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A B S T R A C T   

Background: To investigate the mechanism of vitamin D level on the regulation of peripheral 
blood lymphocyte subsets and serum Th1/Th2 cytokines in patients with unexplained recurrent 
spontaneous abortion (URSA). 
Methods: Eighty female patients with URSA attending Sichuan Jinxin Xinan Women’s and Chil-
dren’s Hospital from January 2020 to May 2021 were selected as the study group, and 30 age- 
matched women with a history of healthy deliveries were chosen as the control group, and pe-
ripheral blood lymphocyte subpopulations and serum Th1/Th2 cytokines of people with different 
levels of vitamin D were detected in the study group by flow cytometry, respectively. The results 
of immune factors before and after supplementation were analyzed in 40 of these patients with 
low vitamin D levels. The results of lymphoid subpopulations and Th1/Th2 cytokines in 19 pa-
tients with normal pregnancy before and after vitamin D supplementation and after normal 
pregnancy were also analyzed comparatively. 
Results: (1) Serum 25(OH)D in the study group was lower than in the control group; peripheral 
blood Th cells, B cells and NK cells in the study group were higher than in the control group; IL-2, 
TNF-α, IFN-γ and IL-6 in the study group were higher than in the control group, while IL-4 and IL- 
10 in the study group were lower than in the control group (P < 0.05). (2) Th cells, B cells and NK 
cells of URSA patients in the vitamin D low level group were higher than those in the vitamin D 
normal group; serum cytokines IL-2, TNF-α and IFN-γ of patients in the vitamin D low level group 
were higher than those in the vitamin D normal group (P < 0.05); (3) Th cells, B cells and NK cells 
in URSA patients after vitamin D supplementation were lower than before vitamin D supple-
mentation; serum cytokines IL-2, TNF-α and IFN-γ after vitamin D supplementation were lower 
than before vitamin D supplementation, IL-4 and IL-10 after vitamin D supplementation were 
higher than before vitamin D supplementation (P < 0.05), and there was no significant difference 
in IL-6 before and after vitamin D supplementation. (4) Th cells, B cells and NK cells in patients 
with normal pregnancy after vitamin D supplementation and after pregnancy were lower than 
those before vitamin D supplementation; serum cytokines IL-2, TNF-α and IFN-γ after vitamin D 
supplementation and after pregnancy were lower than those before vitamin D supplementation, 
and serum cytokines IL-4 and IL-10 after vitamin D supplementation and after pregnancy were 
higher than those before vitamin D supplementation, TNF -α, IFN-γ after pregnancy were lower 
than after vitamin D supplementation (P < 0.05), IL-6 was not significantly different before and 
after vitamin D supplementation and after pregnancy. 
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Conclusion: Vitamin D deficiency rate was high in URSA patients. Th、B、NK cells and IL-2, TNF- 
α, IFN-γ, IL-6 cytokines were high, while IL-6 and IL-10 were low in URSA patients. IL-2, TNF-α, 
IFN-γ cytokines and Th, B, NK cells were increased in vitamin D deficient URSA patients, and 
Vitamin D deficiency may be an important cause or aggravating factor of immune dysfunction in 
URSA patients. Vitamin D has an immunomodulatory effect on URSA patients, promoting suc-
cessful pregnancy by down-regulating peripheral blood Th, B, and NK cells and IL-2, TNF-α, and 
IFN-γ cytokines, while up-regulating IL-4 and IL-10.   

1. Introduction 

In a normal pregnancy, maternal-fetal interactions produce tolerance so that the embryo is not rejected by the maternal immune 
system [1]. Successful pregnancy requires a delicate balance of maternal immune system activity and embryonic immune regulation 
[2]. Disruption of various regulatory factors in the maternal immune system during pregnancy may lead to miscarriage [3]. The 
American Society for Reproductive Medicine (ASRM) defines recurrent spontaneous abortion (RSA) as two or more consecutive 
spontaneous abortions with the same sexual partner, and the incidence of RSA in women of childbearing age is about 1%–5%, and it is 
a rather difficult problem faced by obstetricians and gynecologists as well as patients at present [4]. The etiology of RSA is multi-
factorial and complex, and in addition to the identifiable causes of RSA, which include hormonal, anatomical, autoimmune, chro-
mosomal, and infectious factors, about 50% of the cases are still unexplained [5]. 

Unexplained recurrent spontaneous abortion (URSA) is to some extent thought to be due to maternal immune rejection of the fetus 
[6]. Vitamin D is a steroid hormone and 25-hydroxyvitamin D [25(OH)D] is the main circulating form of vitamin D [7], and recent 
revised guidelines of the North American Society of Endocrinology define vitamin D deficiency as blood levels of less than 20 ng/ml 
and vitamin D insufficiency as having a 25(OH)D level of 20–30 ng/ml [8]. Vitamin D is mainly known for its regulation of calcium and 
phosphate absorption from the gastrointestinal tract and mineralization in the skeletal system [9]. In addition to this, vitamin D is an 
overall regulator of immune, reproductive and other systems, including the regulation of maternal-fetal immune imbalance disease 
leading to RSA [10,11]. Vitamin D deficiency during pregnancy is associated with several adverse pregnancy outcomes, such as 
preeclampsia (PE), gestational diabetes mellitus (GDM), and recurrent spontaneous abortion (RSA) [12,13]. Clinical studies have 
found reduced expression of vitamin D and its receptor at the maternal-fetal interface in RSA women, which may increase the risk of 
miscarriage [14]. Adequate preconception vitamin D levels may increase the likelihood of successful reproductive treatment, and 
diagnosis and treatment of vitamin D deficiency in women planning assisted reproductive therapy may be beneficial in optimizing 
pregnancy outcomes [15]. 

The series of studies described above suggest that vitamin D is an important immunomodulatory factor that may influence 
pregnancy outcomes by modulating immune function during pregnancy, but the mechanisms of vitamin D immunomodulation in vivo 
have not been fully clarified. In this study, we investigated the differences in peripheral blood lymphoid subpopulations and serum 
Th1/Th2 cytokines in different 25(OH)D level groups by flow technique. At the same time, vitamin D supplementation was performed 
in patients with insufficient 25(OH)D, comparing the levels of lymphocyte subpopulations and cytokines in the body before and after 
vitamin D supplementation. We also retrospectively analyzed the results of peripheral blood lymphocyte subpopulations and serum 
cytokines of 19 normal pregnancies in 28 URSA patients supplemented with vitamin D. We explored the mechanism of the immune- 
regulating effect of vitamin D on URSA patients, which can provide a basis for clinical diagnosis and prevention, and also provide a 
therapeutic solution to improve the IVF-ET pregnancy rate of URSA patients with immune dysfunction. 

2. Materials and methods 

2.1. Study population 

Study group: 80 female patients with recurrent miscarriage attending Sichuan Jinxin Sinan Women’s and Children’s Hospital from 
January 2020 to May 2021 were selected for the study; Inclusion criteria: (1) history of RSA (two or more consecutive spontaneous 
abortions before 20 weeks of gestation); (2) no previous history of targeted treatment for RSA; (3) normal chromosomal karyotypes of 
both husband and wife; (4) normal pelvic ultrasound to exclude organic lesions of the reproductive tract; (5) Secretions from the cervix 
were negative for chlamydia, mycoplasma, and gonococcus to rule out external genital tract infection; (6) The woman has normal 
hormone levels and no history of endocrine disease; (7) Normal coagulation without thrombotic tendency or hypercoagulable state; (8) 
Regular menstrual cycle, no endocrine or immunomodulators or vitamin D in the last 3 months; (9) The male partner’s routine semen 
test is normal and negative for chlamydia, mycoplasma and gonococcus. The study group was divided into 26 cases in the vitamin D 
normal group (25(OH)D ≥ 30 ng/ml) and 54 cases in the vitamin D low level group (25(OH)D < 30 ng/ml) based on serum 25(OH)D 
level. Normal control group: 30 women with a history of healthy deliveries from January 2020–May 2021. In the study group, 40 URSA 
patients with low levels of Vitamin D were supplemented with Vitamin D. 12 of the 40 patients supplemented with Vitamin D had 
missing pregnancy outcomes or test records, and 19 of the remaining 28 patients had normal pregnancies. 
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2.2. Instruments and reagents 

Vitamin D: Fully automated chemiluminescence immunoassay system I3000, kits purchased from Mike’s Bio Co, acridine ester 
labeled 25(OH)D antibody. 

Lymphocyte subpopulation and absolute counting: BD Facscanto II flow cytometer, Lymphocyte subpopulation fluorescent 
monoclonal antibody kit and TS Cell-Count absolute counting microsphere kit were purchased from Beijing Tongsheng Times 
Biotechnology Co. The fluorescent antibodies were labeled as follows: PerCP-Cy5.5 labeled CD45 antibody; FITC labeled CD3 anti-
body; APC labeled CD19 antibody; PE-Cy7 labeled CD4 antibody; APC-Cy7 labeled CD8 antibody; PE labeled CD16 antibody and CD56 
antibody. 

Cytokines: BD Facscanto II flow cytometer, human Th1/Th2 subpopulation detection kit (flow fluorescence method) was purchased 
from Hangzhou Sage Biotechnology Co. Antibodies were labeled as follows: capture microsphere antibodies to six different cytokines 
were fluorescently labeled with different APC intensities, and the fluorescence intensities of the APC-labeled microspheres were from 
strong to weak for IL-2, IL-4, IL-6, IL-10,TNF-α, and IFN-γ, respectively. PE fluorescently labeled secondary antibodies. 

2.3. Experimental procedure 

Lymphocyte subsets and cytokines before Vitamin D supplementation were collected during the luteal phase. Lymphocyte subsets 
and cytokines after Vitamin D supplementation were collected during the luteal phase 1–3 months after Vitamin D supplementation. 
Lymphocyte subsets and cytokines after normal pregnancy were collected in early pregnancy. 

Vitamin D:Serum was separated in yellow-tipped tubes and tested within 24 h. The immunoassay is performed by magnetic particle 
chemiluminescence technique following the principle of competitive method. The analytical buffer (containing dissociative agent), 
acridine ester-labeled antibody and samples were mixed and incubated, the 25-hydroxyvitamin D in the samples was separated from 
the binding protein under the action of dissociative agent and combined with acridine ester-labeled antibody, and then the magnetic 
particles encapsulated with 25-hydroxyvitamin D were added, the 25-hydroxyvitamin D in the samples competed with the 25-hydrox-
yvitamin D encapsulated in the magnetic particles for acridine ester-labeled antibody together. The sample is washed to remove 
unbound material, a luminescent substrate is added and a chemiluminescent reaction occurs, and the relative luminescence value 
(RLU) is measured, which is inversely proportional to the concentration of 25-hydroxyvitamin D in the sample. 

Lymphocyte subpopulations: Anticoagulated whole blood was drawn from a purple-tipped tube for lymphatic subgroups and stored 
at room temperature for testing within 24 h. Detection steps (1) Draw 50 μL of mixed EDTA anticoagulated whole blood and add it to 
the bottom of the absolute count microsphere tube. (2) Add 20 μL of fluorescent antibody reagent. (3) Vortex well and mix for about 10 
s, and react for 20 min at room temperature away from light. (4) Add 450 μL of hemolytic agent to the tube and react for 10 min at 
room temperature away from light. (5) Add 450 μL of Phosphate Buffered Saline (PBS) to the tube and test on the machine. (6) Results 
processing: set the gate with CD45/SSC. 

Cytokines: Separate serum with yellow-tipped tubes, keep refrigerated at 2–8 ◦C, and assay within 48 h. The principle of cytokine 
detection is flow CBA (Multiple Protein Quantification Assay) technology. (1) Take the kit capture microsphere mixture (A), vortex for 
3–5 s, take n*25 μL (n is the number of samples) in a test tube, centrifuge at 200 g for 5 min, then carefully aspirate the supernatant 
with a pipette gun and discard it, and then take an equal amount of microsphere buffer (H) to resuspend the microspheres. After 
vortexing and shaking for 3–5 s, incubate for 30 min away from light; (2) Add 25 μL of microsphere after shaking and mixing to tubes 
separately; (3) Add 25 μL of the sample to be detected. (4) Finally, 25 μL of fluorescence detection reagent (C) was added. (5) All the 
sample tubes were shaken and mixed well, and incubated for 2.5 h at room temperature and away from light; (6) 1 ml of PBS solution 
was added to each tube for washing, centrifuged at 200 g for 5 min, and the supernatant was discarded. (7) Add 100 μL of PBS solution 
to each tube, resuspend with shaking and put on the machine. (8) Results processing: FSC/SSC set up to capture the microsphere gate, 
PE/APC show the concentration of different cytokines. 

2.4. Statistical analysis 

The data were processed using the software Rstudio, and characteristics between the two groups was expressed as mean ± standard 
deviation (x ± s), and independent samples t-test and paired t-test were used. The difference was considered statistically significant at 
P < 0.05. 

Table 1 
Comparison of baseline and 25(OH)D in study and control groups.  

groups study group (n = 80) Control group (n = 30) P value 

Age 33.06 ± 5.84 31.63 ± 3.49 0.12 
BMI 22.37 ± 3.75 22.78 ± 2.79 0.53 
Menstrual cycles (days) 29.41 ± 4.74 29.53 ± 4.12 0.90 
25(OH)D (ng/ml) 22.69 ± 6.74 34.43 ± 3.31 <0.05* 
Proportion of 25(OH)D deficiencies (%) 67.5 16.7  

*P < 0.05, statistically significant. 
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3. Results 

3.1. General clinical characteristics in the study 

There were no statistically significant differences in age, body mass index (BMI), number of miscarriages, and menstrual cycle 
between the study group and the control group, and between the group with normal levels of Vitamin D and the group with low levels 
of Vitamin D in the study group (Table 1 and Table 2, P > 0.05). 

3.2. 25(OH)D levels and immune factor status in peripheral blood of URSA patients 

Vitamin D deficiency as blood levels of less than 20 ng/ml and vitamin D insufficiency as having a 25(OH)D level of 20–30 ng/ml, 
normal vitamin D as blood levels of more than 30 ng/ml [8]. The serum 25(OH)D level in the study group was lower than that in the 
control group, and the difference was statistically significant (Table 1, P < 0.05), and the proportion of serum 25(OH)D insufficiency in 
the study group was higher than that in the control group. 

Th cells (CD3+CD4+), B cells (CD19+) and NK cells (CD3− CD16+CD56+) in the study group were higher than in the control group, 
with a statistically significant difference (Table 3, P < 0.05), whereas the differences between the two groups were not statistically 
significant for T cells (CD3+) and Tc cells (CD3+CD8+); serum Th1 cytokines IL-2, TNF-α, IFN-γ, and Th2 cytokines IL-6 in the study 
group were higher than in the control group, with a statistically significant difference, while Th2 cytokines IL-4 and IL-10 in the study 
group were lower than in the control group, with a statistically significant difference (Table 4, P < 0.05). 

3.3. Peripheral blood immune cells and serum cytokines in URSA patients with different 25(OH)D levels 

Th cells, B cells, and NK cells in RSA patients in the low 25(OH)D group were higher than in the normal 25(OH)D group, and the 
difference was statistically significant (Table 5, P < 0.05), whereas T cells (CD3+) and Tc cells (CD3+CD8+) had no statistically sig-
nificant difference between the two groups. The levels of serum Th1 cytokines IL-2, TNF-α and IFN-γ in the low 25(OH)D group were 
higher than in the normal 25(OH)D group, and the difference was statistically significant (Table 6, P < 0.05); whereas the differences 
of IL-4, IL-6 and IL-10 were not statistically significant between the two groups. 

3.4. Alterations in peripheral blood immune cells and serum cytokines before and after vitamin D supplementation in URSA patients 

Th cells, B cells, and NK cells of the 40 patients supplemented with vitamin D were lower than the levels before supplementation, 
and the difference was statistically significant (Table 7, P < 0.05). And the difference between T and Tc cells before and after Vitamin D 
supplementation was not statistically significant. Meanwhile, the levels of serum Th1-type cytokines IL-2, TNF-α and IFN-γ after 
vitamin D supplementation were lower than those before supplementation, and the levels of Th2-type cytokines IL-4 and IL-10 were 
higher than those before supplementation, with a statistically significant difference (Table 8, P < 0.05), while the difference of IL-6 
before and after vitamin D supplementation was not statistically significant. 

3.5. Alterations in peripheral blood immune cells and serum cytokines before and after vitamin D supplementation and after normal 
pregnancy in URSA patients 

Th cells, B cells and NK cells in patients with normal pregnancy after Vitamin D supplementation and after pregnancy were lower 
than the pre-supplementation levels, and the difference was statistically significant (Table 9, P < 0.05), whereas the differences be-
tween after vitamin D supplementation and after pregnancy were not statistically significant. The differences in T and Tc cells in 
normal pregnant patients were not statistically significant between before vitamin D supplementation, after vitamin D supplemen-
tation and after pregnancy. 

IL-2, TNF-α and IFN-γ after vitamin D supplementation and after pregnancy were lower than the levels before vitamin D supple-
mentation, and the differences were statistically significant, TNF-α and IFN-γ after pregnancy were lower than after vitamin D sup-
plementation, and the differences were statistically significant, whereas the differences in IL-2 was no statistically significant between 
after pregnancy and after vitamin D supplementation; IL-10 and IL-4 after vitamin D supplementation and after pregnancy were higher 
than the levels before vitamin D supplementation, and the differences were statistically significant (Table 10, P < 0.05), whereas 
differences in IL-4 and IL-10 were no statistically significant between after pregnancy compared with those after vitamin D 

Table 2 
Baseline comparison of groups with different 25(OH)D levels.  

groups normal group (n = 26) low level group (n = 54) P value 

Age 32.42 ± 6.62 33.37 ± 5.47 0.53 
BMI 22.23 ± 3.89 22.43 ± 3.71 0.83 
Number of abortions 2.38 ± 0.57 2.65 ± 0.76 0.09 
Menstrual cycles (days) 30.15 ± 4.31 29.06 ± 4.93 0.31 

*P < 0.05, statistically significant. 
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Table 3 
Comparison of the proportions and absolute counts of peripheral blood lymphoid subpopulations in the study and control groups.  

groups CD3+(%) CD3+ (cells/ 
ul) 

CD3+CD4+(%) CD3+CD4+(cells/ 
ul) 

CD3+CD8+

(%) 
CD3+CD8+(cells/ 
ul) 

CD19+ (%) CD19+ (cells/ 
ul) 

CD16+CD56+(%) CD16+CD56+ (cells/ 
ul) 

study group (n =
80) 

61.23 ±
5.71 

995.21 ±
105.02 

37.88 ± 5.58 883.56 ± 124.08 19.97 ± 2.11 450.33 ± 98.09 18.52 ±
3.98 

329.13 ±
70.88 

19.31 ± 4.91 300.79 ± 109.78 

Control group (n =
30) 

61.39 ±
5.76 

992.55 ±
74.05 

32.68 ± 4.02 726.24 ± 37.66 19.96 ± 2.27 442.29 ± 106.19 15.55 ±
2.58 

242.95 ±
45.20 

15.28 ± 2.87 164.36 ± 34.32 

P value 0.89 0.88 <0.05* <0.05* 0.98 0.72 <0.05* <0.05* <0.05* <0.05* 

*P < 0.05, statistically significant. 
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supplementation, and the differences in IL-6 were no statistically significant between before vitamin D supplementation, after vitamin 
D supplementation, and after pregnancy. 

4. Discussion 

4.1. Relationship between vitamin D and miscarriage 

Research suggests that VD may play an immunomodulatory role to promote implantation and successful pregnancy [16,17]. 
However, during pregnancy, vitamin D levels tend to decline from the body’s optimal requirements for a number of reasons [18], 
which may lead to maternal vitamin D insufficiency or deficiency and unfavorable pregnancy outcomes [19]. The rate of vitamin D 
deficiency in patients with RSA is quite high compared to patients with normal pregnancies [10,20].30.8%–51.5% of RSA women have 
vitamin D insufficiency (20–30 ng/ml), and 13.1%–16.6% of RSA women have vitamin D deficiency (<20 ng/ml) [10,21]. Women 
with vitamin D insufficiency or deficiency have significantly higher rates of miscarriage than women with normal vitamin levels [21]. 
The results of this study showed that the vitamin D level in URSA was lower than that of normal control group (p < 0.05). The rate of 
vitamin D insufficiency in URSA group and control group was 67.5% and 16.7%, respectively, which suggests that there is a high rate 
of vitamin D insufficiency or deficiency in patients with URSA, which may be an association between RSA, and the findings of the 
present study are in consistent with those of previous studies. 

4.2. Modulation of lymphoid subpopulations by vitamin D in RSA patients 

VD may play an important role in the regulation of the percentage and function of peripheral blood lymphocyte subpopulations in 
patients with RSA, inducing changes favorable for successful pregnancy [10,21]. CD4+T cells mediate cellular immunity, and an 
increase in their rate enhances maternal cellular immunity, leading to increased maternal immune rejection of the embryo, and 
therefore pregnancy cannot be maintained. CD8+T cells can simultaneously inhibit humoral immunity mediated by B cells and type IV 
hypersensitivity and immunoproliferative responses mediated by CD4+T cells, ensuring that embryos hemizygous antigens are not 
rejected [22].1,25 (OH)2D3 may inhibit the number and function of CD4+ cells as well as modulate the inflammatory response by 
binding to the VDR [23,24]. The results of this study showed that Th cells in the study group were higher than in the control group, 
higher in the group with low levels of vitamin D than in the group with normal vitamin D in URSA patients, and lower in the patients 
after vitamin D supplementation than before vitamin D supplementation. Th cells in patients with normal pregnancy after vitamin D 
supplementation and after pregnancy were lower than pre-supplementation levels. The results of the present study are consistent with 
the above findings that patients with URSA, especially those with low levels of vitamin D, have higher Th cells, and that vitamin D has 
the effect of reducing peripheral blood Th cells, thereby decreasing maternal rejection of the embryo and enhancing maternal immune 
tolerance to the embryo. In addition, the present study further suggests that maintaining low levels of Th cells before pregnancy and 
during early pregnancy is beneficial to the successful pregnancy. 

CD19+ lymphocytes indicate the state of the body’s humoral immune function. Vitamin D insufficiency or deficiency increases the 
risk of miscarriage by promoting cellular and autoimmunity, which is characterized by an increase in CD19+ B cells and autoantibodies 
[7,21]. Vitamin D decreases B cells in patients with RSA, thereby reducing immunoglobulin production [10,23]. The results of the 
present study are consistent with those of the above studies, but the present study, based on the above studies, by doing its own 
comparison of vitamin D-deficient patients before and after vitamin D supplementation and after pregnancy, further confirms that 
vitamin D may be beneficial in improving the poor pregnancy outcome of URSA patients by down-regulating the B-lymphocytes to 
reduce autoantibody production in vivo and to promote the maintenance of the embryo in the mother’s womb. 

The NK cell surface-specific leukocyte differentiation antigens CD56 and CD16 are their specific markers. CD56+CD16+ NK cells 
are the major cells mediating ADCC (antibody-dependent cytotoxicity of NK cells) with immune rejection killing and cytotoxicity, 
which damages and kills embryos through cytokine alterations. Studies have shown that a high percentage of NK cells is an indicator of 
poor prognosis in patients with RSA [25,26]. NK cell levels are elevated in vitamin D-deficient RSA patients [7,21]. In vitro experi-
ments have demonstrated that VD3 reduces NK cytotoxicity [10,21]. In this experiment, CD3− CD16+CD56+ was used to label NK cells, 
and the results of the study showed that NK cells in the study group were higher than in the control group, and NK cells were high in the 
study group, especially in URSA patients with low vitamin D levels. The URSA patients with low levels of vitamin D were compared 
with themselves before and after vitamin D supplementation, pregnant patients were compared with themselves before and after 
vitamin D supplementation and after pregnancy, and it was found that the NK cells in URSA patients after vitamin D supplementation 
and in pregnant patients after vitamin D supplementation and after pregnancy were lower than the levels of NK cells before vitamin D 
supplementation (P < 0.05). This study confirms that vitamin D reduces peripheral blood NK cells and decreases maternal rejection 

Table 4 
Comparison of serum Th1/Th2 cytokines between study and control groups (pg/ml).  

groups IL-2 TNF-α IFN-γ IL-4 IL-6 IL-10 

study group (n = 80) 6.75 ± 4.65 12.16 ± 8.69 12.18 ± 8.61 1.35 ± 0.66 14.82 ± 3.74 2.64 ± 1.44 
Control group (n = 30) 1.28 ± 0.53 1.32 ± 0.67 1.59 ± 0.76 12.26 ± 0.54 3.63 ± 1.30 12.19 ± 1.57 
P value <0.05* <0.05* <0.05* <0.05* <0.05* <0.05* 

*P < 0.05, statistically significant. 
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Table 5 
Comparison of the proportions and absolute counts of peripheral blood lymphoid subpopulations in different 25(OH)D level groups.  

groups CD3+(%) CD3+ (cells/ 
ul) 

CD3+CD4+(%) CD3+CD4+(cells/ 
ul) 

CD3+CD8+

(%) 
CD3+CD8+(cells/ 
ul) 

CD19+ (%) CD19+ (cells/ 
ul) 

CD16+CD56+(%) CD16+CD56+ (cells/ 
ul) 

normal group (n =
26) 

62.72 ±
5.78 

992.95 ±
99.86 

33.43 ± 4.01 726.76 ± 46.76 20.04 ± 1.6 432.04 ± 84.71 15.34 ±
2.43 

252.55 ±
36.40 

14.92 ± 2.97 157.34 ± 35.35 

low level group (n 
= 54) 

60.51 ±
5.59 

996.30 ±
108.31 

40.02 ± 4.95 959.07 ± 63.61 19.94 ± 2.33 459.13 ± 103.50 20.05 ±
3.67 

366.00 ±
51.01 

21.42 ± 4.22 367.21 ± 54.49 

P value 0.11 0.89 <0.05* <0.05* 0.81 0.22 <0.05* <0.05* <0.05* <0.05* 

*P < 0.05, statistically significant. 
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and killing of embryos, thereby promoting successful pregnancy in URSA patients. 

4.3. Regulation of serum Th1/Th2 cytokines by vitamin D in RSA patients 

Modern reproductive immunology suggests that the dynamic balance of Th1/Th2 type cytokines has a crucial role in successful 
pregnancy [27,28]. Pro-inflammatory cytokines such as IL-2, TNF-α and IFN-γ secreted by Th1 cells can regulate cell proliferation and 
differentiation and provide energy metabolism, providing a favorable environment for fetal growth and development, but excessive 
Th1 cytokines can cause immune rejection and thus increase the difficulty of placental implantation, which may be detrimental to the 
outcome of the pregnancy [29]. Th2 cells secrete IL-4, IL-6, IL-10 and other Anti-inflammatory cytokines, which can reduce the 
rejection between mother and fetus and increase the adaptability and compatibility between mother and fetus, thus favoring the 
success of pregnancy [30]. Vitamin D promotes the transition from a Th1 to a Th2 cell phenotype by decreasing the production of 
INF-γ, IL-2, and TNF-αand increasing the production of cytokines such as IL- 4,6,10 [10,31,32], but these studies investigated the 
effects of vitamin D on cytokines from an in vitro perspective, and were not combined with in vivo serum cytokine assays. 

In this study, we applied the flow CBA technique to investigate the in vivo regulatory effects of vitamin D on Th1/Th2 cytokines, 
and the results showed that serum IL-2, TNF-α, IFN-γin the study group were higher than in the control group, and IL-4、IL-10 in the 
study group were lower than in the control group, and that serum IL-2, TNF-α, and IFN-γ in the low vitamin D group were higher than 
in the normal vitamin D group; in addition, serum cytokine IL-2, TNF-α, and IFN-γ levels in the URSA patients after vitamin D sup-
plementation, the pregnant patients after vitamin D supplementation, and after pregnancy were lower than before vitamin D sup-
plementation (P < 0.05), whereas IL-4 and IL-10 after supplementation and after pregnancy were higher than the pre-supplementation 
levels (P < 0.05). And it was also found that serum TNF-αand IFN-γafter pregnancy were lower than after vitamin D supplementation in 
pregnant patients. And the differences in IL-6 in URSA patients before vitamin D supplementation, after vitamin D supplementation, 
and after pregnancy were not statistically significant. The results of IL-2, TNF-α, IFN-γ, IL-4, and IL-10 in the present study are 
consistent with the results of the above studies, suggesting that Vitamin D does have the effect of down-regulating the Th1-type cy-
tokines IL-2, TNF-α, and IFN-γ and up-regulating the Th2-type cytokines IL-4 and IL-10, thereby maintaining the development of 
pregnancy. Lower levels of TNF-α and IFN-γ in early pregnancy in this study were more favorable for successful pregnancy. 

In our study, IL-6 in the study group was higher than in the control group, but it was not statistically different between the group 
with low levels of Vitamin D and the group with normal levels of Vitamin D, and it was not statistically different before and after 
Vitamin D supplementation, and after pregnancy. This is where the conflicting performance of IL-6 in our study comes into play. This is 
also inconsistent with the results of the above studies. Whether IL-6 is favorable or unfavorable to pregnancy is currently controversial. 
IL-6 is a multifunctional cytokine that plays an important role in acute and chronic inflammation and autoimmunity [33]. IL-6 induces 
B-cell differentiation, promotes T-cell proliferation, and mediates acute inflammatory responses, and it plays an important role in 
resisting infection by external pathogens and in maintaining the stability of the internal environment of the organism, and its aberrant 
expression and function are involved in the development of inflammation, tumors, and other diseases [34]. Although IL-6 is an 
anti-inflammatory cytokine, it has been shown that low-level IL-6 status plays an important role in the maintenance of normal 
pregnancy, whereas plasma and localized maternal-fetal interface IL-6 expression is elevated in patients with URSA [5,35]. This 
suggests that the immune role of IL-6 in RSA patients is not unilateral, but may have multifaceted effects, and that differences in the 
consistency and antagonism of the results of the various effects may lead to different pregnancy outcomes. This may be the cause of the 
contradictions in our results. There was no significant change in IL-6 before and after Vitamin D supplementation in this study, and we 
hypothesized that it may be that vitamin D has no modulatory effect on IL-6 or that the multiple modulatory effects on IL-6 are 
balanced with each other, resulting in a statistically non-significant difference, given the small sample size of the present study, the 
specific modulatory effect of vitamin D on IL-6 remains to be investigated in more detail in a larger sample. 

4.4. Discussion of the strengths and weaknesses of this study 

This study is an in vivo experiment. It compares changes in immune status before and after vitamin D supplementation and after 
pregnancy in URSA patients with low levels of vitamin D, excluding the effect of individual differences and more fully confirming the 
specific regulatory mechanisms of vitamin D on lymphoid subpopulations and Th1/Th2 cytokines. In addition, the regulatory effects of 
vitamin D on lymphoid subpopulations and cytokines were also explored, and in particular, both proportional and absolute counts of 
lymphocyte subpopulations were investigated, and the results of both were compatible. Therefore, this study is more comprehensive 
and provides a reliable basis for clinical diagnosis and treatment. However, there are two shortcomings in this study, firstly, the sample 
size is small. It is hoped that more scholars will do research on the immunomodulatory effect of Vitamin D on URSA with a larger 

Table 6 
Comparison of serum Th1/Th2 cytokines in different 25(OH)D level groups (pg/ml).  

groups IL-2 TNF-α IFN-γ IL-4 IL-6 IL-10 

normal group (n = 26) 1.04 ± 0.56 1.23 ± 0.61 1.58 ± 0.77 1.23 ± 0.73 14.99 ± 4.30 2.36 ± 1.48 
low level group 

(n = 54) 
9.51 ± 2.89 17.42 ± 5.06 17.29 ± 5.33 1.40 ± 0.62 14.74 ± 3.48 2.78 ± 1.41 

P value <0.05* <0.05* <0.05* 0.32 0.79 0.24 

*P < 0.05, statistically significant. 
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Table 7 
Comparison of peripheral blood lymphatic subpopulation proportions and absolute count before and after vitamin D supplementation in URSA patients with low vitamin D levels.  

groups CD3+(%) CD3+ (cells/ 
ul) 

CD3+CD4+(%) CD3+CD4+(cells/ 
ul) 

CD3+CD8+(%) CD3+CD8+(cells/ 
ul) 

CD19+ (%) CD19+

(cells/ul) 
CD16+CD56+

(%) 
CD16+CD56+

(cells/ul) 

Before Supplementation (n 
= 40) 

60.19 ±
5.72 

987.08 ±
94.84 

39.93 ± 5.15 963.64 ± 66.35 19.58 ± 2.26 459.89 ± 92.85 20.39 ±
3.87 

365.80 ±
50.75 

21.44 ± 4.19 364.62 ± 54.62 

After supplementation (n 
= 40) 

59.16 ±
5.51 

984.88 ±
89.12 

33.81 ± 3.55 767.67 ± 77.43 19.89 ± 3.21 457.71 ± 76.49 16.24 ±
1.69 

267.68 ±
38.90 

16.33 ± 3.00 174.64 ± 45.71 

P value 0.10 0.89 <0.05* <0.05* 0.47 0.78 <0.05* <0.05* <0.05* <0.05* 

*P < 0.05, statistically significant. 
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sample size. Secondly, although a comparison of patients with normal pregnancies was made and it was found that 19 out of 28 
patients supplemented with Vitamin D had normal pregnancies and the rate of successful pregnancy after Vitamin D supplementation 
was 67.8%, there was a lack of control of the pregnancy rate of URSA patients not supplemented with Vitamin D. Therefore, it could not 
adequately reflect the role of Vitamin D in assisting pregnancy in URSA, nor could it fully demonstrate that Vitamin D status in patients 
with URSA reduces the risk of further miscarriage and improve the outcome of assisted reproductive technology, thus increasing the 
pregnancy rate of patients, so more researchers need to follow up to do further high-quality randomized controlled trials on the 
relationship between Vitamin D supplementation and reproductive outcomes in URSA patients. 

Ethical statement 

This study was approved by the Research Ethics Committee of Sichuan Jinxin Xinan Women’s and Children’s Hospital (2023-045). 
The informed content was waived. The study conformed to the Declaration of Helsinki. 

Data availability statement 

All data will be made available upon reasonable request to and with the approved consent of the corresponding author, and will be 
shared in accordance with the standards of ethical policies regulating data sharing in human subjects. 

Table 8 
Comparison of serum Th1/Th2 cytokines before and after vitamin D supplementation in URSA patients with low levels of vitamin D (pg/ml).  

groups IL-2 TNF-α IFN-γ IL-4 IL-6 IL-10 

Before supplementation (n = 40) 9.98 ± 2.64 16.96 ± 5.12 16.75 ± 5.30 1.39 ± 0.63 14.81 ± 3.79 2.69 ± 1.32 
After supplementation (n = 40) 2.08 ± 1.12 3.90 ± 3.04 4.46 ± 3.27 9.46 ± 3.49 13.93 ± 2.63 9.62 ± 2.58 
P value <0.05* <0.05* <0.05* <0.05* 0.15 <0.05* 

*P < 0.05, statistically significant. 

Table 9 
Comparison of the proportions and absolute count levels of peripheral blood lymphoid subpopulations before, after Vitamin D supplementation and 
after pregnancy in URSA patients with normal pregnancies.  

groups CD3+
(%) 

CD3+

(cells/ 
ul) 

CD3+CD4+
(%) 

CD3+CD4+
(cells/ul) 

CD3+CD8+

(%) 
CD3+CD8+
(cells/ul) 

CD19+

(%) 
CD19+

(cells/ 
ul) 

CD16 +
CD56+
(%) 

CD16 +
CD56+
(cells/ul) 

Before  
Supplementation 
(n = 19) 

61.21 
± 5.08 

975.51 
± 81.24 

39.92 ±
4.23 

964.21 ±
71.50 

20.34 ±
2.03 

439.13 ±
96.89 

19.95 
± 3.84 

351.32 
± 50.19 

21.36 
± 4.84 

364.13 
± 62.33 

After supplementation 
(n = 19) 

60.48 
± 4.58 

983.78 
± 77.34 

33.23 ±
2.78 

767.82 ±
69.46 

21.36 ±
2.41 

439.89 ±
72.01 

15.97 
± 1.47 

249.74 
± 35.39 

15.64 
± 2.95 

168.66 
± 36.09 

after pregnancy (n =
19) 

59.46 
± 4.28 

967.61 
± 73.34 

32.45 ±
3.26 

779.39 ±
71.26 

21.21 ±
3.16 

430.76 ±
48.99 

16.32 
± 1.97 

249.25 
± 31.47 

15.32 
± 1.66 

167.60 
± 27.34 

P1 value 0.44 0.71 <0.05* <0.05* 0.07 0.96 <0.05* <0.05* <0.05* <0.05* 
P2 value 0.14 0.76 <0.05* <0.05* 0.24 0.66 <0.05* <0.05* <0.05* <0.05* 
P3 value 0.34 0.46 0.26 0.35 0.85 0.43 0.47 0.95 0.54 0.84 

Note: P1 values are comparisons between before and after vitamin D supplementation. p2 values are comparisons between before vitamin D sup-
plementation and after normal pregnancy. P3 values are comparisons between after vitamin D supplementation and after normal pregnancy. 
*P < 0.05, statistically difference. 

Table 10 
Comparison of peripheral blood Th1/Th2 cytokines before, after Vitamin D supplementation and after pregnancy in URSA patients with normal 
pregnancies (pg/ml).  

groups IL-2 TNF-α IFN-γ IL-4 IL-6 IL-10 

Before Supplementation (n = 19) 10.18 ± 3.04 16.13 ± 5.15 16.90 ± 6.86 1.52 ± 0.57 14.37 ± 3.70 2.94 ± 1.56 
After supplementation (n = 19) 1.98 ± 1.07 4.29 ± 3.55 5.30 ± 3.88 8.62 ± 2.84 13.22 ± 2.57 8.99 ± 2.47 
after pregnancy 

(n = 19) 
2.43 ± 0.90 2.75 ± 1.78 2.88 ± 1.85 9.08 ± 2.27 13.05 ± 4.07 9.34 ± 3.02 

P1 value <0.05* <0.05* <0.05* <0.05* 0.19 <0.05* 
P2 value <0.05* <0.05* <0.05* <0.05* 0.17 <0.05* 
P3 value 0.17 0.04* <0.05* 0.40 0.77 0.54 

Note: P1 values are comparisons between before and after vitamin D supplementation. p2 values are comparisons between before vitamin D sup-
plementation and after normal pregnancy.P3 values are comparisons between after vitamin D supplementation and after normal pregnancy. 
*P < 0.05, statistically difference. 
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