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It’s well known that sex is a risk factor for the occurrence of adverse events (AEs), most of which 
have found sex differences. Real-world data studies on the sex differences of fall-risk-increasing 
drugs (FRIDs) are few and far between, with most small-scale retrospective studies based on FRID 
classes. To establish a list of FRIDs and describe their sex differences, we used preferred terms from 
the Medical Dictionary for Regulatory Activities to search for AEs in the FDA Adverse Event Reporting 
System (FAERS), and then perform disproportionality analyses and female/male ratio analyses. 
During January 2004 to March 2023, 101,746 fall-related AEs were reported in FAERS from patients 
aged 50 to 100, with 68,492 (67.3%) females and 32,547 (32.0%) males. We found 261 signals for 
females while 284 for males. For females, the top 3 signals with the highest reporting odds ratio (ROR) 
were anethole trithione, clopenthixol, nikethamide (ROR: 388.88, 212.10, 113.94), while the top 3 
signals with the highest lower limit of information component (IC025) were nikethamide, anethole 
trithione, benzbromarone (IC025: 3.91, 3.15, 2.49). For males, the top 3 signals with the highest ROR 
were fluprednidene acetate, potassium hydroxide, ketazolam (ROR: 216.86, 108.43, 108.43), while 
the top 3 signals with the highest IC025 were clomethiazole, piribedil, melperone (IC025: 3.31, 3.24, 
2.99). Moreover, among the 119 shared signals found between males and females, 33 were positively 
correlated with falls in females and 38 with falls in males. Signals showing significant sex differences 
were mainly concentrated on agents of the immune, nervous, musculo-skeletal, and cardiovascular 
systems. We offered a series of FRIDs and suggested their sex differences in falls through the FAERS. 
In the future, it is essential to balance the inclusion of women and men, and analyse sex-stratified for 
FRIDs.
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As one of the top global causes of injury-related deaths and disabilities in middle-aged and elderly people, falls 
have become a major public health concern worldwide. During 2019 in mainland China, the incidence rate of 
falls among individuals aged 60 and above was 3799.4 per 100,000. Falls led to 39.2 deaths and 1238.9 disability-
adjusted life years per 100,000 people1. Wang et al.2 found that the frequency of falls, including recurrent and 
injurious falls, was more common in those aged 50–55 and over 55 than in those under 50, which suggests that 
preventing falls in middle age could be effective in mitigating fall risks in older age as well.

In the management of many chronic diseases, polypharmacy (use of multiple medications) is often 
unavoidable in older people3. However, taking multiple medications is considered a risk factor for falls due to 
the adverse effects of drug-drug or drug-disease interactions. Studies have determined that taking ≥ 4 drugs 
is associated with an increased incidence of falls, recurrent falls, and injurious falls4. Therefore, it is critical to 
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reduce fall-risk-increasing drugs (FRIDs) as far as possible for those who are middle-age and elderly taking 
multiple medications.

According to previous studies, it has been consistently observed that certain medications, including 
hypnotics, cardiovascular drugs, and psychotropics are implicated in a concomitant rise in the risk of falls 
among the elderly5–9. For example, drugs with sedative properties are linked to a decrement in gait velocity 
among older individuals10. Furthermore, loop diuretics were significantly associated with an augmented fall risk, 
while digitalis and digoxin may similarly elevate this risk5. In genetics, antidepressant-related fall risk may be 
associated with certain genetic variants modify11.

Pharmacological response is woven with the biologic sex, which serves as a genetic determinant in the variance 
of drug effects. The combination of all sex-specific genetic, epigenetic, and hormonal influences on cellular 
systems produces different in vivo male and female biologic systems, which results in sex differences in the 
pharmacokinetics and pharmacodynamics of multiple drugs12. In a telling statistic, a significant proportion—76 
out of 86 (88%)—of FDA-approved drugs exhibit elevated pharmacokinetic parameters in women relative to 
men. Elevated blood concentrations and longer elimination times were often manifested by women, which was 
inextricably linked to sex differences in adverse drug reactions13.

An abundance of research has suggested a disquieting trend: women bear a higher risk in response to most 
of medications that exhibit sex-specific effects14. Five or more concurrent medications emerge as a notable 
independent correlate of falls, which is observed exclusively in the female population15. Women were taking 
more sedatives among patients aged 60 years or older who were admitted to two referral hospitals due to falls 
leading to fracture16. Moreover, over 40% of older adults seeking emergency care after a fall had previously been 
prescribed benzodiazepines and hypnotic drugs, in which some notable sex differences were seen, particularly 
prescriptions above the recommended dosage and of drugs with an extended half-life17. Unfortunately, although 
a series of drugs have been identified that could induce falling for the middle-aged and elderly, few studies have 
specified fall-related adverse drug effects according to sex, which hampers other studies like meta-analysis that 
might lead to new insights.

The US Food and Drug Administration Adverse Event Reporting System (FAERS), which has been widely 
used to analyze the safety profiles of various drugs, is a vast repository that contains post-marketing surveillance 
data on adverse event (AE) and medication error reports submitted worldwide to the FDA18. In light of this, we 
purposed to list the drugs related to falls (i.e., signals), and describe their sex differences for the middle-aged and 
elderly in the FAERS database.

Results
Overview across AE reports
101,746 AE reports were extracted in which fall related drugs were reported as suspect, interacting or 
concomitant drug, after raw FAERS reports had been executed the inclusion and exclusion criteria. The data 
processing and study scheme were shown in Fig. 1. Simultaneously, there are 261 fall-related drugs for female 
involved in subsequent signal analysis while 284 for male.

We summarized the basic clinical characteristics of AE reports in Table 1. Among 101,746 AE reports, 68,492 
(67.3%) for female and 32,547 (32.0%) for male were enrolled in following analysis, while 707 (0.7%) were 
excluded with unknown sex. The average age and its standard deviation of females and males were 69.8 ± 11.5 
and 71.5 ± 11.2 years old respectively. During the 20-year period, the number of reports showed fluctuating 
growth since 2004, with notable peaks in 2010 to 2012 and the highest peak in 2018 to 2019. Overall, a large 
porpotion of AE reports were from America (females: 62.3%, males: 55.4%) and the AE outcomes were mainly 
hospitalization (females: 51.3%, males: 51.2%). Except for Other and unknown indications, AEs with multiple 
sclerosis reported the most (females: 14.2%, males: 6.2%).

Overview across signals
The details of detected signals, which are satisfied both of Reporting Odds Ratio (ROR) and Bayesian Confidence 
Propagation Neural Network (BCPNN) algorithms, were presented in Fig. 2 and Supplementary Table S4. For 
females, the top 3 signals with the highest ROR were anethole trithione (ROR: 388.88, 95% CI: 50.20-3012.23; 
IC025: 3.15), clopenthixol (ROR: 212.10, 95% CI: 25.53-1761.84; IC025: 2.24) and nikethamide (ROR: 113.94, 95% 
CI: 53.94-240.72; IC025: 3.91), while the top 3 signals with the highest IC025 were nikethamide (ROR: 113.94, 
95% CI: 53.94-240.72; IC025: 3.91), anethole trithione (ROR: 388.88, 95% CI: 50.20-3012.23; IC025: 3.15) and 
benzbromarone (ROR: 13.44, 95% CI: 7.92–22.79; IC025: 2.49). For males, the top 3 signals with the highest 
ROR were fluprednidene acetate (ROR: 216.86, 95% CI: 24.24-1940.33; IC025: 1.59), potassium hydroxide (ROR: 
108.43, 95% CI: 19.86-592.02; IC025: 1.55) and ketazolam (ROR: 108.43, 95% CI: 19.86-592.02; IC025: 1.54), 
while the top 3 signals with the highest IC025 were clomethiazole (ROR: 24.50, 95% CI: 15.68–38.29; IC025: 3.31), 
piribedil (ROR: 25.99, 95% CI: 15.81–42.73; IC025: 3.24) and melperone (ROR: 13.98, 95% CI: 9.99–19.54; IC025: 
2.99).

Sex differences for the number of signals
If the absolute difference in the number of signals was ≥ 2 in anyone 2nd-level ATC class, we considered that 
there were sex differences in the number of signals for this 2nd-level ATC class. The total number of signals for 
different 2nd-level ATC classes by sex was displayed in Supplementary Table S3. Furthermore, sex differences 
of the Top 6 2nd-level ATC classes with the highest total number of signals were presented in Fig. 3. Among 
the top 6 2nd-level ATC classes with more signals detected for female, the total number of signals was 38 for 
females versus 20 for males. Among the top 6 ATC classes with more signals detected for male, the total number 
of signals was 83 for females versus 112 for males. Among the top 6 ATC classes almost without sex differences, 
the total number of signals was 44 for females versus 42 for males.
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According to sex differences of the top 6 ATC classes with the highest total number of signals, more signals 
were mainly detected in the nervous system for male than female, which is coded as N in the 1st-level code. On 
the contrary, more signals were mainly detected in the cardiovascular system for female than male, which is coded 
as C in the 1st-level code. In 2nd-level ATC classes detected more signals for male than female, psycholeptics 
(N05) was the most followed by Psychoanaleptics (N06) and Anti-parkinson drugs (N04). Besides, in 2nd-level 
ATC classes detected more signals for female than male, there were successively Cardiac therapy (C01), Drugs 
for treatment of bone diseases (M05), and Drugs for functional gastrointestinal disorders (A03).

Sex differences for signals
To clarify the association between FRIDs and sex, we performed F/M ratio analysis on the 119 shared signals 
we found between males and females. Generally, an odds ratio greater than 1.50 or less than 0.67 is considered 

Fig. 1.  Scheme of this study. FAERS, FDA Adverse Event Reporting System; AEs, Adverse Events; N, number 
of reports or signals; ATC, Anatomical Therapeutic Chemical; F/M ratio, ratio of fall related adverse events 
concerning women versus men.
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evidence of a strong difference, according to previous studies19–21. Among all shared signals, 33 were positively 
correlated with falls in females, and 38 with falls in males, whereas 48 showed no sex difference.

Cardiovascular system
Cardiovascular system (ATC code C) comprises substances used for the treatment of cardiovascular conditions. 
In the ATC classification cardiac therapy (C01), midodrine (F/M 0.32, 95%CI 0.24–0.42) and droxidopa (F/M 
0.30, 95%CI 0.25–0.36) both presented stronger associations with falls in men than women (Fig. 4a). Also, there 

Overall Female Male Unknown

N (%) 101,746 (100.0) 68,492 (67.3) 32,547 (32.0) 707 (0.7)

Year (%)

 2004 ~ 2005 4180 (4.1) 2828 (4.1) 1339 (4.1) 13 (1.8)

 2006 ~ 2007 4739 (4.7) 3159 (4.6) 1555 (4.8) 25 (3.5)

 2008 ~ 2009 5364 (5.3) 3705 (5.4) 1603 (4.9) 56 (7.9)

 2010 ~ 2011 13,503 (13.3) 10,201 (14.9) 3248 (10.0) 54 (7.6)

 2012 ~ 2013 10,185 (10.0) 7556 (11.0) 2586 (7.9) 43 (6.1)

 2014 ~ 2015 6951 (6.8) 4699 (6.9) 2164 (6.6) 88 (12.4)

 2016 ~ 2017 9194 (9.0) 5849 (8.5) 3266 (10.0) 79 (11.2)

 2018 ~ 2019 18,042 (17.7) 11,753 (17.2) 6154 (18.9) 135 (19.1)

 2020 ~ 2021 15,008 (14.8) 9374 (13.7) 5546 (17.0) 88 (12.4)

 2022 ~ 2023 14,580 (14.3) 9368 (13.7) 5086 (15.6) 126 (17.8)

Outcome (%)

 Death 8230 (8.1) 4019 (5.9) 4146 (12.7) 65 (9.2)

 Life-threatening 3081 (3.0) 1616 (2.4) 1444 (4.4) 21 (3.0)

 Hospitalization 52,093 (51.2) 35,107 (51.2) 16,659 (51.2) 327 (46.3)

 Disability 1464 (1.4) 1007 (1.5) 445 (1.4) 12 (1.7)

 Congenital anomaly 2 (0.0) 2 (0.0) 0 (0.0) 0 (0.0)

 RPPI 202 (0.2) 105 (0.1) 96 (0.3) 1 (0.1)

 Other / Outcome not specified 36,674 (36.1) 26,636 (38.9) 9757 (30.0) 281 (39.7)

Reporting country (%)

 United States of America 61,017 (60.0) 42,670 (62.3) 18,047 (55.4) 300 (42.4)

 Canada 7969 (7.8) 5281 (7.7) 2656 (8.2) 32 (4.5)

 United Kingdom 4416 (4.3) 2503 (3.7) 1770 (5.4) 143 (20.2)

 France 4133 (4.1) 2766 (4.0) 1353 (4.2) 14 (2.0)

 Japan 3937 (3.9) 2257 (3.3) 1589 (4.9) 91 (12.9)

 Germany 3735 (3.7) 2135 (3.1) 1572 (4.8) 28 (4.0)

 Other / Country not specified 16,539 (16.3) 10,880 (15.9) 5560 (17.1) 99 (14.0)

Age in report (Mean (SD)) 70.4 (11.4) 69.8 (11.5) 71.5 (11.2) 74.9 (11.2)

Age level (%)

 50 ~ 65y 37,483 (36.8) 26,898 (39.3) 10,430 (32.0) 155 (21.9)

 66 ~ 75y 27,651 (27.2) 18,176 (26.5) 9262 (28.5) 213 (30.1)

 76 ~ 85y 26,422 (26.0) 16,893 (24.7) 9333 (28.7) 196 (27.7)

 >85y 10,190 (10.0) 6525 (9.5) 3522 (10.8) 143 (20.2)

Top 10 Indications (%)

 Multiple sclerosis 11,730 (11.5) 9698 (14.2) 2011 (6.2) 21 (3.0)

 Rheumatoid arthritis 7167 (7.0) 6258 (9.1) 889 (2.7) 20 (2.8)

 Osteoporosis 7110 (7.0) 6653 (9.7) 440 (1.4) 17 (2.4)

 Hypertension 5136 (5.0) 3384 (4.9) 1724 (5.3) 28 (4.0)

 Atrial fibrillation 3119 (3.1) 1486 (2.2) 1611 (4.9) 22 (3.1)

 Parkinson’s disease 3021 (3.0) 1347 (2.0) 1667 (5.1) 7 (1.0)

 Pain 2784 (2.7) 1966 (2.9) 801 (2.5) 17 (2.4)

 Pulmonary arterial hypertension 2769 (2.7) 2113 (3.1) 654 (2.0) 2 (0.3)

 Depression 2720 (2.7) 1995 (2.9) 713 (2.2) 12 (1.7)

 Other / Unknown indications 56,190 (55.2) 33,592 (49.0) 22,037 (67.7) 561 (79.3)

Table 1.  Characteristics of adverse event (AE) reports. N, the number of reports; RPPI, Required to prevent 
permanent impairment.
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Fig. 3.  The bar plot of signals at the Top 6 2nd-level Anatomical Therapeutic Chemical (ATC) classifications 
with / without sex differences.

 

Fig. 2.  The Scatterplot of signals distribution at the 1st-level Anatomical Therapeutic Chemical (ATC) 
classifications.
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were similar sex difference results of prazosin (F/M 0.37, 95%CI 0.24–0.56) in Antihypertensives (C02) and 
torasemide (F/M 0.53, 95%CI 0.46–0.60) in Diuretics(C03).

Genito urinary system and sex hormones
Among Genito urinary system and sex hormones (ATC code G), tamsulosin (F/M 0.03, 95%CI 0.02–0.03) and 
alfuzosin (F/M 0.08, 95%CI 0.05–0.12) in urologicals (G04) were noted to have a significant higher risk of fall 
in men (Fig. 4b).

Systemic hormonal preparations, excl. Sex hormones and insulins
Systemic hormonal preparations, excl. sex hormones and insulins (ATC code H) comprise all hormonal 
preparations for systemic use. In pituitary and hypothalamic hormones and analogues (H01), lutetium lu-
177 (F/M 0.25, 95%CI 0.12–0.54) revealed a stronger association with falls in men than women (Fig. 4b). In 
corticosteroids for systemic use(H02), fludrocortisone (F/M 0.33, 95%CI 0.24–0.43) also showed a strong 
difference for men, while cortisone (F/M 1.76, 95%CI 1.23–2.52) showed a high risk of fall in women. In Calcium 
homeostasis (H05), teriparatide revealed a strong association with females (F/M 6.65, 95%CI 5.85–7.55).

Antineoplastic and immunomodulating agents
Whether immunostimulants (L03) or immunosuppressants (L04) as shown in Fig. 4b, there seems to be a link 
for women between fall and immunomodulating agents, such as interferon beta-1α (F/M 2.66, 95%CI 2.46–
2.87), dimethyl fumarate (F/M 2.40, 95%CI 2.03–2.83) or fingolimod (F/M 3.38, 95%CI 2.77–4.11).

Musculo-skeletal system
In drugs for treatment of bone diseases (M05), romosozumab (F/M 5.17, 95%CI 3.10–8.62), alendronate (F/M 
7.36, 95%CI 6.51–8.33) and ibandronate (F/M 10.17, 95%CI 6.96–14.85) both revealed strong associations with 
female (Fig. 4b).

Nervous system
Among medications classified within the nervous system (ATC code N), we observed significantly sex-specific 
correlations for different agents. From Fig. 5a, in analgesics (N02), tilidine revealed a significantly difference for 
males (F/M 0.37, 95%CI 0.26–0.53), in contrast to dextropropoxyphene which revealed a strong association with 
females (F/M 2.69, 95%CI 1.56–4.66). In antiepileptics (N03), divalproex (F/M 0.49, 95%CI 0.36–0.65) showed a 
significantly difference for males, and almost all signals had similar results in anti-parkinson drugs (N04), except 
for safinamide. From Fig. 5b, with the categories of psycholeptics (N05) and psychoanaleptics (N06), some drugs 
displayed a marked predilection for male such as melperone (F/M 0.32, 95%CI 0.20–0.51) and memantine (F/M 
0.71, 95%CI 0.61–0.83), while others exhibited a preferential association with females like prazepam (F/M 2.69, 
95%CI 1.33–5.47) and mianserin (F/M 1.64, 95%CI 1.07–2.51). Meanwhile, other nervous system drugs (N07) 

Fig. 4.  The values and 95% confidence intervals (CI) of F/M ratios for sex differences at the 2nd-level 
Anatomical Therapeutic Chemical (ATC) classification. (a) From A06 to C09. (b) From D07 to M09.
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like dalfampridine (F/M 1.69, 95%CI 1.49–1.93) and betahistine (F/M 3.41, 95%CI 2.22–5.22) were noted to 
have a significant signal for female fall (Fig. 5c).

Miscellaneous medications
Cholecalciferol (F/M 1.70, 95%CI 1.57–1.85) in Vitamins (A11), meclizine (F/M 1.50, 95%CI 1.13-2.00) 
and dimenhydrinate (F/M 2.69, 95%CI 1.69–4.28) in antihistamines for systemic use (R06) were noted to 
have a significant signal for female fall. In addition, iron dextran (F/M 0.05, 95%CI 0.03–0.09) in antianemic 
preparations (B03) and flunisolide (F/M 0.44, 95%CI 0.21–0.92) in nasal preparations (R01) were noted to be 
significant for male.

Discussion
Regardless of whether they are middle-aged and elderly women or men, once the adverse event of a fall occurs, 
there will be a high risk of serious consequences such as hospitalization, life-threatening and even death1, which 
is similar to our Table 1. Falling results from an interaction between factors within the individual (age-related 
changes, cognitive deficits, sensory deficits etc.) and the environment (medications, assistive devices, alcohol/
drugs etc.)8,22. Therefore, it is very essential to prevent and reduce the occurrence of falls. Meanwhile, drugs 
with high risk of falls should be taken as little as possible, according to the disease condition and individual 
characteristics of middle-age and elderly patients. To our knowledge, there have been few previous studies that 
used the FAERS database to assess sex differences of FRIDs, with most studies focused on the classes of FRIDs. 
Additionally, in our study, ROR and BCPNN were both used to detect the FRIDs, which made it possible to 
obtain more reliable results when the number of AEs was low23.

We delineated a potential association between immunomodulatory agents and the increasing risk of falls 
within the female population. It is well-acknowledged that limb weakness, especially the hands and arms, is 
believed to be driven by an immune-mediated process in many autoimmune disorders24–26. In contrast to robust 
elderly and youthful female counterparts, intramuscular total carnitine levels and short-chain acylcarnitine 
levels are decreased in pre-frail older females, which is associated with reduced physical performance, whereas 
no differences were observed in males27. Besides, in female but not male older adults, physical weakness was 

Fig. 5.  The values and 95% confidence intervals (CI) of F/M ratios for sex differences at the 2nd-level 
Anatomical Therapeutic Chemical (ATC) classification. (a) From N01 to N04. (b) From N05 to N06. (c) From 
N07 to R06.

 

Scientific Reports |        (2024) 14:29739 7| https://doi.org/10.1038/s41598-024-81342-w

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


characterized by a higher sex-specific expression of intramuscular inflammatory pathways, coupled with an 
infiltration of NOX2-expressing immune cells and a concomitant rise in VCAM1 expression28. However, there 
is a paucity of research examining the relationship between immunomodulators and falls across different sex, 
necessitating further investigation.

Teriparatide, bisphosphonates and romosozumab are existing drugs for the prevention or treatment of 
osteoporosis in internationally recognized clinical guidelines29, and cholecalciferol is the preferred form 
of vitamin D exogenous supplementation30, which were all observed to have significant associations with 
falls in women in this study. Nevertheless, considering the prevalence of bone diseases such as rheumatoid 
arthritis31 and osteoporosis32, sex differences of signals may be associated with significant sex characteristic 
differences of different indications as shown in Table 1. Research has demonstrated that cholecalciferol-calcium 
supplementation over an extended period of time reduces the odds of falling in ambulatory older women by 46%, 
but with a neutral effect in men33. Significantly, there were inconsistent results for Vitamin D supplementation 
interventions, with a high dose being associated with increasing risks of falls and fractures34–36. The crucial 
factor in determining the efficacy of vitamin D in preventing falls appears to be the dosage administered to 
each individual, regardless of sex. Nevertheless, women who take the medications mentioned above might need 
extra attention and care than men, no matter how the fall risk is brought from bone diseases conditions or high 
dosages of medications.

In the nervous system, sex differences in drug effects appear to be even more prominent. A recent study 
demonstrated a significant association between depressive symptoms and both the occurrence of falls and 
the dread of falling in the elderly. Interestingly, it highlighted a distinct sex disparity, as depression played a 
stronger role in women37. However, higher drugs use in females compared to males may be one of the reasons 
why sex differences were reported in some psychotropic drugs, of which antidepressants were the most 
frequently reported38. Furthermore, over 1000 transcripts with substantial interactions of sex and disease were 
discovered by Seney et al.39, and these transcripts were impacted in opposite directions in men and women 
with major depressive disorder, leading to sex differences in the responsiveness to antidepressant medications. 
Antiparkinsonian medication may worsen cognitive impairment and different sex may exhibit various forms of 
cognitive impairment in Parkinson’s patients. Sex differences may be attributed to differences in brain anatomy, 
chemistry, and function40. Antipsychotics and hypnotics, and sedatives might increase the risk of falling. 
Antipsychotic drugs induce falls owing to their negative effects on cognition, blood pressure management, or 
causing their extrapyramidal motor symptoms such as tremor, rigidity, and bradykinesia41. For psychotropic 
drugs, haloperidol and quetiapine were observed to be associated with falls, yet pipamperone and risperidone 
were not, indicating that falls may be associated with particular drugs rather than drug classes42. However, 
further research is needed to determine which individual drugs cause major sex differences.

By the way, tamsulosin, alfuzosin or other prostate-specific α antagonists in cardiovascular system have a 
minor but considerable increased risk of falls, fractures, and head injuries, most likely as a result of induced 
hypotension43. However, there is a lack of sufficient evidence to support sex difference results observed in our 
findings.

Some inherent limitations should be taken into consideration when interpreting the findings of our 
investigation. Firstly, our retrospective study design precludes the establishment of direct causality, which cannot 
be directly inferred from the observed results. The source of observed results was AE reports, which had various 
biases such as subjective judgments of the reporting personnel to FRIDs, missing data, and uneven reports 
quality. Secondly, because the denominator was not the total number of individuals treated with an interested 
drug, and the numerator did not represent the overall number of individuals who actually experience adverse 
drug reactions, the ROR or IC025 values were only rendered as metric of disproportionality of AE reporting, 
rather than a quantifier of relative risk. Finally, the FAERS database does not detail temporal information 
regarding the exposure of FRIDs and accordingly it is impossible to quantify the individual effect of multiple 
drug exposures. Additionally, due to the inherent limitations of disproportionality analyses in establishing causal 
relationships between drugs and AE, it solely provides an estimation of signal strength, which is statistically 
significant exclusively. However, to a certain extent, these results can provide reference for general practitioners, 
nursing staff, and other health professionals when making clinical medical decisions. In summary, to prevent 
drug-induced falling, we should not only pay attention to FRIDs categories, but drug sensitivity of different sex.

Conclusion
In a view of publicly available FAERS database, we provided a series of common drugs with fall-increasing-
risks, and clearly suggested but did not prove, true and important underlying sex-related differences in falls. 
As there are limited studies on the effects of FRIDs with sex, it is imperative to improve the consideration of 
sex throughout the entire life-cycle of drug surveillance in the further. For example, in post-marketing clinical 
studies, it is warranted for balanced inclusions of women and men, as well as sex-stratified analyses for FRIDs.

Methods
Data source
OpenVigil 2.1-MedDRA-v24, a pharmacovigilance data analysis tool, extracts, filters and analyses preliminary 
cleansed AE reports which conveniently leads to precise drug safety results, whose data provided by medical 
practitioners were obtained from FAERS44. Throught Drugs@FDA and Drugbank, it has converted drug names 
(brand names, generic names, abbreviations, and so on) into unique drug names. Therefore, preliminary cleansed 
AE reports were allowed to be extracted through the query structure of drugs and/or AEs in OpenVigil 2.1. This 
enables users to directly obtain relevant data for specific time periods and populations based on various filtering 
criteria, which can then be exported for further analysis.
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Reports inclusion/exclusion criteria
In this descriptive, cross-sectional study, reports were from January 2004 to March 2023 and the age of patients 
ranged from 50 to 100. Fall-related AEs were identified using the preferred term (PT) ‘fall [10016173]’ or ‘drop 
attacks [10013643]’, according to the Medical Dictionary for Regulatory Activities (MedDRA, version 24.1). The 
Search for drug entries was not restricted by the specified role in medication usage.

Individual safety reports (ISRs) are the frequencies statistical basis for AE reports extracted by OpenVigil 2.1. 
In this study, a duplicate report is considered if the ISR, reporting date, patient characteristics and drug used are 
all the same.

Signals inclusion/exclusion criteria
In pharmacovigilance, disproportionality analyses usually used to detect AE signals for a given drug or drug 
signals for a specific AE, which can be mainly divided into frequentist methods and Bayesian methods. 
Prevalent frequentist methods are the reporting odds ratio (ROR) and proportional reporting ratio (PRR). 
Contrasting to frequentist methods, Bayesian methods compare the probability of the joint occurrence of a 
drug-AE pair with its probability under the assumption that there is no association between the drug and the 
AE. The information component (IC) is provided by the Bayesian confidence propagation neural network 
(BCPNN), and the empirical Bayes geometric mean (EBGM) is also used45. However, each of these methods 
has benefits and drawbacks. Sakaeda et al.18 compared above four methods and found that ROR had the 
highest sensitivity and detected the most signals, while EBGM had the highest specificity (followed by IC) 
and detected the fewest signals. Ordering to detect as many signals as possible with higher specificity, signals 
in our study must be satisfied both of two algorithms, ROR and BCPNN, which are based on the two-by-two 
contingency table (Supplementary Table S1). Besides, only drugs (such as prescription drugs, biosimilars, 
etc.) were included whereas vaccines, dietary supplements, or products were excluded.

For the ROR algorithm, the threshold for a signal is marked by a constellation of criteria: the count of 
drug–AE pairs ≥ 3, plus the value of the ROR ≥ 2, χ2 ≥ 4, and the lower limit of the 95% confidence interval 
(95%CI) > 118. In contrast, the BCPNN algorithm employs the IC value as a primary measure of the strength of 
the quantitative dependency between the specific drug and the reported AE. A signal was identified when the 
lower limit of information component (IC025) > 0. Specifically, it was denoted as a weak signal if 0 < IC025 ≤ 1.5, 
with 1.5 < IC025 ≤ 3 characterized as medium, and IC025 > 3 considered as strong46,47. The equation and criteria 
of two algorithms are shown in Supplementary Table S2.

We filtered shared signals satisfying ROR and BCPNN between men and women simultaneously to indirectly 
describe their sex differences using the female/male (F/M) ratio for all of drugs. The number of fall related 
reports for women was divided by the number of female reports, and this proportion was subsequently divided 
by the similar proportion concerning men. The F/M ratio was calculated as a point estimate with a 95%CI. If the 
lower limit of the 95%CI of the F/M ratio was > 1, a drug was considered to have a statistically significant higher 
risk of falls in women than men. Conversely, if the upper limit of the 95%CI was < 1, it indicated a higher risk of 
fall in men. An example of how the F/M ratio was calculated is given in the equation as follows21:

	
F/M ratio macrogol =

DE reports for women
reports concerning women

DE reports for men
reports concerning men

=
18

68492
15

32547
= 0.57

	 F/M 95%CI = eln F
M ratio±1.96

√
1

18 + 1
68492 + 1

15 + 1
32547

Classification of drugs
Nowadays, sanctified by the World Health Organization (WHO), the Anatomical Therapeutic Chemical 
(ATC) classification system is the most widely recognized classification system for medicinal substances. This 
system has 14 main anatomical or pharmacological groups, denoted by the 1st-level code, which serves as 
the foundational tier. As the system branches, the 2nd- to 4th-level ATC codes are often used to identify the 
therapeutic and pharmacological information of one drug48. Accordingly, the ATC classification emerges as 
an indispensable tool, facilitating the study of drug utilization and categorizing drugs based on their different 
purposes, therapeutic properties, chemical and pharmacological properties49. The ATC classification was given 
for each FRID in our study50.

Statistical analysis
Data processing and statistical analysis were performed using Microsoft Excel 2019 and R statistical software 
version 4.3.1.

Data availability
Reports of falls-risk-increasing drugs in this study can be publicly assessed via: ​h​t​t​p​s​:​/​/​o​p​e​n​v​i​g​i​l​.​s​o​u​r​c​e​f​o​r​g​e​.​
n​e​t​/​. The ATC classification code for each drug can be referred to via: https://www.whocc.no/atc_ddd_index/. 
The original contributions presented in the study are included in the article/Supplementary Material. Further 
inquiries can be directed to the corresponding author.
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