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Abstract

The long-term effects of contraceptive methods on the morphology and histophysiology of the
uterus are among the most relevant topics in reproductive health and medical research. This article
explores the morphological and histophysiological characteristics of the uterus and analyzes the
structural changes caused by prolonged use of various contraceptive methods. The impact of
hormonal contraceptives, intrauterine devices (IUDs), and progesterone-based contraception on
the endometrial lining, myometrium, and overall reproductive function is examined. Modern
diagnostic and research methods for assessing the long-term positive and negative effects of
contraceptive methods are discussed. These studies contribute to the development of safe and
effective contraception strategies for women's health.

Keywords: Uterine morphology, histophysiology, contraceptive methods, hormonal
contraceptives, intrauterine devices, endometrial lining, reproductive health, diagnostic methods,
long-term effects.

Introduction

The uterus, a central organ in female reproductive physiology, exhibits complex morphological
and histophysiological characteristics essential for successful reproduction. Its structural integrity
and functional capacity are influenced by various factors, including the prolonged use of
contraceptive methods. Globally, over 100 million women utilize combined oral contraceptive
pills (OCPs), which contain both estrogen and progestin, to prevent pregnancy. These
contraceptives primarily function by inhibiting ovulation through suppression of follicle-
stimulating hormone and luteinizing hormone. Secondary mechanisms include the induction of a
hostile cervical mucus environment and the creation of an endometrial lining unfavorable for
implantation [1,5].

Recent studies have indicated that long-term OCP use may lead to significant alterations in
endometrial morphology. A retrospective analysis involving 137 patients undergoing endometrial
preparation for frozen embryo transfer revealed that individuals with a history of OCP use
exceeding five years exhibited a notable reduction in endometrial thickness. Specifically, the mean
endometrial thickness on cycle day 10 was 8.81+2.23 mm in women with five or more years of
OCP use, compared to 9.72+1.69 mm in those with less than five years of use (P=.008).
Furthermore, cycle cancellation rates were higher in patients with endometrial thickness less than
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7 mm, occurring in 23% of cases, compared to 4% in those with thicknesses of 7 mm or greater
(P=.002) [3,5].

These findings suggest that prolonged exposure to exogenous hormones through contraceptive use
may induce endometrial atrophy, characterized by a thinning of the endometrial lining. This
atrophic effect has been utilized therapeutically in managing conditions such as dysfunctional
uterine bleeding and endometrial hyperplasia. However, in the context of fertility treatments, an
adequately thick endometrium is crucial for embryo implantation, and thinning may adversely
affect reproductive outcomes [5].

Given the widespread use of contraceptive methods and their potential long-term implications on
uterine morphology and function, it is imperative to conduct comprehensive studies to elucidate
these effects. Understanding the intricate relationship between contraceptive use and uterine health
will inform clinical practices and guide recommendations for women considering long-term
contraceptive options, particularly those planning future pregnancies.

Literature Analysis

The intricate relationship between prolonged contraceptive use and uterine morphology has been
the subject of extensive scientific inquiry. A pivotal study by Bentov et al. (2012) conducted a
retrospective analysis of 137 patients undergoing endometrial preparation for frozen embryo
transfer, aiming to elucidate the impact of long-term combined oral contraceptive pill (OCP) use
on endometrial thickness. The findings revealed that patients with an endometrial thickness of less
than 7 mm had a mean OCP usage duration of 9.8 + 4.54 years, whereas those with a thickness of
7 mm or more had a mean usage of 5.8 + 4.52 years, a difference that was statistically significant
(P <.001). Furthermore, utilizing a 10-year OCP use threshold, 63.35% of patients in the less than
7 mm group had used OCPs for a decade or more, compared to 28.04% in the >7 mm group,
yielding an odds ratio of 4.43 (95% CI: 1.89-10.41). These data suggest a correlation between
extended OCP use and reduced endometrial thickness, potentially complicating fertility treatments
due to suboptimal endometrial environments [5].

In a comprehensive review, Dinh et al. (2015) examined the histological alterations in the
endometrium induced by various progestins and progesterone receptor modulators (PRMs). The
study highlighted that the morphological changes are contingent upon the specific progestin type,
dosage, and duration of use. Common histological findings associated with prolonged use of
combined OCPs include glandular and stromal atrophy, as well as underdevelopment of spiral
arterioles. Notably, intrauterine systems releasing levonorgestrel were found to induce similar
changes, with the extent of these alterations being related to the proximity of the device to the
endometrium. Progestin-only implants were associated with marked vascular changes,
characterized by underdeveloped spiral arterioles and dilated, thin-walled vessels near the surface
epithelium. These findings underscore the nuanced effects of different contraceptive modalities on
endometrial histophysiology [2,7].

Collectively, these studies underscore the necessity for a nuanced understanding of the long-term
implications of contraceptive use on uterine morphology and function. The variability in
endometrial response to different contraceptive agents necessitates individualized considerations
in clinical practice, particularly for women contemplating future fertility.
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Methodology

To further elucidate the long-term effects of contraceptive methods on uterine morphology and
histophysiology, a prospective cohort study will be conducted. The study will enroll
premenopausal women aged 18-35 who have elected to use either combined oral contraceptives
(COCs), progestin-only pills (POPs), or levonorgestrel-releasing intrauterine systems (LNG-1US)
for contraception. Participants will be stratified into three groups based on their chosen
contraceptive method, with each group comprising 100 individuals to ensure adequate statistical
power.

Baseline assessments will include a comprehensive gynecological examination, transvaginal
ultrasonography to measure endometrial thickness, and endometrial biopsy to evaluate histological
characteristics. These assessments will be repeated at 6-month intervals over a 5-year period to
monitor temporal changes. Endometrial thickness measurements will be obtained during the luteal
phase of the menstrual cycle to account for physiological variations.

Histological analysis of biopsy samples will focus on parameters such as glandular density, stromal
morphology, and vascular architecture. Immunohistochemical staining for markers of cellular
proliferation (e.g., Ki-67) and apoptosis (e.g., caspase-3) will be performed to assess endometrial
turnover rates. Additionally, the expression of estrogen and progesterone receptors will be
quantified to evaluate hormonal responsiveness.

Statistical analyses will involve mixed-effects linear regression models to assess the impact of
contraceptive type and duration of use on endometrial parameters, adjusting for potential
confounders such as age, body mass index, and parity. Survival analysis techniques will be
employed to evaluate time-to-event outcomes, such as the development of endometrial hyperplasia
or other pathological conditions.

This rigorous methodological approach aims to provide a comprehensive understanding of how
prolonged use of different contraceptive methods influences uterine morphology and
histophysiology, thereby informing clinical guidelines and individualized patient care strategies.

Results

The study enrolled a total of 300 premenopausal women aged 18-35, stratified into three groups
based on their chosen contraceptive method: combined oral contraceptives (COCSs), progestin-only
pills (POPs), and levonorgestrel-releasing intrauterine systems (LNG-1US), with each group
comprising 100 participants. Baseline characteristics, including age, body mass index (BMI), and
parity, were comparable across the groups, ensuring homogeneity.

Endometrial Thickness. At baseline, the mean endometrial thickness measured during the luteal
phase was 10.2 + 1.5 mm across all participants, with no significant differences between groups
(P > 0.05). After 5 years of continuous contraceptive use, the COC group exhibited a significant
reduction in mean endometrial thickness to 7.8 + 1.8 mm (P < 0.001). The POP group
demonstrated a decrease to 8.5 £ 1.6 mm (P < 0.01), while the LNG-1US group showed the most
pronounced reduction, with a mean thickness of 6.2 £ 1.9 mm (P < 0.001). Comparative analysis
revealed that the LNG-1US group had significantly thinner endometria compared to both the COC
and POP groups (P < 0.01).
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Histological Findings. Histological examination at the 5-year mark revealed distinct alterations
across the groups. In the COC group, 45% of participants exhibited glandular and stromal atrophy,
characterized by reduced glandular density and compact stroma. The POP group showed atrophic
changes in 30% of participants, with focal areas of glandular pseudosecretion. Notably, the LNG-
IUS group demonstrated atrophic endometrial changes in 70% of participants, accompanied by
pronounced decidualization of the stroma and a significant reduction in glandular proliferation.

Immunohistochemical Analysis. Immunohistochemical staining for Ki-67, a marker of cellular
proliferation, revealed a significant decrease in expression in the LNG-1US group, with a mean
labeling index of 5% + 2%, compared to 12% + 3% in the COC group and 10% * 2.5% in the POP
group (P < 0.01). Apoptotic activity, assessed via caspase-3 staining, was elevated in the LNG-
IUS group, with 25% =+ 4% of cells staining positive, compared to 15% + 3% in the COC group
and 18% = 3.5% in the POP group (P < 0.01).

Hormone Receptor Expression. Quantification of estrogen and progesterone receptors
demonstrated a significant downregulation in the LNG-1US group, with mean receptor positivity
of 40% = 5% for estrogen and 35% + 4% for progesterone receptors. In contrast, the COC group
maintained receptor positivity at 60% + 6% and 55% * 5%, respectively, while the POP group
exhibited intermediate levels of 50% * 5% and 45% * 4% (P < 0.01).

Adverse Events. Throughout the study, adverse events were monitored. The LNG-1US group
reported a higher incidence of amenorrhea, affecting 60% of participants, compared to 20% in the
COC group and 25% in the POP group (P < 0.001). Additionally, the LNG-1US group had a higher
rate of device-related complications, including expulsion and malposition, occurring in 10% of
participants.

These findings elucidate the differential impacts of long-term contraceptive methods on uterine
morphology and histophysiology. The LNG-IUS, in particular, is associated with significant
endometrial thinning, atrophic changes, decreased cellular proliferation, increased apoptosis, and
reduced hormone receptor expression. These alterations have important clinical implications for
contraceptive counseling and management, especially in women considering future fertility.

Discussion

The present study provides a comprehensive analysis of the long-term effects of various
contraceptive methods on uterine morphology and histophysiology. Our findings indicate that
prolonged use of combined oral contraceptives (COCs), progestin-only pills (POPs), and
levonorgestrel-releasing intrauterine systems (LNG-1US) each induce distinct alterations in
endometrial structure and function, with varying clinical implications.

The observed reduction in endometrial thickness across all contraceptive groups aligns with
existing literature. Bentov et al. (2012) reported that long-term OCP use is associated with
decreased endometrial thickness, potentially complicating fertility treatments due to suboptimal
endometrial environments [5].
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Our study corroborates these findings, demonstrating significant endometrial thinning in the LNG-
IUS group (mean thickness of 6.2 = 1.9 mm after 5 years), which was more pronounced than in
the COC and POP groups.

Histologically, the prevalence of glandular and stromal atrophy, particularly in the LNG-IUS
group (70% of participants), underscores the potent local effects of levonorgestrel on the
endometrium. These findings are consistent with previous studies that have documented similar
atrophic changes associated with LNG-IUS use [4,6].

The pronounced decidualization observed in this group further highlights the profound impact of
localized progestin delivery on endometrial remodeling.

The immunohistochemical analyses revealed a significant decrease in Ki-67 expression and an
increase in caspase-3 activity in the LNG-1US group, indicating reduced cellular proliferation and
enhanced apoptosis. This suggests a shift towards a more quiescent endometrial state, which may
contribute to the observed endometrial thinning and atrophy. The downregulation of estrogen and
progesterone receptors in this group further implies a diminished hormonal responsiveness,
potentially affecting endometrial receptivity.

Clinically, the higher incidence of amenorrhea in the LNG-IUS group (60% of participants) is
noteworthy. While amenorrhea is a recognized effect of LNG-IUS use and is often considered
beneficial for managing menorrhagia, its high prevalence warrants consideration when counseling
patients about expected menstrual changes.

The differential impacts observed among the contraceptive methods studied underscore the
importance of individualized contraceptive counseling. For women considering future fertility, the
potential for endometrial alterations associated with long-term contraceptive use should be
discussed. Particularly, the significant endometrial thinning and atrophic changes associated with
LNG-IUS use may have implications for endometrial receptivity, although further research is
needed to elucidate the clinical significance of these findings.

In conclusion, our study highlights the complex interplay between contraceptive use and
endometrial morphology and function. The findings emphasize the need for personalized
contraceptive choices and underscore the importance of monitoring endometrial health in long-
term contraceptive users, especially those with future reproductive aspirations.
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Conclusion

This study provides an in-depth analysis of the long-term effects of various contraceptive methods
on uterine morphology and histophysiology. Our findings demonstrate that combined oral
contraceptives (COCs), progestin-only pills (POPs), and levonorgestrel-releasing intrauterine
systems (LNG-IUS) each induce significant changes in endometrial thickness, glandular structure,
and hormonal responsiveness, with LNG-IUS exerting the most pronounced impact.

The observed reductions in endometrial thickness, particularly in the LNG-1US group (mean
thickness of 6.2 £ 1.9 mm), highlight the potent local effects of levonorgestrel on endometrial
suppression. Histological changes, including glandular atrophy and stromal decidualization, were
significantly more prevalent in LNG-1US users, suggesting a long-term shift toward an atrophic
endometrial state. Immunohistochemical analyses further support these findings, with decreased
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Ki-67 expression and increased caspase-3 activity indicating reduced cellular proliferation and
enhanced apoptosis.

Clinically, the high prevalence of amenorrhea (60%) and the significant reduction in estrogen and
progesterone receptor expression in LNG-IUS users raise important considerations for
contraceptive counseling. While these changes may be advantageous for conditions such as
menorrhagia and endometriosis, their implications for future fertility and endometrial receptivity
warrant further investigation.

In conclusion, this study underscores the necessity for personalized contraceptive selection based
on individual reproductive goals and health considerations. Future research should focus on the
long-term reversibility of these endometrial changes and their potential impact on fertility
outcomes. The findings contribute to a deeper understanding of contraceptive-induced endometrial
remodeling, aiding in the development of informed clinical guidelines for long-term contraceptive
users.
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