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A bs tr ac t

Background

Gatifloxacin has been associated with both hypoglycemia and hyperglycemia. We 
examined dysglycemia-related health outcomes associated with various antibiotics 
in a population of approximately 1.4 million Ontario, Canada, residents 66 years of 
age or older.

Methods

We conducted two population-based, nested case–control studies. In the first, case 
patients were persons treated in the hospital for hypoglycemia after outpatient 
treatment with a macrolide, a second-generation cephalosporin, or a respiratory 
fluoroquinolone (gatifloxacin, levofloxacin, moxifloxacin, or ciprofloxacin). In the 
second, case patients were persons who received hospital care for hyperglycemia. 
For each case patient, we identified up to five controls matched according to age, 
sex, the presence or absence of diabetes, and the timing of antibiotic therapy.

Results

Between April 2002 and March 2004, we identified 788 patients treated for hypo-
glycemia within 30 days after antibiotic therapy. As compared with macrolide anti-
biotics, gatifloxacin was associated with an increased risk of hypoglycemia (adjusted 
odds ratio, 4.3; 95 percent confidence interval, 2.9 to 6.3). Levofloxacin was also 
associated with a slightly increased risk (adjusted odds ratio, 1.5; 95 percent confi-
dence interval, 1.2 to 2.0), but no such risk was seen with moxifloxacin, ciprofloxacin, 
or cephalosporins. We then identified 470 patients treated for hyperglycemia within 
30 days after antibiotic therapy. As compared with macrolides, gatifloxacin was 
associated with a considerably increased risk of hyperglycemia (adjusted odds ratio, 
16.7; 95 percent confidence interval, 10.4 to 26.8), but no risk was noted with the 
other antibiotics. Risks were similar in the two studies regardless of the presence 
or absence of diabetes.

Conclusions

As compared with the use of other broad-spectrum oral antibiotics, including other 
fluoroquinolones, the use of gatifloxacin among outpatients is associated with an 
increased risk of in-hospital treatment for both hypoglycemia and hyperglycemia.
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Fluoroquinolones, broad-spectrum 
antibiotics that are widely perceived to have 
favorable adverse-effect profiles, have be-

come the most prescribed antibiotics in the United 
States.1 From 1995 to 2002, the number of fluoro-
quinolone prescriptions in the United States in-
creased by a factor of more than three, reaching 
about 22 million prescriptions per year.1

The available f luoroquinolones have well-
established differences in antimicrobial activity, 
but their disparate adverse-effect profiles are 
increasingly being recognized. Serious adverse 
events have led to the withdrawal or restriction 
of several fluoroquinolones in recent years,2 in-
cluding temafloxacin (because of hemolysis, renal 
failure, and hypoglycemia),3,4 grepafloxacin and 
sparfloxacin (because of QT-interval prolonga-
tion),4-6 and trovafloxacin (because of hepato-
toxicity).6,7

Limited data suggest that as compared with 
other currently available fluoroquinolones, gati-
floxacin (Tequin, Bristol-Myers Squibb) may be 
uniquely associated with increased risks of both 
hypoglycemia and hyperglycemia.8-26 Although 
the mechanism of these apparently competing 
adverse effects is not fully understood, studies in 
animals suggest that although gatifloxacin can 
promote insulin release and hypoglycemia by 
blocking the ATP-sensitive potassium channels 
of pancreatic islet cells, it can also trigger the 
vacuolation of pancreatic beta cells, leading to re-
duced insulin levels and hyperglycemia.9,20,24,27,28

Evidence that gatifloxacin causes dysglycemic 
effects in humans consists of data from case re-
ports, small studies in healthy volunteers or hos-
pital inpatients, and one small postmarketing 
study.25,29-34 These studies yielded conflicting 
conclusions regarding the effects of gatifloxacin 
on blood glucose levels, but some reports strong-
ly suggest the existence of a causal relation.26 
For example, one recent report described two 
patients in whom profound hyperglycemia (glu-
cose, 942 to 1456 mg per deciliter [52 to 81 mmol 
per liter]) developed shortly after gatif loxacin 
therapy but who had no subsequent evidence of 
diabetes.26

Given the popularity of fluoroquinolones and 
the potentially life-threatening consequences of 
dysglycemia, we conducted two nested case–
control studies in patients treated with broad-
spectrum antibiotics identified on the basis of the 
health care records. We examined the records of 

more than 1.4 million residents of Ontario, Can-
ada, who were at least 66 years old. Our aim was 
to explore the association between antibiotic use 
and subsequent hospital visits for hypoglycemia 
or hyperglycemia. We hypothesized that gati-
floxacin would be more strongly associated with 
these outcomes than would other broad-spec-
trum antibiotics, including other commonly used 
fluoroquinolones.

Me thods

Setting and Design

We used a nested case–control design to examine 
drug use and clinical outcomes within a cohort of 
Ontario outpatients 66 years of age or older35-38 
who had received broad-spectrum antibiotics that 
are often used for the treatment of lower respira-
tory tract infections. These persons receive uni-
versal access to hospital care, physicians’ services, 
and prescription-drug coverage. The study was ap-
proved by the research ethics board of Sunnybrook 
and Women’s College Health Sciences Centre. Con-
sent was not required, given the study methods 
and the masking of the patients’ identities. 

Sources of Data

We identified prescription records using the On-
tario Drug Benefit database, which contains com-
prehensive records of prescription medications 
dispensed to Ontario residents 65 years of age or 
older.39 Hospital visits were identified with use of 
the National Ambulatory Care Reporting System 
database and the Canadian Institute for Health 
Information Discharge Abstract Database, which 
contain detailed diagnostic and procedural in-
formation regarding emergency-department vis-
its and hospital admissions, respectively.

We used the Ontario Health Insurance Plan 
database to identify claims for inpatient and outpa-
tient physician services. Basic demographic infor-
mation was obtained from the Registered Persons 
Database, a registry containing a single, unique 
record for all Ontario residents ever issued a health 
card. Socioeconomic status was estimated for each 
patient by linking the home postal code to Sta-
tistics Canada population census data to obtain 
the median household-income quintile.40-43 These 
databases have little missing information and were 
linked in an anonymous fashion with the use of 
encrypted individual health-card numbers, as in 
previous studies.35,36,44,45
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Case Patients and Controls

In the first study, we defined case patients as 
persons who received hospital care (emergency 
department treatment or hospital admission) for 
hypoglycemia within 30 days after receiving a 
prescription for a macrolide (erythromycin, clari-
thromycin, or azithromycin) an oral second-gen-
eration cephalosporin (cefuroxime axetil or cefa-
clor), or a respiratory fluoroquinolone (gatifloxacin, 
levofloxacin, moxifloxacin, or ciprofloxacin). Per-
sons admitted for hypoglycemia between April 1, 
2002, and March 31, 2004, were included as case 
patients in the study.

Hospital visits for hypoglycemia were identi-
fied with use of codes from the International Statis-
tical Classification of Diseases and Related Health Prob-
lems, 10th revision46 (ICD-10), for hypoglycemia 
(E10.63, E11.63, E13.63, E14.63, E16.1, or E16.2), 
hypoglycemic coma (E15), and drug-induced hy-
poglycemia (E16.0). We examined emergency de-
partment care in combination with hospital ad-
missions because both are likely to signify the 
occurrence of serious adverse events and because 
admission is sometimes discretionary and can 
be influenced by nonmedical factors, particularly 
among older patients.

The date of hospital treatment served as the 
reference date in all analyses. Only the first hos-
pital visit for hypoglycemia was considered in the 
instance of patients who had multiple episodes 
during the study period. Patients who received 
antibiotics from more than one class during the 
30 days before the reference date were excluded 
from the analysis. We excluded patients hospital-
ized within 90 days before the reference date to 
avoid the potentially confounding effects of re-
cent illness and also excluded patients during 
their first year of eligibility for prescription-drug 
coverage (which begins at the age of 65 years) 
to avoid incomplete medication records.

For each case patient, we randomly selected 
up to five controls from the population of pa-
tients who had received antibiotics but who did 
not receive care for hypoglycemia in the hospital. 
Controls were assigned the same reference date 
as their corresponding case patient and were re-
quired to have received one of the antibiotics 
listed above during the preceding 30 days; thus, 
all case patients and controls were nested within 
a cohort of outpatients recently treated with 
broad-spectrum antibiotics. Controls were also 
matched to case patients according to age (birth 

within one year of the case patient), sex, and the 
presence or absence of diabetes, defined as any 
prescription for insulin or glucose-lowering drugs 
during the previous six months. Because we an-
ticipated that antibiotic-associated hypoglycemia 
would be a time-dependent phenomenon, we also 
matched case patients and controls according to 
the time (in days) from the initiation of antibi-
otic therapy to the reference date. When fewer 
than five controls could be matched to a case 
patient, we used only those controls and did not 
alter the matching algorithm.

In the second study, case patients were de-
fined as persons hospitalized with any diagnosis 
of hyperglycemia (ICD-10 code R73.9), diabetic 
ketoacidosis (E10.10, E10.12, E11.10, E11.12, 
E13.10, E13.12, E14.10, or E14.12), or hyperos-
molar nonketotic coma (E11.00, E11.01, E13.00, 
E13.01, E14.00, or E14.01) after outpatient treat-
ment with a macrolide, a second-generation ceph-
alosporin, or a respiratory fluoroquinolone during 
the previous 30 days. Otherwise, the design and 
analysis were identical to those described above.

Statistical Analysis

The primary analysis examined the association 
between outpatient use of gatifloxacin and sub-
sequent hospital treatment for hypoglycemia (in 
the first study) or hyperglycemia (in the second). 
To place our findings in context, we conducted 
similar analyses for levofloxacin, moxifloxacin, 
ciprofloxacin, and the second-generation cephalo-
sporins as a group.

Because any serious infection could be asso-
ciated with hospitalization involving alterations 
in blood glucose levels, we used macrolide anti-
biotics as the reference group in all analyses. 
Macrolides and respiratory fluoroquinolones are 
prescribed for similar community-acquired infec-
tions, but macrolides do not directly influence 
glycemic control.

Conditional logistic regression was used to 
estimate odds ratios and 95 percent confidence 
intervals for the association between hypoglyce-
mic events and recent antibiotic use. In the multi-
variable analysis, we adjusted for conditions that 
might influence or be reflective of glycemic con-
trol, including liver disease, renal insufficiency, 
and alcohol abuse, as well as the number of hos-
pital admissions involving dysglycemia during the 
preceding two years, the number of hospitaliza-
tions for any reason during the preceding year, 
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and the number of days during the previous year 
on which there was a visit to an endocrinologist, 
internist, or family physician. We also adjusted for 
recent prescriptions (within the preceding 180 
days) for insulin, oral hypoglycemic agents, or 
other drugs that might influence glycemic control 
(a more complete description is provided in the 
Supplementary Appendix, available with the full 
text of this article at www.nejm.org).47,48 Because 
the pharmacokinetics of sulfonylurea hypoglyce-
mic agents can be influenced by drugs that modu-
late the activity of cytochrome P-450 isoenzyme 
2C9,37 we adjusted for the receipt of commonly 
used inhibitors and inducers of this enzyme (see 
the Supplementary Appendix). Finally, we adjust-
ed for socioeconomic status and for the number 
of drugs received during the previous year, which 
is a validated index of comorbidity among ambu-
latory patients.49-52

We performed stratified analyses among pa-
tients with and those without diabetes. All analy-
ses used a two-sided type I error rate of 0.05 as 
the threshold for statistical significance and were 
performed with the use of SAS software (version 
8.2, SAS Institute).

R esult s

Hypoglycemia

During the two-year study period, we identified 
788 patients who received hospital care for hypo-
glycemia within 30 days after outpatient antibi-
otic therapy. Of these patients, 93.4 percent were 
matched to five controls. Most case patients (91.9 
percent) were being treated for diabetes. The 
characteristics of the case patients and the con-
trols are shown in Table 1. Their mean (±SD) age 
was 78.0±6.8 years, and 1950 (42.6 percent) were 
male. The median time from the initiation of 
antibiotic therapy to treatment in the hospital 
was 6 days (interquartile range, 2 to 15). Slightly 
more than half the case patients (422 [53.6 per-
cent]) were released from the emergency depart-
ment after treatment. Among the 366 case patients 
who were admitted to the hospital, the median 
length of stay was 7 days (interquartile range, 3 to 
14), and 30 (8.1 percent) died before discharge.

Patients treated for hypoglycemia were more 
than four times as likely as controls to have re-
cently been treated with gatifloxacin as compared 
with a macrolide antibiotic (adjusted odds ratio, 
4.3; 95 percent confidence interval, 2.9 to 6.3) 

(Table 2). We also observed a significant but 
weaker association between hypoglycemia and 
levofloxacin (adjusted odds ratio, 1.5; 95 percent 
confidence interval, 1.2 to 2.0). In contrast, we 
found no increased risk of hypoglycemia after 
treatment with either moxifloxacin or ciprofloxa-
cin. As expected, we also observed no association 
between hypoglycemia and second-generation 
cephalosporins.

Similar findings were observed in analyses 
stratified according to drug treatment for diabe-
tes (Table 2). The association between gatifloxa-
cin and hypoglycemia was highest among pa-
tients who were not receiving therapy for diabetes 
(adjusted odds ratio, 9.0; 95 percent confidence 
interval, 1.3 to 63.4), although this observation 
was based on relatively few cases (64). The find-
ings were similar when we restricted the analysis 
to patients who were admitted to the hospital.

Hyperglycemia

We identified 470 case patients who made hyper-
glycemia-related hospital visits after outpatient 
antibiotic therapy. Of these patients, 94.9 percent 
were matched to five controls. More than a third 
of them (178 [37.9 percent]) had not received treat-
ment for diabetes within 180 days before receiving 
care in the hospital. The characteristics of the case 
patients and the controls are shown in Table 1. 
Their mean age was 77.4±7.4 years, and 1194 
(43.4 percent) were male. The median time from 
the initiation of antibiotic therapy to treatment 
in the hospital was 5 days (interquartile range, 
2 to 13). Half the case patients (233 [49.6 percent]) 
were treated and released from the emergency 
department. Of the 237 patients who were admit-
ted to the hospital, the median length of stay was 
9 days (interquartile range, 5 to 14), and 39 (16.5 
percent) died before discharge.

Patients treated in the hospital for hypergly-
cemia were almost 17 times as likely as controls 
to have recently been treated with gatifloxacin as 
compared with a macrolide antibiotic (adjusted 
odds ratio, 16.7; 95 percent confidence interval, 
10.4 to 26.8) (Table 3). In contrast, we found no 
evidence of an increased risk of hyperglycemia 
with any other fluoroquinolone or with the sec-
ond-generation cephalosporins.

The findings were similar in analyses strati-
fied according to the presence or absence of dia-
betes. The association between gatifloxacin and 
hyperglycemia was highest among patients treat-
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Table 1. Characteristics of the Case Patients and the Controls.*

Characteristic Hypoglycemia Hyperglycemia

Case Patients 
(N = 788)

Controls 
(N = 3791)

Case Patients 
(N = 470)

Controls 
(N = 2280)

Demographic and medical characteristics

Age — yr 78.4±7.2 77.8±6.7 77.8±7.2 77.3±6.7

Male sex — no. (%) 338 (42.9) 1612 (42.5) 204 (43.4) 990 (43.4)

Interval from start of antibiotic therapy to 
in-hospital treatment — days

Median 6 6 5 6

Interquartile range 2–15 2–15 2–13 2–13

Residence in a long-term care facility — 
no. (%)

142 (18.0) 505 (13.3) 101 (21.5) 289 (12.7)

Socioeconomic status — no. (%)

1 (lowest) 201 (25.5) 875 (23.1) 111 (23.6) 517 (22.7)

2 200 (25.4) 874 (23.1) 126 (26.8) 517 (22.7)

3 136 (17.3) 717 (18.9) 73 (15.5) 438 (19.2)

4 119 (15.1) 652 (17.2) 76 (16.2) 383 (16.8)

5 (highest) 102 (12.9) 549 (14.5) 70 (14.9) 341 (15.0)

Data missing 30 (3.8) 124 (3.3) 14 (3.0) 84 (3.7)

No. of visits during preceding year

To a family physician 17.0±14.5 15.3±12.9 17.6±15.2 14.7±12.8

To a general internist 0.8±2.1 0.6±2.2 0.5±1.8 0.7±1.7

To an endocrinologist 0.3±1.0 0.3±0.9 0.2±0.6 0.2±0.7

Renal dysfunction — no. (%) 75 (9.5) 200 (5.3) 30 (6.4) 87 (3.8)

Liver disease — no. (%) 7 (0.9) 24 (0.6) <6 15 (0.7)

Alcohol abuse — no. (%) 11 (1.4) 38 (1.0) <6 25 (1.1)

Hypoglycemia-related hospitalization during 
preceding 2 yr — no. (%)

19 (2.4) 21 (0.6) <6 10 (0.4)

Hyperglycemia-related hospitalization during 
preceding 2 yr — no. (%)

<6 7 (0.2) <6 <6

No. of hospitalizations during preceding year 0.5±0.8 0.3±0.8 0.5±1.0 0.3±0.7

Drug therapy

Oral glucose-lowering agents — no. (%)

Biguanides 372(47.2) 1979 (52.2) 160 (34.0) 837 (36.7)

Thiazolidinediones 24 (3.0) 101 (2.7) 12 (2.6) 40 (1.8)

Acarbose 18 (2.3) 74 (2.0) <6 27 (1.2)

Sulfonylureas 491 (62.3) 1866 (49.2) 174 (37.0) 748 (32.8)

Repaglinide <6 8 (0.2) <6 6 (0.3)

Insulin preparations — no. (%) 259 (32.9) 880 (23.2) 105 (22.3) 355 (15.6)

Other hyperglycemic agents — no. (%) 455 (57.7) 1997 (52.7) 292 (62.1) 1149 (50.4)

Cytochrome P-450 2C9 inducers — no. (%) 11 (1.4) 27 (0.7) 13 (2.8) 21 (0.9)

Cytochrome P-450 2C9 inhibitors — no. (%) 139 (17.6) 533 (14.1) 85 (18.1) 321 (14.1)

Miscellaneous medications — no. (%) 68 (8.6) 263 (6.9) 27 (5.7) 114 (5.0)

* Plus–minus values are means ±SD. Patient numbers that are below six are not specified, in accordance with Ontario 
privacy regulations. CYP2C9 denotes cytochrome P-450 isoenzyme 2C9.
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ed with glucose-lowering drugs (adjusted odds 
ratio, 23.6; 95 percent confidence interval, 12.4 to 
44.6), although the association remained strong 
among patients not receiving such treatment (ad-
justed odds ratio, 12.8; 95 percent confidence 
interval, 5.9 to 27.8). The findings were also 
similar when we restricted the analysis to patients 
who were admitted to the hospital.

Supplementary Analyses

The population-based nature of our data allowed 
us to estimate the incidence of dysglycemia dur-
ing antibiotic therapy. We identified all patients 
66 years of age or older who were treated with 

antibiotics during the study period. Patients hos-
pitalized within 90 days before receiving an anti-
biotic prescription, as well as those who received 
another antibiotic prescription within 30 days, 
were excluded from the analysis. For each patient, 
we identified hospital visits for dysglycemia dur-
ing the 30-day period after the start of antibiotic 
therapy. For patients with multiple antibiotic pre-
scriptions during the study period, each course 
of treatment was considered separately. In total, 
16,697 courses of gatifloxacin treatment were as-
sociated with 178 hospital visits (1.1 percent) for 
dysglycemia within 30 days — a rate substan-
tially higher than the rates associated with cipro-

Table 2. Association between Hypoglycemia-Related Hospital Visits and Recent Antibiotic Use.*

Variable Case Patients Controls
Univariate Odds Ratio 

(95% CI)
Adjusted Odds Ratio 

(95% CI)

no. (%)

All patients 788 3791

Fluoroquinolones

Gatifloxacin 61 (7.7) 77 (2.0) 4.4 (3.0–6.3) 4.3 (2.9–6.3)

Levofloxacin 114 (14.5) 341 (9.0) 1.7 (1.4–2.2) 1.5 (1.2–2.0)

Moxifloxacin 24 (3.0) 162 (4.3) 0.8 (0.5–1.3) 0.8 (0.5–1.3)

Ciprofloxacin 209 (26.5) 1075 (28.4) 1.1 (0.9–1.3) 0.9 (0.8–1.1)

Cephalosporins† 62 (7.9) 397 (10.5) 0.9 (0.6–1.2) 0.9 (0.6–1.2)

Macrolides‡ 318 (40.4) 1739 (45.9) 1.0 1.0

Patients with diabetes 724 3473

Fluoroquinolones

Gatifloxacin 57 (7.9) 73 (2.1) 4.3 (2.9–6.2) 4.2 (2.8–6.3)

Levofloxacin 104 (14.4) 307 (8.8) 1.8 (1.3–2.3) 1.5 (1.2–2.0)

Moxifloxacin 22 (3.0) 149 (4.3) 0.8 (0.5–1.3) 0.8 (0.5–1.3)

Ciprofloxacin 195 (26.9) 1002 (28.9) 1.1 (0.9–1.3) 0.9 (0.7–1.1)

Cephalosporins† 55 (7.6) 362 (10.4) 0.8 (0.6–1.1) 0.8 (0.6–1.1)

Macrolides‡ 291 (40.2) 1580 (45.5) 1.0 1.0

Patients without diabetes 64 318

Fluoroquinolones

Gatifloxacin <6 <6 6.4 (1.4–29.9) 9.0 (1.3–63.4)

Levofloxacin 10 (15.6) 34 (10.7) 1.7 (0.7–3.9) 2.1 (0.7–6.0)

Moxifloxacin <6 13 (4.1) 1.0 (0.2–4.5) 1.7 (0.2–11.8)

Ciprofloxacin 14 (21.9) 73 (23.0) 1.1 (0.6–2.3) 1.2 (0.5–2.9)

Cephalosporins† 7 (10.9) 35 (11.0) 1.2 (0.5–3.0) 2.3 (0.8–6.7)

Macrolides‡ 27 (42.2) 159 (50.0) 1.0 1.0

* Because of rounding, not all percentages total 100. Patient numbers that are below six are not specified, in accordance 
with Ontario privacy regulations. CI denotes confidence interval.

† Cephalosporins include oral cefuroxime axetil and cefaclor.
‡ Macrolides (which served as the reference group) include oral clarithromycin, azithromycin, and erythromycin.
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f loxacin (0.3 percent), levofloxacin (0.3 percent), 
moxifloxacin (0.2 percent), second-generation 
cephalosporins (0.2 percent), and macrolide an-
tibiotics (0.1 percent).

Finally, because the product monograph for 
gatifloxacin (Tequin) advises the monitoring of 
blood glucose levels in patients with diabetes dur-
ing gatifloxacin therapy,20 we looked for an in-
teraction between gatifloxacin and diabetes.53 We 
found no significant difference in the risk of ei-
ther gatifloxacin-associated hypoglycemia or gat-
ifloxacin-associated hyperglycemia between pa-
tients receiving treatment for diabetes and those 
not receiving such treatment.

Discussion

In the United States, gatif loxacin has already 
undergone four labeling changes on the basis of 
case reports suggesting that it can dramatically 
alter blood glucose levels.54 No large-scale studies 
have examined clinical outcomes related to the dys-
glycemic effects of outpatient gatifloxacin thera-
py. Using the health care records of more than 
1.4 million Ontario residents 66 years of age or 
older, we found that gatifloxacin was strongly as-
sociated with subsequent hospital care for hypo-
glycemia and for hyperglycemia. With the excep-
tion of a slight increase in the risk of hypoglycemia 

Table 3. Association between Hyperglycemia-Related Hospital Visits and Recent Antibiotic Use.*

Variable Case Patients Controls
Univariate Odds Ratio 

(95% CI)
Adjusted Odds Ratio

(95% CI)

no. (%)

All patients 470 2280

Fluoroquinolones

Gatifloxacin 86 (18.3) 42 (1.8) 16.3 (10.4–25.4) 16.7 (10.4–26.8)

Levofloxacin 52 (11.1) 233 (10.2) 1.6 (1.1–2.3) 1.3 (0.9–1.9)

Moxifloxacin 20 (4.3) 70 (3.1) 2.0 (1.2–3.5) 1.7 (1.0–3.0)

Ciprofloxacin 113 (24.0) 576 (25.3) 1.4 (1.0–1.8) 1.1 (0.9–1.5)

Cephalosporins† 38 (8.1) 235 (10.3) 1.2 (0.8–1.7) 1.2 (0.8–1.7)

Macrolides‡ 161 (34.3) 1124 (49.3) 1.0 1.0

Patients with diabetes 292 1403

Fluoroquinolones

Gatifloxacin 59 (20.2) 25 (1.8) 22.7 (12.4–41.4) 23.6 (12.4–44.6)

Levofloxacin 31 (10.6) 129 (9.2) 1.9 (1.2–2.9) 1.6 (1.0–2.5)

Moxifloxacin 9 (3.1) 40 (2.9) 2.0 (0.9–4.3) 1.7 (0.8–3.9)

Ciprofloxacin 83 (28.4) 393 (28.0) 1.6 (1.1–2.2) 1.3 (0.9–1.8)

Cephalosporins† 20 (6.8) 149 (10.6) 1.0 (0.6–1.7) 1.0 (0.6–1.7)

Macrolides‡ 90 (30.8) 667 (47.5) 1.0 1.0

Patients without diabetes 178 877

Fluoroquinolones

Gatifloxacin 27(15.2) 17 (1.9) 9.9 (5.0–19.5) 12.8 (5.9–27.8)

Levofloxacin 21 (11.8) 104 (11.9) 1.4 (0.8–2.3) 1.0 (0.5–1.8)

Moxifloxacin 11 (6.2) 30 (3.4) 2.2 (1.0–4.6) 1.6 (0.7–3.9)

Ciprofloxacin 30 (16.9) 183 (20.9) 1.1 (0.7–1.7) 0.9 (0.6–1.6)

Cephalosporins† 18 (10.1) 86 (9.8) 1.4 (0.8–2.5) 1.5 (0.8–2.7)

Macrolides‡ 71 (39.9) 457 (52.1) 1.0 1.0

* Because of rounding, not all percentages total 100. CI denotes confidence interval.
† Cephalosporins include oral cefuroxime axetil and cefaclor.
‡ Macrolides (which served as the reference group) include oral clarithromycin, azithromycin, and erythromycin.
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with levofloxacin, these risks were not shared by 
other fluoroquinolones. Dysglycemic events were 
not restricted to patients receiving drug treatment 
for diabetes. The relative absence of dysglycemia 
in association with the other f luoroquinolone 
antibiotics is consistent with the findings of 
previous reports and analyses from postmarket-
ing surveillance in the United States and Cana-
da10,12,16 and is not suggestive of a class effect for 
the fluoroquinolones.

It is uncommon for one drug to have directly 
opposing adverse effects, but clearly possible as 
evidenced by the dysglycemic effects of pentami-
dine and the competing thyroid effects of amio-
darone.55,56 Indeed, the gatif loxacin product 
monograph describes a postmarketing study of 
70 volunteers with type 2 diabetes; in some, hy-
poglycemia followed by hyperglycemia developed 
during gatifloxacin therapy.20

Severe infections can predispose patients to 
both hypoglycemia and hyperglycemia, and our 
findings may reflect the selective use of gati-
f loxacin in particularly ill patients. However, 
confounding by indication is an unlikely expla-
nation for our findings, for two reasons. First, we 
conducted the investigation as a nested case–con-
trol study among patients recently treated with 
antibiotics that have highly similar indications, 
including other fluoroquinolones that share chem-
ical, mechanistic, and antimicrobial properties 
with gatifloxacin. Second, although our data do 
not permit reliable examination of a dose–response 
relation, the rapid onset, specificity, and magni-
tude of the association between gatifloxacin use 
and hypoglycemia (an increase in risk by a factor 
of more than 4) and hyperglycemia (an increase 
in risk by a factor of nearly 17) substantially ad-
vance the argument for causality.

Our study has several limitations that merit 
emphasis. Because we relied on records of hospi-
tal visits for hypoglycemia and hyperglycemia, we 
were unable to identify dysglycemic events that 
did not lead to care in a hospital or emergency 
department. Many of these events were presum-
ably mild, but others (particularly hypoglycemia) 
may have resulted in death outside the hospital 
setting. Overall, our analysis probably underesti-
mates the true occurrence of dysglycemia with 
all antibiotics, including gatifloxacin. In addition, 
we had no access to data on blood glucose levels, 
and we categorized patients as having diabetes on 
the basis of prescription claims. Some patients 

may have had diet-controlled or latent diabetes 
aggravated by illness or antibiotic use.

Some of the clinicians seeing patients in this 
study may have been familiar with reports of 
gatifloxacin-associated abnormalities in glucose 
metabolism, but detection bias cannot explain 
our findings, because glucose is routinely mea-
sured in older patients who seek medical atten-
tion in the hospital, particularly those with dia-
betes. Some covariates (e.g., alcoholism) may not 
be completely accounted for with the use of diag-
nostic claims, and we were unable to identify 
other important factors, such as diet, exercise 
patterns, and use of nonprescription drugs. Fi-
nally, we studied older patients, and whether our 
findings can be generalized to younger patients 
is unknown. However, each of these limitations 
applies equally to all of the antibiotics we stud-
ied, and none threaten our conclusion that gati-
floxacin treatment, as compared with treatment 
with other broad-spectrum antibiotics, is associ-
ated with a dramatically increased risk of both 
hypoglycemia and hyperglycemia.

We believe that our findings have important 
implications for clinical practice. Physicians and 
pharmacists should be aware of the increased risk 
of potentially life-threatening glucose abnormali-
ties during gatifloxacin therapy. Patients treated 
with gatif loxacin should be instructed to seek 
medical attention if symptoms of hypoglycemia 
or hyperglycemia develop. Finally, because gati-
floxacin offers relatively few therapeutic advan-
tages over alternative antibiotics that confer little 
or no increased risk of dysglycemia, including 
other fluoroquinolones, some clinicians may elect 
to avoid the use of gatifloxacin altogether.
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