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Abstract: Background: Spontaneous abortion and fetal death represent significant reproductive health challenges, 
affecting approximately 10-20% of recognized pregnancies. Certain medications are an acquired risk factor for 
spontaneous abortion or fetal death. Objectives: This pharmacovigilance investigation sought to systematically assess the 
disproportionality signal of medication-associated spontaneous abortion or fetal death by leveraging the most extensive 
publicly accessible database of adverse event reports. Methods: Reports from the FDA Adverse Event Reporting System 
(FAERS) were used to conduct disproportionality analysis, ranging from the first quarter of 2004 to the second quarter of 
2025. Medications were categorized based on the Anatomical Therapeutic Chemical (ATC) classification system. Results: 
The analysis identified 43,199 reports of drug-related spontaneous abortion or fetal death, involving 1,001 different drugs. 
119 drugs were identified as significantly associated with disproportionality by the disproportionality analysis. The largest 
therapeutic category was anti-infective for systemic use (J), comprising 41 drugs (34.5%). Following this were the 
genitourinary system and sex hormones (G), which had 22 drugs (18.5%), the nervous system (N) with 15 drugs (12.6%), 
the alimentary tract and metabolism (A) with 9 drugs (7.6%) and antineoplastic and immunomodulating agents (L) with 8 
drugs (6.7%). Conclusions: A total of 119 medications were identified as potentially associated with spontaneous abortion 
or fetal death. This study emphasizes the elevated disproportionality signal associated with anti-infectives for systemic use, 
as well as the genitourinary system and sex hormones. Identification of specific medications linked to these adverse 
outcomes can guide targeted medication counseling for women planning pregnancy. 
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INTRODUCTION 

 
Spontaneous abortion, commonly referred to as 
miscarriage or fetal death, represents a significant 
reproductive health challenge, affecting approximately 10-
20% of recognized pregnancies (Moradinazar et al., 2020; 
Nikitina et al., 2026). These events not only impose 
profound emotional distress on individuals and families 
(Ho et al., 2022) but also contribute to substantial 
economic burdens on healthcare systems due to the need 
for medical interventions and psychological support (Lin et 

al., 2022). Spontaneous abortion or fetal death primarily 
results from chromosomal abnormalities (Yang et al., 2020; 
Chen et al., 2025), maternal health conditions (Dan et al., 
2021; Li et al., 2021), drug-induced factors (Abu-Tineh et 

al., 2023) and environmental factors (Lin et al., 2022; 
Zheng et al., 2025). Among these causes, drug-induced 
factors are of increasing concern because the use of 
medications for various indications during pregnancy is 
rising. However, extensive studies of drug-induced 
spontaneous abortion and fetal death are lacking. 
Identifying drugs that could lead to spontaneous abortion 

or fetal death is crucial for informed clinical medication 
decisions. 
 

Existing research suggests that some categories of drugs, 
such as anti-inflammatory drugs (NSAIDs) (Ying et al., 
2022), antibiotics (Muanda et al., 2017), certain 
antidepressants (Almeida et al., 2016) and antiepileptic 
medications (Zeytin Demiral et al., 2024) are associated 
with an elevated likelihood of spontaneous abortion or fetal 
death. According to a historical cohort study from 
Denmark, pregnant women who were prescribed 
antipsychotic drugs had a 34% higher likelihood of 
experiencing spontaneous abortion compared to those who 
did not use such medications (Sorensen et al., 2015). With 
the increased use and prolonged treatment durations of 
approved drugs, concerns about their potential to cause 
spontaneous abortion or fetal death have intensified. 
Accurately assessing drug-related risks for spontaneous 
abortion or fetal death is challenging due to frequently 
missing data on drug exposure during pregnancy. 
Numerous pharmacovigilance investigations have 
explored the association between specific pharmaceuticals 
and spontaneous abortion or fetal death. For example, the 
antiepileptic drug levetiracetam demonstrated significant *Corresponding author: e-mail: zhang.fei@zsxmhospital.com 
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disproportionality signals related to spontaneous abortion 
and stillbirth (Wang et al., 2024). Biologic agents like 
adalimumab, etanercept and ustekinumab are linked to a 
heightened risk of adverse pregnancy outcomes, including 
abortion (Liu et al., 2025). However, these studies did not 
cover most of the drugs involved in the analysis. 
Systematic investigations are required to assess the 
connection between drug exposure and negative outcomes 
in pregnancy, since drug therapy during pregnancy 
becomes more common. Conducting clinical trials to 
assess adverse effects caused by rarely used drugs is 
impractical (Zheng et al., 2025). Similarly, repeating 
similar studies for each drug is not feasible. Utilizing 
extensive real-world pharmacovigilance databases offers 
significant insights into the link between drug exposure and 
spontaneous abortion or fetal death. 
 

Disproportionality analysis within spontaneous reporting 
systems is a well-established methodology in 
pharmacovigilance research. By contrasting the reporting 
rate of a particular adverse event for a target drug with the 
average frequency across all other drugs, this approach 
enables the rapid identification of potential associations 
between drugs and adverse events (Cai et al., 2025). This 
method serves as a reliable means for the early recognition 
of emerging safety signals (Michel et al., 2017). In this 
study, the FDA Adverse Event Reporting System (FAERS) 
was employed to thoroughly examine drugs associated 
with the reporting association of spontaneous abortion or 
fetal death and to evaluate whether their effects are 
independent. These insights are crucial for directing future 
research and creating effective interventions to reduce the 
risks of spontaneous abortion or fetal death associated with 
pharmacological treatments. 
 

MATERIALS AND METHODS 
 

Data source 

Information from the FAERS database, covering the first 
quarter (Q1) of 2004 to the second quarter (Q2) of 2025, 
was collected, including demographics, drug details, 
reported adverse events, therapeutic indications, sources of 
the reports and patient outcomes. To ensure data integrity, 
duplicate reports were systematically eliminated in 
accordance with the FDA's recommended deduplication 
protocol (Kaz-Onyeakazi and Kim, 2025). This procedure 
involved selecting the record with the most recent 
FDA_DT (FDA receipt date) and the highest PRIMARYID 
(unique case identifier) when multiple entries shared an 
identical CASEID. As the FAERS database contains fully 
anonymized data, obtaining informed consent or securing 
approval from an institutional review board was not 
required for this analysis. 
 

Spontaneous abortion or fetal death events and drug 

identification 

This study standardized adverse event terminology using 
the Medical Dictionary for Regulatory Activities 

(MedDRA, https://www.meddra.org) (Zhang et al., 2024). 
In MedDRA, a Preferred Term (PT) represents a single 
medical concept—for example, spontaneous abortion, 
spontaneous abortion complete, spontaneous abortion 
complicated, spontaneous abortion incomplete, abortion 
threatened and fetal death. PTs are categorized under 
broader System Organ Classes (SOCs) (Tan et al., 2019), 
such as “Pregnancy, puerperium and perinatal conditions”. 
Each PT from the extracted reports underwent individual 
disproportionality analysis to detect positive signals. 
Subsequently, these positive signals were categorized by 
their corresponding SOCs to facilitate stratified analysis. 
This method enabled precise identification of signals 
associated with spontaneous abortion or fetal death at the 
detailed PT level prior to aggregation at the SOC level for 
comprehensive statistical analysis. 
 

This study included drugs identified as 'primary suspect' 
(PS). The Anatomical Therapeutic Chemical (ATC) 
classification system (Parry et al., 2025) was used for drug 
categorization. Synonyms with the same active ingredient 
were manually consolidated to create the final list of drugs 
associated with spontaneous abortion or fetal death. To 
enhance identification accuracy, various forms of each 
drug's name and codes were gathered, encompassing drug 
codes, brand names, active pharmaceutical ingredients and 
generic names. 
 

Disproportionality analysis 

To investigate possible relationships between 
pharmaceuticals and spontaneous abortion or fetal death, 
disproportionality analysis was utilized. Drugs that were 
identified as the primary suspect (PS) in 10 or more 
reported cases of spontaneous abortion or fetal death were 
carefully selected as target drugs for further investigation. 
Representative drugs included levetiracetam, lamotrigine, 
isotretinoin, ulipristal, atazanavir, zidovudine and 
enoxaparin, among others. This specific frequency 
threshold was established to balance statistical significance 
and clinical relevance, effectively minimizing false 
positives that might arise from low-frequency events. 
Simultaneously, it prioritizes higher-frequency reports, 
thereby narrowing confidence intervals and allowing for a 
more accurate reflection of the underlying pharmacological 
mechanisms driving these outcomes (Tian et al., 2025). 
This study employed a range of metrics and computational 
methods, including the reporting odds ratio (ROR) 
(Trillenberg et al., 2023), proportional reported ratio (PRR) 
(Khouri et al., 2021), Bayesian confidence propagation 
neural network (BCPNN) (Tada et al., 2020) and multi-
item gamma Poisson shrinker (MGPS) (Heo and Jung, 
2020). The combined application of these diverse 
algorithms was implemented to leverage their 
complementary strengths, thereby improving overall 
detection sensitivity and specificity in identifying potential 
safety signals.  
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Detailed descriptions of the specific calculation formulas 
and the criteria for establishing a positive signal are 
provided in Table S1. Only when the thresholds for all four 
algorithms were met simultaneously was a positive adverse 
event signal registered. 
 

Statistical analysis 

To delineate the clinical characteristics, such as patient 
demographics, countries of reporting, clinical outcomes 
and the occupations of reporters, descriptive statistical 
methods were employed. The expression of categorical 
variables was done through frequencies and percentages. 
In accordance with the READUS-PV guidelines for 
pharmacovigilance studies, this disproportionality analysis 
relies on individual case safety reports (Fusaroli et al., 
2024). As this study involves multiple univariate analyses, 
the Bonferroni correction was applied to control the 
family-wise error rate. The adjusted significance threshold 
was calculated as α/n (0.05/392), resulting in a corrected p-
value threshold of 0.000128. R software (version 4.3.2) 
was used for all analyses. 
 

RESULTS 

 

Clinical characteristics 

The FAERS database included 19,247,100 AE reports from 
2004 Q1 to 2025 Q2 after deduplication. A total of 43,199 
reports of drug-related spontaneous abortion or fetal death 
were associated with 1,001 different medications (Fig. 1). 
Table 1 outlines the demographic characteristics related to 

drug-associated spontaneous abortion or fetal death. Most 
patients experiencing drug-related spontaneous abortion or 
fetal death were aged between 18 and 64 years (56.4%). 
Geographically, the largest percentage of reports, 34.85%, 
came from the United States, exceeding contributions from 
Canada (10.07%), the United Kingdom (8.05%), Germany 
(6.1%) and France (5.2%). In 40,834 reports, 94.53% 
specified the occupation of the reporters, with 13,310 
(32.6%) being health professionals. “Other serious 
outcomes” were the most common reported at 86.3%, 
followed by “initial or prolonged hospitalization” (8.1%), 
“death” (2.6%) and “life-threatening outcomes” (1%). Fig. 
2 depicts a marked upward trend in the annual case count 
from 2004 Q1 to 2025 Q2, peaking at 4,203 cases in 2019. 
 

Disproportionality analysis 

Disproportionality analysis was performed on 392 
medications with a higher frequency of reported cases (>10 
cases), identifying 119 medications that yielded positive 
safety signals (Table 2). According to the Anatomical 
Therapeutic Chemical (ATC) classification system, these 
119 medications were sorted into 13 categories. The largest 
category was anti-infective for systemic use (J), 
comprising 41 drugs (34.5%). This was followed by 
genitourinary system and sex hormones (G) comprising 22 
drugs or 18.5% of the total, nervous system (N) with 15 
drugs (12.6%), alimentary tract and metabolism (A) with 9 
drugs (7.6%) and antineoplastic and immunomodulating 
agents (L) with 8 drugs (6.7%).  

 
 

 
 

Fig. 1: Detailed technical roadmap of the study. 
DEMO: refers to demographic and administrative data, while DRUG: pertains to drug information. REAC: denotes 
adverse events and PS: stands for the primary suspect.  
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The remaining categories consisted of blood and 
hematopoietic organs (B), dermatologicals (D), 
antiparasitic agents, insecticides and repellents (P), 
respiratory system (R), cardiovascular system (C), 
miscellaneous (V), hormonal preparations, excl. sex 
hormones and insulins (H) and the musculoskeletal system 
(M) (Fig. 3). 
  
The 41 systemic anti-infectives were categorized into five 
ATC third-level subgroups: direct acting antivirals (J05A, 
27 drugs, 65.9%), macrolides, lincosamides and 
streptogramins (J01F, 4 drugs, 9.8%), beta-lactam 
antibacterials, penicillins (J01C, 3 drugs, 7.3%), 
antimycotics for systemic use (J02A, 2 drugs, 4.9%) and 
tetracyclines (J01A, 2 drugs, 4.9%). Additionally, 
immunoglobulins (J06B), quinolone antibacterials (J01M) 
and other antibacterials (J01X) each comprised 1 drug, 
accounting for 2.4% each. The genitourinary system and 
sex hormones category, which includes 22 medications, 

can be categorized as follows: hormonal contraceptives for 
systemic use (G03A) account for 6 drugs (27.3%), 
gonadotropins and ovulation stimulants (G03G) comprise 
5 drugs (22.7%), uterotonics (G02A) and progestogens 
(G03D) each contain 3 drugs (13.6%), other gynecological 
hormones (G02C) consist of 2 drugs (9.1%), while anti-
infectives and antiseptics (G01A), intrauterine 
contraceptives (G02B) and other sex hormones and 
modulators (G03X) each represent 1 drug (4.5%). The 15 
medications related to the nervous system can be 
categorized as follows: antiepileptics (non-barbiturates) 
(N03A) with 8 drugs (53.3%), antimigraine preparations 
(N02C) with 2 drugs (13.3%) and one drug each (6.7%) for 
antidepressants (N06A), anxiolytics (N05B), 
psychostimulants and agents used for attention 
deficit/hyperactivity disorder (ADHD) and nootropics 
(N06B), drugs used in addictive disorders (N07B) and 
antipsychotics (N05A).  
  

Table 1: Demographic characteristics of the 43,199 reported cases of spontaneous abortion or fetal death. 
 

Characteristics Case reports Percentage (%) 
Gender   
Female 43199 100 
Weight   
<50 kg 671 1.55 
>100 kg 873 2.02 
50~100 kg 8194 18.97 
Unknown 33461 77.46 
Age   
<18 420 0.97 
18~64 24370 56.43 
Unknown 18409 42.60 
Reporter’s occupation   
Health professional physician (MD) 13310 30.81 
Non-healthcare professional consumer (CN) 12480 28.90 
Other health professional (OT) 9684 22.42 
Health professional (HP) 4160 9.63 
Pharmacist (PH) 925 2.14 
Lawyer (LW) 265 0.61 
Registered Nurse (RN) 10 0.02 
Unknown 2365 5.47 
Outcome   
Hospitalization-initial or prolonged (HO) 3490 8.10 
Death (DE) 1104 2.60 
Life-threatening (LT) 411 1.00 
Congenital Anomaly (CA) 371 0.90 
Disability (DS) 118 0.30 
Required intervention to prevent permanent impairment/damage (RI) 88 0.20 
Other (OT) 37283 86.30 
Unknown 334 0.80 
Top 5 reported countries   
United States of America 15056 34.85 
Canada 4349 10.07 
United Kingdom 3476 8.05 
Germany 2636 6.10 
France 2232 5.20 
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Supplemental Table S2 provides detailed classifications 
and summaries of medications linked to drug-associated 
spontaneous abortion or fetal death. 
 
According to ROR values, ulipristal (IC 5.85, ROR 62.74), 
atazanavir (IC 5.36, ROR 43.59), nelfinavir (IC 5.23, ROR 
39.53), lopinavir (IC 5.11, ROR 36.43) and zidovudine (IC 
5.08, ROR 35.94) were the drugs with the highest ROR. 
All with p < 0.001. 
 

DISCUSSION  
 

Clinical implications 

This research represents the most comprehensive and 
methodologically rigorous pharmacovigilance study to-
date, employing the FAERS database to evaluate the 
potential reporting association of drug-induced 
spontaneous abortion or fetal death. It offers crucial real-
world data to inform post-marketing updates and 
enhancements of drug package inserts. The analysis 
identified 119 medications that demonstrated a statistically 
significant association with a greater reporting of these 
negative pregnancy outcomes 
 
Spontaneous abortion and fetal death are frequent and 
severe pregnancy complications, causing significant 
psychological and emotional burdens for pregnant women 
and their families. Spontaneous abortion or fetal death is 
commonly caused by infections, genetic factors, mental 

health issues and environmental toxins (Gong et al., 2022; 
Kaur et al., 2022; He et al., 2024; Gabrielli et al., 2025). 
Additionally, some medications administered while 
pregnant can significantly heighten the likelihood of 
spontaneous abortion and stillbirth (Wang et al., 2024). 
There are few large-scale clinical trials of drugs during 
pregnancy, so safety data for most drugs in this context 
have not been established. This study revealed 119 drugs 
significantly associated with these outcomes. These 
pharmaceuticals are classified into categories, including 
systemic anti-infectives, genitourinary agents and sex 
hormones, nervous system drugs, alimentary tract and 
metabolic regulators and antineoplastic and 
immunomodulating compounds. 
 

Anti-infective drugs 

The relationship between taking anti-infective medications 
while pregnant and the likelihood of spontaneous abortion 
or fetal death has been widely investigated. Studies suggest 
that the administration of antiretroviral drugs during 
pregnancy might increase the likelihood of adverse 
perinatal outcomes, including premature birth, low birth 
weight and small for gestational age infants (Tshivuila-
Matala et al., 2020; Brooks et al., 2023; Hey et al., 2025). 
This result demonstrated that antiretroviral medications 
approved by the FDA for use during pregnancy, including 
dolutegravir (DTG), emtricitabine and tenofovir, could 
potentially increase the ROR of spontaneous abortion or 
fetal death.  

 
 
Fig. 2: Annual count of spontaneous abortion or fetal death reports in the FAERS database (2004 Q1 to 2025 Q2). 
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  Table 2: Signal values from four disproportionality analysis methods for drugs associated with spontaneous abortion or 
fetal death. 
 

ATC 
_L1 

Drug name Case ROR (95%Cl) PRR (X2) EBGM 
(EBGM05) 

IC (IC025) p- 
value 

A Vitamin B1 14 16.09 (9.48 - 27.34) 15.77 (193.83) 15.76 (9.28) 3.98 (2.24) <0.001 
A Vitamin B6 30 15.81 (11.01 - 22.7) 15.49 (407.04) 15.48 (10.78) 3.95 (2.87) <0.001 
A Vitamin B2 13 10.76 (6.23 - 18.62) 10.62 (113.43) 10.62 (6.14) 3.41 (1.88) <0.001 
A Sapropterin 65 8.49 (6.65 - 10.84) 8.4 (423.76) 8.39 (6.57) 3.07 (2.56) <0.001 
A Imiglucerase 72 7.54 (5.98 - 9.51) 7.47 (403.56) 7.46 (5.91) 2.9 (2.44) <0.001 
A Vitamin E 13 6.88 (3.98 - 11.88) 6.82 (64.67) 6.82 (3.95) 2.77 (1.49) <0.001 
A Sibutramine 31 6.41 (4.5 - 9.13) 6.36 (140.11) 6.36 (4.46) 2.67 (1.93) <0.001 
A Velaglucerase alfa 35 6.37 (4.57 - 8.88) 6.32 (156.9) 6.32 (4.53) 2.66 (1.98) <0.001 
A Ursodeoxycholic 

acid 
23 5.77 (3.83 - 8.69) 5.73 (89.85) 5.73 (3.8) 2.52 (1.67) <0.001 

B Enoxaparin 374 9.9 (8.94 - 10.97) 9.78 (2927.35) 9.71 (8.76) 3.28 (3.1) <0.001 
B Tinzaparin 29 9.66 (6.7 - 13.94) 9.55 (222.09) 9.54 (6.61) 3.25 (2.36) <0.001 
B Vitamin B9 41 4.92 (3.62 - 6.7) 4.9 (127.22) 4.89 (3.6) 2.29 (1.72) <0.001 
B Dalteparin 28 4.47 (3.08 - 6.48) 4.45 (74.86) 4.44 (3.06) 2.15 (1.45) <0.001 
B Acetylsalicylic 

acid 
214 2.33 (2.04 - 2.67) 2.33 (161.35) 2.32 (2.03) 1.21 (1.01) <0.001 

C Methyldopa 28 10.77 (7.42 - 15.65) 10.63 (244.45) 10.62 (7.31) 3.41 (2.46) <0.001 
C Labetalol 17 5.05 (3.13 - 8.13) 5.02 (54.75) 5.02 (3.11) 2.33 (1.35) <0.001 
C Nifedipine 53 3.89 (2.97 - 5.1) 3.88 (113.14) 3.87 (2.96) 1.95 (1.48) <0.001 
D Finasteride 55 34.02 (25.95 - 

44.58) 
32.54 (1681.5) 32.5 (24.79) 5.02 (3.98) <0.001 

D Tazarotene 16 11.69 (7.13 - 19.16) 11.52 (153.85) 11.52 (7.03) 3.53 (2.12) <0.001 
D Isotretinoin 586 5.79 (5.33 - 6.28) 5.75 (2272.77) 5.69 (5.24) 2.51 (2.38) <0.001 
D Ketoconazole 33 4.34 (3.08 - 6.12) 4.32 (84.39) 4.32 (3.07) 2.11 (1.48) <0.001 
G Ulipristal 163 62.74 (53.45 - 

73.64) 
57.84 (9083.47) 57.63 (49.1) 5.85 (5.19) <0.001 

G Clomifene 61 24.21 (18.75 - 
31.24) 

23.46 (1311.46) 23.43 (18.15) 4.55 (3.73) <0.001 

G Progesterone 252 22.46 (19.8 - 25.46) 21.81 (4983.06) 21.7 (19.13) 4.44 (4.14) <0.001 
G Follitropin 163 20.8 (17.8 - 24.32) 20.25 (2976.46) 20.18 (17.27) 4.34 (3.95) <0.001 
G Chorionic 

gonadotrophin 
74 14.44 (11.47 - 

18.18) 
14.18 (906.17) 14.16 (11.24) 3.82 (3.25) <0.001 

G Human 
menopausal 
gonadotrophin 

36 13.73 (9.87 - 19.09) 13.49 (416.65) 13.48 (9.69) 3.75 (2.85) <0.001 

G Follitropin Beta 19 12.51 (7.95 - 19.69) 12.31 (197.68) 12.31 (7.82) 3.62 (2.32) <0.001 
G Dinoprostone 29 12.24 (8.48 - 17.67) 12.06 (294.22) 12.05 (8.35) 3.59 (2.61) <0.001 
G Dienogest 44 10.74 (7.97 - 14.46) 10.6 (382.56) 10.59 (7.86) 3.4 (2.69) <0.001 
G Norgestrel 29 8.71 (6.04 - 12.56) 8.62 (195.44) 8.61 (5.97) 3.11 (2.25) <0.001 
G Cabergoline 67 8.66 (6.81 - 11.03) 8.57 (448.25) 8.56 (6.73) 3.1 (2.59) <0.001 
G Clotrimazole 19 5.57 (3.55 - 8.75) 5.53 (70.65) 5.53 (3.52) 2.47 (1.52) <0.001 
G Methylergometrine 13 5.39 (3.12 - 9.3) 5.36 (46.14) 5.36 (3.1) 2.42 (1.26) <0.001 
G Hydroxyprogesterone 210 5.37 (4.69 - 6.15) 5.34 (737.89) 5.32 (4.64) 2.41 (2.18) <0.001 
G Etonogestrel 1258 4.09 (3.87 - 4.33) 4.08 (2840.65) 3.99 (3.77) 2 (1.91) <0.001 
G Misoprostol 48 3.86 (2.9 - 5.12) 3.84 (100.86) 3.84 (2.89) 1.94 (1.45) <0.001 
G Bromocriptine 18 3.83 (2.41 - 6.09) 3.82 (37.47) 3.82 (2.4) 1.93 (1.07) <0.001 
G Desogestrel 29 3.59 (2.49 - 5.17) 3.57 (53.82) 3.57 (2.48) 1.84 (1.19) <0.001 
G Intrauterine 

contraceptive 
device 

1714 2.73 (2.6 - 2.87) 2.72 (1800.04) 2.66 (2.53) 1.41 (1.34) <0.001 

G Norelgestromin 143 2.66 (2.26 - 3.14) 2.66 (147.41) 2.65 (2.25) 1.41 (1.15) <0.001 
Table. 2 is continue…….. 
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  ATC 
_L1 

Drug name Case ROR (95%Cl) PRR (X2) EBGM 
(EBGM05) 

IC (IC025) p- 
value 

G Levonorgestrel 1636 2.61 (2.48 - 2.74) 2.6 (1557.53) 2.54 (2.42) 1.35 (1.27) <0.001 
G Medroxyprogesterone 217 2.35 (2.06 - 2.69) 2.35 (167.26) 2.34 (2.05) 1.23 (1.02) <0.001 
H Ganirelix 21 5.76 (3.75 - 8.85) 5.72 (81.92) 5.72 (3.72) 2.52 (1.62) <0.001 
J Atazanavir 214 43.59 (37.96 - 50.06) 41.19 (8362.33) 40.99 (35.7) 5.36 (4.91) <0.001 
J Nelfinavir 49 39.53 (29.64 - 52.7) 37.54 (1743.06) 37.5 (28.12) 5.23 (4.02) <0.001 
J Lopinavir 357 36.43 (32.75 - 40.54) 34.75 (11624.33) 34.48 (30.99) 5.11 (4.82) <0.001 
J Zidovudine 493 35.94 (32.82 - 39.36) 34.31 (15785.47) 33.94 (30.99) 5.08 (4.86) <0.001 
J Nevirapine 272 31.51 (27.9 - 35.59) 30.24 (7654.79) 30.06 (26.62) 4.91 (4.59) <0.001 
J Saquinavir 11 27.61 (15.12 - 50.42) 26.63 (271.69) 26.63 (14.58) 4.73 (2.24) <0.001 
J Dolutegravir 226 25.5 (22.32 - 29.13) 24.67 (5113.75) 24.55 (21.49) 4.62 (4.28) <0.001 
J Lamivudine 787 23.94 (22.28 - 25.71) 23.22 (16456.45) 22.82 (21.24) 4.51 (4.37) <0.001 
J Emtricitabine 1269 19.92 (18.82 - 21.08) 19.43 (21572.7) 18.9 (17.86) 4.24 (4.14) <0.001 
J Darunavir 80 16.99 (13.61 - 21.21) 16.63 (1174.47) 16.6 (13.3) 4.05 (3.47) <0.001 
J Efavirenz 342 16.7 (14.99 - 18.59) 16.34 (4895.54) 16.23 (14.57) 4.02 (3.8) <0.001 
J Fosamprenavir 12 16.55 (9.34 - 29.33) 16.2 (171.35) 16.2 (9.14) 4.02 (2.09) <0.001 
J Bictegravir 74 16.14 (12.82 - 20.33) 15.81 (1026.44) 15.79 (12.54) 3.98 (3.38) <0.001 
J Didanosine 31 16.08 (11.26 - 22.96) 15.75 (428.6) 15.74 (11.03) 3.98 (2.91) <0.001 
J Abacavir 201 16.04 (13.94 - 18.45) 15.72 (2761.06) 15.65 (13.6) 3.97 (3.66) <0.001 
J Stavudine 45 15.89 (11.82 - 21.35) 15.57 (613.71) 15.55 (11.57) 3.96 (3.13) <0.001 
J Tenofovir 1580 14.53 (13.81 - 15.28) 14.27 (18826.13) 13.8 (13.11) 3.79 (3.7) <0.001 
J Telbivudine 14 14.34 (8.45 - 24.35) 14.09 (170.37) 14.08 (8.3) 3.82 (2.16) <0.001 
J Raltegravir 91 13.88 (11.28 - 17.08) 13.64 (1064.96) 13.61 (11.06) 3.77 (3.28) <0.001 
J Elvitegravir 66 13.55 (10.62 - 17.29) 13.32 (752.05) 13.3 (10.43) 3.73 (3.13) <0.001 
J Cobicistat 75 12.32 (9.81 - 15.49) 12.14 (766.11) 12.12 (9.64) 3.6 (3.07) <0.001 
J Rilpivirine 108 9.44 (7.81 - 11.42) 9.34 (803.01) 9.32 (7.7) 3.22 (2.83) <0.001 
J Entecavir 37 8.65 (6.25 - 11.96) 8.56 (247.1) 8.55 (6.18) 3.1 (2.36) <0.001 
J Fluconazole 196 8.51 (7.39 - 9.79) 8.42 (1277.45) 8.39 (7.28) 3.07 (2.81) <0.001 
J Anti-D 

immunoglobulin 
46 8.42 (6.3 - 11.27) 8.34 (297.17) 8.33 (6.23) 3.06 (2.43) <0.001 

J Metronidazole 352 7.08 (6.37 - 7.86) 7.02 (1804.26) 6.97 (6.27) 2.8 (2.62) <0.001 
J Clarithromycin 309 6.31 (5.64 - 7.06) 6.27 (1359.93) 6.23 (5.57) 2.64 (2.45) <0.001 
J Adefovir 16 6.1 (3.73 - 9.98) 6.06 (67.62) 6.05 (3.7) 2.6 (1.52) <0.001 
J Azithromycin 311 5.24 (4.68 - 5.86) 5.21 (1051.6) 5.18 (4.63) 2.37 (2.19) <0.001 
J Ritonavir 762 4.93 (4.59 - 5.3) 4.91 (2332.16) 4.84 (4.5) 2.27 (2.16) <0.001 
J Erythromycin 53 4.88 (3.73 - 6.4) 4.86 (162.36) 4.85 (3.7) 2.28 (1.78) <0.001 
J Itraconazole 36 4.68 (3.37 - 6.5) 4.66 (103.48) 4.66 (3.35) 2.22 (1.61) <0.001 
J Ampicillin 20 4.61 (2.97 - 7.16) 4.59 (56.25) 4.59 (2.96) 2.2 (1.34) <0.001 
J Ciprofloxacin 501 3.49 (3.2 - 3.82) 3.48 (877.35) 3.45 (3.16) 1.79 (1.65) <0.001 
J Minocycline 50 3.45 (2.61 - 4.55) 3.43 (86.31) 3.43 (2.6) 1.78 (1.31) <0.001 
J Amoxicillin 344 3.42 (3.08 - 3.81) 3.41 (582.83) 3.39 (3.05) 1.76 (1.6) <0.001 
J Cefalexin 41 3.39 (2.49 - 4.61) 3.38 (68.75) 3.38 (2.49) 1.76 (1.23) <0.001 
J Clindamycin 128 3.29 (2.77 - 3.92) 3.28 (203.07) 3.28 (2.75) 1.71 (1.43) <0.001 
J Oseltamivir 89 3.29 (2.67 - 4.05) 3.28 (140.94) 3.28 (2.66) 1.71 (1.37) <0.001 
J Doxycycline 108 2.8 (2.32 - 3.39) 2.8 (124.64) 2.79 (2.31) 1.48 (1.18) <0.001 
J Ribavirin 98 2.71 (2.22 - 3.31) 2.71 (105.31) 2.7 (2.22) 1.43 (1.12) <0.001 
L Cetrorelix 10 10.97 (5.88 - 20.49) 10.82 (89.28) 10.82 (5.8) 3.44 (1.64) <0.001 
L Peginterferon 

beta-1a 
128 3.53 (2.97 - 4.21) 3.52 (230.79) 3.51 (2.95) 1.81 (1.53) <0.001 

L Hydroxycarbamide 27 3.5 (2.4 - 5.1) 3.48 (47.87) 3.48 (2.39) 1.8 (1.13) <0.001 
L Cladribine 50 2.84 (2.15 - 3.74) 2.83 (59.11) 2.83 (2.14) 1.5 (1.04) <0.001 
L Natalizumab 1290 2.8 (2.64 - 2.95) 2.79 (1438.42) 2.74 (2.59) 1.45 (1.37) <0.001 
L Certolizumab 668 2.46 (2.28 - 2.65) 2.45 (567.7) 2.43 (2.25) 1.28 (1.17) <0.001 
L Mycophenolic 

acid 
303 2.39 (2.14 - 2.68) 2.39 (243.1) 2.38 (2.12) 1.25 (1.08) <0.001 

Table. 2 is continue…….. 
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  ATC 
_L1 

Drug name Case ROR (95%Cl) PRR (X2) EBGM 
(EBGM05) 

IC (IC025) p- 
value 

L Tacrolimus 263 2.31 (2.04 - 2.6) 2.3 (192.94) 2.29 (2.03) 1.2 (1.01) <0.001 
M Indometacin 17 3.25 (2.02 - 5.23) 3.24 (26.36) 3.24 (2.01) 1.7 (0.84) <0.001 
N Levetiracetam 1923 18.43 (17.59 - 19.3) 18.01 (29597.43) 17.27 (16.49) 4.11 (4.03) <0.001 
N Carbamazepine 457 6.58 (6 - 7.22) 6.53 (2122.66) 6.48 (5.9) 2.7 (2.54) <0.001 
N Naratriptan 10 6.15 (3.3 - 11.46) 6.11 (42.77) 6.11 (3.28) 2.61 (1.19) <0.001 
N Zonisamide 37 5.94 (4.3 - 8.21) 5.9 (150.71) 5.9 (4.27) 2.56 (1.91) <0.001 
N Clobazam 45 5.3 (3.95 - 7.1) 5.26 (155.53) 5.26 (3.92) 2.4 (1.84) <0.001 
N Modafinil 43 4.83 (3.58 - 6.53) 4.81 (129.79) 4.81 (3.56) 2.26 (1.71) <0.001 
N Lacosamide 150 4.67 (3.97 - 5.48) 4.64 (427.77) 4.63 (3.94) 2.21 (1.94) <0.001 
N Valproic Acid 403 4.63 (4.2 - 5.11) 4.61 (1130.99) 4.58 (4.15) 2.19 (2.04) <0.001 
N Oxcarbazepine 118 4.35 (3.63 - 5.21) 4.33 (301.29) 4.32 (3.6) 2.11 (1.8) <0.001 
N Buprenorphine 534 3.87 (3.55 - 4.22) 3.86 (1117.19) 3.82 (3.51) 1.93 (1.8) <0.001 
N Fluvoxamine 15 3.76 (2.26 - 6.24) 3.74 (30.18) 3.74 (2.25) 1.9 (0.95) <0.001 
N Lamotrigine 574 3.73 (3.43 - 4.05) 3.71 (1125.17) 3.68 (3.39) 1.88 (1.75) <0.001 
N Topiramate 322 3.67 (3.28 - 4.09) 3.65 (616.7) 3.63 (3.26) 1.86 (1.69) <0.001 
N Rizatriptan 20 3.34 (2.15 - 5.18) 3.33 (32.61) 3.33 (2.14) 1.73 (0.95) <0.001 
N Aripiprazole 397 2.67 (2.42 - 2.95) 2.67 (409.87) 2.65 (2.4) 1.41 (1.25) <0.001 
P Mebendazole 26 19 (12.87 - 28.05) 18.54 (431.77) 18.53 (12.55) 4.21 (2.93) <0.001 
P Albendazole 29 12.52 (8.67 - 18.07) 12.32 (301.94) 12.32 (8.53) 3.62 (2.63) <0.001 
P Proguanil 26 5.34 (3.63 - 7.85) 5.31 (90.93) 5.3 (3.61) 2.41 (1.64) <0.001 
P Atovaquone 26 3.82 (2.59 - 5.61) 3.8 (53.7) 3.8 (2.58) 1.93 (1.23) <0.001 
R Doxylamine 19 4.21 (2.68 - 6.61) 4.19 (46.24) 4.19 (2.67) 2.07 (1.21) <0.001 
R Elexacaftor 94 4.07 (3.32 - 4.98) 4.05 (215.66) 4.04 (3.3) 2.02 (1.67) <0.001 
R Tezacaftor 105 3.49 (2.88 - 4.22) 3.47 (184.83) 3.47 (2.86) 1.79 (1.48) <0.001 
R Ivacaftor 115 2.46 (2.05 - 2.96) 2.46 (99.31) 2.45 (2.04) 1.3 (1.01) <0.001 
V Iodine (131 I) 30 16.36 (11.39 - 23.49) 16.02 (422.69) 16.01 (11.15) 4 (2.91) <0.001 
V Naloxone 292 6.09 (5.43 - 6.84) 6.05 (1225.19) 6.02 (5.36) 2.59 (2.4) <0.001 

Note: ATC refers to anatomical therapeutic chemical; L1 indicates level 1 or the first level; 95% CI denotes a 95% confidence interval; 
FAERS is the US FDA's Adverse Event Reporting System; X2 denotes chi-squared; PRR refers to the proportional reported ratio; ROR 
represents the reported odds ratio; IC denotes the information coefficient, while IC025 signifies the lower limit of the 95% confidence 
interval for the information coefficient; EBGM stands for empirical Bayesian geometric mean; EBGM05 represents the 95% 
confidence interval's lower boundary for EBGM. (A) digestive and metabolic systems; (B) hematopoietic system; (C) cardiovascular 
system; (D) dermatologicals; (G) genitourinary system and sex hormones; (J) systemic antiinfectives; (L) antineoplastic and 
immunomodulating agents; (M) musculoskeletal system; (N) nervous system; (V)  miscellaneous. 
 

 
 

Fig. 3: Medications associated with spontaneous abortion or fetal death signals, categorized by the L1 of the ATC 
classification. 
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Nevertheless, the essential function of these antiretroviral 
agents in preventing mother-to-child HIV transmission is 
widely acknowledged (Lockman et al., 2021). A 
comprehensive systematic review revealed that macrolide 
antibiotics, notably azithromycin and clarithromycin, are 
correlated with a markedly elevated risk of spontaneous 
abortion (Omranipoor et al., 2020; Hegger et al., 2024). 
There is no evidence that amoxicillin use is associated with 
spontaneous abortion or stillbirth. However, some studies 
have suggested that amoxicillin may be linked to cleft lip 
and palate. Notably, the risk category for amoxicillin was 
changed from "compatible" to "risk in the first and third 
trimesters." This suggests that the use of amoxicillin during 
pregnancy is not absolutely safe (Leong et al., 2019). 
Pregnant women exposed to metronidazole have a 70% 
higher risk of experiencing a spontaneous abortion (Nwosu 
and Bloom, 2021). 
 

Genitourinary and hormonal drugs 

Hormonal contraceptives for systemic use, along with 
gonadotropins and other ovulation stimulants, were the 
most frequently associated genitourinary and sex hormone 
drugs with spontaneous abortion or fetal death. Ulipristal 
is frequently utilized as an emergency contraceptive and 
for inhibiting uterine fibroid growth (Donnez et al., 2014; 
Glasier, et al., 2010). An observational study indicated no 
elevated risk of congenital anomalies, spontaneous 
abortion, or ectopic pregnancy after exposure to ulipristal 
during the implantation phase and early embryonic 
development (Wagner et al., 2020). Some studies indicated 
that levonorgestrel did not increase the risk of spontaneous 
abortion (Pohjoranta et al., 2024; Vanderhoff et al., 2024) 
but was associated with an increased risk of ectopic 
pregnancy (Kitani et al., 2019; Resta et al., 2021). 
Misoprostol and dinoprostone are abortifacients used in 
early pregnancy (Gornisiewicz et al., 2020; Pirrami and 
Reinert, 2025). Improper use of these drugs during 
pregnancy, including off-label use or incorrect timing, may 
elevate the likelihood of spontaneous abortion or fetal 
death. Progesterone is often used to prevent or treat 
spontaneous abortion (Van Leer, 2019). In this study, the 
reporting association between progesterone and 
spontaneous abortion or fetal death might be due to the 
underlying disease rather than the drug's toxicity. 
 

Antineoplastic and immunomodulating drugs 

Although exposure to natalizumab in individuals with 
multiple sclerosis (MS) is associated with a greater 
probability of spontaneous abortion, this risk does not 
exceed the baseline rate observed in the general population 
(Andersen et al., 2023). Pregnancies involving 
mycophenolic acid (MPA), 30–49.5% of cases result in 
miscarriage (Thai et al., 2020). While certain studies 
indicate that certolizumab pegol (CZP) use during 
pregnancy is relatively safe and does not elevate the risk of 
spontaneous abortion (Clowse et al., 2015; Dai et al., 2022), 
a real-world pharmacovigilance study has suggested a 

potential link between CZP and spontaneous abortion (Liu 
et al., 2025). Further research is required to validate the 
safety of additional biologic agents in pregnant populations. 
 

Nervous system drugs 

A comprehensive review, which included data from 
16,941,373 pregnancies, established a connection between 
taking antiepileptic drugs (AEDs) during gestation and an 
elevated likelihood of spontaneous abortion or fetal death 
(Berry-Noronha et al., 2025). According to an 
observational investigation, the incidence of spontaneous 
abortion showed a statistically significant increase when 
levetiracetam and lamotrigine were used in combination 
therapy (Tomson et al., 2015). Additionally, an Australian 
study found a dose-related increase in intrauterine death 
risk associated with carbamazepine exposure (Vajda et al., 
2018). There is a lack of comprehensive evidence on the 
relationship between valproic acid exposure in pregnancy 
and spontaneous abortion, with existing studies providing 
inconsistent results (Trivedi et al., 2018). 
 

Intrauterine device 

The intrauterine device (IUD), a commonly used 
contraceptive method, is generally considered to be highly 
effective. Pregnancy can occur with an IUD, potentially 
impacting pregnancy outcomes negatively (Molino et al., 
2025). Having an IUD is linked to a higher chance of 
pregnancy loss. A retrospective study showed a notable 
increase in spontaneous abortion rates among those who 
became pregnant while using a copper IUD. Research 
further indicates that removal of the IUD is linked to a 
decreased likelihood of spontaneous abortion, whereas 
retention of the device heightens the probability of 
pregnancy loss (Karakuş et al., 2023). Another study 
investigated the influence of copper IUDs on HLA-G and 
IGF-II levels during pregnancy, proposing that the IUD 
may interfere with embryonic development by altering 
chorionic IGF-II expression (Cao et al., 2022). This 
regulation could impair embryo development, raising the 
risk of spontaneous abortion. 
 

Other drug categories 

Medications that may elevate the risk of spontaneous 
abortion or fetal death encompass those used for 
dermatological conditions, blood and blood-forming 
organs, cardiovascular issues, antiparasitic treatments, 
insecticides and repellents and respiratory ailments. 
Isotretinoin is contraindicated during pregnancy because it 
can cause fetal defects (Havet et al., 2025). However, 
induced and spontaneous abortions caused by isotretinoin 
misuse during pregnancy still occur (Yousif et al., 2022; 
Reinold et al., 2024). Research on the link between 
naloxone use and the reporting association of spontaneous 
abortion or fetal death is limited. 
 

Limitations 

This study acknowledges several inherent limitations. The 
FAERS database primarily contains reports submitted 
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voluntarily by healthcare professionals, consumers and 
other reporters, which can lead to recall bias and subjective 
interpretation. The quality and accuracy of these reports 
depend on the reporter's level of expertise. Secondly, there 
exists the possibility of under-reporting, over-reporting, or 
misreporting of adverse events (AEs), which can introduce 
significant reporting bias into the analysis. Furthermore, it 
is important to note that the United States is the 
predominant source of AE reports in the FAERS database, 
underscoring the critical need for extensive, long-term 
investigations that use regional data to validate the 
conclusions drawn from this study. Despite efforts to 
conduct a sensitivity analysis, unmeasured confounding 
factors may still have influenced the results, necessitating 
a cautious interpretation of the findings presented. 
Ultimately, due to its inherent nature as a passive 
surveillance system that is primarily focused on collecting 
adverse event case reports, the FAERS database is unable 
to definitively determine the incidence of spontaneous 
abortion or fetal death that may be caused by drugs. While 
the disproportionality analysis conducted in this study 
indicated an association, it did not confirm any causal 
relationships. Therefore, future research endeavors should 
incorporate experimental validation and place greater 
emphasis on longitudinal studies that meticulously track 
patient outcomes over time. By addressing these 
limitations, researchers can significantly strengthen the 
validity and reliability of the conclusions drawn from this 
study.  
 

Future perspectives 

Future studies should focus on prospective cohort 
validation, integration with clinical registries and 
mechanistic exploration to confirm the pharmacovigilance 
signals identified in this study. 
 

CONCLUSION 

 
This study identified 119 drugs with significant 
disproportionality signals associated with spontaneous 
abortion or fetal death. However, these findings should be 
interpreted as signal detection rather than evidence of 
causality. These results provide important real-world 
pharmacovigilance insights to support safer medication use 
in women of reproductive age. Further prospective and 
mechanistic studies are required to validate these 
associations. 
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