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predict miscarriage in early pregnant women
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Abstract

Background About 25% of pregnant women experience bleeding in the early stage, and half of them eventually
progress to pregnancy loss. Progesterone serves as a useful biomarker to predict miscarriage in threatened
miscarriage, yet its performance is still debated.

Aim To evaluate the performance of single serum progesterone predicting miscarriage in early pregnant patients
with threatened miscarriage.

Method The online database was searched to yield the literature using the terms of ‘Abortion;'Miscarriage,

and ‘serum Progesterone; including PubMed, Scopus, Embase, Cochrane library, and China national knowledge
infrastructure. Receiver operating characteristic (ROC) curve, likelihood ratio (LLR) and diagnostic odds ratio (DOR) and
95% confidence interval (Cl) were computed. Publication bias was assessed by the deeks funnel plot asymmetry test.
Subgroup analyses were conducted according to the progesterone level (< 12 ng/mL), recruited location and region,
progesterone measurement method, exogenous progesterone supplement and follow up.

Results In total, 12 studies were eligible to be included in this study, with sample sizes ranging from 76 to 1087. The
included patients’ gestational age was between 4 and 12 weeks. No significant publication bias was detected from

all included studies. The threshold of progesterone reported ranged from 8 to 30 ng/ml. The synthesized area under
the ROC curve (0.85, 95% C1 0.81 to 0.88), positive LLR (6.2, 4.0 to 9.7) and DOR (18, 12 to 27) of single progesterone
measurement distinguishing miscarriage were relatively good in early pregnant patients with threatened miscarriage.
When the threshold of < 12 ng/mL was adapted, the progesterone provided a higher area under the ROC curve (0.90
vs. 0.78), positive LLR (8.3 vs. 3.8) and DOR (22 vs.12) than its counterpart (12 to 30 ng/ml).
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Conclusion Single progesterone measurement can act as a biomarker of miscarriage in early pregnant patients with
threatened miscarriage, and it has a better performance when the concentration is <12 ng/mL.

Trial registration PROSPERO (CRD42021255382).

Keywords Threatened miscarriage, Serum progesterone, Prediction, Miscarriage, Meta-analysis

Introduction

About 25% of pregnant women experience bleeding in
the early stage, and half of them eventually progress to
pregnancy loss. Currently, neither effective treatment nor
prevention strategy is available to manage this condition
[1-3]. Despite some medicines are frequently prescribed
in clinical practice including progesterone [4], the latter
seems only to benefit early pregnant women with a his-
tory of one or more previous miscarriages and vaginal
bleeding [5].

The vaginal bleeding during the early pregnancy stage
is proven to be strongly associated with miscarriage,
which is indeed attributed to luteal insufficiency, leading
to low progesterone concentration [1-3]. Progesterone,
a critical hormone during pregnancy, reflects the luteal
function until 7 weeks of gestation, and thus serves as a
biomarker to predict the pregnancy outcome in threat-
ened miscarriage [6, 7]. However, the concentration of
progesterone varies largely among individuals and across
gestational age [8]. Previously, two meta-analyses indi-
cated that both less than 10 ng/mL and 6.3 ng/mL could
predict a non-viable pregnancy in early pregnant women
including threatened miscarriage [9, 10]. Nevertheless, it
is still unclear whether a single progesterone measure-
ment can predict miscarriage in early pregnant women
with threatened miscarriage, because most of studies
recruited mixed patients including biochemical preg-
nancy, ectopic pregnancy and threatened miscarriage.

Therefore, we conduct a diagnostic meta-analysis to
evaluate the performance of single progesterone mea-
surement predicting miscarriage in early pregnant
women with threatened miscarriage.

Methods

Protocol and registration

This meta-analysis was registered on PROSPERO
(CRD42021255382) and prepared according to system-
atic reviews and meta-analyses (PRISMA) guidelines
[11].

Literature search

We conduct a comprehensive literature search from Jan
1, 2000 to March 31, 2023, without limitation in lan-
guage. We searched PubMed, Embase, Scopus, Cochrane
Library and China national knowledge infrastruc-
ture (CNKI), with the terms of ‘Miscarriage, Abortion’
and ‘serum Progesterone! The search strategy used on

PubMed-Medline was listed in (Supplement Table 1) in
detail. Other databases were tailored when it was neces-
sary, according to the strategy used on PubMed-Medline.

Study selection

Inclusion criteria were patients had an ultrasound-
confirmed intrauterine pregnancy with gestational
age<12weeks, presented with vaginal bleeding with or
without abdominal pain, measured progesterone con-
centration, reported threshold of progesterone predicting
pregnancy outcomes including miscarriage, designed as
observational studies or intervention studies (random-
ized controlled trials), with sample size over 50. Exclu-
sion criteria were women who planned to terminate the
pregnancy or have an inevitable miscarriage, got preg-
nancy via assisted reproductive technologies, took exog-
enous progesterone prior study, and without threatened
miscarriage.

Data extraction and quality assessment
Two authors (YG and TJ) independently extracted the
data from included studies, including the study country,
sample size, study design, gestation age, progesterone
assessment method, diagnostic threshold of progester-
one, exogenous progesterone used during study, true and
false positive, true negative and false negative, follow up.
The quality of included studies was evaluated accord-
ing to the QUADAS-2 standard for quality assessment of
diagnostic accuracy [12], including the risk of prejudice
and applicability concerns. The risk of bias is consisted
of four aspects, namely, patient selection, index testing,
reference standards and flow and timing. Applicability
assessment included patient selection, index testing, and
reference standards.

Outcomes assessment

The main outcomes included cumulative area under
receiver operating characteristic (ROC) curve, sensitivity,
specificity, positive and negative likelihood ratio (LLR), ,
and diagnostic odds ratio (DOR).

Statistical analysis

STATA17 software (Stata Corp LLC, College Station,
Texas, USA) was employed to conduct the statistical
analysis when there were 4 or above available dataset,
using the ‘midas’ command [13, 14], otherwise, the analy-
sis was conducted by the Metadisc1.4 software. The area
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under the ROC curve, LLR and DOR and the 95% con-
fidence interval (CI) were calculated. Publication bias
was assessed by the deeks funnel plot asymmetry test.
Model fits were assessed by quantile plot of residual
based goodness-of fit and chi-squared probability plot of
squared mahalanobis distances. Subgroup analysis was
conducted, stratifying by the threshold of progesterone,
recruited location and region, progesterone measure-
ment method, exogenous progesterone supplement and
follow up.

Results

Characteristics of included studies

Overall, 12 studies were included in this study (Fig. 1),
and 15 datasets were available to pool the results. The
included studies were conducted in India, Singapore,
China, and Australia, with a sample size ranging from
76 to 1087. The included patients’ gestational age was
between 4 and 12 weeks. The threshold of progesterone
reported ranged from 8 to 30ng/ml. Other characteristics
of included studies were shown in (Table 1) in detail.

Quality assessment

The methodological quality was assessed by the QUA-
DAS-2 tool (Table 2). One study did not describe exclu-
sion criteria [15]. Two studies reported as retrospective
studies without any information in detail [16, 17] and
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three studies did not report the study design [15, 18,
19]. One study was judged with a high risk of bias and
four were unclear. The selection of diagnostic thresholds
was not stated prior the study in 5 studies [16, 18—-21]
and thus were classified as unclear risk for publication
bias. , The outcome assessment was conducted by the
ultrasound or follow-up of < 20 weeks of gestation in 9
studies, but live birth in 3 studies [15, 16, 22]. Due to
migration, not all patients were included to perform the
analysis in 3 studies [22-24]. No significant publication
bias was detected (Supplement Fig. 1).

Diagnostic performance

The sensitivity, specificity, positive LLR and negative
LLR of progesterone in each study were summarized
(Fig. 2). The pooled sensitivity (0.69, 95% CI 0.60 to 0.77)
and specificity (0.89, 95% CI 0.81 to 0.94) of progester-
one predicting miscarriage were relative good, providing
positive LLR (6.2, 95% CI 4.0 to 9.7) and negative LLR
(0.35, 0.27 to 0.43). The synthesized area under the ROC
curve (0.85, 95% CI 0.81 to 0.88) had similar performance
(Fig. 3).

Subgroup analysis

The threshold of <12 ng/mL was reported in 8 studies
[17, 19, 21-26], the rest ranging from 12 to 30 ng/mL
[15, 16, 18, 20, 22]. When the threshold of <12 ng/mL
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Fig. 1 PRISMA flowchart
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Table 2 Quality assessment of included studies
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Study Risk of bias Applicability Concerns
Patient Index Reference Flow and Patient Index Reference Standard
Selection Test Standard Timing Selection Test
Duan et al. [16] U U U L L L H
Jiaetal [23] L L L U L L L
Kadametal.[21] L U L L L L L
Kant et al. [20] L U L L L L L
Ku et al. [26] L L L L L L L
LeKet al. [24] L L L u L L L
Lietal [17] U L L L L L L
Mclindonetal. L L U u L L H
[22]
Shen etal. [15] H L U L U L H
Tan et al. [25] L L L L L L L
Wei et al. [18] U u L L L L L
Zhengetal.[19] U U L L L L L
H=high risk of bias, L=low risk of bias, U=unclear risk of bias
Author(Year) i DLRPOSITIVE (35% C1) ! DLR NEGATIVE (35% C1) : SENSITIVITY (95% Cl) : SPECIFICITY (95% CI)
i i i i
Mdlindon(2023)d |8 174[1.18-256] T 054[029-101) s 067[043-085] —— ! 062[052-0.71]
Mclindon(2023)c ': 194[1.38-272) — 0.42[021-0.85] 0.74[0.52-0.90] —— : 062[0.52-0.71]
Mclindon(2023)b :L 2038[240- 173.36] : —e— | 082(066-1.01] 0.19(0.05-0.42) : -# | 099[095-1.00]
2023)a :f‘ 19.13[4.34-8428) : — 0.6 [0.49 - 0.90] 035[0.16-057] : —® | 098[0.94-1.00]
Shen(2012) 4. 395[203-768] : 0.17(008-038) 0.86(0.73-0.95] ?—{- 0.78[0.60 - 0.91]
Li(2019) 'l 512[273-963] o 0.36(0.20-064) 0.69[0.48 - 0.86) *Jr 0.86[0.77-0.93]
Zheng(2021) ti!: 4211276-642) —;!— 033(0.21-051) 073[059-084) —Iil—: 0.83[0.75- 0.69]
Wei(2022) IT 7.08[364-1377] —:—." 0.42[0.26-0.69] 0.62[0.41-0.80] —:T,- 0.91[0.85-0.95]
Duan(2011) .I 257[187-354] —;I_— 034[022-053) 0.76[0.64 - 0.86] —— : 070 0.61-0.79]
Tan(2020) :o 809(6.36- 1028 -% 0350.29-0.42) 068[0.62-0.73) E_-; 0.52[0.90-0.93]
Jia(2018) |. 858[4.03-1827) —I& 0.36[0.18-0.74) 0.67[0.38-0.88] —:{oﬁ— 0.92(0.85-0.97]
Lek(2017) |. 821(5.32- 1269 T* 037(0.27-052) 066[053-0.77) [P-‘ 0.92[0.88- 0.95]
Ku(2015) 'T 620[3.45- 11.1] —3—:— 027[044-051] 0.77[0.58-0.90] —Z'%— 0.88(0.79-0.94]
Kant(2015) :—p— 20.06 [6.45 - 62.44] _g-ll— 025[0.12-053) 0.76[0.53-0.92] :—- 0.96(0.89 - 0.99]
Kadam(2019) f 563[361-878] = : 0.110.04-027] 091[0.79-0.98] —-‘Jl 0.84[0.75-0.90]
i i i i
622399-971) 035027043 069[0.60-0.77] 0.89(0.61-0.94]
COMBINED ? Q=118.20, 6i=1400,p= 000 T Q=8820,df=1400,p= 0.00 T Q=5609, df=1400,p= 0.00 <§> Q=21891, df=1400,p= 0.00
.: | 12=8329(8329-93.02) : 12=84.13(77.04-9121) : 12=75.90 (6385 - 87.94] i 12=93.60 (91.41 - 95.80)
T T T T T T
12 FIESA 1734 00 R 10 g e 1.0

Fig. 2 Diagnostic test accuracy for single study

was adapted, progesterone yielded a higher ROC (0.90 vs.
0.78), positive LLR (8.3 vs. 3.8) and DOR (22 vs.12) than
its counterpart (12 to 30 ng/mL), respectively (Table 3).
Other factors including recruited location and region,
progesterone measurement method, exogenous proges-
terone supplement and follow up, did little impacts on
the diagnostic performance.

Discussion
Main results
This study indicated that single progesterone measure-
ment can act as a biomarker predicting miscarriage in
early pregnant women with threatened miscarriage, and
the performance was better when the concentration was
<12 ng/mL.

Strengths and limitations

In this updated meta-analysis, we included 12 studies
which focused on investigating the progesterone predict-
ing miscarriage in early pregnant women with threat-
ened miscarriage, providing a more robust evaluation
compared with the previous one [27]. In addition, as the
incidence of threatened miscarriage varies widely across
races, regions and countries, the use of sensitivity and
specificity to assess progesterone predicting miscarriage
in this condition is inappropriate and inaccuracy [28].
Therefore, together with sensitivity and specificity, the
LLR was calculated [29], because the latter had been pro-
posed to be an prefer outcome in diagnostic study [30,
31].
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Fig. 3 Summary area under the ROC Curve

Also, there are several limitations in this study. First,
the threshold interval was relatively wide, lowering the
accuracy of estimation. Second, high heterogeneity was
observed among studies, leading to increased risk of
diagnostic bias and unstable evaluation. Last but not
least, a meta-regression analysis can not be performed,
due to the absent available data and limited studies.

What ideas does our research provide for clinical
applications

Previously, it had been reported that about 50% of women
facing threatened miscarriage were affected depressive
and anxiety symptomatology [32]. When it comes to the
case, they might benefit from an effective treatment or
prevention strategy, due to the fear of pregnancy loss,
especially for those who had an experience of miscar-
riage. Unfortunately, there is still absent an effective
treatment or prevention strategy. Despite many experi-
mental treatments are frequently prescribed in the real
world including exogenous progesterone supplement, the
latter had been demonstrated did not improve the clini-
cal outcomes in this subpopulation. As the progesterone

concentration<10 ng/mL can predict a non-viable preg-
nancy [10], the issue is how is the prognostic value of
progesterone concentration in early pregnant women
with threatened miscarriage, especially for those who
initially seek medical care and conduct the progesterone
measurement. Our findings suggested that serum pro-
gesterone<12 ng/mL at a single measurement can also
effectively predict miscarriage in early pregnant patients
with threatened miscarriage. Therefore, progesterone, a
useful prognostic biomarker, would provide help to make
a decision in practice and reduce the anxiety secondary
to the threatened miscarriage.

What progress does our research provide for future
research?

During the first trimester, serum progesterone levels
fluctuate over a 24-hour period, the concentration at a
single measurement would be influenced by a short-term
pattern of pulses, distribution of the hormone and the
diet [33]. Moreover, 7 to 8 weeks is considered to be the
stage of the luteal-placental shift, progesterone levels may
be plateaus or even decrease trend [7], attracting the larg-
est attentions during this period with a highest frequency
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of vaginal bleeding [34]. Whereas few studies explored
the performance of progesterone during the period
before 7 weeks of gestation. Thus, studies are warranted
to be conducted to further validate the prognostic value
of progesterone prior 7 weeks of gestation and clarify the
optimal time point of single measurement. In addition,
the diagnostic performance of progesterone seemed to
be little impacted by the exogenous progesterone supple-
ment even thought at a single measurement without spe-
cific time point. This deserves to be validated by further
studies, given the fact that exogenous progesterone sup-
plement is still widely prescribed in clinical practice [35].

Conclusion

Single progesterone can act as a prognostic biomarker
in early pregnant women with threatened miscarriage, it
has a better performance when its concentration is <12
ng/mL.
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