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SUMMARY
Background: Vitamin D deficiency is common during pregnancy. 25(OH)-Vitamin D3 is the major vitamin D circulating form in human organism. However, the effects of 25(OH)-vitamin D3 deficiency in late pregnancy on the
infant’s amino acid metabolism has still not been studied. The aim of this study was to evaluate the relationship
between maternal serum 25(OH)-vitamin D3 levels in late pregnancy and profiles of newborn amino acid concentrations.
Methods: A total of 539 women in late pregnancy and their newborns enrolled in this study. The concentrations of
25(OH)-vitamin D3 in maternal serum were measured by ABI 4500 high performance liquid chromatography tandem mass spectrometry (HPLC/MS/MS). For newborns, their amino acids levels were measured by ABI 3200
LC/MS/MS. T-test and Spearman’s correlation analyses were used in the study as statistical analysis methods.
Results: The concentrations of arginine (Arg) and glycine (Gly) in newborn blood spots were significantly different
in each maternal serum 25(OH)-vitamin D3 status group. There was a significant correlation between maternal serum 25(OH)-vitamin D3 status and Arg concentration in their offspring (p = 0.03).
Conclusions: Maternal serum 25(OH)-vitamin D3 concentration in late pregnancy may affect their newborn’s amino acid metabolism, but the precise mechanisms underlying the relationship need further investigation.
(Clin. Lab. 2021;67:xx-xx. DOI: 10.7754/Clin.Lab.2020.200404)

Correspondence:
Qing Guo and Jun Ge
Department of Clinical Laboratory
The Fourth Hospital of Shijiazhuang
(Shijiazhuang Gynaecology and Obstetrics Hospital)
050000 Shijiazhuang
China
Jun Ge
Phone:
Email:

KEY WORDS
late pregnancy, 25(OH)-vitamin D3, newborn, amino
acid

INTRODUCTION
Vitamin D deficiency is a worldwide health issue, especially in pregnant women. According to a recent report,
54% of pregnant women had suboptimal vitamin D levels, showing vitamin D status as a critical health problem in pregnant women [1,2]. Maternal vitamin D level
is essential for optimal fetal development. The relationship between vitamin D deficiency and various adverse
pregnancy outcomes have been widely reported in the
past years [3]. Ingvild M. reported that there was a trend
toward a higher risk of type 1 diabetes in infants with
lower levels of maternal vitamin D during pregnancy
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Measurement of newborns’ amino acids
Dried blood spots (DBS) specimens were obtained from
the newborns on 72 hours of life. Whole blood was
drawn by heel prick and spotted on filter paper, then
dried at room temperature for analysis. For sample
treatment methods, please refer to Liu Q et al. [8]. Concentrations of the 9 amino acids, including alanine
(Ala), glycine (Gly), valine (Val), methionine (Met),
phenylalanine (Phe), tyrosine (Tyr), citrulline (Cit), ornithine (Orn), arginine (Arg) from DBS specimens were
analyzed by liquid chromatography LC-20AD (Shimadzu, Japan) coupled with API 3200 triple-quadrupole tandem mass spectrometer (AB Sciex, USA). Amino acids
were analyzed in MRM modes according to the directions for the use of amino acid kit (YingSheng, China).

[4]. M K Javaid reported that reduced concentration of
25(OH)-vitamin D3 in mothers during late pregnancy
was associated with reduced whole body and lumbar
spine bone mineral content in children at age 9 years
[5]. Amino acids, which are a source of protein synthesis and supply to the tissues, play a pivotal role in maintaining organ and body protein homeostasis [6]. Amino
acids are also the most important and direct factors in
assessing neonatal nutrition and metabolism [7]. However, the effects of vitamin D deficiency in late pregnancy on the infant’s amino acid metabolism still have
not been studied. The aim of the study focuses on the
relationship between maternal serum 25(OH)-vitamin
D3 levels in late pregnancy (> 28 weeks) and profiles of
newborn amino acid concentrations and investigates
whether lower maternal serum 25(OH)-vitamin D3 concentrations in late pregnancy influenced the newborn’s
amino acids metabolism. It will provide some proof for
the investigation of amino acid metabolism disorder and
nutritional status of newborns.

Statistical analysis
Statistical analysis was performed with SPSS 20.0 software. Measurement data were expressed by mean ± SD.
A t-test was used to determine statistically significant
differences between the four groups. p < 0.05 was considered as statistically significant. The correlation between maternal serum 25(OH)-vitamin D3 level and
each amino acid concentration in newborn DBS was analyzed by Spearman’s correlation analysis.

MATERIALS AND METHODS
Study subjects
The study was carried out at the Fourth Hospital of Shijiazhuang (Shijiazhuang Gynaecology and Obstetrics
Hospital) in China. The study consisted of 539 women
in late pregnancy and their newborns. Women aged
20 - 42 years were divided into four groups, 25(OH)-vitamin D3 severe deficiency group (< 10 ng/mL), deficiency group (10 - 20 ng/mL), insufficiency group (20 30 ng/mL), and sufficiency group (> 30 ng/mL). The
groups were divided according to Olmos OA et al. [1].
Their newborns were also divided into four groups
according to their mother's 25(OH)-vitamin D3 status.
The characteristics of these participants are presented in
Table 1. We excluded pregnant women with multiple
pregnancy, artificial assisted pregnancy, gestational diabetes, kidney disease, liver disease, and thyroid disease.
Exclusion criteria for newborns include refusal of parental consent, evidence of a major congenital anomaly,
and complicated maternal pregnancy.

RESULTS
Concentrations of maternal serum 25(OH)-vitamin
D3 and amino acids in newborn DBS
The concentrations of maternal serum 25(OH)-vitamin
D3 and amino acids in newborn DBS are shown in Table 2. Data were expressed as mean ± SD. p-values between different groups (P1: 25(OH)-vitamin D3 severe
deficiency group vs. sufficiency group; P2: 25(OH)-vitamin D3 deficiency group vs. sufficiency group; p3:
25(OH)-vitamin D3 insufficiency group vs. sufficiency
group) were calculated. p < 0.05 was required for statistical significance. Compared with maternal serum
25(OH)-vitamin D3 sufficiency group, Arg in newborn
DBS was significantly lower in maternal serum
25(OH)-vitamin D3 severe deficiency group and deficiency group (p < 0.05). The concentrations of Gly in
newborn DBS was significantly higher in maternal serum 25(OH)-vitamin D3 severe deficiency group and
deficiency group than those in sufficiency group
(p < 0.05). The levels of the other 7 amino acids had no
obvious difference between children born to mothers
with insufficient concentrations of 25(OH)-vitamin D3
group and sufficiency group

Measurement of maternal serum 25(OH)-vitamin D3
Blood of women in late pregnancy was collected after
overnight fasting. Serum samples were centrifuged at
3,500 r/minute for 15 minutes. Before analyzing the serum samples, the analytical performance of HPLCMS/MS (AB Sciex 4500) was verified. Intra-assay and
inter-assay coefficients of variation were 3.8% and
4.3%, respectively. Concentrations of 25(OH)-vitamin
D3 (precursor ions 401.3, product ion 365.5) were measured by using HPLC-MS/MS and analyzed in the multiple reaction monitoring (MRM) modes by the directions for the use of tandem mass spectrometry kit for
25(OH)-vitamin D3 (YingSheng, China). Analyst 1.6.3
software (AB Sciex, USA) was used for integrating the
peak areas and fitting with calibration curves.

Correlations between maternal serum 25(OH)-vitamin D3 status and newborns’ amino acids levels
The correlation between maternal serum levels of
25(OH)-vitamin D3 in late pregnancy and each amino
acid concentration of their offspring was analyzed by
Pearson’s correlation analysis. The relationship was
presented in Figure 1. Maternal serum 25(OH)-vitamin
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Table 1. The baseline characteristics of maternal-infant participants in this study.
Variables

Severe deficiency
(n = 25)

Deficiency
(n = 252)

Insufficiency
(n = 158)

Sufficiency
(n = 104)

Mother’s age (years)

28.00 ± 4.25

29.11 ± 3.91

29.16 ± 3.94

29.79 ± 4.04

32.80 ± 2.00

32.54 ± 2.15

32.18 ± 1.95

32.15 ± 1.78

8.75 ± 0.93

15.00 ± 2.87

24.61 ± 2.78

39.07 ± 7.43

11/25 (44.00%)

104/252 (41.27%)

78/158 (49.37%)

48/104 (46.15%)

3,313.20 ± 280.56

3,309.88 ± 453.74

3,333.45 ± 458.10

3,323.46 ± 375.13

Mother’s gestational age
(weeks)
Maternal 25(OH)-vitamin D3
concentration (ng/mL)
Gender of newborns, female
[n (%)]
Weight of newborns (g)

Quantitative and qualitative data were expressed as mean ± SD and proportions, respectively.

D3 status was significantly positively associated with
Arg concentration in their offspring (p = 0.003, r =
0.130). But the 25(OH)-vitamin D3 levels were not correlated with Ala, Gly, Val, Met, Phe, Tyr, Cit, or Orn
concentrations of the newborns (p > 0.05).

anchor to Arg-274 in the ligand-binding domain. In particular, the 1-hydroxyl group in vitamin D could make
hydrogen bonds with Arg-274 [15]. Vitamin D supplementation in hypertensive patients with 25(OH)-vitamin
D3 < 20 ng/mL had a significant increase in their Arg
level [16]. Claudio showed that Arg and vitamin D3
combined were able to induce a higher nitric oxide production. The effects on vasodilation induced by cooperative stimulation have been confirmed in an in vivo
model as well [17]. Arginine and vitamin D might have
the potential to enable shorter duration of treatment, reduced infectivity, and improved response in drug-resistant TB [18].
The study also found that the concentrations of Gly in
newborn DBS was significantly higher in maternal serum 25(OH)-vitamin D3 severe deficiency group and
deficiency group than those in the sufficiency group
(p < 0.05). Gly, a nonessential amino acid, exerts broad
spectrum of anti-inflammatory, cytoprotective, and immunomodulatory properties [19]. However, there are
few articles that focus on the relationship between vitamin D and glycine, and their interaction mechanism is
not clear. Chen et al. successfully demonstrated that
glycine supplement may restore the reduced serum vitamin D caused by incomplete bile duct ligation of guinea
pigs [20]. In this study, Gly concentration in newborn
DBS was significantly higher in maternal serum
25(OH)-vitamin D3 severe deficiency group and deficiency group than that in sufficiency group. Maybe it is
a stress response.

DISCUSSION
Vitamin D, which is mainly derived from endogenous
synthesis after exposure of the skin to solar ultraviolet
radiation, has been proven to have more functions in the
body than the classical effects on calcium metabolism
[9]. Previous studies reported that vitamin D 3 is widely
expressed in human pancreatic β-cells as well as renal
cell and numerous cell types of the immune system [10,
11]. The kidney is an important metabolic location for
amino acids, which is the direct nutritional and metabolic profile for newborns [12]. However, there were hardly any related reports for the relationship between vitamin D and amino acids. We reported the first study
about maternal serum concentrations of 25(OH)-vitamin
D3 in late pregnancy which might affect amino acid metabolism of their newborns. In this report, 25(OH)-vitamin D3 and 9 amino acids were measured by using
HPLC-MS/MS. It showed that Arg levels of the newborns were significantly lower in maternal serum
25(OH)-vitamin D3 severe deficiency group and deficiency group than those in 25(OH)-vitamin D3 sufficiency group (p < 0.05). Maternal serum 25(OH)-vitamin D3 status was significantly positively associated
with Arg concentration in their offspring (p < 0.05).
Arginine, a conditionally essential amino acid, is the
substrate for the synthesis of nitric oxide (NO), which is
a potent vasodilator in systemic, gastrointestinal, and
pulmonary circulation [13]. Newborns with necrotizing
enterocolitis and persistent pulmonary hypertension
have decreased plasma Arg concentrations, and Arg
availability may be an important factor in limiting NO
formation in this population [14]. Toshie reported that
vitamin D receptor ligands have a carboxyl group as an
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CONCLUSION
In conclusion, we observed that the concentration of
Arg in newborn DBS was significantly lower and Gly
was significantly higher in maternal serum 25(OH)-vitamin D3 severe deficiency group and deficiency group
(p < 0.05). The levels of another 7 amino acids showed
no obvious differences between children born to mothers in the four groups. Maternal serum 25(OH)-vita-
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0972

0.747

P2

P3

0.782

P1

0.498

0.044

0.321

0.571

0.522

0.993

0.235

0.733

22.85 ± 5.10

39.07 ± 7.43 291.93 ± 75.69 443.56 ± 121.63 143.82 ± 33.66

0.042

22.84 ± 5.62

Insufficiency 24.61 ± 2.78 292.26 ± 74.89 453.97 ± 121.41 148.17 ± 35.20

Sufficiency

22.17 ± 4.83

15.00 ± 2.87 289.07 ± 76.28 479.26 ± 163.07 141.57 ± 34.16

Met

Deficiency

Val

22.47 ± 3.90

497.19 ± 96.58

Gly

148.32 ± 19.68

296.45 ± 62.93

Ala

8.75 ± 0.93

Vitamin D

Severe
deficiency

Variables

Maternal
(ng/mL)

97.55 ± 38.51

Tyr

13.78 ± 5.46

Cit

0.938

0.243

0.460

13.03 ± 4.30

12.99 ± 3.85

0.932

0.672

0.868

98.85 ± 34.10

99.25 ± 40.19

0.938

0.243

0.460

13.03 ± 4.30

12.99 ± 3.85

12.50 ± 3.66 100.74 ± 40.02 12.50 ± 3.66

13.78 ± 5.46

Phe

Neonates
(μmol /L)

9.47 ± 7.40

9.43 ± 6.38

7.43 ± 4.57

Arg

0.201

0.929

0.955

0.097

0.042

0.035

129.28 ± 46.50 11.10 ± 8.25

136.94 ± 47.91

128.82 + 42.66

128.71 ± 36.57

Orn
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Table 2. Concentrations of maternal serum 25(OH)-vitamin D3 and neonates’ amino acids in DBS.

P1 - Severe deficiency group vs. sufficiency group, P2 - Deficiency group vs. sufficiency group, P3 - Insufficiency group vs. sufficiency group.
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Figure 1. Correlations between maternal serum 25(OH)-vitamin D3 concentration in late pregnancy and newborn amino acid
levels. Linear regression lines are shown. r = Pearson’s correlation coefficients.

min D3 status was significantly, positively associated
with Arg concentration in their offspring (p < 0.05), but
not with Ala, Gly, Val, Met, Phe, Tyr, Cit, or Orn concentrations (p > 0.05). The precise mechanisms underlying the relationship need further investigation.
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