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Abstract
Background  Vitamin D deficiency, a common occurrence among pregnant women, is an emerging public health 
concern worldwide. According to research, prenatal vitamin D deficiency is associated with various complications. 
This study assessed the vitamin D status of pregnant women in Yanbian, Jilin Province, as well as the correlation and 
predictive value of their vitamin D levels in relation to gestational length (weeks) and fetal weight, aiming to provide a 
basis for clinical diagnosis and treatment.

Methods  We conducted a population-based retrospective study involving 510 pregnant women from August 2019 
to October 2022. Blood samples were collected at 16–20 weeks of gestation for the detection of serum vitamin D 
levels. Statistical analyses were performed using SPSS 28.0 and R 4.1.0 software. Multifactorial logistic regression 
analysis was employed to establish whether each variable was a risk factor for deliveries at ≤ 38 gestational weeks and 
low fetal weight. These results were used to construct a risk prediction model, and the model’s predictive efficacy was 
evaluated. Results or differences with p < 0.05 were considered statistically significant.

Results  Multifactorial logistic regression analysis revealed that vitamin D ≤ 14.7 ng/mL(OR: 1.611; 95% CI: 1.120–
2.318; P = 0.010), Bone Mineral Density (BMD) T-value ≤-1(OR: 1.540; 95%CI: 1.067–2.223; P = 0.021), and gestational 
hypertension(OR: 7.173; 95% CI: 1.482–34.724; P = 0.014) were the independent risk factors for deliveries at ≤ 38 
gestational weeks. Additionally, vitamin D ≤ 14.7 ng/mL(OR: 1.610; 95%CI: 1.123–2.307; P = 0.009), BMD T-value ≤ -1(OR: 
1.560; 95%CI: 1.085–2.243; P = 0.016), and gestational hypertension(OR: 4.262; 95% CI: 1.058–17.167; P = 0.041) were the 
independent risk factors for low fetal weight (< 3400 g).

Conclusion  This study revealed that low vitamin D levels are an independent risk factor for a short gestational length 
and low fetal weight. Prenatal low BMD T-value and comorbid hypertensive disorders were also found to increase the 
risk of a short gestational length and low fetal weight.
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Introduction
Vitamin D, an essential nutrient closely linked to bone 
health, immune function, and cellular regulation, is 
involved in the metabolism of calcium and phosphorus in 
the body, which is vital during pregnancy. Vitamin D defi-
ciency is a common occurrence among pregnant women 
in both high- and low-income countries [1]. According 
to research, prenatal vitamin D deficiency is associated 
with various complications, such as Pregnancy-Induced 
Hypertension (PIH) syndrome and Gestational Diabe-
tes Mellitus (GDM). Furthermore, vitamin D deficiency 
in pregnant women could affect embryonic growth and 
development, leading to adverse pregnancy outcomes 
such as Intrauterine Growth Retardation (IUGR) and 
premature delivery. The effect of vitamin D on the prog-
nosis of mothers and babies is currently being debated. 
Multiple small intervention studies reported the benefits 
of increased maternal vitamin D supplementation against 
several pregnancy complications, including preeclampsia 
and premature delivery [2, 3]. Conversely, Hossain et al. 
reported that an intervention of 100 µg vitamin D supple-
mentation had no effect in 193 pregnant women [4].

Preterm labor and low birth weight are leading causes 
of neonatal mortality. Studies have shown that pregnant 
women with these outcomes often have inadequate or 
deficient serum 25-hydroxyvitamin D [25(OH)D], sug-
gesting a correlation between serum 25(OH)D levels, 
gestational week, and neonatal weight. However, the pre-
dictive value of serum 25(OH)D levels remains unclear. 
Vitamin D deficiency during pregnancy is reported to 
increase the risk of low birth weight and neonatal skel-
etal and respiratory disorders, as the fetal serum level 
depends entirely on the mother’s 25(OH)D level [5]. Low 
birth weight (LBW) is strongly correlated with neonatal 
mortality worldwide.A prospective cohort study using 
the NICHD Global Maternal and Child Health Research 
Network developed a predictive model for LBW and dis-
covered that mothers of LBW children were less likely 
to take calcium or vitamin supplements compared with 
mothers of non-LBW children (14 vs. 83%) [6]. Satoshi 
Mizuno et al. also created an early prediction model for 
LBW infants utilizing the XGBoost model, which indi-
cated that daily fish intake (e.g., tuna and eel) was highly 
significant [7]. This correlation may be indirectly related 
to maternal serum vitamin D levels.

Few studies have examined the relationship between 
serum 25(OH)D levels, gestational weeks of delivery, and 
neonatal weight in China. This study aimed to analyze the 
distribution characteristics of serum 25(OH)D in preg-
nant women in Yanbian, Jilin Province. We screened and 
analyzed vitamin D levels, gestational weeks, and neona-
tal weight, among other clinical parameters, to explore 
their relationships. Factors affecting gestational weeks 
and neonatal weight were also examined, providing 

valuable predictive indicators for guiding targeted mater-
nal nutrient supplementation in clinical practice.

Materials and methods
Study design and population
To determine the serum vitamin D levels in pregnant 
women in the Yanbian region, this population-based 
retrospective study was conducted in Tumen, Yanbian 
Prefecture. The study population comprised pregnant 
women who were carded and underwent regular preg-
nancy check-ups at the Maternal and Child Health and 
Family Planning Service Centre in Tumen City from 
August 2019 to October 2022. Data on the deliver-
ies of these pregnant women, as well as the newborns, 
were recorded. The inclusion criteria were as follows: 
(1) Pregnant women residing in the Tumen City area; 
(2) Pregnant women with regular pregnancy check-ups 
at the Maternal and Child Health and Family Planning 
Service Centre in Tumen City and with complete preg-
nancy outcomes; (3) Pregnant women aged 19–42 years; 
and (4) Pregnant women with complete information on 
serum vitamin D values at 16–20 weeks of gestation. On 
the other hand, the exclusion criteria were as follows: 
(1) Patients with Diabetes Mellitus (DM), Hyperten-
sion (HTN), hypothyroidism, cardiac diseases, hepatic 
or renal insufficiency, and concomitant psychiatric dis-
orders; (2) Patients with incomplete clinical information 
prior to pregnancy; and (3) Patients who presented with 
fetal anomalies, intrauterine death, or abortions. After 
screening based on the above criteria, 510 eligible preg-
nant women were included (Table 1). The study protocol 
was approved by the local medical Ethics Committee.

Sample size determination: In this study, gestational 
age ≤ 38 weeks and birth weight < 3400  g were used as 
dependent variables for binary logistic regression. Fol-
lowing the principle of N = 100 + 50i (i = independent vari-
ables) [8], the formula will produce 450 subjects when 
there are 7 independent variables. All eligible samples 
within the study period were collected, and the current 
sample size meets the minimum requirement.

Testing methods
Vitamin D testing was performed during routine prena-
tal visits at 16–20 weeks of gestation to spare the patients 
the inconvenience of multiple blood draws. Blood sam-
ples were strictly collected in the morning on an empty 
stomach. The blood samples were centrifuged, and the 
isolated serum was sent to a third-party testing facil-
ity (Changchun KingMed Testing Centre) for “Tandem 
Mass Spectrometry.” Vitamin D levels were determined 
based on serum 25-(OH)D levels. The test facility set 
the normal range of vitamin D values at 30–100 ng/mL. 
Vitamin D insufficiency is defined as a 25(OH)D concen-
tration of 21–29 ng/ml (51–74 nmol/L), whereas vitamin 
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D deficiency is defined as a 25(OH)D concentration < 20 
ng/mL (50 nmol/L) (Endocrine Society Clinical Practice 
Guidelines) [9]. However, there is no clear definition of 
vitamin D deficiency in pregnant women. Therefore, 
given the small number of pregnant women with nor-
mal vitamin D values in this study, the participants were 
divided into two groups based on a median vitamin D 
value of 14.7 ng/mL.

Predictive model development
To evaluate the predictive value for outcomes such as 
gestational length and neonatal weight, a logistic regres-
sion model was employed, represented by the following 
formula:

 
P = ex/(1 + ex)

 
where P denotes the probability of the outcome occur-
ring (e.g., short gestational length or low fetal weight), 
and x is defined as:

 
x = β0 + β1 × 1 + β2 × 2 +…+ βn Xn

 
In this equation:

 
β0 is the intercept.

 
β1, β2, …, βn​ are the coefficients for the predictor vari-
ables X1, X2, …, Xn.

 
X1, X2, …, Xn represent the predictor variables, which 
include factors such as maternal 25(OH)D levels, mater-
nal age, body mass index (BMI), presence of PIH, bone 
mineral density (BMD), gestational anemia, and gesta-
tional diabetes mellitus (GDM) status.

Model Fitting and Validation: The model was fitted 
using maximum likelihood estimation in SPSS (version 
28.0). Model performance was evaluated using the area 
under the receiver operating characteristic curve (AUC), 
sensitivity, and specificity.

Explanation of the Model: The logistic regression 
model transforms the linear combination of predictor 
variables x into a probability P using the logistic function. 

Table 1  Characteristics of the study population (n = 510)
Characteristics Number (n) Percentage (%)
Age

< 35 445 87.25
≥ 35 65 12.75

Pre-pregnancy BMI
≥ 18.5 505 99.02
< 18.5 5 0.98

Gestational anemia
No 425 83.33
Yes 85 16.67

GDM
No 480 94.12
Yes 30 5.88

PIH syndrome
No 499 97.84
Yes 11 2.16

Gestational length (weeks)
>38 341 66.86
≤ 38 169 33.14

Vitamin D test values (at 16–20 gestational weeks) Clustering by distribution
> 14.7 ng/mL 255 50
≤ 14.7 ng/mL 255 50

BMD T-value (at 16–20 gestational weeks)
>-1 289 56.67
≤ -1 221 43.33

Cesarean Section (CS)
No 237 46.47
Yes 273 53.53

Fetal weight Clustering by distribution
≥ 3400 g 271 53.14
< 3400 g 239 46.86
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The logistic function, ensuring P is always between 0 and 
1.

Interpretation of Results: The coefficients ( β ) repre-
sent the change in the log odds of the outcome for a one-
unit increase in the corresponding predictor variable. A 
positive coefficient indicates an increased probability 
of the outcome, while a negative coefficient indicates 
a decreased probability. For example, a positive coeffi-
cient for low maternal 25(OH)D levels ( β1 ) suggests that 
lower vitamin D levels increase the chances of a short 
gestational length or low fetal weight.

Statistical analysis
Statistical analyses were performed using SPSS 28.0 and 
R 4.1.0 software. Count data were expressed as frequen-
cies (N) and percentages (%), and the chi-square test 
was used for inter-group comparisons. Multifactorial 
logistic regression analysis was employed to establish 
whether age, pre-pregnancy Body Mass Index (BMI), 
vitamin D, Bone Mineral Density, gestational anemia, 
GDM, and PIH were risk factors for deliveries at ≤ 38 
gestational weeks and low fetal weight. These results 

were used to construct a risk prediction model, and the 
model’s predictive efficacy was evaluated using the Hos-
mer-Lemeshow goodness-of-fit test, Receiver Operat-
ing Characteristic (ROC) curves, and calibration curves. 
Results or differences with P < 0.05 were considered sta-
tistically significant.

Results
Description of the study population
Table 1 summarizes the basic information of the 510 par-
ticipants included herein. The median vitamin D value 
was 14.7 ng/mL, and ~ 50% of patients had below normal 
BMD values. The median newborn weight was 3400  g, 
and about two-thirds of all pregnancies were delivered at 
> 38 weeks of gestation.

Based on the maternal vitamin D status at 16–20 weeks 
of gestation, the participants were divided into two 
groups: Vitamin D > 14.7 ng/mL and vitamin D ≤ 14.7 ng/
mL (Table  2). Compared to the vitamin D ≤ 14.7 ng/mL 
group, the vitamin D > 14.7 group exhibited a significantly 
lower gestational anemia prevalence (12.94% vs. 20.39%, 
P = 0.024), as well as a lower incidence of deliveries at ≤ 38 

Table 2  Demographic data and clinical characteristics of the two vitamin D groups
Vitamin D test 
value > 14.7 ng/mL [N (%)]

Vitamin D test 
value ≤ 14.7 ng/Ml [N 
(%)]

χ² value P- 
value

Age 0.441 0.507
< 35 220 (86.27) 225 (88.24)
≥ 35 35 (13.73) 30 (11.76)

Pre-pregnancy BMI 0.000 1.000*
≥ 18.5 253 (99.22) 252 (98.82)
< 18.5 2 (0.78) 3 (1.18)

Gestational anemia 5.096 0.024
No 222 (87.06) 203 (79.61)
Yes 33 (12.94) 52 (20.39)

GDM 0.567 0.452
No 238 (93.33) 242 (94.90)
Yes 17 (6.67) 13 (5.10)

PIH syndrome 0.093 0.761
No 249 (97.65) 250 (98.04)
Yes 6 (2.35) 5 (1.96)

Gestational length (weeks) 6.267 0.012
>38 159 (62.35) 131 (51.37)
≤ 38 96 (37.65) 124 (48.63) 0.954 0.329

CS
No 113 (44.31) 124 (48.63)
Yes 142 (55.69) 131 (51.37)

Fetal weight 7.567 0.006
≥ 3400 g 151 (59.22) 120 (47.06)
< 3400 g 104 (40.78) 135 (52.94)

BMD T-value (at 16–20 gestational weeks) 5.821 0.016
>-1 158 (61.96) 131 (51.37)
≤-1 97 (38.04) 124 (48.63)

Note: * denotes significance based on the continuous corrected chi-square test
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weeks of gestation (37.65% vs. 48.63%, P = 0.012), fetal 
weight < 3400 g (40.78% vs. 52.94%, P = 0.006), and BMD 
(at 16–20 weeks of gestation) ≤-1 (38.04% vs. 48.63%, 
P = 0.016), at the time of delivery.

Data from patients tested at 16–18 and 19–20 weeks of 
gestation were subjected to the chi-square test to deter-
mine whether the specific time of blood draw in the 
fourth month of pregnancy affected vitamin D values. 
Table 3 shows the correlation analysis between the time 
of blood draw and vitamin D levels, indicating that there 
was no correlation (P > 0.05).

Analysis of risk factors for delivery at ≤ 38 weeks of 
gestation and development of the predictive model
Among the 510 pregnant women included herein, there 
were 290 and 220 cases with gestational periods of >38 
weeks and ≤ 38 weeks, respectively. Compared to the 
group with a gestational period of ≤ 38 weeks, the group 
with a gestational period of >38 weeks had significantly 
higher vitamin D and BMD values and a significantly 
lower PIH incidence rate (P < 0.05) (Table 4).

Univariate and multivariate logistic regression analy-
ses were performed using ‘whether or not the gestational 

Table 3  Correlation of the time of blood sampling with vitamin D and BMD values
16–18 weeks of gesta-
tion [N (%)]

19–20 weeks of gesta-
tion [N (%)]

χ² value P 
value

Vitamin D test value (at 
16–20 weeks of gestation)

3.195 0.074

> 14.7 ng/mL 161 (47.21) 94 (55.62)
≤ 14.7 ng/mL 180 (52.79) 75 (44.38)

Table 4  General and clinical characteristics of participants in the two groups with different gestational lengths (weeks) and analysis of 
risk factors for delivery at ≤ 38 weeks of gestation

>38 
(n = 290)

≤ 38 
(n = 220)

χ² 
value

P-value Single-factor Multi-factor
OR (95%CI) P β OR (95%CI) P

Age 2.554 0.110
<35 259 (89.31) 186 (84.55) Ref. Ref.
≥ 35 31 (10.69) 34 (15.45) 1.527 (0.906–2.574) 0.112 0.461 1.586 

(0.928–2.71)
0.092

Pre-pregnancy BMI 0.000 1.000*
≥ 18.5 287 (98.97) 218 (99.09) Ref. Ref.
<18.5 3 (1.03) 2 (0.91) 0.878 (0.145–5.298) 0.887 -0.403 0.668 

(0.108–4.149)
0.665

Vitamin D test value
(at 16–20 weeks of 
gestation)

6.267 0.012

>14.7 ng/mL 159 (54.83) 96 (43.64) Ref. Ref.
≤ 14.7 ng/mL 131 (45.17) 124 (56.36) 1.568 (1.102–2.231) 0.012 0.477 1.611 

(1.120–2.318)
0.010

BMD T-value (at 
16–20
weeks of gestation)

5.223 0.022

> -1 177 (61.03) 112 (50.91) Ref. Ref.
≤ -1 113 (38.97) 108 (49.09) 1.51 (1.06–2.153) 0.023 0.432 1.540 

(1.067–2.223)
0.021

Gestational anemia 2.558 0.11
No 235 (81.03) 190 (86.36) Ref. Ref.
Yes 55 (18.97) 30 (13.64) 0.675 (0.416–1.095) 0.111 -0.528 0.590 

(0.356–0.977)
0.040

GDM 0.612 0.434
No 275 (94.83) 205 (93.18) Ref. Ref.
Yes 15 (5.17) 15 (6.82) 1.341 (0.641–2.807) 0.435 0.164 1.178 

(0.542–2.562)
0.679

PIH 5.341 0.021*
No 288 (99.31) 211 (95.91) Ref. Ref.
Yes 2 (0.69) 9 (4.09) 6.142 

(1.314–28.721)
0.021 1.970 7.173 

(1.482–34.724)
0.014

Note: * denotes significance based on the continuous corrected chi-square test
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week was ≤ 38 weeks’ as the dependent variable. Multi-
factorial logistic regression analysis results revealed that 
vitamin D ≤ 14.7 ng/mL [Odds Ratio (OR): 1.611; 95% 
Confidence Interval (CI): 1.120–2.318; P = 0.010), BMD 
T-value ≤-1 (OR: 1.540; 95%CI: 1.067–2.223; P = 0.021), 
and gestational hypertension (OR: 7.173; 95% CI: 1.482–
34.724; P = 0.014) were independent risk factors for deliv-
ery at ≤ 38 weeks of gestation, whereas anaemia was a 
protective factor for delivery at ≤ 38 weeks of gestation 
(OR: 0.590; 95%CI: (0.356–0.977); P = 0.040) (Table 4). A 

prediction model was constructed based on these results, 
and ROC curves were plotted [Fig.  1; AUC = 0.618 
(0.575–0.661), sensitivity = 77.73%, and specific-
ity = 39.66%]. Model calibration was assessed using the 
Hosmer-Lemeshow test (χ²=1.386, P = 0.986) (Fig.  2), 
indicating no significant difference between actual obser-
vations and predictions.

Analysis of risk factors for fetal weight < 3400 g and 
development of the predictive model
Among the 510 pregnant women included herein, 271 
and 239 cases had fetal weights of ≥ 3400 g and < 3400 g, 
respectively. Compared to the group with a fetal weight 
of < 3400 g, the group with a foetal weight of ≥ 3400 g had 
significantly higher vitamin D and BMD values (P < 0.05, 
Table 5).

Univariate and multivariate logistic regression analyses 
were performed with ‘fetal weight < 3400 g’ as the depen-
dent variable. The analysis revealed that vitamin D ≤ 14.7 
ng/mL (OR: 1.610; 95%CI: 1.123–2.307; P = 0.009), BMD 
T-value ≤-1 (OR: 1.560; 95%CI: 1.085–2.243; P = 0.016), 
and gestational hypertension (OR: 4.262; 95% CI: 
1.058–17.167; P = 0.041) were the independent risk fac-
tors for a fetal weight of < 3400 g (Table 5). A prediction 
model was constructed, and ROC curves were plotted 
[Fig.  3; AUC = 0.616 (0.572–0.659), sensitivity = 78.24%, 
and specificity = 40.59%]. Figure  4 shows the calibration 
curves. The Hosmer-Lemeshow test results (χ²=5.024, 
P = 0.541) indicated no significant difference between 
actual observations and predictions.

Discussion
This study comprised 510 pregnant women, and the 
median vitamin D value among participants was 14.7 
ng/mL (well below the normal range), implying that 
low vitamin D levels are an independent risk factor for 
short gestational length and low fetal weight. Women 
with vitamin D levels below 14.7 ng/mL had a 1.61 times 
higher risk of delivering a small-for-gestational-age or 
low-birth-weight fetus. Lower mid-pregnancy 25(OH)D 
levels were linked to higher incidences of low fetal weight 
and small-for-gestational-age births. Ruth Morley con-
ducted an observational study involving 374 pregnant 
women and found similar results [10]. Additionally, low 
BMD T-scores and comorbid PIH increased the risk of 
short gestational length and low fetal weight, while ane-
mia showed a protective association against short gesta-
tional length. Therefore, mid-pregnancy 25(OH)D levels 
have predictive value for gestational length and neonatal 
weight, emphasizing the importance of vitamin D sup-
plementation during pregnancy.

Fig. 2  Predictive model calibration curves for delivery at ≤ 38 weeks of 
gestation. Hosmer-Lemeshow goodness-of-fit test: χ² = 1.386; p = 0.986

 

Fig. 1  ROC for risk factors for delivering at ≤ 38 weeks of gestation. 
AUC = 0.618 (0.575–0.661); sensitivity = 77.73%; specificity = 39.66%

 



Page 7 of 11Chen et al. Reproductive Biology and Endocrinology          (2024) 22:102 

Vitamin D metabolism and molecular regulation during 
pregnancy
Vitamin D is crucial during pregnancy, with 1,25(OH)2D 
levels significantly increasing, doubling in the first tri-
mester and continuing to rise throughout pregnancy, 
then declining after delivery. Vitamin D is converted in 
the liver to 25(OH)D, the main circulating form, and then 
to the active hormone 1,25(OH)2D primarily in the kid-
neys, as well as in the placenta and maternal immune 
cells [10]. The enzyme CYP27B1, which converts 25(OH)
D to 1,25(OH)2D, is expressed in the placenta [11, 12]. 
Vitamin D receptors (VDR) are present in trophoblast 
cells and decidua [13], allowing placental cells to respond 
to locally synthesized 1,25(OH)2D. VDR binding to 
1,25(OH)2D regulates genes involved in calcium and 
phosphorus metabolism, immune function, cell prolifera-
tion, and differentiation, emphasizing vitamin D’s impor-
tance in placental physiology.

Vitamin D binding protein (VDBP) is the main carrier 
for vitamin D and its metabolites, maintaining vitamin 
D homeostasis and acting as an immunomodulator for 
healthy pregnancies. VDBP levels increase during preg-
nancy [14], likely influenced by hormones like proges-
terone [15], peaking at 40–50% higher in late pregnancy, 
which can decrease free 25(OH)D levels and affect vita-
min D availability [16]. This highlights the importance of 
adequate vitamin D intake during pregnancy.

Genetic polymorphisms in vitamin D metabolizing 
enzymes and VDBP can affect enzyme activity, influ-
encing the production and degradation of 25(OH)D and 
1,25(OH)2D, leading to individual differences in vitamin 
D status. For example, mothers with the rs12512631 “C” 
allele have lower 25(OH)D levels in maternal and cord 
blood, associated with decreased infant birthweight [17]. 
Polymorphisms in VDBP also impact vitamin D status 
and the effectiveness of supplementation, increasing the 

Table 5  General and clinical characteristics of participants in the two groups with different fetal weights and analysis of risk factors for 
a fetal weight < 3400 g

≥ 3400 g < 3400 g χ² 
value

P-value Single-factor Multi-factor
OR (95%CI) P β OR (95%CI) P

Age 1.459 0.227
<35 241 (88.93) 204 (85.36) Ref. Ref.
≥ 35 30 (11.07) 35 (14.64) 1.378 (0.818–2.323) 0.228 0.380 1.462 

(0.855-2.5)
0.165

Pre-pregnancy BMI 1.086 0.297*
≥ 18.5 270 (99.63) 235 (98.33) Ref. Ref.
<18.5 1 (0.37) 4 (1.67) 4.596 

(0.511–41.362)
0.174 1.240 3.455 

(0.375–31.857)
0.274

Vitamin D test value
(at 16–20 weeks of 
gestation)

7.567 0.006

>14.7 ng/mL 151 (55.72) 104 (43.51) Ref. Ref.
≤ 14.7 ng/mL 120 (44.28) 135 (56.49) 1.633 (1.15–2.319) 0.006 0.476 1.610 

(1.123–2.307)
0.009

BMD T-value (at 
16–20
weeks of gestation)

7.638 0.006

>-1 169 (62.36) 120 (50.21) Ref. Ref.
≤-1 102 (37.64) 119 (49.79) 1.643 (1.154–2.339) 0.006 0.445 1.560 

(1.085–2.243)
0.016

Gestational anemia 0.191 0.662
No 224 (82.66) 201 (84.10) Ref. Ref.
Yes 47 (17.34) 38 (15.90) 0.901 (0.564–1.439) 0.663 -0.248 0.78 

(0.48–1.267)
0.315

GDM 2.343 0.126
No 251 (92.62) 229 (95.82) Ref. Ref.
Yes 20 (7.38) 10 (4.18) 0.548 (0.251–1.195) 0.131 -0.703 0.495 

(0.218–1.126)
0.094

PIH 3.020 0.082
No 268 (98.89) 231 (96.65) Ref. Ref.
Yes 3 (1.11) 8 (3.35) 3.094 

(0.811–11.798)
0.098 1.450 4.262 

(1.058–17.167)
0.041

Note: * denotes significance based on the continuous corrected chi-square test
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risk of vitamin D-dependent diseases and explaining 
varying responses among individuals [18].

Association of 25(OH)D levels in pregnant women with 
neonatal weight and gestational length
The fetus is entirely dependent on maternal vitamin D 
stores. 25(OH)D is transferred from mother to fetus 
across the placenta in early pregnancy, with levels in 
cord blood at birth approximately 50-80% of maternal 
serum values [19]. A study of 7098 mother-child pairs 
showed that low maternal 25(OH)D concentrations are 

associated with fetal growth restriction and increased 
preterm birth risk [20], consistent with our findings. 
Vitamin D is crucial for fetal growth, particularly bone 
growth and mineralization. Major bone mineralization 
occurs in late pregnancy [21], and fetal weight gain dur-
ing this period mainly results from fat mass accumulation 
and bone density, both regulated by vitamin D.

Low vitamin D levels increase the risk of short gesta-
tional length due to its role in immune response regula-
tion and inflammatory processes. An Irish study found 
that vitamin D status is associated with uteroplacental 
dysfunction, with 25(OH)D > 75 nmol/L having a protec-
tive effect [22]. Higher vitamin D levels are linked to more 
live births and fewer miscarriages [23]. Vitamin D’s anti-
inflammatory properties suggest that deficiency could 
lead to placental inflammatory lesions [24, 25], affecting 
blood supply and fetal growth, potentially inducing short 
gestational length [26]. Vitamin D also helps protect the 
fetus from maternal immune attacks, and deficiency 
could lead to immune imbalances, increasing the risk of 
short gestational length [27, 28]. Additionally, vitamin 
D is vital for muscle function, including myometrium 
stability [29–34], and deficiency might disrupt uterine 
muscle balance [35–38], increasing the risk of short ges-
tational length.

Maternal vitamin D levels are positively correlated with 
neonatal birth weight. Vitamin D regulates calcium and 
phosphorus metabolism, crucial for fetal growth and 
development. Vitamin D deficiency can lead to calcium 
metabolism disorders [39], affecting bone development. 
Adequate vitamin D and calcium intake are necessary for 
bone homeostasis and multiple prenatal physiological 
processes [9, 29, 40, 41]. Although the fetus may initiate 
a series of compensatory mechanisms to meet its mineral 
requirements for rapid growth, they could lead to fetal 
intrauterine growth restriction and low birth weight in 
the long term [42]. An Iranian study also linked maternal 
calcium intake with birth weight gain [43–45]. Vitamin D 
is also involved in regulating endocrine systems, includ-
ing insulin secretion and blood pressure control [14].
Deficiency has been linked with gestational diabetes and 
preeclampsia [46, 47], which could indirectly lead to pre-
term labor or fetal growth restrictions, resulting in low 
neonatal weight.

In summary, vitamin D sufficiency is crucial for a nor-
mal pregnancy. Deficiency can affect placental health, 
fetal nutrition, and physiological homeostasis, increas-
ing the risk of short gestational length and low neonatal 
weight. Ensuring adequate vitamin D intake and main-
taining appropriate serum levels during pregnancy are 
imperative for maternal and fetal health.

Fig. 4  Predictive model calibration curves for a fetal weight < 3400  g. 
Hosmer-Lemeshow goodness-of-fit test: χ² = 5.024; p = 0.541

 

Fig. 3  ROC curve for risk factors for a fetal weight < 3400 g. AUC = 0.616 
(0.572–0.659), sensitivity = 78.24%, and specificity = 40.59%
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Predictive value of mid-pregnancy 25(OH)D levels for 
neonatal weight and gestational length
To evaluate the predictive value of 25(OH)D levels for 
gestational length at delivery and neonatal birth weight, 
ROC curve analysis indicated that 25(OH)D has pre-
dictive value for both outcomes (AUC > 0.6, P < 0.05). 
Although the AUC values of 0.618 (0.575–0.661) and 
0.616 (0.572–0.659) are not ideal, the high sensitivity of 
the model (78.24% and 77.73%) shows its potential value 
in clinical applications. This indicates that the model 
effectively detects cases with actual issues. It assists in 
identifying high-risk pregnant women early, leading to 
timely interventions and improved pregnancy outcomes. 
Key variables in the model, such as vitamin D ≤ 14.7 ng/
mL, low bone mineral density T-value, and gestational 
hypertension, significantly influenced gestational length 
and neonatal weight. The independent risk contributions 
of these variables (e.g., OR of 1.610 for vitamin D ≤ 14.7 
ng/mL) were crucial, supporting the critical role of vita-
min D in pregnancy health. By improving these variables 
(e.g., vitamin D supplementation, managing gestational 
hypertension), clinicians may be able to help improve 
pregnancy outcomes.

Existing research also supports this conclusion. For 
example, two meta-analyses by Qin LL and Aghajafari 
demonstrated that low vitamin D levels were significantly 
associated with low fetal weight and shorter gestation 
periods [48, 49]. Further, it is emphasized that delivery 
before 39 weeks is associated with a higher risk of poor 
neonatal outcomes [50, 51]. The model in this study high-
lights the high risk of delivery before 38 weeks, particu-
larly for pregnant women with vitamin D levels below 
14.7 ng/mL. This underscores the importance of main-
taining adequate vitamin D levels during pregnancy in 
clinical practice.

Although current models are not precise enough for 
a final diagnosis. Its high sensitivity and the established 
correlation between vitamin D and pregnancy outcomes 
suggest that it could be used as a screening tool in clini-
cal practice. It is recommended that the model be used 
in conjunction with other clinical assessments and tests 
This will lead to comprehensive diagnosis and improved 
management and prevention of adverse pregnancy 
outcomes.

Association of BMD, PIH and anemia with neonatal weight 
and gestational length
In this study, women with PIH exhibited a higher inci-
dence of low fetal weight and small for gestational age 
at delivery. This finding is consistent with previous 
international studies [52]. This could be due to reduced 
blood perfusion to the uteroplacenta caused by vaso-
constriction in hypertensive pregnant women, leading to 

intrauterine growth restriction, short gestational length, 
and consequently, low neonatal weight [53].

We also found that BMD is an independent risk fac-
tor for a short gestational length (weeks) and low fetal 
weight. However, there is limited literature on this topic, 
necessitating additional research to further verify the 
relationship of BMD with gestational length and fetal 
weight.

Maternal anemia is often seen as a risk factor for 
adverse pregnancy outcomes. However, we found a posi-
tive correlation between maternal anemia and gestational 
length. This might be due to uncontrolled confounding 
variables. For instance, pregnant women in the study 
region may have lower preterm birth rates and higher 
anemia incidence due to specific lifestyle, dietary habits, 
or healthcare systems. Anemic pregnant women might 
also receive more aggressive nutritional interventions 
and support, such as increased intake of iron-rich foods 
and supplements, improving their overall nutritional sta-
tus and reducing short gestational length risk. Addition-
ally, stricter medical monitoring and timely intervention 
might help maintain a normal gestational length. Iron 
is involved in the regulation of immune function and 
inflammatory responses in the body [54]. We speculate 
that moderate iron deficiency might reduce excessive 
inflammatory responses, indirectly lowering short gesta-
tional length risk through specific mechanisms. However, 
this phenomenon requires further scientific research and 
is not intended to promote anemia in pregnant women. 
Current knowledge still regards prenatal anemia as a sig-
nificant health issue that should be actively prevented 
and addressed.

Limitations and future directions
This study has several limitations. First, the sample was 
drawn exclusively from pregnant women receiving pre-
natal care at the Tumen Maternal and Child Health 
Hospital in Yanbian Prefecture, which limits the general-
izability of the conclusions due to regional and individual 
variations. Second, as a retrospective analysis relying on 
clinical records and follow-up outcomes, there was no 
control over the study process, potentially introducing 
biases. Third, the small sample size limited the number 
of pregnant women with normal vitamin D levels and 
hindered categorization according to guideline defini-
tions, potentially compromising reliability. The small PIH 
cohort also led to wider confidence intervals in model 
predictions, indicating a higher degree of uncertainty and 
the need for validation with larger datasets. Additionally, 
due to the lack of external validation, it cannot be con-
firmed whether the model will maintain its predictive 
accuracy on new data. Future research should include 
independent datasets collected from multiple sources to 
evaluate the model’s external validity.
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Future studies must address these issues by expanding 
sample sizes, conducting prospective trials, and ensuring 
broader population representation to enhance validity 
and applicability. Future studies should also focus on dif-
ferent periods of pre-conception and pregnancy to cor-
rect vitamin D deficiencies or maintain optimal levels. 
Despite these limitations, understanding the importance 
of vitamin D during pregnancy has significantly advanced 
over the past few decades.

Conclusions
This study highlights the significant role of mid-preg-
nancy vitamin D levels in determining neonatal birth 
weight and gestational age of delivery. The findings indi-
cate that vitamin D insufficiency, with median levels of 
14.7 ng/mL, constitutes an independent risk factor for 
shorter gestational periods and lower fetal weight. These 
results underscore the necessity and importance of rou-
tine monitoring and supplementation of vitamin D dur-
ing pregnancy to optimize maternal and fetal health.
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