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OBJECTIVEdTo examine the safety and efficacy of dapagliflozin, a sodium-glucose
cotransporter-2 inhibitor, added on to pioglitazone in type 2 diabetes inadequately controlled on
pioglitazone.

RESEARCH DESIGN AND METHODSdTreatment-naive patients or those receiving
metformin, sulfonylurea, or thiazolidinedione entered a 10-week pioglitazone dose-optimization
period with only pioglitazone. Theywere then randomized, along with patients previously receiving
pioglitazone$30 mg, to 48 weeks of double-blind dapagliflozin 5 (n = 141) or 10 mg (n = 140) or
placebo (n = 139) every day plus open-label pioglitazone. The primary objective compared HbA1c

change from baseline with dapagliflozin plus pioglitazone versus placebo plus pioglitazone at week
24. Primary analysis was based on ANCOVA model using last observation carried forward; all
remaining analyses used repeated-measures analysis.

RESULTSdAt week 24, the mean reduction from baseline in HbA1c was20.42% for placebo
versus 20.82 and 20.97% for dapagliflozin 5 and 10 mg groups, respectively (P = 0.0007 and
P, 0.0001 versus placebo). Patients receiving pioglitazone alone had greater weight gain (3 kg)
than those receiving dapagliflozin plus pioglitazone (0.7–1.4 kg) at week 48. Through 48 weeks:
hypoglycemia was rare; more events suggestive of genital infection were reported with dapagliflozin
(8.6–9.2%) than placebo (2.9%); events suggestive of urinary tract infection showed no clear
drug effect (5.0–8.5% for dapagliflozin and 7.9% for placebo); dapagliflozin plus pioglitazone
groups had less edema (2.1–4.3%) comparedwith placebo plus pioglitazone (6.5%); and congestive
heart failure and fractures were rare.

CONCLUSIONSdIn patients with type 2 diabetes inadequately controlled on pioglitazone,
the addition of dapagliflozin further reduced HbA1c levels and mitigated the pioglitazone-related
weight gain without increasing hypoglycemia risk.
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Inhibitionof sodium-glucose cotransporter-
2 (SGLT2) represents a novelmechanism
that reduces hyperglycemia indepen-

dent of insulin secretion or action (1). In
addition, this inhibitory action can induce
mild osmotic diuresis and increase urinary

excretion of glucose with modest caloric
elimination leading to weight loss (2,3).
Dapagliflozin, an SGLT2 inhibitor (4), has
been shown to improve glycemic control in
patients with type 2 diabetes as monother-
apy (5) and in combinationwithmetformin

(6), sulfonylurea (7), or insulin (8), but not
yet with a thiazolidinedione.

Some patients with type 2 diabetes
use pioglitazone (9), which lowers glu-
cose by altering gene transcription en-
hancing insulin sensitivity. However,
safety concerns of fluid retention, weight
gain, congestive heart failure, bone frac-
tures, and, more recently, concerns about
bladder cancer has limited its use as sec-
ond line therapy when metformin is not
tolerated or as triple oral therapy (10–14).

The safety hypothesis for a trial com-
bining pioglitazone with dapagliflozin
would not be anticipated to worsen the
pioglitazone-related side effects and,
because dapagliflozin causes glucosuria,
which drives diuresis and caloric loss, it
may mitigate the concerns of weight gain
and fluid retention/edema. This is the first
clinical study to examine additive effects
of an SGLT2 inhibitor administered in
combination with pioglitazone.

RESEARCH DESIGN AND
METHODSdThis randomized, double-
blind, placebo-controlled, parallel group,
24-week study with a subsequent 24-
week extension enrolled male and female
patients with type 2 diabetes between 29
July 2008 and 4 July 2009. The study took
place at 105 sites in Argentina, Canada,
India, Mexico, Peru, Philippines, Taiwan,
and United States and was completed on 15
June 2010. Institutional review boards or
independent ethics committees approved
this protocol, and each patient provided
written informed consent.

Patients$18 years old having fasting
C-peptide $1.0 ng/mL and BMI #45.0
kg/m2 entered group A or B. Group A
patients had received $12 weeks of
pioglitazone 30 or 45 mg/day and had
HbA1c$7.0 and#10.5%.GroupBpatients
were drug naive for the previous 10 weeks
with HbA1c $8.0 and #11.0% or had re-
ceived pioglitazone 15 mg/day or any dose
of rosiglitazone with HbA1c $8.0 and
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#11.0% orhad received$8weeks ofmet-
formin#1700mg/day or sulfonylurea less
than or equal to half themaximal dose with
HbA1c $7.0 and #11.0%. Group B pa-
tients could not be on.1 oral antidiabetic
medication, and patients on more than
half the maximum dose of sulfonylurea or
metforminwere excluded.GroupBpatients
underwent a 10-week dose-optimization
period in which their initial therapy was
discontinued, and pioglitazone 30mg/day
was started and increased to 45 mg/day
if possible. Group B patients were discon-
tinued if their fasting plasma glucose
(FPG) was .270 mg/dL (15.0 mmol/L)
after 3 weeks or after 6 weeks with HbA1c

,7.0 or .11.0%. Exclusion criteria in-
cluded aspartate or alanine aminotransfer-
ases.2.5 times the upper limit of normal,
total bilirubin .2.0 mg/dL, serum creati-
nine$2.0mg/dL, urine albumin/creatinine
ratio .1,800 mg/g, calculated creatinine
clearance ,50 mL/min, and congestive
heart failure class III and IV.

Patients with prerandomization
HbA1c $7.0 and #10.5% entered the 2-
week, single-blind lead-in period and
received diet and exercise counseling.
Randomized patients received double-
blind dapagliflozin 5 or 10 mg or placebo
every day (oral administration) with
open-label pioglitazone 30 or 45 mg/day,
stratified by pre-enrollment diabetes treat-
ment group A and B. To ensure adequate
representation from group A, randomiza-
tion was set to recruit at least one-third of
the patients from this group.

The primary objective compared the
change at 24 weeks from baseline in
HbA1c with each dose of dapagliflozin
plus pioglitazone versus placebo plus
pioglitazone. Secondary objectives included
change from baseline in FPG, postprandial
glucose (PPG) measured by 120-min post-
challenge response to an oral glucose toler-
ance test, and total body weight.

If FPGwas.270mg/dL (15.0mmol/L)
(week 4–8), .240 mg/dL (13.3 mmol/L)
(week 8–12), or .200 mg/dL (11.1
mmol/L) (week 12–24), then patients were
eligible to receive open-label rescue medica-
tion (metformin or sulfonylurea). Patients
completing the first 24 weeks of the study
were eligible for an additional 24 weeks.
During weeks 24 to 48, if HbA1c was.8.0
(week 25–36) or .7.5% (week 36–47),
patients were eligible to receive open-label
rescue medication. Data obtained after
rescue were excluded from the efficacy
analysis but included in safety analysis.

Adverse events, laboratory abnormal-
ities, and vital signs were assessed for the

safety and tolerability of treatment. Hy-
poglycemia definitions are in the Supple-
mentary Appendix and were documented
for any event the investigator considered
to be a hypoglycemic event, regardless
of blood glucose measurement. Signs,
symptoms, and events suggestive of uri-
nary tract infection (UTI) and genital in-
fection were solicited at every visit.
Preferred term lists included a broad spec-
trum of signs and symptoms of UTIs and
genital infections in addition to specific
diagnoses. Seated blood pressure was de-
termined after 5 min of rest followed by
the orthostatic blood pressure measure-
ments. Average blood pressure was deter-
mined from three replicate measurements
taken at least 1 min apart in each position
(seated, supine, and standing).

Statistical analyses
Statistical analyses at week 24 (last obser-
vation carried forward) including changes
from baseline in HbA1c, FPG, PPG, and
body weight were performed using
ANCOVA with treatment group as an effect
and baseline value and strata based on pre-
enrollment antidiabetic therapy as covari-
ates in the model. Secondary end points
were tested for significance sequentially.

At week 48, analyses of change from
baseline in HbA1c, FPG, PPG, and body
weight were performed using longitudi-
nal repeated-measures analysis over time

including the fixed categorical effects of
strata based on pre-enrollment antidiabetic
therapy, treatment, week, and treatment-
by-week interaction as well as the continu-
ousfixedcovariates of baselinemeasurement
and baseline measurement-by-week in-
teraction. No statistical testing was per-
formed for the 48-week long-term period.
Rescue was added as an additional effect
to the mixed model when the anal-
ysis was performed on data regardless of
rescue.

RESULTSdOf the 972 enrolled pa-
tients, 558 met the entrance criteria, and
480 entered the lead-in phase with
pioglitazone. Almost equal numbers of pa-
tients came from group A (48%, 200 out
of 420) and group B (52%, 220 out of
420) (Supplementary Fig. 1). Demo-
graphics and baseline characteristics are
shown in Table 1. The proportion of pa-
tients who were discontinued or rescued
for lack of glycemic control was less
with dapagliflozin (11–18%) than with
placebo (34%).

Treatment with dapagliflozin 5 and
10 mg added on to pioglitazone resulted
in statistically significant mean reductions
in HbA1c, FPG, and PPG when compared
with placebo at week 24 (Table 2) andwere
maintained through week 48 (Table 2).
The mean reduction from baseline in
HbA1c with dapagliflozin plus pioglitazone

Table 1dDemographics and baseline characteristics

Placebo +
pioglitazone
$30 mg

Dapagliflozin
5 mg + pioglitazone

$30 mg

Dapagliflozin
10 mg + pioglitazone

$30 mg

n 139 141 140
Age (years) 53.5 6 11.4 53.2 6 10.9 53.8 6 10.4
Men 71 (51.1) 78 (55.3) 59 (42.1)
Women 68 (48.9) 63 (44.7) 81 (57.9)
Race
White 102 (74.3) 102 (72.3) 101 (72.1)
African American 6 (4.3) 9 (6.4) 7 (5.0)
Asian 24 (17.3) 26 (18.4) 21 (15.0)
Other 7 (5.0) 4 (2.8) 11 (7.9)

HbA1c (%) 8.34 6 1.00 8.40 6 1.03 8.37 6 0.96
FPG (mg/dL) 160.7 6 47.0 168.6 6 52.1 164.9 6 46.3
FPG (mmol/L) 8.92 6 2.61 9.36 6 2.89 9.15 6 2.57
120-min PPG (mg/dL) 294 6 81 285 6 99 308 6 93
120-min PPG (mmol/L) 16.3 6 4.50 15.8 6 5.49 17.1 6 5.17
Weight (kg) 86.4 6 21.3 87.8 6 20.7 84.8 6 22.2
BMI
$30 kg/m2 85 (61.2) 87 (61.7) 72 (51.4)
$25 kg/m2 122 (87.8) 122 (86.5) 130 (92.9)

Duration of diabetes (years) 5.07 6 5.05 5.64 6 5.36 5.75 6 6.44
Data are means 6 SD or n (%).
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ranged from 20.82 to 20.97% com-
pared with20.42% with the placebo plus
pioglitazone atweek24 (P=0.0007 andP,
0.0001 for dapagliflozin 5- and 10-mg
groups, respectively.) At 48 weeks, the
mean reductions in HbA1c were main-
tained, and dapagliflozin groups ranged
from 20.95 to 21.21% compared with
20.54% with the placebo plus pio-
glitazone. These reductions were dose-
dependent (Fig. 1A) and similar between
groups A and B over time (data not shown).
Rapid decreases in FPG were observed at
week 1 (Fig. 1B) in the dapagliflozin groups
and significant at week 24 (Table 2). At
week 48, a greater reduction in mean
change from baseline in PPG was observed
with dapagliflozin plus pioglitazone
(260.4 to 280.9 mg/dL [23.35 to
24.49 mmol/L]) than with placebo plus
pioglitazone (225.4 mg/dL [1.41 mmol/L])
(Table 2).

The increase in mean urinary glucose
to creatinine ratio from baseline was main-
tained in the dapagliflozin groups over time
(Fig. 1C). The placebo group experienced a
mean increase in body weight of 3.0 kg
through week 48. Dapagliflozin groups
had a slight weight reduction initially, fol-
lowed by gradual weight gain toward the
baseline values at week 24 and gains of 1.4
and 0.7 kg for 5 and 10mg, respectively, at
week 48 (Table 2 and Fig. 1D). These
changes for the dapagliflozin groups were
significant at week 24 compared with pla-
cebo, maintained throughout 48 weeks
(Table2), andappeared tobedose-dependent
over time (Fig. 1D).

The placebo group experienced a
mean increase in seated blood pressure at
weeks24 and48,whereasbothdapagliflozin
groups experienced mean decreases (Table
2). Small mean increases in hematocrit
occurred in both dapagliflozin treatment
groups (1.36–2.04%), whereas the pla-
cebo showed 20.44% change at week
48. Small changes were observed on
mean fasting LDL cholesterol (1.1–3.4%
for dapagliflozin and 4.5% for placebo), to-
tal cholesterol (0.0–2.0% for dapagliflozin
and 1.9% for placebo), triglycerides (3.7–
4.2% for dapagliflozin and 13.5% for pla-
cebo), and HDL cholesterol (4.1–7.2% for
dapagliflozin and 1.3% for placebo) at
week 48.

No clinically relevant changes in cal-
cium, magnesium, phosphorous, or se-
rum 25 hydroxyvitamin D concentrations
were apparent in any treatment group
throughout the study (data not shown).
There were small increases within the
normal limits for parathyroid hormone
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and small mean changes in bone markers
(serum procollagen type 1 N-propeptide,
COOH-terminal telopeptide of type 1 col-
lagen, N-terminal telopeptide of type 1
collagen, and osteocalcin) compared
with placebo, which were unlikely to be
clinically significant.

Table 3 describes the adverse events
through week 48. The proportion of pa-
tientswho reported at least one adverse event
was similar for dapagliflozin (68.1–70.7%)
and placebo (66.9%) through week 48.
One death due to septic shock was reported
on day 117 in the dapagliflozin 5-mg group
within 2 days of presenting with acute cho-
lecystitis. Discontinuations were low and
similar between the dapagliflozin and the
placebo groups, none due to hypoglyce-
mia. No major episodes of hypoglycemia
occurred during the 48-week study.

All of the renal events listed in Table 3
occurred during the first 24-week period,
and no additional events occurred during

the second 24-week period. They in-
cluded serum creatinine increase (four
events), creatinine renal clearance de-
crease (one event), glomerular filtration
rate decrease (one event), and abnormal
renal function test (one event). The pro-
portion of patients with an event sugges-
tive of UTI was 7.9, 8.5, and 5.0% with
placebo, dapagliflozin 5 mg, and 10 mg,
respectively, through week 48. Signs,
symptoms, and other events suggestive
of genital infection were more common in
both dapagliflozin treatment groups (8.6–
9.2%) than in the placebo group (2.9%)
through week 48. Most events suggestive
of UTI or genital infection were of mild or
moderate intensity; none of these events
were serious or led to withdrawal from the
study except for one patient (dapagliflozin
5 mg) with recurrent UTIs.

Patients treated with pioglitazone
plus dapagliflozin 5 or 10 mg had a lower
rate of peripheral edema (4.3 and 2.1%,

respectively) compared with pioglitazone
plus placebo (6.5%) (Table 3). Two pa-
tients (one female and one male) from the
dapagliflozin 5-mg group experienced
limb fractures (one foot and one hand,
respectively) during the first 24-week
period. One patient on placebo had an
event of heart failure, and one patient on
dapagliflozin 5 mg had urothelial bladder
cancer detected on day 144.

CONCLUSIONSdIn this study, the
addition of dapagliflozin to pioglitazone
lowered HbA1c levels and attenuated the
pioglitazone-related weight gain in patients
with type 2diabetes inadequately controlled
on pioglitazone alone. Dapagliflozin acts in
the kidney by inhibiting the reabsorption
of glucose (15,16) and is not only capable
of reducing FPG but also reabsorption of
higher glucose load postprandially as
shown in this study. These beneficial effects
of dapagliflozin on hyperglycemia were

Figure 1dChanges in glycemic parameters for placebo (circles), dapagliflozin 5 mg (squares), and dapagliflozin 10 mg (triangles) all plus
pioglitazone$30 mg. A: Mean change from baseline in HbA1c after adjustment for baseline value over time. B: Mean change from baseline in FPG
after adjustment for baseline value over time. C: Mean urinary glucose to creatinine ratio change from baseline over time. D: Mean change from
baseline in total body weight after adjustment for baseline value over time. Includes patients who took at least one dose of double-blind study
medication. Error bars represent 95% CIs. Treatment symbols shifted horizontally to prevent error bars from overlapping.
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maintained for almost 1 year and were con-
sistent with sustained pharmacodynamic
activity on glycosuria.

The glucosuria induced by SGLT-2
inhibition might be suspected to lead to
hypoglycemia, UTIs, and genital infec-
tions. However, hypoglycemia events
were rare in this study. No clear relation-
ship to dapagliflozin was observed for
events suggestive of UTIs, although one
patient withdrew from the trial due to
recurring UTIs. Consistent with previ-
ous reports (5,6,8), events suggestive
of genital infections were higher in pa-
tients on dapagliflozin than on placebo.
None of these genital infections were

serious, and all responded to antimicrobial
treatment.

Urinary excretion of glucose also leads
to caloric loss and the addition of
dapagliflozin to pioglitazone can potentially
mitigate weight gain due to pioglitazone.
The differences between placebo and
dapagliflozin-treated groups in weight
were mainly driven by continuous weight
gain in the placebo group, reflecting prob-
ably that pioglitazone was initiated or opti-
mized during the prerandomization period,
whereas no meaningful changes from
baseline occurred in dapagliflozin groups.
Dapagliflozin, acting as a mild diuretic, may
also mitigate the fluid retaining effects of

pioglitazone as evidenced by fewer reports
of edema.

Some studies suggest that pioglitazone
may modestly lower blood pressure
(17), a beneficial effect for patients with
diabetes. When dapagliflozin was used as
monotherapy (5) or in combination therapy
(6,8), there was also some suggestive mild
lowering of blood pressure. In this study,
addition of dapagliflozin to pioglitazone
was associated with a modest further de-
crease in blood pressure beyond the effect
of pioglitazone alone in the absence of any
ill effects such as hypotensive events or
measured orthostatic hypotension. Thus,
along with effects on weight, dapagliflozin
may add to the blood pressure benefit of
pioglitazone.

Congestive heart failure, bladder can-
cer, or bone fractures, known side effects
of long-term use of pioglitazone, were
rare events; too rare at this stage to infer
any effect on the risk of these events with
the addition of dapagliflozin (13,14,18).
Two fractures did occur in the dapagliflozin
5-mg group, but all patients received
pioglitazone, and thiazolidinediones are
known to increase the risk of fractures (19).

Dapagliflozin added on to pioglitazone
resulted in sustained glycemic benefits in
both fasting and postprandial plasma glu-
cose concentrations. As a possible mild di-
uretic andconsistent glucouretic, dapagliflozin
mitigated the weight gain and fluid re-
tention due to pioglitazone. Even though
more genital infections occurred with
dapagliflozin than placebo, dapagliflozin
added on to pioglitazone was effective and
well-tolerated. The direct removal of glu-
cose by dapagliflozin complements the
insulin-sensitizing action of pioglitazone,
providing a potential combination that bal-
ances well the benefits and risks of therapy
for some patients with type 2 diabetes.
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Table 3dAdverse and special interest events through week 48

Placebo +
pioglitazone
$30 mg

Dapagliflozin
5 mg +

pioglitazone
$30 mg

Dapagliflozin
10 mg +

pioglitazone
$30 mg

n 139 141 140
At least one adverse event 93 (66.9) 96 (68.1) 99 (70.7)
At least one serious adverse event 4 (2.9) 6 (4.3) 2 (1.4)
Adverse event leading
to discontinuation
of study medication 5 (3.6) 5 (3.5) 3 (2.1)

Most common adverse events
(.5% in any treatment
group)

Dyslipidemia 9 (6.5) 11 (7.8) 16 (11.4)
Nasopharyngitis 7 (5.0) 7 (5.0) 11 (7.9)
Diarrhea 6 (4.3) 5 (3.5) 9 (6.4)
Back pain 4 (2.9) 5 (3.5) 8 (5.7)
Upper respiratory tract
infection 10 (7.2) 10 (7.1) 7 (5.0)

Headache 10 (7.2) 3 (2.1) 4 (2.9)
Pain in extremity 1 (0.7) 10 (7.1) 4 (2.9)
Edema peripheral 9 (6.5) 6 (4.3) 3 (2.1)

Adverse events of special interest
Suggestive of urinary
tract infection 11 (7.9) 12 (8.5) 7 (5.0)

Suggestive of genital infection 4 (2.9) 13 (9.2) 12 (8.6)
Mycotic genital infection 1 (0.7) 8 (5.7) 6 (4.3)
Decreased renal function 1 (0.7) 2 (1.4) 2 (1.4)
Fracture 0 2 (1.4) 0
Total patients with
hypoglycemia 1 (0.7) 3 (2.1) 0

Major episode of
hypoglycemia* 0 0 0

Congestive heart failure 1 (0.7) 0 0
Bladder cancer† 0 1 (0.7) 0

Data are n (%). *Major episode defined as a symptomatic episode requiring external assistance due to severe
impairment in consciousness or behavior with a capillary or plasma glucose value,54mg/dL (,3.0mmol/L)
and prompt recovery after glucose or glucagon administration. Minor episodes defined as either a symp-
tomatic episode with a capillary or plasma glucose measurement,63mg/dL (3.5 mmol/L) regardless of need
for external assistance or an asymptomatic capillary or plasma glucose measurement,63 mg/dL (3.5 mmol/L),
which does not qualify as a major episode. Other episodes defined as episodes reported by the investigator
that are suggestive of hypoglycemia but do not meet the above criteria. †Urothelial bladder carcinoma.
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