregnant Women"[Mesh] OR "Pregnancy"[Mesh] OR "Pregnancy Trimesters"[Mesh] OR "Pregnancy Complications"[Mesh] OR 

"Maternal Health Services"[Mesh] OR "pregnan*"[tiab] OR "maternal*"[tiab] OR "expectant mothers"[tiab] OR "gestational"[tiab]) 
AND ("Vitamin D"[Mesh] OR "Ergocalciferols"[Mesh] OR "Vitamin D Deficiency"[Mesh] OR "Vitamin D*"[tiab] OR 
"ergocalciferol*"[tiab]) AND ("Seasons"[Mesh] OR "Sunlight"[Mesh] OR "season*"[tiab] OR "winter"[tiab] OR "spring"[tiab] 
OR "autumn*"[tiab] OR "summer"[tiab] OR "time of year"[tiab] OR "sun"[tiab] OR "sunlight"[tiab] OR "sunshine"[tiab])

CINAHL ((MH "Pregnant Women+") OR (MH Pregnancy+) OR (MH "Pregnancy Trimesters+") OR (MH "Pregnancy Complications+") 
OR (MH "Maternal Health Services+") OR (TI pregnan* OR AB pregnan*) OR (TI maternal* OR AB maternal*) OR (TI 
"expectant mothers" OR AB "expectant mothers") OR (TI gestational OR AB gestational)) AND ((MH "Vitamin D+") OR (MH 
Ergocalciferols+) OR (MH "Vitamin D Deficiency+") OR (TI "Vitamin D*" OR AB "Vitamin D*") OR (TI ergocalciferol* OR AB 
ergocalciferol*)) AND ((MH Seasons+) OR (MH Sunlight+) OR (TI season* OR AB season*) OR (TI winter OR AB winter) OR 
(TI spring OR AB spring) OR (TI autumn* OR AB autumn*) OR (TI summer OR AB summer) OR (TI "time of year" OR AB "time 
of year") OR (TI sun OR AB sun) OR (TI sunlight OR AB sunlight) OR (TI sunshine OR AB sunshine))

Cochrane 
Library

([mh "Pregnant Women"] OR [mh Pregnancy] OR [mh "Pregnancy Trimesters"] OR [mh "Pregnancy Complications"] OR [mh 
"Maternal Health Services"] OR pregnan*:ti,ab OR maternal*:ti,ab OR "expectant mothers":ti,ab OR gestational:ti,ab) AND ([mh 
"Vitamin D"] OR [mh Ergocalciferols] OR [mh "Vitamin D Deficiency"] OR ("Vitamin" NEXT D*):ti,ab OR ergocalciferol*:ti,ab) 
AND ([mh Seasons] OR [mh Sunlight] OR season*:ti,ab OR winter:ti,ab OR spring:ti,ab OR autumn*:ti,ab OR summer:ti,ab OR 
"time of year":ti,ab OR sun:ti,ab OR sunlight:ti,ab OR sunshine:ti,ab)

Scopus ("Pregnant Women" OR Pregnancy OR "Pregnancy Trimesters" OR "Pregnancy Complications" OR "Maternal Health Services" 
OR pregnan* OR maternal* OR "expectant mothers" OR gestational) AND ("Vitamin D" OR Ergocalciferols OR "Vitamin D 
Deficiency" OR "Vitamin D*" OR ergocalciferol*) AND (Seasons OR Sunlight OR season* OR winter OR spring OR autumn* 
OR summer OR "time of year" OR sun OR sunlight OR sunshine)
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with each article abstract being screened by at least two individ-
ual authors via a blind review to reduce bias. All reviewers fol-
lowed the same inclusions/exclusion criteria described above. 
All conflicts on inclusion/exclusion of articles were discussed 
and resolved through discussion among all reviewers. The ab-
stracts included were exported in a Microsoft Excel file for data 
extraction in a full-text screening using the same inclusion/ex-
clusion criteria used in the preliminary screening. The full-text 
articles were analyzed by one reviewer that examined whether 
the article qualified for inclusion by thoroughly reviewing the 
study design, population, and relevant outcomes of the article. 

To ensure a thorough review of each article, all included articles 
were analyzed a second time by another reviewer. All four re-
viewers discussed any discrepancies on whether an article was 
to be included or excluded following full-text analysis.

Data extraction

After a thorough review, 11 articles were selected for inclusion 
in the final analysis of this systematic review. Data were manu-
ally and systematically extracted from each of the selected ar-

Figure 1. The PRISMA diagram outlining the article selection process of our systematic review.
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ticles by the four authors. The extracted data included the fol-
lowing variables: study title, authorship, study design, year of 
publication, location of study, season of measurement, vitamin 
D status, and associated adverse neonatal outcomes such as 
vitamin D deficiency, preterm birth, birth weight, birth length, 
and head circumference. The articles were evenly distributed 
among the four authors for primary data extraction. Subse-
quently, a second author was assigned to independently review 
the extracted data to identify any inconsistencies or discrepan-
cies. Any discrepancies were discussed by the four authors, 
and the initial author responsible for the extraction made the 
necessary revisions. The results of this data extraction process 
are summarized in Table 2 [11–21].

Assessment of risk of bias

To evaluate the risk of bias in each study included in the re-
view, all articles were evaluated using the “Mixed Methods 
Appraisal Tool” (MMAT), Version 2018 in Table 3 [11–21]. 
This standardized tool is specifically designed to assess the 
risk of bias in studies with diverse research designs within a 
single systematic review. Its structured framework allowed for 
a consistent and comprehensive appraisal, to enhance the reli-
ability and validity of our findings. Each study was indepen-
dently reviewed by two randomly assigned authors. Following 
the initial assessments, all four authors discussed any discrep-
ancies and resolved conflicts through unanimous consensus. 
This collaborative approach strengthened the reliability and 
validity of the risk of bias assessment. The final assessments 
are presented in Table 3.

Results

The search and screening for this systematic review, as shown 
in the PRISMA flow diagram (Fig. 1), identified 3,246 articles 
across four data bases: PubMed (n=1,092), CINAHL Plus with 
Full Text (EBSCO) (n = 392), Cochrane Library (n = 150), 
and Scopus (n = 1,612). After removing 1,394 duplicate arti-
cles, 1,852 articles were screened by the authors. Articles were 
deemed eligible for inclusion if they focused on seasonal vari-
ation in maternal vitamin D levels and their association with 
neonatal outcomes. Of these, 39 articles were selected for full-
text review. Following the guidelines of inclusion and exclu-
sion based on the PRISMA flow diagram (Fig. 1), 11 articles 
were selected for further analysis.

This systematic review identified 11 studies of various 
designs published between 2011 through 2020, with one out-
lier published in 1974. The studies were conducted in various 
geographic locations including Turkey, Slovenia, South Af-
rica, the United States, China, Morrocco, Japan, South Korea, 
and Ireland. The sample sizes varied widely across each study, 
ranging from 60 to 34,417 pregnant women with a median of 
229 women per study. Out of the 11 articles included, eight of 
the studies reported significant seasonal variation in vitamin D 
status, while six studies reported significant adverse neonatal 
outcomes associated with maternal vitamin D levels.

Seasonal variation of maternal vitamin D levels during 
pregnancy

Significant association between maternal vitamin D levels 
and seasonal variation

Eight of the 11 studies found a significant association between 
maternal vitamin D levels and seasonal variation (as shown 
in Table 4) [11–21]. One such study conducted in Ireland [11] 
found only 10% of women in the summer cohort to be vita-
min D sufficient while 50% were at high risk of deficiency. In 
contrast, the winter cohort showed 67% sufficiency and 7% 
at high risk of deficiency (P < 0.05) in the first trimester. This 
trend continued at 28 weeks’ gestation, where 30% of the win-
ter cohort had sufficient 25(OH)D concentrations compared to 
over 53% of the summer cohort (P < 0.05). However, by the 
time of delivery, vitamin D sufficiency sharply declined. In the 
winter cohort, 3% were sufficient and 47% were at high risk 
of deficiency. Similarly, in the summer cohort deliveries, al-
though 25(OH)D concentrations were statistically significant-
ly higher at 28 weeks, only 13% of samples were sufficient, 
and 43% were at high risk of deficiency at time of delivery. 
Concentrations of 25(OH)D were highest in mid-summer and 
lowest at the beginning of spring.

In a study conducted in Slovenia [12], 25(OH)D was 
found to be statistically significant across different seasons, 
with prevalences of sufficiency at 12% in the summer, 2% 
in the autumn, 1% in the winter, and 13% in the spring (P < 
0.001). The rest of the participants in each cohort were defined 
as being insufficient, deficient, or severely deficient. Notably, 
at the time of this study, the only nutritional supplement rec-
ommended nationally in Slovenia was folic acid.

A study conducted in Turkey [13] found that 86% of all 
pregnant women participating in the study had deficient vita-
min D levels, 12% were inadequate, and 2% were sufficient. 
Serum 25(OH)D levels were lowest during the winter season 
and highest during the summer (P < 0.001) showing a sig-
nificant association. This study also found that 10.95 ng/mL 
was the optimal cutoff value for vitamin D deficiency with an 
82.5% sensitivity and 91.5% specificity.

A study conducted in Johannesburg, South Africa [14] 
found that mean levels of serum 25(OH)D were highest in 
summer and lowest in winter for their sample. The proportion 
of mothers with vitamin D deficiency increased from 7% dur-
ing summer deliveries to 27% during winter deliveries. The 
study found that women were three times more likely to be 
vitamin D deficient if delivering during the winter, in contrast 
with the other seasons. Also mean 25(OH)D levels in summer 
almost doubled those in winter (82.9 vs. 41.8 nmol/L respec-
tively). According to multiple regression analysis, the predic-
tor of vitamin D deficiency among pregnant women was de-
livering during winter (odds ratio (OR) 2.87, 95% confidence 
interval (CI) 1.47–5.61; P < 0.001).

Another study conducted in Turkey [15] assessed the se-
rum levels of 25(OH)D in the first trimester and found that 
68.3% of the winter cohort were vitamin D deficient while 
only 31.7% of the summer cohort were deficient. The study 
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found that serum 25(OH)D collected amongst pregnant wom-
en during summer months was significantly higher than the 
levels in winter months. Binary logistical regression analysis 
determined this difference to be statistically significant (P < 
0.0001).

In a study conducted in China [16], results found that only 
1.6% of the subjects had an adequate serum 25(OH)D levels (≥ 
75 nmol/L). In contrast to the other studies, the highest vitamin 
D levels occurred in winter with a median serum 25(OH)D 
concentration of 45.10 nmol/L and the lowest vitamin D levels 
occurred in summer, with a median 25(OH)D concentration of 
41.76 nmol/L. Both Kruskal-Wallis tests and Chi-square anal-
ysis of the relationship between serum 25(OH) D and seasons 
found them to be significant (P < 0.001, P < 0.001). However, a 
multiple logistic regression analysis demonstrated that season 
was correlated with 25(OH) D status, except for the season 

of summer. Compared with spring season, autumn and winter 
had lower risk of vitamin D deficiency with ORs of 0.841 and 
0.607, respectively.

Two studies had mixed results where only certain seasons 
provided significant results. One such study in South Korea 
[17] found that the prevalence of vitamin D deficiency var-
ied significantly across seasons: 84.7% in the spring, 45.5% 
in the summer, 73.7% in the fall, and 100% in the winter. The 
serum 25(OH)D concentrations differed significantly between 
spring and summer, spring and fall, and summer and winter 
(P < 0.05). However, the difference in deficiency prevalence 
between summer and winter specifically was not significant, 
likely due to the small sample size of the winter cohort, as 
noted by the authors. A pooled analysis confirmed that vita-
min D deficiency prevalence was significantly lower in the 
summer compared to both spring and fall (P < 0.05), with the 

Table 3.  MMAT Assessment for Risk of Bias [11–21]

Study type
Article ID Authors/publication year MMAT question number

Quantitative descriptive S1 S2 4.1 4.2 4.3 4.4 4.5
Observational studies 1 Öcal et al (2019) Y Y Y Y Y N Y

8 Loudyi et al (2016) Y Y Y N Y N Y
9 Shibata et al (2011) Y Y N N Y N Y

Quantitative non-randomized studies S1 S2 3.1 3.2 3.3 3.4 3.5
2 Teriber et al (2020) Y Y Y Y Y Y Y
3 Velaphi et al (2019) Y Y Y Y Y N Y
4 Ates et al (2016) Y Y Y Y Y Y Y
5 Hillman & Haddad (1974) Y Y N Y Y N Y
6 Li et al (2020) Y Y Y Y Y N Y
7 Dovnik et al (2017) Y Y Y Y Y Y Y
10 Walsh et al (2013) Y Y N Y Y N Y
11 Choi et al (2015) Y Y N Y Y Y Y

Table 4.  Data Extraction Results [11–21]

Statistically significant results?
Seasonal variation in vitamin D Preterm birth Birth weight Birth length Head circumference

Öcal et al (2019) Yes Yes Yes — —
Treiber et al (2020) No Yes No No No
Velaphi et al (2019) Yes No No — —
Ates et al (2016) Yes No No — —
Hillman & Haddad (1974) Yesa No Yesb — —
Li et al (2020) Yes — No — —
Dovnik et al (2017) Yes Yes — — —
Loudyi et al (2016) No — No — —
Shibata et al (2011) No Yes — — —
Walsh et al (2013) Yes — No No No
Choi et al (2015) Yesa No No — —

aOnly between some seasons (Choi: not between winter/spring and summer/fall) (Hillman & Haddad: only significant in Dec/Jan). bWeak correlation 
between maternal levels and weight but did not hold up with maternal-cord differences.
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highest risk observed in the spring (P < 0.05). Additionally, 
Hillman & Haddad (1974) [18] found a significant influence 
on serum 25(OH)D levels but only in the months of January 
and December. Overall, maternal levels were routinely lower 
in the winter season.

No significant association between maternal vitamin D levels 
and seasonal variation

Only three studies showed no significant association between 
vitamin D levels and seasonal variation (as shown in Table 
4). The first study was conducted in Tokai, Japan [19], which 
showed that mean serum 25(OH)D levels were 13.9 ± 4.2 ng/
mL in March, 14.3 ± 5.1 ng/mL in June, 15.7 ± 6.4 ng/mL in 
September, and 13.7 ± 5.1 ng/mL in December. While levels 
were lowest in winter and highest in summer, the variation was 
not statistically significant according to t-test analysis. Over-
all, hypovitaminosis D was revealed in 85 mothers (89.5%). 
Additionally, in a Morocco study [20], findings showed that 
90.1% of pregnant women had hypovitaminosis D with an av-
erage concentration of 11.09 ± 5.91 µg/L, but there was no sta-
tistically significant difference in levels depending on season 
(P = 0.087).

Lastly, in Slovenia, Treiber et al [21] found that only 34% 
of mothers were classified as having sufficient vitamin D levels 
(> 50 nmol/L). There was seasonal variation with higher lev-
els in September (74 ± 33 nmol/L) and June (60 ± 30 nmol/L) 
groups compared with the December (53 ± 27 nmol/L) and 
March (37 ± 23 nmol/L) groups. While the authors mentioned a 
significant seasonal effect on maternal 25(OH)D levels, there 
was no evidence of statistical analysis. Therefore, this asso-
ciation between season and serum 25(OH)D level cannot be 
statistically significant.

Vitamin D status and neonatal outcomes

Significant association between maternal vitamin D status 
and neonatal outcomes

Five of the 11 studies found significant associations between 
maternal vitamin D and various neonatal outcomes (as shown 
in Table 4). Dovnik et al [12] found significantly lower levels 
of 25(OH)D in women with preterm delivery (P < 0.022) com-
pared to those without the complication through independent 
samples t-test analysis. Those who had preterm labor had an 
average 25(OH)D concentration of 30.8 ± 15.1 vs. 44.3 ± 24.0 
nmol/L for those who did not go into labor preterm. Addition-
ally, one study in Japan [19] found that serum 25(OH)D levels 
in mothers with threatened preterm delivery were lower than 
those in those with normal delivery. Serum 25(OH)D levels 
were 11 ± 3.2 ng/mL in mothers with threatened preterm deliv-
ery compared with those who did not (15.2 ± 5.1 ng/mL). Mul-
tiple regression statistics and analysis of variance (ANOVA) 
found this association to be statistically significant (P = 0.023 
and P = 0.002, respectively).

A study from Turkey [13] found that 25(OH)D levels in 

the winter cohort were a statistically significant predictor for 
preterm delivery and SGA (P = 0.000). This association held 
true when comparing these variables to women with below op-
timal levels of 25(OH) D (P = 0.000). Treiber et al [21] also 
found that preterm birth was associated with 25(OH)D con-
centrations (P < 0.001). Lastly, Hillman & Haddard [18] found 
a weak correlation between low maternal 25(OH)D levels and 
birth weight, but did not find maternal-cord level differences 
to be statistically significant with birth weight.

No significant association between maternal vitamin D status 
and neonatal outcomes

However, six out of the 11 studies did not find any significant 
associations between maternal vitamin D levels and neonatal 
outcomes (as shown in Table 4). Walsh et al [11] found that 
infants of mothers with 25(OH)D levels below the median in 
early pregnancy had shorter mean lengths (52.1 vs. 53.6 cm, P 
= 0.04). However, this relationship was not statistically signifi-
cant at 28 weeks. Furthermore, no significant differences were 
observed between mothers with 25(OH)D levels above or be-
low the median at any stage regarding other outcomes. An-
other study [17] investigated the association between preterm 
birth and SGA with vitamin D. Among women who delivered 
preterm babies, 77.8% were vitamin D deficient and among 
women with SGA babies, 62.5% were vitamin D deficient. 
Despite these findings, no significant associations were found 
between vitamin D deficiency and either preterm delivery or 
SGA outcomes according to univariate or multivariate logis-
tic regression analyses. Similarly, the St. Louis Missouri study 
[18] found no significant difference in maternal serum 25(OH)
D levels between those with term and premature births.

In a South African study [14], univariate and multivariate 
analysis also showed no significant correlation between vita-
min D deficiency in mothers and preterm birth (P = 0.91, P = 
0.156) or low birth weight (P = 0.148, P = 0.058). Treiber et al 
[21] in Slovenia found that there were no significant differenc-
es in neonate weight, length, head circumference, gestational 
age, or incidence in low birth weight between seasonal groups. 
Ates et al [15] reported that there were no significant correla-
tions between serum 25(OH)D levels and numerical outcome 
variables including preterm delivery and birth weight, regard-
less of season (P = 0.99, P = 0.66 respectively) according to 
Yates-corrected Chi-squared analysis.

In a study conducted in Shanghai, China [16], there was 
no association found between maternal serum 25(OH)D levels 
and low birth weight according to logistic regression analysis (P 
= 0.706). Loudyi et al [20] found that the average birth weight 
for all the newborns for a cohort in Morocco was 3,337.9 ± 509 
g, average height was 49.18 ± 3.3 cm, and average head cir-
cumference was 34.75 ± 2.2 cm. However, there was no statisti-
cal analysis done to determine the significance of these results. 
No correlation was found between maternal hypovitaminosis D 
and birth weight in the newborns involved in this study. Lastly, 
Treiber et al [21] found no relationship between any of the in-
vestigated neonatal anthropometric parameters at birth which 
included weight, length, and head circumference.
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Discussion

Maternal vitamin D status is a critical factor in pregnancy 
and neonatal health, with evidence highlighting the impact of 
vitamin D deficiency on birth outcomes [22]. Seasonal vari-
ations in maternal vitamin D levels have been consistently 
documented, with higher levels in the summer and lower lev-
els in the winter, largely due to differences in sun exposure. 
These variations have raised concerns regarding the potential 
impact of vitamin D deficiency on neonatal outcomes, includ-
ing SGA, preterm birth, and low birth weight [7, 9]. Given 
these concerns, this systematic review aimed to explore the 
association between seasonal variation in maternal vitamin D 
levels and neonatal health outcomes, considering factors such 
as geographic location, dietary intake, and cultural practices.

Significant variation in vitamin D levels among pregnant 
women is evident throughout different seasons, with the high-
est vitamin D levels occurring in the summer and lowest vita-
min D levels occurring in the winter, on average. This pattern 
was consistent across a variety of geographic locations, in-
cluding Europe, Asia, and Africa. Specifically, lower maternal 
serum levels of 25(OH)D were found in the winter months, 
and higher maternal serum levels of 25(OH)D were found in 
the summer months, likely attributed to greater sun exposure, 
a major source of vitamin D. These results align with most 
studies, such as Dovnik et al [12], which found that 12% of 
pregnant women were vitamin D sufficient in the summer ver-
sus only 1% sufficient in the winter. Similarly, Choi et al [17] 
found that women were 100% vitamin D deficient in the winter 
and 45.5% in the summer, although no significant difference 
in the prevalence of these deficiencies were found between the 
winter and summer months, possibly due to sampling error. 
Similarly, in Turkey [13], 86% of women were classified as 
deficient in the winter. Conversely, those who reside in areas 
with greater consistency in sunlight exposure throughout the 
year may experience a less pronounced seasonal decline in vi-
tamin D levels, although deficiency is still apparent. For ex-
ample, in Johannesburg, South Africa [14], which experiences 
consistent sunlight year-round due to its proximity to the equa-
tor, only 7% of women were deficient in the summer compared 
to 27% in the winter.

One possible explanation for these discrepancies arises 
from several factors varying across populations and studies. 
First, key contributors to vitamin D synthesis include amount 
of sun exposure and regional setting. Since sun exposure var-
ies with the seasons, especially at northern latitudes, decreased 
exposure in the winter months will lead to decreased vitamin D 
synthesis, and therefore higher rates of deficiency are expect-
ed. In some regions, seasonal variation does not follow this ex-
pected pattern, suggesting the influence of additional factors, 
such as geographic location and cultural factors, on vitamin 
D levels. Li et al [16] found that the highest vitamin D levels 
occurred in winter as opposed to summer, potentially due to 
regional factors such as cloud cover during China’s plum rain 
season and cultural preferences for lighter skin, leading to ex-
tensive sunscreen use. A Morocco study [20] found no season-
al variation in vitamin D levels even though 90.1% of pregnant 
women were deficient. In another study [11], the winter cohort 

showed higher vitamin D sufficiency at the start of pregnancy 
(67% vs. 10% in the summer cohort); however, by the time of 
delivery, sufficiency had sharply declined in both cohorts. This 
timing pattern is also supported by studies that were outside of 
our inclusion criteria [23], which reported minimal seasonal 
differences in maternal vitamin D levels early in pregnancy, 
yet significantly lower levels among winter and spring deliver-
ies when compared to summer and fall deliveries. When taken 
together, this may suggest that the timing of pregnancy and 
season of delivery may lead to associations between neona-
tal outcomes as vitamin D levels varied based on seasonality 
across several studies. These findings underscore that while 
seasonal variation is a key factor, maternal vitamin D status is 
impacted by the complex interplay of environmental, cultural, 
and behavioral influences.

Although seasonal variation significantly influences vita-
min D levels, the impact of other factors, such as healthcare 
access, cultural practices, and public health policies, cannot be 
overlooked. Regions with public health campaigns encourag-
ing vitamin D supplementation, such as the United States and 
Japan, may provide an explanation for the adequate vitamin D 
level in some women. However, despite these recommenda-
tions, vitamin D deficiency remains high in these countries, 
pointing towards potential issues such as inconsistent supple-
mentation guideline adherence, individual dietary habits, or 
limited access to appropriate supplementation [24]. In con-
trast, in countries like Slovenia [12], there is limited vitamin 
D supplementation during pregnancy, which may contribute 
to higher deficiency rates among pregnant women. The study 
reported that, at that time, the only recommended supplement 
during pregnancy was folic acid. Whereas in China [16], where 
the guidelines regarding vitamin D supplementation through-
out pregnancy are lacking, further contribution to the higher 
prevalence of vitamin D deficiency may be attributed by these 
absent recommendations or supplementation protocols.

The last important consideration is maternal race, or skin 
pigmentation, as a possible explanation for variations in ma-
ternal vitamin D levels. While race was not addressed consist-
ently across the studies included in the review, a few did con-
sider race in their studies. Both Loudyi et al [20] and Hillman 
et al [18] found high levels of deficiency among women with 
darker skin tones. While this was not shown to be statistically 
significant in Loudyi et al, likely due to the high prevalence 
of deficiency in the study population overall, Hillman found 
statistically higher levels of deficiency among their black 
mother-baby pairs and the study addresses that the cause of 
this statistically significant finding is unknown, but they pro-
pose skin pigmentation, availability of effective solar radia-
tion, and dietary differences as potential factors [18]. It is a 
known mechanism that the melanin found in darker skin tones 
filters UBV radiation which reduces the conversion of 7-dehy-
drocholesterol to pre vitamin D3 in the skin, therefore reduc-
ing the amount of vitamin D synthesis overall [14, 25]. While 
this is an established connection, the effect that differences in 
skin pigmentation have on maternal vitamin D levels, and sub-
sequently neonatal outcomes, remains to be determined and is 
beyond the scope of this paper.

While the association between seasonal variation and ma-
ternal vitamin D level is more consistent and straightforward, 
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the impact of maternal vitamin D status on neonatal outcomes 
appears to be more variable and complex. For instance, Choi 
et al [17] found that low levels of vitamin D were associated 
with both SGA and preterm births, although no significant as-
sociations were reported, likely due to the small sample size. 
Similarly, Öcal et al [13] found that low levels of vitamin D 
were statistically significant predictors of SGA and preterm 
birth solely in the winter, and low vitamin D levels were asso-
ciated with threatened preterm birth [12, 19]. These findings, 
however, were not consistently replicated. For example, Ates 
et al [15] found no significant relationship between vitamin 
D deficiency and birth outcomes such as preterm birth or low 
birth weight, despite observing clear variation in vitamin D 
levels. These inconsistencies may stem from confounding fac-
tors, variations in sample size, study design, and differences in 
the specific populations studied.

Neonatal health outcomes associated with maternal vita-
min D deficiency include an increased risk for SGA, low birth 
weight, preterm birth, impaired skeletal development, and in-
creased susceptibility to infectious diseases [26]. Vitamin D 
plays a key role in calcium homeostasis and fetal bone miner-
alization, where deficiency during pregnancy has been associ-
ated with neonatal rickets and suboptimal bone growth [27]. 
Additionally, some studies suggest an association between low 
maternal vitamin D levels and an increased risk of neonatal in-
fections, respiratory distress syndrome, and impaired immune 
function, largely due to vitamin D’s role in modulating the im-
mune system [28]. However, while multiple studies support this 
link between maternal vitamin D deficiency and adverse neona-
tal outcomes, some studies have failed to find consistent asso-
ciation between vitamin D status and associated complications, 
likely due to confounding variables influencing this relationship.

Beyond seasonal variations and several other factors com-
plicating the relationship between maternal vitamin D levels 
and neonatal health, there are a host of additional components 
which may contribute to deficiencies in ways that are chal-
lenging to isolate and quantify. Pregnancy-related changes in 
vitamin D metabolism can alter levels of available 25(OH)D, 
exacerbating deficiency, especially during the third trimester 
when the demand for nutrients is heightened [29]. Women 
with higher body fat percentages are also at increased risk of 
vitamin D deficiency, as excess fat stores vitamin D, reduc-
ing its bioavailability and resulting in lower circulating levels 
[30]. Additionally, one study found that vitamin D deficiency 
is more common in disadvantaged areas, pointing to the fact 
that healthcare access and socioeconomic status are important 
modulators of vitamin D status, and may augment the risk of 
deficiency in these populations [31]. In these cases, heightened 
deficiency not only affects maternal health but also contributes 
to adverse neonatal health outcomes impacting infection sus-
ceptibility risk and anthropometric development.

How vitamin D deficiency and seasonally linked variations 
in vitamin D status might impact pregnancy outcomes has been 
explored in several prior investigations. However, there are 
emerging pathways that link vitamin D signaling with circadian 
rhythm biology and alternative metabolic activation, extending 
beyond the classical proposed mechanisms of vitamin D’s role 
in calcium homeostasis and immune regulation. This new evi-
dence suggests a bidirectional relationship between vitamin D3 

signaling and regulation of circadian networks via interactions 
with nuclear receptors such as RORs, REV-ERBs, and AhR, 
providing a plausible link between UVB-dependent vitamin 
D synthesis, seasonal variation, and molecular clock mecha-
nisms [32]. These insights complement established evidence 
that adequate vitamin D levels are critical for maternal and fetal 
health, particularly through calcium metabolism and immune 
regulation. Inadequate maternal vitamin D levels may impair 
calcium absorption and placental calcium transfer, disrupting 
fetal skeletal mineralization and contributing to adverse growth 
outcomes [8, 27, 28]. Additionally, vitamin D has been impli-
cated in immunomodulation, where deficiency is associated 
with inflammatory activity alteration and increased susceptibil-
ity to neonatal infectious complications [8, 24, 26]. Beyond the 
classical 25(OH)D to 1,25(OH)2D pathway, CYP11A1-initiated 
activation of vitamin D3 and related photoproducts produces 
hydroxyderivatives that act on non-classical receptors, includ-
ing RORα/γ, AhR, and LXR, potentially influencing inflamma-
tion and cellular differentiation [33]. While direct evidence of 
this relationship among pregnant mothers is lacking, these path-
ways suggest plausible mechanisms linking seasonal variation 
in maternal vitamin D status to fetal growth, immune function, 
and neonatal health outcomes. However, their contribution in 
our cohort remains speculative.

The implications of these findings are significant for clini-
cal and public health efforts. Given the seasonal variations in 
vitamin D deficiency, monitoring serum 25(OH)D levels in 
pregnant women, particularly during winter months or in re-
gions with limited sun exposure, may help prevent deficiency 
and its associated risks. Establishing clinical guidelines re-
garding supplementation, increasing awareness of supplemen-
tation adherence, and encouraging intake of vitamin D-rich 
foods, could be particularly beneficial, especially in regions 
where deficiency is widespread. Since maternal vitamin D 
levels directly impact fetal development [34], ensuring ad-
equate vitamin D intake during pregnancy could reduce the 
incidence of neonatal complications and improve outcomes 
related to overall fetal growth, bone health, and immune func-
tion. Public health initiatives, such as promoting year-round 
supplementation, food fortification, and improved guideline 
recommendations for adequate vitamin D intake, could help 
mitigate vitamin D deficiency and these associated risks, lead-
ing to improved maternal and neonatal health outcomes.

Further research is needed to assess the effectiveness of vi-
tamin D supplementation strategies, including optimal duration, 
timing, and dosage, to determine the most efficient approach for 
preventing vitamin D deficiency and improving health outcomes. 
Large-scale longitudinal studies could help clarify the role of vi-
tamin D in preventing adverse pregnancy outcomes, providing 
valuable insights for clinical and public health policies. Under-
standing the relationship between maternal vitamin D levels and 
neonatal health may help refine targeted interventions, ensuring 
better health outcomes for both mothers and infants.

Limitations and strengths

This systematic review includes studies from a myriad of regions 
including China, Ireland, Turkey, Japan, Slovenia, Morrocco, 
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South Africa, United States, Ireland, and South Korea. This pos-
es both strengths and limitations to the systematic review.

For instance, the quantitative threshold for hypovitamino-
sis is not a fixed universal value. Thus, serum levels defined 
as vitamin D deficiency are not a standardized threshold value, 
which may lead to some confounding inconsistencies in our 
findings. Also, the actual methods of obtaining and measur-
ing vitamin D levels were not standardized across all studies, 
which may lead to some inconsistencies in accuracy of serum 
25(OH)D levels reported. There was also variation in sample 
size and demographics among the studies included in the sys-
tematic review. For example, a study conducted in St. Louis, 
Missouri consisted of a sample size of 66 pregnant women, 
while another study conducted in Turkey reported a sample 
size of 600 mother-infant pairs. These drastic fluctuations in 
sample size, and lack of standardization, may contribute to in-
consistencies.

Additionally, the vast array of geographic locations and 
countries included in the systematic review results in variable 
duration and timing of seasons, climate, and average amount of 
daylight. Thus, based on the variation in proximity to the equa-
tor, the average amount of daylight varies by country and may 
lead to variation in sun exposure and corresponding maternal 
vitamin D levels. Also, the studies included in this systematic 
review lack clarity as to whether vitamin D supplementation 
was addressed or restricted. This could result in some incon-
sistencies in our efforts to assess the most direct relationship 
between season and maternal serum 25(OH)D levels. Lastly, 
while conducting the systematic review, the full text second-
ary review was not blinded. This has the potential to introduce 
some confirmation bias among the authors during the full text 
secondary review process.

Nonetheless, given the objective of this systematic review, 
it is not possible to standardize every variable. Additionally, 
when it comes to assessing neonatal outcomes, this systematic 
review focuses on specific, yet universal outcomes that facilitate 
the establishment of a relationship between seasonal maternal 
serum 25(OH)D levels and neonatal outcomes. There are trade-
offs to every scenario and this systematic review takes a holistic, 
universal approach toward investigating the correlation between 
maternal vitamin D levels and neonatal outcomes.

Conclusions

This systematic review reveals significant seasonal variation in 
maternal vitamin D levels, with lower levels typically observed 
in the winter and higher levels in the summer. These fluctua-
tions are consistent across geographic regions and were largely 
attributed to changes in sunlight exposure. While some research 
demonstrated associations with adverse neonatal outcomes, 
such as SGA and preterm birth, others found no correlation, ex-
posing the inconsistency in the relationship between maternal 
vitamin D levels and neonatal outcomes. These discrepancies 
are likely due to factors such as study design, cultural practices, 
population demographics, and regional differences. In areas of 
more consistent sun exposure, vitamin D deficiency persists, 
likely due to supplementation limitations or lifestyle differ-

ences, although the seasonal variations in vitamin D levels are 
less pronounced. To address deficiency in vitamin D, especially 
in areas further from the equator or with limited sun exposure, 
clinicians should emphasize consistent supplementation use and 
adherence, as well as monitoring of vitamin D status. Further 
research is needed to better refine the supplementation protocols 
and strategies, and to better understand the impact it has on ma-
ternal and neonatal outcomes, with the ultimate goal of reducing 
global vitamin D deficiency and its associated risks.
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