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Introduction: Fluoroquinolone exposure is reportedly associated with a higher risk of tendon disorders, tendonitis, or tendon rupture. However, studies in East Asian populations have not confirmed these risks in patients with comorbidities or concomitant medication use. This cohort study was designed to investigate the associations among fluoroquinolone exposure, comorbidities, medication use, and tendon disorders in Taiwan.
Materials and Methods: This population-based, nationwide, observational, cohort study used data from the National Health Insurance Research database in Taiwan, a nationwide claims database that covers more than 99% of the Taiwanese population. The study period was from January 2000 to December 2015, and the median follow-up time was 11.05 ± 10.91 years. Patients who were exposed to fluoroquinolones for more than three consecutive days were enrolled, and patients without fluoroquinolone exposure who were matched by age, sex, and index year were enrolled as controls. The associations of comorbidities and concomitant medication use with tendon disorder occurrence were analyzed using Cox regression models.
Results: The incidence of tendon disorders were 6.61 and 3.34 per 105 person-years in patients with and without fluoroquinolone exposure, respectively (adjusted hazard ratio, 1.423; 95% confidence interval [1.02,1.87]; p = 0.021). Sensitivity analyses yielded similar results. Patients under 18 and over 60 years with fluoroquinolone exposure; those with chronic kidney disease, diabetes, rheumatologic disease, cardiac disease, lipid disorder, or obesity; and those who concomitantly used statins, aromatase inhibitors, or glucocorticoids, had a significantly higher risk of tendon disorders.
Conclusion: The long-term risk of tendon disorders was higher in patients with fluoroquinolone exposure than in those without fluoroquinolone exposure. Clinicians should assess the benefits and risks of fluoroquinolone use in patients at high risk of tendon disorders who require fluoroquinolone administration.
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INTRODUCTION
Fluoroquinolones are effective and widely used antibiotics that have some advantages: they have good oral bioavailability, are widely distributed, and have broad-spectrum antimicrobial activity (Jameson, 2018). Although fluoroquinolones are used worldwide, antimicrobial resistance to this drug class is increasing (Robicsek et al., 2006). Furthermore, some serious adverse effects of fluoroquinolones have been reported e.g., Clostridioides difficile infection (Guh et al., 2017), hepatotoxicity (Orman et al., 2011), neuropathy (Morales D. et al., 2019), altered mental status, seizures (Sutter et al., 2015), pseudotumor cerebri (Sodhi et al., 2017), myasthenia gravis exacerbations (Sheikh et al., 2021), QT interval prolongation (Kang et al., 2001), aortic aneurysm and dissection (Lee et al., 2015), dysglycemia (Chou et al., 2013), retinal detachment (Etminan et al., 2012), tendinopathy, and other tendon disorders (Berger et al., 2017). Thus, fluoroquinolone use needs to be carefully considered for patients in whom the benefits outweigh the risks.
Tendinopathy and tendon rupture are severe problems resulting from daily exercise, even when standing or walking. The Achilles tendon is the largest tendon in the body. It endures strain and risks rupture from running, jumping, sudden acceleration or deceleration, overuse, vascular disease, neuropathy, and rheumatologic diseases, which may cause tendon degeneration. The hallmark Achilles tendon problems appear to result from tendon damage, weakness, and inelasticity (von Rickenbach et al., 2021). The incidence of Achilles tendon rupture in the general population is approximately 5–10 per 100,000 (Sheth et al., 2017), although it may be higher in different regions and populations; the overall incidence is increasing (Lantto et al., 2014). Limited evidence has revealed that cold-weather training, foot misalignment, poor running mechanics, inappropriate footwear, weakness in plantar flexion, age, male sex, obesity, and leg-length discrepancy may be associated with an increased risk of Achilles tendinopathy or other problems, e.g., calcifying tendinitis of the shoulder and patellar tendinitis, among others (van der Vlist et al., 2019). Some systemic diseases, including cardiac disease, diabetes mellitus (DM), obesity, lipid disorders, and rheumatologic disorders have been reported in patients with tendon disorders (van der Vlist et al., 2019). Moreover, tendon disorders are reportedly associated with the use of statins (Marie et al., 2008), aromatase inhibitors (Laroche et al., 2017; Mitsimponas et al., 2018), and glucocorticoids (Wise et al., 2012).
The use of fluoroquinolones is associated with rare cases of Achilles tendinopathy or tendon rupture. Zabraniecki et al. (1996) reported six cases of fluoroquinolone-induced tendinopathy. The risk of tendon disorders was higher in Japanese patients who received fluoroquinolones than those who received cephalosporins (Hori et al., 2012). Moreover, a population-based case-control study in the United Kingdom reported that exposure to fluoroquinolones increased the risk of Achilles tendon rupture and that this risk was highest among elderly patients who were concomitantly treated with corticosteroids (van der Linden et al., 2003). In contrast, patients who used fluoroquinolones did not have a relatively higher risk of musculoskeletal adverse events, Achilles’ tendon rupture, or collagen-associated adverse effects (Yu et al., 2020; Wang et al., 2020; Chinen et al., 2021). A study of 46,776 patients treated with fluoroquinolones found 3.2 cases of tendon problems for every 1,000 years of exposure (van der Linden et al., 2002). According to a large case-control study, the incidence rate of tendon rupture associated with fluoroquinolone therapy is estimated to be 12 per 100,000 treatment episodes (Corrao et al., 2006). However, most of the studies were case-control studies, and only two large-scale population-based cohort studies were conducted; in Denmark (Sode et al., 2007) and in the United Kingdom (Persson and Jick, 2019). Both studies confirmed fluoroquinolone exposure to be associated with an increased risk of Achilles tendon rupture; however, the incidence was low. Furthermore, the risk of Achilles tendon rupture increases with concomitant use of corticosteroids. Therefore, in this study, we aimed to investigate the associations of fluoroquinolone exposure, comorbidities, and concomitant medication use with the risk of tendon disorder development in Taiwan.
MATERIALS AND METHODS
Data Source
We conducted this retrospective, cohort study using data from the National Health Insurance Research database (NHIRD) in Taiwan (Hsieh et al., 2019). The original database includes the medical information of all persons, i.e., nearly 99% of the 23 million residents of Taiwan, who were covered by the National Health Insurance Program (NHIP) established in 1995. As of June 2009, more than 97% of medical service providers in Taiwan participated in the NHIP (i.e., approximately 23 million beneficiaries, or more than 99% of the entire population of Taiwan). The NHIRD uses the International Classification of Diseases, 9th and 10th revisions, Clinical Modification (ICD-9-CM and ICD-10) codes to record diagnoses.
Every agent has a unique code in the NHIRD. A total of seven categories (ofloxacin, levofloxacin, ciprofloxacin, norfloxacin, pefloxacin, gemifloxacin, and moxifloxacin) and 127 different fluoroquinolone agents (e.g., Cravit and Avelox, among others) have been registered in the NHIRD system. Furthermore, 593 agents, including statins, aromatase inhibitors, and corticosteroids, were also analyzed in this study. Licensed medical record technicians review and verify the diagnostic codes before a claim for insurance payment to the hospital is approved. Moreover, the NHIP administration randomly reviews outpatient visit records, and periodically reviews inpatient claims to verify the accuracy of diagnoses. Therefore, the NHIRD data are considered reliable. Consequently, we used the NHIRD data in this study to examine the association between fluoroquinolone use and tendon disorder occurrence.
Study Design and Participants
In this retrospective, matched, cohort study, patients who were exposed to fluoroquinolones for more than 3 days between 1 January 2000 and 31 December 2015 were included in the fluoroquinolone group. Day one of continuous fluoroquinolone exposure of more than 3 days was assigned as the index date. Patients without fluoroquinolone exposure or with less than 3 days of fluoroquinolone exposure throughout the study period were age-, sex-, and index year-matched (1:1) to those in the fluoroquinolone group and assigned to the control group. Individuals with fluoroquinolone exposure before the index date, those with tendon disorders before tracking or without tracking, as well as those of unknown age or sex, were excluded from the analysis.
Covariates and Comorbidities
We considered the covariates of sex, age, season, geographical residence area (northern, central, southern, or eastern Taiwan), residence area urbanization level (levels 1–4), type of hospital (hospital center, regional hospital, or local hospital), and insurance premium category (in New Taiwan Dollars; <18,000, 18,000–34,999, or ≥35,000). Urbanization level was defined according to population size and various indicators of development. Urbanization level 1 was defined as an area with >1,250,000 inhabitants and a specific political, economic, cultural, and metropolitan development designation. Urbanization level 2 was defined as an area with 500,000 to 1,249,999 inhabitants and an important role in the political system, economy, and culture. Urbanization levels 3 and 4 were defined as areas with 149,999–499,999 and <149,999 inhabitants, respectively.
The comorbidities considered were chronic kidney disease (CKD), DM, obesity, rheumatologic disease, cardiac disease, and lipid disorders when the patient was first indexed. Moreover, we evaluated the use of drugs such as statins, aromatase inhibitors, and glucocorticoids. Outpatient department (OPD) and emergency department (ED) visits, inpatient department (IPD) stays, and intensive care unit (ICU) stays were also investigated. All comorbidities and the use of other drugs (continuous use for more than 3 days) were identified when the cases or controls were assigned and tendon disorders were coded within 30 days or at the end of the study period. Further, we analyzed the duration of use of different fluoroquinolone agents.
Outcomes
Participants were followed up from the index date until the onset of a tendon disorder, withdrawal from the NHIP, or the end of 2015. The tendon disorders considered were Achilles tendon rupture, Achilles tendonitis, and other tendon diseases.
The ICD-9 and 10 CM codes used to classify Achilles tendon rupture, tendonitis, other tendon diseases, and comorbidities, as well as the specific drug codes, are listed in Supplementary Table S1.
Statistical Analyses
All analyses were performed using SPSS (version 22, SPSS Inc., Chicago, IL, United States). The Chi-square test and Student’s t-test were used to evaluate categorical and continuous variable distributions, respectively. Fisher’s exact test was used to examine the differences between the two cohorts in terms of categorical variables. We used the competing risk analysis approach put forward by Fine and Gray to identify the risk of tendon disorders (competing with death) in patients with fluoroquinolone exposure (Marie et al., 2008; van der Vlist et al., 2019). A sensitivity analysis, excluding the diagnosis of tendon disorders, within the first year and the first 5 years, was conducted to avoid protopathic bias. The differences in risk between the fluoroquinolone and control cohorts were estimated using Kaplan-Meier analysis with the log-rank test. A two-tailed p-value < 0.05 was considered statistically significant.
Ethics
The Institutional Review Board of the Tri-Service General Hospital approved this study (TSGHIRB: B-110-43). This study was conducted strictly according to the Declaration of Helsinki. This is a secondary data analysis article from the NHIRD and all necessary permissions were obtained to access and use the data. Informed consent from the participants was waived because the NHIRD contains de-identified information, which does not affect the rights and welfare of the participants.
RESULTS
Patient Characteristics
A total of 1,936,512 individuals (approximately 10% of the Taiwanese population) were identified in the database between January 2000 and December 2015, of whom 3,83,279 patients received fluoroquinolones for more than 3 days. We excluded 26,209 patients based on the exclusion criteria; hence, 3,57,070 patients were enrolled in the study. Furthermore, we assigned 3,57,070 individuals without fluoroquinolone exposure to a control group which was matched by sex, age, and index date (Figure 1). The mean overall follow-up duration was 11.05 ± 10.91 years, and the mean follow-up time to tendon disorder occurrence was 7.52 ± 7.28 years (Supplementary Tables S2-1 and S2-2). The mean age was 45.99 ± 18.92 years and 51.6% of the individuals were male. The fluoroquinolone exposure group had a significantly higher proportion of the following covariates: CKD (p < 0.001, Table 1), DM (p < 0.001, Table 1), rheumatologic disease (p < 0.001, Table 1), cardiac disease (p < 0.001, Table 1), statin use (p = 0.01, Table 1), and glucocorticoid use (p < 0.001, Table 1). However, the differences in the covariates between the exposure and control groups were less than 2%, and most of the differences were within 1%.
[image: Figure 1]FIGURE 1 | Flowchart of the study sample selection.
TABLE 1 | Baseline characteristics.
[image: Table 1]Participant Characteristics at the Study Endpoint
At the study endpoint, 259 (0.07%) and 131 (0.04%) individuals in the fluoroquinolone and control groups developed tendon disorders, respectively (p < 0.001, Supplementary Table S3). The incidence was 6.61 and 3.34 per 105 person-years (PYs) in the fluoroquinolone and control groups, respectively (adjusted hazard ratio [aHR] 1.45; 95% confidence interval [CI] [1.04, 1.90]; p = 0.011) (Supplementary Table S4). Kaplan-Meier analysis revealed that the 15-years cumulative incidence of tendon disorders was significantly higher in the fluoroquinolone cohort (p < 0.001; Figure 2).
[image: Figure 2]FIGURE 2 | Kaplan-Meier analysis of the cumulative risk of tendon disorders stratified by fluoroquinolone exposure using the log-rank test.
Factors Associated With Tendon Disorders
In the Cox regression analysis (Table 2), the crude HR for tendon disorders in the fluoroquinolone group was 1.51 (95% CI [1.11, 1.97]; p < 0.001). After adjusting for sex, age, insurance premium, comorbidities, drug use, ED/OPD visits, IPD/ICU stay, season, level of urbanization, and level of care, patients in the fluoroquinolone exposure group showed an increased risk of developing tendon disorders, with an aHR of 1.42 (95% CI [1.02, 1.87]; p = 0.021). Kaplan-Meier analysis also showed a higher cumulative risk of tendon disorders in the fluoroquinolone group (p < 0.001) (Figure 2). In this cohort, individuals with CKD (p = 0.028), DM (p < 0.001), rheumatologic disease (p = 0.046), and cardiac disease (p < 0.001) were more predisposed to tendon disorder development than those with obesity (p = 0.559) and lipid disorders (p = 0.117). Individuals who used statins had a slightly increased risk of tendon disorders, with a crude HR of 1.41 (95% CI [1.12, 1.86]; p < 0.001). Although the impact of statin use was not statistically significant after adjusting for covariates, it trended toward significance (95% CI [0.998, 1.68]; p = 0.053). The use of aromatase inhibitors (p = 0.423) or glucocorticoids (p = 0.470) had no significant effect on the development of tendon disorders. Individuals living in regions with higher urbanization levels (p < 0.001) showed an increased risk of tendon disorders; moreover, most patients with tendon disorders were treated in hospital centers (p < 0.001) and regional hospitals (p < 0.033).
TABLE 2 | Risk factors of tendon disorders using Cox regression analysis.
[image: Table 2]Risk Factors of Tendon Disorders Stratified Using Cox Regression
Fluoroquinolone-exposed individuals had a higher risk of tendon disorders than those without fluoroquinolone exposure (aHR 1.423; 95% CI [1.02, 1.87]; p = 0.021) (Table 3). Moreover, fluoroquinolone-exposed individuals under 18 and over 60 years were more likely to develop tendon disorders than those without fluoroquinolone exposure (aHR 1.58 and 1.59, respectively). In addition, patients with fluroquinolone exposure with CKD, DM, obesity, rheumatologic disease, cardiac disease, and lipid disorders (adjusted HR: 1.50, 1.43, 1.74, 1.58, 1.64, 2.00, p = 0.001, 0.015, <0.001, <0.001, <0.001, <0.001) had a slightly higher risk of tendon disorders, compared to those without those chronic diseases. The patients with fluroquinolone exposure who were also using statins, aromatase inhibitors, or glucocorticoids (adjusted HR: 1.91, 1.43, 1.51, respectively, p < 0.001) had a higher risk of tendon disorders, compared to those without exposure to those medications. Patients with fluroquinolone exposure who visited the OPD/ER more than three times (adjusted HR: 1.43, p = 0.019), had a higher risk of tendon disorders than patients who visited the OPD/ER 1-2 times. Patients with fluroquinolone exposure with more than 3-days IPD stays, 1–2-days IPD stays, ≧7 days ICU stay, 1–6 days ICU stay (adjusted HR:1.57, 1.51, 1.45, 1.39, p < 0.001, <0.001, 0.006, 0.049, respectively) showed a higher risk of tendon disorders compared to those without in-hospital or ICU stays. The patients who lived in level 1 and 2 urbanization areas (adjusted HR: 1.59, 1.40, p < 0.001, 0.045, respectively) had a higher risk of tendon disorders, compared to those who lived in a level 4 urbanization area. The patients who sought medical help in hospital centers (adjusted HR: 1.843 p < 0.001) had a higher risk of tendon disorders compared to those who went to local hospitals.
TABLE 3 | Factors of tendon disorders stratified by variables listed in the table by using Cox regression.
[image: Table 3]The overall incidence of tendon disorder in patients with and without fluoroquinolone exposure was 6.61 and 3.34 per 105 PYs, respectively. The incidence of tendon disorder was higher among fluoroquinolone-exposed patients with CKD, DM, obesity, rheumatologic disease, cardiac disease, and lipid disorders (19.83, 16.47, 439.93, 18.30, 11.84, and 50.97 per 105 PYs, respectively) than among patients without fluoroquinolone exposure who had these comorbidities. In particular, fluoroquinolone-exposed patients who were obese had the highest proportion of tendon disorders (aHR 1.74; 95% CI [1.25, 2.28]; p < 0.001). We also analyzed the effects of exposure to statins, aromatase inhibitors, and glucocorticoids on the occurrence of tendon disorders and found that only patients who used statins were predisposed to developing tendon disorders. However, the significance of statin use was lost after adjusting for other covariates. After stratifying by statin, aromatase inhibitor, and glucocorticoid use, we found that the incidence of tendon disorders in the fluoroquinolone group was 60.04, 159.39, and 115.90 per 105 PYs, respectively.
Risk Factors of Tendon Disorders Among Different Cox Regression Models
As shown in Supplementary Table S5, different models were designed for analyzing the differences between patient sources (OPD/ER only and IPD/ICU), fluoroquinolone agents (ofloxacin, levofloxacin, ciprofloxacin, norfloxacin, pefloxacin, gemifloxacin, and moxifloxacin), and days of fluoroquinolone exposure (≤14 days/15–30 days/>30 days).
Patients who were treated in the hospital, either in a normal ward or in the ICU, were considered to have more severe infections than those who were only treated in the OPD or ED. We analyzed the patients treated in the hospital and ICU together as a subgroup and classified those who received care from the OPD/ED together as the other subgroup and then analyzed the risk of tendon disorders. In model 1, the aHR for patients from the IPD or ICU was 1.57 (95% CI [1.13, 2.07]; p < 0.001), which was significantly higher than that of patients who only visited the OPD/ED. In model 2, we analyzed the relationship between different agents of fluoroquinolones. After adjusting for the seven fluoroquinolone agents, levofloxacin, norfloxacin, and pefloxacin exposure were associated with a higher risk of developing tendon disorders. In model 3, individuals who used fluoroquinolones for more than 30 days had a significantly higher risk of developing a tendon disorder (aHR 1.792; 95% CI [(1.29, 2.36]; p < 0.001).
Sensitivity Test for Risk Factors of Tendon Disorders, Using Cox Regression Analysis, With and Without the Fine–Gray Competing Risk Model
After excluding all participants enrolled in the first year and the first 5 years of the study, the risk factors (including fluoroquinolone exposure) for tendon disorders remained significantly high. Overall, the aHR was 1.45 (95% CI [1.04, 1.90]; p = 0.011); the aHR after excluding participants enrolled in the first year was 1.40 (95% CI [1.01, 1.83]; p = 0.038), and the aHR after excluding participants enrolled in the first 5 years was 1.43 (95% CI [1.02, 1.87]; p = 0.022) (Supplementary Table S4).
DISCUSSION
In this retrospective study, we found that fluoroquinolone exposure had a long-term effect of higher risk of tendon disorders. Moreover, individuals who used fluoroquinolones for more than 30 days with more severe disease (indicated by the presence of CKD, DM, rheumatologic or cardiac disease, as well as more OPD/ED visits or IPD stays, or a long ICU stay) had a higher risk of tendon disorders.
In this analysis, patients were considered exposed to fluoroquinolones throughout the follow-up period. This design is different from the Danish study with post-exposure for 90 days (Sode et al., 2007) or the British study on post-exposure of less than 30, 31–60, or 61–180 days (Persson and Jick, 2019). In line with Persson and Jick’s outcome, the fluoroquinolone attributable risk of Achilles tendon rupture was low. The fluoroquinolone exposure may not cause tendon rupture or tendinopathy directly unless there are other existing risk factors, such as corticosteroid use or DM.
Our study is the first to report that fluoroquinolone exposure predisposes children to tendon disorders. Specifically, in the current study, fluoroquinolone exposure was found to significantly increase the risk of tendon disorders in both men and women, as well as in people younger than 18 and older than 60 years. A previous study revealed that there was no difference in collagen-associated disorders in children with or without fluoroquinolone exposure (Yu et al., 2020). However, compared with the previous study, the present study had different enrollment criteria and a different follow-up period. Specifically, the previous study enrolled children with fluoroquinolone exposure for more than 5 days and followed-up the children for 6 months. In contrast, this study enrolled patients with fluoroquinolone exposure for more than 3 days and the mean follow-up period was 7.52 ± 7.28 years (Supplementary Tables S2-1 and S2-2). In the future, the effects of fluoroquinolone exposure on tendon disorders will need to be examined over a longer follow-up period. On the other hand, the risk of tendon rupture was higher in fluoroquinolone-exposed elderly individuals, likely because of the presence of comorbidities that might affect the tendon. Aging might be another factor that affects the pharmacokinetic behavior of antibiotics, relative to the pathophysiological decline of renal function (Pea, 2018).
Routine use of systemic fluoroquinolones should be avoided in children due to the potential risk of joint and musculoskeletal toxicity. However, fluoroquinolones can be used when there are no alternative antibiotics available (Jackson et al., 2016). In Taiwan, the committee for Pediatric Infectious Diseases Society of the Taiwan Child Health Research Center, National Health Research Institutes, and Taiwan Pediatric Association have recommended the use of novel quinolone antibiotics in children since 2012. Systemic use of fluoroquinolones in Taiwan must be administrated by a licensed pediatric infectious disease specialist following an indication, such as macrolide-resistant mycoplasma pneumoniae or Pseudomonas aeruginosa infection, among others. In this study, we found that patients younger than 18 years exhibited a significantly higher risk of tendon disorder than patients aged 18–59 years. This finding may provide more evidence for clinicians when choosing antibiotics for children.
In the current study, the overall incidence of tendon disorders in patients with and without fluoroquinolone exposure was 6.61 and 3.34 per 105 PYs, respectively. The incidence of tendon disorders was higher among fluoroquinolone-exposed patients with CKD, DM, rheumatologic disease, cardiac disease, and lipid disorders than among those without fluoroquinolone exposure who had these comorbidities. The obesity cases in this cohort were few (five patients with fluoroquinolone exposure and two without), therefore we must be cautious about drawing conclusions. While administering fluoroquinolones to patients with chronic diseases may be necessary, it is crucial to preemptively evaluate the benefits and risks to the patient.
Barring the relationship between fluoroquinolone exposure and tendon disorder occurrence, exposure to statins, aromatase inhibitors, and glucocorticoids is also reportedly related to the occurrence of tendon disorders (Marie et al., 2008; Laroche et al., 2017; Mitsimponas et al., 2018; Wise et al., 2012; van der Linden et al., 2002). In this cohort, we found that only patients who used statins were predisposed to developing tendon disorders. However, the significance of statin use was lost after adjusting for other covariates. Compared with the incidence of tendon disorders in patients who used fluoroquinolones without statins, aromatase inhibitors, and glucocorticoids, the incidence of tendon disorders in patients who used any of these three drug types was more than 10-fold (Supplementary Table S3). Although previous studies showed no relationship between statin use and tendon rupture (Spoendlin et al., 2016; Contractor et al., 2015; Beri et al., 2009), clinicians must be aware of the possible risk of tendon disorders when administering fluoroquinolones to patients taking statins, aromatase inhibitors, or glucocorticoids.
We found that patients with more OPD/ED visits or IPD stay, or a longer ICU stay, may be predisposed to developing tendon disorders, likely due to their more severe disease status. The reason in patients with more OPD/ED visits or IPD stays, or a longer ICU stay, may be a result of the combination of known and unknown comorbidities. Furthermore, those treated in hospitals or ICU may use multiple drug combinations, which may contribute to various drug-drug interactions. This may be one reason for the higher risk of tendon disorders. After comparing patients treated with fluoroquinolones for their OPD/ED visits and IPD/ICU stays, we observed that those treated with IPDs and/or those who had a long ICU stay (indicating a more severe disease status) also showed a higher risk of tendon disorders. Longer durations of fluoroquinolone use (more than 30 days) may also indicate the presence of a more severe infection, which is associated with a relatively higher risk of tendon disorders. This finding corroborated that of a previous study, which demonstrated that the risk of tendon disorder appears to increase by approximately 6% for each day of fluoroquinolone exposure (Morales D. R. et al., 2019). Although the management of patients with more severe infections may require longer durations of fluoroquinolone use, alternative antibiotics may be considered.
We analyzed the risk of tendon disorders associated with the use of seven fluoroquinolones available during the study period: ofloxacin, levofloxacin, ciprofloxacin, norfloxacin, pefloxacin, gemifloxacin, and moxifloxacin. Patients who used levofloxacin, norfloxacin, and pefloxacin had a significantly higher risk of developing tendon disorders. Although the use of the other fluoroquinolones also showed a higher tendon disorder risk, the difference was not statistically significant. We compared the pharmacological or pharmaceutic characters of each fluoroquinolone agent. No correlation between known properties and risk of tendon disorders was identified (Supplementary Table S6). Therefore, more adequate and safe fluoroquinolones should be considered in patients with a higher risk of tendon disorders who need fluoroquinolone treatment. Only a few studies have analyzed the risk of tendon disorders in patients with a combination of comorbidities and medication use. The current study provides more evidence and clarification on the associations among fluoroquinolone exposure, comorbidities, combined medication use, and tendon disorder risk.
Limitations
Our study has a few limitations. First, the database could not provide actual medical records; hence, we could not thoroughly evaluate whether the symptoms matched the different infection sites for fluoroquinolone use, and therefore, the confirmation of tendon disorders was precluded. Second, the diagnoses in the database were made by different specialists; thus, the diagnoses of tendon disorder may have been determined on different bases. Third, the pathogenesis of tendon disorders is complex and includes contributions from medical history, living environment, and exercise activities that could not be identified in this cohort. Finally, given the retrospective nature of the study, selection bias could not be excluded. In Taiwan, studies on tendon disorders in the general population are limited, and the prevalence of tendon disorders may have been underestimated.
CONCLUSION
We have evaluated the risk of tendon disorders in association with fluoroquinolone exposure in Taiwan’s population, using representative population-based data. We have demonstrated that patients with fluoroquinolone exposure were at a significantly higher risk of tendon disorders than the control group. Further studies are therefore needed for patients who need fluoroquinolone treatment, not only on controlling the bacterial infection but also to evaluate the benefits and risks of tendon disorders. We sincerely hope that this study will provide the necessary information to aid clinicians in treating patients with fluoroquinolones.
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