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Background: Fluoroquinolones (FQs) are among the most popular antimicrobials that are highly effective against various infections. 
Although FQs are the most frequently used and generally tolerated, there are issues with their safety. This study assessed the rate, 
severity, seriousness, outcomes, and types of FQs adverse drug reactions (ADRs) in reports submitted to a regional spontaneous ADR 
database.
Methods: This was a retrospective cross-sectional observational study involving all patients with reported ADRs related to FQs or 
other antibiotics (ABs) that were submitted to the Regional Pharmacovigilance Center (PVC) database between January 2019 and 
December 2022. Data were extracted in the form of Saudi ADR from the PVC database, which is consistent with the MedWatch ADR 
form of the U.S Food and Drug Authority (FDA).
Results: In total, 605 ADRs related to antibiotic use were reported. ADRs caused by FQs use were the most frequently reported (177; 
29.3%), followed by penicillin (100; 23.4%) and cephalosporin (90; 21%). There was no significant difference in ADRs caused by FQs 
between men (104; 58%) and women (OR 1.17, 95% CI 0.82–1.67, p=0.386). FQ-related ADRs were more frequent among those over 
40 years-old (OR 1.56, 95% CI 1.09–2.22, p=0.015). Most of the detected FQ-related ADRs were of moderate severity (157; 88.7%), 
required interventions (83; 46.9%), and recovered after receiving medical interventions (154; 87%). Patients who received FQs were 
fourfold more likely to experience neurological adverse events (OR 4.15, 95% CI 2.48–6.93, p <0.001).
Conclusion: The FQs drug class exhibited a higher incidence of ADRs than other ABs. Regularly assessing the safety of ABs is 
crucial to improve public and healthcare providers’ awareness of the correct utilization of ABs and to limit the use of FQs to infections 
that cannot be effectively managed with alternative ABs.
Keywords: adverse drug reactions (ADRs), fluoroquinolones (FQs), antibiotics (ABs), pharmacovigilance

Introduction
Adverse Drug Reactions (ADRs) are defined as unintended and unpleasant responses associated with the use of 
a medicinal product for diagnosis, prevention, or treatment, where a probable causal link exists between the drug and 
the adverse event.1,2 Severe ADRs pose a serious public health risk which lead to fatalities and life-threatening 
conditions.3 Additionally, severe ADRs, such as renal and liver failure, result in recall of drug products.4,5 

Nevertheless, the avoidance of ADRs is challenging owing to a lack of knowledge about ADRs and the unpredictable 
nature of some ADRs, which raises the expense of drug development and increases failure rates in clinical trials.1,2 

Therefore, to improve patient drug safety and reduce risks to pharmaceutical companies, it is necessary to obtain 
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complete and reliable information on ADRs.6 Recognizing the pharmacological mechanisms responsible for ADRs and 
identifying high-risk patient subgroups are crucial steps for addressing and resolving ADRs.1,2

Fluoroquinolones (FQs) are among the most commonly prescribed antimicrobials that are well-tolerated and highly 
effective against different types of infections because of their broad-spectrum effectiveness against Gram-positive and 
Gram-negative bacteria.7–9 Additionally, FQs have excellent pharmacokinetic properties, including high oral bioavail
ability and a large volume of distribution, and act by inhibiting DNA topoisomerases that are crucial for bacterial DNA 
replication and transcription.8–10 They demonstrate minimal inhibition of human and host enzymes and have an excellent 
safety record.10

FQs have been widely prescribed for several types of infections including urinary tract infections (UTI), pneumo
nia, and tuberculosis (TB).11 Nevertheless, the inappropriate use of antibiotics (ABs) has resulted in increased 
resistance and ADRs, resulting in increased medical costs, prolonged hospital stays, and increased mortality.7,12,13 

Although FQs are generally well tolerated and extensively prescribed, concerns have been raised regarding their safety 
outcomes.11 The most commonly reported ADRs were mild and reversible and led to discontinuation in less than 
two percent of patients.11 However, FQs are also associated with serious ADRs, such as recurrent Clostridium difficile 
infections (CDI), cardiovascular toxicity, musculoskeletal, renal, and liver disorders, and reactions involving the 
central nervous system (CNS).7,8,10,11,14 The incidence of ADRs resulting in emergency department visits from FQs 
is 9.2 per 10,000 prescriptions, surpassing the rates associated with other ABs, such as macrolides and 
cephalosporins.15

Fluoroquinolone-associated adverse events have led to increased scrutiny and regulatory actions, including the 
implementation of boxed warnings (BW) by the US Food and Drug Administration (FDA), and the European 
Medicines Agency.7,11 The FDA has issued multiple reports and BW against FQs owing to their potential for severe 
and long-lasting ADRs affecting the nervous system, muscles, and joints.7,11 Despite these warnings and substantial 
evidence of ADRs, FQs continue to be inappropriately prescribed in various healthcare settings.16,17 Therefore, they 
should only be used when their benefits outweigh the risks and alternative options are not available.7,11,18 The 
economic impact of serious FQ-related ADRs, which can be life-threatening, has been underestimated.18 Studies 
have shown that BW has little to no impact on prescription patterns owing to a lack of knowledge among healthcare 
professionals.16,17

The Saudi Food and Drug Authority (SFDA) initiated pharmacovigilance activities that include monitoring ADRs 
reported for any registered product during its marketing to the National Pharmacovigilance Center.19 They monitor 
spontaneously reported ADRs from healthcare providers or consumers at the national level.19 Multiple studies have 
analyzed the pattern of ADRs reports in Saudi Arabia;20–22 however, to our knowledge, no study has specifically 
analyzed the pattern of reported FQs ADRs in Saudi Arabia. Therefore, this study aimed to assess the rate, severity, 
seriousness, outcomes, and types of FQs ADRs submitted to the regional spontaneous ADR database, in comparison with 
other ABs.

Methods
Study Design
This retrospective cross-sectional pharmacovigilance study involved all FQs and other antibiotics ADRs reports 
submitted to the Tabuk Regional Pharmacovigilance Center (PVC) database.

Data Source
The Tabuk Regional PVC database received electronically reported ADRs for all events across Tabuk regional hospitals 
in Saudi Arabia. The PVC database was structured based on the ADRs reporting form provided by the SFDA,23,24 which 
is similar to the MedWatch ADR Form.4,25 Each report contained detailed information, including age, sex, description, 
seriousness, time at which the event started and ended, duration of use of the suspected drug, recovery, and reaction 
outcomes. In addition, the Naranjo algorithm was used to assess the causality of the ADRs.26
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Study Population
The study population consisted of patients with reported ADRs related to FQs or other ABs identified in the PVC 
database between January 2019 and December 2022. Any non-antibiotic-related ADRs reports or ADRs reports related to 
topical use of FQs or other ABs were excluded. The analysis plan is illustrated in Figure 1.

Study Outcomes
The primary outcome of the study was the rate of FQs ADRs reported to the PVC compared to other ABs. Secondary 
outcomes included severity, seriousness, outcomes, and types of ADRs.

Definitions
Fluoroquinolone antibiotics include the systemic use of (ciprofloxacin, moxifloxacin, and levofloxacin). Other ABs 
include: all systemically used ABs such as (Penicillin, Cephalosporins, Carbapenem, Aminoglycosides, Glycopeptides, 
Macrolides, Sulfonamides).

According to the SFDA guidance on ADRs reporting,27 severity describes the intensity of a reaction as mild, 
moderate, severe, or lethal, whereas seriousness describes the action criteria that are performed after ADRs events, 
such as hospitalization, prolonged hospitalization, need intervention, life-threatening, or death. Outcomes describe patient 
status after discontinuing the causative agent, whether the patient recovered, or not. A causality assessment was 
performed using the Naranjo algorithm.26

Statistical Analysis
Standard descriptive statistics including frequencies and percentages were used to describe categorical data such as 
patient demographics, severity, seriousness, and ADR outcomes. Univariate logistic regression was performed to 
determine the odds ratios (ORs) with 95% confidence intervals (CIs) of the potential factors that may be associated 
with FQ-related ADRs, and to compare the magnitude of severity and outcomes of FQ-related ADRs using other ABs as 
comparators. The odds of ADR events in patients exposed to FQs were compared with those of other ABs. Only 
variables with a significance level of p value less than 0.05 were deemed as significant predictors. The post-hoc 
Bonferroni p-value adjustment was applied to variables with more than two levels and a significant result to determine 
where the significance lies (0.05/number of comparisons). Data analyses were performed using the SPSS software 
version 22 (SPSS Inc).

Pharmacovigilance center dataset
Jan 2019 – Dec 2022

Total ADRs reports
N= 3091

Total ADRs reports related to antibiotics
N=605

Total ADRs reports related to FQs
N=177

Total ADRs reports related to other ABs
N=428

Figure 1 Flowchart depicting the analyzed ADR reports from the regional pharmacovigilance database.
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Results
During the study period, 3,091 ADRs were reported to the PVC. Of these, 605 (19.6%) were related to systemic 
antibiotic therapy. FQs were the highest reported class associated with ADRs (177; 29.3%), whereas 428 (70.7%) 
ADRs were reported for all other ABs (Table 1). Other than FQs, the antibiotic class with the most frequent 
reports of ADRs was penicillin (100; 23.4%), followed by cephalosporins (90; 21%). Males were affected by FQs 
use slightly more frequently than females (104; 58.8%), although this difference was not statistically significant 

Table 1 Analysis of ADRs Caused by FQs and Other Antibiotics

Variables FQ 
n (%)

Other Antibiotics 
n (%)

Total 
n (%)

Odds of ADRs 
(95% CI)

p-value

Total ADRs 177 (29.3) 428 (70.7) 605 (100)

Sex Female* 73 (41.2) 193 (45) 266 (44) 1.17 (0.82–1.67) 0.386

Male 104 (58.8) 235 (55) 339 (56)

Age, years 0–10 0 (0) 75 (17.5) 75 (12.4)

11–20 2 (1.1) 8 (1.9) 10 (1.7)

21–30 23 (13.0) 75 (17.5) 98 (16.2)

31–40 47 (26.6) 63 (14.7) 110 (18.2)

41–50 40 (22.6) 81 (18.9) 121 (20.0) 1.56 (1.09–2.22)** 0.015

51–60 33 (18.6) 58 (13.6) 91 (15.0)

61–70 23 (13.0) 29 (6.8) 52 (8.6)

71–80 9 (5.1) 30 (7.0) 39 (6.4)

>80 0 (0.0) 9 (1.4) 9 (1.0)

Route of administration IV* 51 (28.8) 220 (51.4) 271 (44.8)

Oral 126 (71.2) 208 (48.6) 334 (55.2) 2.63 (1.82–3.85) <0.001

Severity Mild* 11 (6.2) 10 (2.3) 21 (3.5)

Moderate 157 (88.7) 410 (95.8) 567 (93.7) 0.35 (0.15–0.84) 0.018

Severe 9 (5.1) 6 (1.4) 15 (2.5) 1.02 (0.28–3.68) 0.970

Lethal 0 (0.0) 2 (0.5) 2 (0.3)

Seriousness Hospitalization* 31 (17.5) 24 (5.6) 55 (9.1) 0.28 (0.15–0.5) <0.001

Prolong hospitalization 61 (34.5) 187 (43.7) 248 (41.0)

Needed intervention 83 (46.9) 211 (49.3) 294 (48.6)

Life-threatening 2 (1.1) 4 (0.9) 6 (1.0)

Death 0 (0.0) 2 (0.5) 2 (0.3

Outcomes Recovered* 154 (87.0) 364 (85.0) 518 (85.6) 1.37 (0.64–2.94) 0.422

Not Recovered 11 (6.2) 19 (4.4) 30 (5.0)

Fatal 0 (0.0) 2 (0.5) 2 (0.3)

Unknown 12 (6.8) 43 (10.0) 55 (9.1)

(Continued)
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(p=0.386). The proportion of ADRs related to each age group is presented in Table 1, with the age group between 
31–40 years old having the highest incidence of ADRs associated with FQs (47; 26.6%).

Compared to other ABs, patients aged >40 years were significantly more likely to experience FQ-related ADRs than 
those aged ≤40 years (OR 1.56, 95% CI 1.09–2.22, p=0.015). Additionally, oral administration of FQs was more likely to 
induce ADRs than intravenous (IV) administration (OR 2.63, 95% CI 1.82–3.85, p=0.015). The reported ADRs for each 
event type are shown in Supplementary Table 1.

Table 2 describes the proportion of ADR reports pertaining to individual antibiotic and types of events. Among all 
ADRs reports, ciprofloxacin was the most commonly reported antibiotic (100; 16%), followed by amoxicillin-clavulanic 
acid (63; 10.4%) and levofloxacin (50; 8.3%). The distributions of the individual FQ-related ADRs among the different 
variables are shown in Figure 2a and b.

Similar to other ABs, the majority of the detected ADRs of the FQs were of moderate severity (157; 88.7%), and only 
(9; 5.1%) were classified as severe ADRs. Eight severe FQ-related ADRs were reported in the patients who received 
ciprofloxacin (Figure 1). There were no reported lethal cases related to FQs compared with two lethal ADRs (0.5%) 
associated with cephalosporin ABs (Table 1).

Regarding seriousness, only two FQs-related ADRs (1.1%) were reported as life-threatening due to bone marrow suppres
sion and agranulocytosis, 83 patients (46.9%) required interventions, and the remaining ADRs required hospitalization (initial or 
prolonged). FQs were less likely to cause serious ADRs that required prolonged hospitalization or were life-threatening 
compared with other ABs (OR 0.28, 95% CI 0.15–0.50, p <0.001). In the other ABs group, only two patients died during 

Table 1 (Continued). 

Variables FQ 
n (%)

Other Antibiotics 
n (%)

Total 
n (%)

Odds of ADRs 
(95% CI)

p-value

Causality Definite* 98/139 (55.4) 254/351 (59.3) 352 (58.2) 1.09 (0.71–1.69) 0.679

Possible 23 (13) 51/351 (12) 74 (12.2)

Probable 18 (10.2) 46/351 (10.8) 64 (10.6)

Missing 38 (21.4) 77 (17.9) 115 (19)

Type of events Cardiovascular 24 (13.6) 50 (11.7) 74 (12.2)

Dermatological 29 (16.4) 114 (26.6) 143 (23.6)

Renal 5 (2.8) 20 (4.7) 25 (4.1)

Hepatic 15 (8.5) 52 (12.1) 67 (11.1)

Endocrine 3 (1.7) 1 (0.2) 4 (0.7)

Gastrointestinal 26 (14.7) 91 (21.3) 117 (19.3)

Hematological 10 (5.6) 23 (5.4) 33 (5.5)

Immunological 0 (0.0) 5 (1.2) 5 (0.8)

Neurological 41 (23.2) 29 (6.8) 70 (11.6)

Respiratory 5 (2.8) 9 (2.1) 14 (2.3)

Musculoskeletal 8 (4.5) 11 (2.6) 19 (3.1)

Electrolyte disturbance 2 (1.1) 4 (0.9) 6 (1.0)

Others 9 (5.1) 19 (4.4) 28 (4.6)

Notes: *Reference group for calculating the odds ratio; **Reference age ≤40 years; significance level at p<0.05.
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hospitalization, both of which were related to anaphylactic reactions after intravenous cefazolin administration, while no patient 
died due to FQs ADRs, as illustrated in Table 1. Post-hoc tests showed non-significant life-threatening ADRs between FQs and 
other ABs. Moreover, the occurrence of mild and severe ARDs was not significantly different between FQs and other ABs.

Similar to other ABs in the outcome analysis, most FQ-related ADRs completely recovered (154; 87%). Only (11; 
6.2%) patients did not recover and there were no fatalities from the FQs (Table 1). There was no significant difference 
between the unrecovered cases of FQ-related ADRs and those of other ABs (OR 1.37, 95% CI 0.64–2.94, p =0.42). 
The estimated Naranjo scores for causality assessment revealed that (98; 55.4%) of the FQs ADRs were definite 
(Table 1).

Table 2 Types of ADRs Events per Individual Antibiotic Therapy

Antibiotics Total 
ADRs 
n (%)*

Frequently Reported Types of Events

Cardio- 
Vascular  
Events  
n (%)*

Gastro- 
intestinal events  

n (%)*

Hematological 
Events  
n (%)*

Hepatic 
Events  
n (%)*

Dermatological 
Events  
n (%)*

Neurological 
Events  
n (%)*

Fluoroquinolones

Ciprofloxacin 100 (16.5) 11 (1.8) 16 (2.6) 10 (1.7) 8 (1.3) 20 (3.3) 19 (3.1)

Levofloxacin 50 (8.3) 9 (1.5) 3 (0.5) 0 (0) 6 (1) 9 (1.5) 14 (2.3)

Moxifloxacin 27 (4.5) 4 (0.7) 7 (1.2) 0 (0) 1 (0.2) 0 (0) 8 (1.3)

Other antibiotics

Amoxicillin 21 (3.5) 4 (0.7) 7 (1.2) 0 (0) 0 (0) 4 (0.7) 4 (0.7)

Amoxicillin- 

clavulanic

63 (10.4) 5 (0.8) 22 (3.6) 1 (0.2) 9 (1.5) 12 (2) 2 (0.3)

Ampicillin 4 (0.7) 1 (0.2) 0 (0) 0 (0) 0 (0) 3 (0.5) 0 (0)

Cloxacillin 2 (0.3) 0 (0) 0 (0) 0 (0) 0 (0) 2 (0.3) 0 (0)

Piperacillin- 

tazobactam

8 (1.3) 2 (0.3) 0 (0) 3 (0.5) 1 (0.2) 1 (0.2) 0 (0)

Ceftriaxone 28 (4.6) 3 (0.5) 4 (0.7) 2 (0.3) 1 (0.2) 11 (1.8) 1 (0.2)

Cefazolin 17 (2.8) 1 (0.2) 2 (0.3) 0 (0) 0 (0) 4 (0.7) 6 (1)

Cefuroxime 19 (3.1) 0 (0) 5 (0.8) 2 (0.3) 6 (1) 4 (0.7) 0 (0)

Cefotaxime 9 (1.5) 1 (0.2) 0 (0) 2 (0.3) 3 (0.5) 3 (0.5) 0 (0)

Ceftazidime 3 (0.5) 0 (0) 1 (0.2) 0 (0) 1 (0.2) 1 (0.2) 0 (0)

Azithromycin 47 (7.8) 12 (2) 15 (2.5) 0 (0) 6 (1) 11(1.8) 0 (0)

Clindamycin 12 (2) 3 (0.5) 1 (0.2) 0 (0) 0 (0) 3 (0.5) 0 (0)

Doxycycline 16 (2.6) 2 (0.3) 8 (1.3) 0 (0) 0 (0) 4 (0.7) 0 (0)

Vancomycin 41 (6.8) 5 (0.8) 3 (0.5) 3 (0.5) 1 (0.2) 21 (3.5) 1 (0.2)

Amikacin 8 (1.3) 2 (0.3) 0 (0) 0 (0) 2 (0.3) 3 (0.5) 0 (0)

Gentamicin 5 (0.8) 0 (0) 2 (0.3) 0 (0) 0 (0) 2 (0.3) 0 (0)

Clarithromycin 10 (1.7) 2 (0.3) 4 (0.7) 0 (0) 1 (0.2) 0 (0) 1 (0.2)

Note: *Percentage was calculated per the total number of ADRs (605).
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Figure 2 (a) Distribution of ADRs for individual FQs by patient demographics and seriousness. (b) Distribution of ADRs for individual FQs by severity, outcomes and 
Naranjo scale.
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As detailed in Table 1, neurological events were the most commonly reported adverse events associated with FQs (41; 
23.2%), followed by dermatological (29; 16.4%) and gastrointestinal (26; 14.7%) events. The most commonly reported 
ADRs for other ABs were dermatological (143; 26.6%), gastrointestinal (117; 21.3%), and cardiovascular (74; 11.7%) events.

As shown in Table 3, patients who were prescribed FQs were fourfold more likely to experience significant 
neurological adverse events (OR 4.15; 95% CI 2.48–6.93, p <0.001) than those who were prescribed other ABs. 
The odds of experiencing dermatological events were significantly lower for FQs than for other ABs. There were 
no significant differences in cardiovascular, gastrointestinal, or hepatic ADRs between the FQs and other ABs.

As shown in Supplementary Table 2 Ophthalmic ADRs associated with FQs (7 events) were grouped under the 
“Other” category, rather than the neurological category. Although some ophthalmic effects, such as diplopia, may be 
linked to extraocular muscle tendinopathy, we acknowledge that these events were not specifically categorized as 
neurological.

Discussion
Spontaneous reporting of ADRs provides significant scientific value by offering insights into new drug-related adverse 
effects and the potential generation of early signals.28 Our study offers valuable insights into the evaluation of antibiotic- 
associated ADRs and highlights the need for caution in prescribing FQs antibiotics, given the range of ADRs associated 
with these drugs. The study showed that, among all suspected antibiotic-related ADRs, a higher percentage was linked to 
the use of FQs, constituting 29.3% of all reported ADRs. Ciprofloxacin was the most frequent causative agent among all 
ABs (16.5%). The findings of this study are consistent with a recent cross-sectional study conducted in Saudi Arabia that 
analyzed all ADR reports, including ABs over one year.22 They demonstrated that, among the reported cases, FQs were 
among the top ten suspected drugs causing ADRs (14.9%), with the highest reported events for ciprofloxacin.22 Regional 
studies examining antimicrobial consumption and prescribing patterns across outpatient, inpatient, and emergency 
department settings in regional hospitals have reported the highest and most frequent antimicrobial consumption of third- 
generation cephalosporins (eg ceftriaxone and ceftazidime), aminoglycosides (eg gentamicin), and macrolides (eg 
azithromycin).29–32 Based on the overall antibiotic prescribing rates, our finding suggested that fluoroquinolone ADRs 
may have a significantly greater impact.

Our study found no significant association between FQ-related ADRs and patient sex. However, in different 
scenarios, the existing literature provides evidence of sex variations in clinically significant ADRs owing to the under
lying physiological and pharmacological variations in drug disposition and metabolism between males and females.33 

Some studies have suggested that chromosomal, hormonal, and pharmacokinetic changes increase the incidence of ADRs 
in women compared to that in men.10,33,34

Higher rates of ADRs have been linked to older patients due to age-related variables, including changes in drug 
pharmacokinetics and pharmacodynamics, comorbidities, polypharmacy, and frailty.35 Our results indicated that patients 
aged >40 years were significantly more likely to experience FQ-related ADRs than those aged ≤40 years. However, this 
finding should be interpreted cautiously, as the observed association may be partially explained by the higher prescribing 
rates in this age group rather than increased susceptibility. Further research incorporating prescribing data is necessary to 

Table 3 Odds Ratio and 95% Confidence Interval 
for FQs ADRs Events vs Other Antibiotics

ADRs events OR (95% CI) P value

Neurological events 4.15 (2.48–6.93) <0.001

Dermatological events 0.54 (0.34–0.85) 0.008

Cardiovascular Events 1.19 (0.70–1.99) 0.522

Gastrointestinal events 0.64 (0.96–1.03) 0.064

Hepatic events 0.67 (0.38–1.22) 0.192
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confirm age-related susceptibility to FQ-related ADRs. Notably, no FQ-related ADRs were observed in pediatric patients, 
likely because of the restricted use of FQs in children due to safety concerns,36 which reflects the rational prescription of 
FQs antibiotics. Pharmacovigilance studies in the pediatric age group showed that the most frequently reported ADRs 
were ABs and vaccines.37

In this study, the ADRs for both FQs and other ABs were of moderate severity and required interventions or 
prolonged hospitalization in which patients received appropriate medical care and then recovered. This finding is 
consistent with that of a previous study in Malaysia.38 In our study, fewer reactions were severe, two were life- 
threatening, and none were fatal. Life-threatening ADRs are caused by ciprofloxacin-induced agranulocytosis and 
bone marrow suppression. Case reports have shown that bone marrow suppression returned to normal with the cessation 
of ciprofloxacin treatment; however, in one patient, irreversible bone marrow suppression led to severe thrombocytopenia 
and hemorrhage.39,40

The current study highlighted that FQs use was associated with an increased risk of neurological adverse events, 
followed by dermatological and gastrointestinal events. FQs have been associated with an increased risk of peripheral 
neuropathy and central nervous system (CNS) effects, such as encephalopathy, confusion, and psychosis.41,42 In 
a systematic review and meta-analysis of 39 randomized controlled trials for patients receiving oral FQs or other 
antimicrobials through primary healthcare centers, FQs were associated with significantly higher neurological and gastro
intestinal ADRs than other ABs, while dermatological events were not significant.43 In contrast, a recently published study 
on quinolone-related spontaneous ADRs reports in Italy showed that the use of third-generation FQs (ie levofloxacin and 
moxifloxacin) was associated with a high probability of musculoskeletal events, followed by neurological and psychiatric 
events. The study further revealed that patients aged over 60 years had a higher incidence of musculoskeletal events when 
treated with FQs.44 Nonetheless, in our study, ciprofloxacin exhibited elevated rates of dermatological, neurological, and 
gastrointestinal events when compared to levofloxacin and moxifloxacin. This discrepancy may stem from the widespread 
prescription of ciprofloxacin, owing to its lower cost and greater availability, leading to a higher volume of ciprofloxacin 
prescriptions. Previous studies in Saudi Arabia have reported that ciprofloxacin was the most frequently used and prescribed 
quinolone antibiotic, available in oral solid and liquid forms, eye drops, and parenteral formulations.16,45,46 These studies 
revealed inadequate knowledge among healthcare professionals regarding the indications for FQs, and highlighted a high 
percentage of inappropriate outpatient ciprofloxacin prescriptions.16,45,46

FQ-related ADRs can be limited by educating the public about the misuse or overuse of FQs and by educating 
healthcare providers about rational prescribing. Regular monitoring of ADRs helps identify risk factors, reduce future 
incidences, and promote patient safety. The implementation of antimicrobial stewardship is likely to reduce overall 
antibiotic prescriptions, and consequently optimize patient safety and decrease antimicrobial resistance. Antimicrobial 
stewardship programs aimed at regulating FQs prescriptions have been linked to reduced use during hospitalization and 
discharge, thereby reducing ADRs.47,48 However, our study did not observe any ADRs for FQs prescriptions at the time 
of discharge. Healthcare providers should carefully consider the risks and benefits of FQs use, especially for common 
conditions such as uncomplicated urinary tract infections, where alternative antibiotic options may be available.49

The strength of the current study is that the ADRs data were collected from the regional pharmacovigilance 
center, in which ADR data are not routinely publicly available and that the findings were consistent with 
observations from other countries. However, our study had several limitations. Data were collected from the 
Tabuk Regional Pharmacovigilance Center database, one region of Saudi Arabia. However, this study analyzed 
a large amount of data from hospitals and primary care centers in the Tabuk region. Replication of our results to 
other regions among diverse populations is necessary to enhance the impact of our findings and to inspire positive 
changes. This retrospective study was based on continuous reports of patients, physicians, and pharmacists. Thus, 
our approximations of antibiotic-related ADRs were likely underestimated because some well-known ADRs may 
have been under-reported. The received dataset did not account for potential drug interactions with other 
medications that patients may have been taking at the time of the reported ADRs. Drug interactions may have 
contributed to some of the observed ADRs and highlight the need for caution when interpreting the results. 
Additionally, we encountered missing data on the length of hospital stay, comorbidities, and polypharmacy which 
should be assessed regularly to enhance and improve causality assessment and the quality of the database.
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Conclusion
The FQs class was associated with the greatest number of ADRs compared with other ABs in the pharmacovigilance 
database, particularly in patients above 40 years of age. Neurological adverse effects are common which warns healthcare 
providers to weigh the risks and benefits when prescribing FQs or to restrict their use to infections that cannot be easily 
managed with other ABs. These findings underscore the importance of close monitoring and appropriate use of these 
ABs to mitigate the risks associated with their use.
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