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Dapagliflozin monotherapy in drug-naı̈ve patients with
diabetes: a randomized-controlled trial of low-dose range†
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Aims: Many patients with type 2 diabetes are suboptimally managed with currently available therapies. Dapagliflozin, a sodium-glucose
co-transporter-2 inhibitor, has shown efficacy in reducing diabetic hyperglycaemia. This study assessed efficacy of three lower doses in recently
diagnosed patients.
Methods: This phase 3, randomized, double-blind, placebo-controlled study assigned treatment-naı̈ve patients to placebo or dapagliflozin
monotherapy (1, 2.5 or 5 mg) daily for 24 weeks. Patients were antidiabetic drug-naı̈ve with inadequate glycaemic control [haemoglobin A1c
(HbA1c) ≥7.0 and ≤10.0%]. The primary efficacy endpoint was change in HbA1c from baseline. Secondary endpoints included changes in body
weight and fasting plasma glucose (FPG), and proportions achieving HbA1c <7%.
Results: A total of 282 patients with type 2 diabetes were randomly assigned to one of four treatment groups. Baseline characteristics were
similar across groups. At week 24, mean HbA1c reduction was significantly greater with dapagliflozin: −0.68% for 1 mg, −0.72% for 2.5
mg, −0.82% for 5 mg, versus 0.02% for placebo (p < 0.0001); compared to mean baseline values of 7.8–8.1%. Mean FPG reduction was
significantly greater for all dapagliflozin groups versus placebo (p < 0.02), as was mean weight reduction (p < 0.003). During the treatment
period, 19.1% of placebo-treated patients received rescue medication or discontinued because of poor glycaemic control versus 6.9, 4.1 and
5.9% for dapagliflozin 1, 2.5 and 5 mg, respectively. Percentages of patients experiencing ≥1 adverse event were similar across groups.
Conclusion: Dapagliflozin at doses of 1, 2.5 and 5 mg/day is effective in reducing glycaemic levels and body weight in treatment-naı̈ve
patients with type 2 diabetes. Dapagliflozin was generally well tolerated. This insulin-independent mechanism suggests a new treatment for
type 2 diabetes.
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Introduction
Progressive hyperglycaemia related to type 2 diabetes is
associated with insulin resistance and relative or absolute
insulin deficiency [1]. To address these underlying endocrine
defects, most pharmacological treatments for type 2 diabetes
act via insulin-dependent mechanisms, which enhance insulin
production or improve glucose metabolism [2]. However, up
to half of patients with type 2 diabetes still do not achieve
sufficient glycaemic control with these drugs [3–5]. One
insulin-independent mechanism relevant to type 2 diabetes
is the renal sodium-glucose co-transporter 2 (SGLT2), which
mediates reabsorption of the majority of glomerular-filtered
glucose, thereby preventing elimination of glucose in the urine
[6–8]. SGLT2 represents a potential therapeutic target in the
management of hyperglycaemia.

The investigational SGLT2 inhibitor dapagliflozin has
shown dose-related efficacy in increasing urinary glucose
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excretion, decreasing plasma glucose levels and decreasing
body weight, with maximal effects generated at doses of 2.5–10
mg/day [9–11]. Glucosuria, the pharmacodynamic effect of
SGLT2 inhibition, has been documented with all doses, with
maximal glucosuria observed at a dapagliflozin dose of 20
mg/day. At doses ≥20 mg/day, there is greater evidence of
tolerability issues in some patients, including increased risk of
genital and urinary tract infections.

This study evaluates the efficacy and safety of three low doses
of dapagliflozin (1, 2.5 and 5 mg daily) in recently diagnosed
drug-naı̈ve patients with type 2 diabetes whose hyperglycaemia
was suboptimally controlled with diet and exercise. Inclusion of
a 1 mg/day dose permitted exploration and potential identifi-
cation of the lower end of the dose-response curve documented
in prior clinical trials of doses ranging from 2.5 to 50 mg/day.

Methods
Trial design

This phase 3, randomized, double-blind, parallel-group,
placebo-controlled study assessed the antihyperglycaemic effect
of three doses of dapagliflozin as first-line monotherapy in
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drug-naı̈ve patients with type 2 diabetes with inadequate
glycaemic control [haemoglobin A1c (HbA1c) ≥7.0 and
≤10.0%]. The study was conducted at 63 sites during the
period from 22 September 2008 to 6 January 2010. Study sites
were located in USA (25), Canada (10), Mexico (9), Russia (8),
India (5), South Africa (4) and Puerto Rico (2).

The study comprised four periods: qualification, lead-in,
treatment and follow-up. During the qualification period,
which lasted up to 14 days, each patient was assigned a
unique sequential number by an interactive voice response
system (IVRS) and evaluated for eligibility. The lead-in period
consisted of single-blind, placebo treatment for 14 days.
Qualifying patients were provided with a blood glucose metre
and instructions for self-monitoring, as well as diet and exercise
counselling consistent with recommendations of the American
Diabetes Association or similar local guidelines. Patients who
completed the placebo lead-in regimen with compliance of
≥70 and ≤130% were eligible for entry into the double-blind
treatment period.

Upon entry into the 24-week double-blind treatment
period, eligible patients were randomized by the IVRS in a
1 : 1 : 1 : 1 ratio to receive dapagliflozin 1 mg, 2.5 mg, 5 mg or
placebo daily with their morning meal. Randomization was
stratified by site. After the initial screening visit, treatment
assignment and HbA1c and urinary glucose variables were
blinded to patients, investigators and sponsors. Clinic visits
were scheduled for weeks 1, 2, 4, 8, 12, 16, 20 and 24.
Blinded study medication remained unchanged throughout
the treatment period; however, patients with poor glycaemic
control were eligible to receive open-label metformin as a rescue
medication. Rescue eligibility was based on confirmed fasting
plasma glucose (FPG) measured by a central laboratory [>15.0
mmol/l (>270 mg/dl) at weeks 4–7, >13.3 mmol/l (>240
mg/dl) at weeks 8–11 and >11.1 mmol/l (200 mg/dl) at weeks
12–24]. Rescued patients with consistent central laboratory
FPG values indicative of poor glycaemic control for 12 weeks,
despite a maximum tolerated dose of rescue medication, were
discontinued from the study.

All patients who completed the 24-week treatment period
or who discontinued study medication were followed for
an additional 4 weeks to assess safety parameters. No study
medication was provided during this period; however, the
treating physicians could prescribe other antihyperglycaemic
therapy.

This study was conducted in compliance with the guidelines
of the Declaration of Helsinki and Good Clinical Practice
and was approved by the respective review boards and
independent ethics committees of the participating institutions.
All participating patients provided written informed consent.

Patients

Participants were men and women aged 18–77 years with
inadequate glycaemic control (HbA1c ≥7.0 and ≤10%), and
were drug-naı̈ve to prescribed antidiabetic medication (defined
as never having received medication or having received it for
<24 weeks since the original diagnosis, no antihyperglycaemic
therapy for >14 days during the 12 weeks prior to enrollment
and no antihyperglycaemic therapy during the 4 weeks prior to

enrollment). Patients were also required to have a body mass
index ≤45.0 kg/m2 and C-peptide ≥0.34 nmol/l (≥1.0 ng/ml)
at enrollment.

Patients were excluded if they had high serum creatinine
that would contraindicate the use of metformin as a rescue
medication [≥133.0 μmol/l (≥1.50 mg/dl) for men and ≥124.0
μmol/l (≥1.40 mg/dl) for women], urine albumin : creatinine
ratio >1800 mg/g, serum aspartate aminotransferase (AST)
or alanine aminotransferase (ALT) >3 times the upper limit
of the normal range (ULN), total bilirubin >34.20 μmol/l
(>2 mg/dl) or creatine kinase >3 times ULN at time of
enrollment. Patients with a history of diabetes insipidus or
symptoms indicative of poorly controlled diabetes mellitus
(e.g. polyuria, polydipsia) were excluded, as were patients
with clinically significant renal, hepatic, haematological,
oncological, endocrine, psychiatric or rheumatic disease.
Patients were ineligible if they had been diagnosed with a
cardiovascular disease or event within 6 months prior to
enrollment or severe uncontrolled hypertension (defined as
≥180 systolic and/or ≥110 diastolic mm Hg).

Endpoints and assessments

The primary efficacy endpoint was change in HbA1c from
baseline to week 24 or last observation carried forward (LOCF),
excluding data after rescue. Secondary efficacy endpoints
included change from baseline in total body weight, FPG, 2-h
post–liquid-meal glucose at week 24 (LOCF); the proportion
of patients achieving HbA1c <7% and change from baseline
in waist circumference. Data after administration of rescue
medication were excluded from all efficacy analyses. Several
exploratory endpoints were included in the study design, such
as metabolic surrogate markers (leptin and adiponectin), uric
acid, lipid levels and blood pressure.

Safety outcomes included reports of adverse events (AEs)
and serious adverse events (SAEs), discontinuations due to AEs,
events of special interest, hypoglycaemia events, laboratory
abnormalities, standard safety laboratory tests, changes in
electrocardiograms and changes in vital signs. AEs were
coded according to preferred terms for significant medical
events in the Medical Dictionary of Regulatory Activities,
version 12.1. Events suggestive of a urinary tract infection
(e.g. dysuria) or genital infection (e.g. vulvovaginitis, balanitis)
were reported spontaneously by patients, as well as in response
to proactive questioning about symptoms at each study visit.
Major hypoglycaemia was defined as a symptomatic episode
that required third-party assistance and was associated with
plasma glucose <3.00 mmol/l (<54 mg/dl) and prompt
recovery after glucose or glucagon administration. Minor
hypoglycaemia was either a symptomatic or asymptomatic
episode associated with plasma glucose <3.50 mmol/l (<63
mg/dl), that does not qualify as a major episode. Additional
accounts of hypoglycaemic symptoms that did not meet these
criteria were categorized as ‘other’.

An SAE was defined as an event that was fatal or life-
threatening, required or prolonged hospitalization, resulted in
persistent or significant disability/incapacity, was a cancer, was a
congenital anomaly or birth defect, resulted in the development
of drug dependency/abuse or was an important medical event
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that jeopardized the subject or required intervention to prevent
a serious outcome.

All protocol-defined clinical laboratory assessments for
safety parameters were conducted at the central laboratory,
Quintiles Laboratories in Marietta, Georgia, US Pharmacoki-
netic evaluation was conducted at AtlanBio in Saint-Nazaire
Cedex, France, using conventional, standardized technology.
Laboratory results were submitted to Bristol-Myers Squibb
electronically.

Statistical analysis

Sample size was estimated to control for a type I error at the
0.05 significance level and 90% power to detect a difference of
0.7% in mean change from baseline in HbA1c between each
dapagliflozin group and placebo, using Dunnett’s adjustment,
assuming a standard deviation of 1.1%. Assuming post-baseline

assessments would be unavailable for 5% of patients, a total of
280 patients needed to be randomized.

Randomized patients who received ≥1 dose of double-blind
study medication and had both a baseline and post-baseline
measurement were included in the efficacy analyses. Measure-
ments obtained after rescue were not included in the efficacy
analyses but were included in the safety analysis. Efficacy anal-
yses of continuous outcomes were performed using analysis of
covariance (ancova) with treatment group as an effect and the
baseline value as a covariate. For the primary endpoint, compar-
isons between each of the dapagliflozin groups and the placebo
group were made at the 0.019 significance level (two-sided)
using Dunnett’s adjustment. If at least one primary comparison
between a dapagliflozin group and the placebo group was
significant, statistical tests for the secondary endpoints were
performed for that treatment group. The family-wise type I

497 patients enrolled

297 entered lead-in period

282 randomly assigned to receive double-blind medication

72 received dapagliflozin 1 mg68 received placebo 74 received dapagliflozing 2.5 mg 68 received dapagliflozing 5 mg

5 (7.4%) did not complete treatment7 (9.5%) did not complete treatment4 (5.6%) did not complete treatment3 (4.4%) did not complete treatment
0 lack of efficacy0 lack of efficacy
0 adverse event1 adverse event
3 withdrew consent3 withdrew consent
1 lost to follow-up2 lost to follow-up

63 (92.6%) completed treatment67 (90.5%) completed treatment68 (94.4%) completed treatment65 (95.6%) completed treatment

1 poor/non-compliance1 poor/non-compliance
0 no longer met study criteria0 no longer met study criteria
0 other0 other

0 lack of efficacy
1 adverse event
1 withdrew consent
0 lost to follow-up
0 poor/non-compliance
1 no longer met study criteria
1 other

1 lack of efficacy
0 adverse event
2 withdrew consent
0 lost to follow-up
0 poor/non-compliance
0 no longer met study criteria
0 other

200 did not complete qualification

15 not randomized
3 withdrew consent
4 lost to follow-up
5 no longer met study criteria
3 other

13 withdrew consent
1 lost to follow-up
1 pregnancy

183 no longer met study criteria
2 other

Figure 1. Patient disposition.

Table 1. Demographic and baseline characteristics of patients.

Placebo
(n = 68)

Dapagliflozin 1 mg
(n = 72)

Dapagliflozin 2.5 mg
(n = 74)

Dapagliflozin 5.0 mg
(n = 68)

Age, years (mean ± s.d.) 53.5 ± 11.08 53.7 ± 9.04 53.5 ± 10.61 51.3 ± 11.51
Gender, male [n (%)] 37 (54.4) 38 (52.8) 34 (45.9) 32 (47.1)
Weight, kg (mean ± s.d.) 90.0 ± 17.98 88.2 ± 18.49 84.3 ± 18.18 85.4 ± 19.43
BMI, kg/m2 [mean (s.d.)] 32.47 (4.91) 32.53 (5.68) 31.13 (5.47) 30.97 (5.68)∗
Duration of type 2 diabetes, years
Mean ± s.d. (range) 1.1 ± 1.95 (0–10.3) 1.6 ± 2.55 (0–12.7) 1.5 ± 2.19 (0–10.8) 1.4 ± 3.24 (0–22.5)
Median 0.40 0.35 0.50 0.30
HbA1c, % [mean ± s.d. (range)] 7.8 ± 1.12 (6.2–12.9) 7.8 ± 0.98 (5.9–10.4) 8.1 ± 1.07 (6.0–10.9) 7.9 ± 1.03 (5.3–10.8)
FPG, mmol/l (mean ± s.d.) 8.97 ± 3.19 8.63 ± 2.68 8.87 ± 2.86 8.72 ± 2.31
Fasting C-peptide, nmol/l (mean ± s.d.) 1.25 ± 0.65 1.21 ± 0.63 1.09 ± 0.45 1.13 ± 0.58

BMI, body mass index; FPG, fasting plasma glucose; HbA1c, haemoglobin A1c.
∗n = 67 for patients in the 5 mg group.
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error rate for the primary and secondary efficacy endpoints was
controlled at the two-sided 0.05 level within each treatment
group by using a hierarchal closed testing procedure. Statistical
testing of secondary efficacy endpoints was only performed
for those treatment groups statistically superior to placebo for
the primary efficacy endpoint and if all previous sequential
tests for that treatment group were also statistically significant.
The proportions of patients who achieved HbA1c <7% were
analysed using logistic regression methodology [12,13].

Results
Patient disposition

A total of 282 patients were randomly assigned to one of the
dapagliflozin groups (1, 2.5 or 5 mg daily) or the placebo
group, with 90.5–95.6% completing the 24-week treatment
period (figure 1). The most commonly reported reason
for not completing the treatment period was withdrawal of
consent. Demographic and baseline characteristics of the study

Table 2. Primary and secondary efficacy measurements at week 24 (LOCF; excluding data after rescue).

Placebo Dapagliflozin 1 mg Dapagliflozin 2.5 mg Dapagliflozin 5.0 mg

HbA1c (%)
n 68 72 72 66
Baseline (mean ± s.d.) 7.80 ± 1.117 7.80 ± 0.984 8.07 ± 1.032 7.92 ± 1.035
Week 24 (mean ± s.d.) 7.84 ± 1.787 7.15 ± 1.115 7.30 ± 1.100 7.10 ± 0.882
Adjusted mean change from baseline [95% CI] 0.02 [−0.22, 0.25] −0.68 [−0.91, −0.45] −0.72 [−0.95, −0.49] −0.82 [−1.06, −0.58]
Difference from placebo [95% CI] — −0.69 [−1.02, −0.37] −0.74 [−1.07, −0.41] −0.84 [−1.17, −0.50]
p-value vs. placebo — <0.0001 <0.0001 <0.0001
FPG (mmol/l)
n 68 72 74 67
Baseline (mean ± s.d.) 8.97 ± 3.19 8.64 ± 2.68 8.87 ± 2.86 8.72 ± 2.32
Week 24 (mean ± s.d.) 9.12 ± 3.11 8.09 ± 2.96 7.64 ± 1.95 7.18 ± 1.55
Adjusted mean change from baseline [95% CI] 0.23 [−0.23, 0.69] −0.61 [−1.06, −0.17] −1.20 [−1.64, −0.76] −1.58 [−2.04, −1.12]
Difference from placebo [95% CI] — −0.84 [−1.48, −0.20] −1.43 [−2.06, −0.79] −1.81 [−2.46, −1.15]
p-value vs. placebo — 0.0103 <0.0001 <0.0001
2-h post–liquid-meal glucose (mmol/l)
n 58 67 58 58
Baseline (mean ± s.d.) 11.17 ± 3.90 11.45 ± 3.83 11.85 ± 3.69 11.01 ± 3.93
Week 24 (mean ± s.d.) 11.74 ± 4.68 9.57 ± 3.74 9.46 ± 2.81 8.29 ± 2.29
Adjusted mean change from baseline [95% CI] 0.49 [−0.22, 1.20] −1.85 [−2.51, −1.19] −2.18 [−2.89, −1.47] −2.87 [−3.58, −2.16]
Difference from placebo [95% CI] — −2.34 [−3.31, −1.37] −2.67 [−3.68, −1.67] −3.36 [−4.37, −2.36]
p-value vs. placebo — <0.0001 <0.0001 <0.0001
Patients achieving HbA1c <7.0%∗
n/N† 26/68 40/72 28/72 32/66
Percent 38.2 55.6 38.9 48.5
Percent adjusted for baseline HbA1c [95% CI] 34.6 [24.3, 45.0] 53.6 [42.8, 64.3] 43.4 [33.4, 53.5] 49.1 [37.7, 60.6]
Difference from placebo [95% CI] — 18.9 [3.6, 34.3] 8.8 [−6.2, 23.8] 14.5 [−1.3, 30.3]
p-value vs. placebo 0.0157 0.2512 0.0726
Body weight (kg)
n 68 72 74 67
Baseline (mean ± s.d.) 89.96 ± 17.981 88.15 ± 18.488 84.27 ± 18.177 85.30 ±19.566
Week 24 (mean ± s.d.) 88.86 ± 17.770 85.40 ± 18.488 81.74 ± 16.978 82.68 ± 18.899
Adjusted mean change from baseline [95% CI] −0.96 [−1.74, −0.19] −2.69 [−3.44, −1.94] −2.64 [−3.38, −1.90] −2.69 [−3.47, −1.91]
Difference from placebo [95% CI] — −1.73 [−2.81, −0.65] −1.68 [−2.76, −0.60] −1.73 [−2.83, −0.63]
p-value vs. placebo 0.0018 0.0024 0.0022
Waist circumference (cm)
n 66 70 65 61
Baseline (mean ± s.d.) 105.3 ± 12.68 104.1 ± 11.78 101.1 ± 13.07 103.6 ± 13.22
Week 24 (mean ± s.d.) 103.4 ± 11.65 101.5 ± 12.43 99.0 ± 12.37 100.4 ± 13.09
Adjusted mean change from baseline [95% CI] −1.70 [−2.83, −0.58] −2.50 [−3.59, −1.41] −2.31 [−3.45, −1.18] −3.17 [−4.34, −2.00]
Difference from placebo [95% CI] — −0.80 [−2.37, 0.77] −0.61 [−2.22, 0.99] −1.47 [−3.09, 0.16]
p-value vs. placebo — 0.3163 NT NT

Data represent results from randomized subjects with non-missing values at baseline and week 24 (LOCF). Secondary endpoints were tested for significance
in hierarchical order after the primary endpoint: change from baseline in total body weight, FPG, 2-h post–liquid-meal glucose, proportion of patients
achieving HbA1c < 7% and change from baseline in waist circumference. If significance was not achieved for a given treatment group for any prior
endpoint, subsequent endpoints were not tested for significance in that patient group. FPG, fasting plasma glucose; HbA1c, haemoglobin A1c; LOCF, last
observation carried forward; NT, not tested.
∗Logistic regression [12,13] with adjustment for baseline HbA1c. For all other outcomes, analysis is based on analysis of covariance with treatment group
as an effect and baseline value as a covariate.
†Number of responders/number of randomized patients with baseline and week 24 (LOCF) values.

4 Bailey et al. 2012



DIABETES, OBESITY AND METABOLISM original article
population were generally similar across treatment groups
(Table 1) and were representative of drug-naı̈ve patients with
recently diagnosed type 2 diabetes. The patient population had
a baseline mean age of 53 years, a mean duration of disease of
1.38 years (median 4.2 months) and a baseline mean HbA1c
of 7.9%. All randomized patients received ≥1 dose of study
medication. Median duration of exposure to study drug was
169 days across study groups; mean exposure prior to rescue
was 156 days for patients in the placebo group and 159 days for
patients in the dapagliflozin groups.

During the 24-week treatment period, 19.1% of patients in
the placebo group and 6.9, 4.1 and 5.9% of patients in the
dapagliflozin 1, 2.5 and 5 mg groups, respectively, were rescued
or discontinued the study because of poor glycaemic control.
In the placebo group, the first patients were rescued at week 4;
in the dapagliflozin groups, the first patients were rescued at
week 12.

Efficacy

For the primary endpoint, mean reduction in HbA1c at week
24 (LOCF) was significantly greater in each dapagliflozin group
relative to the placebo group (Table 2). The adjusted mean
change from baseline at week 24 was +0.02% in the placebo

group, −0.68% in the dapagliflozin 1 mg group, −0.72% in the
dapagliflozin 2.5 mg group and −0.82% in the dapagliflozin
5 mg group (p < 0.0001 vs. placebo for all comparisons). The
reduction in HbA1c levelled out after 12 weeks, with values
remaining stable through 24 weeks (figure 2A).

At 24 weeks, mean FPG reduction from baseline was
significantly greater for all dapagliflozin groups versus placebo
(Table 2, figure 2B). The adjusted mean change from baseline
was +0.23 mmol/l (+4.1 mg/dl) for the placebo group
and −0.61 to −1.58 mmol/l (−11.0 to −28.5 mg/dl) for
the dapagliflozin groups. Significant mean reductions at 24
weeks also occurred in the 2-h post–liquid-meal glucose
concentrations for each dapagliflozin group relative to the
placebo group (Table 2). The proportion of patients achieving
HbA1c <7% was significantly greater for patients in the
dapagliflozin 1 mg group versus the placebo group (baseline-
adjusted proportions 53.6 and 34.6%, respectively; p = 0.0157)
(Table 2). The proportions of patients in the 2.5 and 5
mg groups were numerically greater than placebo, but the
differences were not statistically significant (baseline-adjusted
proportions 43.4 and 49.1%, respectively).

Mean reduction in body weight at week 24 was significantly
greater in each dapagliflozin group compared with the placebo
group (Table 2). The adjusted mean change from baseline

A

C

B

Figure 2. Adjusted mean changes (95% CI) in (A) haemoglobin A1c (HbA1c), (B) fasting plasma glucose (FPG) and (C) total body weight through week
24 [last observation carried forward (LOCF); excluding data after rescue].

2012 doi:10.1111/j.1463-1326.2012.01659.x 5



original article DIABETES, OBESITY AND METABOLISM

was −0.96 kg for the placebo group and −2.64 to −2.69
kg for the dapagliflozin groups. Decreases in weight began
across all treatment groups at week 1 and continued through
week 12; weight reductions continued through week 24 in
the dapagliflozin groups only (figure 2C). The proportions of
patients with a decrease from baseline of ≥5% in body weight
in the placebo and dapagliflozin 1, 2.5 and 5 mg groups were
7.4, 23.6, 17.6 and 34.3%, respectively. A numerically greater
mean decrease in waist circumference was observed at week
24 for patients in the dapagliflozin groups versus the placebo
group (Table 2).

Improvements in the metabolic surrogate markers leptin
and adiponectin were reported (Table 3). An increase in mean
high-density lipoprotein cholesterol levels was documented
in all treatment groups; however, no clinically meaningful
differences were observed in fasting lipid profiles at week 24
(LOCF) between dapagliflozin and placebo (Table 3).

Safety

Similar proportions of patients in the placebo group (60.3%)
and dapagliflozin groups (57.4–58.3%) had ≥1 AE. AEs
reported in ≥5% of patients in any dapagliflozin group were

headache, nasopharyngitis, pharyngitis and dizziness (Table 4).
Headache, hypertriglyceridaemia and hypercholesterolaemia
were reported in ≥5% of patients in the placebo group. Two
patients discontinued study medication due to AEs (Table 4):
one in the dapagliflozin 1 mg group with intermittent hot
flashes and one in the dapagliflozin 2.5 mg group with allergic
dermatitis.

Four SAEs (convulsion, tuberculosis, uterine leiomyoma
and pneumonia) were reported in one patient each during
the trial: two in the dapagliflozin 1 mg group and two in the
2.5 mg group (Table 4). The two events considered possibly
treatment-related were convulsion and tuberculosis, both of
which occurred in the dapagliflozin 1 mg group. There were no
discontinuations due to SAEs, and no deaths or malignancies
were reported.

AEs of special interest included hypoglycaemia, renal
events, urinary tract infections, genital infections and volume
depletion (hypotension/dehydration/hypovolaemia). Hypo-
glycaemia that was not considered a major or minor episode
was reported in two patients who received dapagliflozin: one
in the 2.5 mg group and one in the 5 mg group. These episodes
did not result in study discontinuation. Renal impairment was

Table 3. Change from baseline at week 24 in metabolic markers and lipid levels (LOCF; excluding data after rescue).

Placebo Dapagliflozin 1 mg Dapagliflozin 2.5 mg Dapagliflozin 5 mg

Leptin (μg/l)∗
n 65 67 65 59
Baseline (mean ± s.d.) 26.82 ± 24.50 25.06 ± 23.59 22.24 ± 19.15 27.91 ± 31.42
Week 24 (mean ± s.d.) 25.28 ± 24.25 22.97 ± 18.85 21.04 ± 19.80 22.86 ± 24.73
Adjusted mean change from baseline (s.e.) −1.20 (1.44) −2.19 (1.42) −1.99 (1.44) −4.43 (1.51)
Adiponectin (ng/ml)∗
n 66 67 65 61
Baseline (mean ± s.d.) 6609.05 (3380.36) 6393.94 (2949.94) 6438.26 (3003.72) 6078.13 (2706.34)
Week 24 (mean ± s.d.) 7052.92 (3346.96) 7112.63 (3193.06) 7178.38 (3513.98) 7005.00 (3245.38)
Adjusted mean change from baseline (s.e.) 473.19 (251.77) 719.79 (249.71) 747.04 (253.53) 886.57 (262.02)
Total cholesterol (mmol/l)†
n 65 68 65 61
Baseline (mean ± s.d.) 5.21 ± 1.40 4.95 ± 1.25 5.00 ± 1.02 4.82 ± 1.09
Week 24 (mean ± s.d.) 5.28 ± 1.11 5.00 ± 1.18 5.11 ± 1.12 4.98 ± 1.16
Adjusted mean percent change from baseline (s.e.) 3.77 (1.99) 1.03 (1.89) 2.21 (1.95) 1.98 (2.01)
LDL cholesterol (mmol/l)†
n 65 68 65 60
Baseline (mean ± s.d.) 3.01 ± 1.24 2.89 ± 0.99 2.98 ± 0.86 2.94 ± 0.99
Week 24 (mean ± s.d.) 3.05 ± 1.03 2.93 ± 0.98 2.98 ± 0.90 3.01 ± 1.02
Adjusted mean percent change from baseline (s.e.) 3.74 (3.21) 0.94 (3.05) −0.05 (3.09) 1.89 (3.28)
HDL cholesterol (mmol/l)†
n 65 68 65 61
Baseline (mean ± s.d.) 1.05 ± 0.27 1.07 ± 0.26 1.09 ± 0.33 1.02 ± 0.20
Week 24 (mean ± s.d.) 1.18 ± 0.36 1.18 ± 0.31 1.17 ± 0.31 1.12 ± 0.20
Adjusted mean percent change from baseline (s.e.) 10.46 (2.20) 10.57 (2.16) 9.29 (2.18) 9.70 (2.26)
Triglycerides (mmol/l)†
n 65 68 65 61
Baseline (mean ± s.d.) 2.75 ± 3.76 2.21 ± 1.31 2.08 ± 0.92 1.95 ± 1.04
Week 24 (mean ± s.d.) 2.46 ± 2.58 1.99 ± 0.95 2.16 ± 2.58 1.93 ± 1.14
Adjusted mean percent change from baseline (s.e.) −5.18 (4.14) −6.44 (3.99) −7.83 (4.02) −5.89 (4.25)

Data represent results from randomized subjects with non-missing values at baseline and week 24 (LOCF). ANCOVA, analysis of covariance; HDL,
high-density lipid; LDL, low-density lipid; LOCF, last observation carried forward.
∗Analyses based on ANCOVA model with treatment group as an effect and baseline value as a covariate.
†On the basis of ANCOVA model for [log (week 24 value) − log (baseline value)] with treatment group as an effect and log (baseline value) as a covariate.
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Table 4. Number (%) of patients with AEs over the 24-week treatment period (including data after rescue).

Placebo
(n = 68)

Dapagliflozin 1 mg
(n = 72)

Dapagliflozin 2.5 mg
(n = 74)

Dapagliflozin 5 mg
(n = 68)

At least one AE 41 (60.3) 42 (58.3) 43 (58.1) 39 (57.4)
At least one drug-related AE 8 (11.8) 5 (6.9) 9 (12.2) 5 (7.4)
AE leading to discontinuation of study medication 0 1 (1.4) 1 (1.4) 0
At least one SAE 0 2 (2.8) 2 (2.7) 0
Deaths 0 0 0 0
AEs that occurred in ≥5% of patients in any group∗
Headache 5 (7.4) 5 (6.9) 4 (5.4) 2 (2.9)
Nasopharyngitis 3 (4.4) 5 (6.9) 1 (1.4) 2 (2.9)
Pharyngitis 3 (4.4) 1 (1.4) 4 (5.4) 2 (2.9)
Dizziness 2 (2.9) 3 (4.2) 5 (6.8) 0
Hypertriglyceridaemia 4 (5.9) 2 (2.8) 1 (1.4) 1 (1.5)
Hypercholesterolaemia 4 (5.9) 0 0 1 (1.5)
Special interest categories
Hypoglycaemia 0 0 1 (1.4) 1 (1.5)
Signs, symptoms and events suggestive of urinary tract infection 1 (1.5) 3 (4.2) 1 (1.4) 2 (2.9)

Males 1/37 (2.7) 1/38 (2.6) 0/34 (0.0) 1/32 (3.1)
Females 0/31 (0.0) 2/34 (5.9) 1/40 (2.5) 1/36 (2.8)

Signs, symptoms and events suggestive of vulvovaginitis, balanitis
and related genital infections

2 (2.9) 1 (1.4) 5 (6.8) 2 (2.9)

Males 1/37 (2.7) 1/38 (2.6) 2/34 (5.9) 0/32 (0.0)
Females 1/31 (3.2) 0/34 (0.0) 3/40 (7.5) 2/36 (5.6)

Hypotension/dehydration/hypovolaemia 0 0 0 1 (1.5)

AE, adverse event; SAE, serious adverse event.
∗Listed in descending order of incidence, based on total patients.

reported in two placebo-treated patients; neither event was
considered serious. There were no patients in the dapagliflozin
treatment group experiencing renal impairment or failure,
nephrotoxicity or acute tubular necrosis. Overall, there was no
evidence of deterioration of renal function.

Events suggestive of urinary tract infection were reported
in six (2.8%) patients in the dapagliflozin groups and one
(1.5%) patient in the placebo group (Table 4). Each of these
patients had only one event, except one in the dapagliflozin
1 mg group who had two events. There were no events of
pyelonephritis. Events suggestive of vulvovaginitis, balanitis
and related genital infection were reported in eight patients
(3.7%) in the dapagliflozin groups and two patients (2.9%)
in the placebo group. Three of the patients treated with
dapagliflozin had a prior history of genital infections. The
majority of symptoms suggestive of genitourinary infections
were treated with investigator-directed antimicrobials and
responded to one course of treatment.

There was one event related to volume depletion, which was
hypotension of severe intensity in the dapagliflozin 5 mg group.
It was not classified as serious, was not considered related to
study drug and did not result in discontinuation.

Assessment of serum laboratory measurements, including
sodium and potassium (Table 5), indicated no clinically
meaningful changes from baseline to week 24 across treatment
groups. For the renal function measures of serum creatinine and
uric acid, no clinically relevant mean changes from baseline at
week 24 were observed in any treatment group (Table 5).
At 24 weeks, small increases in mean haematocrit were

observed for the dapagliflozin groups versus the placebo group.
Consistent with the mechanism of action of dapagliflozin,
the change from baseline at week 24 (LOCF) for the ratio
of urinary glucose : creatinine increased in the dapagliflozin
groups (Table 5). Marked abnormalities in liver enzymes
were few and generally balanced across dapagliflozin treatment
groups. One subject in the 1 mg group had an AST value >3
times ULN and an ALT value >5 times ULN. The marked
abnormalities were transient and returned to normal values
without interruption of study medication. Measures of bone
metabolism, including serum parathyroid hormone, calcium
and phosphorus, showed no clinically relevant mean changes
from baseline across all treatment groups (data not shown).
Seated blood pressure measurements indicated greater mean
reductions in systolic and diastolic values at week 24 in the
dapagliflozin groups than in the placebo group (Table 5).

Discussion
Intensified management of type 2 diabetes becomes necessary
as β-cell function declines in the presence of decreased insulin
sensitivity. First-line treatment with metformin counters
insulin resistance, while sulfonylureas and incretin therapies
increase insulin secretion [14]. An insulin-independent agent
such as dapagliflozin may be an alternative or complementary
approach to management of type 2 diabetes. It may be
particularly useful in patients who would benefit from the
weight loss and blood pressure reduction demonstrated with
this drug.
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Table 5. Mean changes from baseline in laboratory measurements and seated blood pressure.

Placebo Dapagliflozin 1 mg Dapagliflozin 2.5 mg Dapagliflozin 5 mg

Sodium (mmol/l)∗
n 68 72 74 68
Baseline 138.8 (3.20) 138.9 (2.90) 138.8 (2.59) 138.5 (2.38)
Change at week 24 −0.3 (0.36) −0.1 (0.39) 0.8 (0.35) 0.4 (0.34)
Potassium (mmol/l)∗
n 68 72 74 68
Baseline 4.22 (0.439) 4.15 (0.401) 4.20 (0.346) 4.15 (0.341)
Change at week 24 −0.04 (0.0540) 0.09 (0.0416) −0.02 (0.0533) 0.09 (0.0511)
Serum creatinine (μmol/l)∗
n 68 72 74 68
Baseline 75.85 (14.62) 76.11 (16.91) 70.99 (13.63) 72.22 (16.42)
Change at week 24 0.35 (1.52) 0.09 (1.20) −0.27 (0.98) 1.50 (1.06)
Serum uric acid (μmol/l)†
n 68 72 74 67
Baseline 339.04 (96.89) 321.19 (78.22) 317.62 (87.50) 308.70 (92.43)
Change at week 24 −4.76 (7.13) −41.04 (6.90) −41.04 (6.80) −43.42 (7.17)
Haematocrit (%)∗
n 68 72 74 68
Baseline 43.70 (3.856) 43.18 (3.252) 43.26 (3.921) 42.72 (3.820)
Change at week 24 −0.72 (0.284) 0.62 (0.382) 1.33 (0.332) 1.77 (0.294)
Urinary glucose : creatinine (g/g)†
n 62 66 64 59
Baseline 2.85 (8.857) 1.68 (7.010) 4.70 (12.493) 3.55 (11.045)
Change at week 24 −0.01 (2.472) 7.54 (2.403) 16.99 (2.440) 21.81 (2.534)
Seated blood pressure (mm Hg)∗
n 65 68 65 62
Systolic
Baseline 129.3 (14.32) 129.4 (12.91) 127.2 (12.64) 125.5 (14.10)
Change at week 24 0.8 (1.462) −3.7 (1.449) −3.1 (1.603) −4.6 (1.531)
Diastolic
Baseline 79.5 (8.84) 78.5 (8.04) 79.9 (7.51) 78.0 (9.14)
Change at week 24 0.2 (0.981) −1.1 (1.040) −2.0 (0.980) −1.9 (1.036)

n, number of treated patients with baseline values with exception of urinary glucose : creatinine ratio, which is the number of randomized subjects with
baseline and week 24 (LOCF) assessments. LOCF, last observation carried forward.
∗Data are mean baseline (s.d.) and mean change at week 24 (s.e.), including data after rescue.
†Data are mean baseline (s.d.) and adjusted mean change at week 24 (s.e.) excluding data after rescue, based on an analysis of covariance with treatment
group as an effect and baseline value as a covariate (LOCF).

Overall, in drug-naı̈ve patients with recently diagnosed type
2 diabetes, treatment with dapagliflozin 1, 2.5 or 5 mg daily for
24 weeks significantly improved glycaemic control compared
to placebo. Most efficacy outcomes appeared to be dose-
related without a proportional increase in AEs at the higher
doses. These results align with trials evaluating higher doses of
dapagliflozin, suggesting that efficacy can be greater with higher
doses without compromising safety [9–11]. The relatively
short disease duration in this patient population (median < 6
months) may have played a role in the effect size seen in this
study with the lower dose range.

Dapagliflozin was generally well tolerated. AEs that would
be expected to increase with glucosuria were low in occurrence
and severity. There were no major or minor episodes of
hypoglycaemia, nor any hypoglycaemic symptoms that led
to discontinuation. There was a slightly greater incidence of
symptoms suggestive of genital and urinary tract infections in
the dapagliflozin groups; most of these cases were considered
mild-to-moderate and responded to standard antimicrobial

treatment with no interruption of study treatment. No events
of pyelonephritis were reported, and no malignancies were
reported during the trial.

At 24 weeks, mean reductions in blood pressure were
observed with dapagliflozin, although it should be noted
that the study protocol placed no restrictions on the use of
concomitant antihypertensive medications during the trial;
nor were intervention points required. Reduction in blood
pressure is consistent with the osmotic diuretic effect of
dapagliflozin, which may explain the small mean increase
in haematocrit in dapagliflozin-treated patients. There was one
event related to volume depletion (hypotension) that did not
lead to discontinuation.

The improvements in glycaemic control and weight
reduction seen in this study are consistent with prior clinical
trials of dapagliflozin monotherapy and add-on therapy in
patients spanning the spectrum of disease duration [15–18].
Although a significant reduction of waist circumference
was not established in this study, similar weight reduction
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with dapagliflozin in a study employing magnetic resonance
assessment of body composition showed the weight loss to be
primarily due to reduction of visceral and subcutaneous fat
mass [19]. Weight loss is not unexpected, given the reduction
of caloric intake due to increased glucosuria. Indeed, the
reduction in waist circumference in this study is consistent with
the improvements in leptin and adiponectin levels observed in
the dapagliflozin groups.

Conclusions
This study shows the glucose-lowering and weight-lowering
efficacy of dapagliflozin as monotherapy in recently diagnosed
patients with type 2 diabetes. The data also substantiate the
safety profile observed in previous clinical trials of dapagliflozin.
Management of hyperglycaemia via the insulin-independent
mechanism of SGLT2 inhibition presents an alternative
approach to management of patients with type 2 diabetes
whose glucose levels are inadequately controlled with diet and
exercise.
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