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Abstract: Atypical femoral fracture (AFF) is a rare complication related to the use of bisphosphonates 

(BPs). Herein, we analyzed the risk factors and onset patterns of AFF using the Japanese Adverse Drug 

Event Report database and reported the findings. First, the independent risk factors for AFF were gen-

der (female), high body mass index, and medical history of osteoporosis, arthritis, and systemic lupus 

erythematosus (SLE). Drug-related risk factors for AFF included BPs (i.e., alendronic acid, ibandronic 

acid, etidronic acid, zoledronic acid, minodronic acid, risedronic acid), denosumab, prednisolone, lan-

soprazole, rabeprazole, exemestane, letrozole, eldecalcitol, and menatetrenone. Therefore, it appears 

that AFF is influenced by a combination of patient backgrounds and drugs, and that the risk of devel-

oping AFF is particularly high in patients with fragile bones (e.g., osteoporosis, arthritis, and SLE). 

Second, in the analysis of AFF onset patterns, the onset of AFF from BPs and denosumab took a long 

time (>1 year) to develop. Analysis using a Weibull distribution showed wear-out failure-type AFF 

onset for BPs and denosumab, and both osteoporosis and cancer patients tended to have an increased 

risk of onset with long-term administration of these drugs. AFF developed earlier for osteoporosis 

patients taking long-term BPs and denosumab compared to cancer patients. 

Keywords: atypical femoral fracture; bisphosphonates; denosumab; osteoporosis; cancer; Japanese 

Adverse Drug Event Report (JADER); multiple logistic regression analysis; Weibull distribution; 

epidemiological research; disproportionality analysis 

1. Introduction

In 2005, Odvina et al. reported atypical femoral fracture (AFF) due to severely sup-

pressed bone turnover resulting from long-term use of bisphosphonates (BPs) [1]. AFF 

occurs in the subtrochanteric and diaphyseal areas and can be clearly distinguished from 

typical femoral fractures through characteristic imaging findings [2]. The clinical mani-

festations of AFF are stress fractures or fragility fractures. AFFs are reported to be the 

most common drug-related fractures [3]. Although the mechanism of AFF remains un-

clear, the use of antiresorptive agents (such as BPs and denosumab) is a known risk factor 

[2,4]. While AFFs are rare adverse events associated with long-term administration of BPs 

and denosumab, they are difficult to assess accurately and they negatively affect the pa-

tient’s quality of life and prognosis [5]. Studying drug use in clinical settings is complex 

and differs from the adverse event profiles shown in well-designed clinical trials and ep-

idemiologic studies. Adverse events that occur infrequently and only manifest after ex-

tended periods of drug administration, such as AFFs, are difficult to evaluate in pre-ap-

proval clinical studies.  
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In recent years, the large-scale spontaneous reporting system for recording adverse 

events in clinical settings has played a major role in epidemiological research centered on 

drug safety evaluation, because it now contains information collected over a long period 

of time. The Japanese Adverse Drug Event Report (JADER) database is a Japanese volun-

tary report database published by the Pharmaceuticals and Medical Devices Agency 

(PMDA) that collects data on approximately 1,290,000 records of adverse reactions [6]. 

Since JADER contains drug administration dates and adverse event occurrence dates, ad-

verse event-time analysis is facile [7]. By evaluating JADER, it may be possible to clarify 

the evaluation of drugs and correlate adverse event findings with the time of onset using 

clinical practice data. 

The aim of this study is to clarify the risk factors and onset times of AFFs in clinical 

practice. Clarifying AFF onset is useful for the appropriate monitoring and management 

of BP administration. Assisted by JADER—a spontaneous adverse reaction report data-

base—we investigated the factors and expression patterns associated with AFF. 

2. Results 

2.1. Creation of Data Analysis Tables 

JADER consists of a “DRUG” table hosting 4,154,715 records, a “REAC” table hosting 

1,291,529 records, a “DEMO” table hosting 781,629 records, and a “HIST” table hosting 

1,537,460 records. We combined the data from these four tables, removed 4809 ineligible 

records, and created a new table for data analysis. The data analysis table contained 

2,034,718 records, of which 1879 (0.092%) reported AFFs. 

2.2. Risk Factors for AFF 

2.2.1. Relationship between Patient Background and AFF 

We compared the patient background characteristics associated with the AFF group 

(1879 reports) by simple regression analysis (Table 1). The mean gender, age, height, 

weight, body mass index (BMI), and medical history (osteoporosis, cancer, arthritis, sys-

temic lupus erythematosus (SLE), and renal disorder) in the AFF group were female (1729 

reports; 94.4%), 69.8 ± 1 3.8 years old, 151.6 ± 8.2. cm, 55.4 ± 14.5 kg, and 24.0 ± 5.6, (757 

reports (53.5%), 368 reports (26.0%), 225 reports (15.3%), 136 reports (9.6%), and 43 reports 

(3.0%)), respectively. In the non-AFF group (2,032,839 reports), the respective data were 

females (966,165 reports; 48.9%), 59.5 ± 21.5 years old, 157.3 ± 18.4 cm, 54.6 ± 16.4 kg, and 

21.9 ± 4.5, (67,308 reports (4.4%), 592.264 reports (39.0%), 120,158 reports (7.9%), 91,005 

reports (6.0%), and 157,231 reports (10.3%)). Univariate regression analysis revealed sig-

nificant differences in gender, age, height, BMI, osteoporosis, arthritis, and SLE. 

Table 1. Comparison of patient backgrounds and AFF (N = 2,034,718). 

Patient Backgrounds AFF (n = 1879) Non-AFF (n = 2,032,839) p-Value 

Sex (male/female) # 102/1729 (1831) 
1,003,206/966,165 

(1,977,662) 
<0.001 ### 

Age * 69.8 ± 13.7 (1638) 59. 5± 21.5 (1,895,047) <0.001 *** 

Height (cm) * 55.4 ± 14.5 (395) 54.6 ± 16.4 (919,036) 0.07 

Weight (kg) * 151.6 ± 8.2 (378) 157.3 ± 18.4 (786,612) <0.001 *** 

BMI * 24.0 ± 5.6 (378) 21.9 ± 4.5 (763,182) <0.001 *** 

Cancer † 368 (1414) 592,264 (1,520,573) 1.0 

Osteoporosis † 757 (1414) 67,308 (1,520,573) <0.001 ††† 

Arthritis † 225 (1414) 120,158 (1,520,573) <0.001 ††† 

SLE † 136 (1414) 91,005 (1,520,573) <0.001 ††† 

Renal disorder † 43 (1414) 157,231 (1,520,573) 1.0 

AFF, atypical femoral fracture; BMI, body mass index; SLE, systemic lupus erythematosus. Some 

values were missing for each variable; analyses were performed using data after eliminating these 
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records. The numbers in parentheses are the numbers of cases used in the analyses. # Fisher’s exact 

test (two-tailed test); * Wilcoxon signed-rank test; † Fisher’s exact test (right one-tailed test); ###, ***, 
†††: p < 0.001. 

2.2.2. Relationship between Suspected Drugs and AFF 

A volcano plot was drawn to visually understand the relationships between the more 

than 4000 drugs reported in JADER and AFF (Figure 1). Drugs plotted in the upper-right 

corner of this scatterplot indicate those likely to cause AFF (Table 2). In this study, 665 

reports (35.4%) of alendronic acid and 344 reports (18.3%) of risedronic acid were reported 

as drugs with a high possibility of causing AFF. Other drugs possibly associated with AFF 

were denosumab with 210 reports (11.2%), zoledronic acid with 201 reports (10.7%), mi-

nodronic acid with 120 reports (6.4%), and prednisolone with 119 reports (6.3%). 

Figure 1. Volcano plot of drugs associated with AFF. The x-axis shows the natural logarithm of the 

odds ratios (ln (ROR)), while the y-axis shows the common logarithm of the inverse p-value (−log10 

[p]) from Fisher’s exact test. The RORs were calculated using cross-tabulation. The dotted line on 

the y-axis represent p = 0.05. Plot colors represent the number of reports of adverse events. The 

red/green/blue points are common logarithms of the total reported numbers (range, −0.20 to 4.48). 

As the RORs become more positive, the tendency toward adverse events increases. Decreasing p-

values indicate greater statistical significance. The upper-right portion of the plot identifies drugs 

that are more strongly associated with AFF.  
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Table 2. Comparison of drugs associated with AFF (N = 2,034,718). 

Drug Drug Class 
Times 

Cited 

Reporting 

Ratio 
ROR 

95% 

Confidence 

Interval 

p-Value 

Alendronic acid BP 665 14.50% 283.02 256.20–312.65 <0.001** 

Risedronic acid BP 344 13.40% 205.47 181.50–232.60 <0.001** 

Zoledronic acid BP 201 3.70% 46.94 40.46–54.47 <0.001** 

Minodronic acid BP 120 5.90% 73.44 60.73–88.80 <0.001** 

Ibandronic acid BP 35 2.90% 33.83 24.15–47.39 <0.001** 

Pamidronic acid BP 16 1.90% 22.22 13.62–36.26 <0.001** 

Etidronic acid BP 10 12.50% 162.33 84.75–310.92 <0.001** 

Denosumab 
Anti-RANKL an-

tibody 
210 5.50% 71.63 61.83–82.98 <0.001** 

Prednisolone Corticosteroid 119 0.30% 3.46 2.88–4.17 <0.001** 

Lansoprazole PPI 13 0.20% 2.03 1.19–3.47 0.029* 

Rabeprazole PPI 7 0.30% 3.49 1.70–7.16 0.007* 

Letrozole 
Aromatase inhibi-

tor 
9 0.60% 7.39 3.90–14.01 <0.001** 

Anastrozole 
Aromatase inhibi-

tor 
6 0.70% 8.76 4.04–18.98 <0.001** 

Exemestane 
Aromatase inhibi-

tor 
3 0.50% 6.02 2.10–17.22 0.022* 

Eldecalcitol Vitamin D 7 0.20% 2.85 1.39–5.84 0.019* 

Menatetrenone Vitamin K 2 0.90% 12.42 3.57–43.23 0.018* 

Elvitegravir, Cobicistat, 

emtricitabine, and 

tenofovir alafenamide 

fumarate 

HIV drugs 2 2.60% 36.42 10.32–128.52 0.002* 

OR, reporting odds ratio; BP, bisphosphonate; Anti-RANKL, anti-receptor activator of nuclear fac-

tor-κ B ligand; HIV, human immunodeficiency virus; PPI, proton-pump inhibitor. Analyses were 

performed after eliminating records with missing data. *: p < 0.05, **: p < 0.001. 

2.2.3. Multiple Logistic Regression Analysis 

The results of the multiple logistic regression analysis are shown in Table 3. Inde-

pendent risk factors for AFF were gender (female), high BMI, and medical history of os-

teoporosis, arthritis, and SLE. Administration of the following compounds was identified 

as independent risk factors: alendronic acid, ibandronic acid, etidronic acid, zoledronic 

acid, minodronic acid, risedronic acid, denosumab, rabeprazole, lansoprazole, predniso-

lone, exemestane, letrozole, menatetrenone, and eldecalcitol. 

Table 3. Multiple logistic regression analysis (n = 643,125). 

Risk Factor Drug Class Odds Ratio 
95% Confidence 

Interval 
p-Value 

Etidronic acid BP 1150.66 318.65–4155.08 <0.001** 

Alendronic acid BP 502.28 324.05–778.54 <0.001** 

Minodronic acid BP 390.66 225.92–675.53 <0.001** 

Risedronic acid BP 343.26 202.95–580.56 <0.001** 

Zoledronic acid BP 300.67 184.95–488.80 <0.001** 

Ibandronic acid BP 132.99 53.51–330.5 <0.001** 

Denosumab Anti-RANKL antibody 705.40 464.27–1071.76 <0.001** 

Prednisolone Corticosteroid 26.35 15.28–45.45 <0.001** 

Rabeprazole PPI 39.12 9.38–163.09 0.001* 

Lansoprazole PPI 18.28 5.61–59.53 0.001* 
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Exemestane Aromatase inhibitor 58.39 7.93–429.77 0.013* 

Letrozole Aromatase inhibitor 24.86 3.38–182.84 0.034* 

Eldecalcitol Vitamin D 16.25 3.83–69.03 0.007* 

Menatetrenone Vitamin K 289.92 67.35–1247.98 <0.001** 

Female N/A 4.02 2.81–5.74 <0.001** 

Osteoporosis N/A 2.53 1.91–3.37 <0.001** 

SLE N/A 1.91 1.27–2.89 0.004* 

Arthritis N/A 1.36 1.01–1.82 0.037* 

Age (unit) N/A 0.99 0.99–1 0.137 

Age (range) N/A 0.52 0.24–1.15 0.137 

BMI (unit) N/A 1.11 1.09–1.13 <0.001** 

BMI (range) N/A 3047.24 775.66–11971.25 <0.001** 

BP, bisphosphonate; Anti-RANKL, anti-receptor activator of nuclear factor-κ B ligand; PPI, proton-

pump inhibitor; SLE, systemic lupus erythematosus; BMI, body mass index; N/A, not applicable. 

Analyses were performed after eliminating records with missing data. *: p < 0.05, **: p < 0.001. 

2.3. Onset Pattern Analysis Using Weibull Distribution. 

Table 4 shows the median time to development of AFF and the parameters of the 

Weibull distribution. For patients with osteoporosis, the median values for alendronic 

acid, risedronic acid, minodronic acid, ibandronic acid, and denosumab were 2175.7, 1604, 

1154, 684.5, and 491 days, respectively. For cancer patients, the values for zoledronic acid 

and denosumab were 2486 days and 786 days, respectively. In patients with osteoporosis, 

the shape parameters (β) of alendronic acid, risedronic acid, minodronic acid, ibandronic 

acid, and denosumab were 1.5 (95% confidence interval (CI): 1.2–1.8), 1.8 (95% CI: 1.2–2.5), 

1.5 (95% CI: 1.0–2.1), 1.3 (95% CI: 0.7–2.0), and 1.3 (95% CI: 1.0–1.6), respectively. In cancer 

patients, the values for zoledronic acid and denosumab were 3.1 (95% CI: 2.4–3.9) and 1.5 

(95% CI: 1.2–1.8), respectively. Therefore, many BPs and denosumab had a shape param-

eter (β) of >1 and a lower bound of 95% CI > 1, indicating a wear-out pattern of onset with 

increasing risk over time. In addition, the curve fitted with a Weibull distribution (red 

curve) peaked earlier in osteoporotic patients than in cancer patients (Figure 2). 

Table 4. Median and Weibull distribution of AFF. 

Medical 

History 
Drug Drug Class n Median 

Interquartile Range Scale Parameter Shape Parameter 

25% 75% α 95%CI β 95%CI Pattern 

Osteoporosis 

 
Alendronic 

acid 
BP 66 2176 944 3084 2398.7 2017–2835.3 1.5 1.2–1.8 

Wear-out fail-

ure 

 
Risedronic 

acid 
BP 17 1604 748 2276 1919.1 1408.3–2564 1.8 1.2–2.5 

Wear-out fail-

ure 

 
Minodronic 

acid 
BP 17 1122 604 1718 1360.8 937.6–1936.5 1.5 1.0–2.1 

Wear-out fail-

ure 

 
Ibandronic 

acid 
BP 12 685 311 1390 889.8 519.4–1473.8 1.3 0.7–2.0 

Wear-out fail-

ure 

 Denosumab 
Anti-RANKL 

antibody 
37 491 357 911 769.5 585–1000 1.3 1.0–1.6 

Wear-out fail-

ure 

Cancer 

 
Zoledronic 

acid 
BP 36 2486 2023 2904 2668.3 2377.3–2982.1 3.1 2.4–3.9 

Wear-out fail-

ure 

 Denosumab 
Anti-RANKL 

antibody 
47 786 459 1344 1053.1 851.3–1291.2 1.5 1.2–1.8 

Wear-out fail-

ure 

BP, bisphosphonate; Anti-RANKL, anti-receptor activator of nuclear factor-κ B ligand. Drugs 

with a calculated β of 1 or more and a 95% CI lower limit value not including 1 were presumed to 

be wear-out failure-types, in which AFF tends to occur late. 
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Figure 2. Time-to-onset analysis of BPs and denosumab in patients with osteoporosis and cancer. 

The y-axis indicates the days to onset, and the x-axis shows the number of reports (n). The left side 

of each graph is a histogram, while the right side is a box-and-whisker plot with outliers. The red 

line on the histogram was generated by fitting with a Weibull distribution. 

3. Discussion 

3.1. Risk Factors for AFF 

The comprehensive analysis of patient backgrounds and over 4000 drugs identified 

specific patient factors and 13 drugs as risk factors for AFF. Therefore, the first finding 

suggests that AFF may be affected by a combination of patient backgrounds and drugs 

that affect bone health. 

In the multiple logistic regression analysis of this study, the patient factors associated 

with AFF were females with high BMI, and co-presentation with osteoporosis, arthritis, 

and SLE (Table 3). In a Japanese survey, 23 of 24 AFF patients were women [8]. Further-

more, high BMI has been reported to increase the risk of AFF [9,10]. This study further 

corroborates these references, as 92.0% of the AFF cases in this study were female, and 

high BMI was associated with an increased risk of developing AFF. Regarding medical 

history, osteoporosis is a disease in which bone strength decreases due to decreased bone 

density and deterioration of bone quality [11]. Both SLE and arthritis are inflammatory 

diseases. Corticosteroid administration is considered to be the main cause of bone fragility 

in SLE [12] and arthritis [13], but the disease itself may also be involved. In SLE, various 

immune cells and synovial epithelial cells have been reported to produce inflammatory 

cytokines such as IL-1 [14], IL-6 [15], and TNF-α [16]. Increased levels of IL-4, IL-6, TNF-

α, IL-10, and IL-17 have been reported in rheumatoid arthritis [17]. These inflammatory 

cytokines can activate osteoclasts and enhance bone resorption [18]. Therefore, it is con-

ceivable that patients with these diseases would have bone fragility. Overall reduction in 

bone strength, such as osteoporosis, was found to be a possible trigger for AFF. Con-

trastingly, cancer was not identified as a risk factor for AFF in this study. 

In this study, six BPs, (zoledronic acid, alendronic acid, minodronic acid, risedronic 

acid, ibandronic acid, and etidronic acid) and denosumab were associated with AFF (Ta-

ble 3). BPs have a strong affinity for bone hydroxyapatite, inhibit osteoclast activity, and 

decrease bone resorption. BPs are typically prescribed for the treatment of osteoporosis 

and malignant tumors [19]. A meta-analysis found that the use of BPs increased the 
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relative risk of AFF by 28-fold [20]. In this study, based on the JADER database, many 

records indicated drugs used for osteoporosis patients, such as alendronate with 1046 rec-

ords (11.0%), risedronic acid with 517 records (5.4%), and minodronic acid with 278 rec-

ords (2.9%). However, there were also 353 records (3.7%) of zoledronic acid used for can-

cer treatment (Table 3). Regardless of the reason for their prescription, the use of BPs re-

quires attention and continuous vigilance toward the development of AFF. Denosumab 

was also an independent risk factor for AFF in this study (Table 3). Denosumab is an anti-

receptor activator for nuclear factor-κB ligand antibody (anti-RANKL antibody) that, like 

BPs, has an inhibitory effect on osteoclasts and is used for malignant tumors and osteopo-

rosis [21,22]. The half-life of denosumab is approximately 26 days and shorter than that of 

BPs [23]; however, denosumab has been similarly reported to cause AFF [24,25]. Paradox-

ically, bone resorption inhibitors—such as BP and denosumab—cause AFF and should be 

treated with caution. In contrast, the new osteoporosis drugs teriparatide and romosozu-

mab were not associated with AFF in this study. The effects of these drugs on AFF will be 

a subject of future investigation. 

This study suggested that prednisolone—a corticosteroid—may be associated with 

AFF (Table 3). Long-term administration of corticosteroids is known to cause frequent 

pathological fractures. Daily oral steroid treatment with ≥5 mg of prednisolone equiva-

lents is known to reduce bone mineral density [26]. The onset mechanism of steroid-in-

duced osteoporosis includes a direct effect on the bone metabolism system—mainly sup-

pressing osteogenic cells such as osteoblasts—and an indirect effect via the endocrine sys-

tem. Corticosteroids also act to promote osteocyte apoptosis [27,28], inhibit osteoclast 

apoptosis [29], and suppress sex hormone (estrogen, testosterone, etc.) secretion by sup-

pressing the production of gonadotropin-releasing hormone (GnRH) [30]. Corticosteroids 

have also been reported to inhibit calcium absorption in humans and promote urinary 

calcium excretion. In this study, it was found that prednisolone may affect bone fragility, 

because low bone density was associated with AFF. 

In this study, the proton-pump inhibitors (PPIs) rabeprazole and lansoprazole were 

associated with AFF (Table 3). PPIs are acid secretion inhibitors used for peptic ulcers and 

gastroesophageal reflux disease. The long-term administration or high-dose prescriptions 

of PPIs have been reported to increase the risk of bone fractures [31,32]. This suggests that 

PPIs reduce intestinal calcium absorption by inhibiting gastric acid secretion [33]. Further-

more, in animal studies, PPIs were found to decrease serum calcium levels, decrease os-

teocalcin levels, decrease growth plate thickness [34], inhibit osteoclast H+/K+ ATPase 

pumps [35], and reduce osteoclast viability and bone resorption markers [36]. In this 

study, PPIs were associated with the inhibition of bone resorption in both common frac-

tures and AFF. 

The aromatase inhibitors exemestane and letrozole, which are therapeutic agents for 

breast cancer, were associated with AFF (Table 3). Exemestane is a nonsteroidal-type aro-

matase inhibitor, while letrozole is a steroidal-type aromatase inhibitor. Both of these aro-

matase inhibitors are prescribed in first-line postoperative hormone therapy for postmen-

opausal breast cancer. Aromatase inhibitors have the effect of lowering blood estrogen 

levels. Blood estradiol levels are closely related to bone metabolism in postmenopausal 

women, and there is a correlation between low blood estradiol levels and bone mineral 

density [37,38]. Therefore, it is conceivable that aromatase inhibitors reduce bone density 

and weaken bones, leading to AFF. 

3.2. Patterns for AFF Onset Timelines  

The second finding in this study was that AFF induced by BP and denosumab oc-

curred after long-term administration, and the shape parameter (β) of the Weibull distri-

bution showed an onset pattern of wear-out failure. Additionally, when these drugs were 

prescribed for osteoporosis, AFF developed earlier than when these drugs were pre-

scribed for cancers. 
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In this study, many of the BPs resulted in AFF after several years of administration 

(Table 4) and showed similar onset patterns (Figure 2). The risk of AFF increased with 

increasing duration of BP use, with a hazard ratio of 8.86 (95% CI: 2.79–28.20) for 3 to less 

than 5 years  and 43.51 (13.70–138.15) over 8 years [39]. This study supports known find-

ings in both cancer and osteoporosis patients. Denosumab also showed an onset pattern 

similar to that of BPs, and an increased risk of AFF was observed with long-term use (Ta-

ble 4). Therefore, administration of BPs and denosumab requires continuous monitoring 

for adverse events, including AFF, during long-term use rather than immediately after 

administration. 

We also found that patients with osteoporosis may develop AFF earlier than those 

with malignant tumors. The median values for AFF onset in osteoporosis patients treated 

with BPs (686–2176 days) and denosumab (491 days) were earlier than for cancer patients 

treated with zoledronic acid (2486 days) and denosumab (786 days) (Table 4). BPs and 

denosumab in patients with osteoporosis also peaked earlier than those in patients with 

malignant tumors (Figure 2). In the search for risk factors in the previous section, osteo-

porosis was a risk factor, but malignancy was not (Table 2). Considering these facts, it is 

conceivable that osteoporosis, which causes bone fragility, contributes to the onset of AFF. 

In general, the dosages of BPs and denosumab in cancer patients for bone lesions were 

higher than for osteoporosis; however, the effect of dosage on the onset time was limited. 

Correlations between purpose of administration and dosage to onset time are a subject for 

future investigation. 

3.3. Limitations 

This study has three limitations [40,41]: First, as the side-effect database is based on 

spontaneous reports, the reported cases are limited to those recognized as side effects. 

Therefore, since the total number of patients using each drug was unknown in this study, 

it was not possible to truly evaluate side effects. Second, the JADER data report contained 

blank cells and typographical errors. Therefore, some of the data values for side effects 

and drug names were manually corrected to the best of our ability, and patient back-

grounds were evaluated using BMI as the most consistently presented data parameter. 

Third, it is difficult to identify the cause of side effects when multiple drugs are adminis-

tered. While the side effect of “fatality” in the JADER data could be verified by PMDA, 

other reported side effects were subjectively based on the reporter's judgment. Thus, the 

use of the JADER database for analysis does have some limitations. Nevertheless, JADER 

is the largest database for spontaneously reported adverse reactions in Japan, and adverse 

drug reaction information obtained from JADER is considered to reflect not only specific 

pharmacological and pharmacokinetic characteristics, but also prescription and usage 

conditions. Therefore, JADER is an excellent tool for broadly identifying the side effects 

of drugs that can be used in many diverse fields of research. 

4. Materials and Methods 

4.1. Preparation of JADER and Data Tables for Analysis 

JADER data, last updated in August 2022, were used for the analysis in this study 

[6]. JADER consists of four tables: DRUG (drug name, causal relationship, etc.), REAC 

(adverse events, outcome, etc.), DEMO (patient demographic information, such as gender, 

age, weight, etc.), and HIST (medical history, primary disease, etc.). Based on their in-

volvement in adverse events, the drugs registered in the DRUG table are assigned to three 

categories: suspect drugs, concomitant drugs, and interactions. In this study, only the sus-

pect drugs’ data were extracted from the DRUG table. Adverse events in the REAC table 

and underlying diseases in the HIST table are based on the ICH International Medical 

Dictionary for Regulatory Activities/Japanese version 25.0 (MedDRA/J ver.25.0) [42]. Ad-

verse events in the REAC table and underlying diseases in the HIST table can be grouped 

by the standardized MedDRA query (SMQ)—the standard search formula that 
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comprehensively captures the related MedDRA preferred term and system organ classes. 

In this study, primary diseases in the HIST table were grouped into osteoporosis, cancer, 

SLE, arthritis, and renal disorder using SMQ (Table 5). In this study, the SMQ grouping 

for primary disease used a "broad: wide area" term to detect all cases that may indicate 

the condition. Duplicate cases in the DRUG and REAC tables were eliminated using the 

method reported by Hirooka et al. [43,44]. The four tables (DRUG table, REAC table, 

DEMO table, and HIST table) were combined using identification numbers. Furthermore, 

in order to exclude nonconforming reports in this study, BMI was calculated from the 

combined data table, and reports with less than 10 (3427 reports) or greater than 100 (1382 

reports) were excluded. In this study, we analyzed the entries reported as "atypical femo-

ral fractures" by JADER. 

Table 5. Definition of medical history. 

Osteoporosis Cancer 

Code SMQ code SMQ code SMQ 

200001

78 

Osteoporo-

sis/osteopenia 

2000009

2 

Malignant-disorder-re-

lated state 

200002

03 

Prostate tumor uniden-

tified in detail 

Arthritis 
2000009

4 
Tumor marker 

200002

04 
Malignant skin tumor 

Code SMQ 
2000011

0 

Neoplasm of the oro-

pharynx 

200002

05 

Skin tumor unidenti-

fied in detail 

200002

16 
Arthritis 

2000019

4 
Malignant tumor 

200002

06 

Malignant uterus/sal-

pingioma 

Systemic lupus ery-

thematosus 
0000195 

Tumor unidentified in 

detail 

200002

07 

Uterus/salpingioma 

unidentified in detail 

Code SMQ 
2000019

6 

Malignant biliary tract 

neoplasm 

200002

08 

Malignant hepato-

phyma 

200000

45 

Systemic lupus 

erythematosus 

2000019

7 

Biliary tract neoplasm 

unknown in detail 

200002

09 

Hepatophyma uniden-

tified in detail 

Renal disorder 
2000019

8 

Malignant breast tu-

mor 

200002

15 
Malignant lymphoma 

code SMQ 
2000019

9 

Breast tumor unknown 

in detail 
  

200000

03 

Acute renal 

failure 

2000020

0 

Malignant ovarian tu-

mor 
  

200001

81 

Renal vessel 

disorder 

2000020

1 

Ovarian tumor uni-

dentified in detail 
  

200002

13 

Chronic kidney 

disease 

2000020

2 

Malignant prostate tu-

mor 
  

Medical history was examined for osteoporosis, cancer, arthritis, systemic lupus erythematosus, 

and renal disorder. Each medical history was grouped using standard MedDRA queries (SMQs). 

Renal disorder was grouped using 3 SMQs, and cancer was grouped using 20 SMQs. 

4.2. Risk Factors for AFFs 

Risk factors were identified by comparing each factor to AFF. Patient background, 

age, sex, weight, height, and medical history (osteoporosis, cancer, arthritis, SLE, renal 

disorder) were examined. Of the patient information, age, height, and weight data were 

treated as absolute numbers, and p-values were calculated from the Wilcoxon rank-sum 

test. Weight in the 60 kg range was converted to 65, and ages under 10 years were con-

verted to 5. For sex, the p-value was calculated from Fisher's exact two-sided test. Past 

medical history was determined by Fisher's exact right-sided test. For each patient factor, 

only data without missing values were analyzed [45]. 
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All drugs that could be analyzed were exhaustively analyzed. A 2 × 2 contingency table 

for each drug and AFF was generated and assessed using reported odds ratios (RORs) and 

Fisher's exact p-values (Figure 3). The 2 × 2 contingency table was corrected by adding 0.5 to 

all cells, because the estimation is unstable if each cell is 0 or smaller (Haldane–Anscombe 

1/2 correction) [46,47]. In this study, drugs with RORs of 1 or greater and Fisher's exact p-

values of 0.05 or less were considered to be potentially associated with AFF. For the purpose 

of visual interpretation of the relationships between drugs and AFF, a scatterplot (volcano 

plot) consisting of RORs and p-values for all drugs was generated. The scatterplot used in 

this study corresponds to the volcano plot, which is frequently used to understand gene 

expression trends in the bioinformatics field [48,49]. This plot was produced by transform-

ing RORs to natural logarithms (ln (ROR)) on the y-axis and transforming Fisher's exact test 

p-values to common logarithms [−log (p-value)] on the x-axis. The number of reported cases 

for each drug was indicated by color, and drugs with the highest reported number of cases 

were indicated with red dots. Therefore, drugs plotted in the upper-right quadrant and 

marked with a red dot had a high possibility of causing AFF. 

Multiple logistic regression analysis was performed using patient characteristics and 

medications that were found to be associated with AFF from the previous section. The 

analysis used the presence (or absence) of AFF as the response variable, and the patient 

background and drug factors as explanatory variables [50,51]. Multiple logistic regression 

analysis was performed using 643,125 reports with missing values removed from the an-

alytical data table. 

 

Figure 3. Cross-tabulation and formula used to calculate the ROR for an adverse event. The cross-

tabulation is structured with reports for the suspected drug, all other reports, reports with an ad-

verse event, and reports without an adverse event (a–d indicate the number of reports). 

4.3. Onset Pattern Analysis of AFF by Weibull Distribution 

Expression pattern analysis of AFF was analyzed for BPs and denosumab adminis-

tered for cancer and osteoporosis. The JADER data included the start date of drug admin-

istration and the date of adverse event onset. The adverse event occurrence period was 

calculated by "adverse event occurrence date – administration start date + 1", and the char-

acteristics of AFF were analyzed using the histogram and Weibull distributions [52,53]. 

The Weibull distribution is the distribution of failure rates with respect to time. The scale 

parameter (α) indicates the spread of the distribution, and the shape parameter (β) indi-

cates the occurrence pattern of failures. The shape parameter (β) indicates the change in 

failure at a point in time. An early failure type is classified with a decreasing rate of oc-

currence over time (β < 1), a random failure type is classified with a constant rate of oc-

currence (β = 1), and a wear-out failure type is classified with an increasing rate of occur-

rence over time (β > 1). The Weibull distribution employed in this study is typically used 

in industrial quality control. In this study, failure was interpreted as the occurrence of an 

adverse pharmaceutical event. 

4.4. Statistical Analysis 

All analyses were performed using JMP Pro 16.2.0 (SAS Institute Inc. NC, USA), and 

p < 0.05 was considered significant. 
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5. Conclusions 

In this study, JADER—a spontaneous adverse reaction reporting database—was 

mined to determine factors and expression patterns associated with AFF, resulting in two 

main findings: First, drug risk factors for AFF included BPs and denosumab (associated 

with osteoclast suppression), PPIs, estrogen inhibitors, and corticosteroids (associated 

with bone fragility). Patient risk factors for AFF included being female, high BMI, osteo-

porosis, arthritis, and SLE. Therefore, AFF may have multiple risk factors that act in com-

bination. Second, according to the Weibull distribution analysis, AFF induced by BPs and 

denosumab showed a wear-out failure type, and long-term administration contributed to 

an increased risk of AFF onset. Patients diagnosed with osteoporosis developed AFF ear-

lier than patients diagnosed with cancer; therefore, patients with fragile bones—such as 

those suffering from osteoporosis—continuously taking BPs and denosumab should be 

monitored carefully for signs of AFF. 

Author Contributions: Conceptualization, Y.U.; methodology, Y.U.; software, Y.U.; validation, S.T., 

R.M., H.S. (Haruhiko Sakamoto), H.S. (Hitoshi Suek), M.Y., and Y.U.; formal analysis, S.T. and Y.U.; 

investigation, S.T. and Y.U.; resources, S.T. and Y.U.; data curation, S.T. and Y.U.; writing—original 

draft preparation, S.T., R.M., H.S. (Haruhiko Sakamoto), H.S. (Hitoshi Suek), M.Y. and Y.U.; writ-

ing—review and editing, S.T., R.M., H.S. (Haruhiko Sakamoto), H.S. (Hitoshi  Suek), M.Y., and 

Y.U.; visualization, S.T. and Y.U.; supervision, S.T. and Y.U.; project administration, Y.U.; funding 

acquisition, Y.U. All authors have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Data Availability Statement: Data is contained within the article. Data from the JADER database 

were downloaded from the website of the Pharmaceuticals and Medical Devices Agency 

(https://www.pmda.go.jp/) on August 2022. 

Informed Consent Statement: This study was exempt from ethical approval and informed consent 

by the Ethics Committee of Meiji Pharmaceutical University as the study used anonymized data 

from an open-access database. 

Acknowledgments: The authors thank the staff of National Hospital Organization Kanagawa Hos-

pital and our families for their support. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Odvina, C.V.; Zerwekh, J.E.; Rao, D.S.; Maalouf, N.; Gottschalk, F.A.; Pak, C.Y. Severely suppressed bone turnover: A potential 

complication of alendronate therapy. J. Clin. Endocrinol. Metab. 2005, 90, 1294–1301. https://doi.org/10.1210/jc.2004-0952. 

2. Shane, E.; Burr, D.; Abrahamsen, B.; Adler, R.A.; Brown, T.D.; Cheung, A.M.; Cosman, F.; Curtis, J.R.; Dell, R.; Dempster, D.W.; 

et al. Atypical subtrochanteric and diaphyseal femoral fractures: Second report of a task force of the American Society for Bone 

and Mineral Research. J. Bone Miner. Res. 2014, 29, 1–23. https://doi.org/10.1002/jbmr.1998. 

3. Toriumi, S.; Kobayashi, A.; Sueki, H.; Yamamoto, M.; Uesawa, Y. Exploring the Mechanisms Underlying Drug-Induced Frac-

tures Using the Japanese Adverse Drug Event Reporting Database. Pharmaceuticals 2021, 13, 1299. 

https://doi.org/10.3390/ph14121299. 

4. Van de Laarschot, D.M.; McKenna, M.J.; Abrahamsen, B.; Langdahl, B.; Cohen-Solal, M.; Guañabens, N.; Eastell, R.; Ralston, 

S.H.; Zillikens, M.C. Medical Management of Patients After Atypical Femur Fractures: A Systematic Review and Recommen-

dations From the European Calcified Tissue Society. J. Clin. Endocrinol. Metab. 2020, 105, 1682–1699. 

https://doi.org/10.1210/clinem/dgz295. 

5. Meling, T.; Nawab, A.; Harboe, K.; Fosse, L. AFF in elderly women: A fracture registry-based cohort study. Bone Joint J. 2014, 

96, 1035–1040. https://doi.org/10.1302/0301-620X.96B8.33306. 

6. Pharmaceutical and Medical Devices Agency. Available online: https://www.pmda.go.jp/safety/info-services/drugs/adr-info/ 

suspected-adr/0005.html (accessed on 16 September 2022). 

7. Cornelius, V.R.; Sauzet, O.; Evans, S.J. A signal detection method to detect adverse drug reactions using a parametric time-to-

event model in simulated cohort data. Drug. Saf. 2012, 35, 599–610. https://doi.org/10.2165/11599740-000000000-00000. 

8. Zenke, Y.; Ikeda, S.; Fukuda, F.; Tanaka, M.; Tanaka, H.; Hirano, F.; Sakai, A. Study of Atypical Femoral Fracture Cases Coupled 

in a Multicenter Study. J. UOEH 2016, 38, 207–214. https://doi.org/10.7888/juoeh.38.207. 

9. Taormina, D.P.; Marcano, A.I.; Karia, R.; Egol, K.A.; Tejwani, N.C. Symptomatic AFF are related to underlying hip geometry. 

Bone 2014, 63, 1–6. https://doi.org/10.1016/j.bone.2014.02.006. 



Pharmaceuticals 2023, 16, 626 12 of 13 
 

 

10. Velasco, S.; Kim, S.; Bleakney, R.; Jamal, S.A. The clinical characteristics of patients with hip fractures in typical locations and 

AFF. Arch. Osteoporos. 2014, 9, 171. https://doi.org/10.1007/s11657-014-0171-6. 

11. Kanis, J.A. Assessment of fracture risk and its application to screening for postmenopausal osteoporosis: Synopsis of a WHO 

report. WHO Study Group. Osteoporos. Int. 1994, 4, 368–381. https://doi.org/10.1007/BF01622200. 

12. Xia, J.; Luo, R.; Guo, S.; Yang, Y.; Ge, S.; Xu, G.; Zeng, R. Prevalence and Risk Factors of Reduced Bone Mineral Density in 

Systemic Lupus Erythematosus Patients: A Meta-Analysis. Biomed. Res. Int. 2019, 20;2019, 3731648. 

https://doi.org/10.1155/2019/3731648. 

13. Jin, S.; Hsieh, E.; Peng, L.; Yu, C.; Wang, Y.; Wu, C.; Wang, Q.; Li, M.; Zeng, X. Incidence of fractures among patients with 

rheumatoid arthritis: A systematic review and meta-analysis. Osteoporos. Int. 2018, 6, 1263–1275. https://doi.org/10.1007/s00198-

018-4473-1. 

14. al-Janadi, M.; al-Balla, S.; Al-Dalaan, A.; Raziuddin, S. Cytokine profile in systemic lupus erythematosus, rheumatoid arthritis, 

and other rheumatic diseases. J. Clin. Immunol. 1993, 13, 58–67. https://doi.org/10.1007/BF00920636. 

15. Linker-Israeli, M.; Deans, R.J.; Wallace, D.J.; Prehn, J.; Ozeri-Chen, T.; Klinenberg, J.R. Elevated levels of endogenous IL-6 in 

systemic lupus erythematosus. A putative role in pathogenesis. J. Immunol. 1991, 147, 117–123. 

16. Tanaka, Y.; Watanabe, K.; Suzuki, M.; Saito, K.; Oda, S.; Suzuki, H.; Eto, S.; Yamashita, U. Spontaneous production of bone-

resorbing lymphokines by B cells in patients with systemic lupus erythematosus. J. Clin. Immunol. 1989, 5, 415–420. 

https://doi.org/10.1007/BF00917107. 

17. Qiu, J.; Lu, C.; Zhang, L.; Zhou, X.; Zou, H. Osteoporosis in patients with rheumatoid arthritis is associated with serum immune 

regulatory cellular factors. Clin. Rheumatol. 2022, 41, 2685–2693. https://doi.org/10.1007/s10067-022-06212-0. 

18. Amarasekara, D.S.; Yu, J.; Rho, J. Bone Loss Triggered by the Cytokine Network in Inflammatory Autoimmune Diseases. J. 

Immunol. Res. 2015, 2015, 832127. https://doi.org/10.1155/2015/832127. 

19. Russell, R.G. Bisphosphonates: The first 40 years. Bone 2011, 49, 2–19. https://doi.org/10.1016/j.bone.2011.04.022. 

20. Feldstein, A.C.; Black, D.; Perrin, N.; Rosales, A.G.; Friess, D.; Boardman, D.; Dell, R.; Santora, A.; Chandler, J.M.; Rix, M.M.; et 

al. Incidence and demography of femur fractures with and without atypical features. J. Bone Miner. Res. 2012, 27, 977–986. 

https://doi.org/10.1002/jbmr.1550. 

21. Cummings, S.R.; San Martin, J.; McClung, M.R.; Siris, E.S.; Eastell, R.; Reid, I.R.; Delmas, P.; Zoog, H.B.; Austin, M.; Wang, A.; 

et al. Denosumab for prevention of fractures in postmenopausal women with osteoporosis. N. Engl. J. Med. 2009, 361, 756–765. 

https://doi.org/10.1056/NEJMoa0809493. 

22. Fizazi, K.; Carducci, M.; Smith, M.; Damião, R.; Brown, J.; Karsh, L.; Milecki, P.; Shore, N.; Rader, M.; Wang, H.; et al. Denosumab 

versus zoledronic acid for treatment of bone metastases in men with castration-resistant prostate cancer: A randomised, dou-

bleblind study. Lancet 2011, 377, 813–822. https://doi.org/10.1016/S0140-6736(10)62344-6. 

23. Baron, R.; Ferrari, S.; Russell, R.G. Denosumab and bisphosphonates: Different mechanisms of action and effects. Bone 2011, 48, 

677–692. https://doi.org/10.1016/j.bone.2010.11.020. 

24. Thompson, R.N.; Armstrong, C.L.; Heyburn, G. Bilateral AFF in a patient prescribed denosumab—A case report. Bone 2014, 61, 

44–47. https://doi.org/10.1016/j.bone.2013.12.027. 

25. Takahashi, M.; Ozaki, Y.; Kizawa, R.; Masuda, J.; Sakamaki, K.; Kinowaki, K.; Umezu, T.; Kondoh, C.; Tanabe, Y.; Tamura, N.; 

et al. Atypical femoral fracture in patients with bone metastasis receiving denosumab therapy: A retrospective study and sys-

tematic review. BMC Cancer 2019, 19, 980. https://doi.org/10.1186/s12885-019-6236-. 

26. Brown, T.T.; McComsey, G.A.; King, M.S.; Qaqish, R.B.; Bernstein, B.M.; da Silva, B.A. Loss of bone mineral density after an-

tiretroviral therapy initiation, independent of antiretroviral regimen. J. Acquir. Immune Defic. Syndr. 2009, 51, 554–561. 

https://doi.org/10.1097/QAI.0b013e3181adce44. 

27. Manolagas, S.C.; Weinstein, R.S. New developments in the pathogenesis and treatment of steroid-induced osteoporosis. J. Bone 

Miner. Res. 1999, 14, 1061–1066. https://doi.org/10.1359/jbmr.1999.14.7.1061. 

28. Weinstein, R.S.; Jilka, R.L.; Parfitt, A.M.; Manolagas, S.C. Inhibition of osteoblastogenesis and promotion of apoptosis of osteo-

blasts and osteocytes by glucocorticoids. Potential mechanisms of their deleterious effects on bone. J. Clin. Investig. 1998, 102, 

274–282. https://doi.org/10.1172/JCI2799. 

29. Weinstein, R.S.; Chen, J.R.; Powers, C.C.; Stewart, S.A.; Landes, R.D.; Bellido, T.; Jilka, R.L.; Parfitt, A.M.; Manolagas, S.C. Pro-

motion of osteoclast survival and antagonism of bisphosphonate-induced osteoclast apoptosis by glucocorticoids. J. Clin. Inves-

tig. 2002, 109, 1041–1048. https://doi.org/10.1172/JCI14538. 

30. Mazziotti, G.; Angeli, A.; Bilezikian, J.P.; Canalis, E.; Giustina, A. Glucocorticoid-induced osteoporosis: An update. Trends En-

docrinol. Metab. 2006, 17, 144–149. https://doi.org/10.1016/j.tem.2006.03.009. 

31. Yang, Y.X.; Lewis, J.D.; Epstein, S.; Metz, D.C. Long-term proton pump inhibitor therapy and risk of hip fracture. JAMA 2006, 

296, 2947–2953. https://doi.org/10.1001/jama.296.24.2947. 

32. Yu, E.W.; Bauer, S.R.; Bain, P.A.; Bauer, D.C. Proton pump inhibitors and risk of fractures: A meta-analysis of 11 international 

studies. Am. J. Med. 2011, 124, 519–526. https://doi.org/10.1016/j.amjmed.2011.01.007. 

33. Ngamruengphong, S.; Leontiadis, G.I.; Radhi, S.; Dentino, A.; Nugent, K. Proton pump inhibitors and risk of fracture: A sys-

tematic review and meta-analysis of observational studies. Am. J. Gastroenterol. 2011, 106, 1209–1218; quiz 1219. 

https://doi.org/10.1038/ajg.2011.113. 



Pharmaceuticals 2023, 16, 626 13 of 13 
 

 

34. Matuszewska, A.; Nowak, B.; Rzeszutko, M.; Zduniak, K.; Szandruk, M.; Jędrzejuk, D.; Landwójtowicz, M.; Bolanowski, M.; 

Pieśniewska, M.; Kwiatkowska, J.; et al. Effects of long-term administration of pantoprazole on bone mineral density in young 

male rats. Pharmacol. Rep. 2016, 68, 1060–1064. https://doi.org/10.1016/j.pharep.2016.06.012. 

35. Sheraly, A.R.; Lickorish, D.; Sarraf, F.; Davies, J.E. Use of gastrointestinal proton pump inhibitors to regulate osteoclast-medi-

ated resorption of calcium phosphate cements in vivo. Curr. Drug. Deliv. 2009, 6, 192–198. 

https://doi.org/10.2174/156720109787846225. 

36. Prause, M.; Seeliger, C.; Unger, M.; Rosado Balmayor, E.; van Griensven, M.; Haug, A.T. Pantoprazole decreases cell viability 

and function of human osteoclasts in vitro. Mediators Inflamm. 2015, 2015, 413097. https://doi.org/10.1155/2015/413097. 

37. Van Geel, T.A.; Geusens, P.P.; Winkens, B.; Sels, J.P.; Dinant, G.J. Measures of bioavailable serum testosterone and estradiol and 

their relationships with muscle mass, muscle strength and bone mineral density in postmenopausal women: A cross-sectional 

study. Eur. J. Endocrinol. 2009, 160, 681–687. https://doi.org/10.1530/EJE-08-0702. 

38. Eastell, R.; Adams, J.E.; Coleman, R.E.; Howell, A.; Hannon, R.A.; Cuzick, J.; Mackey, J.R.; Beckmann, M.W.; Clack, G. Effect of 

anastrozole on bone mineral density: 5-year results from the anastrozole, tamoxifen, alone or in combination trial 18233230. J. 

Clin. Oncol. 2008, 26, 1051–1057. https://doi.org/10.1200/JCO.2007.11.0726. 

39. Black, D.M.; Geiger, E.J.; Eastell, R.; Vittinghoff, E.; Li, B.H.; Ryan, D.S.; Dell, R.M.; Adams, A.L. Atypical Femur Fracture Risk 

versus Fragility Fracture Prevention with Bisphosphonates. N. Engl. J. Med. 2020, 20, 743–753. 

https://doi.org/10.1056/NEJMoa1916525. 

40. Pariente, A.; Avillach, P.; Salvo, F.; Thiessard, F.; Miremont-Salamé, G.; Fourrier-Reglat, A.; Haramburu, F.; Bégaud, B.; Moore, 

N. Effect of competition bias in safety signal generation: Analysis of a research database of spontaneous reports in France. Drug. 

Saf. 2012, 35, 855–864. https://doi.org/10.1007/BF03261981. 

41. Avillach, P.; Salvo, F.; Thiessard, F.; Miremont-Salamé, G.; Fourrier-Reglat, A.; Haramburu, F.; Bégaud, B.; Moore, N.; Pariente, 

A. Pilot evaluation of an automated method to decrease false-positive signals induced by co-prescriptions in spontaneous re-

porting databases. Pharmacoepidemiol. Drug. Saf. 2014, 23, 186–194. https://doi.org/10.1002/pds.3454. 

42. MedDRA Japanese Maintenance Organization. Available online: https://www.pmrj.jp/jmo/php/indexj.php (accessed on 16 Sep-

tember 2022). 

43. Hirooka, T.; Yamada, M. Evaluation of AEs Risk Using the “Japanese Adverse Drug Event Report Database” of PMDA. In 

Proceedings of the SAS User General Assembly, Tokyo, Japan, 1–3 December 2012; pp. 263–270. 

44. Hosoya, R.; Ishii-Nozawa, R.; Kurosaki, K.; Uesawa, Y. Analysis of Factors Associated with Hiccups Using the FAERS Database. 

Pharmaceuticals 2021, 15, 27. https://doi.org/10.3390/ph15010027. 

45. Toriumi, S.; Kobayashi, A.; Uesawa, Y. Comprehensive Study of the Risk Factors for Medication-Related Osteonecrosis of the 

Jaw Based on the Japanese Adverse Drug Event Report Database. Pharmaceuticals 2020, 13, 467. 

https://doi.org/10.3390/ph13120467. 

46. Watanabe, H.; Matsushita, Y.; Watanabe, A.; Maeda, T.; Nukui, K.; Ogawa, Y.; Sawa, J.; Maeda, H. Early detection of important 

safety information. Jpn. J. Biomet. 2004, 25, 37–60. 

47. Okunaka, M.; Kano, D.; Uesawa, Y. Nuclear Receptor and Stress Response Pathways Associated with Antineoplastic Agent-

Induced Diarrhea. Int. J. Mol. Sci. 2022, 23, 12407. https://doi.org/10.3390/ijms232012407. 

48. Chen, J.J.; Wang, S.J.; Tsai, C.A.; Lin, C.J. Selection of differentially expressed genes in microarray data analysis. Pharm. J. 2007, 

7, 212–220. https://doi.org/10.1038/sj.tpj.6500412. 

49. Kurosaki, K.; Uesawa, Y. Molecular Initiating Events Associated with Drug-Induced Liver Malignant Tumors: An Integrated 

Study of the FDA Adverse Event Reporting System and Toxicity Predictions. Biomolecules 2021, 11, 944. 

https://doi.org/10.3390/biom11070944. 

50. Hosoya, R.; Uesawa, Y.; Ishii-Nozawa, R.; Kagaya, H. Analysis of factors associated with hiccups based on the Japanese Adverse 

Drug Event Report database. PLoS ONE 2017, 12, e0172057. https://doi.org/10.1371/journal.pone.0172057. 

51. Kan, Y.; Nagai, J.; Uesawa, Y. Evaluation of antibiotic-induced taste and smell disorders using the FDA adverse event reporting 

system database. Sci. Rep. 2021, 11, 9625. https://doi.org/10.1038/s41598-021-88958-2. 

52. Hasegawa, S.; Ikesue, H.; Satake, R.; Inoue, M.; Yoshida, Y.; Tanaka, M.; Matsumoto, K.; Wakabayashi, W.; Oura, K.; Muroi, N.; 

et al. Osteonecrosis of the Jaw Caused by Denosumab in Treatment-Naïve and Pre-Treatment with Zoledronic Acid Groups: A 

Time-to-Onset Study Using the Japanese Adverse Drug Event Report (JADER) Database. Drugs Real. World Outcomes 2022, 9, 

659–665. https://doi.org/10.1007/s40801-022-00324-4. 

53. Kan, Y.; Asada, M.; Uesawa, Y. Trends in reporting embolic and thrombotic events after COVID-19 vaccination: A retrospective, 

pharmacovigilance study. PLoS ONE. 2022, 17, e0269268. https://doi.org/10.1371/journal.pone.0269268. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, instructions or products referred to in the content. 


