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Introduction: The US Food and Drug Administration issued safety warnings about neuropathy 
in 2013 and dysglycemia in 2018 caused by fluoroquinolone use, mainly based on case reports 
and case series. We conducted this systematic review to evaluate the safety of fluoroquinolones in 
diabetic patients by investigating their dysglycemic and neuropathic effects.
Methods: PubMed, Scopus, and Google Scholar were searched for randomized controlled 
trials and observational studies published from inception till September 2019 evaluating the 
safety of fluoroquinolones. Efficacy studies of fluoroquinolones reporting these adverse 
effects were also included. Primary outcomes were hypoglycemia, hyperglycemia, and 
neuropathy among patients with or without diabetes and treated with fluoroquinolones 
compared with placebo or other antibiotics. The Cochrane Collaboration tool for randomized 
controlled trials and modified Newcastle–Ottawa quality-assessment scale were used for 
assessment of the included studies.
Results and Discussion: A total of 725 studies were identified in the initial search. After 
screening of titles and abstracts and full-text review, 16 articles fulfilled the inclusion criteria. 
The sampled patients were aged 30–78 years. Hyperglycemia was reported in 1,588 patients 
that received fluoroquinolone among eight studies with 4,663 patients, and hypoglycemia 
was reported in 2,179 patients that received fluoroquinolones among eleven studies with 
6,208 patients. Dysglycemia was not generally associated with diabetes mellitus per se. 
Nevertheless, patients with more comorbidities, especially those with chronic kidney disease, 
receiving antidiabetics and/or steroids had more glycemic events when treated with 
fluoroquinolones.
Conclusion: Moxifloxacin was found to be associated the most and ciprofloxacin the least 
with dysglycemia. fluoroquinolones must be used with great caution among diabetic patients 
who have comorbidities and are receiving antidiabetics and/or steroids. Further evidence is 
required from studies on neuropathy caused by fluoroquinolones.
Keywords: gatifloxacin, moxifloxacin, ciprofloxacin, levofloxacin, hyperglycemia, 
hypoglycemia, safety, adverse drug reaction

Introduction
Researchers have continued to investigate the safety of fluoroquinolones for over 
two decades. Physicians commonly advocate the use of these antibacterials when 
there is no available alternative.1 The recommendations regarding these antibac-
terials have been made because of the adverse effects that have come from recent 
warnings for common conditions, such as acute bacterial infections of sinuses 
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and bronchi, as well as uncomplicated urinary tract 
infections. The most commonly reported psychiatric 
adverse effects include confusion, hallucinations, agita-
tion, delirium, insomnia, aand drowsiness. McGarvey 
et al recommended that fluoroquinolone be discontinued 
at the first sign of tendon inflammation to avoid subse-
quent rupture.2 The US Food and Drug Administration 
(FDA) issued safety warnings about neuropathy in 2013 
and dysglycemia in 2018 caused by fluoroquinolone use, 
mainly based on case reports and case series. In 2018, an 
FDA review found that fluoroquinolone antibiotics can 
also increase the occurrence of rare but serious events of 
ruptures or tears in the main artery of the body — the 
aorta.3–6

Though fluoroquinolones have proved to be effective 
in treating infections, there are concerns about their 
adverse effects on human beings. There have been 
some unfavorable responses in studies on fluoroquino-
lones during the final phases of clinical trials.7 Most of 
these trials have reported adverse effects of fluoroquino-
lone on the hepatic system, central nervous system, gas-
trointestinal tract, skin, and musculoskeletal system.8 

Modification of fluoroquinolone structures has also 
been found to have adverse drug reactions that can 
cause dysglycemia and neuropathy.9,10 The structure of 
fluoroquinolones is lipoidal in nature, hence accounting 
for an increased affinity for bones and cartilage. This 
explains the effect of fluoroquinolones on the musculos-
keletal system. Studies have also found risks of dysgly-
cemia and neuropathy among patients receiving 
fluoroquinolone antibacterials.11 Dysglycemia and neuro-
pathy are two effects that are also regarded as complica-
tions associated with diabetes mellitus. Diabetic patients 
are already at risk of these effects and subsequent 
complications.

This study sought to evaluate the safety of fluoroqui-
nolones for diabetic patients by exploring dysglycemic and 
neuropathic adverse effects reported in research compared 
to other antibiotics. Our findings make several contribu-
tions toward understanding dysglycemia and neuropathy 
as part of the effects regarded as complications associated 
with diabetes mellitus.

Methods
Literature Search
This systematic research followed PRISMA (Preferred 
Reporting Items for Systematic Review and Meta- 

analysis) protocols.12 Two researchers (AA and YZ) inde-
pendently performed an exclusive literature search using 
the Google Scholar, PubMed, and Scopus databases from 
inception till September 2019. The key search terms used 
are shown in Supplementary Information 1. We limited the 
search to literature published in English and international 
scientific journals. We opted to exclude conference 
abstracts, because they present findings of preliminary 
analyses that eventually appear as full-text publications. 
In addition, we screened all the reference lists of relevant 
systematic reviews and meta-analyses to help us identify 
any additional eligible publications that could have been 
missed during the initial search.

Study Selection and Data Extraction
Studies eligible for inclusion in the review were any research 
(original research, systematic reviews) involving the use of 
fluoroquinolones for any infection/any duration/any age cate-
gory/any ethnic group comparing the efficacy or safety with 
placebo or other antibiotics, and if they were conducted with 
or without a focus on adverse events and not necessarily 
conducted only in a diabetic population. We excluded all 
studies that involved the use of fluoroquinolones in preg-
nancy, economic evaluations, those that did not report adverse 
events related to neuropathy and/or dysglycemia, and those 
that did not report any adverse effects at all. Ultimately, 16 
studies met our inclusion criteria.13–28 (Figure 1).

The two researchers independently extracted data 
from the selected studies using a predefined data- 
extraction form, and resolved any discrepancies in the 
extracted data through discussion. The data-extraction 
form recorded basic characteristics of the studies, includ-
ing authors, year of publication, study design, setting, 
number of patients in each arm, number of diabetic 
patients in each arm, means or medians of baseline char-
acteristics, comorbidities, use of other medications, target 
infections, controls or comparators, dose and frequency 
of fluoroquinolone used, and the number of adverse 
events in each arm. Due to the heterogeneity of the 
included studies, it was not deemed appropriate to per-
form a meta-analysis.29

Risk of bias in the studies was assessed using the 
Cochrane Collaboration’s tool30 for randomized trials and 
the Newcastle–Ottawa Scale31 for observational studies. 
Grading of Recommendations Assessment, Development, 
and Evaluation (GRADE) methodology32 was used to deter-
mine the level of evidence for each study.
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Results
A total of 725 studies were identified. After screening 
titles and abstracts, 31 were selected, with a total of 16 
fulfilling the inclusion criteria. In these, the patient 
ages ranged 30–78 years. Hyperglycemia was reported in 
1,588 patients that received fluoroquinolones in eight 

studies on a total of 4,663 patients, whereas hypoglycemia 
was reported in 2,179 patients that received fluoroquino-
lones in eleven studies on a total 6,208 patients. 
Summaries of the extracted information are included in 
Supplementary Information 2. Patients with more comor-
bidities, such as chronic kidney disease compared with just 

Figure 1 PRISMA flow diagram of study selection. 
Notes: Adapted from: Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care 
interventions: explanation and elaboration. PLoS Med. 2009;6(7):e1000100.12 Creative Commons Attribution Non-commercial License.
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diabetic mellitus per se, tend to have higher risk of 
dysglycemia.17 Nevertheless, four studies indicated that 
receiving antidiabetic was associated with increased risk 
of dysglycemia,14,17,23,26 and two studies found the use of 
steroids resulted in more glycemic events when treated 
with fluoroquinolones than controls.17,24

Dysglycemia associated with fluoroquinolones in dia-
betic and nondiabetic patients is shown in Table 1. Results 
of the Newcastle–Ottawa scale are shown in Table 2. 
Results of the modified Cochrane Collaboration tool to 

assess risk of bias for randomized controlled trials is 
reported in Table 3. Figure 2 shows the incidence of 
dysglycemia associated with different fluoroquinolones.

Discussion
We carried out a systematic review of the extant literature to 
understand the two complications of dysglycemia and neuro-
pathy associated with diabetes mellitus. Diabetic patients are 
already at risk of these effects and subsequent complications. 
Therefore, we evaluated the safety of fluoroquinolones for 
diabetic patients by exploring dysglycemic and neuropathic 
effects of fluoroquinolones reported in research studies. This 
study summarized and evaluated evidence presented in 16 
studies on dysglycemia and two on neuropathy. The findings 
we compiled from different studies helped to show that 
fluoroquinolones were associated with increased risk of 
hyperglycemia and hypoglycemia. Furthermore, our findings 
revealed variabilities in such risks depending on the type of 
fluoroquinolone administered to diabetes mellitus and those 
without diabetes. For example, our findings showed that 
levofloxacin was associated with a very high level of 
hypoglycemic diabetic patients, followed by ciprofloxacin 
and gatifloxacin. In line with our expectations, a majority 
of patients experiencing adverse events after being treated 
with sulfonylurea and insulin were at high risk of suffering of 
abnormal fluctuations in their glucose homeostasis. Our 

Table 1 Dysglycemia associated with fluoroquinolones in diabetic and nondiabetic patients

Diabetic patients Nondiabetic patients

Hypoglycemia Hyperglycemia Hypoglycemia Hyperglycemia

Gatifloxacin 231 513 17 107

Moxifloxacin 78 43 2 11
Ciprofloxacin 488 156 14 30

Levofloxacin 579 186 15 40

Total 1,376 898 48 188

Table 2 Newcastle–Ottawa quality-assessment scale scores

Reference Score

1 Park-Wyllie et al 200627 8 out of 8

2 Mohr et al 200824 8 out of 8
3 Mohr et al 200523 8 out of 8

4 Graumlich et al 200517 7 out of 8

5 Etminanet et al 7 out of 8
6 Schelleman et al 201028 8 out of 8

7 Parekh et al 201426 8 out of 8

8 Aspinall et al 200913 8 out of 8
9 Chou et al 201314 8 out of 8

10 LaPlante et al 200820 7 out of 8

11 Lodise et al 200721 7 out of 8
12 Onyenwenyi et al 200725 8 out of 8

13 Haerian et al 200718 7 out of 8

Notes: 1–5, case–control studies; 6–12, cohort studies.

Table 3 Modified Cochrane Collaboration tool to assess risk of bias for randomized controlled trials

Study Selection bias Reporting 
bias

Other 
bias

Performance bias Detection bias Attrition 
bias

Random- 
sequence 
generation

Allocation 
concealment

Selective 
reporting

Blinding 
(participants and 
personnel)

Blinding 
(outcome 
assessment)

Incomplete 
outcome 
data

Gajjar et al, 2000 16 Low Low Low Low Low Low Low
Jawahar et al, 2013 19 Low High Low Low Low Low Low

Merle et al, 2014 22 Low High Low Low High Low High
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findings support a study conducted by Chou et al14 that found 
that moxifloxacin had a very high association with risk of 
hypoglycemia, followed by levofloxacin and ciprofloxacin. 
In addition, the study collected a large sample that formed 
their cohort population from a national database. The authors 
sought to investigate the risks associated with contracting 
dysglycemia among most of the new patients who had had 
antibiotics administered.14 Furthermore, it is critical to point 
out that the study focused only on patients that had received 
first episode. They did this in order to try to avoid cases of 
selection bias as well as diluted risk.14

There is a higher risk of hypoglycemia than 
hyperglycemia.33 The extant literature shows that the 
risks associated with hypoglycemia seem to be more 
associated with levofloxacin than ciprofloxacin or gatiflox-
acin. A case–control research also showed that there was 
a slight increase in the risk of hypoglycemia related to 
diabetic patients administered levofloxacin. However, the 
same risks did not manifest with moxifloxacin or 
ciprofloxacin.34 Another cohort study in a Veterans 
Affairs health-care facility indicated that the probability 
of diabetic patients experiencing severe hypoglycemia 
seemed to be greater among those administered levoflox-
acin than patients receiving azithromycin. However, the 
findings also showed a contrast in risk among those admi-
nistered with ciprofloxacin.13

The effect of fluoroquinolones on secretion of insulin 
has also received attention among studies, showing that 
fluoroquinolones cause severe hypoglycemia by causing 
an increase in insulin secreted in the body. The body 
secrets insulin through adenosine triphosphate–sensitive 
K+-blockade pathways within β cells in the pancreas.35 

Chou et al14 reiterated that such an effect might fail to 
be clinically significant among all the patients with phy-
siological mechanisms regulating the flow levels of glu-
cose in the blood. However, there is still a lack of clarity 
concerning the mechanisms of hyperglycemia. In a study 
conducted by Francis and Higgins,11 overexposure might 
have been a major contributing factor in terms of failure of 
specialists to adjust the amount of dosage administered to 
diabetic patients suffering renal insufficiency. The findings 
presented in our study and other research,1,10 as well as the 
significant common mechanisms associated with hypogly-
cemia, point to the need for caution when administering 
certain fluoroquinolones. Other studies have also reported 
differences in risk of other adverse effects from the same 
group of antibiotics.35

According to findings focusing on empirical in vitro 
animal research, it is clear that fluoroquinolones have 
a high chance of causing hypoglycemia. They increases 
insulin levels released in the blood through ATP-sensitive 
K+-blockade passage, depending on dosage.36 Another 

Figure 2 Incidence of dysglycemia associated with fluoroquinolones.
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similar study showed that the insulinotropic effect of 
fluoroquinolones occurred because of stimulatory 
effects of β-cell nutrients instead of initial secretion of 
insulin. The findings showed that gatifloxacin provided 
the highest insulinotropic efficacy, followed by moxiflox-
acin and ciprofloxacin.37

Our results are also consistent with past studies. For 
instance, a retrospective review of medical records con-
cerning glycemia among hospitalized patients adminis-
tered with fluoroquinolones, such as gatifloxacin, 
levofloxacin, ceftriaxone, or ciprofloxacin, revealed that 
dysglycemia events were more probable among patients 
administered gatifloxacin. The associated risks were 3.29 
for gatifloxacin and 1.55 for levofloxacin. Studies have not 
shown any difference between gatifloxacin and levoflox-
acin. However, it is critical to point out that in our study, 
we combined both hypoglycemia and hyperglycemia when 
researching meta-analyses. Within the controls (no dia-
betes), it was clear that the odds of gatifloxacin inducing 
hypo- and hyperglycemia were higher than other drugs, 
followed by levofloxacin. Our findings support Wang et al, 
who found that among elderly inpatients administered 
gatifloxacin or levofloxacin, the former was independently 
associated with hyperglycemia than hypoglycemia.38

We found two studies that focused on understanding 
the neuropathic effects of fluoroquinolones: difficulties 
experienced when diagnosing patients with fluoroquino-
lones related to neuropathy was because of delayed array 
of symptoms, confusion, and diffusion.39,40 While patients 
administered fluoroquinolones showed fewer side effects 
than those administered first-generation fluoroquinolones, 
eg, gastrointestinal disturbances and nausea, 0.8%–1.7% 
experienced adverse reactions associated with the periph-
eral and central nervous systems. These included agitation, 
delusions, psychosis, drowsiness, dizziness, and headache. 
Moreover, the effects extended to peripheral sensory dis-
turbances. Of note, another study discovered contrasting 
findings from the aforementioned. It was suggested that 
patients administered fluoroquinolones experienced mild 
and short-term events in the nervous system. For example, 
80% reported incidences of organ systems in their nerves 
with symptoms starting as early as 24 hours postdosage. 
Half the cases indicated that symptoms lasted for 
>1 year.41 They concluded there was a high level of 
association between fluoroquinolones and long-term 
effects on the peripheral nervous system among diabetic 
patients. This included 55% peripheral neuropathy symp-
toms, and 75% central nervous system. More than 80% of 

patients experienced long-term sequelae associated with 
fluoroquinolones.41

We believe that our findings have clinical implications 
specifically in ambulatory care settings where alternative 
drug therapies can be considered in patients at risk of 
dysglycemia due to fluoroquinolones, especially moxiflox-
acin, or more aggressive monitoring of blood glucose 
should be conducted if fluoroquinolones have to be used 
in high-risk patients. However, blood glucose is generally 
more closely monitored and conveniently managed in 
inpatient settings. Future research should explore the rela-
tionship between clinical effects and quality of fluoroqui-
nolone products, because literature has uncovered that the 
quality of ciprofloxacin and levofloxacin could be 
compromised.42,43

Limitations
There is a caveat for any researcher that would like to use 
our findings as a reference point. The fact that our meth-
odology relied on meta-analysis of of different databases 
resulted in problems with coding qualitative data and 
missing data.40 In addition, while several events could 
have occurred in hospitals, it was difficult for our team 
to validate such types of diagnoses of hypoglycemia and 
hyperglycemia among diabetic and nondiabetic patients. 
We also failed to access medical records and data from 
laboratories. Even though the events reported in other 
literature failed to show severity of conditions with hospi-
talization, our secondary research failed to understand the 
degree and duration of glycemia. This could have contrib-
uted to a possible association of gatifloxacin with both 
hypoglycemia and hyperglycemia among the diabetic 
patients. Nonetheless, we used strict criteria to achieve 
accuracy in the results. The severity of adverse 
effects from fluoroquinolones can influence insulin in the 
bloodstream of diabetic patients. As such, incorporating 
nondiabetic patients in randomized controlled trials could 
produce confounders. Moreover, we found only one study 
focusing on neuropathy, which is insufficient to draw 
strong conclusions related to adverse effects of fluoroqui-
nolones This necessitates further research.

Conclusion
This study sought to evaluate the safety of fluoroquino-
lones for diabetic patients by exploring their 
dysglycemic and neuropathic effects of fluoroquinolones 
reported in the research. We conducted a systematic 
review and used the PRISMA approach to select eligible 
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articles for a meta-analysis of randomized controlled trials 
and observational studies published from inception until 
September 2019 examining the adverse effects of fluoro-
quinolones on diabetic patients. Our findings suggest 
a strong association between certain fluoroquinolones and 
adverse effects of both dysglycemia and neuropathy. 
Dysglycemia was not generally associated with diabetes.

Patients with more comorbidities, such as chronic kidney 
diseases, receiving antibiotics and/or steroids had more glyce-
mic events when treated with fluoroquinolones. Moxifloxacin 
had the strongest relationship with dysglycemia and ciproflox-
acin the weakest. We recommend that health facilities take 
caution when administering fluoroquinolones to diabetic 
patients. This should extend to patients with comorbidities 
and those receiving diabetics and/or steroids.
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