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Background: Recently, clinical data has emerged suggesting that the fluoroqui-Abstract
nolone, gatifloxacin, can affect glucose homeostosis through an unknown mecha-
nism. In order to explore the potential effects of moxifloxacin on glucose
metabolism in humans, a pooled analysis of phase II/III clinical trials and
postmarketing studies was performed and compared with results from an investi-
gation in laboratory animals.
Methods:  A pooled analysis of 30 (26 controlled, 4 uncontrolled) oral and two
intravenous/oral prospective, controlled phase II/III moxifloxacin studies was
performed to evaluate the frequency of hyper- and hypoglycaemic episodes and
glucose-related adverse events and adverse reactions (i.e. those considered to be
drug related) versus comparator antimicrobials (penicillins, cephalosporins,
macrolides, doxycycline, fluoroquinolones). Similar evaluations were conducted
on data pooled from five postmarketing surveillance studies. In addition, potential
effects of supratherapeutic doses of moxifloxacin on blood glucose and plasma
insulin levels in fed and fasted rats were assessed in comparison with those of
gatifloxacin, levofloxacin and glibenclamide (glyburide).
Results:  The phase II/III database was comprised of 14 731 patients (8474
moxifloxacin, 6257 comparator antimicrobial). There were no drug-related
hypoglycaemic adverse events reported for moxifloxacin in either the oral or
intravenous/oral database. Two drug-related hypoglycaemic adverse events were
reported in the oral comparator group, both following administration of levoflox-
acin and both of mild severity; one drug-related hypoglycaemic adverse event was
reported in the intravenous/oral comparator group after trovafloxacin administra-
tion. Drug-related hyperglycaemic adverse events were reported in seven (<0.1%)
moxifloxacin and 1 (<0.1%) comparator-treated patients in the oral study
database, none of these cases were considered serious and six of the seven
moxifloxacin cases were graded as mild and required no countermeasures. There
were no cases of drug-related hyperglycaemic events in any patient enrolled in the
intravenous/oral studies. Coadministration of oral antidiabetic drugs with mox-
ifloxacin or comparator antimicrobials did not change the rate of blood glucose
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increases or decreases in diabetic patients. Data from five moxifloxacin
postmarketing studies (46 130 subjects) reported no episodes of hypoglycaemia
and two non-drug-related hyperglycaemic episodes. Data from animal studies
revealed that supratherapeutic doses of moxifloxacin and levofloxacin did not
affect blood glucose or plasma insulin levels in both fed and fasted rats, whereas
gatifloxacin decreased both blood glucose and plasma insulin in a dose-dependent
manner in fed rats only. The reference compound glibenclamide increased insulin
and decreased glucose levels as expected.

Conclusions:  Hyperglycaemic or hypoglycaemic adverse reactions were report-
ed rarely in studies with oral or sequential intravenous/oral moxifloxacin, and
incidence was comparable in moxifloxacin and comparator groups. Changes in
glucose metabolism were also similar in diabetic patients treated with moxiflox-
acin compared with those patients without diabetes mellitus. This comprehensive
analysis of the datapool for moxifloxacin phase II/III clinical trials and
postmarketing studies suggests that moxifloxacin administration has no clinically
relevant effect on blood glucose homeostasis.

It is well established that certain drugs can alter factors (e.g. previous pancreatic reserve, nutritional
serum glucose levels, potentially leading to clinical- state, use of concomitant medications, or exposure
ly significant hyperglycaemic or hypoglycaemic re- to alcohol).[2] It often remains unclear whether
actions.[1] The most recognised anti-infective agents drug-induced changes in glucose metabolism are
that cause elevated blood glucose levels are direct effects of the drug or caused by unmasking of
pentamidine and the protease inhibitors, all of which pre-existing diabetic disease.[6] It is also accepted
are associated with hyperglycaemia and new-onset that infection may stimulate an episode of hypergly-
diabetes mellitus.[1-3] At the other end of the clinical caemia possibly based on complex hormonal and
spectrum, prolonged periods of drug-induced hy- associated metabolic changes.[7,8]

poglycaemia may precipitate serious adverse reac-
Moxifloxacin, a 8-methoxy fluoroquinolone, hastions (e.g. loss of consciousness, encephalopathy).[1]

a favourable safety profile with no clinical evidenceWhile sulfonylurea agents are linked most often
of an effect on glucose metabolism.[9] Because ofwith hypoglycaemic episodes through well-known
recent reports of hypo- and hyperglycaemia duringmechanisms, pentamidine has also been associated
treatment with gatifloxacin,[10-14] we have retrospec-with severe episodes of low blood glucose levels.[4,5]

tively analysed pooled data from all completed mox-Patients at highest risk for a drug-induced hypogly-
ifloxacin phase II/III clinical trials and postmarket-caemic event include those who have restricted food
ing studies taken from the Bayer database of mox-intake, those who are older in age, and those with
ifloxacin studies to determine if moxifloxacinunderlying hepatic or renal disease.[4] Clinicians

must be sensitive to the unique circumstances in therapy in patients with and without a medical histo-
which a drug may cause both hyper- and hypogly- ry of diabetes mellitus is associated with any effects
caemia in the same patient depending on the time of on glucose metabolism. In addition, supportive data
drug administration.[2] have been derived from a laboratory investigation of

blood glucose and insulin levels in rats that wereWhile the precise mechanism of drug-induced
exposed to supratherapeutic doses of moxifloxacin,hyper- or hypoglycaemia remains to be elucidated
gatifloxacin, levofloxacin and glibenclamidefor many of the drugs involved, it is probably mul-
(glyburide).tifactorial and dependent, in part, on underlying host
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Patients and Methods cose adverse events (hereafter referred to as adverse
reactions) following moxifloxacin therapy were
tabulated from the 32 clinical trials. Two analyses ofPhase II/III Clinical Trial Database
glucose-related adverse events and reactions were

Data on glucose homeostasis was collected from performed: investigator reported and a retrospective
28 prospective, controlled clinical trials (tablet stud- analysis of serum glucose levels. However, direct
ies n = 26; sequential intravenous/oral studies n = 2) comparison of adverse event/reaction rates should
comparing moxifloxacin at a dose of 200–400mg be interpreted cautiously, as these two analyses are
once daily with standard antimicrobial therapies and not comprised of identical patient populations. All
four uncontrolled clinical trials investigating oral rates are calculated as crude rates.
moxifloxacin at a dose of 400mg. Only six of the 26

The investigator categorised any abnormality in
controlled oral studies (556 patients) used a low

serum glucose levels as either an adverse event or
(currently not recommended) 200mg dose. All

adverse drug reaction. An adverse event was defined
phase III studies were multicentre trials conducted

as any treatment-emergent event, as identified by
primarily in Europe and North America (table I).

the study’s investigator, that occurred during ther-
Overall, the phase II/III database was comprised of

apy or in the specified follow-up period and did not
14 731 patients (8474 moxifloxacin, 6257 compara-

suggest any relationship to moxifloxacin or the com-
tor antimicrobial).

parator antimicrobial. Adverse drug reactions were
Comparator antimicrobials included broad-spec-

those adverse events deemed by the investigator to
trum penicillins (amoxicillin, amoxicillin/clavulanic

be possibly or probably related to moxifloxacin or
acid), cephalosporins (cefuroxime-axetil),

comparator antimicrobial.
macrolides (azithromycin, clarithromycin), doxy-

The search for adverse events or adverse drugcycline and other fluoroquinolones (trovafloxacin,
reactions was performed for the entire oral/intrave-levofloxacin). For the purpose of this analysis, the
nous database using the COSTART (Coding Sym-safety results with the comparator drugs were
bols for a Thesaurus of Adverse Reaction Terms)pooled.
terms ‘hyperglycaemia’, ‘hypoglycaemia’ or ‘hy-Antimicrobial treatment duration varied between
poglycaemic reaction’. In this database, the terms5 and 14 days, depending on the primary infection.
‘hyperglycaemia’ and ‘hypoglycaemia’ refer to theThe clinical trials were similar with regard to design,
laboratory finding of an increase or decrease intreatment regimen, and data collection standards
blood glucose values that an investigator in the(e.g. same ‘case report form’ with regard to safety
original trial considered to be clinically significant,information, same instructions and definitions for
while the term, ‘hypoglycaemic reaction’, refers to adata entry, etc.). Data recording the effects of study
symptomatic episode of hypoglycaemia that wasdrug on glucose began with the first dose of mox-
reported as a clinical adverse event.ifloxacin or comparator antimicrobial through the 1-

month post-therapy follow-up period. To describe In addition to investigator reported adverse
the overall experience on glucose homeostasis, events and adverse reactions, all blood glucose labo-
event rates (as specified below) were calculated for ratory assessments were evaluated. Specifically, this
all treatment groups. For this analysis, controlled analysis included the number of patients who had a
and uncontrolled trials were combined. Descriptive pretreatment glucose determined within the normal
statistical methods (i.e. calculation of crude event range (or above the upper limit of normal for the
rates) were used to analyse the data. All results are analysis of low laboratory abnormalities and below
purely exploratory and cannot be interpreted as con- the lower limit of normal for high laboratory abnor-
firmatory statistical analyses. malities, respectively), and who had subsequently

(during any time of the study) on further bloodTypes and rates of glucose-related adverse events
testing a serum glucose value that was below (‘lowregardless of drug causality and drug-related glu-
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Table I. List of the 32 phase II/III/IIIb clinical studies comprising the database for moxifloxacin

Study no. Phase Indication Design Treatment Duration
(region)a (days)

0109 (EU) II Acute sinusitis c, ol, p, r Moxifloxacin 200mg od 7–14
Moxifloxacin 400mg od 7–14
Clarithromycin 500mg bid 7–14

0126 (NA) III Acute sinusitis c, db, p, r Moxifloxacin 400mg od 7
Cefuroxime 250mg bid 10

0125 (NA) III Acute sinusitis ol, u Moxifloxacin 400mg od 7

0116 (EU) III Acute sinusitis c, db, p, r Moxifloxacin 400mg od 7
Cefuroxime 250mg bid 10

0161 (EU) III Acute sinusitis c, db, p, r Moxifloxacin 400mg od 10
Cefuroxime 250mg bid 10

100107 (NA) IIIb Acute sinusitis c, db, p, r Moxifloxacin 400 mg od 10
Cefuroxime 250mg bid 10

100131 (NA) IIIb Acute sinusitis ol, u Moxifloxacin 400mg od 10

100161 (NA) IIIb Acute sinusitis c, db, p, r Moxifloxacin 400mg od 10
Trovafloxacin 200mg od 10

400012 (EU) IIIb Acute sinusitis c, db, p, r Moxifloxacin 400mg od 7
Trovafloxacin/200mg od 10

0106 (EU) II Acute exacerbations c, db, p, r Moxifloxacin 200mg od 6-14
of chronic bronchitis Moxifloxacin 400mg od 6–14

Cefixime 400mg od 6–14

0128 (NA) III Acute exacerbations c, db, p, r Moxifloxacin 200mg od 10
of chronic bronchitis Moxifloxacin 400mg od 10

Cefuroxime 500mg bid 10

0127 (NA) III Acute exacerbations c, db, p, r Moxifloxacin 400mg od 10
of chronic bronchitis Moxifloxacin 400mg od 5

Clarithromycin 500mg bid 10

84 (EU) IIIb Acute exacerbations c, ol, p, r Moxifloxacin 400mg od 5
of chronic bronchitis Amoxicillin/clavulanic acid 500/125mg 7

85 (EU) IIIb Acute exacerbations ol, u Moxifloxacin 400mg od 5
of chronic bronchitis

10035 (O) IIIb Acute exacerbations c, db, p, r Moxifloxacin 400mg od 5
of chronic bronchitis Levofloxacin 500mg od 7

100243 (NA) IIIb Acute exacerbations c, db, p, r Moxifloxacin 400mg od 5
of chronic bronchitis Levofloxacin 500mg od 7

0124 (EU) III Acute exacerbations c, db, p, r Moxifloxacin 400mg od 5
of chronic bronchitis Clarithromycin 500mg bid 7

100160 (NA) IIIb Acute exacerbations c, db, p, r Moxifloxacin 400mg od 5
of chronic bronchitis Azithromycin 250mg od 5

0112 (O) II Community-acquired c, db, p, r Moxifloxacin 200mg od 5–14
pneumonia Moxifloxacin 400mg od 5–14

Amoxicillin 500mg tid 5–14

0119 (EO) III Community-acquired c, db, p, r Moxifloxacin 200mg od 10
pneumonia Moxifloxacin 400mg od 10

Clarithromycin 500mg bid 10

0130 (NA) III Community-acquired c, db, p, r Moxifloxacin 400mg od 10
pneumonia Clarithromycin 500mg bid 10

0129 (NA) III Community-acquired ol, u Moxifloxacin 400mg od 10
pneumonia

Continued next page
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Table I. Contd

Study no. Phase Indication Design Treatment Duration
(region)a (days)

0140 (EO) III Community-acquired c, db, p, r Moxifloxacin 400mg od 10
pneumonia Amoxicillin 1000mg tid 10

0122 (O) II Skin and skin structure c, db, p, r Moxifloxacin 200mg od 5–14
Moxifloxacin 400mg od 5–14
Cephalexin 500mg tid 5–14

0131 (O) III Skin and skin structure c, db, p, r Moxifloxacin 400mg od 5–14
Cephalexin 500mg tid, 5–14
(+) or (–) MET 400mg tid

0158 (NA) III Skin and skin structure c, db, p, r Moxifloxacin 400mg od 7
Cephalexin 500mg tid 7

0114 (NA) II Uncomplicated urinary c, db, p, r Moxifloxacin 400mg od 7
tract infection Cotrimoxazole 160/800mg bid 7

0121 (EO) III Complicated urinary c, db, p, r Moxifloxacin 400mg od 7–14
tract infection Ofloxacin 200mg bid 7–14

0134 (EU) IIIb Uncomplicated c, db, p, r Moxifloxacin 400mg od 7–10
pyelonephritis Ofloxacin 200mg od 7–10

0118 (EO) III Pelvic inflammatory c, db, p, r Moxifloxacin 400mg od 10–14
disease MET 400mg tid, 10–14

(+) Doxycycline 100mg bid,
(+) 1× ciprofloxacin 500mg

200036 (EO) III Community-acquired c, ol, r, p Moxifloxacin 400mg od IV/PO 7–14
pneumonia Amoxicillin/clavulanic acid 625mg

tid IV/PO ± clarithromycin
500mg bid IV/PO

100039 (NA) III Community-acquired c, db, p, r Moxifloxacin 400mg od IV/PO 7–14
pneumonia Trovafloxacin 200mg IV/PO or

Levofloxacin 500 mg od IV/PO

a Geographical region where study was conducted.

bid = twice daily; c = controlled; db = double-blind; EO = Europe and other countries (excluding NA); EU = Europe; IV = intravenous; MET =
metronidazole; NA = North America; O = excluding NA and EU; od = once daily; ol = open label; p = parallel; PO = oral; r = randomised; tid
= three times daily; u = uncontrolled.

laboratory abnormality’) or above (‘high laboratory purpose of this analysis, serum glucose was the
abnormality’) the normal range as defined by the parameter evaluated, typically with no information
particular laboratory that performed the testing (see available on whether it was measured in the fasting
definitions below). These low and high laboratory or not fasting state. This mode of analysis will likely
abnormalities may or may not have been reported as report artificially high rates of glucose values above
an adverse event or an adverse drug reaction by the the upper limit of the normal range, as indicated
investigator. above. However, the unknown degree of bias in

these glucose values should be similar between the‘Very low’ serum glucose levels were defined as
moxifloxacin and comparator antimicrobial groups.<50 mg/dL; ‘very high’ serum glucose levels were

defined as >250 mg/dL. It should be emphasised that A secondary analysis was conducted to investi-
this analysis is confounded by the fact that a signifi- gate whether there were any relevant differences in
cant number of hospitals only provided normal the qualitative or quantitative adverse experience
ranges for glucose values measured at the fasting profile of diabetic patients in the moxifloxacin
state (e.g. 70–110 mg/dL). Thus, glucose levels database compared with non-diabetic patients. Pa-
measured in patients who were not fasting most tients were included in the ‘diabetics’ sub-popula-
likely fell above the upper limit of normal. For the tion if ‘diabetes mellitus’ (type 1 or 2, with or
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without complications, COSTART terminology) mental day using Tylose (0.5%, w/v) in demineral-
was listed as an underlying disease. If this entry was ised water.
not present, a patient was classified as ‘non-diabet- The present animal investigation was conducted
ic’. in accordance with the principles outlined in the

This analysis only included controlled (i.e. com- Declaration of Helsinki and the German law gov-
parative) studies and compares moxifloxacin 400mg erning the Care and Use of Laboratory Animals.
versus the pooled comparators. Of 11 659 patients Male rats (about 7 weeks old) were obtained from a
participating in the 26 oral trials, 801 (6.9%) were commercial breeder (Harlan Winkelmann, Borchen,
identified as having diabetes (432 moxifloxacin, 369 Germany) and were selected at random for the
comparator). For the two controlled intravenous/ study. They were fed a standard diet, food and
oral phase III moxifloxacin trials, 184 of 1129 drinking water were available ad libitum. After at
(16.3%) patients (85 moxifloxacin, 99 comparator) least 7 days of acclimatisation, the animals were
were identified as having a clinical diagnosis of used in the study. Two groups of 35 animals each
diabetes mellitus. Both the investigator-reported and were fasted over the night preceding the experiment,
retrospective serum glucose analyses were per- another two groups of the same size (‘fed’ rats)
formed on this cohort. retained their ad libitum access to the food.

Gatifloxacin, moxifloxacin and levofloxacin
Postmarketing Surveillance Studies were administered orally by gavage at doses of 30

and 100 mg/kg each, glibenclamide was adminis-Following the licensing of moxifloxacin in the
tered orally at a dose of 10 mg/kg bodyweight.US and Europe, five postmarketing surveillance
Control animals received the vehicle (Tylose 0.5%)studies were conducted (one in the US, four in
in demineralised water. Each treatment group con-Germany).[15-19] A total of 46 130 moxifloxacin-
sisted of seven male rats. Approximately 60 minutestreated patients comprised this database. In these
before drug/vehicle administration, and approxi-studies, within 48 hours of the patients completing
mately 30 and 90 minutes after drug or vehiclethe course of treatment, the investigator performed a
administration, blood samples were collected byfollow-up assessment, either in person or by tele-
incision of the sublingual vein plexus, treated withphone contact. At the follow-up, the investigator
perchloric acid and centrifuged for deproteinisation.collected detailed information on any adverse
The blood glucose level was determined by a colori-events. Adverse events were graded according to the
metric hexokinase enzyme test (Roche Diagnosticsinvestigator’s assessment of the relationship to
GmbH, Mannheim, Germany). For plasma insulinstudy drug (‘probable’, ‘possible’, ‘unlikely’,
levels, blood was collected in heparinised tubes and‘none’, or ‘not assessable’). Patients with communi-
insulin levels measured using a [125I] rat insulinty-acquired pneumonia (CAP) or sinusitis received
radioimmunoassay kit (Linco Research Inc., St.once-daily oral moxifloxacin 400mg for 10 days; the
Charles, MO, USA).majority of acute bacterial exacerbations of chronic

The data reported are rounded group mean valuesbronchitis (AECB) patients received 5 days’ treat-
and corresponding standard deviations of the mean.ment.
Possible treatment-related effects were statistically
evaluated by analysis of variance followed by Dun-Animal Investigations
nett’s test for post hoc analysis. The level of statisti-

The reference compound glibenclamide was ob- cal significance was set to p < 0.05.
tained from Sigma-Aldrich Chemicals (Deisen-
hofen, Germany). Suspensions of thoroughly Results
ground fluoroquinolone tablets gatifloxacin 400mg,
moxifloxacin 400mg, levofloxacin 500mg or The incidence rate for any adverse events related
glibenclamide were freshly prepared on each experi- to glucose metabolism disturbances was very low
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Table II. Oral moxifloxacin phase II/III clinical trial database (controlled and uncontrolled trials): adverse events and adverse drug reactions
related to disturbances of glucose homeostasis

All moxifloxacin Moxifloxacin 200mg Moxifloxacin 400mg Comparator
(n = 7924) [n (%)] (n = 556) [n (%)] (n = 7368) [n (%)] antimicrobials

(n = 5678) [n (%)]

Adverse events

Hyperglycaemia 29 (0.4) 3 (0.5) 26 (0.4) 16 (0.3)a

Hypoglycaemia 1 (<0.1) 0 1 (<0.1) 3 (<0.1)b

Hypoglycaemic reaction 1 (<0.1) 0 1 (<0.1) 0

Adverse drug reactions (possibly or probably drug-related)

Hyperglycaemia 7 (<0.1) 0 7 (<0.1) 1 (<0.1)c

Hypoglycaemia 0 0 0 2 (<0.1)d

Hypoglycaemic reaction 0 0 0 0

a Amoxicillin/clavulanic acid (n = 1); cefixime (1); clarithromycin (1); ofloxacin (2); cephalexin (4); cefuroxime axetil (2); amoxicillin (3);
levofloxacin (2).

b Amoxicillin (n = 1); levofloxacin (2).

c Cephalexin (n = 1).

d Levofloxacin (n = 2).

for patients receiving oral or intravenous/oral mox- hypoglycaemic adverse events (four moxifloxacin,
ifloxacin (table II and table III). The rate of hyperg- one trovafloxacin), only one was considered to be
lycaemic adverse events and adverse drug reactions

related to study drug (trovafloxacin). The trovaflox-
was somewhat higher compared with hypogly-

acin patient was a 77-year-old American Indian withcaemic episodes (table II).
long standing type 2 diabetes mellitus. The hypogly-

Hypoglycaemic Adverse Events and caemic adverse reaction in this patient was consid-
Adverse Drug Reactions

ered to be of moderate severity and resolved follow-
Relatively few hypoglycaemic adverse events ing remedial therapy.

were reported by the investigator in both the oral and
intravenous/oral trial databases.

For the oral database (table II), two hypogly-
caemic events occurred in patients treated with mox-
ifloxacin 400mg (these two events occurred at 1 and
4 weeks following the discontinuation of therapy).
Neither of these events was considered to be a drug-
related adverse reaction. A total of three hypogly-
caemic adverse events were reported from the oral
comparator antimicrobial group. Two of these
events, both following levofloxacin therapy, were
considered to be drug-related adverse reactions and
of mild severity. Both levofloxacin-treated patients
were older (≥65 years) and had acute exacerbations
of chronic bronchitis; each hypoglycaemic episode
resolved spontaneously without medical interven-
tion.

Similar findings were found upon examination of
the intravenous/oral database (table III). Of five

Table III. Intravenous/oral moxifloxacin phase II/III clinical trial
database (controlled trials): adverse events and adverse drug reac-
tions related to disturbances of glucose homeostasis

Moxifloxacin 400mg Comparator
(n = 550) [n (%)] antimicrobials

(n = 579) [n (%)]

Adverse events

Hyperglycaemia 18 (3.3) 15 (2.6)a

Hypoglycaemia 4 (0.7) 1 (0.2)b

Hypoglycaemic 0 0
reaction

Adverse drug reactions (possibly or probably drug-related)

Hyperglycaemia 0 0

Hypoglycaemia 0 1 (0.2)c

Hypoglycaemic 0 0
reaction

a Trovafloxacin/levofloxacin (n = 7); amoxicillin/clavulanic acid
(8).

b Trovafloxacin (n = 1).

c Trovafloxacin (n = 1).
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Table IV. Low and high serum glucose abnormalities in the oral and intravenous/oral (IV/PO) moxifloxacin studies (controlled and
uncontrolled trials)

All oral moxifloxacin All oral comparator All IV/PO moxifloxacin All IV/PO comparator
(200 and 400mg) antimicrobials (400mg) [n (%)] antimicrobials
[n (%)] [n (%)] [n (%)]

Low laboratory abnormalities

Serum glucose low 255/4826 (5.3) 123/3010 (4.1) 13/229 (5.7) 17/235 (7.2)

Serum glucose <50 mg/dL 29/4970 (0.6) 12/3137 (0.4) 5/232 (2.2) 3/242 (1.2)
during or post-therapy

High laboratory abnormalities

Serum glucose high 774/4052 (19.1) 470/2524 (18.6) 45/93 (48.4) 40/88 (45.5)

Hyperglycaemic Adverse Events and Abnormally Low and High Serum
Glucose ValuesAdverse Drug Reactions

The frequency of ‘low’ and ‘high’ serum glucose
The adverse event incidence for hyperglycaemic laboratory abnormalities was very similar between

findings by investigator reporting was similar be- moxifloxacin and the antimicrobial comparators in
tween oral moxifloxacin and oral antimicrobial the oral database (table IV). As with investigator-
comparators (table II) as well as between intrave- identified adverse events/reactions, high serum glu-
nous/oral moxifloxacin and intravenous/oral antimi- cose laboratory abnormalities were about 4-fold
crobial comparators (table III). Hyperglycaemic ad- more prevalent than hypoglycaemic episodes. Im-
verse events were higher in moxifloxacin- and com- portantly, the incidence of ‘very low’ serum glucose
parator-treated patients in the intravenous/oral levels (<50 mg/dL) at any time during the study
studies (3.3% and 2.6%, respectively) compared period was very similar for patients treated with oral
with those receiving an oral only antimicrobial regi- moxifloxacin or an oral antimicrobial comparator
men (0.4% and 0.3%, respectively). This observa- (0.6% vs 0.4%, respectively).
tion probably reflects the increased severity of infec- Rates of ‘low’, ‘very low’, and ‘high’ serum
tion in the intravenous/oral studies (i.e. 40% of glucose levels also were similar between moxiflox-
patients suffered from severe pneumonia). acin and antimicrobial comparators in the intrave-

nous/oral database (table IV). Despite the smallDrug-related hyperglycaemic adverse reactions
sample size, the rates for ‘very low’ serum glucosewere reported for seven (<0.1%) moxifloxacin- and
levels (<50 mg/dL) were several-fold higher in theone (<0.1%) comparator-treated (the comparator pa-
intravenous/oral database (2.2% moxifloxacin vstient received cephalexin) patients in the oral study
1.2% comparator) compared with the oral database.database. The majority of these patients suffered
In addition, rates of ‘high’ blood glucose levels werefrom acute exacerbations of chronic bronchitis and
more than 2-fold higher for patients receiving eitherwere on a number of concomitant medications dur-
intravenous/oral moxifloxacin or comparator an-ing study drug therapy. In particular, most of these
timicrobials than those receiving an oral regimenepisodes occurred in patients with concomitant
only.medications that predispose to glucose tolerance

problems, such as corticosteroids. None of the eight
Diabetic Versus Non-Diabetic Cohort

cases of hyperglycaemia were considered serious
events; in six of the seven moxifloxacin cases the The incidence of hyperglycaemia, regardless of
severity was graded as mild, and required no coun- relationship to study antimicrobial, was higher in
termeasures. There were no reports of hypergly- diabetic patients compared with non-diabetic pa-
caemic adverse drug reactions in any patient en- tients, as well as in diabetics participating in the
rolled in the intravenous/oral studies. sequential intravenous/oral studies compared with
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Table V. Oral moxifloxacin phase II/III clinical trial database (controlled trials): adverse events and adverse drug reactions related to
disturbances of glucose homeostasis by presence or absence of diabetes mellitus 

With diabetes (n = 801) Without diabetes (n = 10 858)

moxifloxacin 400mg comparator antimicrobials moxifloxacin 400mg comparator antimicrobials
(n = 432) [n (%)] (n = 369) [n (%)] (n = 5549) [n (%)] (n = 5309) [n (%)]

Adverse events

Hyperglycaemia 4 (0.9) 8 (2.2)a 19 (0.3) 8 (0.2)b

Hypoglycaemia 1 (0.2) 0 1 (<0.1) 3 (<0.1)c

Adverse drug reactions (possibly or probably related to study drug)

Hyperglycaemia 1 (0.2) 0 6 (0.1) 1 (<0.1)d

Hypoglycaemia 0 0 0 2 (<0.1)e

a Cephalexin (n = 3); cefuroxime axetil (1); amoxicillin (1); ofloxacin (1); levofloxacin (1).

b Amoxicillin (n = 2); amoxicillin/clavulanic acid (1); cephalexin (1); cefuroxime axetil (1); clarithromycin (1); ofloxacin (1); levofloxacin
(1).

c Levofloxacin (n = 2); amoxicillin (1).

d Cephalexin (n = 1).

e Levofloxacin (n = 2).

the oral studies (table V and table VI). The frequen- test groups, although it could not be determined for
cy of hyperglycaemic events, albeit low among dia- most values whether the measurements were made
betic patients, was higher compared with hypogly- during the fasting or fed state. The rate of hypergly-
caemic events. Only one hyperglycaemic episode caemia in diabetic patients was greater than the rate
(oral moxifloxacin 400mg group) and one hypogly- in non-diabetic patients, which is anticipated during
caemic episode (intravenous alatrofloxacin) in this an infectious disease. In addition, the rates of glu-
diabetic cohort were considered by the investigator cose abnormalities were higher for diabetic patients
to be drug related. receiving intravenous/oral antimicrobials compared

with diabetic patients given oral antimicrobials. Irre-Analyses of ‘high’, ‘very high’, ‘low’, and ‘very
spective of study antimicrobial, patients without dia-low’ blood glucose levels were also compared for
betes mellitus consistently had a higher frequency ofdiabetics versus non-diabetics, as well as for diabet-
‘low’ glucose values (range of 5.7–8.7%) comparedics receiving oral antihyperglycaemic medications
with patients with confirmed diabetes (range ofversus those not receiving such medications (table
1–4.3%). Of note, concomitant administration ofVII). The data show that ‘high’ glucose values were

far more common than ‘low’ glucose values for all oral antidiabetic drugs did not appear to influence

Table VI. Intravenous/oral moxifloxacin clinical trial database (controlled trials): adverse events and adverse drug reactions related to
disturbances of glucose homeostasis by presence or absence of diabetes mellitus 

With diabetes (n = 184) Without diabetes (n = 945)

moxifloxacin 400mg comparator antimicrobials moxifloxacin 400mg comparator antimicrobials
(n = 85) [n (%)] (n = 99) [n (%)] (n = 465) [n (%)] (n = 480) [n (%)]

Adverse events

Hyperglycaemia 3 (3.5) 4 (4.0)a 15 (3.2) 11 (2.3)b

Hypoglycaemia 3 (3.5) 1 (1.0)c 1 (0.2) 0

Adverse drug reactions (possibly or probably related to study drug)

Hyperglycaemia 0 0 0 0

Hypoglycaemia 0 1 (1.0)c 0 0

a Amoxicillin/clavulanic acid (n = 3); levofloxacin (1).

b Amoxicillin/clavulanic acid (n = 5); levofloxacin (3); trovafloxacin (3).

c Trovafloxacin (n = 1).
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the rate of ‘high’ and ‘low’ glucose laboratory find-
ings, with similar results for diabetics who received
moxifloxacin versus diabetics who received compa-
rator antimicrobials.

Severe Hypo-/Hyperglycaemias

Of particular interest and concern are severe hy-
poglycaemias, defined as blood glucose values <50
mg/dL. Severe hypoglycaemia occurred at very low
rates in all groups analysed, with slightly higher
frequencies in the intravenous/oral study groups
compared with the oral only study groups (table
VII). The rate of blood glucose decreases to <50 mg/
dL was similar between diabetic patients and non-
diabetic patients. None of the moxifloxacin-treated
patients with blood glucose levels <50 mg/dL was
considered by the investigator as having an adverse
event (i.e. clinical symptoms of hypoglycaemia
were absent). Examination of ‘very high’ blood
glucose levels (>250 mg/dL) revealed that these
increases occurred at relatively low rates in all
groups, but were more frequent in diabetic patients
compared with non-diabetic patients following both
oral moxifloxacin or comparator antimicrobial ther-
apy (table VII). Due to small numbers of diabetic
patients in the intravenous/oral database, no mean-
ingful analysis was possible for rates of severe
hyperglycaemia.

Postmarketing Data

No episodes of hypoglycaemia were reported
from the five postmarketing studies enrolling 46 130
patients.[15-19] Two episodes of hyperglycaemia oc-
curred (both Germany-based trials); neither case
was drug related.

Animal Investigation

In fasted vehicle-treated rats, blood glucose
levels tended to increase by approximately 0.6
mmol/L over the time of the experiment, while
concomitantly plasma insulin levels approximately
doubled (figure 1d). These effects can be interpreted
as reaction of the animals to the stress of repeated
handling and blood sampling.[20] The antidiabetic
reference drug glibenclamide significantly de-

 2004 Adis Data Information BV. All rights reserved. Drug Safety 2004; 27 (9)
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Fig. 1. Blood glucose levels (in mmol/L, filled symbols, left ordinate) and plasma insulin levels (in µg/L, unfilled symbols, right ordinate) in
fasted rats 60 minutes before and 30 and 90 minutes following treatment with: (a) moxifloxacin (moxi) 30 mg/kg and 100 mg/kg; (b)
gatifloxacin (gati) 30 mg/kg and 100 mg/kg; (c) levofloxacin (levo) 30 mg/kg and 100 mg/kg and; (d) the positive reference compound
glibenclamide (glib)10 mg/kg. The respective values of vehicle-treated controls are repeated in all four panels. Mean values ± SD of seven
animals each; asterisks denote statistically significant differences (p < 0.05) versus time-matched vehicle-treated controls. Note that for
reasons of improved readability symbols were plotted with a horizontal offset.
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creased blood glucose levels in fasted rats (figure tifloxacin, moxifloxacin and levofloxacin differen-
1d). Relative to time-matched vehicle-treated con- tially altered blood glucose and plasma insulin
trols, a decrease of approximately 24% occurred 90 levels in fasted and in fed rats. Levofloxacin and
minutes after administration of glibenclamide. This moxifloxacin were without any effect even at high
decrease was preceded by a significant increase in doses, whereas in fed rats gatifloxacin significantly
plasma insulin levels as expected by its insulino- decreased both blood glucose and plasma insulin
tropic mechanism of action (figure 1d).[21] levels in an apparently dose-dependent manner. In

In comparison, blood glucose levels in fasted rats contrast, the decrease in blood glucose levels fol-
were differentially affected by the fluoroquinolones lowing glibenclamide administration was preceded
tested (figure 1a–c). Within the biological variation, by an increase in plasma insulin levels. Therefore,
blood glucose level was not affected by levofloxacin these data suggest that gatifloxacin causes hypogly-
or moxifloxacin, whereas, relative to time-matched caemia by an insulin-independent mechanism of
vehicle-treated controls, it decreased by about 8% action. A putative inhibitory action on the hepatic
and 18% 90 minutes after administration of 30 mg/ gluconeogenesis and/or glycogenolysis could ex-
kg and 100 mg/kg of gatifloxacin, respectively (p > plain, at least in part, the hypoglycaemic effect of
0.05). It should be emphasised that plasma insulin gatifloxacin.
levels in fluoroquinolone-treated animals did not The pooled analysis of data from the 32 mox-
differ from those of vehicle-treated controls (figure ifloxacin clinical trials summarised in this report is
1d). consistent with the results of the preclinical studies

In fed, vehicle-treated rats, blood glucose and also presented in this report. The key findings of this
plasma insulin levels remained fairly stable through- analysis were that the adverse events of hypergly-
out the experiment (figure 2). Glibenclamide in- caemia or hypoglycaemia during oral or sequential
creased plasma insulin levels and significantly de- intravenous/oral moxifloxacin therapy were rare and
creased blood glucose levels by approximately 40% occurred at a similar rate to comparator-treated pa-
(90 minutes after administration vs time-matched tients. The frequency of hyperglycaemia and hypog-
vehicle-treated controls, figure 2d). Similar to fasted lycaemia by investigator-reporting were relatively
rats, levofloxacin and moxifloxacin did not affect similar in diabetic and non-diabetic patients who
blood glucose nor plasma insulin levels in fed rats in received moxifloxacin, and the frequency of hyperg-
the dose range tested (figure 2a and 2c), whereas lycaemic and hypoglycaemic episodes was compa-
gatifloxacin decreased both these parameters in a rable between diabetic patients who were treated
dose-dependent manner (figure 2b). Relative to with moxifloxacin and diabetic patients who were
time-matched vehicle-treated controls, 90 minutes treated with comparator antimicrobials. These re-
after administration, blood glucose levels were sig- sults suggest that moxifloxacin did not place this
nificantly decreased by about 17% and 26% follow- patient population at increased risk for clinically
ing 30 mg/kg and 100 mg/kg of gatifloxacin, respec- relevant elevations or reductions in blood glucose.
tively. The decreases in blood glucose were paral-

A thorough analysis of all blood glucose in-leled by decreases in plasma insulin levels
creases (i.e. those above the upper normal limit) and(statistically significant 30 minutes after administra-
decreases (i.e. those below the upper normal limit),tion of 100 mg/kg; figure 2b).
including some events possibly not recognised by
the investigator as adverse events, also revealedDiscussion
very similar rates for moxifloxacin and comparator
antimicrobials. Hyperglycaemic episodes were ob-The available preclinical data presented here sug-
served more frequently than hypoglycaemia, regard-gest that moxifloxacin does not significantly affect
less of the specific antimicrobial therapy adminis-glucose homeostasis. Single oral administrations of

supratherapeutic doses of the fluoroquinolones ga- tered and the causality. However, the frequency of
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hyperglycaemic adverse events tended to be some- versus nondiabetic patients. This higher rate of
what higher in patients receiving intravenous/oral hyperglycaemia in the intravenous/oral antimicrobi-
antimicrobials versus oral regimens and in diabetics al group is partially attributable to the higher rate of
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Fig. 2. Blood glucose levels (in mmol/L, filled symbols, left ordinate) and plasma insulin levels (in µg/L, unfilled symbols, right ordinate) in fed
rats 60 minutes before and 30 and 90 minutes following treatment with: (a) moxifloxacin (moxi) 30 mg/kg and 100 mg/kg; (b) gatifloxacin
(gati) 30 mg/kg and 100 mg/kg; (c) levofloxacin (levo) 30 mg/kg and 100 mg/kg and; (d) the positive reference compound glibenclamide
(glib) 10 mg/kg. The respective values of vehicle-treated controls are repeated in all four panels (circles). Mean values ± S.D. of six to seven
animals each; asterisks denote statistically significant differences (p < 0.05) versus time-matched vehicle-treated controls. Note that for
reasons of improved readability symbols were plotted with a horizontal offset.
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severe infection in this cohort (i.e. a large proportion in these observational moxifloxacin trials, no epi-
[40%] had severe community-acquired pneumonia). sodes of hypoglycaemia were reported.
It is a known phenomenon that an infection, depen- Assessment of hyper- and hypoglycaemic ad-
dent on its severity, may trigger metabolic changes verse events in the phase II/III and phase IV/
in a patient, leading to hyperglycaemia much more postmarketing studies is hampered by several limi-
likely than to hypoglycaemia.[7,8] Likewise, a rela- tations. Because all of the pooled analyses were
tively higher rate of hyperglycaemia is also expected retrospective in nature, there is always the possibili-
for diabetic patients and for those with glucose

ty that a clinically significant change in a glucose
intolerance who are experiencing a severe infection.

level might have been detected in a controlled trial
Another contributing factor for the relatively designed to specifically evaluate glucose changes.

higher rates of hyperglycaemia in the database over- For example, specific definitions of low and high
all is the fact that many patients were receiving glucose values were not predefined in the original
concomitant medications that predispose to glucose protocols, nor were glucose measurements conduct-
intolerance, such as corticosteroids, β-adrenoceptor ed uniformly under fasting conditions. Patients in
antagonists, and thiazide diuretics.[6] In contrast, the this pooled analysis also received moxifloxacin for
coadministration of oral antidiabetic drugs (e.g. varying periods of time, had varying underlying
glibenclamide) with moxifloxacin or comparator an- comorbid conditions, and were receiving other
timicrobials did not appear to change the rate of agents that may have affected glucose measurement.
blood glucose level increases or decreases in diabet- Regardless of these limitations, the degree of bias
ic patients. It is important to stress that < 0.1% of that may have been introduced by this retrospective
14 731 patients receiving moxifloxacin or a compa- analysis should be similar between the moxifloxacin
rator antimicrobial experienced a drug-related and comparator groups. Most importantly, the in-
hyperglycaemic adverse reaction in the controlled vestigator-driven analysis rarely identified any clini-
and uncontrolled phase II/III trials. cally significant hypo- or hyperglycaemic adverse

reactions that were attributable to moxifloxacin.While drug-induced hyperglycaemia is bother-
This observation is further supported by the raresome, episodes of hypoglycaemia especially severe
reports of significant low or high glucose eventscases (<50 mg/dL) can be a significant medical
following administration of oral or intravenousconcern. Hypoglycaemia events considered to be
moxifloxacin to the general population.possibly or probably drug-related by the investigator

was reported for only three patients in the entire The fluoroquinolone class of antimicrobials is
database, none of whom received moxifloxacin ther- regarded as generally safe and well-tolerated. How-
apy. Two patients administered oral levofloxacin ever, there is concern that certain agents in this class
and one patient given intravenous alatrofloxacin (e.g. gatifloxacin) may place some patients at risk
experienced mild to moderate hypoglycaemia with for developing hyperglycaemia, new-onset diabetes
all episodes resolving uneventfully. Of note, the mellitus, and/or hypoglycaemia, especially those
alatrofloxacin patient had a long-standing history of who are receiving hypoglycaemic agents or insu-
type 2 diabetes mellitus. Importantly, the incidence lin.[10] Gatifloxacin has been reported to induce oc-
of severe blood glucose level decreases (<50 mg/dL) casional episodes of symptomatic hyperglycaemia
was very low (~0.5%) in moxifloxacin-treated pa- and hypoglycaemia based on both premarketing
tients. studies and postmarketing surveillance data.[10] The

majority of these patients had type 2 diabetes mel-It is also noteworthy that moxifloxacin has not
litus. To date, five published cases of hypogly-been associated with clinically significant episodes
caemia have been reported in the literature follow-of hyper- or hypoglycaemia in phase IV/postmarket-
ing administration of gatifloxacin 400 mg/day (threeing observational studies conducted in the US and
oral, two intravenous).[11-13] All five patients hadGermany.[15-19] In the 46 130 patients participating
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type 2 diabetes and were receiving oral antidiabetic relevant effects on blood glucose homeostasis, even
in patients with a clinical diagnosis of diabetes mel-agents; all episodes of hypoglycaemia were revers-
litus.ible following discontinuation of gatifloxacin and

administration of intravenous dextrose. A recent
report by Ambrose et al. describes ten episodes of Acknowledgements
serious hyperglycaemia following gatifloxacin ad-

This study was financed by Bayer Pharmaceuticals Cor-ministration.[14] All affected patients were aged >65
poration, West Haven, Connecticut, USA.years; the high glucose levels appear attributable to

Rolf Kubin, Shurjeel Choudhri, Dagmar Kubitza, Hebert
a high gatifloxacin area under the concentration Himmel, Rainer Gross and Jutta Meyer are all employees of
versus time curve (AUC) secondary to age-related Bayer.
reductions in creatinine clearance. Another study,
comprising patients with type 2 diabetes mellitus,

Referencesmaintained on diet and exercise alone, explored the 1. Chan JC, Cockram CS, Critchley JA. Drug-induced disorders of
glucose metabolism: mechanisms and management. Drug Safinfluence of gatifloxacin on blood glucose levels via
1996; 15 (2): 135-57several mechanisms.[22] Administration of oral ga-

2. Pandit MK, Burke J, Gustafson AB, et al. Drug-induced disor-
tifloxacin for 10 days was shown to transiently ders of glucose tolerance. Ann Intern Med 1993; 118: 529-39

3. Tsiodras S, Mantzoros C, Hammer S, et al. Effects of proteaseincrease serum insulin levels, although no signifi-
inhibitors on hyperglycemia, hyperlipidemia, and lipodys-cant effect on long-term fasting serum glucose trophy. Arch Intern Med 2000; 160: 2050-6

4. Seltzer HS. Drug-induced hypoglycemia: a review of 1418levels was apparent.[22] Long-term administration
cases. Endocrinol Metab Clin North Am 1989; 18: 163-83with gatifloxacin did not appear to have a significant

5. Marks V, Teale JD. Drug-induced hypoglycemia. Endocrinol
effect on glucose tolerance and pancreatic β-cell Metab Clin North Am 1999; 28: 555-77

6. Luna B, Feinglos MN. Drug-induced hyperglycemia. JAMAfunction, as measured by oral glucose tolerance tests
2001; 286: 1945-8and insulin and C-peptide levels.[22] Nonetheless, 7. Dahn MS, Lange P. Hormonal changes and their influence on
metabolism and nutrition in the critically ill. Intensive Carepatients at higher risk for alterations in glucose
Med 1982; 8: 209-13metabolism (i.e. those with diabetes who are receiv-

8. Bistrian BR. Hyperglycemia and infection: which is the chicken
ing oral hypoglycaemic agents with or without insu- and which is the egg? J Parenter Enteral Nutr 2001; 25: 180-1

9. Iannini PB, Kubin R, Reiter C, et al. Reassuring safety profile oflin) are advised to closely monitor their glucose
moxifloxacin. Clin Infect Dis 2001; 32: 1112-4levels while on gatifloxacin treatment.[10] Further- 10. Tequin (gatifloxacin) tablets, Tequin (gatifloxacin) injection.

more, elderly patients are at greater risk for poten- Summary of product characteristics. Princeton (NJ): Bristol-
Myers Squibb Company, 2002tially serious hyperglycaemia because they may

11. Baker SE, Hangii MC. Possible gatifloxacin-induced hypogly-
have unrecognised diabetes, age-related decrease in cemia. Ann Pharmacother 2002; 36: 1722-6

12. Menzies DJ, Dorsainvil PA, Cunha BA, et al. Severe andrenal function, underlying medical problems, and/or
persistent hypoglycemia due to gatifloxacin interaction withare taking concomitant medications associated with oral hypoglycaemic agents. Am J Med 2002; 113: 232-4

hyperglycaemia.[10] 13. Parilo MA. Gatifloxacin-associated hypoglycemia. J Pharm
Technol 2002; 18: 319-20

In summary, this comprehensive analysis of the 14. Ambrose PG, Bhavnani SM, Cirincioni B, Piedmonte M, Grase-
la TH. Gatifloxacin and the elderly: PK-PD analysis of age-data pooled from moxifloxacin phase II/III clinical
related drug exposure. Presented at the 40th Annual Meeting of

studies, including 14 731 patients, failed to reveal the Infectious Diseases Society of America; 2002 Oct 24-27;
Chicago (IL)any findings suggestive of a moxifloxacin-induced

15. Faich G, Morganroth J, Celesk R, et al. Excellent safety andeffect on glucose metabolism. Postmarketing data efficacy profile of moxifloxacin: the Avelox clinical experi-
with moxifloxacin in 46 130 patients provides addi- ence study and critical events committee for safety surveil-

lance. Presented at the American Federation for Medical Re-tional evidence that this quinolone does not induce
search-Clinical Research Annual Meeting; 2001 Mar 8-11;

clinically important changes in glucose metabolism. Arlington (VA)
16. Landen H, Moller M, Tillotson GS, et al. Clinical experience inThese clinical data are consistent with the lack of

Germany of treating community-acquired respiratory infec-effect evidenced in preclinical studies. Moxifloxacin tions with the new 8-methoxyfluoroquinolone, moxifloxacin. J
appears to have a low potential to induce clinically Int Med Res 2001; 29: 51-60

 2004 Adis Data Information BV. All rights reserved. Drug Safety 2004; 27 (9)



686 Gavin et al.

17. Landen H, Bauer T. Efficacy, onset of action and tolerability of 21. Panten U, Schwanstecher M, Schwanstecher C. Oral antidiabet-
moxifloxacin in patients with community acquired pneumonia. ics. In: Kuhlmann J, Puls W, editors. Handbook of experimen-
Clin Drug Invest 2001; 21: 801-11 tal pathology. Berlin: Springer, 1996, 129-159

22. Gajjar DA, LaCreta FP, Kollia GD, et al. Effect of multiple-dose18. Bauer T, Landen H. Rapid resolution of symptoms with mox-
gatifloxacin or ciprofloxacin on glucose homeostasis and insu-ifloxacin therapy in 7223 patients with acute exacerbation of
lin production in patients with noninsulin-dependent diabeteschronic bronchitis. Clin Drug Invest 2002; 22: 641-51
mellitus maintained with diet and exercise. Pharmacotherapy19. Landen H, Bauer T, Stauch K. Therapy of acute exacerbations
2000; 20: 76S-86Sof chronic bronchitis with moxifloxacin in pneumological

practice. European Congress on Clinical Microbiology and
Infectious Disease; 2002, Milan, Italy

Correspondence and offprints: Dr James R. Gavin, III, More-20. Johansen O, Sundsfjord J, Vaaler S, et al. Haemorrhage-induced
house School of Medicine, 720 Westview Drive SW, Atlan-increases in glucose, glucagon and insulin levels are blocked

by naloxone in rats. Eur J Surg 1994; 160: 403-7 ta, GA 30310, USA.

 2004 Adis Data Information BV. All rights reserved. Drug Safety 2004; 27 (9)


	Abstract 671
	Patients and Methods 673
	Phase II/III Clinical Trial Database 673
	Postmarketing Surveillance Studies 676
	Animal Investigations 676

	Results 676
	Hypoglycaemic Adverse Events and Adverse Drug Reactions 677
	Hyperglycaemic Adverse Events and Adverse Drug Reactions 678
	Abnormally Low and High Serum Glucose Values 678
	Diabetic Versus Non-Diabetic Cohort 678
	Severe Hypo-/Hyperglycaemias 680
	Postmarketing Data 680
	Animal Investigation 680

	Discussion 682
	Acknowledgements 685
	References 685
	Correspondence 686

