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Efficacy and Safety of Ertugliflozin in Patients with 
Overweight and Obesity with Type 2 Diabetes Mellitus
Steven B. Heymsfield 1, Annaswamy Raji2, Silvina Gallo3, Jie Liu2, Annpey Pong2, Hakima Hannachi2,  
and Steven G. Terra 4

Objective: This study aimed to evaluate ertugliflozin in patients with 
overweight and obesity with type 2 diabetes mellitus.
Methods: Data from three placebo-controlled, randomized, Phase 
3 studies were pooled. Patients with baseline BMI ≥ 25 (1,377/1,544; 
89%) were assessed with a stratification by BMI subgroup.
Results: At week 26, reductions from baseline in glycated hemoglobin 
A1c (HbA1c), fasting plasma glucose, body weight (BW), and systolic 
blood pressure (SBP) were greater with ertugliflozin versus placebo. 
For placebo, ertugliflozin 5 mg, and ertugliflozin 15 mg, respectively, 
least squares mean change was 0.1%, −0.8%, and −0.9% for HbA1c 
and −1.2 kg, −3.1 kg, and −3.2 kg for BW. HbA1c reductions were 
consistent across BMI subgroups. For ertugliflozin 5 mg and 15 mg, 
least squares mean change (placebo adjusted) in absolute BW was 
−1.4 kg and −1.2 kg for BMI 25 to < 30, −1.8 kg and −1.9 kg for BMI 
30 to < 35, and −2.5 kg and −2.9 kg for BMI ≥ 35. Percent BW changes 
were similar across BMI subgroups. Incidence of adverse events 
was 52.5%, 44.6%, and 50.1% with placebo, ertugliflozin 5 mg, and 
 ertugliflozin 15 mg, respectively.
Conclusions: Meaningful reductions in HbA1c, fasting plasma glu-
cose, BW, and SBP were observed with ertugliflozin in patients with 
overweight and obesity with  type 2 diabetes mellitus. Ertugliflozin 
improved HbA1c and SBP and reduced BW across BMI subgroups. 
Ertugliflozin was generally well tolerated.

Obesity (2020) 28, 724-732. 

Introduction
Diabetes is a major global health burden, affecting approximately  
422 million adults, with 1.6 million deaths in 2016 directly caused by 
diabetes and another 2.2 million deaths attributable to high blood glu-
cose in 2012 (1). Approximately 90% of patients with type 2 diabetes 
mellitus (T2DM) are reported to have overweight or obesity (2). Weight 
loss of 5% to 10% is associated with significant improvement in glyce-
mic control, lipids, and blood pressure (BP) in patients with T2DM with 
overweight or obesity (3). In addition, a randomized controlled study 
evaluating the effects of weight  loss targets of 5%, ~10%, and ~15% 
and weight maintenance in patients with obesity (BMI 37.9 [SD  4.3]) 
demonstrated that even a moderate weight loss of 5% improved 

metabolic function in organs such as the adipose tissue, liver, and mus-
cle, with progressively greater weight reduction leading to dose-dependent 
changes in the main adipose tissue biological pathways (4). Therapeutic 
options that not only improve glycemic and metabolic outcomes for  
patients with T2DM and obesity but also reduce body weight are 
therefore desirable  (5). Diet and lifestyle interventions designed to 
achieve and maintain 5% weight loss are advised for all patients with 
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Study Importance

What is already known?

►	Ertugliflozin, a selective sodium-glucose 
cotransporter 2 inhibitor, is approved as an 
adjunct to diet and exercise to improve gly-
cemic control in adults with type 2 diabetes 
mellitus (T2DM).

►	Ertugliflozin, alone or in combination with 
metformin or metformin and sitagliptin, 
significantly reduces glycated hemoglobin 
(HbA1c), fasting plasma glucose, body 
weight, and systolic blood pressure (SBP) in 
adults with T2DM.

What does this study add?

►	Clinically meaningful reductions in HbA1c, 
fasting plasma glucose, body weight, and 
SBP were observed with both ertugliflozin 
5 mg and 15 mg in patients with overweight 
and obesity with T2DM. Reductions in 
HbA1c and SBP with ertugliflozin were con-
sistent across BMI subgroups. Reductions 
in absolute body weight were observed 
across all BMI subgroups, including the 
subgroup of patients with the highest base-
line BMI (≥ 35); percent change in body 
weight was similar across BMI subgroups.

►	Reductions in HbA1c were consistent 
across BMI subgroups, indicating that the 
glycemic efficacy of ertugliflozin is inde-
pendent of baseline BMI.

►	Ertugliflozin was generally well  tolerated in 
patients with overweight and obesity with 
T2DM.
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T2DM with overweight or obesity (6). When selecting pharmaco-
logic treatments for patients with overweight or obesity with T2DM,  
the American Diabetes Association (5,6) and European Association for the 
Study of Diabetes (5) recommend antihyperglycemic agents (AHAs) that 
promote weight loss or that are weight neutral. Metformin added to lifestyle 
measures is the preferred initial glucose-lowering medication in newly di-
agnosed patients with T2DM. The choice of subsequent AHA is important, 
as some of the available therapies (for example, thiazolidinediones, sulfo-
nylureas, and glinides) often result in weight gain (7) and others such as di-
peptidyl peptidase 4 inhibitors are weight neutral (8), whereas glucagon-like 
peptide 1 (GLP-1) receptor agonists (9) and sodium-glucose cotransporter 
2 (SGLT2) inhibitors (10,11) have demonstrated weight reduction. SGLT2 
inhibitors act through an insulin-independent mechanism to reduce renal  
tubular glucose reabsorption, preventing excessive blood glucose from re-
turning to the circulatory system, with subsequent elimination through the 
urine (12). As a consequence, glycemia is reduced in patients with T2DM. 
Weight loss associated with SGLT2 inhibition appears to be a result of the 
renal excretion of glucose and the resulting caloric loss in the urine (11). 
Several studies have assessed the glycemic efficacy of different AHAs in 
patients with overweight or obesity with differing results (13-18). However, 
a meta-analysis conducted by Cai et al. (19) suggested that the baseline 
BMI was not associated with glycemic efficacy of different AHA regimens 
(including metformin, sulfonylureas, alpha-glucosidase inhibitors, thiazoli-
dinediones, dipeptidyl peptidase 4 inhibitors, GLP-1 agonists, and SGLT2 
inhibitors) in groups of patients with T2DM categorized by baseline BMI. 

Ertugliflozin, a selective SGLT2 inhibitor (20,21), is approved as an 
adjunct to diet and exercise to improve glycemic control in adults with 
T2DM (22,23). Clinical studies in the eValuation of ERTugliflozin 
effIcacy and Safety (VERTIS) Phase 3 program have demonstrated 
that ertugliflozin alone or in combination with metformin or metformin 
and sitagliptin not only significantly reduces glycated hemoglobin 
A1c (HbA1c) and fasting plasma glucose (FPG) but is also associated 
with reductions in body weight and BP in adults with T2DM (24-
30). However, the association between baseline BMI and the efficacy 
of ertugliflozin has not been evaluated comprehensively. The aim of 
this current analysis was to evaluate pooled data from three placebo- 
controlled Phase 3 studies in the VERTIS Phase 3 program (24,29,30) 
to assess the efficacy and safety of ertugliflozin in patients with over-
weight and obesity with T2DM. A subgroup analysis of glycemic 
efficacy, changes in body weight, and systolic BP (SBP) in patients cat-
egorized by baseline BMI (25 to < 30, 30 to < 35, and ≥ 35) was included.

Methods
Study design and treatment
Data for this post  hoc analysis were pooled from three randomized, 
double-blind, multicenter, placebo-controlled, Phase 3 studies (VERTIS 
SITA2, VERTIS MET, VERTIS MONO) (24,29,30) of a total of 1,544 
patients with T2DM treated with ertugliflozin or placebo. Studies had 
similar overall study populations, designs, and enrollment criteria 
(Supporting Information Table S1). This analysis focused on the sub-
group of patients with overweight and obesity (baseline BMI ≥ 25) and 
included an analysis stratified according to baseline BMI (25 to < 30, 
30 to < 35, and ≥ 35). All studies contributing data to this analysis were 
conducted in accordance with principles of Good Clinical Practice and 
were approved by the appropriate institutional review boards and reg-
ulatory agencies. Informed consent was obtained from individuals in 
each study.

Details of inclusion criteria, exclusion criteria, and study design for the 
individual studies have been reported previously (27,29,30). Briefly, 
adults with T2DM were randomized (1:1:1) to treatment with placebo, 
ertugliflozin 5 mg, or ertugliflozin 15 mg once daily for 26 weeks. 
Inclusion criteria included BMI ≥ 18.0 for all three placebo-controlled 
Phase 3 studies; the VERTIS MET study also had an upper limit for BMI 
of 40.0. Exclusion criteria included unstable body weight (defined as ≥ 5% 
change in body weight in the previous 6 months), receipt of a weight loss 
medication or other medication associated with weight changes, or bar-
iatric surgery (within 12 months of screening, or more than 12 months 
prior to screening and was not weight stable for VERTIS MONO and 
VERTIS SITA2, or at any time in the past for VERTIS MET).

Patients received glycemic rescue therapy if they exceeded protocol- 
defined FPG thresholds. Patients in each study received counseling on 
diet, and they were asked to maintain a routine exercise program with 
consistent physical activity throughout the study. Body weight was 
measured with a standardized digital scale. Measurements were taken 
in duplicate at approximately the same time of day after voiding, and 
the mean of the two readings was used in the analysis. Sitting BP was 
measured in triplicate with an automated oscillometric BP measuring 
device. Laboratory assessments were performed at a central laboratory.

End points and assessments
Efficacy. The efficacy end points reported for this post hoc pooled 
analysis were the changes from baseline in HbA1c, FPG, body weight, 
and SBP at week 26. The proportions of patients meeting specific targets 
for each efficacy end  point (HbA1c < 7.0%, body weight reduction 
from baseline of ≥ 5%, and SBP < 130 mm Hg [among patients with 
baseline SBP ≥ 130 mm Hg]) at week 26 were reported. The changes 
from baseline in triglycerides, total cholesterol, low-density lipoprotein 
cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C) 
at week 26 were also assessed.

Safety. Safety and tolerability of ertugliflozin across the pooled 
studies were assessed through the overall incidence of adverse events 
(AEs) and serious AEs, the incidence of prespecified AEs of interest 
for SGLT2 inhibitors (symptomatic hypoglycemia and AEs of urinary 
tract infection, genital mycotic infection [GMI; by gender], and 
hypovolemia), and the incidence of AEs related to osmotic diuresis.

Statistical analysis
Analyses of data from patients with baseline BMI ≥ 25 from the three 
placebo-controlled studies were performed post hoc.

Efficacy analysis. Efficacy analyses excluded results obtained 
after initiation of glycemic rescue therapy. The least squares (LS) 
means for change from baseline in HbA1c, FPG, body weight, SBP, 
and lipids (triglycerides, total cholesterol, LDL-C, and HDL-C) 
with ertugliflozin at week 26 were calculated and compared with 
placebo using a longitudinal data analysis model with fixed effects 
for study, treatment, time, baseline estimated glomerular filtration 
rate (eGFR, continuous), and treatment-by-time interaction with 
baseline constrained to be the same across treatments. Time was 
treated as a categorical variable. The proportion of patients with 
HbA1c < 7%, body weight reduction ≥ 5%, and SBP < 130 mm Hg at 
week 26 was measured using the Miettinen and Nurminen method 
(31), with missing data at week 26 considered as “nonresponders.” 
LS mean changes from baseline in HbA1c, body weight (absolute 
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and percent), and SBP were also analyzed by baseline BMI subgroup 
as follows: 25 to < 30, 30 to < 35, and ≥ 35. For these end points for 
each BMI subgroup, a repeated-measures ANCOVA model was 
used. The repeated-measures ANCOVA model was adjusted for 
treatment, time, study, baseline eGFR, baseline value of the response 
variable, and the interaction of time by treatment. Time was treated 
as a categorical variable. All subgroup analyses were considered 
exploratory rather than inferential. CIs are based on the nominal 95% 
level, and no correction for multiple testing was made.

Safety analysis. The safety analyses were conducted in the population 
of all randomized and treated patients with baseline BMI ≥ 25 from across 
the three studies. The number and percentage of randomized treated 
patients with AEs were determined, including data obtained after initiation 
of glycemic rescue therapy, except for the analysis of hypoglycemia, 
which excluded results obtained after initiation of glycemic rescue. GMIs 
by gender, urinary tract infections, symptomatic hypoglycemia, and 
hypovolemia were prespecified AEs of special interest.

Results
Patients
Overall, 1,377 (89% of the total pooled population) patients with base-
line BMI ≥ 25 were included in this analysis; 37.0% (509/1,377) had 

baseline BMI of 25 to < 30, 35.7% (492/1,377) had baseline BMI of 
30 to < 35, and 27.3% (376/1,377) had baseline BMI of ≥ 35. Baseline 
characteristics for patients with BMI ≥ 25 were similar across treatment 
groups (Table 1). The mean (SD) age was 57.0 (9.5) years, and baseline 
eGFR was 89.0 (18.4) mL/min/1.73 m2. The duration of T2DM was  
7.2 (5.7) years, and HbA1c was 8.1% (0.9%). The baseline body weight 
was 91.5 (19.1) kg, and BMI was 32.5 (5.3).

Efficacy
Glycemic control. At week 26, there was a reduction in HbA1c from  
baseline with ertugliflozin 5 mg and 15 mg compared with an increase 
with placebo. The LS mean change (95% CI) from baseline in HbA1c 
was 0.1% (95% CI: 0.0% to 0.1%) for placebo, −0.8% (−0.8% to −0.7%) 
for ertugliflozin 5 mg, and −0.9% (−1.0% to −0.8%) for ertugliflozin 
15  mg (Figure 1A). In the subgroup analysis by baseline BMI, the 
LS mean change from baseline in HbA1c was similar across all BMI 
subgroups (Figure 2A).

At week 26, a higher proportion of patients with BMI ≥ 25 who received 
ertugliflozin 5 mg or 15 mg had HbA1c  < 7.0% compared with placebo 
(32.3%, 40.7%, and 15.9%, respectively; Figure 3A). The difference 
in the proportion of patients with HbA1c < 7.0% at week 26 relative 
to placebo was 16.4 percentage points (95% CI: 10.9  to  21.8) for  
ertugliflozin 5 mg and 24.8 percentage points (95% CI: 19.1 to 30.4) 
for ertugliflozin 15 mg.

TABLE 1 Baseline demographics and disease characteristics

  Placebo Ertugliflozin 5 mg Ertugliflozin 15 mg Total

Sex, n (%)        
Male 241 (53.8) 243 (52.2) 241 (52.1) 725 (52.7)
Female 207 (46.2) 223 (47.9) 222 (48.0) 652 (47.4)
Total 448 (100.0) 466 (100.0) 463 (100.0) 1,377 (100.0)

Age, y, mean (SD) 56.6 (9.5) 57.0 (9.6) 57.4 (9.5) 57.0 (9.5)
Duration of T2DM, y, mean (SD) 7.0 (5.6) 7.1 (5.8) 7.4 (5.6) 7.2 (5.7)
Race, n (%)        

White 349 (77.9) 365 (78.3) 346 (74.7) 1,060 (77.0)
Asian 48 (10.7) 47 (10.1) 62 (13.4) 157 (11.4)
Black or African American 28 (6.3) 31 (6.7) 36 (7.8) 95 (6.9)
American Indian or Alaskan 6 (1.3) 1 (0.2) 4 (0.9) 11 (0.8)
Multiple 17 (3.8) 22 (4.7) 15 (3.2) 54 (3.9)

Weight (kg), mean (SD)a 92.2 (20.4) 92.1 (19.7) 90.4 (17.1) 91.5 (19.1)
BMI (kg/m2), mean (SD) 32.5 (5.5) 32.6 (5.5) 32.3 (5.0) 32.5 (5.3)

25 to < 30, n (%) 165 (36.8) 170 (36.5) 174 (37.6) 509 (37.0)
30 to < 35, n (%) 157 (35.0) 171 (36.7) 164 (35.4) 492 (35.7)
≥ 35, n (%) 126 (28.1) 125 (26.8) 125 (27.0) 376 (27.3)

HbA1c (%), mean (SD)b 8.1 (0.9) 8.1 (0.9) 8.2 (1.0) 8.1 (0.9)
FPG (mg/dL), mean (SD)c 174.0 (41.6) 172.5 (45.7) 172.0 (44.3) 172.8 (43.9)
SBP (mm Hg), mean (SD)d 130.5 (14.4) 131.1 (13.2) 131.1 (12.7) 130.9 (13.4)
eGFR (mL/min/1.73 m2),  

mean (SD)e
89.4 (19.0) 88.6 (17.6) 89.1 (18.7) 89.0 (18.4)

an = 448 for placebo, 463 for ertugliflozin 5 mg, and 463 for ertugliflozin 15 mg.
bn = 447 for placebo, 462 for ertugliflozin 5 mg, and 457 for ertugliflozin 15 mg.
cn = 439 for placebo, 454 for ertugliflozin 5 mg, and 455 for ertugliflozin 15 mg.
dn = 440 for placebo, 460 for ertugliflozin 5 mg, and 456 for ertugliflozin 15 mg.
eeGFR estimated using Modification of Diet in Renal Disease equation.
eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; SBP, systolic blood pressure; T2DM, type 2 diabetes mellitus.



ObesityOriginal Article
CLINICAL TRIALS AND INVESTIGATIONS

www.obesityjournal.org  Obesity | VOLUME 28 | NUMBER 4 | APRIL 2020     727

At week 26, there was a reduction in FPG from baseline with 
 ertugliflozin 5 mg and 15 mg compared with an increase with placebo 
(Figure 1B).

Body weight. At week 26, the reduction in body weight from baseline 
was greater with ertugliflozin 5 mg and 15 mg compared with placebo. 
The LS mean change (95% CI) from baseline was −1.2 kg (−1.5 to −0.9) 
for placebo, −3.1 kg (−3.4 to −2.8) for ertugliflozin 5 mg, and −3.2 kg  
(−3.5 to −2.9) for ertugliflozin 15 mg (Figure 1C). In the subgroup 
analysis according to baseline BMI, the LS mean change (95% CI) from 
baseline in absolute body weight was −1.2 kg (−1.6 to −0.8) for placebo, 
−2.5 kg (−2.9 to −2.2) for ertugliflozin 5 mg, and −2.4 kg (−2.8 to −2.0) 
for ertugliflozin 15 mg in the BMI 25 to < 30 subgroup; −1.4 kg (−1.9 
to −1.0) for placebo, −3.2 kg (−3.7 to −2.8) for ertugliflozin 5 mg, and 
−3.4 kg (−3.8 to −2.9) for ertugliflozin 15 mg in the BMI 30 to < 35 
subgroup; and −1.5 kg (−2.2 to −0.8) for placebo, −3.9 kg (−4.6 to −3.3) 
for ertugliflozin 5 mg, and −4.3 kg (−5.0 to −3.7) for ertugliflozin 15 mg  
in the BMI ≥ 35 subgroup (Figure 2B). The LS mean percent change 
(95% CI)  from baseline in body weight was similar across all BMI 
subgroups as follows: −1.5% (−2.0% to −1.0%) for placebo, −3.3% 
(−3.8% to −2.8%) for ertugliflozin 5 mg, and −3.0% (−3.5% to −2.5%) 
for ertugliflozin 15 mg in the BMI 25 to < 30 subgroup; −1.5% (−2.0% 
to −1.0%) for placebo, −3.4% (−3.9% to −3.0%) for ertugliflozin 5 mg, 
and −3.7% (−4.2% to −3.2%) for ertugliflozin 15 mg in the BMI 30 
to < 35 subgroup; and −1.1% (−1.8% to −0.5%) for placebo, −3.5% 
(−4.1% to −2.9%) for ertugliflozin 5 mg, and −4.0% (−4.6% to −3.4%) 
for ertugliflozin 15 mg in the BMI ≥ 35 subgroup (Figure 2C).

At week 26, a higher proportion of patients with BMI ≥ 25 who received 
ertugliflozin 5 mg or 15 mg had body weight reductions of ≥ 5% from 
baseline compared with placebo (28.1%, 28.5%, and 10.7%, respec-
tively; Figure 3B). The difference in the proportion of patients with 
body weight reductions of ≥ 5% (95% CI) from baseline to week  
26 relative to placebo was 17.4 percentage points (12.4 to 22.4) 
for ertugliflozin 5  mg and 17.8 percentage points (12.8 to 22.8) for 
 ertugliflozin 15 mg.

BP. At week 26, the reduction in SBP from baseline was greater 
with ertugliflozin 5 mg and 15 mg compared with placebo. The LS 
mean change  (95% CI) from baseline was −0.8 mm Hg (−1.8 to 
0.2) for placebo, −4.6 mm Hg (−5.6 to −3.6) for ertugliflozin 5 mg,  
and −4.6 mm Hg (−5.6 to −3.6) for ertugliflozin 15 mg (Figure 1D). 
In the subgroup analysis according to baseline BMI, the reduction in 
SBP was similar across all BMI subgroups as follows: −0.8 mm Hg  
(−2.4 to 0.8) for placebo, −3.3 mm Hg (−4.9 to −1.8) for ertugliflozin  
5 mg, and −4.9 mm Hg (−6.5 to −3.4) for ertugliflozin 15 mg in the BMI  
25 to < 30 subgroup; 0.2 mm Hg (−1.5 to 1.8) for placebo, −4.8 mm Hg 
(−6.3 to −3.2) for ertugliflozin 5 mg, and −3.8 mm Hg (−5.4 to −2.2) for 
ertugliflozin 15 mg in the BMI 30 to < 35 subgroup; and −2.0 mm Hg 
(−4.0 to 0.0) for placebo, −6.1 mm Hg (−8.0 to −4.1) for ertugliflozin 
5 mg, and −5.3 mm Hg (−7.3 to −3.3) for ertugliflozin 15 mg in the 
BMI ≥ 35 subgroup (Figure 2D).

At week 26, a higher proportion of patients with BMI ≥ 25 who 
received ertugliflozin 5 mg or 15 mg had SBP < 130 mm Hg (among 
those with SBP ≥ 130 mm Hg at baseline) compared with placebo 
(36.3%, 37.0%, and 19.1%, respectively; Figure 3C). The difference 
in the proportion of patients with BMI ≥ 25 and with SBP ≥ 130 mm Hg  
at baseline who subsequently had SBP < 130 mm Hg at week  
26 (95% CI) relative to placebo was 17.1 percentage points  

(9.2 to 24.9) for ertugliflozin 5 mg and 17.9 percentage points  
(9.9 to 25.8) for ertugliflozin 15 mg.

Changes in lipids. Changes from baseline to week 26 in triglycerides, 
total cholesterol, LDL-C, and HDL-C are shown in Figure 4.

Safety
In patients with BMI ≥ 25, the incidence of overall AEs, serious AEs, 
and discontinuations because of AEs was similar with ertugliflozin  
5 mg, 15 mg, and placebo (Table 2). No patients died during the initial 
26 weeks of the studies included in this pooled analysis. There was a 
higher incidence of GMIs with ertugliflozin 5 mg and 15 mg, particu-
larly among females, compared with placebo (Table 2).

Discussion
The current analysis evaluated the impact of ertugliflozin in patients 
with overweight and obesity with T2DM, using pooled data from pa-
tients with a baseline BMI ≥ 25 enrolled in three placebo-controlled 
clinical studies. Clinically meaningful reductions in HbA1c, FPG, 
body weight, and SBP were observed with both ertugliflozin 5 mg 
and 15 mg. The efficacy of ertugliflozin on reductions in HbA1c, 
body weight, and SBP was demonstrated across all baseline BMI 
subgroups assessed (25 to < 30, 30 to < 35, and ≥ 35). Although 
no formal comparison was made, the reductions from baseline at 
week 26 in HbA1c, SBP, and body weight observed in patients with 
BMI ≥ 25 were similar to those observed in the overall pooled pop-
ulation (32).

Reductions in HbA1c were consistent across BMI subgroups, indicat-
ing that the glycemic efficacy of ertugliflozin is independent of base-
line BMI. This finding is aligned with the results of a meta-analysis 
comparing the effects of different AHAs, including SGLT2 inhibitors 
(dapagliflozin, empagliflozin, ipragliflozin, and canagliflozin), in groups 
of patients categorized according to baseline BMI (19). In this meta- 
analysis, treatment with SGLT2 inhibitors (vs. placebo) was associated 
with a significant decrease in HbA1c both in patients with a baseline 
BMI ≥ 25 to < 30 (weighted mean difference: −0.64%; 95% CI: −0.64 to 
−0.63%; P < 0.001) and in patients with a baseline BMI ≥ 30 (weighted 
mean difference: −0.60%; 95% CI: −0.70 to −0.51%; P < 0.001). 
Regression analysis indicated that the effect of the AHAs evaluated, 
including SGLT2 inhibitors, on HbA1c was independent of baseline BMI.

In this current analysis, there was a decrease in absolute body weight 
from baseline with ertugliflozin across BMI subgroups ranging from  
2.4 to 4.3 kg. While greater absolute weight loss was associated with higher 
BMI, this appeared to be a reflection of higher baseline body weight, as 
the percentage change in body weight was similar across BMI subgroups 
(~3-4% with ertugliflozin in each BMI subgroup). These findings indicate 
that patients with overweight and obesity, including those in the highest 
BMI category (≥ 35), can benefit from weight loss with ertugliflozin. In a 
recent meta-analysis, body weight significantly decreased in patients with 
T2DM who received different dosages of SGLT2 inhibitors (dapagliflozin, 
empagliflozin, canagliflozin, ipragliflozin, tofogliflozin, and luseogli-
flozin) compared with patients who received a placebo, with a greater 
reduction in body weight with higher doses of SGLT2 inhibitors (33). 
Despite the observed maintenance of weight loss in patients with T2DM 
treated with SGLT2 inhibitors, the observed reduction in body weight 
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tends to plateau after approximately 26 weeks despite sustained urinary 
glucose excretion, with observed weight loss less than predicted based 
on caloric loss from urinary glucose excretion (34,35). Factors including 
compensatory increases in calorie intake and/or changes in energy expen-
diture may contribute to this attenuated weight loss. Combining SGLT2 
inhibitors with other drugs that have different mechanisms of action to 
improve weight loss might be more effective. For example, a combina-
tion of dapagliflozin with the GLP-1 receptor agonist exenatide, which 
suppresses appetite, resulted in a greater mean reduction in body weight 
in patients with T2DM than with either agent alone (36). Another study in 
individuals with overweight or obesity but without T2DM demonstrated 
meaningful reductions in body weight with canagliflozin coadministered 
with phentermine, a sympathomimetic amine that also suppresses appetite 
(34). Further studies are warranted to evaluate potential use of SGLT2 
inhibitors in combination with other agents for long-term weight manage-
ment in patients with T2DM.

High BP and abnormal lipid levels are common comorbidities in patients 
with T2DM with poor glycemic control (37). In this analysis, clinically 
meaningful reductions in SBP were observed with both  ertugliflozin 
5 mg and 15 mg with over one-third of patients with a baseline SBP 
above 130 mm Hg having an SBP below 130 mm Hg at week 26.  
One meta-analysis has suggested that a reduction in SBP to below 
135 mm Hg was associated with a 10% reduction in all-cause mor-
tality and a 17% reduction in the risk of stroke (38). In this anal-
ysis, ertugliflozin was associated with a reduction in triglycerides 
and a small increase in LDL-C, HDL-C, and total cholesterol.  

Other studies with SGLT2 inhibitors have also reported small 
increases in LDL-C (39,40).

Ertugliflozin was generally well tolerated in patients with T2DM and 
a baseline BMI ≥ 25. The incidence of urinary tract infection, symp-
tomatic hypoglycemia, and hypovolemia-related AEs was low and 
similar across treatment groups. Of the prespecified AEs of interest for 
SGLT2 inhibitors, only the incidence of genital mycotic infections in 
both men and women was higher with ertugliflozin than placebo. This 
is consistent with the safety data for the total population in the place-
bo-pooled population (32) and is to be expected, as an increased inci-
dence of GMIs is a known class effect of SGLT2 inhibitors because of 
the associated glucosuria. These findings are consistent with previously 
published efficacy and safety analyses of the overall pooled data from 
the three placebo-controlled studies of ertugliflozin (32).

There are several limitations with this analysis, including its post hoc 
nature and the short-term nature of the studies. Longer-term studies of 
ertugliflozin have shown that weight loss is maintained for up to 104 
weeks (41,42). While ertugliflozin reduced body weight in patients with 
overweight and obesity over the 26-week study period, it is unclear as 
to how this weight reduction might affect adipocyte and adipose tissue 
function and translate into long-term benefits. Longer-term outcomes 
with ertugliflozin will be assessed in the ongoing VERTIS cardiovas-
cular outcomes trial (NCT01986881) (43). There was also a lack of 
within-BMI subgroup randomization of treatment, although patient 
numbers and baseline characteristics were similar between treatment 

Figure 1 LS mean change from baseline at week 26 in (A) HbA1c, (B) FPG, (C) body weight, and (D) SBP. aPlacebo-adjusted difference in LS means (95% CI).
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Figure 2  LS mean change from baseline at week 26 in (A) HbA1c, (B) absolute body weight, (C) percent body weight, and (D) SBP by BMI 
subgroup. aPlacebo-adjusted difference in LS means (95% CI). Mean (SD) baseline HbA1c was 8.1% (0.9%), 8.0% (0.9%), and 8.2% (1.1%) for placebo, 
ertugliflozin 5 mg, and ertugliflozin 15 mg for patients with baseline BMI 25 to <30; 8.1% (0.9%), 8.1% (0.9%), and 8.2% (1.0%) for placebo, ertugliflozin 
5 mg, and ertugliflozin 15 mg for patients with baseline BMI 30 to <35; and 8.0% (0.8%), 8.1% (0.9%), and  8.1% (0.8%) for placebo, ertugliflozin  
5 mg, and ertugliflozin 15 mg for patients with baseline BMI ≥35.Mean (SD) baseline body weight was 77.5 (10.7) kg, 77.6 (11.5) kg, and 76.2 (9.4) 
kg for placebo, ertugliflozin 5 mg, and ertugliflozin 15 mg for patients with baseline BMI 25 to <30; 91.1 (12.4) kg, 90.9 (12.1) kg, and 91.4 (11.2) kg for  
placebo, ertugliflozin 5 mg, and ertugliflozin 15 mg for patients with baseline BMI 30 to <35; and 109.6 (21.2) kg, 111.3 (20.2) kg, and 106.5 (15.9) kg for 
placebo, ertugliflozin 5 mg, and ertugliflozin 15 mg for patients with baseline BMI ≥35.Mean (SD) baseline SBP was 128.6 (15.5) mm Hg, 130.1 (13.9) mm Hg,  
and 129.7 (12.9) mm Hg for placebo, ertugliflozin 5 mg, and ertugliflozin 15 mg for patients with baseline BMI 25 to <30; 131.9 (12.6) mm Hg,  
131.2 (12.8) mm Hg, and 131.3 (13.0) mm Hg for placebo, ertugliflozin 5 mg, and ertugliflozin 15 mg for patients with baseline BMI 30 to <35; and  
131.4 (14.8) mm Hg, 132.4 (12.5) mm Hg, and 132.6 (11.8) mm Hg for placebo, ertugliflozin 5 mg, and ertugliflozin 15 mg for patients with baseline BMI ≥35.
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Figure 3 Proportion of patients at week 26 with (A) HbA1c < 7%, (B) body weight reduction ≥ 5%, or (C) SBP < 130 mm Hg (among patients with a baseline SBP ≥ 130 mm Hg).

A B C



Obesity Ertugliflozin in Patients with BMI ≥ 25 and T2DM Heymsfield et al.

730     Obesity | VOLUME 28 | NUMBER 4 | APRIL 2020 www.obesityjournal.org

Figure 4 LS mean change from baseline at week 26 in (A) triglycerides, (B) total cholesterol, (C) LDL-C, and (D) HDL-C. aPlacebo-adjusted difference in LS 
means (95% CI). Mean (SD) baseline triglyceride level was 182.3 (117.0) mg/dL, 177.2 (109.5) mg/dL, and 169.0 (106.2) mg/dL for placebo, ertugliflozin 
5 mg, and ertugliflozin 15 mg.Mean (SD) baseline total cholesterol level was 180.4 (41.8) mg/dL, 179.6 (41.7) mg/dL, and 176.8 (41.3) mg/dL for 
placebo, ertugliflozin 5 mg, and ertugliflozin 15 mg.Mean (SD) baseline LDL-C level was 98.3 (34.7) mg/dL, 97.8 (34.4) mg/dL, and 96.7 (34.2) mg/dL for  
placebo, ertugliflozin 5 mg, and ertugliflozin 15 mg.Mean (SD) baseline HDL-C level was 46.0 (11.9) mg/dL, 46.7 (13.1) mg/dL, and 46.7 (11.4) mg/dL 
for placebo, ertugliflozin 5 mg, and ertugliflozin 15 mg.
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TABLE 2 Summary of adverse events

Patients Placebo Ertugliflozin 5 mg Ertugliflozin 15 mg

n (%) 448 (32.5) 466 (33.8) 463 (33.6)
With ≥ 1 AE 235 (52.5) 208 (44.6) 232 (50.1)
With ≥ 1 SAE 13 (2.9) 13 (2.8) 9 (1.9)
Discontinued treatment because of an AE 7 (1.6) 9 (1.9) 7 (1.5)
Who died 0 0 0
With AEs of special interest      

GMI (female)a 7 (3.4) 22 (9.9) 28 (12.6)
GMI (male)b 1 (0.4) 9 (3.7) 9 (3.7)
UTI 19 (4.2) 20 (4.3) 20 (4.3)
Symptomatic hypoglycemia 9 (2.0) 13 (2.8) 15 (3.2)
Hypovolemia 8 (1.8) 3 (0.6) 4 (0.9)

an = 207 for placebo, 223 for ertugliflozin 5 mg, and 222 for ertugliflozin 15 mg.
bn = 241 for placebo, 243 for ertugliflozin 5 mg, and 241 for ertugliflozin 15 mg.
AE, adverse event; GMI, genital mycotic infection; SAE, serious adverse event; UTI, urinary tract infection.
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groups for patients with BMI ≥ 25. Small patient numbers in the BMI 
subgroups could reduce the reliability of the statistical analyses.

Conclusion
In patients with overweight and obesity with T2DM, treatment with 
ertugliflozin for 26 weeks led to greater reductions from baseline in 
HbA1c, FPG, body weight, and SBP compared with placebo. More 
patients receiving ertugliflozin achieved the metabolic goals of reduc-
tion in HbA1c to < 7%, weight loss ≥ 5%, or SBP < 130 mm Hg com-
pared with placebo. Improvement of HbA1c, reduction in body weight, 
and improvement of SBP were observed across BMI subgroups. The 
population of patients with overweight and obesity, including those 
in the highest BMI category (≥ 35), derived the same glycemic benefit 
as well as similar weight loss and SBP benefits from treatment with 
 ertugliflozin. Ertugliflozin was generally well tolerated in patients with 
overweight and obesity with T2DM.O
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