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Type 2 diabetes mellitus (T2DM) is a disorder characterized by 
elevated serum glucose. Hyperglycemia is well established as 
a major risk factor for microvascular and potentially macrov-
ascular complications of diabetes. In addition, there is strong 
evidence to suggest that hyperglycemia per se has a deleterious 
effect on insulin secretion and reduces insulin sensitivity—an 
effect referred to as glucotoxicity—and this, in turn, contrib-
utes to the progression of diabetes.1,2 The majority of therapies 
that treat T2DM work on the insulin signaling pathway or on 
insulin secretion itself, and none lowers blood glucose through 
 insulin-independent mechanisms.

A novel approach to reducing serum glucose in T2DM patients 
is by therapeutic inhibition of glucose reabsorption in the kid-
ney.3 The kidney plays an important role in the overall control 
of glucose, given that glucose is filtered through the glomeruli 
at the rate of ~8 g/h and almost completely reabsorbed in the 
proximal tubule via sodium–glucose cotransporters (SGLTs). 
This SGLT-mediated reabsorption of glucose is highly efficient, 
with <0.5 g of glucose being eliminated in the urine per day in 
healthy individuals.4 SGLT2, 1 of 14 transmembrane-domain 
SGLTs,4,5 is found primarily in the brush border membrane 
of the S1 segment of the proximal tubule in the kidney.6 This 
specific isoform is responsible for reabsorbing the majority of 

glucose filtered at the glomerulus and has very little expression 
in other tissues, including the brain, liver, and heart.4,7

Inhibition of SGLT2 is a rational insulin-independent ther-
apeutic approach to lowering blood glucose through renal 
glucose reabsorption,8,9 resulting in a mandatory increase in 
urinary glucose and loss of calories. Dapagliflozin is the first 
in a new class of selective oral SGLT2 inhibitors currently in 
development for the treatment of T2DM.10,11 As demonstrated 
in two phase I studies,12 dapagliflozin inhibited up to 50% of 
filtered glucose from being reabsorbed by the kidney, thereby 
leading to glucose excretion of ~60 g/day and up to 3 g/h. Close-
to-maximal inhibition was evident with doses between 20 and 
100 mg, and this served as the rationale for dose selection in this 
phase IIa study. In this study we investigated whether (i) overall 
drug exposure by itself is comparable between healthy subjects 
and T2DM patients, (ii) dapagliflozin produces dose-dependent 
increases in glucosuria in T2DM patients (i.e., in subjects with 
increased glucose load), (iii) increases in glucosuria lead to 
changes in glycemic parameters (e.g., fasting serum glucose 
(FSG) and serum glucose following oral glucose tolerance 
test (OGTT)) in T2DM patients, and (iv) changes in glycemic 
parameters result in differences in glucosuria between days 1 
and 14. Preliminary data from this study were presented at the 

1Discovery Medicine and Clinical Pharmacology, Research and Development, Bristol-Myers Squibb, Princeton, New Jersey, USA. Correspondence: M Pfister  
(marc.pfister@bms.com)

Received 1 August 2008; accepted 24 October 2008; advance online publication 7 January 2009. doi:10.1038/clpt.2008.250

Dapagliflozin, a Novel, Selective SGLT2 Inhibitor, 
Improved Glycemic Control Over 2 Weeks in 
Patients With Type 2 Diabetes Mellitus
B Komoroski1, N Vachharajani1, Y Feng1, L Li1, D Kornhauser1 and M Pfister1

Dapagliflozin, administered to patients in once-daily oral doses, is a sodium–glucose cotransporter 2 (sglT2) inhibitor 
that blocks the reabsorption of glucose from urine into the blood. This 14-day study randomized patients with type 2 
diabetes mellitus (T2Dm) to four treatment groups receiving daily oral doses of 5-, 25-, or 100-mg doses of dapagliflozin 
or placebo, in order to evaluate glucosuria and glycemic parameters. significant reductions in fasting serum glucose 
(Fsg) were observed on day 2 with 100 mg dapagliflozin (−9.3%, P < 0.001), and dose-dependent reductions were 
observed on day 13 with the 5-mg (−11.7%; P < 0.05), 25-mg (−13.3%; P < 0.05), and 100-mg (−21.8%; P < 0.0001) doses 
as compared with placebo. significant improvements in oral glucose tolerance test (ogTT) were observed with all doses 
on days 2 and 13 (P < 0.001 as compared with placebo). on day 14, urine glucose values were 36.6, 70.1, and 69.9 g/day for 
the 5-, 25-, and 100-mg doses (as compared with no change for placebo), which were slightly lower than those on day 1. 
This was attributed to the decrease in filtered glucose load following improved glycemic control. Dapagliflozin produced 
dose-dependent increases in glucosuria and clinically meaningful changes in glycemic parameters in T2Dm patients.
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67th Scientific Sessions of the American Diabetes Association, 
22–26 June 2007.13

reSultS
A total of 47 subjects (19 men and 28 women) with established 
T2DM and unimpaired renal function were randomly assigned 
to one of four treatment arms: 5, 25, or 100 mg dapagliflozin, or 
placebo. The treatment groups were balanced with respect to 
demographic and baseline characteristics. The ages and body 
weights of the subjects ranged from 55 to 60 years and from 84 
to 91 kg, respectively. The subjects were of various races, includ-
ing white (Hispanic and non-Hispanic/Latino), black/African 
American, Asian, and Filipino. The median estimated glomeru-
lar filtration rate (eGFR) of the subjects was 89 ml/min/1.73 m2, 
with a range of 60–136 ml/min/1.73 m2. One subject withdrew 
consent and discontinued partway through the study. Eighteen 
subjects who had been taking a stable dose of metformin for at 
least 4 weeks before entry into the study continued taking their 
maintenance dose during the study (six in the 5-mg group, five 
in the 25-mg group, and seven in the 100-mg group).

Safety and tolerability
In this study, multiple oral doses of 5, 25, and 100 mg dapagli-
flozin over a 14-day period, either alone or with metformin, were 
found to be safe and well tolerated. There were no deaths, seri-
ous adverse events, or discontinuations due to adverse events 
(AEs). AEs did not appear to be dose-related with respect to 
either dapagliflozin or metformin. The most frequent treatment-
emergent AEs were typically gastrointestinal in nature (Table 1) 
and were more frequent in subjects who were taking metformin 
concomitantly.

Two episodes of hypoglycemia were reported as AEs, and these 
resolved spontaneously. One subject who was on a daily dose of 
5 mg dapagliflozin plus metformin had a blood glucose level 
nadir (by glucometer) of 39 mg/dl on day 13. Another subject 
who was on a daily dose of 25 mg dapagliflozin plus metformin 
had a blood glucose level nadir (by glucometer) of 75 mg/ dl 
on day 14. In addition, two subjects (one receiving daily dose 
of 100 mg of dapagliflozin plus metformin and one receiving 
the 25-mg daily dose of dapagliflozin alone) had vulvovagi-
nal mycotic infections on day 11. The conditions were mild in 
both subjects and were resolved with miconazole. Dizziness 
was reported in one subject receiving the 5-mg daily dose of 
dapagliflozin and in two subjects receiving the 100-mg dose, and 
asthenia was reported in two subjects receiving the 5-mg daily 
dose and in one subject receiving the 100-mg dose. All three 
subjects who reported dizziness and two of three subjects who 
reported asthenia were taking metformin concomitantly.

Multiple oral doses of 5, 25, and 100 mg dapagliflozin pro-
duced no changes that were apparent during physical examina-
tion nor any changes in eGFR; renal tubular markers, including 
N-acetyl-β-d-glucosaminidase and β2-microglubulin; plasma 
electrolyte levels; vital signs; or electrocardiograms (data not 
shown). Although microalbuminuria was not specifically listed 
as an exclusion criterion, only 7 of 47 subjects had abnormal 
urinary albumin levels ≥30 mg/24 h on one or more occasions.

Across all doses of dapagliflozin, there was no apparent 
change in the 24-h urine excretion of electrolytes after 14 days 
of dosing, with the exception of an acute transient increase in 
sodium excretion observed on day 1. During the first 24 h after 
administration of the drug dose, median changes from baseline 
in sodium excretion were −15.1 mEq for the placebo group, and 
+34.7, +40.2, and +48.0 mEq for the 5-, 25-, and 100-mg dapagli-
flozin dose groups, respectively. By day 13, the earlier increase in 
sodium excretion appeared to have normalized; median changes 
from baseline at this time point were +16.4 mEq for placebo and 
+1.8, +8.9, and −5.7 mEq for the 5-, 25-, and 100-mg dapagli-
flozin dose groups, respectively.

change in glycemic parameters and glucosuria
Dapagliflozin induced a dose-dependent lowering of FSG on 
day 13 (Figure 1a). On day 2, FSG significantly decreased from 
baseline after a single dose of 100 mg of dapagliflozin (−9.3%, P < 
0.001). On day 13, dapagliflozin treatment was associated with 
dose-dependent reductions in FSG of −11.7% (P < 0.05), −13.3% 
(P < 0.05), and −21.8% (P < 0.0001), corresponding to absolute 
mean reductions in FSG of 18.8, 28.8, and 38.7 mg/dl in the 5-, 
25-, and 100-mg dose groups, respectively. No significant reduc-
tion in FSG was observed in subjects who received the placebo.

Dapagliflozin induced a significant reduction in post-OGTT 
glucose excursion, as measured in terms of the area under the 

table 1 treatment-emergent adverse events (aes) reported in 
>5% of subjects receiving dapagliflozin

adverse event

Dapagliflozin dose

placebo  
(n = 8)

5 mg  
(n = 11)

25 mg  
(n = 12)

100 mg  
(n = 16)

Total subjects with an AE, n (%) 8 (72.7) 4 (33.3) 8 (50) 7 (87.5)

 Asthenia 2 (18.2) 0 1 (6.3) 0

 Blepharospasm 0 0 1 (6.3) 0

 Chest pain 0 0 1 (6.3) 0

 Constipation 1 (9.1) 1 (8.3) 2 (12.5) 3 (37.5)

 Diarrhea 1 (9.1) 0 2 (12.5) 1 (12.5)

 Dizziness 1 (9.1) 0 2 (12.5) 0

 Dyspepsia 1 (9.1) 1 (8.3) 0 0

 Epigastric discomfort 2 (18.2) 0 0 0

 Flank pain 1 (9.1) 0 0 0

 Headache 0 1 (8.3) 2 (12.5) 1 (12.5)

 Hot flush 0 0 1 (6.3) 0

 Hypoglycemia 1 (9.1) 1 (8.3) 0 0

 Nausea 2 (18.2) 0 2 (12.5) 1 (12.5)

 Paraesthesia 0 0 1 (6.3) 0

 Pharyngolaryngeal pain 1 (9.1) 0 0 0

 Thermal burn 0 0 1 (6.3) 0

 Tremor 0 1 (8.3) 0 0

 Toothache 1 (9.1) 0 0 0

  Vulvovaginal mycotic 
infection

0 1 (8.3) 1 (6.3) 0
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plasma concentration–time curve (AUC) (0–4h), on days 2 and 
13 of the study (Figure 1b). The overall reduction in post-OGTT 
glucose excursion was greater on day 13 (range: −17.6 to −22.6%; 
P < 0.001) than on day 2 (range: −9.6 to −13.7; P < 0.001). No 
significant change from baseline was seen at either time point 
in subjects who were given the placebo.

Daily urinary glucose excretion increased in a dose-dependent 
manner with dapagliflozin, and the 24-h cumulative amount of 
glucose excreted in the urine on days 1 and 14, respectively, 
is shown in Figure 2a,b. Although subjects remained dose-
 responsive to dapagliflozin at the end of the study, the amount 
of glucose excreted in the urine on day 14 appeared to be slightly 
lower than the amount excreted on day 1. After 2 weeks of once-
daily treatment with the 5-, 25-, and 100-mg doses of dapagli-
flozin, urinary glucose excretion was 36.6, 70.1, and 69.9 g/day, 
respectively, as compared with 45.2, 75.3, and 81.3 g/day, respec-
tively on day 1. Subjects receiving the placebo showed no change 
in cumulative 24-h urine glucose amounts or rate of glucose 
excretion throughout the study.

Minimal levels of glucose were present in the urine of all sub-
jects before the study despite FSG values of up to 240 mg/ dl, 
thereby indicating that nearly 100% of filtered glucose was reab-
sorbed by the kidney. Baseline glucose clearance was negligi-
ble (i.e., <1 ml/min) in all treatment groups. Glucose clearance 
increased in all dapagliflozin groups 0–4 h after each dose and 
was 19.4, 35.2, and 35.1 ml/min for the 5-, 25-, and 100-mg doses 
as compared to 0.06 ml/min for placebo. On day 14, glucose 
clearance was 20.6, 40.8, and 42.1 ml/min for the 5-, 25-, and 
100-mg dose groups, respectively, as compared to 0.97 ml/min 

for the placebo group. Effectively, the 5-, 25-, and 100-mg doses 
of dapagliflozin inhibited 20, 34, and 36%, respectively, of fil-
tered glucose from being reabsorbed on day 1, and 20, 41, and 
44%, respectively, as measured on day 14 (Figure 3). In this 
14-day study, dapagliflozin had no apparent effect on serum 
insulin, serum fructosamine, or serum C-peptide levels, or on 
body weight (data not shown).

Pharmacokinetics
Mean dapagliflozin pharmacokinetic parameters of interest are 
summarized in Table 2. Dapagliflozin was rapidly absorbed 
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Figure 1 Effect of dapagliflozin on fasting serum glucose (FSG) and 
postprandial glucose. (a) Effect on FSG. Open bars, day 2; striped bars, day 13; 
*P < 0.05, **P < 0.001. (b) Effect on postprandial glucose. Open bars, day 2; 
striped bars, day 13; *P < 0.001. AUC, area under the glucose  concentration–
time curve; OGTT, oral glucose tolerance test.
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Figure 2 The total (cumulative) amount of glucose excreted in the urine over 
24 h from type 2 diabetes mellitus patients was found to be dose-dependent. 
(a) Day 1 and (b) day 14. The midline numbers of each box are median values, 
and the boundaries of each box are 95% confidence intervals of the median. 
The median values for each are 36.9 g/day (5-mg dose, day 1) and 29.1 mg/day 
(5-mg dose, day 14); 62.3 g/day (25-mg dose, day 1) and 67.0 mg/day (25-mg 
dose, day 14); 79.7 g/day (100-mg dose, day 1) and 68.4 mg/day (100-mg dose, 
day 14).
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after oral administration, with a median time to concentration 
of 1 h (range: 0.5–4 h). Dapagliflozin had a half-life of ~16 h, with 
modest increases in maximum observed plasma concentration 
Cmax and AUC(TAU) of 30% after 14 days of dosing (accumula-
tion index = 1.3). The increases in both Cmax and AUC(TAU) were 
approximately proportional to the increase in dose. Across all 
dose groups, overall renal clearance of dapagliflozin was low, 
ranging from 3.4 to 6.4 ml/min. The percentage of dapagliflozin 
excreted intact into the urine over 24 h was <2.5%. In this study, 
there were no apparent interactions of dapagliflozin with met-
formin (data not shown).

DiScuSSion
Dapagliflozin, a selective SGLT2 inhibitor, has previously 
been shown to induce dose-dependent glucosuria in healthy 
subjects,12 and we now observe a dose-dependent effect in 
T2DM patients. This is the first clinical study demonstrating 
that dapagliflozin produces not only dose-dependent increases 
in glucosuria but also induces insulin-independent improve-
ments in glycemic parameters in T2DM patients (e.g., significant 
changes in FSG and serum glucose after OGTT). These findings 
are consistent with data from animal models that predicted that 
this insulin-independent mechanism could improve glycemic 
control.11

Once-daily administration of dapagliflozin resulted in a rapid, 
dose-dependent appearance of glucose in the urine and a sus-
tained rate of glucosuria over the 24-h dosing intervals through 
to day 14, which was linked to decreased FSG and serum glucose 
following OGTT. Equally rapid and significant reductions were 
observed in FSG (by day 2 with 100 mg dapagliflozin and by day 

13 with the 5- and 25-mg doses) and serum glucose following 
OGTT (all doses on days 1 and 14).

In this study, the amount of glucosuria induced by dapagliflozin 
was less than that reported in subjects with familial renal gluco-
suria, in whom renal glucose reabsorption can be completely 
absent. Familial renal glucosuria cases have been associated 
with glucose excretion of 30–144 g/day, often without associated 
hypoglycemia or renal dysfunction,14–16 although a few subjects 
with genetic variations of familial renal glucosuria may experi-
ence renal sodium wasting and/or mild volume depletion.17

Dapagliflozin inhibited up to 40% of filtered glucose from 
being reabsorbed by the kidney, resulting in glucose excre-
tion of up to 70 g/day or 3 g/h by day 14. The absence of com-
plete inhibition may be the result of the action of additional 
SGLT2 or other tubular transport mechanisms such as SGLT1. 
Alternatively, the increased tubular concentration of glucose in 
response to dapagliflozin may compete with dapagliflozin for 
binding to SGLT2, thereby self-limiting the extent of inhibition 
of glucose reabsorption.

Given that dapagliflozin works independently of the action 
of insulin and results in incomplete inhibition of glucose 
reabsorption, hypoglycemia is not an expected side effect of 
treatment.18,19 Hypoglycemia, of mild and moderate intensity, 
was reported in two patients during this study. Given the small 
sample size, the incidence of hypoglycemia requires further 
study and has been planned in larger trials with dapagliflozin.

Glucose is reabsorbed in the proximal tubule via SGLTs. In this 
study, we observed an acute transient increase in urine sodium 
as a result of SGLT2 inhibition. Changes in urine sodium were 
marginal after 2 weeks of once-daily treatment, indicating that 
urinary sodium excretion had normalized.

Symptomatic vulvovaginal Candida infections have been 
shown to be more prevalent in patients with diabetes than in 
the general population.20,21 In this study, 2 of the 24 women 
who received dapagliflozin were diagnosed with mild vulvovagi-
nal mycotic infections that resolved in 4 days with treatment. 
Although it is known that T2DM patients are prone to recurrent 
vaginal candidiasis,22 it is not known whether the two women 
in this study had histories of similar infections. The incidence of 
genitourinary infection will be further assessed in longer-term 
clinical trials with larger populations.

The pharmacokinetics of dapagliflozin observed here in 
T2DM patients was comparable to that in healthy subjects12 
and has been adequately described in terms of a 2-compartment 
model with first-order absorption.23 The levels of inhibition pro-
duced by dapagliflozin in T2DM patients and in healthy subjects 
(20–44% vs. 16–50%, respectively) were also comparable, result-
ing in higher amounts of glucosuria in T2DM subjects because 
of higher initial serum glucose levels12 (Figure 4). These T2DM 
patients also appeared to demonstrate a greater variability in 
daily glucose excretion, a finding that may be caused by greater 
variability in filtered glucose load (i.e., the product of eGFR and 
serum glucose concentrations). In this study, the T2DM patients 
who had the highest FSG values had the greatest cumulative 
amount of glucose excreted in the urine on day 14; correspond-
ingly, high serum glucose AUC values following OGTT were 

table 2 Pharmacokinetic (PK) parameters of dapagliflozin

pK parameter
Dapagliflozin  

dose (mg)

study day

Day 1 Day 14

Cmax (ng/ml) 
Geometric mean 
(CV%)

5 (n = 11) 66 (37) 68a (32)

25 (n = 12) 279 (19) 288 (41)

100 (n = 16) 1,490 (40) 1,617b (46)

AUC(TAU) (ng·h/
ml) Geometric 
mean (CV%)

5 (n = 11) 220 (32) 281a (28)

25 (n = 12) 1,037 (25) 1,373 (31)

100 (n = 16) 5,427 (30) 7,070b (36)

AI  
Geometric mean 
(CV%)

5 (n = 11) — 1.23a (16)

25 (n = 12) — 1.32 (17)

100 (n = 16) — 1.33b (11)

% UR  
Mean (SD)

5 (n = 11) 1.44 (0.75) 2.02a (1.21)

25 (n = 12) 0.83 (0.34) 1.28 (0.66)

100 (n = 16) 1.49 (0.80) 2.41b (0.90)

CLR (ml/min)  
Mean (SD)

5 (n = 11) 5.88 (4.07) 6.37a (3.91)

25 (n = 12) 3.44 (1.83) 3.95 (2.47)

100 (n = 16) 4.41 (1.89) 5.50b (1.89)

AI, accumulation index; AUC, area under the glucose concentration–time curve;  
CLR, renal clearance; Cmax, maximum observed plasma concentration; CV, coefficient 
of variation; UR, urinary recovery.
an = 10. bn = 14.
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associated with greater measurable responses to dapagliflozin 
treatment on day 14 (Figure 5a,b). Interestingly, a similar level 
of SGLT2 inhibition produced a lower amount of glucosuria 
in T2DM patients on day 14 than on day 1 (Figure 4). These 
findings suggest that SGLT2 activity is not upregulated in these 
T2DM patients over the course of 2 weeks and indicate that 
increases in glucose excretion lead to reduced filtered glucose 
loads in hyperglycemic subjects following improved short-term 
glycemic control, which in turn can result in lower amounts of 
glucosuria over time.

Inhibition of renal glucose reabsorption represents a potential 
therapeutic mechanism that utilizes the excretory capacity of 
the kidney to improve hyperglycemia through controlled, phar-
macologically induced glucosuria. Additional studies are under 
way to determine whether the significant reductions in FSG and 
improvements in glucose tolerance observed in this study result 
in long-term glycemic control in patients with T2DM.

MethoDS
Subjects. Men and women 18–70 years of age, with an established 
diagnosis of T2DM and receiving treatment with either a stable dose 
of metformin or diet alone (drug-naive), were eligible for participation 
in the study. Additional inclusion criteria were BMI <42 kg/m2, FSG 
≤240 mg/dl, glycosylated hemoglobin HbA1c in the range of 6.0–10.0%, 
and unimpaired real function (serum creatinine ≤1.4 mg/dl for women 
and 1.5 mg/dl for men). Subjects were excluded if they had a history 
of renal, hepatic, cardiovascular, neurological, or gastrointestinal dis-
ease, or if they had undergone recent surgery, donated blood within 4 
weeks prior to enrollment, had a history of polyuria and/or polydipsia 
within the past 2 months, or had a history of any of the following: dia-
betic ketoacidosis, hyperosmolar nonketotic syndrome, incontinence, 
or nocturia. Subjects were also excluded if they had prior exposure to 
any investigational drug or insulin, inducers or inhibitors of CYP1A1, 
prescription or over-the-counter medications, or herbal preparations 
within 1 week prior to the start of the study.

Before enrollment, signed informed consent, approved by insti-
tutional review boards and an independent ethics committee, was 
obtained from each subject. The study was conducted in accordance 
with the principles of the Declaration of Helsinki (as amended in 2000) 
and Good Clinical Practice, as defined by the International Confer-
ence on Harmonisation and ethical principles of the European Union 
Directive 2001/20/EC.

Study design. This double-blind, placebo-controlled, randomized, 
parallel-group, multiple-dose phase IIa study was conducted at five 
sites in the United States: Orlando Clinical Research Center, Orlando, 
FL; Diabetes and Glandular Disease Assoc., PA., San Antonio, TX; 
New Orleans Center for Clinical Research, New Orleans, LA; Elite 
Research Institute, Miami, FL; and Comprehensive Neuroscience, 
Fort Lauderdale, FL (Bristol-Myers Squibb study identifier MB102003; 
ClinicalTrials.gov identifier NCT00162305). Subjects were screened 
within 21 days of enrollment and randomly assigned in the ratio 1:1:1:2 
to treatment groups of placebo, 5-, 25-, and 100-mg doses of dapagli-
flozin, respectively (BMS-512148; Bristol-Myers Squibb, Lawrenceville, 
NJ). By subsequent protocol amendment, eight additional subjects were 
to be enrolled and randomized 1:1 to the 5- and 25-mg dapagliflozin 
groups. Eventually, 8, 11, 12, and 16 subjects were randomized to the 
placebo, 5-, 25-, and 100-mg groups, respectively. Those who had been 
taking metformin for at least 4 weeks prior to the commencement of 
the study continued to receive their maintenance dose throughout the 
study. The use of metformin was not a criterion for stratifying patients 
for randomization. By coincidence, none of the subjects taking met-
formin was randomized to placebo. On day 1, subjects received either 
dapagliflozin or placebo at time point 0 h in a double-blind fashion, 
once daily, for 14 days. Metformin administration for each subject was 
according to the individual’s dosing regimen established before the 
study.

The subjects were put on a fixed diet of 2,200 calories daily (60–70% 
from carbohydrate and monounsaturated fat, 15–20% from protein, 
1.0 g phosphorus, 1.3 g calcium, and 6.0 g sodium chloride), and had free 
access to drinking water throughout the study. Meals were identical on 
days of pharmacokinetic and/or pharmacodynamic measurements (days 
−2, −1, 1, 2, 8, 13, and 14). Changes in body weight were not evaluated as 
a study end point. The subjects were discharged from the research unit on 
day 15 and were required to return on day 21 for follow-up.
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Figure 4 Total (cumulative) amount of glucose excreted in the urine on days 
1 and 14 by healthy subjects and by type 2 diabetes mellitus (T2DM) patients 
on 100 mg dapagliflozin. Bars, median values; open circles, observed values. 
Data for healthy subjects from ref. 12.
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Figure 5 Baseline effect of glucose load parameters on serum and urine 
glucose on day 14. Higher baseline values are indicative of greater response 
to dapagliflozin. (a) Change in oral glucose tolerance test (OGTT) on day 14 
relative to baseline OGTT status and (b) cumulative amount of glucose in 
the urine on day 14 relative to fasting serum glucose status. Lines: smooth 
line, shaded areas: 90% confidence intervals of the smoothed response from 
bootstrap analysis (n = 500).
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Safety. Measurements performed at baseline, at various time points dur-
ing the 14-day dosing period, and poststudy included vital signs, 12-lead 
electrocardiographic and physical examinations, and safety laboratory 
analyses involving routine hematology, serum chemistry, and urinaly-
sis. AEs were assessed throughout the study. Investigators evaluated all 
clinical AEs and characterized them with respect to intensity, severity, 
duration, relationship to study drug, and outcome. Hypoglycemia was 
defined as the presence of symptoms (e.g., sweating, shaking, increased 
heart rate, confusion, dizziness, lightheadedness, or hunger) and/or 
documented glucose value ≤50 mg/dl on multiple occasions. In addition, 
24-h urine volume, creatinine clearance, osmolality, electrolytes, and 
renal tubular markers (calcium, magnesium, sodium, potassium, phos-
phate, chloride, uric acid, oxalate, citrate, protein, albumin, N-acetyl-d-
glucosaminidase, and β-2 microglobulin) were assessed at baseline, at 
various times during dosing, and after the study.

Pharmacodynamic measurements. Three end points were measured to 
determine glycemic efficacy in subjects receiving dapagliflozin: urinary 
glucose excretion and the glycemic parameters FSG and postprandial 
glucose measured by OGTT.

Blood samples were collected to assess FSG and 2-h postprandial glu-
cose, insulin, and C-peptide concentrations at baseline and on various 
days during dosing. To measure serum glucose and serum insulin con-
centrations, blood samples were obtained at 0, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 
and 4 h on days −2, 2, and 13. The area under the glucose concentration–
time curve from time point 0 h to time point 4 h (AUC(0–4)) was cal-
culated using log- and linear-trapezoidal summations. A baseline 75-g 
OGTT was administrated predose (day −2) and on days 2 and 13 (after 
a 10-h fast). The OGTT began at 0 h, with subjects being administered a 
75 g Glucola oral solution (Ames Laboratories, Elkhart, IN).

The eGFR (ml/min/1.73 m2) of the subjects was calculated as 186.3 × 
serum creatinine−1.154 × age−0.203 × 1.212 (for African-American sub-
jects) × 0.742 (for female subjects), based on the auxiliary table for GFR 
estimation in accordance with the Modification of Diet in Renal Disease 
equation.24 The filtered glucose load (FL) was calculated as the product 
of eGFR and mean serum glucose concentrations, and the renal (tubu-
lar) glucose reabsorption rate (TG) was calculated as TG = FL − ER. 
Urine samples were collected over a 24-h period on days −1, 1, and 14 to 
assess the rate and total amount of urinary glucose excreted (measured 
at 4-h intervals). The subjects were required to fast 8 h before and 8 h 
after dapagliflozin administration on those days. For each subject, the 
amount of renally filtered glucose was estimated on days −1, 1, and 14 
from the eGFR (calculated using serum creatinine values) on days −2, 2, 
and 13, respectively. This value was multiplied by mean serum glucose 
concentrations over the 0–4, 4–8, and 8–12 h postdose intervals on days 
−1, 1, and 14, and the percentage inhibition of renal glucose reabsorption 
for each collection interval was calculated.

Pharmacokinetic measurements. Intensive plasma and urine sampling 
for dapagliflozin and metformin was carried out on days 1 and 14, and 
trough plasma samples were taken on days 2, 4, 6, 14, and 15. Plasma 
concentrations were used to derive maximum observed plasma concen-
tration (Cmax), time to Cmax (tmax) half-life, and AUC(TAU) using standard 
noncompartmental methods. The accumulation index was calculated 
as the ratio of AUC(TAU) on day 14 to AUC(TAU) after the first dose. For 
each urine collection interval, the amount of dapagliflozin excreted was 
divided by the dose and multiplied by 100 to obtain (i) the percentage of 
dose excreted during each collection interval and (ii) the total percentage 
urinary recovery (% UR). The total amount of dapagliflozin excreted was 
divided by AUC(TAU) to obtain the renal clearance.

liquid chromatography with tandem mass spectrometry detection 
measurement of dapagliflozin and metformin. Assays for dapagliflozin 
plasma and urine concentrations were performed using liquid chro-
matography with tandem mass spectrometry detection. For samples 
in human EDTA plasma, the between-run variability and within-run 
variability for the analytical quality controls of dapagliflozin were ≤10.9 

and ≤10.9% coefficient of variation (CV), respectively. For samples in 
human urine, the between-run variability and within-run variability for 
the analytical quality controls of dapagliflozin were ≤5.0 and ≤6.1% CV, 
respectively (Bristol-Myers Squibb Department of Bioanalytical Sciences, 
Lawrenceville, NJ).

The assay for metformin plasma concentrations was also performed 
using liquid chromatography with tandem mass spectrometry detection. 
For samples in human EDTA plasma, the between-run variability and 
within-run variability for the analytical quality controls of metformin 
were ≤3.19 and ≤6.67% CV, respectively. Reference and internal stand-
ards for metformin hydrochloride (HCL) and metformin HCL-d6 were 
obtained from USP and PPD Discovery (PPD, Richmond, VA).

Statistical analyses. The administration of dapagliflozin to 8 subjects 
per group or 16 subjects per group provided 80% probability of observ-
ing at least one AE in a group with 18 or 10% incidence, respectively. 
Summary statistics were calculated on days 1 and 14 for data relating 
to dapagliflozin maximum observed plasma concentration, AUC(TAU), 
accumulation index, time to maximal concentration, percentage uri-
nary recovery, and renal clearance in plasma and urine. Summary sta-
tistics and corresponding changes from baseline were tabulated for total 
amount of glucose excreted in urine over 24 h, rate of glucose excretion 
over each collection interval, and percentage inhibition of renal glu-
cose reabsorption. Similar analyses were carried out for serum insulin 
and serum C-peptide. For all safety markers, summary statistics were 
tabulated for the total amount excreted in urine over 24 h for serum 
concentration values and for corresponding changes from baseline rela-
tive to treatment group and study day.

To determine the effect of dapagliflozin on FSG concentrations, analy-
sis of variance was performed. The fixed effect was the study day and 
the random effect was the subject. Point estimates and 90% confidence 
intervals for study day differences (day 2 to day −2, and day 13 to day 
−2) were provided. Analysis of variance was also carried out on serum 
glucose AUC(0–4) after OGTT. The fixed effect was study day and the 
random effect was the subject. A priori, the variable AUC(0–4) was log 
transformed. Point estimates and 90% confidence intervals for study day 
differences on the log scale were exponentiated to obtain point estimates 
and 90% confidence intervals for the day 2 to day −2 and day 13 to day 
−2 ratios of the geometric mean values of AUC(0–4) after OGTT. All 
statistical analyses were performed using SAS/STAT version 8.2 (SAS 
Institute, Cary, NC).

A nonparametric bootstrapping with 500 replications was applied to 
assess the uncertainty of tested (or characterized) relationships between 
glycemic parameters (i.e., baseline OGTT AUC vs. change in OGTT 
AUC and baseline FSG vs. day 14 cumulative urine glucose) (Figure 5), 
using the S-Plus 6.2 software package (TIBCO Software, Palo Alto, CA). 
Bootstrapping is a resampling methodology that provides a nonparamet-
ric assessment of the variances and confidence intervals without requir-
ing asymptotic assumption on the distribution of parameters. Fifth, 50th, 
and 95th percentiles of the smoothed responses were obtained by means 
of this bootstrap analysis.
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