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Relationship between vitamin
D deficiency and gestational
diabetes: a narrative review
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Department of Endocrinology, Hainan General Hospital, Hainan Affiliated Hospital of Hainan Medical
University, Haikou, Hainan, China
Vitamin D, often referred to as the “sunshine vitamin,” is an essential fat-soluble

vitamin that plays a critical role in bone health and has been shown to improve

insulin sensitivity and glucose tolerance. Vitamin D deficiency is prevalent among

pregnant and pre-pregnancy women, which increases the risk of developing

gestational diabetes mellitus (GDM), a common complication during pregnancy.

Recent studies have explored various aspects of the relationship between vitamin

D deficiency and GDM, including the mechanisms by which vitamin D affects

glucose metabolism, the role of the vitamin D receptor gene, and the impact of

routine vitamin D supplementation before and during pregnancy. This paper will

review the current research progress in these areas.
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1 Introduction

GDM refers to abnormal glucose metabolism that occurs during pregnancy, excluding

pre-existing type 1 or type 2 diabetes (1, 2). The prevalence of gestational hyperglycemia in

China is significant and continues to rise annually. According to the 9th edition of the

International Diabetes Federation Diabetes Atlas, the estimated prevalence of GDM in

China in 2019 and beyond is 14.8% (3). The 10th edition of the Global Diabetes Map

indicates that the global incidence of gestational hyperglycemia in 2021 is 16.7%, of which

GDM accounts for 80% (4). the average prevalence of GDM in China is 14.8% (5).

Although the etiology and pathogenesis of GDM are not fully understood, several high-risk

factors contribute to its increased incidence. Vitamin D is an essential nutrient obtained

from sunlight, natural foods, and exogenous supplements (6). Vitamin D3, in particular, is

found in animal-based foods such as milk, deep-sea fish, cod liver oil, and egg yolk (7).The

primary physiological functions of vitamin D include regulating serum calcium absorption,

balancing calcium and phosphorus metabolism, promoting bone growth, and regulating

cellular growth and differentiation. Vitamin D deficiency in women of childbearing age has

also attracted considerable attention. It poses a major health risk not only to non-pregnant

women but also to those who are pregnant. Vitamin D is crucial for women of childbearing
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age and during pregnancy. Deficiency in vitamin D has been shown

to affect glucose metabolism mechanisms during pregnancy,

including insulin secretion and resistance. This deficiency

exacerbates insulin resistance, leading to elevated blood glucose

levels and increasing the risk of developing GDM. Furthermore,

vitamin D deficiency significantly impacts adverse pregnancy

outcomes in women with GDM. Currently, the mechanisms of

glucose metabolism during pregnancy, the role of the vitamin D

receptor (VDR) gene in GDM, and dose-related indicators of GDM

require further research. This article reviews the correlation

between vitamin D deficiency and GDM for clinical reference.
2 Overview of vitamin D deficiency

2.1 Sources of vitamin D

Vitamin D is a steroid-derived compound obtained from

sunlight, natural foods, and exogenous supplements (6). It is

mainly acquired through the following methods (Figure 1):

Sunlight Exposure: The primary source of vitamin D for the

human body is through skin exposure to sunlight. When the skin

is exposed to ultraviolet B (UVB) radiation from sunlight, 7-

dehydrocholesterol in the skin is converted to provitamin D3,
Frontiers in Endocrinology 02
which then undergoes spontaneous isomerization to form vitamin

D3. This process accounts for approximately 80-90% of the body’s

vitamin D supply. Food Intake: Vitamin D can also be ingested

through dietary sources. Vitamin D3 is predominantly found in

animal-based foods, such as milk, deep-sea fish, cod liver oil, and

egg yolk (7). Vitamin D2, on the other hand, mainly comes from

plant-based foods like certain mushrooms. Once consumed, vitamin

D from these foods enters the lymphatic system via chylomicrons and

eventually reaches the bloodstream. Supplement Intake: Due to the

limited amount of vitamin D available in food and the possibility of

insufficient sunlight exposure, exogenous supplements are an

important alternative source of vitamin D. Vitamin D metabolism

involves several key steps. In the liver, both vitamin D3 and D2 are

converted to 25-hydroxyvitamin D, the main circulating form of

vitamin D and an indicator of vitamin D levels. In the kidneys or

extrarenal tissues, 25(OH)D3 is further converted to 1,25(OH)2D3,

the active form of vitamin D. This active form is crucial for

maintaining calcium and phosphorus balance, bone health, and

various other physiological functions.Ensuring adequate vitamin D

levels is essential for overall health. In addition to sufficient sunlight

exposure, increasing the intake of vitamin D-rich foods can help

maintain these levels. However, because dietary sources alone are

often inadequate to meet the body’s needs, vitamin D is uniquely

referred to as the “sunshine vitamin.”
FIGURE 1

Metabolic pathways of vitamin D.
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2.2 The harm of vitamin D deficiency

Vitamin D deficiency is potentially harmful to the development

and progression of various diseases, with low concentrations of 25

(OH)D3 serving as potential risk markers for several conditions,

including cancer morbidity and mortality. The most well-

recognized role of vitamin D is its impact on bone health. A

deficiency in vitamin D can lead to inadequate calcium

absorption, and severe deficiency may result in bone health

diseases. Cancer: Vitamin D has been implicated in the

development of cancers such as colon and breast cancer. A meta-

analysis of prospective studies assessing the association between

serum 25(OH)D3 levels and cancer incidence (8 studies) or cancer

mortality (16 studies) found that each 20 nmol/L increase in serum

25(OH)D3 levels (8 mg/L) was associated with a 7% reduction in

cancer risk and a 2% reduction in cancer mortality (8).

Cardiovascular Disease: A meta-analysis of prospective studies

found an association between reduced vitamin D status, as

measured by serum 25(OH)D3 levels or vitamin D intake, and an

increased risk of ischemic stroke and ischemic heart disease (9).

Endocrine and Metabolic Diseases: Studies have indicated that

vitamin D deficiency may be closely related to an increased risk

of diabetes and pre-diabetes (10). Autoimmune Diseases: Research

has shown that vitamin D supplementation can reduce the risk of

autoimmune diseases by 22%, and long-term vitamin D

supplementation can help prevent these diseases, particularly in

individuals aged 50 years and older (11). Other Related Diseases:

There is growing evidence that vitamin D deficiency is associated

with an increased risk of acute respiratory and chronic diseases,

including chronic kidney disease, neurological diseases, and

metabolic syndrome. Several studies support the hypothesis that

low levels of serum 25(OH)D3 are independently associated with

the incidence and severity of respiratory tract infections in both

children and adults (12, 13). Therefore, it is important to address

the potential harm caused by vitamin D deficiency and reduce the

incidence of systemic diseases related to it.
2.3 Potential mechanisms of vitamin D
deficiency on glucose metabolism
during pregnancy

2.3.1 Effect of vitamin D deficiency during
pregnancy on insulin secretion

Vitamin D deficiency during pregnancy may impact insulin

secretion. Over the past five years, numerous studies have

highlighted vitamin D’s crucial role in both insulin secretion and

insulin resistance. Vitamin D can regulate insulin secretion from

pancreatic b-cells by altering the expression of the proinsulin gene.

Studies have shown that 1,25(OH)2D3 enhances calcium influx

during glucose-stimulated insulin secretion (GSIS) by up-

regulating related genes, thereby modulating beta cell insulin

secretion (14). Additionally, the interaction between vitamin D

and the vitamin D receptor (VDR) on pancreatic b-cells can

regulate extracellular calcium concentration and calcium flux
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through ion channels. This process facilitates calcium-dependent

insulin secretion via the calcium concentration gradient across the

cell membrane, promoting insulin release. L-type voltage-gated

calcium channels (L-VGCC), K+-ATP, and K+-Ca2+ channels are

involved in 1,25(OH)2D3 signaling. Transcriptional regulation of

voltage-gated calcium channels by 1,25(OH)2D3 through VDR also

influences GSIS (14–16). Animal studies have shown that 1,25(OH)

2D3 can stimulate insulin secretion in a sugar-independent manner,

promoting islet insulin release (16). Bornstedt Mette Eskild found a

significant increase in insulin secretion in cells treated with 1,25

(OH)2D3, suggesting that vitamin D enhances GSIS (17). This effect

has also been observed in human islets. Conversely, vitamin D

deficiency may reduce calcium ion concentration in islet cells,

impairing related signaling pathways and affecting insulin

synthesis and secretion, leading to elevated blood glucose levels

and potentially resulting in GDM.

2.3.2 Effect of vitamin D deficiency during
pregnancy on insulin resistance
2.3.2.1 Vitamin D deficiency during pregnancy reduces
insulin receptor expression

Vitamin D indirectly affects insulin secretion by reducing

inflammatory responses and improving insulin resistance (18).

Research has verified that 1,25(OH)2D3 can improve insulin

resistance (IR) in trophoblast cells by inhibiting the mTOR

signaling pathway, as demonstrated through the establishment of

an IR BeWo cell model. 1,25(OH)2D3 protects trophoblasts from

high IR primarily by inhibiting mTOR signaling, which may be a

potential therapeutic approach for patients with GDM (19).During

pregnancy, vitamin D deficiency leads to reduced levels of 1,25(OH)

2D3, which diminishes the inhibition of the mTOR signaling

pathway, resulting in increased insulin resistance and a higher

incidence of GDM.

2.3.2.2 Vitamin D deficiency during pregnancy
exacerbates inflammation and oxidative response

Vitamin D plays a crucial role in both the inflammatory

response and oxidative stress. Vitamin D, by binding with its

receptor, reduces pro-inflammatory cytokines in immune cells

and has an immunomodulatory effect (20, 21). Studies have

shown that treatment with 1,25(OH)2D3 in GDM placental

explants blocks the abnormal increase in leptin, tumor necrosis

factor-alpha (TNF-a), and interleukin-6 (IL-6) levels, reducing

both placental IR and inflammatory responses (19). This suggests

that 1,25(OH)2D3 is involved in maintaining normal immune

inflammatory responses, especially during pregnancy when

CYP27B1 is strongly expressed in the placenta, becoming an

important source of 1,25(OH)2D3 synthesis (22). Furthermore,

low vitamin D levels not only exacerbate systemic inflammation

but also promote placental inflammation (23).

2.3.2.3 Vitamin D deficiency and obesity during
pregnancy increase insulin resistance

Obesity is characterized by body mass index (BMI) greater than

30, while a BMI greater than 25 shows that the individual is
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overweight (24). Several studies have shown that vitamin D

deficiency is strongly associated with insulin resistance, especially

in obesity and in patients with metabolic syndrome (25, 26). Several

studies have shown that low levels of vitamin D are strongly

associated with the development of insulin resistance, especially

in obese and type 2 diabetic patients (27, 28). 1,25(OH)2D3 can

regulate adipocyte formation and differentiation by modulating the

nuclear receptor VDR and peroxisome proliferator-activated

receptor g (PPARg) pathways. It has been reported that the serum

vitamin D levels in women with GDM and those who are

overweight or obese are reduced, while the expression of VDR

and PPARg mRNA in adipose tissue is up-regulated (29). This up-

regulation further increases the expression in overweight or obese

women with GDM and contributes to the development of GDM.

Some scholars found that pregnant women with a pre-pregnancy

BMI of 23.5-27.0 kg/m² could significantly reduce the risk of GDM

by increasing their serum vitamin D levels, suggesting a synergistic

effect between low vitamin D levels and obesity (30). Research has

confirmed that vitamin D deficiency is strongly associated with

obesity (25). Further studies have indicated that low serum 25OHD

is positively correlated with obesity or BMI in adults and children,

and vitamin D plays an important role in adipogenesis and

inflammation of adipocytes and adipose tissue (31). These

findings suggest that vitamin D deficiency promotes obesity by

enhancing the expression of the PPARg pathway, thereby regulating
the development and differentiation of adipocytes. Vitamin D

supplementation may become a nutritional intervention for

GDM, with significant clinical implications for reducing the

incidence of GDM, particularly in obese or overweight women.
2.4 The relationship between vitamin D
level and GDM in women
before pregnancy

2.4.1 Vitamin D deficiency in non-pregnant
women of childbearing age

Due to lifestyle changes and environmental factors, vitamin D

deficiency has become a common problem, especially for women of

childbearing age. Research investigating serum 25(OH)D3 levels in

Chinese women of gestational age from cities between 2010 and

2012 found that only 15.1% had normal vitamin D nutritional

status (32). This indicates that women of childbearing age often

overlook the significant health issues caused by vitamin D

deficiency. A prospective cohort study showed that vitamin D

deficiency in women of childbearing age can adversely affect the

female reproductive system, leading to infertility (33). Furthermore,

studies have demonstrated that in the polycystic ovary syndrome

(PCOS) population, vitamin D deficiency has a higher prevalence of

glucose intolerance than women without vitamin D deficiency (34).

The study by Wehr E provides compelling evidence that women

with normal ovulation have higher vitamin D levels than women

with PCOS (35). A recent review by Iervolino et al. Concluded that

vitamin D appears to be effective in the treatment of PCOS (36).

Additionally, Di Bari noted an association between low 25(OH)D3
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levels and obesity, hyperandrogenism, insulin resistance, and other

metabolic dysfunctions associated with PCOS (37). These studies

highlight the importance of vitamin D intake and supplementation

for women of childbearing age. Regular examination of 25(OH)D3

levels should be considered a routine part of physical examinations

for young women and before pregnancy. Regular assessment of 25

(OH)D3 levels can help to monitor vitamin D status and guide the

appropriate dosage of supplements. By actively maintaining

adequate vitamin D levels, women of childbearing age can better

protect their health.
2.5 Routine pre-pregnancy vitamin D
supplementation for women of
childbearing age

The increasing number of problems caused by vitamin D

deficiency has gradually attracted societal attention. While the

necessity of routine vitamin D supplementation before pregnancy

remains a debated issue, but vitamin D supplementation is

extremely necessary. Recent studies have shown that vitamin D is

associated with fertility and suggest that optimal levels of 30 ng/mL

or higher should be achieved with appropriate doses before and

throughout pregnancy (38). It is also essential to continue vitamin

D supplementation during pregnancy. Rosalyn J Singleton found

that prenatal supplementation with 1000 IU of vitamin D3

significantly increased prenatal 25(OH)D concentrations. This

increase may help reduce the rate of early childhood caries and

provides a reference for prenatal vitamin D supplementation in

other high-risk groups for rickets (39). The benefits of routine

vitamin D supplementation before pregnancy are evident, though

there are currently few studies on this topic. Future research should

focus on supplementing different doses of vitamin D according to

varying degrees of deficiency, which requires further exploration.
2.6 The relationship between vitamin D
deficiency and gestational
diabetes mellitus

2.6.1 Vitamin D receptor gene and GDM
The relationship between the VDR gene and GDM has garnered

significant attention in recent years. Consequently, polymorphisms

in the VDR gene may be linked to an increased risk of GDM. Several

studies have demonstrated that VDR gene polymorphism may play

a role in the pathogenesis of GDM (Figure 2). For instance,

polymorphisms at sites such as rs7975232, rs2228570, and

rs1544410 have been linked to an elevated risk of GDM,

providing insights into how the VDR gene influences the

likelihood of developing GDM. Research has shown that the

rs7975232 polymorphism in the VDR gene may be associated

with GDM risk (40). A meta-analysis by Sai Liu and colleagues

supported the association between the VDR rs7975232

polymorphism and GDM, and also found that the FokI

(rs2228570) polymorphism was linked to increased susceptibility
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to GDM (41). Additionally, it has been demonstrated that the

rs1544410 polymorphism in the VDR gene is associated with

insulin secretion in GDM patients (42). An important study

confirmed that single nucleotide polymorphism (SNP) mutations

at VDR-rs10783219 and MTNR1B-rs10830962 significantly

increase the risk of GDM (43). Further research in Saudi Arabia

found that ApaI-rs79785232, BsmI-rs1544410, FokI-rs2228570,

and TaqI-rs731236 polymorphisms are related to the occurrence

of GDM in the region (44). In conclusion, the VDR gene does play a

role in the pathogenesis of GDM. Although most studies support

the association between the VDR gene and GDM, a few have not

found such a link. It has been reported that the VDR gene rs739837

polymorphism is not associated with GDM (45).

2.6.2 Relationship between vitamin D deficiency
and GDM

Vitamin D deficiency is prevalent among pregnant women. A

study in Switzerland found that 73.2% of pregnant women had

vitamin D deficiency or insufficiency (46). Similarly, research in

Boston, USA, revealed that 53.2% of 206 pregnant women had

vitamin D levels below 30 ng/mL, indicating that vitamin D

deficiency remains widespread and significantly increases the

incidence of GDM (47). Maysa Alzaim demonstrated a 1.29-fold
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increase in the risk of GDM for every 12.5 nmol/L decrease in serum

25(OH)D3 levels (48). The Third International Conference on

Vitamin D Controversy in 2020 reached an international

consensus showing that about 7% of the global population suffers

from severe vitamin D deficiency, with prevalence rates of 37%

worldwide, 40% in Europe, and 72% in China (49). A review of 36

observational studies found that the risk of GDM in pregnant

women with vitamin D deficiency increased by 18%, and serum

25(OH)D3 levels in women with GDM were 1.18 nmol/L lower,

suggesting a link between low vitamin D concentrations and GDM

(50). A retrospective cohort study by Yan Cheng showed that in the

vitamin D status of pregnant women in Shanghai and its

relationship with GDM, vitamin D deficiency and insufficiency

were prevalent among women in Shanghai, and vitamin D levels of

at least 20 ng/mL in early pregnancy was significantly associated

with reduced risk of GDM (51). It is suggested that high levels of

vitamin D have a protective effect on the risk of GDM. A nested

case-control study by Eleonora Salakos et al. found that women

with25(OH)D3 levels below 20 ng/mL had a significantly higher risk

of GDM compared to non-GDM patients (52). Furthermore, a

prospective cohort study by Alireza Milajerdi showed that

individuals with vitamin D deficiency had a 26% higher risk of

developing GDM than those with normal serum vitamin D levels
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FIGURE 2

The relationship between vitamin D receptor genes and gestational diabetes mellitus.
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(OR: 1.26; 95% CI: 1.13, 1.41). There was a significant positive

association between vitamin D insufficiency and deficiency and

GDM risk (OR: 1.23; 95% CI: 1.11, 1.35). The study found that the

risk of GDM was lowest in individuals with serum vitamin D levels

between 40 and 90 nmol/L, and a dose-response analysis revealed a

U-shaped nonlinear correlation between serum vitamin D

concentration and GDM risk (P < 0.05) (53).

2.6.3 Correlation between vitamin D dose and
gestational diabetes mellitus

There are numerous reports about the controversy surrounding

vitamin D supplementation for GDM, but vitamin D is generally

considered an effective treatment for GDM (Table 1). The latest

recommendation from the Institute of Medicine (IOM) for vitamin

D supplementation during pregnancy and lactation is 600 IU per day

(54). In 2011, the Endocrine Society issued guidelines on the

assessment, diagnosis, and treatment of vitamin D deficiency,

recommending that pregnant and lactating women should receive at

least 600 IU of vitamin D per day, with a target 25(OH)D3 level of at

least 30 ng/mL (55). The Central and Eastern European expert

consensus statement recommends that women planning to become

pregnant should initiate or maintain vitamin D supplementation, with

healthy adults advised to take 800-2000 IU/day if they have no other

risk factors. A treatment duration of 4–12 weeks is recommended, with

the aim to target concentrations of 30 to 50 ng/mL (59). Qingying

Zhang found that high-dose and moderate-dose vitamin D

supplementation reduced insulin and HOMA-IR levels in GDM

patients. Randomized controlled trials indicated that high-dose

vitamin D supplementation (50000 IU every two weeks) significantly

reduced insulin resistance in pregnant women with GDM. It is

recommended that pregnant women with GDM receive high-dose

vitamin D supplementation (50000 IU every two weeks) from the 12th

week of gestation until delivery (56). The AME statement from the
Frontiers in Endocrinology 06
Italian Association of Clinical Endocrinology suggests that a safe dose

of vitamin D supplementation during pregnancy is 4000 IU/day, with a

therapeutic target serum 25(OH)D3 level of > 40 ng/mL (57).

The expert panel, including the Polish Association of Pediatric

Endocrinology and Diabetes, recommends a dose of 2000 IU/day for

pregnant and lactating women, aiming for a serum level of 30-50 ng/

mL, with treatment lasting 12 weeks or until the target concentration is

achieved (58). A study by Eduardo Klöppel showed that vitamin D

supplementation in pregnant rats was more beneficial than no

supplementation, aiding fetal development and reducing prediabetic

complications (60). Another study demonstrated that GDM patients

who supplemented with vitamin D and omega-3 fatty acids for six

weeks experienced significant reductions in fasting blood glucose,

triglycerides, high density lipoprotein, Low-density lipoprotein and

total cholesterol, ultimately improving glucose and lipid metabolism

(61). Therefore, vitamin D supplementation is particularly important,

and further research is needed to determine optimal supplementation

strategies for different baseline levels of vitamin D deficiency.
2.7 Effect of vitamin D deficiency on the
outcome of pregnant women with GDM

Vitamin D plays a crucial role during pregnancy, impacting not

only the health of pregnant women but also being closely related to

adverse pregnancy outcomes. For instance, vitamin D deficiency has

been linked to an increased rate of cesarean sections, GDM and

preeclampsia. An increasing number of studies highlight the

significant impact of vitamin D deficiency on pregnancy outcomes

(Table 2). AnneMerewood showed that women with 25(OH)D3 levels

below 37.5 nmol/L were four times more likely to have a cesarean

section compared to those with levels of 37.5 nmol/L or higher,

suggesting a negative correlation between vitamin D deficiency and
TABLE 1 Vitamin D supplementation is recommended for pregnant women.

Country or
Region
(Year)

Population Size of
Population

Gestational
Week (GW)

Oral Vitamin
D (IU)

Treatment
Duration

Target
Concentration
(ng/mL)

First
Author

Institute of
Medicine (2011)

Pregnant and
lactating women

/ / 600 IU/day / / ACOG
Committee
(54)

Endocrine
Society (2011)
USA

Pregnant and
lactating women

/ / 600 IU/day / 30 Holick
et al. (55)

Exp Ther Med
(2016)

Gestational diabetes 133 24-28 GW 50000 IU/2weeks 12th week
to delivery

/ QINGYING
ZHANG
et al. (56)

Italy (2018) Pregnant women / / 4000 IU/day / >40 Cesareo
et al. (57)

Poland (2018) Pregnant and
lactating women

/ / 2000 IU/day 12 weeks >30–50 Rusińska A
et al. (58)

A Central and
Eastern European
(2022)

BeforePregnant 、
Pregnantand
lactating women

/ / 800-2000 IU/day throughout
pregnancy
and lactation

30-50 Pawel
Pludowski
et al. (59)
f
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cesarean section rates (62). Another study supported this association,

finding that pregnant women in Singapore with insufficient 25(OH)

D3 levels had a higher likelihood of emergency cesarean section (OR=

1.39, 95% CI = 0.95, 2.05) (69). A prospective cohort study by Hanna

Augustin found that vitamin D deficiency was associated with a two-

fold increased risk of emergency cesarean section in women without

epidural anesthesia (64). Similarly, Mina Amiri found that women

with moderate vitamin D deficiency were more likely to undergo

cesarean section. Severe vitamin D deficiency exhibited a higher

probability of preterm delivery, indicating that vitamin D status at

delivery can directly affect the mode of delivery (68). However, studies

have been inconsistent regarding the association between vitamin D

levels and pregnancy outcomes. Some research has found no

association between maternal vitamin D levels and the risk of

vaginal birth, instrumental delivery, primary cesarean delivery, or

cesarean delivery for any other reason (70). Similarly, other studies

reported that vitamin D deficiency In women with GDM at mid-

pregnancy is associated with an elevated risk of postpartum glucose

intolerance (71). Premature rupture of membranes (PPROM) is

another adverse pregnancy outcome linked to vitamin D deficiency.

A prospective study by Hyun Joo Lee measured vitamin D levels in

355 pregnant women during the first trimester and before delivery,

finding that the incidence of PPROM was higher in the vitamin D

deficiency group compared to the non-deficiency group. Vitamin D

levels were significantly lower in the PPROM group during both the

first and second trimesters, indicating a significant association between

vitamin D deficiency and PPROM (p = 0.003) (72). A logistic

regression analysis of 2074 pregnant women found that those with

severe vitamin D deficiency had an increased risk of preeclampsia (OR

2.08; 95% CI, 1.05-4.13) but the association was rendered non-

significant after correction (OR 1.88; 95% CI 0.79-4.48) (63). A
Frontiers in Endocrinology 07
study by Juhi Nema reported that continuous measurement of

vitamin D throughout pregnancy and the risk of preeclampsia in an

Indian population, suggesting that vitamin D deficiency could be an

important etiological factor in the clinical diagnosis of preeclampsia

(67). Another study found that vitamin D levels were inversely related

to the severity of preeclampsia, and the severity of preeclampsia

increased with the decrease of vitamin D levels (p < 0.001) (65).

Additionally, Shu Qin Wei also indicated maternal vitamin D

deficiency was associated with the risk of preeclampsia at 24-26

weeks of gestation (66). Therefore, it is essential to address the

negative effects of vitamin D deficiency on pregnancy outcomes,

particularly in women with GDM.
3 Conclusion and prospects.

Vitamin D deficiency is very common in pregnant women. With

the increasing number of GDM patients worldwide, it is important to

pay attention to the negative impact of vitamin D deficiency on

pregnant women with GDM. Vitamin D deficiency is also associated

with the occurrence of many diseases. Currently, there are numerous

conclusions about the potential mechanisms of vitamin D in glucose

metabolism and the relationship between the VDR gene and GDM.

However, there are still varying results regarding the correlation

between vitamin D deficiency and GDM, as well as the treatment and

outcomes of vitamin D supplementation for GDM. Future studies

should focus on vitamin D supplementation at different levels of

deficiency. It is recommended to appropriately supplement vitamin

D before and during pregnancy, strengthen the detection of serum 25

(OH)D3 levels before pregnancy, and achieve early detection and

early intervention. This approach can help reduce the impact of
TABLE 2 Effect of vitamin D deficiency on adverse outcomes in pregnant women with GDM.

First
Author
(Year)

Study design Place
of study

Sample
size

VitD
Assay method

Outcome
analyzed

Statistics (95%
CI
or
AOR)

Sample
(Serum
or
Plasma)

Anne Merewood,
et al. (2009) (62)

Prospective
cohort study

Boston,
Massachusetts

253 Liquid chromatography-
mass spectrometer

Primary
Cesarean Section

AOR = 3.84; 95%CI
(1.71-8.62)

Serum

Van Weert
et al. (2016) (63)

Prospective
cohort study

Netherlands 2074 Enzyme-linked
immunosorbent assay

Pregnancy related
hypertensive
disorders

OR:1.88 (0.79-4.48) Serum

Hanna Augustin
et al. (2020) (64)

Prospective
cohort study

Sweden 1832 Liquid chromatography-
mass spectrometer

Emergency
Caesarean Section

AOR = 2.01
p = 0.044

Serum

Bhupali Das
et al. (2021) (65)

case-control study Indian 1000cases
and 1000
controls

Radioimmunoassay preeclampsia OR:11.308; 95%CI
(7.5982-14.0097)

Serum

Shu Qin Wei,
et al. (2021) (66)

Nested case–
control study

/ 34:65 / pre-eclampsia AOR=4.79; 95%CI
(1.67-13.75)

plasma

Juhi Nema,
et al. (2023) (67)

Longitudinal study Pune, India. 108cases
and
216controls

Enzyme-linked
immunosorbent assay

preeclampsia 95% CI (0.08,0.77) Serum

Mina Amiri,
et al. (2023) (68)

Stratified
randomized
controlled field trial

Khuzestan 1649 Enzyme-linked
immunosorbent assay
method and a kit of
Immunodiagnostics
systems

preterm delivery、
cesarean section

(95% CI: 25.69–30.02),
(95% CI: 33.36–37.96)

Serum
f
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