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Endometrial compaction in
patients with chronic
endometritis does not predict
pregnancy outcomes: a
retrospective study
Qingmei Jin1, Zhengao Sun1,2* and Zizhen Guo1,2*

1The First Clinical College, Shandong University of Traditional Chinese Medicine, Jinan,
Shandong, China, 2Department of Reproduction and Genetics, The Affiliated Hospital of Shandong
University of Traditional Chinese Medicine, Jinan, Shandong, China
Background: Endometrial compaction is known to positively influence pregnancy

outcomes in patients with infertility undergoing assisted reproductive technology.

However, the impact of endometrial compaction on pregnancy outcomes in patients

with chronic endometritis following antibiotic treatment is not well

understood.Considering the unique characteristics of patients with chronic

endometritis, we aimed to investigate whether endometrial compaction predicts

pregnancy outcomes during frozen-thawed embryo transfer cycles in this population.

Methods: We enrolled 769 patients who underwent hysteroscopy before frozen-

thawed embryo transfer over the past 3 years and subsequently categorized them

into the populations with and without chronic endometritis to analyze the impact

of endometrial compaction on pregnancy outcomes. To adjust for potential

confounding factors, a multifactor binary logistic regression analysis was

conducted using clinical co-variables that may have impacted the cycle results.

Results: In patients with chronic endometritis following antibiotic treatment,

endometrial compaction was not significantly associated with biochemical

pregnancy (adjusted odds ratio [AOR] = 1.020, 95% confidence interval [CI] =

0.639–1.627), clinical pregnancy (AOR = 1.028, 95% CI = 0.643–1.643), ectopic

pregnancy (AOR = 2.003, 95% CI = 0.145–27.635), early pregnancy loss (AOR =

1.356, 95% CI = 0.502–3.663), ongoing pregnancy (AOR = 0.970, 95% CI = 0.600–

1.569), and live birth (AOR = 0.881, 95% CI 0.545–1.423). However, endometrial

compaction was related to higher rates of clinical pregnancy (AOR = 1.623, 95% CI =

1.052–2.504), ongoing pregnancy (AOR = 2.193, 95% CI = 1.403–3.429), and live

birth (AOR = 2.244, 95% CI = 1.431–3.520) in patients without chronic endometritis.

Conclusion: Endometrial compaction was associated with improved pregnancy

outcomes in patients without chronic endometritis but did not predict pregnancy

outcomes in those with chronic endometritis, even after antibiotic treatment,

suggesting that other factors influence pregnancy success in this population.
KEYWORDS

endometrial compaction, chronic endometritis, endometrial receptivity, pregnancy
outcomes, frozen-thawed embryo transfer
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1 Introduction

Endometrial compaction is associated with favorable pregnancy

outcomes in frozen-thawed embryo transfers (FETs) and is

acknowledged as an indicator of endometrial receptivity.

Researchers are increasingly investigating its relationship with the

outcomes of in vitro fertilization (IVF); however, the results have

been controversial. Haas et al. (1) and Zilberberg et al. (2) first

proposed the concept of endometrial compaction and reported that

patients with endometrial compaction demonstrated significantly

higher rates of ongoing pregnancy than those with no change or an

increase in endometrial thickness (EMT). Multiple studies have

reported similar conclusions (3–5). However, some studies have

demonstrated no correlation between endometrial compaction and

pregnancy outcomes (6–9) or even opposing results (10). A recent

systematic review and meta-analysis indicated no significant

association between endometrial compaction under progesterone

and live birth rates (LBRs) following embryo transfer, regardless of

the type of embryo transfer or endometrial preparation protocol (11).

Changes in EMT following progesterone exposure are an

indication of the degree of endometrial response to progesterone.

During the follicular phase, estrogen secreted by the follicle

stimulates continuous proliferation of the endometrial glands and

blood vessels, thereby increasing EMT. Subsequently, further

growth and curving of the endometrial glands and blood vessels

are induced under the action of estrogen and progesterone during

the luteal phase. Density, rather than thickness or volume, increases

with the further development of glands and blood vessels. The

continued growth of EMT during the luteal phase may be attributed

to progesterone receptor deficiency or progesterone resistance,

indicating an unfavorable environment for embryo transfer (1).

Chronic endometritis (CE) is an inflammatory disease of the

endometrium that is typically caused by microbial disturbances in

the uterine cavity and alterations in the immune environment (12, 13).

With the popularization of hysteroscopy and pathological

examinations, an increasing number of infertile women have been

diagnosed with CE. CE is closely associated with repeated implantation

failures (RIFs) (14) and recurrent spontaneous abortions (RSAs) (15).

However, the effect of CE on embryo implantation and the related

mechanisms remain inconclusive. Inflammatory environments alter

the expression of progesterone targets in endometrial stromal cells

(ESCs), which may lead to the progesterone resistance and a

suboptimal local response to progestin therapy (16). A previous

study found that CE could modify decidualization via the aberrant

tuning of sex steroids and their receptors, and weaken the action of
Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; FETs, frozen-

thawed embryo transfers; IVF, in vitro fertilization; EMT, endometrial thickness;

CE, chronic endometritis; RIFs, repeated implantation failures; RSAs, recurrent

spontaneous abort ions ; ESCs , endometr ia l s tromal cel l s ; IHC,

immunohistochemistry; HRT, hormone replacement treatment; TVUS,

transvaginal ultrasonography; BPR, biochemical pregnancy rate; CPR, clinical

pregnancy rate,; EPR, ectopic pregnancy rate; EPLR, early pregnancy loss rate;

OPR, ongoing pregnancy rate; LBR, live birth rate.
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progesterone on ESCs resulting in a diminished potential for

differentiation and an enhanced potential for proliferation of ESCs,

similar to exposed to estradiol alone (17). Thus, inadequate

endometrial compaction may be associated with CE. Currently, CE

remains a challenge in clinical treatment, and empirical antibiotic

treatments are commonly used. Studies have reported increased

pregnancy rates among patients with CE following antibiotic

treatment (18, 19).

Based on the aforementioned series of studies, we hypothesized

that the unique characteristics of the population with CE account for

the currently reported controversial conclusions regarding the

relationship between endometrial compaction and pregnancy

outcomes. Therefore, we aimed to investigate the predictive value of

endometrial compaction on pregnancy outcomes in patients with or

without CE, thereby supplementing and extending the current

knowledge on this topic.
2 Methods

2.1 Study design and population

In this single-center retrospective cohort study, we collected clinical

data from patients undergoing FET who had hysteroscopy at the

Department of Reproduction and Genetics in the Affiliated Hospital of

ShandongUniversity of Traditional ChineseMedicine between January

1, 2020, and December 31, 2023. The eligibility criteria were patients

with or without CE and undergoing FET cycles. In contrast, the

exclusion criteria were hysteroscopy showing abnormalities in the

uterine cavity, including endometrial polyps, intrauterine adhesions,

and other anomalies within the uterine cavity; adenomyosis; uterine

submucosal myoma; congenital uterine anomaly; and missing EMT

data before progesterone administration. In total, 769 FET cycles were

performed. We categorized the patients into those with CE (n = 345)

and those without CE (n = 424). CE was diagnosed based on

hysteroscopy (20) and immunohistochemistry (IHC) staining results

for CD38 and CD138, with a criterion of ≥5 plasma cells/10 high-

power fields in endometrial specimens (21). All patients with CE were

orally administered doxycycline hydrochloride tablets (100 mg two

times/day) (22). Endometrial compaction includes a reduction in the

EMT from the end of the estrogen phase to the day of embryo transfer,

whereas an uncompacted state is characterized by EMT remaining

unchanged or thickening (9). Based on EMT changes, we further

categorized patients of the non-CE and post-antibiotic CE groups into

the following four subgroups: a compaction (n = 157) and non-

compaction (n = 267) group of patients without CE, and a

compaction (n = 154) and a non-compaction (n = 191) group of

patients with CE following antibiotic treatment. Figure 1 shows the

flowchart of these categories. The study protocol was performed in

accordance with the Code of Ethics of the World Medical Association

(Declaration of Helsinki) and was approved by the Ethics Committee

of the Affiliated Hospital of Shandong University of Traditional

Chinese Medicine (approval number is (2024) Ethics Review No

(087). -KY).
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2.2 Endometrial preparation protocol

Based on the individual circumstances of the patients, endometrial

preparation protocols included natural, ovulation induction, and

hormone replacement treatment (HRT) cycles with or without

gonadotropin-releasing hormone analog pretreatment. During the

ovulation cycles, follicular development, EMT, and endometrial

patterns were detected using transvaginal ultrasonography (TVUS)

on days 10–12 of menstruation. Serum luteinizing hormone, estradiol,

and progesterone were measured to determine the day of ovulation

when the follicle diameter was ≥16 mm. Intramuscular progesterone

(40 mg/day; Zhejiang Xianju Pharmaceutical Co., Ltd., Zhejiang,

China) and oral dydrogesterone tablets (20 mg two times/day,

Abbott Laboratories Trading [Shanghai] Co., Ltd., Shanghai, China)

were added to the protocol following ovulation. Patients were

administered 2.5–5 mg/day of letrozole tablets (LE, Zhejiang

Haizheng Pharmaceutical Co., Ltd., Zhejiang, China), or not, for 5

days on days 3–5 of menstruation, as well as human menopausal

gonadotropins (Shanghai Lizhu Pharmaceutical Co., Ltd., Shanghai,

China) based on their actual condition.

During the HRT cycles, the patients were orally administered 4–

8 mg/day estradiol valerate tablets (Delpharm Lille S.A.S.) for 12

days or more on days 2–5 of menstruation or progesterone

withdrawal bleeding. When the EMT was ≥8 mm, 40 mg/day of

intramuscular progesterone and 20 mg two times/day of oral

dydrogesterone tablets were added for endometrial transformation.

Participants undergoing HRT–FET with pituitary downregulation

were subcutaneously injected with 3.75 mg of leuprolide acetate

microspheres (Shanghai Lizhu Pharmaceutical Co., Ltd., Shanghai,
Frontiers in Endocrinology 03
China) on days 2–3 of menstruation. Estradiol valerate tablets were

orally administered on days 28–30 following injection, and

subsequent medication usage was similar to that of the HRT

cycles. At the end of the estrogen phase, EMT was measured using

TVUS, and on the day of embryo transfer, EMT was measured using

abdominal ultrasonography (2, 5).

Based on the Istanbul Consensus and Gardner’s evaluation

methods, we classified the quality of cleavage-stage embryos and

blastocysts. High-quality embryos were defined as those at cleavage

stage I and blastocysts graded 3BB or higher.
2.3 CE diagnosis

Each woman underwent a diagnostic office hysteroscopy during

the follicular phase. The presence of endometrial hyperemia,

micropolyps, or endometrial interstitial edema during hysteroscopy

can serve as the basis for CE diagnosis (20). The criterion for CE

diagnosis was hysteroscopy combined with the histological findings of

multiple plasmacyte infiltration into the endometrial stroma,

corresponding to IHC staining for CD38 and CD138. We preferred

the diagnostic criterion of ≥5 plasma cells/10 high-power fields in

endometrial specimens (21). Patients diagnosed with CE were

administered 100 mg of doxycycline hydrochloride tablets orally,

twice daily for a duration of 14 days (22). Repeat hysteroscopy and

endometrial biopsy were not performed following antibiotic treatment

(21). Previous studies have demonstrated that the presence or absence

of endometrial re-evaluation has no impact on pregnancy outcomes in

patients with CE after doxycycline treatment (23).
FIGURE 1

Flowchart of patients. FET, frozen-thawed embryo transfer; EMT, endometrial thickness; CE, chronic endometritis.
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2.4 Definition of pregnancy outcomes

Live birth was the primary indicator of pregnancy outcomes in our

study, whereas the secondary indicators were biochemical, clinical,

ectopic, and ongoing pregnancies and early pregnancy loss.

Biochemical pregnancy was defined as ≥10 U/L of serum human

chorionic gonadotrophin detected 14 days following embryo transfer.

Clinical pregnancy was defined as the presence of at least one

gestational sac, as detected in ultrasonography images of the uterine

cavity. Ectopic pregnancy was defined as at least one gestational sac, as

detected in ultrasonography images outside the uterine cavity. Early

pregnancy loss was defined as a spontaneous abortion before 12 weeks

of intrauterine gestation. Ongoing birth was defined as an intrauterine

gestation of up to 12 weeks. Live birth was defined as the delivery of at

least one live baby after 28 weeks of gestation.
2.5 Statistical analysis

Data analysis was performed using IBM SPSS Statistics for

Windows, version 26.0 (IBM Corp., Armonk, N.Y., USA). We

analyzed the baseline characteristics of patients with or without CE

using the Student’s t-test, Mann–Whitney U-test, and chi-squared test.

Normality tests were performed on all continuous variables. Normally

distributed continuous variables were expressed as mean ± standard

deviation and were analyzed using the Student’s t-test. The Mann–

Whitney U-test was used for non-normally distributed continuous

variables, which were expressed as median and interquartile range. For

qualitative (categorical) data, the chi-squared test was used to analyze

the differences between the compaction and non-compaction groups.

Statistical significance was set at P < 0.05.

Univariate andmultivariate binary logistic regression analyses were

used to compare pregnancy outcomes between the compaction and

non-compaction groups, and between the CE and non-CE groups. The

odds ratio and 95% confidence intervals (CIs) were calculated. To

adjust for potential confounding factors, a multifactor binary logistic

regression analysis was conducted using clinical co-variables that may

have affected pregnancy outcomes, including maternal age at oocyte

retrieval (24), endometrial preparation protocol (25), menstrual cycle

(26), infertility type (26), infertility factor (27), body mass index (25),

the time interval between the last hysteroscopy and FET (28), number

of transferred embryos (25), number of high-quality transferred

embryos (25), embryo type (29), and embryo source fertilization

method (30). When comparing pregnancy outcomes between

patients with and those without CE, an additional confounding

factor of groups of EMT change ratio was added.
3 Results

3.1 Baseline characteristics of the patients

Among the patients who achieved clinical pregnancy, 14

patients experienced mid-term and late miscarriages.

We analyzed the basic characteristics of infertility in women with

or without CE (in which patients with CE were treated with antibiotics)
Frontiers in Endocrinology 04
(Table 1). We observed significant differences regarding infertility

duration among patients without CE and body mass index among

patients with CE between endometrial compaction and non-

compaction groups (all P < 0.05). Among patients diagnosed with

CE who received antibiotic treatment, those with endometrial

compaction transferred a greater number of high-quality embryos (P

< 0.05). Additionally, EMT was thicker on the day of embryo transfer

in the population with an uncompacted endometrium, regardless of the

presence or absence of CE (P < 0.05).
3.2 Pregnancy outcomes of patients
without CE

We assessed the effect of endometrial compaction on pregnancy

outcomes in patients without CE (Table 2). The clinical pregnancy

rate (CPR), ongoing pregnancy rate (OPR), and LBR were higher in

patients with endometrial compaction based on the univariate

binary logistic regression analysis (all P < 0.05). However, no

statistically significant differences were observed in the

biochemical pregnancy rate (BPR), ectopic pregnancy rate (EPR),

and early pregnancy loss rate (EPLR) between the two groups (all

P > 0.05). The multivariate binary logistics regression analysis

revealed that the CPR (adjusted odds ratio [AOR] = 1.623, 95%

CI = 1.052–2.504), OPR (AOR = 2.193, 95% CI = 1.403–3.429), and

LBR (AOR = 2.244, 95% CI = 1.431–3.520) in the compaction group

were still higher than those in the non-compaction group.
3.3 Pregnancy outcomes of patients with
CE following antibiotic treatment

Table 3 presents the effect of endometrial compaction on pregnancy

outcomes in patients with CE following antibiotic treatment, revealing no

statistically significant differences between endometria with and without

compaction in terms of BPR, CPR, EPR, EPLR, OPR, and LBR based on

the univariate binary logistic regression analysis (all P > 0.05). The

multivariate binary logistic regression analysis showed similar results,

where no statistically significant differences were observed in BPR (AOR

= 1.020, 95% CI = 0.639–1.627), CPR (AOR = 1.028, 95% CI = 0.643–

1.643), EPR (AOR = 2.003, 95% CI = 0.145–27.635), EPLR (AOR =

1.356, 95% CI = 0.502–3.663), OPR (AOR = 0.970, 95% CI = 0.600–

1.569), and LBR (AOR = 0.881, 95% CI = 0.545–1.423) between the

compaction and non-compaction groups. Notably, all CIs encompassed

the null value (1.0), indicating insufficient evidence to reject the null

hypothesis of no association.
3.4 Pregnancy outcomes between patients
with and those without CE (in which
patients with CE were treated with
antibiotics)

The univariate and multivariate binary logistic regression

analyses revealed a higher rate of early pregnancy loss (9.9% vs

5.5% and P < 0.05) in patients without CE than those with CE
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TABLE 1 Baseline characteristics of the study population.

Characteristics Non-CE (n=424) CE (n=345)

Compaction
(n=157)

Non-Compac-
tion(n=267)

P
value

Compaction
(n=154)

Non-Compac-
tion(n=191)

P
value

Maternal age at oocyte retrieval, median
(IQR), y

33 (29.0-37.0) 33 (29.0-36.0) 0.987 32 (29.0-35.2) 32 (29.0-36.0) 0.646

Maternal age at embryo transfer, median
(IQR), y

33 (30.0-37.0) 33 (30.0-37.0) 0.672 32 (30.0-36.0) 33 (30.0-37.0) 0.550

Endometrial preparation protocol, No. (%) 0.350 0.591

Ovulation cycle 66 (42.0) 100 (37.5) 73 (47.4) 85 (44.5)

HRT 91 (58.0) 167 (62.5) 81 (52.6) 106 (55.5)

Menstrual cycle, No. (%) 0.494 0.105

Regularity 112 (71.3) 182 (68.2) 91 (59.1) 129 (67.5)

Irregularity 45 (28.7) 85 (31.8) 63 (40.9) 62 (32.5)

Infertility duration, median (IQR), y 3 (2–6) 3 (1–4) 0.001 3 (1–5)
3 (2–
6)

0.697

Infertility type, No. (%) 0.533 0.550

Primary 54 (34.4) 84 (31.5) 62 (40.3) 83 (43.5)

Secondary 103 (65.6) 183 (68.5) 92 (59.7) 108(56.5)

Infertility factor, No. (%) 0.402 0.374

Polycystic ovary syndrome 28 (17.8) 36 (13.5) 44 (28.6) 40 (20.9)

Endometriosis 8 (5.1) 18 (6.7) 6 (3.9) 6 (3.1)

Ovarian hypoplasia 2 (1.3) 8 (3.0) 6 (3.9) 7 (3.7)

Tubal or male factor 119 (75.8) 205 (76.8) 98 (63.6) 138 (72.3)

BMI, median (IQR), kg/m2 23.80
(21.35-25.60)

22.60
(20.90-25.60)

0.152
24.45

(21.30-27.20)
22.90

(21.00-25.60)
0.012

Time interval between the last
hysteroscopy and FET, No. (%)

0.734 0.988

<3 months 34 (21.7) 50 (18.7) 53 (34.4) 65 (34.0)

3–6 months 19 (12.1) 31 (11.6) 45 (29.2) 55 (28.8)

>6 months 104 (66.2) 186 (69.7) 56 (36.4) 71 (37.2)

Number of transferred embryos, No. (%) 0.716 0.145

1 61 (38.9) 99 (37.1) 65 (42.2) 66 (34.6)

2 96 (61.1) 168 (62.9) 89 (57.8) 125 (65.4)

Number of high-quality transferred
embryos, median (IQR)

1 (0-1) 1 (0-1) 0.404 1 (0-1) 0 (0-1) <0.001

Embryo type, No. (%) 0.679 0.283

Cleavage-
stage embryo

98 (62.4) 172 (64.4) 88 (57.1) 120 (62.8)

Blastocyst 59 (37.6) 95 (35.6) 66 (42.9) 71 (37.2)

Embryo source fertilisation method,
No. (%)

0.058 0.236

IVF 120 (76.4) 224 (83.9) 128 (83.1) 149 (78.0)

ICSI 37 (23.6) 43 (16.1) 26 (16.9) 42 (22.0)

(Continued)
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(Table 4). However, no statistically significant associations were

observed between the CE and non-CE patients regarding the BPR

(AOR = 0.738, 95% CI = 0.534–1.019), CPR (AOR = 0.823, 95% CI

= 0.593–1.142), EPR (AOR = 1.182, 95% CI = 0.278–5.029), OPR

(AOR = 1.006, 95% CI = 0.718–1.409), or LBR (AOR = 0.970, 95%

CI = 0.691–1.360) after multivariate binary logistic regression

analyse. Notably, all non-significant CIs encompassed the null

value (1.0), indicating insufficient evidence to reject the null

hypothesis of no association.
3.5 Pregnancy outcomes between the CE
and non-CE groups in patients with
endometrial compaction

We compared the pregnancy outcomes between CE and non-

CE groups in patients with endometrial compaction (Table 5). No
Frontiers in Endocrinology 06
statistically significant differences regarding the BPR, CPR, EPR,

EPLR, OPR, or LBR were found between the two groups based on

the univariate binary logistic regression analysis (All P > 0.05).

Notably, in patients with endometrial compaction, the BPR (AOR =

0.560, 95% CI = 0.328–0.956), CPR (AOR = 0.574, 95% CI = 0.339–

0.974), OPR (AOR = 0.585, 95% CI = 0.344–0.996), and LBR (AOR

= 0.534, 95% CI = 0.312–0.912) in the non-CE group were higher

than those in the CE group after correcting for confounding factors

in the multivariate binary logistics regression analysis.
4 Discussion

For the first time, we categorized patients based on the presence or

absence of CE and arrived at the following conclusions (1):

Endometrial compaction was associated with better pregnancy

outcomes in patients without CE (2). However, in those with CE,
TABLE 1 Continued

Characteristics Non-CE (n=424) CE (n=345)

Compaction
(n=157)

Non-Compac-
tion(n=267)

P
value

Compaction
(n=154)

Non-Compac-
tion(n=191)

P
value

EMT at embryo transfer day, median
(IQR), mm

9.0
(8.0-10.0)

10.1
(9.0-12.0)

<0.001
9.0

(8.0-10.0)
11.0

(10.0-12.0)
<0.001

Baseline FSH, median (IQR), IU/l
6.87

(5.84-8.09)
7.01

(5.69-8.32)
0.881

6.46
(5.15-7.80)

6.46
(5.39-8.04)

0.607

Baseline LH, median (IQR), mIU/ml
4.52

(3.52-6.00)
4.70

(3.26-6.84)
0.593

4.98
(3.79-8.14)

4.95
(3.75-6.89)

0.509

Baseline E2, median (IQR), pg/ml
36.00

(26.01-48.22)
36.30

(27.00-49.68)
0.676

35.00
(26.07-44.39)

35.42
(26.00-53.33)

0.366

Baseline progesterone, median (IQR),
ng/ml

0.46
(0.29-0.76)

0.46
(0.28-0.77)

0.695
0.39

(0.24-0.62)
0.46

(0.30-0.65)
0.146
front
CE, chronic endometritis; HRT, hormone replacement treatment; BMI, body mass index; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection; EMT, endometrial thickness; FSH,
follicle-stimulating hormone; LH, luteinizing hormone; E2, estradiol; IQR, interquartile range.
TABLE 2 Comparison of pregnancy outcomes between endometrial compaction and non-compaction groups in patients without CE.

Outcome Compaction Non-
compaction

Univariate analysis a Multivariate analysis b

n=157 n=267 OR (95% CI) P value OR (95% CI) P value

Biochemical pregnancy, No. (%)
95

(60.5)
144
(53.9)

1.309
(0.877-1.953)

0.188
1.343

(0.872-2.071)
0.181

Clinical pregnancy, No. (%)
79

(50.3)
103
(38.6)

1.613
(1.083-2.402)

0.019
1.623

(1.052-2.504)
0.029

Ectopic pregnancy, No. (%)
2

(1.3)
3

(1.1)
1.135

(0.188-6.870)
0.890

1.671
(0.225-12.397)

0.615

Early pregnancy loss, No. (%)
11
(7.0)

31
(11.6)

0.574
(0.280-1.176)

0.129
0.483

(0.227-1.030)
0.060

Ongoing pregnancy, No. (%)
68

(43.3)
72

(27.0)
2.069

(1.366-3.135)
0.001

2.193
(1.403-3.429)

0.001

Live birth, No. (%)
66

(42.0)
68

(25.5)
2.122

(1.395-3.230)
<0.001

2.244
(1.431-3.520)

<0.001
CI, confidence interval; CE, chronic endometritis; OR, odds ratio.
aNo adjustments for other covariates.
bAdjustment for maternal age at oocyte retrieval, endometrial preparation protocol, menstrual cycle, infertility type, infertility factor, BMI, time interval between the last hysteroscopy and FET,
number of transferred embryos, number of high-quality transferred embryos, embryo type, embryo source fertilisation method.
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endometrial compaction did not serve as a reliable predictor of

pregnancy outcomes, even after standard antibiotic treatment.

The relationship between CE and female infertility has attracted

widespread attention from clinicians, particularly in the field of assisted

reproduction. CE affects endometrial decidualization and the

expression of immune cells and cytokines, which are detrimental to

embryo implantation and affect pregnancy outcomes. Moreover, CE is

closely related to RIFs and RSAs. Among infertile women with RIFs,

one-third were diagnosed with CE and experienced a significant

improvement in their LBR after antibiotic treatment (22). A

retrospective study revealed that CE increases the miscarriage rate

and decreases the LBR and term birth rate in patients undergoing IVF
Frontiers in Endocrinology 07
(31). McQueen et al. (15) found that CE prevalence was high in women

with RSAs, with over 50% positive for CD138 plasma cells detected

using IHC. Furthermore, this study indicated that women with

untreated CE exhibited a tendency toward a higher miscarriage rate

and lower LBR than women without CE, but these differences were not

significant between women with and those without CE.

Fertility in women with RSAs could be restored using the

appropriate antibiotic treatment, suggesting that CE may be a

cause of RSAs (32). Studies have indicated that antibiotics are an

effective way to treat CE and improve pregnancy outcomes in

patients with CE. however, the potential advantages of CE

treatment for embryo implantation and the progression of
TABLE 4 Comparison of pregnancy outcomes between patients with or without CE (in which CE patients were treated with antibiotics).

Outcome Non-CE CE Univariate analysis a Multivariate analysis b

n=424 n=345 OR (95% CI) P value OR (95% CI) P value

Biochemical pregnancy, No. (%)
239
(56.4)

184
(53.3)

0.885
(0.665-1.177)

0.400
0.738

(0.534-1.019)
0.065

Clinical pregnancy, No. (%)
182
(42.9)

154
(44.6)

1.072
(0.805-1.428)

0.634
0.823

(0.593-1.142)
0.245

Ectopic pregnancy, No. (%)
5

(1.2)
4

(1.2)
0.983

(0.262-3.689)
0.980

1.182
(0.278-5.029)

0.821

Early pregnancy loss, No. (%)
42
(9.9)

19
(5.5)

0.530
(0.302-0.930)

0.027
0.495

(0.269-0.910)
0.024

Ongoing pregnancy, No. (%)
140
(33.0)

135
(39.1)

1.304
(0.970-1.754)

0.079
1.006

(0.718-1.409)
0.973

Live birth, No. (%)
134
(31.6)

127
(36.8)

1.261
(0.934-1.701)

0.130
0.970

(0.691-1.360)
0.859
CE, chronic endometritis; CI, confidence interval; OR, odds ratio.
aNo adjustments for other covariates.
bAdjusted for maternal age at oocyte retrieval, endometrial preparation protocol, menstrual cycle, infertility type, infertility factor, BMI, time interval between the last hysteroscopy and FET,
number of transferred embryos, number of high-quality transferred embryos, embryo type, embryo source fertilisation method, groups of EMT change ratio.
TABLE 3 Comparison of pregnancy outcomes between endometrial compaction and non-compaction groups in patients with CE following
antibiotic treatment.

Outcome Compaction Non-compaction Univariate analysis a Multivariate analysis b

n=154 n=191 OR (95% CI) P value OR (95% CI) P value

Biochemical pregnancy, No. (%)
86

(55.8)
98

(51.3)
1.200

(0.784-1.838)
0.401

1.020
(0.639-1.627)

0.935

Clinical pregnancy, No. (%)
72

(46.8)
82

(42.9)
1.167

(0.762-1.789)
0.478

1.028
(0.643-1.643)

0.910

Ectopic pregnancy, No. (%)
3

(1.9)
1

(0.5)
3.775

(0.389-36.657)
0.252

2.003
(0.145-27.635)

0.604

Early pregnancy loss, No. (%)
9

(5.8)
10
(5.2)

1.123
(0.445-2.838)

0.806
1.356

(0.502-3.663)
0.548

Ongoing pregnancy, No. (%)
63

(40.9)
72

(37.7)
1.144

(0.741-1.767)
0.543

0.970
(0.600-1.569)

0.902

Live birth, No. (%)
57

(37.0)
70

(36.6)
1.016

(0.654-1.577)
0.944

0.881
(0.545-1.423)

0.604
CE, chronic endometritis; CI: confidence interval; OR: odds ratio
aNo adjustments for other covariates
bAdjustment for maternal age at oocyte retrieval, endometrial preparation protocol, menstrual cycle, infertility type, infertility factor, BMI, time interval between the last hysteroscopy and FET,
number of transferred embryos, number of high-quality transferred embryos, embryo type, embryo source fertilisation method.
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pregnancy remain controversial. One study reported that the

number of early pregnancy losses in patients with CE was higher

than that in those without CE, even after being cured with

antibiotics, suggesting that antibiotic-cured CE was still a risk

factor for early pregnancy loss (33). Recently, a large prospective

cohort study confirmed that patients with antibiotic-cured CE had a

higher risk of spontaneous abortion and that the LBR was

significantly lower than that in patients without CE following

subsequent IVF/intracytoplasmic sperm injection (34).

We found that patients with CE experienced pregnancy outcomes

comparable to those without CE subsequent to antibiotic treatment,

but the EPLR was significantly higher than that in patients without CE.

The patients did not undergo a biopsy for embryonic aneuploidy before

embryo transfer, and we did not exclude patients with embryonic

chromosomal abnormalities when calculating the EPLR, which may

explain why our outcomes are inconsistent with those of earlier

research. However, due to the absence of embryonic aneuploidy data,

we are unable to comprehensively assess the effects of relevant

variables. Tus, this hypothesis requires validation through

future studies.

Among the 769 FET cycles we investigated, none of the embryos

underwent preimplantation genetic testing for aneuploidies, and

embryo quality might have had an effect on pregnancy outcomes. A

previous study demonstrated that implantation of high-quality

euploid blastocysts assessed using pre-implantation genetic testing

for aneuploidies and morphology did not improve live birth

outcomes in IVF (35). Thus, endometrial receptivity remains a

critical condition for embryo implantation. However, a definitive

indicator of endometrial receptivity is yet to be identified. Our

results indicated that endometrial compaction could predict

pregnancy outcomes in patients with a healthy and non-

inflammatory endometrium. Endometrial compaction is
Frontiers in Endocrinology 08
associated with a higher rate of clinical pregnancy, ongoing

pregnancy, and live birth. Haas et al. (1) found that endometrial

compaction following progesterone administration could improve

the OPR in women via single-blastocyst transplantation in HRT–

FETs, where certain blastocysts were subjected to aneuploidy

biopsies. Subsequently, researchers from the same center analyzed

the data of patients undergoing euploid blastocyst transplantation

(2). Their results were similar to ours. Youngster et al. (4) also

demonstrated that the CPR and OPR were higher in the

endometrial compaction group in unstimulated natural cycle

FETs, and 46% of patients presented >5% endometrial

compaction without progesterone administration. In contrast, Jin

et al. (10) found that an increase in EMT following progesterone

administration was associated with a higher CPR in the natural

cycles of euploid blastocyst transfer. However, only 25.1% of the

endometrial compaction rates were reported by Jin et al. (10).

Serum progesterone levels do not affect endometrial development

during the secretory period (36). Therefore, endometrial

compaction is a critical factor in pregnancy outcomes in addition

to embryonic factors.

To our knowledge, this is the first study to discuss the

relationship between endometrial compaction and pregnancy

outcomes in patients with CE following antibiotic treatment

during FET cycles. We standardized the antibiotic treatment for

all patients when they were diagnosed with CE using hysteroscopy

and IHC. Notably, patients with CE following antibiotic treatment

had significantly improved pregnancy outcomes, with an LBR

similar to that in those without CE. However, among patients

with endometrial compaction, pregnancy outcomes were superior

in patients without CE than in those with CE, even when those with

CE received antibiotic treatment. The lack of predictive power of

endometrial compaction may reflect irreversible endometrial
TABLE 5 Comparison of pregnancy outcomes between non-CE and CE following antibiotic treatment groups in patients with
endometrial compaction.

Outcome Non-CE CE following
antibiotic
treatment

Univariate analysis a Multivariate analysis b

n=157 n=154 OR (95% CI) P value OR (95% CI) P value

Biochemical pregnancy, No. (%)
95

(60.5)
86

(55.8)
0.825

(0.526-1.296)
0.404

0.560
(0.328-0.956)

0.033

Clinical pregnancy, No. (%)
79

(50.3)
72

(46.8)
0.867

(0.556-1.353)
0.529

0.574
(0.339-0.974)

0.040

Ectopic pregnancy, No. (%)
2

(1.3)
3

(1.9)
1.540

(0.254-9.344)
0.639

1.054
(0.121-9.209)

0.962

Early pregnancy loss, NO. (%)
11
(7.0)

9
(5.8)

0.824
(0.331-2.047)

0.677
0.950

(0.341-2.647)
0.922

Ongoing pregnancy, No. (%)
68

(43.3)
63

(40.9)
0.906

(0.578-1.422)
0.668

0.585
(0.344-0.996)

0.048

Live birth, No. (%)
66

(42.0)
57

(37.0)
0.810

(0.514-1.278)
0.365

0.534
(0.312-0.912)

0.022
CI, confidence interval; CE, chronic endometritis; OR, odds ratio.
aNo adjustments for other covariates.
bAdjusted for maternal age at oocyte retrieval, endometrial preparation protocol, menstrual cycle, infertility type, infertility factor, BMI, time interval between the last hysteroscopy and FET,
number of transferred embryos, number of high-quality transferred embryos, embryo type, embryo source fertilization method.
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damage or incomplete resolution of CE, rather than being attributed

to the endometrial compaction itself. Long-term inflammation may

lead to endometrial fibrosis (37, 38) or vascular lesions (39) in

patients with CE, which cannot be directly and completely reversed

by antibiotic treatment. These structural alterations of

endometrium may impair its function and hinder embryo

implantation and placental development. In addition, CE is

frequent ly accompanied with a l terat ions of immune

microenvironment, including changes of types and numbers of

immune cells within endometrium, as well as abnormalities of

cytokine and chemokine levels (40). And excessive release of pro-

inflammatory cytokines may damage embryo through pro-

apoptotic and adverse programming effects, as well as indirectly

suppressing uterine receptivity through the maternal immune

response (41). The imbalance of immune microenvironment

induced by CE may not be rapidly restored following antibiotic

treatment. Recently, studies have demonstrated the existence of

diverse microbial communities within endometrial environment.

Alterations of microbiome in endometrium may impact female

fertility. Compared to healthy women, the endometrial microbiome

in patients with CE was significantly altered, exhibiting a marked

reduction of the abundance of Lactobacillus (42). Moreno et al. (43)

observed that women with an endometrial microbiome dominated

by Lactobacillus tend to have better pregnancy outcomes. Although

antibiotics can effectively inhibit pathogenic bacteria, they are

unable to restore the abundance of beneficial microorganisms,

such as Lactobacillus, and may disrupt the normal composition of

the reproductive tract microbiota.

The strengths of this study include real-world data presentation,

the relatively large number of cycles investigated, all patients being

from the same center, and virtually all endometrial preparation

protocols being covered. Therefore, the results of this study are

broadly applicable to women undergoing FETs. However, this study

had certain limitations. Owing to the retrospective nature of this

investigation, not all confounding factors could be properly

controlled. We attempted to use a multivariate logistic regression

analysis in an effort to adjust for as many potential confounding

factors as possible. The study design and data collection were based

on existing clinical records and treatment protocols, which may not

have all ideal follow-up examinations, including repeat

hysteroscopy and endometrial biopsy. Some unmeasured

confounders, such as antibiotic treatment adherence and

microbial resistance, may limit the ability to draw causal

inferences. To address this limitation, future studies should

consider a prospective design with large sample size and include

regular hysteroscopy after treatment to better evaluate the effects of

antibiotic therapy on patients with CE, thereby further

strengthening the scientific validity of the research outcomes.

Additionally, EMT was measured using TVUS at the end of the

estrogen phase and abdominal ultrasonography on the day of

embryo transfer. Generally, EMT is more accurately measured

using TVUS. Although, all ultrasound examinations were

performed by experienced ultrasound technicians from the same
Frontiers in Endocrinology 09
center, and any potential measurement bias was evenly distributed

among all patients, the variation of measurements from estrogen

phase to transfer day may impact the results of study. Future studies

should mitigate through consistent TVUS utilization at all

assessment timepoints.
5 Conclusion

We discussed how progesterone-induced EMT alterations affect

pregnancy outcomes in patients with CE following antibiotic

treatment. Endometrial compaction in patients with CE following

antibiotic treatment could not predict pregnancy outcomes. In the

future, larger samples and prospective cohort studies are required to

validate our findings and further explore whether other potential

factors affect pregnancy outcomes in patients with CE following

antibiotic treatment.
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