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Introduction

Adenomyosis is a complex gynecological condition character-
ized by the presence of endometrial epithelial and stromal 
cells within the myometrium. Its prevalence is estimated to 
be between 20% and 35% [1,2]. This condition exhibits a 
wide range of anatomical and clinical variations, including 
differences in uterine size and symptoms, which can range 
from severe dysmenorrhea and heavy menstrual bleeding to 
being completely asymptomatic [3].

Adenomyosis can significantly impact pregnancy outcomes. 
Women with adenomyosis can face challenges in achieving 
pregnancy and have an increased risk of miscarriage. Ad-
ditionally, adenomyosis has been associated with a higher 
likelihood of preterm birth, preeclampsia, and delivery of a 
small-for-gestational-age baby, as well as an elevated rate 
of delivery by cesarean section [4-6]. While the impact of 
adenomyosis on pregnancy can vary among individuals, it 
underscores the importance of comprehensive prenatal care 
and close collaboration between patients and healthcare 
providers to optimize maternal and fetal well-being.

However, assessing the severity of symptoms or interpret-
ing ultrasound results involves subjectivity, which presents 

challenges for conducting research. Moreover, existing 
research on the effects of adenomyosis has several limita-
tions that warrant consideration. The diagnostic criteria for 
adenomyosis vary among studies, using methods such as 
transvaginal ultrasound or magnetic resonance imaging, and 
often fail to distinguish between grades of the condition. 
Adjustments for potential confounders are often limited, and 
some outcomes are based on small sample sizes, leading to 
potential type II errors. Therefore, the objective of this study 
was to investigate the impact of the timing of adenomyosis 
diagnosis on pregnancy outcomes.

Materials and methods

1. Data
This study utilized a combined dataset from two primary 
sources: the Korea National Health Insurance (KNHI) claims 
database and the National Health Screening Program for 
Infants and Children (NHSP-IC). The KNHI program covers 
approximately 97% of the Korean population. The database 
provides information on beneficiaries including demographic, 
socioeconomic, diagnostic, procedural, and prescription data. 

Objective
Adenomyosis impacts pregnancy outcomes, although there is a lack of consensus regarding the actual effects. It is 
likely, however, that the severity of adenomyosis or ultrasound findings or timing of diagnosis can have different 
effects on adverse pregnancy outcomes (APOs). 

Methods
In this study, we aimed to investigate the impact of the timing of adenomyosis diagnosis on pregnancy outcomes. Sin-
gleton pregnant women who delivered between 2017 and 2022 were analyzed based on the timing of adenomyosis 
diagnosis, using a national database. The final cohort was classified into three groups: 1) group 1, without adenomyo-
sis; 2) group 2, those diagnosed with adenomyosis before pregnancy; and 3) group 3, those diagnosed with adeno-
myosis during pregnancy.

Results
A total of 1,226,475 cases were ultimately included in this study. Women with a diagnosis of adenomyosis had a sig-
nificantly higher risk of APOs including hypertensive disorder during pregnancy (HDP), gestational diabetes mellitus 
(GDM), postpartum hemorrhage, placental abruption, preterm birth, and delivery of a small-for-gestational-age in-
fant even after adjusting for covariates. In particular, concerning HDP, the risk was highest in group 3 (group 2: adjust-
ed odds ratio [aOR], 1.15 vs. group 3: aOR, 1.36). However, the highest GDM risk was in group 2 (GDM; group 2: aOR, 
1.24 vs. group 3: aOR, 1.04). 

Conclusion
The increased risk of APO differed depending on the timing of adenomyosis diagnosis. Therefore, efforts for more 
careful monitoring and prevention of APOs may be necessary when such women become pregnant.

Keywords: Adenomyosis; Preeclampsia; Gestational diabetes; Preterm birth; Pregnancy outcome
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With this dataset, the impact of the timing of adenomyosis 
diagnosis on pregnancy outcomes was evaluated. The study’s 
protocol received approval from the Institutional Review 
Board of the Korea University Guro Hospital (2023GR0532).

2. Study design
This retrospective analysis encompassed a nationwide popu-
lation of women who gave birth to singleton babies between 
2017 and 2022. The final cohort was classified into three 
groups: 1) group 1, those without adenomyosis; 2) group 2, 
those diagnosed with adenomyosis before pregnancy; and 
3) group 3, those diagnosed with adenomyosis during preg-
nancy (Fig. 1).

3. Pregnancy and neonatal outcomes
Maternal health conditions were ascertained by querying the 
International Classification of Diseases 10th Revision (ICD-10) 
diagnosis codes. A diagnosis of maternal adenomyosis, both 
before and after pregnancy, was established when patients 
had been diagnosed with adenomyosis (ICD-10 code N80). 
Adenomyosis during pregnancy was confirmed through the 
identification of an ICD-10 code for the time during preg-
nancy, as there were no pre-pregnancy ICD-10 codes indicat-
ing its presence. Data on pregnancy outcomes were extract-
ed using ICD-10 codes, which included information on the 
mode of delivery, underlying diseases, hypertensive disorder 
during pregnancy (HDP), gestational diabetes mellitus (GDM), 
postpartum hemorrhage (PPH), placental abruption, and pla-

centa previa. Data on neonatal outcomes, including preterm 
birth and birth weight were extracted from the NHSP-IC 
database. Preterm birth was defined as having a gestational 
age <37 weeks, small for gestational age (SGA) was defined 
as a birthweight below the 10th percentile for the gestation-
al age, and large for gestational age (LGA) was defined as a 
birthweight over the 90th percentile for the gestational age. 

4. Statistical analysis
The continuous variables are presented as means and the 
standard deviation, and group comparisons were conducted 
using either Student’s t-test or the analysis of variance model 
for multiple groups. The categorical variables are presented 
as counts and percentages, and group comparisons were 
performed using the chi-square test. To assess the adverse 
pregnancy outcomes, a regression model was employed to 
calculate odds ratios (ORs) and their corresponding 95% 
confidence intervals. The statistical analyses were carried 
out using the SAS software version 9.4 for Windows (SAS 
Inc., Cary, NC, USA), and statistical significance was set at a  
P-value <0.05.

Results

1. Study population
Among the 1,316,597 women who delivered between 2017 
and 2022, after excluding multiple pregnancies and miss-

Fig. 1. Flowchart of the study population.

Deliveries between 2017-2022 (n=1,316,597)

Final study cohort (n=1,226,475)

Women without adenomyosis 

(n=1,210,178)

Women who diagnosed as adenomyosis 

before pregnancy (n=10,356)

Women who diagnosed as adenomyosis 

during pregnancy (n=5,941)

Exclusion

· Multifetal pregnancy (n=65,923)

· Patients who have missing value (n=24,199)
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ing data, a total of 1,226,475 women were included in the 
final analysis. Of these, 1,210,178 women had no diagnosis 
of adenomyosis (group 1), while 10,356 women were diag-
nosed with adenomyosis before pregnancy (group 2), and 
5,941 women were diagnosed with adenomyosis during 
pregnancy (group 3) (Fig. 1). In Supplementary Table 1, the 
number of cases diagnosed with adenomyosis is presented 
annually.  

Table 1 shows the baseline characteristics of the study pop-
ulation. The pregnant women with adenomyosis were older 
and more likely to be nulliparity than the pregnant women 
with no diagnosis of adenomyosis. The women in groups 2 
and 3 had higher prevalence of hypertension before preg-
nancy and a history of overt diabetes compared with those in 
group 1, but there was no statistically significant difference 
between group 2 and group 3 (hypertension before preg-
nancy, 0.89% in group 1; 1.89% in group 2; and 1.57% in 
group 3, P<0.0001; overt diabetes mellitus, 1.76% in group 
1; 3.34% in group 2; 2.54% in group 3, P<0.0001).

2. Pregnancy and neonatal outcomes
Table 2 presents the pregnancy and neonatal outcomes of 
the three groups. The pregnant women with adenomyosis 
had an increased risk of adverse pregnancy outcomes includ-
ing HDP, GDM, cesarean section, PPH, placenta previa, pla-
cental abruption, preterm delivery, SGA, and LGA compared 
with those in group 1. For groups 2 and 3, the occurrence 
of GDM and preterm labor was higher in group 2 compared 
with group 3.

3. Risk of adverse pregnancy outcomes
Table 3 summarizes the ORs of the presence of adenomyosis 
before pregnancy for adverse pregnancy outcomes such as 
HDP, GDM, cesarean section, PPH, placenta previa, placental 
abruption, preterm delivery, SGA, and LGA compared with 
those with no adenomyosis or adenomyosis diagnosed dur-
ing pregnancy after adjustment for confounding variables. 

In group 3, HDP, the risks of cesarean section, PPH, pla-
centa previa, placental abruption, and SGA were the highest. 
HDP and the risk of cesarean section exhibited a statistically 
significant difference between groups 2 and 3. In group 2, 
the risks of GDM and preterm delivery were the highest. In-
terestingly, for GDM, the risk was found to decrease in group 
3 compared to group 2, and for preterm delivery, there was 
no statistically significant difference between the two groups. Ta
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Table 3. Multivariate analyses for pregnancy and neonatal outcomes

Odds ratio (95% CI) P-valuea) Odds ratio (95% CI) P-valuea)

HDP

No adenomyosis (Reference) 　 0.870 (0.802-0.944) 0.0008

Adenomyosis before pregnancy 1.149 (1.059-1.246) 0.0008 (Reference) 　

Adenomyosis during pregnancy 1.356 (1.224-1.502) <0.0001 1.180 (1.037-1.344) 0.0123

GDM

No adenomyosis (Reference) 　 0.807 (0.764-0.853) <0.0001

Adenomyosis before pregnancy 1.239 (1.172-1.309) <0.0001 (Reference) 　

Adenomyosis during pregnancy 1.039 (0.961-1.124) 0.331 0.839 (0.763-0.923) 0.0003

Cesarean section

No adenomyosis (Reference) 0.786 (0.754-0.819) <0.0001

Adenomyosis before pregnancy 1.273 (1.221-1.326) <0.0001 (Reference)

Adenomyosis during pregnancy 1.434 (1.359-1.514) <0.0001 1.127 (1.053-1.206) 0.0005

PPH

No adenomyosis (Reference) 0.913 (0.862-0.966) 0.0018

Adenomyosis before pregnancy 1.096 (1.035-1.161) 0.0018 (Reference)

Adenomyosis during pregnancy 1.114 (1.033-1.201) 0.0049 1.016 (0.925-1.116) 0.7357

Placenta previa

No adenomyosis (Reference) 0.667 (0.613-0.727) <0.0001

Adenomyosis before pregnancy 1.498 (1.376-1.632) <0.0001 (Reference)

Adenomyosis during pregnancy 1.700 (1.526-1.894) <0.0001 1.135 (0.990-1.300) 0.0696

Placental abruption

No adenomyosis (Reference) 0.662 (0.526-0.833) 0.0004

Adenomyosis before pregnancy 1.510 (1.200-1.899) 0.0004 (Reference)

Adenomyosis during pregnancy 1.603 (1.189-2.160) 0.0019 1.135 (0.731-1.542) 0.7528

Preterm delivery

No adenomyosis (Reference) 0.508 (0.469-0.550) <0.0001

Adenomyosis before pregnancy 1.968 (1.818-2.131) <0.0001 (Reference)

Adenomyosis during pregnancy 1.823 (1.634-2.034) <0.0001 0.926 (0.811-1.059) 0.2627

SGA

No adenomyosis (Reference) 0.819 (0.776-0.865) <0.0001

Adenomyosis before pregnancy 1.220 (1.156-1.288) <0.0001 (Reference)

Adenomyosis during pregnancy 1.293 (1.206-1.387) <0.0001 1.060 (0.970-1.157) 0.1961

LGA

No adenomyosis (Reference) 1.189 (1.100-1.285) <0.0001

Adenomyosis before pregnancy 0.841 (0.778-0.909) <0.0001 (Reference)

Adenomyosis during pregnancy 1.004 (0.913-1.104) 0.9342 1.194 (1.056-1.349) 0.0045

CI, confidence interval; HDP, hypertensive disorder during pregnancy; GDM, gestational diabetes mellitus; PPH, postpartum hemorrhage; SGA, 
small for gestational age; LGA, small for gestational age. 
a)Adjusted for age, parity, hypertension before pregnancy, overt diabetes, pregnancy-associated hypertension, gestational diabetes, and myoma 
before pregnancy.
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Discussion

The main findings of this study were 1) women with a diag-
nosis of adenomyosis had significantly higher risk of adverse 
pregnancy outcomes; 2) HPD, the risks of cesarean section, 
PPH, placenta previa, placental abruption, and SGA were all 
highest in cases with diagnosed adenomyosis during preg-
nancy, and HDP and cesarean section exhibited a statistically 
significant difference between groups 2 and 3; and 3) con-
versely, the risks of GDM and preterm delivery were highest 
risk in the group diagnosed with adenomyosis before preg-
nancy. However, only GDM exhibited a statistically significant 
difference between groups 2 and 3.

Previous research has shown an increased risk of adverse 
pregnancy outcomes in women with adenomyosis. These 
outcomes include a higher likelihood of preterm delivery, 
fetal malpresentation, postpartum hemorrhage, preeclamp-
sia, low birth weight, and having a small-for-gestational-age 
newborn [3,5,7]. Additionally, women with adenomyosis 
have been found to have an elevated risk of miscarriage and 
a reduced chance of achieving a live birth [8,9]. While the 
severity and timing of adenomyosis diagnosis can influence 
the extent of these adverse outcomes, the collective evidence 
underscores the importance of close monitoring and tailored 
care for pregnant individuals with adenomyosis to optimize 
pregnancy outcomes. 

The impact of adenomyosis on pregnancy outcomes can 
vary depending on the region and extent of adenomyotic in-
volvement. Women with diffuse or extensive forms of adeno-
myosis have been reported to have a higher risk of adverse 
pregnancy outcomes, including preterm delivery, postpartum 
hemorrhage, fetal malpresentation, and preeclampsia [6,10]. 
This suggests that widespread distribution of adenomyotic 
lesions within the uterine wall may lead to greater uterine 
dysfunction and complications during pregnancy [11]. How-
ever, it is important to note that the specific regional charac-
teristics and extent of adenomyosis can influence the extent 
of its impact, with diffuse forms generally associated with 
more pronounced adverse outcomes. 

In the current study, the individuals diagnosed with ad-
enomyosis before pregnancy had an increased risk of some 
adverse pregnancy outcomes. Typically, those diagnosed with 
adenomyosis before pregnancy might have had more severe 
symptoms or a broader disease extent, making it easier to 
diagnose through methods such as ultrasound or magnetic 

resonance imaging. The pathogenic mechanisms underly-
ing the impact of adenomyosis on the course of pregnancy 
are multifaceted. Adenomyosis can disrupt the uterine junc-
tional zone (JZ), thereby affecting uterine peristalsis during 
the luteal phase, which is crucial for successful implantation 
[12]. This abnormal uterine contractility has been associated 
with conditions such as placenta previa and accreta, as well 
as uterine hyperstimulation, atony, placental retention, and 
postpartum hemorrhage [4,13]. Additionally, adenomyosis 
can increase intrauterine oxidative stress, thereby leading to 
maternal endothelial dysfunction, which underlies abnormal 
placentation. Such oxidative stress can result in hyperplastic 
changes in the spiral arteries, thereby increasing flow imped-
ance in the uterine arteries and contributing to placentation 
defects [14]. Furthermore, the inflammatory environment as-
sociated with adenomyosis can alter myometrial decidualiza-
tion and disrupt trophoblastic JZ invasion during pregnancy 
[15]. These complex pathogenic mechanisms shed light on 
how adenomyosis can adversely affect pregnancy outcomes, 
including preeclampsia, preterm delivery, fetal malpresenta-
tion, postpartum hemorrhage, low birth weight, and small-
for-gestational-age infants. Understanding these mechanisms 
is key to improving the care and management of pregnant 
individuals with adenomyosis [16].

This study, using a large-scale national dataset, investigated 
pregnancy and neonatal outcomes based on the timing of 
adenomyosis diagnosis, providing additional evidence re-
garding the existing research on disease severity and extent. 
However, as a retrospective study, this research has limita-
tions, and there may be constraints associated with defining 
the disease using ICD codes. Additionally, due to the nature 
of the data, it was not possible to assess the impact of the 
mode of conception, which can influence pregnancy out-
comes. Furthermore, we could not ascertain the severity of 
adenomyosis, as our analysis was based on diagnostic codes 
and the timing of diagnosis.

In conclusion, women with a diagnosis of adenomyosis 
had a significantly higher risk of adverse pregnancy out-
comes. The timing of adenomyosis diagnosis had varying 
risk levels depending on the type of pregnancy and neonatal 
outcomes. Therefore, efforts for more careful monitoring 
and prevention of adverse outcomes may be necessary when 
such women become pregnant.
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