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Progesterone decline threshold
in predicting early pregnancy
loss: a retrospective study
Yanling Wei, Xiaoyu Xin, Fangxiang Mu and Fang Wang*

Department of Reproductive Medicine, Lanzhou University Second Hospital, Lanzhou, China
Objective: The single measurement of serum progesterone is considered a

predictor for non-viable pregnancies. However, the dynamic change in

progesterone during early pregnancy loss (EPL) remains uninvestigated. This

study evaluated the association between serum progesterone decline thresholds

(PDT) and EPL.

Methods: This retrospective study included 664 pregnant women who visited a

single medical center from January 2023 to December 2024. Based on

pregnancy outcomes within the first trimester, participants were classified into

the ongoing pregnancy group (n=388) and the EPL group (n=286). PDT was

defined as a decline of ≥ 1/5 standard deviation (SD), 1/3 SD, 1/2 SD, 7/10 SD, or 1

SD compared with the last measurement of serum progesterone levels. SD was

calculated based on the baseline serum progesterone levels. Multivariate logistic

regression was applied to explore the association between PDT and EPL.

Receiver operating characteristic (ROC) curve analysis was conducted to

assess the diagnostic value of PDT. Subgroup analyses were performed to

evaluate the robustness of the results.

Results: Compared with the ongoing pregnancy group, the EPL group had

significantly lower baseline serum progesterone levels (P < 0.05). PDT ≥ 1/5 SD,

1/3 SD, and 1/2 SD were all significantly associated with EPL (OR [95%CI]=2.74

[1.76, 4.27], P < 0.001; OR [95%CI]=1.74 [1.18, 2.56], P=0.005; and OR [95%CI]

=1.63 [1.07, 2.49], P=0.024, respectively). The corresponding AUC values were

0.502, 0.512, and 0.503. Additionally, a linear positive correlation was observed

between the number of occurrences of PDT ≥ 1/3 SD and EPL. For each

additional occurrence of PDT ≥ 1/3 SD, the risk of EPL increased by 36% (OR

[95%CI]=1.36 [1.09, 1.70], P=0.006). Subgroup analyses supported the

robustness of these results.

Conclusion: PDT ≥ 1/5 SD, 1/3 SD, and 1/2 SD are significantly associated with an

increased risk of EPL. This suggests that these thresholds hold potential

predictive value in EPL diagnosis and may help identify pregnant women at

higher risk for early intervention.
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1 Introduction

Pregnancy loss affects 15%–25% of clinically recognized

pregnancies (1). Approximately 80% of pregnancy losses occur

during the first trimester (up to 12 weeks and 6/7 days), termed

early pregnancy loss (EPL) (2). Common symptoms of EPL include

vaginal bleeding and uterine cramping (3); however, these

symptoms are also observed in normal and ectopic pregnancies,

which makes the diagnosis and management of EPL challenging.

Transvaginal ultrasonographic (TVS) diagnosis is the primary

method for confirming EPL by detecting fetal cardiac activity.

However, due to incomplete embryonic development in early

pregnancy, a single TVS examination may not provide a definitive

diagnosis, often requiring follow-up scans within 7–14 days (4–6).

Consequently, researchers have focused on identifying highly

sensitive and specific biomarkers for early EPL diagnosis (7–9).

Progesterone is secreted by the corpus luteum, which ensures

normal embryonic development by establishing maternal-fetal

immune tolerance, inhibiting uterine contractions, and improving

uteroplacental circulation (10). Its levels remain relatively stable

before 9 weeks of gestation and gradually increase after 10–12 weeks

as the placenta takes over secretion (11). Studies have consistently

confirmed that serum progesterone levels are significantly lower in

women experiencing pregnancy loss compared to those with

ongoing pregnancies (12, 13), and baseline progesterone levels in

early pregnancy have been shown to aid in discriminating between

viable and non-viable pregnancies (14–16). However, progesterone

levels fluctuate significantly within individuals due to pulsatile

secretion patterns, hormone distribution, and dietary influences

(17–19), particularly when gestational age is not consistently

recorded in studies. Furthermore, studies have suggested that the

progesterone level partially overlaps between normal and abnormal

pregnancies (20, 21), which complicates their clinical application.

Therefore, we hypothesize that the dynamic monitoring of

serum progesterone decline might address the limitations of

single measurements because it captures changes in progesterone

levels between measurements. In this study, we aimed to evaluate

the association between progesterone decline threshold (PDT) and

EPL, which may provide predictive value for EPL diagnosis.
2 Methods

2.1 Participants

This retrospective analysis was conducted on 1,865 pregnant

women who visited the Department of Reproductive Medicine,

Lanzhou University Second Hospital between January 2023 and

December 2024. The study was approved by the Ethics Committee

of Lanzhou University Second Hospital (Approval No. 2019A-231),

and all participants provided written informed consent.

The inclusion criteria were as follows (1): Age between 18 and

45 years (2); Natural conception (3); Availability of early pregnancy

outcome (4); At least two progesterone measurements completed

between 3 and 12 weeks of pregnancy.
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Participants were excluded if they had (1): Parental or

embryonic chromosomal abnormalities (2); Congenital uterine

anomalies (e.g., septate uterus, unicornuate uterus, bicornuate

uterus, or uterus didelphys) without surgical correction during

the current pregnancy (3); Multiple pregnancies (4); Infertility

(5); Ectopic pregnancy (6); Missing progesterone data or fewer

than two measurements. The participants’ demographics were also

recorded, including maternal age, body mass index (BMI), age at

menarche, and menstrual regularity.
2.2 Progesterone measurement

Progesterone (ng/mL) was the exposure variable in this study.

Peripheral venous blood was collected from all patients during their

visits, and serum was separated after centrifugation. Progesterone

levels were measured using an automated chemiluminescence

immunoassay analyzer (Immulite 1000, Siemens Healthineers).

The timing of subsequent measurements was determined based

on pregnancy status.
2.3 Definition of PDT

In this study, any progesterone level lower than the last

measurement was considered a decline. To explore the association

between PDT and EPL, PDT was defined as a decline of ≥ 1/5

standard deviation (SD), 1/3 SD, 1/2 SD, 7/10 SD, and 1 SD

compared to the last measurement of serum progesterone levels.

SD was calculated from the baseline serum progesterone levels of

the eligible participants.
2.4 Study outcomes

The study outcomes were pregnancy loss (including

biochemical pregnancy) and ongoing pregnancy within 12 weeks

of gestation. Embryonic viability was assessed using TVS. Ongoing

pregnancy was defined as the presence of embryonic cardiac

activity, while EPL was defined as the absence of cardiac activity,

confirmed by repeated TVS after 7–14 days.
2.5 Statistical analysis

Categorical variables were presented as numbers and

percentages (%), and group comparisons were performed using

the Chi-square test. Continuous variables, if normally distributed,

were described as mean ± SD; otherwise, they were presented as

median (interquartile range). Group differences for continuous

variables were compared using the Student’s t-test or the Kruskal-

Wallis H test. Missing data were handled using multiple imputation.

The association between PDT and EPL was investigated using

multivariate logistic regression analysis. To control for confounding

factors, three adjusted models were constructed: Model 1 adjusted
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for age; Model 2 adjusted for age and baseline serum progesterone;

Model 3 adjusted for age, baseline serum progesterone, and number

of progesterone measurements. Receiver operator characteristic

(ROC) curve analysis was conducted to assess the diagnostic

value of PDT, and the area under the ROC curve (AUC) was

calculated using the DeLong test. Restricted cubic spline analysis

was utilized to explore potential non-linear relationships between

the number of PDT occurrences and EPL. Furthermore, subgroup

analyses were performed by dividing participants into two groups

based on whether their progesterone levels fell below baseline, to

assess the robustness of the association between PDT and EPL.

All statistical analyses were conducted using R version 4.3.1

(http://www.R-project.org, The R Foundation) and EmpowerStats

version 4.2 (https://www.empowerstats.net/en/; X&Y solutions,

Inc.). All statistical tests were two-tailed, with P < 0.05 considered

statistically significant.
3 Results

3.1 Baseline characteristics of the
participants

This study included 664 women who met the inclusion criteria

(Figure 1), with 276 cases of EPL and 388 cases of ongoing

pregnancy. Table 1 summarizes the characteristics of the

participants. The EPL group had significantly higher age (31.56 ±

3.98 vs. 30.62 ± 3.70 years, P=0.004) and body mass index (22.04 ±

2.95 vs. 21.52 ± 2.92 kg/m², P=0.018), as well as significantly lower

number of progesterone measurements (5.84 ± 3.42 vs. 8.78 ± 3.78,

P < 0.001) and baseline serum progesterone levels (30.73 ± 24.74 vs.

35.62 ± 25.47 ng/mL, P < 0.001) compared to the ongoing
Frontiers in Endocrinology 03
pregnancy group (all P < 0.05). Other characteristics were

comparable between the two groups.
3.2 Association between PDT and EPL

In Models 1 and 2, PDT was not significantly associated with EPL

(P > 0.05). In Model 3, however, PDT ≥ 1/5 SD, 1/3 SD, and 1/2 SD

were positively associated with EPL, with risks of 2.74-fold (95%CI:

1.76, 4.27, P < 0.001), 1.74-fold (95%CI: 1.18, 2.56, P=0.005), and 1.63-

fold (95%CI: 1.07, 2.49, P=0.024) for those experiencing a decline

compared to those without a decline, respectively (Table 2, Figure 2).
3.3 Diagnostic value of PDT

The ROC analysis showed that when PDT ≥ 1/5 SD, 1/3 SD, and

1/2 SD, the AUC values were 0.502, 0.512, and 0.503, respectively

(Table 3). The DeLong test results were not significant (P > 0.05),

indicating no significant differences in diagnostic performance for

EPL across these decline magnitudes.
3.4 Association between the number of
occurrences of PDT ≥ 1/3 SD and EPL

The logistic regression results presented in Table 4 indicated that, in

Model 3, the number of occurrences of PDT ≥ 1/3 SD was significantly

positively associated with EPL. Each additional occurrence of this

decline increased the risk of EPL by 36% (OR=1.36, 95%CI: 1.09,

1.70, P=0.006). Similarly, restricted cubic spline analysis also

demonstrated a linear association between the number of occurrences
FIGURE 1

Participant selection flow diagram.
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of PDT ≥ 1/3 SD and EPL (P < 0.05), with an increasing risk of EPL as

the occurrences of declines increased (Figure 3).
3.5 Subgroup analysis

When PDT ≥ 1/5 SD and 1/3 SD, along with the serum

progesterone levels below baseline levels, they were significantly
Frontiers in Endocrinology 04
positively associated with EPL risk (OR=2.76, 95%CI: 1.66, 4.60, P <

0.001 for 1/5SD; OR=1.54, 95%CI: 1.01, 2.34, P=0.043 for 1/3 SD)

(Table 5). However, no significant associations with EPL were

observed in the other subgroups. Additionally, all P for

interaction values across subgroups were not significant,

suggesting that the significant associations between PDT ≥ 1/5

SD, 1/3 SD, 1/2 SD, and EPL were robust regardless of whether the

serum progesterone levels after decline were below baseline.
TABLE 1 Baseline characteristics of participants.

Characteristics Total (n=664) Ongoing pregnancy (n=388) EPL (n=276) P value

Age, years, mean ± SD 31.01 ± 3.85 30.62 ± 3.70 31.56 ± 3.98 0.004

BMI, kg/m2, mean ± SD 21.73 ± 2.94 21.52 ± 2.92 22.04 ± 2.95 0.018

Age at menarche, years, mean ± SD 13.00 ± 1.33 12.98 ± 1.22 13.02 ± 1.47 0.747

Baseline serum progesterone, ng/mL, mean ± SD 33.59 ± 25.27 35.62 ± 25.47 30.73 ± 24.74 <0.001

Number of progesterone measurements, mean ± SD 7.56 ± 3.91 8.78 ± 3.78 5.84 ± 3.42 <0.001

Regularity of menstruation, n (%) 0.690

No 147 (22.14%) 88 (22.68%) 59 (21.38%)

Yes 517 (77.86%) 300 (77.32%) 217 (78.62%)

Serum progesterone below baseline,
n (%)

0.615

No 98 (14.76%) 55 (14.18%) 43 (15.58%)

Yes 566 (85.24%) 333 (85.82%) 233 (84.42%)

Serum progesterone declined, n (%) 0.056

No 31 (4.67%) 13 (3.35%) 18 (6.52%)

Yes 633 (95.33%) 375 (96.65%) 258 (93.48%)

PDT ≥ 1/5 SD, n (%) 0.905

No 170 (25.60%) 100 (25.77%) 70 (25.36%)

Yes 494 (74.40%) 288 (74.23%) 206 (74.64%)

PDT ≥ 1/3 SD, n (%) 0.556

No 311 (46.84%) 178 (45.88%) 133 (48.19%)

Yes 353 (53.16%) 210 (54.12%) 143 (51.81%)

PDT ≥ 1/2 SD, n (%) 0.849

No 455 (68.52%) 267 (68.81%) 188 (68.12%)

Yes 209 (31.48%) 121 (31.19%) 88 (31.88%)

PDT ≥ 7/10 SD, n (%) 0.870

No 520 (78.31%) 303 (78.09%) 217 (78.62%)

Yes 144 (21.69%) 85 (21.91%) 59 (21.38%)

PDT ≥ 1 SD, n (%) 0.095

No 551 (82.98%) 314 (80.93%) 237 (85.87%)

Yes 113 (17.02%) 74 (19.07%) 39 (14.13%)
EPL, early pregnancy loss; SD, standard deviation; BMI, body mass index; PDT, progesterone decline threshold.
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4 Discussion

Developing useful and reliable clinical prediction models based on

serum biomarkers is crucial for identifying at-risk populations to

improve their pregnancy outcomes. To our knowledge, this study is

the first to investigate the predictive value of varying decline

thresholds of progesterone levels for EPL. The results indicate that

changes in progesterone levels can effectively predict pregnancy

outcomes. Specifically, when PDT ≥ 1/5 SD, 1/3 SD, and 1/2 SD,

the risk of EPL increased by 2.74 times, 1.76 times, and 1.63 times,

respectively. Furthermore, each additional occurrence of PDT ≥ 1/3

SD increased the risk of EPL by 36%. These findings remained robust

even when serum progesterone levels, after a decline, were below

baseline levels. This study supports that PDT ≥ 1/5 SD, 1/3 SD, and 1/

2 SD holds potential predictive value in EPL diagnosis, which may aid

clinicians in developing more targeted interventions.

Progesterone levels fluctuate and rise during pregnancy,

playing a critical role in maintaining gestation. A decrease in

progesterone levels in early pregnancy may reflect inadequate

luteal function or abnormal placental development, leading to

compromised pregnancy maintenance (22, 23). The lower the

serum progesterone levels, the lower the likelihood of pregnancy

viability (24). Therefore, previous studies have sought to identify a

progesterone cut-off value for predicting pregnancy outcome.
Frontiers in Endocrinology 05
Hanita et al., (25) Li et al., (26) and Puget etal., (27) reported

cut-off values of 32.7, 19.4, and 6.2 ng/mL ng/mL, respectively, for

predicting non-viable pregnancies. However, Sakar reported that a

10.7 ng/mL cut-off value more accurately identified viable

pregnancies but poorly diagnosed non-viable ones (28).

Additionally, some studies noted that the diagnostic cut-off value

for non-viable pregnancies might be influenced by gestational age

and symptoms (e.g., bleeding or pain) (29, 30). Collectively, inter-

study heterogeneity complicates the selection of a reliable cut-off

value. In contrast, this study introduces dynamic monitoring of

serum progesterone changes and suggests that PDT ≥ 1/5 SD, 1/3

SD, and 1/2 SD has predictive value for diagnosing EPL. This

approach minimizes bias from assay variability and population

differences, allows earlier prediction of EPL, and may improve

clinical decision-making and management.

Dynamic monitoring of early pregnancy hormones is clinically

valuable for assessing gestational outcomes. Whittaker et al.

performed serial measurements of progesterone, estradiol, and

human chorionic gonadotropin (hCG) from gestational days 21 to

91 in asymptomatic women who later experienced early pregnancy

failure. They observed that, around day 50, hormone levels continued

to rise in normal pregnancies but declined in the early-failure group,

indicating that dynamic monitoring can identify high-risk,

asymptomatic women earlier (7). Similarly, Li et al. showed that
TABLE 2 The association between PDT and EPL.

Exposure Model 1 OR (95%CI) P value Model 2 OR (95%CI) P value Model 3 OR (95%CI) P value

Serum progesterone declined

No Reference — Reference — Reference —

Yes 0.55 (0.26, 1.15) 0.113 0.61 (0.29, 1.29) 0.195 2.13 (0.96, 4.71) 0.063

PDT ≥ 1/5 SD

No Reference — Reference — Reference —

Yes 0.98 (0.69, 1.40) 0.919 1.14 (0.78, 1.65) 0.498 2.74 (1.76, 4.27) <0.001

PDT ≥ 1/3 SD

No Reference — Reference — Reference —

Yes 0.89 (0.65, 1.22) 0.470 1.08 (0.77, 1.52) 0.664 1.74 (1.18, 2.56) 0.005

PDT ≥ 1/2 SD

No Reference — Reference — Reference —

Yes 0.98 (0.70, 1.38) 0.929 1.33 (0.90, 1.96) 0.149 1.63 (1.07, 2.49) 0.024

PDT ≥ 7/10 SD

No Reference — Reference — Reference —

Yes 0.91 (0.63, 1.34) 0.642 1.34 (0.85, 2.11) 0.210 1.55 (0.94, 2.53) 0.083

PDT ≥ 1 SD

No Reference — Reference — Reference —

Yes 0.65 (0.43, 1.01) 0.053 0.88 (0.53, 1.47) 0.625 1.03 (0.59, 1.80) 0.910
OR, odds ratio; CI, confidence interval; PDT, progesterone decline threshold; SD, standard deviation.
Model 1: adjusted for age.
Model 2: adjusted for age and baseline serum progesterone.
Model 3: adjusted for age, baseline serum progesterone, and number of progesterone measurements.
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tracking changes in estradiol and hCG over time enabled earlier

detection of bad pregnancy outcomes (31). Additionally, Mu et al.

reported that the average estradiol decreased times correlated

positively with EPL risk (32). Su et al. further examined the

absolute rate of progesterone change (Dprogesterone) between

weeks 6 and 10, finding it predictive of outcome—though not as

strongly as DhCG or Destradiol (33). Our findings also support the
Frontiers in Endocrinology 06
significance of dynamic monitoring for pregnancy progress. We

define PDT to stratify declines between consecutive measurements

and suggest its significant predictive value for EPL.

Although our findings have positive clinical implications for

managing pregnant women, they should be interpreted with

caution. We observed that as PDT increased, the associated risk

of EPL weakened, and PDT ≥ 7/10 SD and 1 SD did not show
FIGURE 2

The association between PDT and EPL. OR, odds ratio; PDT, progesterone decline threshold; SD, standard deviation. Model 1: adjusted for age;
Model 2: adjusted for age and baseline serum progesterone; Model 3: adjusted for age, baseline serum progesterone, and number of progesterone
measurements.
TABLE 3 ROC analysis of the predictive value of PDT in predicting EPL.

Exposure Area of ROC 95%CI Z P value

PDT ≥ 1/5 SD 0.502 0.468, 0.536 -0.286 0.775a

PDT ≥ 1/3 SD 0.512 0.473, 0.550 0.234 0.815b

PDT ≥ 1/2 SD 0.503 0.468, 0.539 -0.074 0.941c
ROC, Receiver operating characteristic; PDT, progesterone decline threshold; EPL, early pregnancy loss; SD, standard deviation. AUC, Area under curve.
aPDT ≥1/5 SD vs PDT ≥1/3 SD;
bPDT ≥1/3SD vs PDT ≥ 1/2 SD;
cPDT ≥1/5 SD vs PDT ≥ 1/2 SD.
TABLE 4 The association between the number of occurrences of PDT ≥ 1/3 SD and EPL.

Exposure Model 1 OR (95%CI) P value Model 2 OR (95%CI) P value Model 3 OR (95%CI) P value

Number
of occurrences

0.84 (0.71,0.98) 0.034 0.92 (0.76,1.11) 0.376 1.36 (1.09,1.70) 0.006
fro
PDT, progesterone decline threshold; EPL, early pregnancy loss; SD, standard deviation; OR, odds ratio; CI, confidence interval.
Model 1: adjusted for age.
Model 2: adjusted for age and baseline serum progesterone.
Model 3: adjusted for age, baseline serum progesterone, and number of progesterone measurements.
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FIGURE 3

Restricted cubic splines examined the association between the number of occurrences of PDT ≥ 1/3 SD and EPL. PDT, progesterone decline
threshold; SD, standard deviation; OR, odds ratio; CI, confidence interval.
TABLE 5 Subgroup analyses of the effect of PDT on EPL.

Subgroups PDT n OR (95%CI) P value
P
for

interaction

Serum progesterone
below baseline

PDT ≥ 1/5 SD 0.441

No
No 54 Reference —

Yes 44 2.08 (0.72,5.98) 0.174

Yes
No 116 Reference —

Yes 450 2.76 (1.66,4.60) <0.001

PDT ≥ 1/3 SD 0.386

No
No 70 Reference —

Yes 28 2.87 (0.96,8.64) 0.060

Yes
No 241 Reference —

Yes 325 1.54 (1.01,2.34) 0.043

PDT ≥ 1/2 SD 0.340

No
No 83 Reference —

Yes 15 3.19 (0.89,11.49) 0.076

Yes
No 372 Reference —

Yes 194 1.47 (0.93,2.33) 0.102
F
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PDT, progesterone decline threshold; EPL, early pregnancy loss; SD, standard deviation; OR, odds ratio; CI, confidence interval.
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significance. This may be due to the reduced sample size of

participants with progesterone decline participants as PDT

increased, leading to lower statistical power. Future studies should

aim to expand sample sizes and adopt prospective designs to more

accurately assess the relationship between PDT and the risk of EPL.

Additionally, our model’s AUC values were relatively low (0.502,

0.503, and 0.512), indicating limited predictive ability on their own.

This may reflect progesterone’s intrinsic pulsatile secretion, in

which a single decline may indicate physiological fluctuations

rather than a pathological state; furthermore, our study did not

control the intervals between measurements, inherently introducing

risks of information bias. As a result, in clinical practice, these PDT

indicators should serve as supplementary or adjunctive diagnostic

tools. For example, combining other available indicators, such as

new ultrasonographic parameters, hCG, estradiol, and PAPP-A (31,

34), to conduct multivariate analysis could enhance the diagnostic

performance of the predictive models. Moreover, this study was

retrospective and relied on historical case data, excluding patients

with incomplete progesterone testing records, which inherently

introduced risks of selection bias and potential information bias.

In addition, we did not obtain medication information for these

participants, making it impossible to exclude the use of

progesterone supplements, which affects the accuracy of the

results. Finally, as these results lack external validation, we plan to

confirm their reliability in larger, independent, multicenter cohorts.

In conclusion, our study suggests that PDT ≥ 1/5 SD, 1/3 SD,

and 1/2 SD may provide useful information for identifying high-

risk EPL populations, thereby assisting clinical decision-making.

Currently, EPL diagnosis primarily relies on TVS examinations,

which have limited utility in early pregnancy due to incomplete

embryonic development. Our findings offer a potential

complementary tool for this diagnostic process. By incorporating

dynamic assessments of progesterone levels, particularly cases

where serum progesterone decline exceeds 1/5 SD, 1/3 SD, and 1/

2 SD, clinicians may identify high-risk EPL populations earlier. This

could enable more frequent pregnancy monitoring or early

interventions, providing scientifically based decision support for

early screening and management of EPL.
5 Conclusion

PDT ≥ 1/5 SD, 1/3 SD, and 1/2 SD significantly increased the risk

of EPL. These results may aid in EPL diagnosis and help clinicians

optimize pregnancy management strategies. Future large-scale studies

are needed to further validate the application value of these findings.
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