
© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(10):10971-10985 | https://dx.doi.org/10.21037/apm-21-2605

Introduction

Recurrent spontaneous abortion (RSA) refers to the 
occurrence of 3 or more pregnancy losses within 28 weeks 
of falling pregnant with the same person. Recommendations 
have been made in China to make changes to the medical 
definition to include 2 consecutive miscarriages (1-3). 

RSA, also called habitual abortion, has an incidence rate 
of about 1–5% (4) and is positively correlated with the 
number of miscarriages. After more than three consecutive 
spontaneous abortions, the miscarriage rate is about 40%, 
and this increases with age (5,6). At present, most studies 
have shown that the primary cause of RSA is closely 
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related to immune factors, followed by a range of other 
causes, including antiphospholipid syndrome, infection, 
thrombosis, hormones, anatomy, genetics, psychology, and 
environment (7,8).

In cases where RSA is due to progesterone insufficiency, 
progesterone or dydrogesterone is usually used in clinical 
treatment (9). Progesterone has been used clinically as a natural 
progestin since the 1960s, but there are side effects, including 
drowsiness, headache, nausea, and vomiting (10). Recent 
studies have shown that progesterone usage, such as vaginal 
progesterone treatment, can ameliorate RSA in some pregnant 
women, although potential safety concerns remain (11).  
Dydrogesterone, the synthetic form of progesterone, has a 
similar molecular structure to progesterone but has fewer 
side effects and superior bioavailability, with 5.6 times the 
bioavailability of progesterone (12). Dydrogesterone and its 
main active metabolites are highly selective for progesterone 
receptors (13) and cannot bind to androgen receptors, which 
greatly reduces the risk of virilization of female fetuses (14). 
Due to the high bioavailability and receptor selectivity of 
dydrogesterone, the dose required clinically is also markedly 
less. It has been estimated that the oral dose of dydrogesterone 
is 10–20 times lower than progesterone (15). Dydrogesterone 
has been found to be an effective treatment method for RSA, 
with an even better clinical efficacy than progesterone (16).  
Because cellular immune effect is closely related to the 
development of RSA, proinflammatory and anti-inflammatory 
cytokines have a crucial influence on the success or failure of 
pregnancy. Dydrogesterone can participate in the immune 
process by regulating T-helper lymphocytes to sustain the 
pregnancy, exerting an important function in preventing and 
treating RSA (13,17,18). Based on the above, this study aimed 
to explore the clinical efficacy of dydrogesterone on RSA and 
its influence on immune factors by conducting a meta-analysis 
of randomized controlled trials (RCTs) of dydrogesterone in 
the treatment of RSA. We systematically evaluated the clinical 
efficacy of dydrogesterone and changes in related immune 
factors, providing clinical evidence and data to validate the 
effectiveness of dydrogesterone in treating RSA and guiding 
clinical medication. We present the following article in 
accordance with the PRISMA reporting checklist (available at 
https://dx.doi.org/10.21037/apm-21-2605).

Methods

Literature search strategy

We conducted a literature search using the China National 

Knowledge Infrastructure (CNKI) platform, Wanfang Data 
resource, PubMed, Web of Science, and Embase database. 
The publication period was 2005 to 2021, and the subject 
terms for combined search included “progesterone”, 
“recurrent miscarriage”, and “immunization”.

Inclusion criteria

The following inclusion criteria were used: (I) clinical 
RCT studies published in medical journals in China or 
abroad; (II) RSA patients with 2 or more spontaneous 
abortions; (III) the experimental group was treated with 
dydrogesterone, and the control group was treated with 
progesterone, human chorionic gonadotropin (hCG), 
placebo, or active immunization; (IV) outcome indicators, 
including pregnancy success rate, adverse reaction rate, and 
expression levels of progesterone, hCG, interleukin (IL)-4, 
interleukin (IL)-10, interferon-gamma (IFN)-γ, and other 
posttreatment indicators.

Exclusion criteria

Literature was excluded for the following reasons: (I) 
inconsistent research design or intervention measures; (II) 
miscarriage caused by primary factors such as chromosomal 
abnormalities and genetics; (III) unclear diagnostic criteria 
or outcome indicators; (IV) literature without key data 
required for this meta-analysis that could not be obtained 
even after contact with the author; (V) literature of poor 
quality or missing important data; (VI) repeated reports 
or literature that could not be obtained in its original text; 
and (VII) case reports, systematic reviews, and animal 
experiments.

Literature screening and data extraction

The literature was imported and saved into EndNote 
software and then further rechecked manually and with 
software. Subsequently, two independent researchers read 
the original texts to screen the literature, extracting the 
relevant clinical data and outcome indicators. At this stage, 
when disputes arose, another researcher arbitrated in order 
to reach a consensus. Finally, the researchers summarized 
the original documents, including relevant information 
such as title, author, publication date, research design 
type, research object, intervention measures, and outcome 
indicators.

https://dx.doi.org/10.21037/apm-21-2605
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Statistical analysis

Stata 16.0 statistical software was used for the meta-analysis. 
The odds ratio (OR) and 95% confidence interval (CI) were 
used to represent dichotomous variables, and the standard 
mean difference (SMD) and 95% CI were used to represent 
continuous variables. Statistical heterogeneity between 
different studies was evaluated by calculating the statistic 
I2. P>0.1, I2<50% indicated that there was no significant 
difference in heterogeneity and a fixed-effect model was 
selected. P<0.1, I2≥50% suggested that heterogeneity 
between the included studies was obvious and thus a 
random-effects model was selected. Subgroup analysis 
and sensitivity analysis were performed on the causes of 
heterogeneity. As the final number of studies included in 
the meta-analysis was not less than 10, publication bias was 
analyzed by making a funnel chart. P<0.05 was considered 
significantly different.

Results

Literature search

A total of 755 articles were initially obtained from the 
database searches. After excluding duplicate articles, 127 
articles remained. A further 96 articles were excluded 
after browsing the titles and abstracts, and 18 additional 
articles were excluded after reading the original texts and 
screening the documents. In total, 13 studies met the 
inclusion criteria and were included in the meta-analysis 
(14,19-30). The literature screening process is shown in 
Figure 1. A total of 2,454 RSA patients were included in 
the studies selected for the meta-analysis, including 1,216 
in the experimental group (dydrogesterone) and 1,238 in 
the control group (progesterone, hCG, placebo, or active 
immunotherapy). Key details of the included literature are 
shown in Table 1.

Records identified through PubMed, EMBASE, Web of 
Science, CNKI, China Wanfang, VIP datebase searching 

(n=755)

Records after duplicates removed
(n=127)

Records screened
(n=127)

Records excluded through title/abstract examination 
(n=96)

Full-text articles excluded (n=18):
Insufficient data (n=9)
Overlapped data (n=5)
Not recurrent spontaneous abortion patients (n=4)

Full-text articles assessed for eligibility 
(n=31)

Articles included in qualitative synthesis 
(n=13)

Articles included in meta-analysis
(n=13)
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Figure 1 Document screening flow chart.
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Table 1 Key information of the included literature

First author and publication 
year

Experimental group/
control group

Pregnancy (weeks) Intervention measures 
of the control group

Research 
design

Outcome 
indicatorExperimental group Control group

Xiaolan Chen (27), 2021 164/164 7.4±1.1 7.5±1.2 Progesterone RCT ①②③④

Xiaoning Li (30), 2020 30/30 NA NA Progesterone + hCG RCT ①②③④⑤⑦

Xinping Zhao (29), 2020 40/40 11.4±2.6 11.2±2.7 Progesterone RCT ①②⑤⑥⑦

Yan Zou (28), 2017 45/45 10.3±2.8 11.1±2.6 hCG RCT ①②⑤⑥⑦

Yuqing Lu (26), 2018 50/50 NA NA Active immunity RCT ①②③④

Tingting Li (25), 2018 63/63 NA NA Active immunity RCT ①②⑤⑦

Fang Yu (24), 2015 63/62 6.4±1.5 6.4±1.5 Progesterone + hCG RCT ①②③④

Yuehong Tong (23), 2017 42/40 NA NA Progesterone + hCG RCT ①②③④⑥⑦

Miaomiao Liu (22), 2020 41/41 10.7±3.3 10.6±3.3 hCG RCT ①②⑥⑦

Clemens B. Tempfer (14), 2006 52/52 24–41 29–40 Placebo RCT ①②

Arri Coomarasamy (21), 2015 398/428 NA NA Placebo RCT ①②

Ashok Kumar (20), 2014 175/173 38.0±2.0 37.2±2.4 Placebo RCT ①②⑤⑥⑦

Muhammad Fawzy (19), 2008 53/50 NA NA Placebo RCT ②

①: pregnancy success rate; ②: adverse reaction rate; ③: progesterone level after treatment; ④: hCG level after treatment; ⑤: 
interleukin-10 level after treatment; ⑥: interleukin-4 level after treatment; ⑦: interferon level after treatment. NA, no data available; hCG, 
human chorionic gonadotropin; RCT, randomized controlled trial.

Meta-analysis

Meta-analysis of pregnancy success rate and incidence 
of adverse reactions
In order to clarify the clinical efficacy of dydrogesterone 
on RSA, the pregnancy success rate and adverse reaction 
rate of the 2 groups were analyzed. The results revealed 
substantial heterogeneity among the included studies 
(I2=71.0%, P=0.000), and thus a random-effects model was 
used for combined analysis. The pregnancy success rate of 
the experimental group was notably higher than the control 
group (OR =4.26; 95% CI: 2.59–7.00, P=0.000) (Figure 2A). 
There was no obvious heterogeneity between the studies 
regarding adverse reactions (I2=41.3%, P=0.059). The 
results of the fixed-effect model analysis showed that the 
incidence of adverse reactions of the experimental group 
was significantly lower than the control group (OR =0.30; 
95% CI: 0.22–0.40, P=0.000) (Figure 2B).

Subgroup analysis of pregnancy success rate and 
adverse reaction rate
Since the intervention measures of the control group 
included progesterone, hCG, placebo, and active 
immunotherapy, a subgroup analysis of the pregnancy 

success rate was carried out (Figure 3A). Among them, 2 
studies (27,29) chose progesterone alone. As there was no 
significant heterogeneity between the 2 studies (I2=0.0%, 
P=0.692), we selected a fixed-effect model for analysis. 
The results showed that the pregnancy success rate of 
dydrogesterone treatment was higher than progesterone 
treatment alone (OR =4.47; 95% CI: 2.05–9.75, P=0.000). 
Three studies (23,24,30) used progesterone combined with 
hCG treatment, and a fixed-effect model (I2=0.0%, P=0.858) 
showed that the pregnancy success rate of the experimental 
group was higher than the control group of progesterone 
combined with hCG treatment (OR =5.87; 95% CI: 2.45–
14.03, P=0.000). In 2 studies (22,28), the control group was 
treated with hCG alone, and the results of the fixed-effect 
model (I2=0.0%, P=0.992) showed that the dydrogesterone 
group had a higher pregnancy success rate than the hCG 
group (OR =6.25; 95% CI: 2.41–16.20, P=0.000). Two 
studies (25,26) selected active immunotherapy, and there 
was homogeneity between them (I2=0.0%, P=0.440). The 
results suggested that using dydrogesterone to treat RSA 
had better efficiency than active immunotherapy based on 
the pregnancy success rate (OR =5.18; 95% CI: 1.99–13.43, 
P=0.000). There were 4 studies (18-21) that chose to use 
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B

Figure 2 Meta-analysis of pregnancy success rate and adverse reaction rate after treatment in patients with recurrent spontaneous abortion. 
(A) Forest plot of pregnancy success rate; (B) forest plot of adverse reaction rate.
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Figure 3 Subgroup analysis of pregnancy success rate and adverse reaction rate. (A) Subgroup analysis forest chart of pregnancy success rate; 
(B) subgroup analysis forest chart of adverse reaction rate.
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B
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a placebo for the control group, and the heterogeneity 
between them was marked (I2=85.8%, P=0.000), and thus a 
random-effects model was selected. The results showed that 
the dydrogesterone group had higher a pregnancy success 
rate than the placebo group (OR =2.96; 95% CI: 1.32–6.61, 
P=0.008).

In addition, we performed subgroup analysis of 
the adverse reactions of the different control group 
interventions (Figure 3B). Heterogeneity among the 
groups was not significant (I2=0.0%, P=0.727), and thus 
we chose the fixed-effect model for analysis. The results 
of 2 studies (27,29) indicated that the incidence of 
adverse reactions when using dydrogesterone was lower 
than using progesterone alone (OR =0.15; 95% CI: 0.07–
0.33, P=0.000). Three studies (23,24,30) confirmed that 
the incidence of adverse reactions for dydrogesterone was 
lower than progesterone combined with hCG treatment 
(OR =0.13; 95% CI: 0.05–0.33, P=0.000), and another 
2 studies (22,28) showed that the experimental group 
had a lower adverse reaction rate than hCG treatment 
alone (OR =0.16; 95% CI: 0.06–0.42, P=0.000). Further, 
2 studies (25,26) showed that the dydrogesterone 
group had a lower adverse reaction rate than the active 
immunization group (OR =0.22; 95% CI: 0.09–0.53, 
P=0.000). The remaining 4 studies (14,19-21) showed 
that the adverse reaction rate of the dydrogesterone 
group was lower than the placebo group (OR =0.67; 95% 
CI: 0.42–1.06, P=0.089).

Sensitivity analysis of pregnancy success rate and 
adverse reaction rate
Stata 16 software was used for sensitivity analysis to find 
heterogeneous sources to ensure the reliability of the results. 
By showing that the combined results of the included studies 
had little change and the sensitivity was low, we were able 
to confirm that the pregnancy success rate and the adverse 
reaction rate results were reliable (Figure 4A,4B).

Publication bias analysis of pregnancy success rate and 
adverse reaction rate
We then conducted publication bias analysis of the 
pregnancy success rate and adverse reaction rate of the 
13 studies included in the meta-analysis. The asymmetric 
results (Figure 5A,5B) of the scatter distribution indicated an 
uneven sample distribution, suggesting that the studies may 
have had a certain degree of publication bias. This may have 
been due to a small sample size or low quality of research in 
some studies.

Hormone levels after treatment
Five studies (23,24,26,27,30) contained outcome indicators 
showing changes in progesterone and hCG levels after 
receiving treatment for RSA. There was heterogeneity 
among these studies (I2=87.1%, P=0.000) and thus the 
results were combined and analyzed using a random-
effects model. The results revealed that the progesterone 
levels of RSA patients in the experimental group were 
significantly higher than those in the control group after 
treatment (SMD =1.93; 95% CI: 1.38–2.48, P=0.000) 
(Figure 6A). Analysis of hCG levels after treatment showed 
dramatic heterogeneity between the studies (I2=98.5%, 
P=0.000), revealing that the experimental group had a 
higher hCG level than the control group (SMD =6.32; 
95% CI: 3.58–9.07, P=0.000) (Figure 6B), and therefore, a 
random-effects model was selected.

In order to ensure the reliability of the analysis, further 
sensitivity analysis was performed to find the source of 
heterogeneity. The sensitivity analysis showed that in the  
5 studies involving treatment with dydrogesterone, the study 
by Li et al. (30) had a greater impact (Figure 7A) on the 
heterogeneity. Sensitivity analysis of hCG after treatment 
is shown in Figure 7B, which suggests that the study by Lu  
et al. (26) had a greater impact on heterogeneity.

Immune factor levels after treatment
In order to further evaluate the changes in the levels of 
immune factors after dydrogesterone treatment for RSA, 
we conducted a meta-analysis on the levels of IL-10, IL-
4, and IFN-γ after treatment. Among them, 5 studies 
(20,25,28-30) detected the expression level of IL-10, and 
as the heterogeneity among the studies was significant 
(I2=98.3%, P=0.000), a random-effects model was selected. 
The results showed that the posttreatment level of IL-10 in 
the experimental group was higher than the control group 
(SMD =2.01; 95% CI: 0.45–3.57, P=0.000) (Figure 8A). In 
5 studies (20,22,23,28,29), random-effects model analysis 
(I2=94.7%, P=0.000) confirmed that after treatment, the 
experimental group had higher IL-4 levels than the control 
group (SMD =1.12; 95% CI: 0.34–1.90, P=0.000) (Figure 8B).  
There were 7 studies reporting the expression level of IFN-γ 
after dydrogesterone treatment (20,22,23,25,28-30), and the 
meta-analysis results (I2=86.2%, P=0.000) suggested that the 
experimental group had a notably lower IFN-γ level than the 
control group after treatment (SMD =−1.04; 95% CI: −1.45–
−0.63, P=0.000) (Figure 8C).

To further verify these findings, we conducted another 
sensitivity analysis. The sensitivity analysis results of 
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Figure 4 Sensitivity analysis. (A) Sensitivity analysis of pregnancy success rate; (B) sensitivity analysis of adverse reaction rate.

A

B

posttreatment IL-10 levels are shown in Figure 9A. The 
study by Kumar et al. (20) greatly influenced heterogeneity. 
Sensitivity analysis of IL-4 levels also suggested that the 
study by Kumar et al. (20) greatly impacted heterogeneity 
(Figure 9B). In addition, sensitivity analysis of posttreatment 
IFN-γ levels is shown in Figure 9C, indicating that the study 
by Li et al. (30) had an impact on heterogeneity.

Discussion

Throughout a pregnancy, the mother’s body must 
continuously sustain the normal growth of the embryo 
or fetus, and immune tolerance between the fetus and 
the mother is essential in determining the success of the 
pregnancy (31). The progesterone secreted by the corpus 
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Figure 5 Publication bias analysis of pregnancy success rate and adverse reaction rate. (A) Funnel chart of pregnancy success rate; (B) funnel 
chart of adverse reaction rate.

Begg’s funnel plot with pseudo 95% confidence limits Begg’s funnel plot with pseudo 95% confidence limits
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luteum in the mother regulates the entire pregnancy 
process and also inhibits the immune response system at 
the maternal-fetal interface (32). Progesterone is secreted 
by the ovaries and placenta and acts on the endometrium 
and uterus to promote embryo implantation to protect 
pregnancy while also preventing and treating RSA 
through immune regulation (13,33). The main role of 
the gonadotropin hCG is to maintain the secretion of 
progesterone and estrogen to form the decidua of the 
uterus, thereby promoting the growth of the placenta (34). 
As the reverse structure of progesterone, dydrogesterone 
has the same effects as progesterone, without adrenal cortex 
hormones or sex hormones. Further, dydrogesterone has 
high oral bioavailability and fewer adverse reactions and is 
thus widely used in the clinical treatment of RSA (16,18). 
The side effects of didroxyprogesterone are less, with few 
reports of vaginal bleeding during treatment, and there are 
no reports of serious adverse reactions such as teratogenesis, 
which has high safety (30). Our meta-analysis found that 
after treating RSA patients with dydrogesterone, the 
pregnancy success rate was significantly higher than with 
progesterone, hCG, placebo, or active immunity, with a 
markedly lower adverse reaction rate as well. Further, after 
treatment with dydrogesterone, levels of progesterone and 
hCG in RSA patients were notably higher than those in 
the control group. These results indicated that after using 
dydrogesterone, RSA patients could become pregnant 
again.

Previous studies have shown that dydrogesterone can 
induce lymphocytes to produce progesterone, which 

upregulates Th2 cytokines in T helper cells (Th) and 
downregulates Th1 cytokines to induce blocking antibodies 
to protect against miscarriage (35,36). IL-4 and IL-10 are 
Th2 type cytokines, and IFN-γ is a typical Th1 type cytokine. 
The response of Th2 and Th1 cytokines to the trophoblast 
leads to the success and failure of pregnancy, respectively. 
Laskarin et al. (37) reported that the progesterone-induced 
blocking factor may participate in the immune response by 
regulating progesterone at the maternal-fetal interface to 
maintain pregnancy. Choi et al. (38) showed that the dosage 
of progesterone that can cause immunosuppression may be 
beneficial to the etiology of RSA and RSA patients who are 
Th1 dominant. Raghupathy et al. (39) extracted and separated 
monocytes from the blood of patients in vitro, then activated 
the immune response and cocultured with dydrogesterone, 
finding that the level of IFN-γ decreased significantly, while 
the levels of IL-4 and IL-6 were increased. In the present 
study, after treatment with dydrogesterone, the levels of IL-4 
and IL-6 in RSA patients increased significantly compared 
to the control group, while the level of IFN-γ decreased 
dramatically. These results revealed that dydrogesterone 
effectively regulated and promoted the production of 
progesterone-induced blocking factors by lymphocytes to 
regulate the immune function of the maternal-fetal interface, 
thereby increasing the pregnancy success rate of RSA 
patients.

Conclusions

In summary, dydrogesterone had an obvious therapeutic 
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B

Figure 6 Forest plot of hormone levels after treatment of recurrent miscarriage. (A) Forest plot of progesterone levels after treatment; (B) 
forest plot of hCG levels after treatment. hCG, human chorionic gonadotropin.

effect on patients with unexplained RSA. It effectively 
improved levels of hCG and progesterone through immune 
regulation as well as the expression of IL-4, IL-10, and 
IFN-γ cellular immune factors. Oral dydrogesterone is 

a safe and efficient treatment option for RSA patients 
and it can be applied clinically. To ensure that research 
conclusions are accurate and reliable, the standardization of 
clinical research should be improved, with more rigorously 
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Figure 7 Sensitivity analysis of hormone levels after treatment of recurrent miscarriage. (A) Sensitivity analysis of progesterone levels after 
treatment; (B) sensitivity analysis of hCG levels after treatment. hCG, human chorionic gonadotropin.
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B

C

Figure 8 Forest plot of immune factor levels after treatment of recurrent miscarriage. (A) IL-10 level forest plot after treatment; (B) IL-4 level 
forest plot after treatment; (C) IFN-γ level forest plot after treatment. IL-10, interleukin 10; IL-4, interleukin 4; IFN-γ, interferon-gamma.
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Figure 9 Sensitivity analysis of immune factor levels after treatment of recurrent miscarriage. (A) Sensitivity analysis of IL-10 level after 
treatment; (B) sensitivity analysis of IL-4 level after treatment; (C) sensitivity analysis of IFN-γ level after treatment. IL-10, interleukin 10; 
IL-4, interleukin 4; IFN-γ, interferon-gamma.
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designed and high-quality studies carried out, while 
publication bias should be avoided as much as possible.
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