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Background: Medroxyprogesterone acetate (MPA), a synthetic progestogen, is extensively used for the treatment of various conditions, including contraception, irregular menstruation, functional uterine bleeding, and endometriosis. However, like all pharmaceutical agents, MPA is associated with adverse drug reactions. This study aimed to evaluate the adverse events (AEs) associated with MPA in by analyzing real-world data from the U.S. Food and Drug Administration’s Adverse Event Reporting System (FAERS). By providing a comprehensive assessment of the safety profile of MPA, this study seeks to support informed clinical decision-making.Methods: Data covering the period from the first quarter of 2004 to the first quarter of 2024 were collected from the FAERS database. Disproportionality analyses were conducted using several statistical methods, including reporting odds ratio (ROR), proportional reporting ratio (PRR), empirical Bayesian geometric mean (EBGM). Additionally, time-to-onset (TTO) analysis was employed to quantify the signals of the MPA-associated AEs.Results: A comprehensive dataset comprising 21,035,995 AE reports was compiled. Among these, 3,939 women reported using MPA as a contraceptive method. The reports covered 27 system organ classes (SOCs) and 25 high-frequency AE signals. Notably, significant AEs were identified, some of which were not previously detailed in the medication’s prescribing information. Unforeseen significant AEs such as unintended pregnancy (n = 623; ROR, 6.65; ROR025, 6.1; χ2, 2,482.38; PRR, 6.41; EBGM, 5.69; EBGM05, 5.29), bone pain (n = 35; ROR, 13.78; ROR025, 9.4; χ2, 311.2; PRR, 13.75; EBGM, 10.59; EBGM05, 7.69), gait disturbance (n = 34; ROR, 2.82; ROR025, 1.99; χ2, 37.31; PRR, 2.88; EBGM, 2.7; EBGM05, 2.02), dental caries (n = 15; ROR, 23.16; ROR025, 12.32; χ2, 204.26; PRR, 23.14; EBGM, 15.23; EBGM05, 8.98), decrease in blood pressure (n = 15; ROR, 3.88; ROR025, 2.29; χ2, 29.35; PRR, 3.88; EBGM, 3.63; EBGM05, 2.33), and osteonecrosis (n = 9; ROR, 23.44; ROR025, 10.36; χ2, 123.67; PRR, 23.43; EBGM, 15.35; EBGM05, 7.75) were identified as AEs that were not previously outlined in the prescribing information of the medication.Conclusion: Our findings align with clinical observations, highlighting the emergence of previously unreported AE signals associated with MPA and their demographic and TTO characteristics. Further pharmaco-epidemiological studies are required to substantiate these observations.Keywords: medroxyprogesterone acetate, real-world data analysis, adverse drug events, FAERS, unintended pregnancy
1 INTRODUCTION
Over the years, the proportion of women of reproductive age globally using modern contraceptive methods has increased to 48% (Teal and Edelman, 2021). Injectable contraception is a popular contraceptive method, especially in low-incomes countries. In the United States, nearly 3% of women of reproductive age use medroxyprogesterone acetate (MPA), and up to 26% of sexually active women have used it at some point (Upadhyay et al., 2016). Medroxyprogesterone acetate, a steroidal progestin, is the sole contraceptive injection approved by the U.S. Food and Drug Administration in October 1992. Its clinical efficacy is widely recognized, with proven applications in contraception, management of menstrual disorders, anovulatory functional uterine bleeding (Bender, 2022), and mild to moderate endometriosis. Additionally, it is frequently used as a palliative or adjuvant therapy for inoperable, recurrent, or metastatic hormone-dependent tumors, including advanced breast, endometrial (van Weelden et al., 2022), and renal cancers. In certain cases, MPA is also used to address anorexia and body weight concerns in patients with advanced tumors. Despite its therapeutic benefits, MPA use carries associated risks.
Numerous patients experience a variety of side effects after MPA use, including amenorrhea (Sims et al., 2020), weight increase (Sims et al., 2020), osteoporosis (Aderoba et al., 2023; Wang et al., 2023), hot flush (Aderoba et al., 2023), elevated blood pressure (Jiang et al., 2023), endometrial disorders (Rosenthal and McQuillan, 2021), cardiac disorders, and vaginal mucosal related infections (Dabee et al., 2023). These adverse reactions, especially those related to the cardiovascular system, are likely to increase their health risks, cause serious consequences, and reduce the quality of life and outcomes of patients (Shiferaw et al., 2021; Lopez et al., 2019; Chauvet-Gelinier and Bonin, 2017; Irigoyen et al., 2016; Kanis et al., 2018; Santoro et al., 2021). Therefore, healthcare professionals must closely monitor patient responses when using MPA to ensure the safety and efficacy of treatment.
The U.S. Food and Drug Administration’s Adverse Event Reporting System (FAERS) database detects possible associations between medications and adverse events (AEs) as part of a broader post-marketing drug safety monitoring effort (Yu et al., 2021).
Despite being a voluntary reporting system, the FAERS database still significantly reflects real-world drug events (Xuan et al., 2023). Utilizing pertinent data from the FAERS, the present study used the reporting odds ratio (ROR) and proportional reporting ratio (PRR) to quantify AE signals associated with MPA. Additional assessments and analyses were performed to identify previously undetected AEs, offering empirical data for clinical utilization and subsequent studies on MPA.
2 MATERIALS AND METHODS
2.1 Data source and collection
The FAERS serves as a publicly accessible repository for post-marketing safety surveillance, gathering reports of AEs from a diverse array of sources, including healthcare providers, pharmaceutical firms, patients, and other interested parties. Based on the FAERS database, we meticulously curated and standardized MPA data, ensuring the exclusion of duplicate reports and data that were irrelevant to the female population. Focusing on the decade-long period from the first quarter (Q1) of 2004 to Q1 of 2024, we amassed a comprehensive collection of adverse drug reactions (ADRs) associated with MPA. All preferred terms (PTs) across the system organ classes (SOCs) were meticulously extracted. Within the scope of this study, MPA in the FAERS database was designated as the primary suspect drug entity, facilitating an in-depth exploration of its correlation with AEs.
This approach allows for the targeted analysis of MPA-related ADRs, providing a robust foundation for pharmacovigilance and contributing valuable insights into the safety profile of this medication. Figure 1 illustrates the study.
[image: Figure 1]FIGURE 1 | The flow diagram of selecting MPA-related AEs from the FAERS database.
2.2 Data processing
The adverse drug events (ADEs) data collected in this study were sourced from the FAERS, established in 2004. FAERS serves as a repository for adverse event reports submitted by medical professionals, pharmaceutical companies, consumers, and others. Updated quarterly, this globally accessible and widely recognized database boasts a substantial volume of standardized data. To align with the drug market entry timeline, we retrieved reports from FAERS spanning from the first quarter of 2004 to the first quarter of 2024 and conducted data processing using R software. Within the DEMO table. clinical characteristics of patients experiencing adverse events related to MAP were compiled, including age, gender, reporting region, reporter identity, and patient outcomes. Severe adverse patient outcomes were defined as hospitalization, disability, life-threatening events, or death. We conducted preliminary data preprocessing to ensure the credibility of our findings. After eliminating duplicates and defining the population, we identified a total of 3,939 adverse event reports implicating medroxyprogesterone acetate as the primary suspect Figure 1.
2.3 Statistical analysis
Descriptive statistics were used to illustrate the characteristics of the AEs associated with MPA. In our study, disproportionality analysis, a common method used in pharmacovigilance, was used to identify potential associations between drugs and ADRs. Algorithms including the Reporting Odds Ratio (ROR) (Chen et al., 2024), Proportional Reporting Ratio (PRR) (Zhang et al., 2024) and empirical Bayesian geometric mean (EBGM) (Shu et al., 2021) were used to determine the statistical association between MPA and FAERS events (Supplementary Table S1). The principle of ROR and PRR is to use the classical four grid table method to compare the degree of imbalance in the proportion of AE between the target drug and other drugs. Usually, when the frequency is ≥3 and the lower limit of the 95% CI for ROR is ≥1, it indicates the detection of an ADR risk signal. If the PRR value is ≥2 and the chi square value (χ2) is ≥4, it indicates the detection of an ADR risk signal. EBGM method applies Bayesian discriminant theorem, which has the characteristics of high specificity, stable signal. Usually, if the 95% CI lower limit of EBGM is ≥2, it indicates the detection of ADR risk signals. This article combines three methods to screen and analyze ADR signals of MPA.
The software R (version 4.3.2) was used for all data handling and statistical analyses. Descriptive analysis was used to summarize MPA-related clinical characteristics collected from the FAERS database.
3 RESULTS
3.1 Basic information on ADRs of MPA
Between the first quarter of 2004 and first quarter of 2024, our dataset contained 21,035,995 AE reports. Among these, 3,939 women used MPA for contraception. Details are presented in Table 1.
TABLE 1 | Clinical Characteristics of Reports with Medroxyprogesterone acetate from the FAERS Database.
[image: Table 1]In our cohort, individuals aged 21–40 years were disproportionately affected by AEs, representing 48.8% of all cases (n = 1924). The most serious outcome among AEs was death (n = 25; 0.6%). A substantial number of reports were sourced from the United States (n = 2,490; 63.2%). In addition, in the context of contraceptive use, the adverse reactions reported by women using MPA showed significant differences across occupational groups. The proportion of consumers was significantly high (n = 1,479; 37.5%), followed by other health professionals (n = 916; 23.3%), physicians (n = 474; 12.0%), unknown (n = 431; 11.0%), pharmacists (n = 380; 9.6%), health professionals (n = 157; 4.0%), lawyers (n = 96; 2.4%), and registered nurses (n = 6; 0.2%). However, the occupational statuses of some individuals remained unclear.
3.2 High frequency ADR signals of MPA
According to the judgment rules of risk signals, we have selected 25 ADR signals of MPA with a frequency of occurrence greater than 10 and sorted them, as shown in Table 2. Among them, unintended pregnancy (n = 623; ROR, 6.65; PRR, 6.41; EBGM, 5.69; EBGM05, 5.29), amenorrhea (n = 359; ROR, 2.93; PRR, 2.88; EBGM, 2.76; EBGM05, 2.52), and weight increase (n = 315; ROR, 2.55; PRR, 2.52; EBGM, 2.43; EBGM05, 2.21) were the most common adverse reactions. In addition, PTs reported with a frequency exceeding 100 occurrences included subsequent osteoporosis (n = 223), osteopenia (n = 127).
TABLE 2 | Signal Strength of Reports of Medroxyprogesterone acetate at the Preferred Terms Level in FAERS Database.
[image: Table 2]The SOC corresponding to high-frequency ADR signals is also listed in Table 2. And the SOC level corresponding to all ADR signals of MPA is shown in Table 3. The AEs associated with MPA affected 27 SOCs, suggesting that such AEs are widespread. Combining the two tables, the common SOCs of AEs in the statistical data are reproductive system and breast disorders (n = 1816), musculoskeletal and connective tissue diseases (n = 1,113) and investigations (n = 812), etc.
TABLE 3 | System Organ Class (SOC) of adverse events of MPA in FAERS database.
[image: Table 3]3.3 New ADR signals of MPA
Significant AEs at the PT level, which were not anticipated in the product labeling, were identified and included unintended pregnancy (n = 623; ROR, 6.65; PRR, 6.41; EBGM, 5.69; EBGM05, 5.29), bone pain (n = 35; ROR, 13.78; PRR, 13.75; EBGM, 10.59; EBGM05, 7.69), gait disturbance (n = 34; ROR, 2.82; PRR, 2.82; EBGM, 2.7; EBGM05, 2.02), dental caries (n = 15; ROR, 23.16; PRR, 23.14; EBGM, 15.23; EBGM05, 8.98), decrease in blood pressure (n = 15; ROR, 3.88; PRR, 3.88; EBGM, 3.63; EBGM05, 2.33), and osteonecrosis (n = 9; ROR, 23.44; PRR, 23.43; EBGM, 15.35; EBGM05, 7.75).
3.4 Time-to-onset analysis
We incorporated 3,939 valid cases associated with MPA in our time-to-onset analysis and the findings are presented in Table 4. The median time-to-onset of AEs associated with MPA was 195.50 d, ranging from 60 to 759.5 d, suggesting a pattern indicative of early onset. Figure 2 shows the cumulative incidence of these AEs, revealing that 25.09% occurred within the first 60 d of MPA therapy and 60.37% were reported within the first 360 d.
TABLE 4 | Time to onset profile of adverse events in contraceptive women using Medroxyprogesterone acetate in the FAERS database.
[image: Table 4][image: Figure 2]FIGURE 2 | Comparison between Medroxyprogesterone acetate of AEs between patients.
4 DISCUSSION
This study analyzed reports from the FAERS database to provide novel insights into adverse events linked to MPA. The objective of this study was to gain new insights into real-world clinical applications of MPA. Medroxyprogesterone acetate is an injectable contraceptive that inhibits ovulation and relies solely on progestins. It is highly effective and one of the most common forms of reversible contraception in the United States and worldwide (Sims et al., 2020). However, with the increased use of MPA, various uncommon AEs have continued to emerge. This study leveraged the FAERS database to mine AE reports associated with MPA by performing drug safety signal analysis at both the SOC and PT levels. Our findings revealed several noteworthy signals that were previously unacknowledged in drug labeling. Based on our current understanding, this study presents an initial real-world pharmacovigilance assessment of multiple MPA formulations. Previous results indicate that after using the drug, numerous patients experience a variety of side effects, which may include amenorrhea (Sims et al., 2020; Yu et al., 2024), osteoporosis (Cundy et al., 1991), elevated blood pressure (Aderoba et al., 2023), hot flush (Matovu et al., 2020), endometrial disease (Tamauchi et al., 2024), and heart disease (Jiang et al., 2023). Furthermore, weight change (Sims et al., 2020) is a likely reaction to the drug. In a study by Sims et al. (2020), the prevalence of obesity (defined as a BMI ≥30 kg/m2) among women aged 20–39 years was found to be 36.5%, based on data from the 2015–2016 National Health and Nutrition Examination Survey. These AEs correlated with our analysis of data from the FAERS database.
In the present study, the most frequent occurrence of AEs during the period Q1 of 2004–Q1 of 2024 were usually concentrated immune system, endocrine, and musculoskeletal and connective tissue disorders. Our results also showed novel and significant PTs, including unintended pregnancy, bone pain, gait disturbance, dental caries, and decreased blood pressure; however, previous clinical studies and drug documentation did not mention these adverse effects.
One adverse outcome associated with MPA use is unintended pregnancy (Watts et al., 2021), which has the largest number of cases. This phenomenon warrants further attention and may reflect several underlying issues including the following: 1. Compliance: The efficacy of contraceptive medications such as MPA is highly dependent on patient compliance. If patients fail to use MPA correctly as prescribed, either by missing injections or receiving insufficient doses, the success rate of contraception decreases, consequently increasing the risk of unintended pregnancy. 2. Method failure rates: All contraceptive methods have inherent failure rates. Even the most effective methods can fail because of various factors including drug interactions and individual variability, which can lead to contraceptive failure. 3. Lack of communication and education: Patients may be insufficiently educated about the proper use of MPA and the effectiveness of contraception, leading to misconceptions about the expected outcomes of the drug and a lack of understanding of the potential risks. To address this phenomenon, further research is necessary to identify the specific causes of the increased risk of unintended pregnancy. Subsequently, targeted measures could be implemented to enhance the success rate of contraception. These measures include improving patient education, refining medication usage guidelines, and intensifying drug interaction monitoring. In addition, it is crucial to increase awareness among healthcare professionals and patients regarding the selection and use of contraceptive methods to mitigate the risk of unintended pregnancy.
Previous studies have consistently demonstrated that MPA, a commonly used contraceptive, can reduce bone mineral density (Rosenthal and McQuillan, 2021) and increase the risk of osteoporosis. As bone density decreases, the skeletal system becomes more susceptible to fractures because of compromised bone strength. Moreover, a loss of bone mass exceeding 12% can manifest as bone pain that intensifies with rapid or severe bone loss. Osteoporosis is widely acknowledged to be intricately linked to bone loss, with the latter being a pivotal factor in the progression of the former. Bone loss, characterized by a decrease in bone mineral density, can ultimately culminate in osteoporosis (Armas and Recker, 2012). Consequently, in clinical practice, when diagnosing osteoporosis in women using MPA as a contraceptive, it is imperative to implement appropriate therapeutic interventions. These include lifestyle modifications, pharmacological treatments, and rehabilitation exercises, to alleviate pain and prevent fractures. Moreover, the role of MPA in the central nervous system has been gradually revealed, with the positive γ-aminobutyric acid A receptor regulating stress and sex hormones such as pregnenolone and MPA, which can lead to cognitive dysfunction (Bäckström et al., 2023; Roden et al., 2020). The use of MPA, particularly in injectable forms, has been associated with an increased risk of intracranial meningioma (Griffin, 2024; Roland et al., 2024), and this association is enhanced with a longer duration of use, which may explain the adverse neurological effects of MPA, offering new possibilities for the treatment of some neurological disorders.
In the product monographs of MPA, elevated blood pressure is widely recognized as an adverse effect (Roland et al., 2024). Notably, our study identified a strong signal for decreased blood pressure, which might be caused by multiple factors, such as individual variations, dosage control, drug interactions, or the specific physiological state of the patient. This discrepancy warrants further investigation to elucidate the underlying mechanisms and to better inform clinical decision-making. Additionally, dental caries emerged as a novel adverse effect in our study, warranting attention. Fluctuations in hormone levels may influence the reactivity of the gum tissue (Heasman and Hughes, 2014), potentially leading to the development of dental caries.
Adverse events associated with MPA exhibited an early failure pattern, with the majority (60.37%) of women experiencing AEs within the first year of contraceptive use. Thereafter, the incidence of AEs decreased over time. The pharmacokinetic properties of this medication may have contributed to the observed variability in the onset of AEs. The robustness of our study is underscored by the comprehensive analysis of a vast dataset encompassing over 21 million AE reports from the FAERS database. Our meticulous methodology, which included the application of multiple statistical tools, such as ROR, PRR, and EBGM, ensures a thorough and reliable assessment of the safety profile of MPA. Furthermore, the time-to-onset analysis provided critical insights into the temporal relationship between MPA use and the manifestation of AEs, reinforcing the validity of our findings. The scale and rigor of our pharmacovigilance analysis offer a solid foundation for clinical decision-making and future research directions in the field of contraceptive safety.
Although informative, this study has some limitations. First, pharmacovigilance analysis utilizing the FAERS database establishes associations between specific drugs and AEs but does not establish causal relationships. Second, The FAERS database is a spontaneous reporting database; as such, there may be underreporting, which could lead to bias caused by reporting. At the same time, uneven quality of reporting personnel, ambiguous and non-standard data may also cause analysis bias. Third, the FAERS database primarily contains reports from the United States, which may limit the generalizability of our findings to other regions, such as China, owing to variations in demographic and regional factors.
5 CONCLUSION
This retrospective study leveraged real-world FAERS data to uncover potential MPA AEs not included in product labeling. This approach helps to address the limitations of pre-market clinical trials and provides a reference for clinical safety in medication use. In the future, larger scale clinical observations and real-world studies are needed to confirm these results and increase the safety of MPA medication.
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