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ABSTRACT
Introduction  Here we report the glycemic efficacy 
and safety of ertugliflozin in patients in the VERTIS CV 
cardiovascular outcome trial with chronic kidney disease 
(CKD) stage 3.
Research design and methods  Prespecified and post-
hoc analyses were performed in patients with an estimated 
glomerular filtration rate (eGFR) 30–<60 mL/min/1.73 m2 
at screening. The primary endpoint was glycemic efficacy 
at week 18. Longer term glycemic efficacy and changes in 
body weight, systolic blood pressure (SBP), and eGFR were 
also evaluated.
Results  Among 8246 patients in VERTIS CV, 1776 patients 
had CKD stage 3; 1319 patients had CKD stage 3A (eGFR 
45–<60 mL/min/1.73 m2); 457 patients had CKD stage 3B 
(eGFR 30–<45 mL/min/1.73 m2). Week 18 least squares 
(LS)-mean (95% CI) placebo-adjusted changes from 
baseline in glycated hemoglobin (HbA1c) for 5 mg and 
15 mg ertugliflozin were −0.27% (−0.37% to –0.17%) 
and −0.28% (−0.38% to –0.17%), respectively, for CKD 
stage 3 overall and −0.27% (−0.38% to –0.15%) and 
−0.31% (−0.43% to –0.19%), respectively, for CKD stage 
3A (all p<0.001). For CKD stage 3B, the reduction in HbA1c 
for 5 mg ertugliflozin was −0.28% (−0.47% to –0.08%) 
(p=0.006) and for 15 mg ertugliflozin was −0.19% 
(−0.39% to 0.01%) (p=0.064). LS-mean placebo-adjusted 
reductions in body weight (range: −1.32 to −1.95 kg) 
and SBP (range: −2.42 to −3.41 mm Hg) were observed 
across CKD stage 3 categories with ertugliflozin. After an 
initial dip, eGFR remained above or near baseline with 
ertugliflozin treatment. The incidence of overall adverse 
events (AEs), symptomatic hypoglycemia, hypovolemia, 
and kidney-related AEs did not differ between ertugliflozin 
and placebo across CKD stage 3 subgroups.
Conclusions  In VERTIS CV patients with CKD stage 3A, 
ertugliflozin resulted in reductions in HbA1c, body weight 
and SBP, maintenance of eGFR, and was generally well 
tolerated. Results in the CKD stage 3B subgroup were 
generally similar except for an attenuated HbA1c response 
with the 15 mg dose.
Trial registration number  NCT01986881.

Significance of this study

What is already known about this subject?
►► Patients with type 2 diabetes mellitus (T2DM) and 
chronic kidney disease (CKD) are at increased risk of 
further progression of CKD.

►► The glycemic efficacy of sodium–glucose cotrans-
porter 2 (SGLT2) inhibitors is dependent on glomer-
ular filtration and is attenuated in patients with CKD 
stage 3 (estimated glomerular filtration rate (eGFR) 
30–<60 mL/min/1.73 m2); however, independent of 
glycemic efficacy, members of the SGLT2 inhibitor 
class have been shown to slow the deterioration of 
kidney function in this patient population.

What are the new findings?
►► This secondary analysis of the ertugliflozin car-
diovascular outcome study, VERTIS CV, explored 
the glycemic efficacy and safety of ertugliflozin, 
compared with placebo, in patients with CKD 
stage 3.

►► Treatment with ertugliflozin 5 and 15 mg doses, 
compared with placebo, resulted in modest reduc-
tions in glycated hemoglobin from baseline, which 
were maintained long term; reductions in body 
weight and systolic blood pressure were similar to 
those observed in previous analyses of patients with 
preserved kidney function.

►► The safety profile of ertugliflozin in VERTIS CV pa-
tients with CKD stage 3 was consistent with previ-
ous assessments of ertugliflozin safety; ertugliflozin, 
compared with placebo, slowed the decrease of 
eGFR over time.

How might these results change the focus of 
research or clinical practice?

►► The present analyses add to the growing body of 
evidence on the positive benefit/risk profile of the 
SGLT2 inhibitor class in patients with T2DM and CKD 
stage 3.
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INTRODUCTION
Diabetes mellitus is a common cause of chronic kidney 
disease (CKD).1 A recent analysis of National Health and 
Nutrition Examination Survey (NHANES) data showed 
that among US adults with diabetes, 28.1% had concom-
itant CKD (defined as an estimated glomerular filtration 
rate (eGFR) <60 mL/min/1.73 m2 or a urinary albumin–
creatinine ratio (UACR) ≥30 mg/g).2 NHANES data have 
also shown a ~5-fold increase in the incidence of CKD in 
patients with diabetes versus patients without diabetes.3 
Furthermore, people with CKD are at high risk of further 
deterioration of kidney function over time and at risk of 
cardiovascular (CV) events including myocardial infarc-
tion, stroke, and heart failure. According to the US Renal 
Data System 2020 Annual Data Report, heart failure and 
acute myocardial infarction were about four times as 
common and stroke/transient ischemic attack was more 
than twice as common in patients with CKD versus those 
without CKD.4 Treatment of these inter-related condi-
tions has become a prominent focus of the treatment of 
people with type 2 diabetes mellitus (T2DM) and CKD.5

The glycemic efficacy of sodium–glucose cotransporter 
2 (SGLT2) inhibitors is dependent on glomerular filtra-
tion, and glycemic efficacy is attenuated in patients with 
CKD stage 3 (eGFR 30–<60 mL/min/1.73 m2). However, 
SGLT2 inhibitors have beneficial CV and kidney protec-
tive effects in patients with T2DM that are related to 
glycemic control and that are independent of glycemic 
control.6–8 Based on the results from multiple outcome 
trials that have demonstrated the beneficial effects of 
SGLT2 inhibitors on CV and kidney endpoints, including 
in patients with CKD stage 3, society guidelines recom-
mend the addition of an SGLT2 inhibitor for patients 
with T2DM and established CKD (eGFR 30–≤60 mL/
min/1.73 m2 or UACR >30 mg/g) to reduce the risk of 
CKD progression and future CV events, including hospi-
talization for heart failure (HHF).9–11

Ertugliflozin is an SGLT2 inhibitor approved for use 
in adults with T2DM as an adjunct to diet and exer-
cise to improve glycemic control.12 13 VERTIS CV was 
the CV outcome trial for ertugliflozin, conducted in 
patients with T2DM and atherosclerotic cardiovascular 
disease (ASCVD), which assessed the CV safety of ertug-
liflozin.14 15 Enrollment criteria in VERTIS CV allowed 
for the entry of patients with an eGFR as low as 30 mL/
min/1.73 m2 at screening, providing an opportunity for 
a characterization of glycemic efficacy, CV outcomes, and 
safety across a spectrum of kidney function. The present 
analyses assessed the glycemic efficacy and safety of ertug-
liflozin in the subgroup of VERTIS CV patients with CKD 
stage 3 at trial entry.

MATERIALS AND METHODS
Study design
Glycemic efficacy and safety were assessed in the subset 
of patients with baseline CKD stage 3 who partici-
pated in VERTIS CV. VERTIS CV was a prospective, 

randomized, double-blind, placebo-controlled, 
parallel-group, multicenter trial conducted in patients 
with T2DM and established ASCVD comparing ertug-
liflozin versus placebo.14 15 Eligible patients were 
randomly assigned (1:1:1) to once-daily ertugliflozin 
5 mg or 15 mg or placebo in addition to background 
standard-of-care treatment. During the initial 18 weeks 
after randomization, patients’ background antihyper-
glycemic regimen was to remain stable unless glycemic 
rescue was required, or the patient experienced clin-
ically significant hypoglycemia. This design facilitated 
the assessment of glycemic efficacy and other meta-
bolic parameters in those patients with CKD stage 3, 
compared with placebo, without the confounding 
influence of changes in background antihyperglycemic 
therapy during the first 18 weeks.

Patient population
Detailed inclusion and exclusion criteria for the trial 
have been published previously.14 15 Adult patients 
(≥40 years of age) with T2DM (glycated hemoglobin 
(HbA1c) 7.0%–10.5%, inclusive) and stable, estab-
lished ASCVD of the coronary, cerebrovascular, and/
or peripheral arterial systems were included. Key exclu-
sion criteria were type 1 diabetes, history of ketoaci-
dosis, and eGFR <30 mL/min/1.73 m2, calculated using 
the four-variable Modification of Diet in Renal Disease 
study equation.16 For the present subgroup analyses, 
patients with CKD stage 3 were classified based on an 
eGFR of 30–<60 mL/min/1.73 m2 at baseline; patients 
with CKD stage 3A based on an eGFR of 45–<60 mL/
min/1.73 m2 at baseline; and patients with CKD stage 
3B based on an eGFR of 30–<45 mL/min/1.73 m2 at 
baseline.

Efficacy outcomes and analysis
Subgroup analyses of glycemic efficacy outcomes in 
patients with CKD stage 3A were prespecified in the 
VERTIS CV statistical analysis plan. The prespecified 
glycemic efficacy outcomes were change from baseline 
to week 18 in HbA1c and fasting plasma glucose (FPG), 
and the proportion of patients with HbA1c <7.0% at 
week 18. Post-hoc analyses of change from baseline 
to week 18 in body weight and systolic blood pres-
sure (SBP) were also conducted. Analyses of change 
over time in HbA1c at weeks 18, 52, 104, 156, and 
208 in patients with CKD stage 3 were prespecified. 
The subgroup analyses of the same efficacy outcomes 
in patients with CKD stage 3 and CKD stage 3B were 
post-hoc analyses, conducted using the same statistical 
methodology as the prespecified analyses. Analyses 
included those patients in the respective subgroup 
who were randomized, received at least one dose of 
study medication (ertugliflozin or placebo), and had at 
least one assessment at or after baseline. Efficacy data 
reported for week 18 endpoints were censored after 
initiation of any glycemic rescue therapy if the rescue 
occurred prior to week 18. Long-term assessments of 



3BMJ Open Diab Res Care 2021;9:e002484. doi:10.1136/bmjdrc-2021-002484

Cardiovascular and metabolic risk

efficacy included data regardless of changes in back-
ground antihyperglycemic medications.

Least squares (LS)-mean change from baseline to 
week 18 in efficacy outcomes with 95% CIs was calcu-
lated using a constrained longitudinal data analysis 
(cLDA) model with fixed effects for treatment, time 
(categorical), baseline eGFR, and the interaction of 
time-by-treatment. Change over time in HbA1c at 
weeks 18, 52, 104, 156, and 208 was calculated using 
an analysis of covariance model adjusted for baseline 
HbA1c, treatment, time, subgroup, treatment-by-
subgroup interaction, and treatment-by-subgroup-
by-time interaction. Adjusted ORs for patients with 
HbA1c <7.0% at week 18 with 95% CIs were calcu-
lated using a logistic regression model fitted with 
fixed effects for treatment and covariates for baseline 
HbA1c and baseline eGFR. Missing data for HbA1c in 
the logistic regression model were multiply imputed 
using predicted values from the cLDA model of the 
primary analysis. In the overall subgroup of patients 
with CKD stage 3, week 18 HbA1c values were missing 
in 120 of 617 (19.4%), 102 of 559 (18.2%), and 130 
of 597 (21.8%) patients in the full analysis set for 
the ertugliflozin 5 mg, 15 mg, and placebo treatment 
groups, respectively. Nominal p values (unadjusted 
for multiplicity) were calculated.

Safety outcomes and analysis
The safety analysis population included all patients 
with CKD stage 3 who had undergone randomization 
and received at least one dose of study medication 
(ertugliflozin or placebo). Safety analyses included 
data collected over the entire duration of the VERTIS 
CV trial (not limited to the week 18 efficacy endpoint). 
Safety analyses included adverse events (AEs) collected 
from randomization to 14 days after the final dose 
of study medication and 2 days after the final dose of 
study medication for laboratory endpoints. Safety was 
analyzed separately for patients with CKD stage 3, CKD 
stage 3A, and CKD stage 3B; the analyses were designed 
to compare treatment groups within each subgroup. 
Assessments included AEs, serious AEs (SAEs), discon-
tinuations due to AEs, deaths, vital signs, and labora-
tory evaluations. The Medical Dictionary for Regulatory 
Activities (MedDRA; V.22.1) was used to classify AEs 
with respect to system organ class and preferred term. 
Kidney-related AEs were identified using the Stan-
dardised MedDRA Query of ‘Acute renal failure’. Adju-
dication of potential kidney events was performed by 
an independent, blinded committee to assess causality 
relative to study medication as ‘Very likely’, ‘Prob-
able’, ‘Possible’, ‘Doubtful’, and ‘Not related’. Poten-
tial kidney events were identified by systematically 
searching AEs, SAEs, and predefined limits of change 
(doubling of serum creatinine from baseline or ≥50% 
decrease from baseline eGFR). Prespecified AEs of 
special clinical interest included AEs related to urinary 

tract infection (UTI), genital mycotic infection (GMI), 
symptomatic hypoglycemia, and hypovolemia.

RESULTS
Patient disposition and baseline characteristics
In VERTIS CV, a total of 8246 patients with T2DM 
and ASCVD underwent randomization; 8238 patients 
received at least one dose of ertugliflozin or placebo.14 15 
Of the 8246 patients randomized, 1776 patients with 
CKD stage 3 at baseline were identified based on 
an eGFR of 30–<60 mL/min/1.73 m2, comprising 
1319 patients with CKD stage 3A (eGFR 45–<60 mL/
min/1.73 m2) and 457 patients with CKD stage 3B 
(eGFR 30–<45 mL/min/1.73 m2).

Baseline demographic and clinical characteris-
tics were well balanced across treatment groups in 
the subgroup of patients with CKD stage 3 (table  1). 
In the overall population of patients with CKD stage 
3, the majority of patients were white (86.1%) and 
male (64.3%); mean baseline age (±SD) was 68.1±7.6 
years; mean duration of T2DM was 15.7±8.9 years; 
mean HbA1c was 8.2%±0.9%; and mean eGFR was 
49.3±7.5 mL/min/1.73 m2.

Baseline characteristics were also similar across treat-
ment groups in the CKD stage 3A and CKD stage 3B 
subgroups of patients (online supplemental table 1). 
Patients with CKD stage 3B had a slightly longer mean 
duration of T2DM (16.7±9.3 years) and less frequent 
use of metformin (45.1%) but more frequent use of 
insulin (68.5%) compared with patients with CKD 
stage 3A (mean duration of T2DM: 15.3±8.8 years; 
metformin use: 68.9%; insulin use: 54.7%). In line with 
a more advanced stage of kidney function impairment, 
patients with CKD stage 3B also had a lower mean eGFR 
(38.8±4.0 mL/min/1.73 m2) and a higher prevalence of 
macro-albuminuria (21.9%) at baseline compared with 
patients with CKD stage 3A (mean eGFR: 53.0±4.3 mL/
min/1.73 m2; macro-albuminuria: 13.5%).

HbA1c efficacy outcomes
In the subgroup of VERTIS CV patients with CKD 
stage 3, significant reductions in HbA1c over 18 weeks 
were observed with ertugliflozin 5 mg and 15 mg versus 
placebo (figure  1A). The placebo-adjusted LS-mean 
changes from baseline (95% CI) to week 18 were 
−0.27% (−0.37% to –0.17%) with ertugliflozin 5 mg and 
−0.28% (−0.38% to –0.17%) with ertugliflozin 15 mg 
(both p<0.001). Long-term change in HbA1c over time 
in the CKD stage 3 subgroup of patients is shown in 
figure  1B. Greater reductions in HbA1c with ertugli-
flozin, compared with placebo, were observed over 4 
years.

Significant reductions in HbA1c were observed with 
both ertugliflozin doses versus placebo in the subgroup 
of patients with CKD stage 3A (figure 1A). The adjusted 
mean changes from baseline to week 18 were −0.27% 
(−0.38% to –0.15%) with ertugliflozin 5 mg and −0.31% 

https://dx.doi.org/10.1136/bmjdrc-2021-002484
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(−0.43% to –0.19%) with ertugliflozin 15 mg (both 
p<0.001). In the subgroup of patients with CKD stage 
3B, a significant placebo-adjusted reduction in HbA1c 
from baseline to week 18 was observed with the 5 mg 

dose of ertugliflozin (−0.28% (−0.47% to –0.08%); 
p=0.006) (figure  1A) but the observed reduction in 
HbA1c was not statistically significant for the 15 mg 
dose (−0.19% (−0.39% to 0.01%); p=0.064) (figure 1A).

Table 1  Baseline demographics and clinical characteristics of VERTIS CV patients with CKD stage 3*

Characteristic†
Placebo
(N=598)

Ertugliflozin 5 mg
(N=618)

Ertugliflozin 15 mg
(N=560)

Age—years 68.0 (7.5) 68.3 (7.7) 68.2 (7.5)

Male—n (%) 395 (66.1) 396 (64.1) 351 (62.7)

Race—n (%)‡

 � White 514 (86.0) 523 (84.6) 493 (88.0)

 � Black 17 (2.8) 21 (3.4) 9 (1.6)

 � Asian 43 (7.2) 55 (8.9) 35 (6.3)

 � Other 24 (4.0) 19 (3.1) 23 (4.1)

Region—n (%)

 � North America 191 (31.9) 189 (30.6) 169 (30.2)

 � South America 46 (7.7) 42 (6.8) 49 (8.8)

 � Europe 271 (45.3) 290 (46.9) 262 (46.8)

 � Asia 46 (7.7) 49 (7.9) 32 (5.7)

 � South Africa 28 (4.7) 37 (6.0) 30 (5.4)

 � Australia/New Zealand 16 (2.7) 11 (1.8) 18 (3.2)

Body mass index—kg/m2 32.6 (5.6) 32.3 (5.3) 32.4 (5.7)

Duration of type 2 diabetes—years 16.4 (9.3) 15.3 (8.8) 15.2 (8.7)

Glycated hemoglobin—% 8.2 (0.9) 8.2 (0.9) 8.2 (0.9)

eGFR—mL/min/1.73 m2§ 49.0 (7.5) 49.6 (7.4) 49.4 (7.7)

Albuminuria—n (%)

 � Normal-albuminuria (<30 mg/g) 285 (47.7) 302 (48.9) 268 (47.9)

 � Micro-albuminuria (≥30–≤300 mg/g) 207 (34.6) 209 (33.8) 178 (31.8)

 � Macro-albuminuria (>300 mg/g) 92 (15.4) 91 (14.7) 95 (17.0)

 � Unknown 14 (2.3) 16 (2.6) 19 (3.4)

Systolic blood pressure—mm Hg 132.7 (15.2) 134.7 (14.8) 133.6 (14.5)

Hypertension—n (%) 571 (95.5) 589 (95.3) 524 (93.6)

Dyslipidemia—n (%) 489 (81.8) 496 (80.3) 445 (79.5)

Coronary artery disease—n (%) 480 (80.3) 491 (79.4) 436 (77.9)

Cerebrovascular disease—n (%) 138 (23.1) 153 (24.8) 147 (26.3)

Peripheral arterial disease—n (%) 123 (20.6) 113 (18.3) 111 (19.8)

Antihyperglycemic medications—n (%)

 � None 3 (0.5) 5 (0.8) 0 (0.0)

 � Metformin 382 (63.9) 385 (62.3) 348 (62.1)

 � Insulin 357 (59.7) 370 (59.9) 308 (55.0)

 � Sulfonylurea 227 (38.0) 231 (37.4) 219 (39.1)

 � Dipeptidyl peptidase-4 inhibitor 72 (12.0) 74 (12.0) 70 (12.5)

 � Glucagon-like peptide-1 receptor agonist 25 (4.2) 25 (4.0) 19 (3.4)

*CKD stage was based on eGFR calculated using the MDRD equation.
†Values are mean±SD unless otherwise stated.
‡Race was reported by the participant.
§eGFR was calculated using the MDRD equation.
CKD, chronic kidney disease; CKD stage 3, eGFR 30–<60 mL/min/1.73 m2; eGFR, estimated glomerular filtration rate; MDRD, Modification 
of Diet in Renal Disease.
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Figure 1  (A) HbA1c efficacy at week 18 in VERTIS CV patients with CKD stage 3, CKD stage 3A, and CKD stage 3B. 
Calculated using a cLDA model with fixed effects for treatment, time (categorical), baseline (BL) eGFR (continuous), and the 
interaction of time-by-treatment. P values are nominal; n is the number of patients in the cLDA FAS (ie, randomized patients 
who took at least one dose of study medication and had at least one assessment at or after BL) with non-missing assessments 
at BL. (B) HbA1c efficacy over time in VERTIS CV patients with CKD stage 3. Calculated using an ANCOVA model adjusted 
for baseline HbA1c, treatment, time, subgroup, treatment-by-subgroup interaction, and treatment-by-subgroup-by-time 
interaction; n is the number of patients in the ANCOVA FAS (ie, randomized patients who took at least one dose of study 
medication and had a BL and at least one post-BL assessment) with non-missing assessments at the specific time point. 
CKD stage was based on eGFR calculated using the MDRD equation. ANCOVA, analysis of covariance; CKD, chronic kidney 
disease; CKD stage 3, eGFR 30–<60 mL/min/1.73 m2; CKD stage 3A, eGFR 45–<60 mL/min/1.73 m2; CKD stage 3B, eGFR 
30–<45 mL/min/1.73 m2; cLDA, constrained longitudinal data analysis; eGFR, estimated glomerular filtration rate; ERTU, 
ertugliflozin; FAS, full analysis set; HbA1c, glycated hemoglobin; LS, least squares; MDRD, Modification of Diet in Renal 
Disease; PBO, placebo.
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In the subgroup of patients with CKD stage 3, the 
proportion of patients who had HbA1c <7.0% at week 
18 was greater in the ertugliflozin 5 mg and 15 mg 
groups compared with placebo (table 2).

Other efficacy outcomes
In patients with CKD stage 3, both the 5 and 15 mg doses 
of ertugliflozin, compared with placebo, were associ-
ated with significant reductions in FPG, body weight, 
and SBP over 18 weeks (table 2). Significant reductions 
in FPG from baseline to week 18 were observed with 
ertugliflozin versus placebo in patients with CKD stage 
3A; however, in the subgroup of patients with CKD 
stage 3B, reductions in FPG were not statistically signif-
icant (online supplemental table 2). Both the 5 and 
15 mg doses of ertugliflozin significantly reduced body 
weight in the CKD stage 3A and stage 3B subgroups of 
patients (online supplemental table 2). Compared with 
placebo, ertugliflozin significantly reduced SBP over 18 

weeks in the subgroup of patients with CKD stage 3A; 
however, in the subgroup of patients with CKD stage 
3B, reductions in SBP were not statistically significant 
(online supplemental table 2).

Safety outcomes
In the subgroup of patients with CKD stage 3, the inci-
dence of AEs, SAEs, AEs leading to study drug discontin-
uation, and deaths did not differ across the ertugliflozin 
and placebo treatment groups (table 3). An analysis of 
prespecified AEs of interest revealed a similar incidence 
of UTIs with ertugliflozin and placebo in patients with 
CKD stage 3 (table 3). An increased incidence of GMIs 
was observed with ertugliflozin treatment compared with 
placebo in both women and men (table 3). The propor-
tion of patients experiencing events of symptomatic 
hypoglycemia or hypovolemia was well balanced across 
placebo and ertugliflozin treatment groups in patients 
with CKD stage 3 (table 3).

Table 2  Other efficacy outcomes at week 18 in VERTIS CV patients with CKD stage 3*

Efficacy outcome Placebo Ertugliflozin 5 mg Ertugliflozin 15 mg

HbA1c <7.0%

 � N† 597 617 559

 � Number (%) with HbA1c <7.0% 77 (12.9) 128 (20.7) 95 (17.0)

 � Adjusted OR vs placebo (95% CI)‡ — 1.79 (1.28 to 2.50) 1.46 (1.04 to 2.05)

 � P value vs placebo‡ — <0.001 0.03

FPG

 � n/N† 594/597 616/617 557/559

 � Baseline mean (SD)—mg/dL 172.3 (52.95) 175.2 (55.31) 173.1 (58.52)

 � LS-mean change from baseline (95% CI)§ −22.78 (−26.55 to –19.02) −30.63 (−34.23 to –27.03) −31.99 (−35.69 to –28.29)

 � Difference in LS-mean vs placebo (95% CI)§ — −7.85 (−12.23 to –3.47) −9.21 (−13.67 to –4.74)

 � P value vs placebo¶ — <0.001 <0.001

Body weight

 � n/N† 597/597 617/617 560/560

 � Baseline mean (SD)—kg 92.5 (19.04) 91.6 (17.85) 91.6 (19.35)

 � LS-mean change from baseline (95% CI)§ −0.41 (−0.65 to –0.17) −1.77 (−2.01 to –1.54) −1.93 (−2.18 to –1.69)

 � Difference in LS-mean vs placebo (95% CI)§ — −1.37 (−1.70 to –1.04) −1.53 (−1.86 to –1.19)

 � P value vs placebo¶ — <0.001 <0.001

SBP

 � n/N† 597/597 615/617 560/560

 � Baseline mean (SD)—mm Hg 132.7 (15.18) 134.7 (14.85) 133.6 (14.47)

 � LS-mean change from baseline (95% CI)§ 0.90 (−0.30 to 2.09) −1.99 (−3.15 to –0.83) −2.29 (−3.50 to –1.08)

 � Difference in LS-mean vs placebo (95% CI)§ — −2.89 (−4.48 to –1.30) −3.19 (−4.81 to –1.56)

 � P value vs placebo¶ — <0.001 <0.001

*CKD stage was based on eGFR calculated using the MDRD equation.
†n is the number of patients with non-missing assessments at baseline; N is the number of patients in the cLDA FAS (ie, randomized patients who 
took at least one dose of study medication and had at least one assessment at or after baseline).
‡Adjusted OR based on a logistic regression model fitted with fixed effects for treatment, and covariates for baseline HbA1c and baseline eGFR 
(continuous). Missing data were imputed using the cLDA model fitted with fixed effects as in the primary analysis.
§Calculated using a cLDA model with fixed effects for treatment, time, baseline eGFR (continuous), and the interaction of time (categorical) by 
treatment.
¶Nominal p values.
CKD, chronic kidney disease; CKD stage 3, eGFR 30–<60 mL/min/1.73 m2; cLDA, constrained longitudinal data analysis; eGFR, estimated 
glomerular filtration rate; FAS, full analysis set; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; LS, least squares; MDRD, Modification of 
Diet in Renal Disease; SBP, systolic blood pressure.

https://dx.doi.org/10.1136/bmjdrc-2021-002484
https://dx.doi.org/10.1136/bmjdrc-2021-002484
https://dx.doi.org/10.1136/bmjdrc-2021-002484
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The incidence of kidney-related AEs, including the 
incidence of acute kidney injury, was similar with placebo 
and ertugliflozin treatment in patients with CKD stage 3 
(table 3). The occurrence of kidney-related AEs meeting 
prespecified criteria for adjudication was also similar 
across treatment groups in patients with CKD stage 3. 
The majority of adjudicated kidney events were assessed 
as having ‘Doubtful’ or ‘Not related’ causality to the study 
medication (table  3). No events were assessed as ‘Very 
Likely’ or ‘Probable’ and few events were adjudicated as 
‘Possible’ with no evidence of increased frequency associ-
ated with ertugliflozin treatment.

The general pattern of AEs observed between treat-
ment groups in the subgroups of patients with CKD 
stage 3A and stage 3B (online supplemental table 3) was 
consistent with that seen in the overall group of patients 

with CKD stage 3 (table 3), including the incidence of 
AEs, SAEs, AEs leading to study drug discontinuation, 
deaths, prespecified AEs of interest, and kidney-related 
AEs. Although the incidence of kidney-related AEs was 
balanced across placebo and ertugliflozin treatment 
groups in patients with CKD stage 3A and CKD stage 3B, 
kidney-related AEs were more frequently reported in 
patients with CKD stage 3B across all treatment groups 
(online supplemental table 3), consistent with having a 
more advanced impairment in kidney function.

Compared with placebo, initiation of ertugliflozin 
treatment was associated with an early dip in eGFR that 
was transient and followed by eGFR levels that were main-
tained above or near baseline (figure 2A). The pattern of 
change from baseline in eGFR over time observed in the 
subgroups of patients with CKD stage 3A (figure 2B) and 

Table 3  Adverse events in VERTIS CV patients with CKD stage 3*

Adverse event†
Placebo
(N=597)‡

Ertugliflozin 5 mg
(N=617)‡

Ertugliflozin 15 mg
(N=560)‡

Any AE—n (%) 535 (89.6) 561 (90.9) 501 (89.5)

Serious AEs—n (%) 250 (41.9) 252 (40.8) 222 (39.6)

AEs leading to discontinuation of study drug—n (%) 51 (8.5) 66 (10.7) 54 (9.6)

Deaths—n (%) 28 (4.7) 34 (5.5) 30 (5.4)

Prespecified AEs of interest—n (%)

 � Urinary tract infection 77 (12.9) 85 (13.8) 79 (14.1)

 � Genital mycotic infection—women§ 8 (3.9) 9 (4.1) 17 (8.1)

 � Genital mycotic infection—men¶ 1 (0.3) 12 (3.0) 13 (3.7)

 � Symptomatic hypoglycemia** 224 (37.5) 232 (37.6) 193 (34.5)

 � Hypovolemia 39 (6.5) 44 (7.1) 33 (5.9)

Kidney-related AEs—n (%)

 � Any kidney-related AE 61 (10.2) 60 (9.7) 56 (10.0)

 � Acute kidney injury 32 (5.4) 23 (3.7) 30 (5.4)

 � Kidney failure 17 (2.8) 14 (2.3) 11 (2.0)

 � Kidney impairment 18 (3.0) 28 (4.5) 17 (3.0)

Adjudicated kidney events—n (%)

 � Any adjudicated kidney event 24 16 21

 � Causality

  �  Very likely 0 (0.0) 0 (0.0) 0 (0.0)

  �  Probable 0 (0.0) 0 (0.0) 0 (0.0)

  �  Possible 4 (16.7) 0 (0.0) 3 (14.3)

  �  Doubtful 7 (29.2) 10 (62.5) 8 (38.1)

  �  Not related 13 (54.2) 6 (37.5) 10 (47.6)

*CKD stage was based on eGFR calculated using the MDRD equation.
†All events occurring within 14 days of final dose of treatment and including events after initiation of glycemic rescue medication, except for 
those related to hypoglycemia.
‡N is the number of patients in the safety analysis population (ie, patients who took at least one dose of study medication).
§Number of women with CKD stage 3: placebo, n=203; ertugliflozin 5 mg, n=222; ertugliflozin 15 mg, n=209.
¶Number of men with CKD stage 3: placebo, n=394; ertugliflozin 5 mg, n=395; ertugliflozin 15 mg, n=351.
**Symptomatic hypoglycemia was defined as an event with clinical symptoms reported by the investigator as hypoglycemia (biochemical 
documentation not required).
AE, adverse event; CKD, chronic kidney disease; CKD stage 3, eGFR 30–<60 mL/min/1.73 m2; eGFR, estimated glomerular filtration rate; 
MDRD, Modification of Diet in Renal Disease.

https://dx.doi.org/10.1136/bmjdrc-2021-002484
https://dx.doi.org/10.1136/bmjdrc-2021-002484
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Figure 2  Mean (±SE) change from baseline (BL) in eGFR over time in VERTIS CV patients with (A) CKD stage 3, (B) CKD stage 
3A, and (C) CKD stage 3B. CKD stage was based on eGFR calculated using the MDRD equation. n is the number of patients 
with non-missing assessments at both BL and the specific time point. CKD, chronic kidney disease; CKD stage 3, eGFR 
30–<60 mL/min/1.73 m2; CKD stage 3A, eGFR 45–<60 mL/min/1.73 m2; CKD stage 3B, eGFR 30–<45 mL/min/1.73 m2; eGFR, 
estimated glomerular filtration rate; ERTU, ertugliflozin; MDRD, Modification of Diet in Renal Disease; PBO, placebo.
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CKD stage 3B (figure  2C) was also generally similar to 
that seen in the overall group of patients with CKD stage 
3 (figure 2A).

DISCUSSION
The inclusion criteria for the VERTIS CV study allowed the 
entry of patients with an eGFR ≥30 mL/min/1.73 m2, which 
resulted in the randomization of 21.5% (1776 of 8246) of 
patients with CKD stage 3 in the trial. Among those with 
CKD stage 3, ~74% had CKD stage 3A and ~26% had CKD 
stage 3B. The inclusion of these patients in the VERTIS CV 
trial allowed a comprehensive assessment of ertugliflozin 
glycemic efficacy and safety in patients with T2DM, ASCVD, 
and CKD stage 3.

The use of data from the initial 18 weeks of VERTIS 
CV was designed to allow a comparison with placebo 
as doses of background antihyperglycemic medications 
were held stable during this period; after week 18, inves-
tigators were encouraged to optimize glycemic therapy to 
achieve individualized treatment goals. The present anal-
yses demonstrated that both doses of ertugliflozin (5 mg 
and 15 mg) resulted in statistically significant placebo-
adjusted reductions in HbA1c from baseline at week 18 
in the overall CKD stage 3 subgroup and in the CKD stage 
3A subgroup. In the CKD stage 3B subgroup, the ertugli-
flozin 15 mg dose did not achieve statistical significance, 
compared with placebo, and may be due to the relatively 
small patient numbers in this subgroup. Another contrib-
uting factor to the apparent absence of dose–response 
in the CKD stage 3B subgroup could be the greater 
degree of diminished kidney function in this subgroup 
in the context of the dose–response curve of ertugliflozin 
(model-predicted HbA1c and 24-hour urinary glucose 
excretion responses for ertugliflozin 5 mg and 15 mg 
doses are >80% and >90%, respectively, of the maximum 
model-predicted response).17

The observed reductions from baseline at week 18 in 
FPG roughly paralleled those observed for HbA1c. The 
reduction in HbA1c in the CKD stage 3B group, despite 
the lack of a significant decrease in FPG levels, likely 
resulted from suppression of postprandial plasma glucose, 
a stronger contributor to HbA1c than FPG. Although 
the longer term assessment of HbA1c efficacy for CKD 
stage 3 overall is confounded by changes in background 
medication that were encouraged to meet individualized 
glycemic goals after 18 weeks, the data indicate that ertug-
liflozin treatment, compared with placebo, was associated 
with consistently better glycemic control over 4 years. In 
the VERTIS CV trial protocol,14 participating clinics were 
encouraged to optimize glycemic control after 18 weeks, 
using agents from all antihyperglycemic classes except 
SGLT2 inhibitors. Thus, the continued separation of 
the HbA1c curves between the placebo group and the 
ertugliflozin groups most likely reflects practice patterns 
by the study investigators.15 However, the durable efficacy 
observed in the ertugliflozin-treated groups could also be 
due to the weight loss (which improves glycemic control) 

and/or preservation of kidney function (which supports 
the mechanism of action of SGLT2 inhibitors) that was 
observed in these patients.

Although glycemic parameters following ertugliflozin 
treatment in the CKD stage 3 and stage 3A categories 
were statistically significantly different from placebo, as 
anticipated by the SGLT2 inhibitor mechanism of action 
within the kidney, the reductions in HbA1c in the CKD 
stage 3 categories were attenuated compared with the 
HbA1c reductions with ertugliflozin 5 mg and 15 mg 
observed in a pooled analysis of placebo-controlled 
VERTIS phase 3 glycemic efficacy studies that did not 
include VERTIS CV.18 In those studies, in which exclu-
sion criteria required randomized patients to have an 
eGFR ≥55 mL/min/1.73 m2 (average eGFR was ~89 mL/
min/1.73 m2), the changes from baseline in HbA1c at 
week 26 were −0.8% and −0.9% for ertugliflozin 5 mg and 
15 mg, respectively.18

The magnitude of the HbA1c reductions observed 
in this analysis of VERTIS CV CKD stage 3, 3A, and 3B 
subgroups is consistent with that observed for other 
SGLT2 inhibitors in this patient population. In a 
subgroup analysis of the EMPA-REG OUTCOME trial,19 
the placebo-adjusted change from baseline at week 12 in 
HbA1c in patients with CKD stage 3 treated with empagli-
flozin 10 mg and 25 mg was −0.36% for each dose group. 
The placebo-adjusted changes from baseline at week 
12 in HbA1c in patients with CKD stage 3A and stage 
3B (pooled 10 mg and 25 mg doses) were −0.43% and 
−0.21%, respectively.19 Similarly, in a subgroup analysis of 
CANVAS trial data,20 the placebo-adjusted change from 
baseline at week 18 in HbA1c in patients with CKD stage 
3 treated with canagliflozin (pooled 100 mg and 300 mg 
doses) was −0.42%, and in the subgroups of patients with 
CKD stage 3A and stage 3B was −0.45% and −0.35%, 
respectively. In the DERIVE study, the placebo-adjusted 
change from baseline at week 24 in HbA1c in patients 
with CKD stage 3A treated with dapagliflozin 10 mg was 
−0.34%.21 The HbA1c reductions observed in the present 
analysis are also consistent with the previous ertugli-
flozin study in patients with moderately impaired kidney 
function (VERTIS RENAL).22 In contrast to the attenu-
ated glycemic efficacy of SGLT2 inhibitors observed in 
patients with CKD stage 3, previous studies have reported 
a more potent HbA1c-lowering effect of SGLT2 inhibitors 
in patients with preserved kidney function, with placebo-
subtracted HbA1c reductions from baseline of −0.6% to 
−0.8% in monotherapy studies.23 24

Although HbA1c efficacy was attenuated in this 
patient population, reductions in body weight and SBP 
with ertugliflozin in patients with CKD stage 3 were 
similar to those observed in patients with preserved 
kidney function in a pooled analysis of placebo-
controlled VERTIS phase 3 studies.18 The similar body 
weight and SBP reductions in patients with varying 
degrees of kidney function suggest that the effects of 
ertugliflozin on body weight and SBP are independent 
from glucosuria.
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In the present analyses of VERTIS CV patients with 
CKD stage 3, the safety of ertugliflozin was consistent 
with that observed in the overall population followed 
over the duration of the VERTIS CV study and consistent 
with the known safety profile of ertugliflozin from the 
VERTIS phase 3 development program.15 25 Incidences of 
summary AE measures, kidney-related AEs, and adjudi-
cated kidney events were similar in the ertugliflozin and 
placebo groups within the CKD stage 3, stage 3A, and stage 
3B subgroups of patients. Symptomatic hypoglycemia was 
also similar across treatment groups within each of the 
CKD categories. The incidence of GMIs was higher in 
both men and women in the ertugliflozin groups within 
each CKD category compared with placebo.

The observation that after the initial dip in eGFR with 
ertugliflozin treatment, eGFR returned to baseline and 
remained near or above baseline to the end of the study 
in patients with CKD stage 3, as opposed to remaining 
below baseline as was observed in the overall VERTIS 
CV population,15 is consistent with the results from CV 
outcomes trials of other SGLT2 inhibitors.20 26 27 As is 
the case for the long-term pattern of changes in eGFR 
observed in the overall VERTIS CV population, the 
present results also suggest an effect of ertugliflozin on 
the preservation of kidney function in patients with base-
line eGFR levels between 30 and 60 mL/min/1.73 m2.

The goal of the VERTIS CV trial was to attempt to achieve 
glycemic equipoise between the placebo and ertugliflozin 
groups. Although it is unlikely the modest reductions in 
HbA1c observed in the CKD stage 3 subgroup contributed 
significantly to cardiorenal outcomes in these patients, 
the Diabetes Control and Complications Trial and other 
landmark studies have demonstrated a linear relationship 
between HbA1c reduction and decreased risk of micro-
vascular complications (reviewed in reference 28). From 
that perspective, reductions in HbA1c of the magnitude 
observed in this analysis would be clinically meaningful. 
Moreover, the attenuated glycemic efficacy observed with 
SGLT2 inhibitors in patients with CKD stage 3 should be 
viewed within the broader context of other effects of SGLT2 
inhibitors in this patient population who are at high risk 
of further deterioration of kidney function over time and 
of HHF. Preservation of kidney function and reduction in 
the risk of HHF in patients with CKD stage 3 have been 
demonstrated by other members of the SGLT2 inhibitor 
class.27 29–31 In VERTIS CV, prespecified secondary anal-
yses have demonstrated that treatment with ertugliflozin, 
compared with placebo, slowed the deterioration of kidney-
filtering capacity (eGFR), reduced albuminuria (UACR), 
and reduced progression and increased regression of 
albuminuria across a range of baseline kidney function 
subgroups defined by baseline eGFR (including CKD stage 
3), albuminuria, and Kidney Disease: Improving Global 
Outcomes risk categories.32 In VERTIS CV, the assessment 
of HHF risk was a prespecified secondary objective. The 
assessment showed that ertugliflozin treatment, compared 
with placebo, was associated with a 30% reduction in the 
risk of HHF.15 33 In addition, the effect of ertugliflozin on 

reducing the risk of HHF was greater (higher relative risk 
reductions and absolute risk reductions) in the subgroup of 
VERTIS CV patients with CKD stage 3.33

There are several potential limitations to the present 
analysis. The analysis was a subgroup analysis rather 
than a dedicated study in patients with CKD stage 3. The 
duration of the placebo-controlled period was limited to 
18 weeks. However, maximal HbA1c efficacy is typically 
observed after initiation of SGLT2 inhibitor therapy by 
week 12, and the observed response should be useful 
to assist clinicians in setting expectations for glycemic 
control for these patients. This substudy was conducted 
exclusively in patients with T2DM and ASCVD; nonethe-
less, the findings are likely to be broadly applicable to 
patients with T2DM without prevalent ASCVD. Finally, 
the study population was predominantly white (~86%), 
which limits the generalizability of our findings to indi-
viduals from under-represented populations.

In conclusion, the present analyses of VERTIS CV 
patients with CKD stage 3 demonstrated reductions in 
glycemic parameters (HbA1c and FPG), body weight, and 
SBP similar to those observed for other members of the 
SGLT2 inhibitor class. These results, and results from the 
main VERTIS CV study, suggest that ertugliflozin preserves 
kidney function and reduces the risk of HHF, in addition to 
providing a modest degree of glycemic control in patients 
with CKD stage 3. The totality of these effects indicates a 
positive benefit/risk profile of ertugliflozin in patients with 
T2DM, ASCVD, and CKD stage 3. The present findings add 
to the body of evidence on the effects of SGLT2 inhibitors in 
patients with T2DM and CKD stage 3, and provide further 
support for recent society guidelines for the use of this drug 
class in this patient population.9–11
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