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Post Hoc Analysis Evaluating the Impact of
Antihyperglycemic Background Therapies on Attainment
of A1C Targets Without Hypoglycemia in the ACHIEVE
Control Pragmatic, Real-Life Study
Timothy S. Bailey,1 Pierre Evenou,2 Jasvinder Gill,3 Paulos Berhanu,3 Romain Raymond,4 Jodi Strong,5 and
Eugene E. Wright Jr.6

BACKGROUND | ACHIEVE Control, a prospective, open-label, randomized, pragmatic, real-life study in insulin-naive people with type 2 diabetes (A1C 8.0–11.0%), demonstrated superiority of insulin glargine 300 units/mL (Gla-300) versus ﬁrst-generation standard-of-care basal insulin (SOC-BI; glargine 100 units/mL or insulin detemir) in achieving
individualized A1C targets without documented symptomatic (glucose #3.9 mmol/L [#70 mg/dL] or <3.0 mmol/L
[<54 mg/dL]) or severe hypoglycemia (American Diabetes Association level 3) at 6 months. Noninsulin antihyperglycemic background therapies are commonly used; however, sulfonylureas may increase hypoglycemia risk. This post
hoc analysis assessed outcomes according to background therapy.
METHODS | Subgroup analyses were performed per concomitant use/nonuse of sulfonylureas, glucagon-like peptide-1
receptor agonists, dipeptidyl peptidase 4 inhibitors, or sodium–glucose cotransporter 2 (SGLT2) inhibitors. End points
(6 and 12 months) included A1C target attainment without documented symptomatic or severe hypoglycemia, A1C
target attainment, and absence of documented symptomatic or severe hypoglycemia.
RESULTS | Odds ratios (ORs) at 12 months mostly favored Gla-300 versus SOC-BI across subgroups except in analysis
of SGLT2 inhibitors, in which ORs were similar. Among sulfonylurea users, ORs at 12 months strongly favored Gla300 versus SOC-BI for all end points, particularly A1C target achievement without documented symptomatic hypoglycemia (glucose #3.9 mmol/L [#70 mg/dL]; OR 1.25, 95% CI 1.02–1.53) or severe hypoglycemia and achievement
of no documented symptomatic hypoglycemia (glucose <3.0 mmol/L [<54 mg/dL]; OR 1.25, 95% CI 1.02–1.52) or
severe hypoglycemia.
CONCLUSION | The results suggest that, in insulin-naive people with type 2 diabetes, Gla-300 is effective with a risk of
hypoglycemia that is lower than or similar to that of SOC-BI regardless of background medication. Individuals receiving
concomitant sulfonylureas were more likely to remain without symptomatic or severe hypoglycemia with Gla-300.
Diabetes affects 34 million people in the United States
(1). The American Diabetes Association (ADA) recommends metformin as the preferred initial pharmacologic
agent for the treatment of type 2 diabetes, with treatment
intensiﬁcation to occur via a stepwise approach (2).
Choice of additional therapy depends on patient preference and clinical considerations such as effect on weight,
risk of hypoglycemia, potential cardio- or renoprotective
effects, and contraindications (3).

The U.S. Food and Drug Administration’s approval of sulfonylureas was a pivotal moment in pharmacotherapy, as these
agents were the ﬁrst oral class of therapy approved for the
treatment of type 2 diabetes. Sulfonylureas have an increased
risk of hypoglycemia compared with other agents (4,5),
although second-generation sulfonylureas have greater
potency than ﬁrst-generation agents within this class; thus,
treatment can be given using lower doses (6). However,
owing to their mechanism of action, sulfonylureas are effec-
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tive only when there is residual pancreatic b-cell function.
Thus, their effectiveness decreases progressively over time.
Because of the complex pathophysiology of type 2 diabetes,
a broad range of therapies targeting the different pathophysiological derangements of type 2 diabetes are now
available, including incretin-based therapies such as dipeptidyl peptidase-4 (DPP-4) inhibitors and glucagon-like peptide 1 (GLP-1) receptor agonists, which stimulate insulin
secretion in a glucose-dependent manner, and sodium–glucose cotransporter 2 (SGLT2) inhibitors, which facilitate urinary glucose excretion (6,7).

The effectiveness of Gla-300 versus ﬁrst-generation BIs
(Gla-100 or insulin detemir) was assessed in the ACHIEVE
Control study. This was a 12-month, randomized, pragmatic,
real-life study, conducted in the United States and Canada
in 3,304 insulin-naive people with type 2 diabetes and
inadequate glycemic control, that was designed to provide real-world evidence of treatment effectiveness while
maintaining the internal validity of randomization (15–17).
By minimizing restrictions on eligibility, the study permitted participation of a broad population of insulin-naive
people with type 2 diabetes that was reﬂective of primary
care. The primary composite end point—individualized
Healthcare Effectiveness Data and Information Set
(HEDIS) A1C target attainment at 6 months without occurrence of severe or documented symptomatic hypoglycemia
408

The study met its composite primary end point, with 31.3
and 27.9% of participants randomized to Gla-300 and SOCBI, respectively, achieving their HEDIS A1C target without documented symptomatic hypoglycemia (glucose #3.9
mmol/L [#70 mg/dL]) or severe hypoglycemia at any time
of the day at 6 months (odds ratio [OR] 1.19, 95% CI 1.01–1.39,
P = 0.03 for superiority) (16). The study also included replicate end points with documented symptomatic hypoglycemia at blood glucose <3.0 mmol/L (<54 mg/dL), equivalent
to the ADA’s level 2 hypoglycemia deﬁnition (20).
The 12-month outcomes in the ACHIEVE Control study were
consistent with those at 6 months (17) and similar to those of
previous studies, including the EDITION 3 randomized study
(21,22) and the real-world DELIVER Naive study (8).

Objectives
Primary care physicians have an increasingly important role
in the treatment of type 2 diabetes (23), with >85% of recommendations to initiate BI therapy originating from them (24).
It is important to understand how concomitant sulfonylurea
use affects efﬁcacy outcomes with BI, including A1C target
achievement and risk of hypoglycemia. To simulate realworld clinical practice, treatment with other antihyperglycemic drugs in the ACHIEVE Control study was per clinician
discretion and according to local labeling for concomitant use
with BI. Thus, ACHIEVE Control provided the unique
opportunity to evaluate potential effects of concomitant
antihyperglycemic background therapies on BI treatment
outcomes. We conducted post hoc analyses in subgroups
of participants in ACHIEVE Control that were deﬁned by
the concomitant use or nonuse of common antihyperglycemic therapies, including sulfonylureas. Although GLP-1
receptor agonists, DPP-4 inhibitors, and SGLT2 inhibitors
are not associated with increased risk of hypoglycemia,
these agents were also included in the analysis.

Research Design and Methods
Study Design
The ACHIEVE Control study design (15) and primary outcomes (16) have been reported previously. Enrollment

SPECTRUM.DIABETESJOURNALS.ORG

Downloaded from http://diabetesjournals.org/spectrum/article-pdf/34/4/407/629239/diaspectds200079.pdf by guest on 17 January 2022

Despite the increased risk of hypoglycemia with the use of
sulfonylureas compared with other agents (4,5), sulfonylureas remain widely used in the treatment of type 2 diabetes,
likely because they are low in cost and readily available. Of
individuals who require treatment with basal insulin (BI) to
achieve glycemic control after failure of intensiﬁcation of
oral agents, a considerable proportion receive BI concomitantly with sulfonylurea therapy (3,8,9). Because both BI
and sulfonylureas are associated with an increased risk of
hypoglycemia, it is important that this risk is minimized as
much as possible. With their more prolonged durations of
action over 24 hours and reduced variability, second-generation, long-acting BI analogs such as insulin glargine 300
units/mL (Gla-300) and insulin degludec have improved
pharmacokinetic (PK) and pharmacodynamic (PD) proﬁles
compared with ﬁrst-generation standard-of-care BI analogs
(SOC-BI) such as insulin glargine 100 units/mL (Gla-100)
(10,11) and insulin detemir. Therefore, second-generation BI
analogs are associated with less variation in glycemic control (12) and have a lower risk of hypoglycemia (13,14). When
BI is used in combination with sulfonylureas, the overall
risk of hypoglycemia for the combination therapy could be
lower with second- rather than ﬁrst-generation BIs.

(blood glucose #3.9 mmol/L [#70 mg/dL])—was chosen to
reﬂect real-life treatment objectives. Severe hypoglycemia
was deﬁned as an event requiring assistance of another
person to actively administer carbohydrates or glucagon or
take other corrective actions (18) per ADA-deﬁned level 3
hypoglycemia. Per HEDIS criteria (19), the A1C target was
<8.0% for individuals $65 years of age or with deﬁned
comorbidities and <7.0% for all others (15).
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occurred from June 2015 to July 2017. Insulin-naive individuals with type 2 diabetes and an A1C $8.0 and #11.0%
were randomized (1:1) to Gla-300 or SOC-BI (Gla-100 or
insulin detemir). Randomization was stratiﬁed by A1C target (<7/<8%), sulfonylurea use (yes/no), GLP-1 receptor
agonist use (yes/no), and baseline A1C (<9/$9%). Study
participants had received their type 2 diabetes diagnosis
$1 year before the screening visit and had not achieved
glycemic control (A1C <8.0%) despite treatment with two
or more oral antihyperglycemic drugs or GLP-1 receptor
agonists approved for concomitant use with insulin.

For the current analyses, participants in each subgroup
were considered to be concomitant users of a background
therapy if they were using it at the time of baseline assessment and continued use when starting BI therapy. Those
who started background therapy at or after randomization
were excluded from analysis. Analyses were conducted
according to the intention-to-treat principle. The composite
end points and components evaluated were A1C target
attainment without documented symptomatic hypoglycemia (deﬁned as glucose #3.9 mmol/L [#70 mg/dL] or
<3.0 mmol/L [<54 mg/dL]) or severe hypoglycemia at 6
and 12 months, A1C target attainment (irrespective of
hypoglycemia) at 6 and 12 months, and absence of documented symptomatic hypoglycemia (glucose #3.9 mmol/L
[#70 mg/dL] or <3.0 mmol/L [<54 mg/dL]) or severe
hypoglycemia at 6 and 12 months. ORs and associated
95% CIs were determined based on a logistic regression
model.

Results
Change in Insulin Dose Over Study Period
The mean daily insulin doses were similar in the Gla-300
and SOC-BI treatment arms, both at the start of the study
(0.156 ± 0.074 and 0.152 ± 0.079 units/kg, respectively) and
at the 6- (0.335 ± 0.216 and 0.336 ± 0.220 units/kg, respectively) and 12-month time points (0.378 ± 0.235 and 0.376 ±
0.239 units/kg, respectively).

Sulfonylurea Background Therapy
Of 3,284 randomized participants who qualiﬁed for this
subgroup analysis, 2,287 (69.6%) received a concomitant
sulfonylurea; 20 individuals who started sulfonylurea therapy at or after randomization were excluded. Of those who
did not use sulfonylurea therapy during the study, 23.4%
had used it previously but stopped use before or at the
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In both the Gla-300 and SOC-BI treatment arms, the proportions of participants who achieved their A1C target without documented symptomatic hypoglycemia (#3.9 mmol/L
[#70 mg/dL]) or severe hypoglycemia at 6 and 12 months
were numerically greater among nonusers than users of concomitant sulfonylureas. Similarly, the proportions of participants with no documented symptomatic or severe hypoglycemia (#3.9 mmol/L [#70 mg/dL]) at 6 and 12 months
were numerically greater among nonusers than users of concomitant sulfonylureas (Figure 1). ORs at 12 months (Figure 2A)
strongly favored Gla-300 versus SOC-BI for all end points,
including A1C target achievement without documented symptomatic hypoglycemia at either #3.9 mmol/L (#70 mg/dL;
OR 1.25, 95% CI 1.02–1.53) or <3.0 mmol/L (<54 mg/dL; OR 1.27,
95% CI 1.06–1.53) or severe hypoglycemia, A1C target achievement regardless of hypoglycemia (OR 1.21, 95% CI 1.01–1.44),
and achievement of no documented symptomatic hypoglycemia at either #3.9 mmol/L (#70 mg/dL; OR 1.23, 95% CI
1.04–1.46) or <3.0 mmol/L (<54 mg/dL; OR 1.25, 95% CI
1.02–1.52) or severe hypoglycemia.
Among those with no concomitant sulfonylurea use, the
most favorable trends with Gla-300 versus SOC-BI were
seen for achievement of no documented symptomatic hypoglycemia <3.0 mmol/L (<54 mg/dL) or severe hypoglycemia
at 6 months (OR 1.20, 95% CI 0.83–1.73) and 12 months (OR
1.27, 95% CI 0.94–1.71) (Figure 2A). Because of the smaller
sample size of this subgroup compared with users of a concomitant sulfonylurea, OR-associated 95% CIs were wider. ORs for
treatment comparison in both subgroups were generally consistent with those in the overall study population, and no subgroup interactions were identiﬁed for any of the end points.

Other Background Therapies
Of the 3,224 randomized participants who qualiﬁed for
the GLP-1 receptor agonist subgroup analysis, 428 (13.3%)
received a concomitant GLP-1 receptor agonist, making
this the smallest subgroup. Of the 3,273 randomized participants who qualiﬁed for the DPP-4 inhibitor subgroup
analysis, 1,276 (39.0%) received a concomitant DPP-4
inhibitor. Of the 3,215 randomized participants who qualiﬁed for the SGLT2 inhibitor subgroup analysis, 756 (23.5%)
received a concomitant SGLT2 inhibitor. Participants who
started therapy at or after randomization were excluded
(n = 80 for GLP-1 receptor agonist, n = 31 for DPP-4 inhibitor, and n = 89 for SGLT2 inhibitor therapy). Baseline
409
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time of BI initiation. Baseline characteristics were generally
well balanced between the treatment arms of subgroups
(Table 1).
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TABLE 1 Baseline Characteristics by Treatment Arm and Concomitant Use of Sulfonylurea or GLP-1 Receptor
Agonist
Concomitant
Sulfonylurea Use

No Concomitant
Sulfonylurea Use

Gla-300
SOC-BI
Gla-300
(n = 1,150) (n = 1,137) (n = 493)

SOC-BI
(n = 504)

Gla-300
(n = 225)

No Concomitant
GLP-1 Receptor
Agonist Use

SOC-BI
Gla-300
SOC-BI
(n = 203) (n = 1,389) (n = 1,407)

60
18–90
64.4
55.0

60
22–89
65.4
56.1

59
24–89
71.0
54.2

58
30–88
70.8
55.2

58
24–87
73.8
50.7

59
37–87
70.4
54.7

60
18–90
64.9
55.4

59
22–89
66.7
55.8

34.0
7.3
33.0
19–75

33.6
7.6
32.3
18–85

33.5
6.8
32.7
20–60

33.8
6.7
32.6
20–65

35.7
7.2
34.6
20–60

36.2
7.5
35.5
20–65

33.5
7.1
32.6
19–75

33.3
7.2
32.1
18–85

9.2
0.8
9.1
8–11

9.2
0.8
9.1
8–11

9.1
0.8
8.9
8–11

9.1
0.8
9.0
8–11

9.1
0.8
8.9
8–11

9.1
0.8
9.0
8–11

9.1
0.8
9.0
8–11

9.2
0.8
9.1
8–11

48.7
51.3

47.1
52.9

43.4
56.6

39.7
60.3

42.7
57.3

44.3
55.7

48.4
51.6

44.8
55.2

11.8
7.6
10.0
1–56

11.6
7.3
10.0
1–50

10.5
7.0
9.0
1–50

10.2
7.1
8.5
1–58

11.7
7.2
10.0
1–47

12.0
7.8
10.0
1–40

11.5
7.5
10.0
1–56

11.0
7.3
10.0
1–58

1 (<0.1)
532 (46.3)
617 (53.7)

4 (0.4)
5 (1.0)
2 (0.4)
1 (0.4)
0
6 (0.4)
516 (45.4) 260 (52.8) 253 (50.3) 53 (23.6) 44 (21.7) 729 (52.5)
617 (54.3) 227 (46.1) 248 (49.3) 171 (76.0) 159 (78.3) 653 (47.0)

6 (0.4)
709 (50.4)
691 (49.1)

*Two participants (one in the Gla-300 group and one in the SOC-BI group) were not receiving any noninsulin antidiabetic therapy before initiating
insulin and were not included in the “no concomitant use” subgroups.

characteristics were well balanced between treatment
groups in all three analyses (Tables 1 and 2).
Observed attainment rates for the composite end points
were numerically higher for Gla-300 versus SOC-BI at
both 6 and 12 months for both concomitant GLP-1 receptor agonist users versus nonusers (Figure 3) and concomitant DPP-4 inhibitor users versus nonusers (Figure 4).
ORs were consistent with those in the overall study population, generally showing favorable trends for Gla-300
versus SOC-BI (Figures 2B and 5A).
Observed attainment rates of the end points for concomitant SGLT2 inhibitor users versus nonusers were similar
for those who received Gla-300 or SOC-BI with the exception of absence of documented symptomatic hypoglycemia
or severe hypoglycemia (Figure 6). OR estimates for
410

concomitant SGLT2 inhibitor users did not suggest a
greater beneﬁt of Gla-300 versus SOC-BI for any of the efﬁcacy end points tested (Figure 5B). There were no statistically signiﬁcant subgroup interactions for any of the
analyses except for absence of documented symptomatic
hypoglycemia <3.0 mmol/L (<54 mg/dL) or severe hypoglycemia at 12 months for the SGLT2 inhibitor analysis (P =
0.0446). CIs were wide due to the relatively small sample
sizes of participants who used concomitant GLP-1 receptor
agonist, DDP-4 inhibitor, or SGLT2 inhibitor therapy.

Discussion and Conclusion
In these post hoc analyses of the prospective, randomized,
pragmatic, real-life ACHIEVE Control study, we evaluated
clinical outcomes for Gla-300 versus SOC-BI in adults
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Age, years
Median
Range
<65 years, %
Male, %
BMI, kg/m2
Mean
SD
Median
Range
A1C at screening, %
Mean
SD
Median
Range
HEDIS A1C target, %
<8
<7
Duration of type 2 diabetes, years
Mean
SD
Median
Range
Number of previous noninsulin
antihyperglycemic agents [restore
spaces between words], n (%)*
1
2
>2

Concomitant
GLP-1 Receptor
Agonist Use

BAILEY ET AL.

At 6 months
100
90
80

Gla-300 (concomitant sulfonylurea; n = 1150)
SOC-BI (concomitant sulfonylurea; n = 1137)
Gla-300 (no concomitant sulfonylurea; n = 493)
SOC-BI (no concomitant sulfonylurea; n = 504)

83.8
75.8

81.3

88.0 86.3 87.8
85.7

72.7

Participants, %

70
60
50
40
30

29.7

35.1 34.1

37.2

33.2

37.5 36.9

40.3

36.3

39.6 39.3

25.2

20

0
Composite endpoint
(≤ 3.9 mmol/L
[≤ 70 mg/dL])

Composite endpoint
(< 3.0 mmol/L
[< 54 mg/dL])

A1C target
attainment

No hypoglycemia
(≤ 3.9 mmol/L
[≤ 70 mg/dL])

No hypoglycemia
(< 3.0 mmol/L
[< 54 mg/dL])

At 12 months
100
90
80

Gla-300 (concomitant sulfonylurea; n = 1150)
SOC-BI (concomitant sulfonylurea; n = 1137)
Gla-300 (no concomitant sulfonylurea; n = 493)
SOC-BI (no concomitant sulfonylurea; n = 504)

80.1
73.2

Participants, %

70

64.1

60

76.3

79.7

75.6

70.4

59.1

50
40
30
20

30.2 30.0
24.3

32.9

28.1

33.5 32.3

36.7

32.7

36.9 35.3

20.7

10
0
Composite endpoint
(≤ 3.9 mmol/L
[≤ 70 mg/dL])

Composite endpoint
(< 3.0 mmol/L
[< 54 mg/dL])

A1C target
attainment

No hypoglycemia
(≤ 3.9 mmol/L
[≤ 70 mg/dL])

No hypoglycemia
(< 3.0 mmol/L
[< 54 mg/dL])

FIGURE 1 Observed proportions of participants who attained the composite end points and their components at 6 and 12 months in
subgroups divided by use and nonuse of concomitant sulfonylurea.

using various background therapies, namely a sulfonylurea, GLP-1 receptor agonist, DPP-4 inhibitor, or SGLT2
inhibitor.
Sulfonylureas were used concomitantly by 70% of the
study population, suggesting that, in real-world clinical
practice, the concomitant use of sulfonylureas with
insulin remains widespread despite sulfonylureas being
associated with an increased risk of hypoglycemia (7).
This analysis shows that, among participants treated
with insulin and concomitant sulfonylureas, ORs consistently favored Gla-300 versus SOC-BI for all end
points, suggesting that the use of Gla-300 may improve
A1C target achievement without hypoglycemia and may
be associated with lower risk of hypoglycemia versus

VOLUME 34, NUMBER 4, FALL 2021

ﬁrst-generation BIs for this participant subgroup. This
strategy may allow patients better control of their diabetes, which data suggest is associated with prevention
of microvascular and macrovascular complications,
while also limiting the risk of the serious impact of
hypoglycemia on day-to-day life.
This potential beneﬁt of Gla-300 compared with ﬁrst-generation BI analogs is likely attributable to its prolonged
and ﬂatter PK and PD proﬁles (12). Although ORs for users
of concomitant GLP-1 receptor agonist, DPP-4 inhibitor, or
SGLT2 inhibitor therapy were associated with wide 95%
CIs due to small sample sizes, our ﬁndings suggest that the
hypoglycemia beneﬁts of Gla-300 versus SOC-BI observed at 12 months in the overall study population were
411
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A

At 12 months

At 6 months
≤3.9 mmol/L
(≤70 mg/dL)

Overall (N = 3,304)

1.19 (1.01–1.39)

1.14 (0.97–1.35)

Concomitant sulfonylurea (n = 2,287)

1.27 (1.05–1.54)

1.25 (1.02–1.53)

No concomitant sulfonylurea (n = 997)

1.04 (0.79–1.37)

1.01 (0.76–1.34)

Overall (N = 3,304)

1.14 (0.98–1.33)

1.19 (1.02–1.38)

Concomitant sulfonylurea (n = 2,287)

1.21 (1.01–1.45)

1.27 (1.06–1.53)

No concomitant sulfonylurea (n = 997)

1.02 (0.78–1.33)

1.05 (0.80–1.38)

Overall (N = 3,304)

1.13 (0.97–1.31)

1.15 (0.99–1.34)

Concomitant sulfonylurea (n = 2,287)

1.20 (1.00–1.43)

1.21 (1.01–1.44)

No concomitant sulfonylurea (n = 997)

1.00 (0.77–1.31)

1.07 (0.82–1.40)

Overall (N = 3,304)

1.19 (1.01–1.41)

1.21 (1.05–1.40)

Concomitant sulfonylurea (n = 2,287)

1.18 (0.97–1.42)

1.23 (1.04–1.46)

No concomitant sulfonylurea (n = 997)

1.19 (0.86–1.65)

1.15 (0.87–1.52)

Overall (N = 3,304)

1.19 (0.96–1.46)

1.26 (1.07–1.48)

Concomitant sulfonylurea (n = 2,287)

1.17 (0.91–1.49)

1.25 (1.02–1.52)

No concomitant sulfonylurea (n = 997)

1.20 (0.83–1.73)

1.27 (0.94–1.71)

Composite end point
attainmenta,b
<3.0 mmol/L
(<54 mg/dL)

A1C target attainment

Without
hypoglycemiab
<3.0 mmol/L
(<54 mg/dL)

1

0.5

0.5

Favors Gla-300

Favors SOC-BI

B

2

2

Favors SOC-BI Favors Gla-300

At 6 months
≤3.9 mmol/L
(≤70 mg/dL)

1

At 12 months

Overall (N = 3,304)

1.19 (1.01–1.39)

1.14 (0.97–1.35)

Concomitant GLP-1 receptor agonist (n = 428)

1.03 (0.68–1.57)

1.06 (0.69–1.63)

No concomitant GLP-1 receptor agonist (n = 2,796)

1.21 (1.02–1.44)

1.14 (0.95–1.36)

Overall (N = 3,304)

1.14 (0.98–1.33)

1.19 (1.02–1.38)

Concomitant GLP-1 receptor agonist (n = 428)

1.11 (0.74–1.67)

1.27 (0.84–1.91)

No concomitant GLP-1 receptor agonist (n = 2,796)

1.15 (0.98–1.35)

1.16 (0.98–1.37)

Overall (N = 3,304)

1.13 (0.97–1.31)

1.15 (0.99–1.34)

Concomitant GLP-1 receptor agonist (n = 428)

1.06 (0.71–1.59)

1.27 (0.85–1.92)

No concomitant GLP-1 receptor agonist (n = 2,796)

1.16 (0.98–1.36)

1.12 (0.95–1.31)

Overall (N = 3,304)

1.19 (1.01–1.41)

1.21 (1.05–1.40)

Concomitant GLP-1 receptor agonist (n = 428)

1.03 (0.63–1.69)

1.25 (0.83–1.90)

No concomitant GLP-1 receptor agonist (n = 2,796)

1.17 (0.99–1.40)

1.20 (1.02–1.40)

Overall (N = 3,304)

1.19 (0.96–1.46)

1.26 (1.07–1.48)

Concomitant GLP-1 receptor agonist (n = 428)

1.07 (0.57–2.02)

1.57 (0.96–2.55)

No concomitant GLP-1 receptor agonist (n = 2,796)

1.17 (0.94–1.46)

1.20 (1.01–1.44)

Composite end point
attainmenta,b
<3.0 mmol/L
(<54 mg/dL)

A1C target attainment

≤3.9 mmol/L
(≤70 mg/dL)
Without
hypoglycemiab
<3.0 mmol/L
(<54 mg/dL)

0.5

1

2

Favors SOC-BI Favors Gla-300

0.5

1

2

Favors SOC-BI Favors Gla-300

FIGURE 2 ORs with 95% CIs for attainment of composite end points and their components at 6 and 12 months by use/nonuse of
concomitant sulfonylurea (A) and GLP-1 receptor agonist (B). Data are based on a logistic regression model with treatment arm as
ﬁxed effect and adjustment for randomization strata of A1C target, sulfonylurea use (except for sulfonylurea subgroup analyses),
GLP-1 receptor agonist use (except for GLP-1 receptor agonist subgroup analyses), and baseline A1C (as continuous variable), with
addition of the corresponding subgroup factor and the subgroup factor-by-treatment arm interaction. End points other than the
composite primary were exploratory. aA1C target attainment without hypoglycemia. bDocumented symptomatic (glucose #3.9
mmol/L [#70 mg/dL] or <3.0 mmol/L [<54 mg/dL]) or severe hypoglycemia.
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TABLE 2 Baseline Characteristics by Treatment Arm and Concomitant Use of DPP-4 Inhibitor or SGLT2 Inhibitor
Concomitant
DPP-4 Inhibitor Use

No Concomitant
DPP-4 Inhibitor Use

Gla-300
SOC-BI
Gla-300
SOC-BI
(n = 627) (n = 649) (n = 1,012) (n = 985)

Concomitant
SGLT2 Inhibitor Use
Gla-300
(n = 372)

No Concomitant
SGLT2 Inhibitor Use

SOC-BI
Gla-300
SOC-BI
(n = 384) (n = 1,237) (n = 1,222)
60
24–88
64.2
53.9
33.7
7.4
32.5
18–85
9.2
0.8
9.1
8–11
48.4
51.6
11.4
7.5
10.0
1–58

6 (0.5)
697 (57.1)
518 (42.4)

*Two participants (one in the Gla-300 group and one in the SOC-BI group) were not receiving any noninsulin antidiabetic therapy before initiating
insulin and were not included in the “no concomitant use” subgroups.

maintained in users of concomitant GLP-1 receptor agonist
or concomitant DPP-4 inhibitor therapy and included a
greater likelihood of remaining without serious or severe
hypoglycemia at 12 months. Just under one-fourth of the
ACHIEVE Control population used an SGLT2 inhibitor as
background therapy, but the ORs in this subgroup did not
support a greater beneﬁt of Gla-300 versus SOC-BI for any
end point, being similar for Gla-300 and SOC-BI.
The main limitation of these subgroup analyses is that
all end points other than the composite primary end
point for the overall study population were exploratory
and did not qualify for statistical analysis of superiority
due to the lack of prospective adjustments for multiple
testing. Thus, interpretation of the results is limited by
both multiple testing and variable statistical power, and
the ﬁndings should be considered hypothesis-generating
only.

VOLUME 34, NUMBER 4, FALL 2021

Particularly in subgroups with small sample sizes such as
users of concomitant GLP-1 receptor agonist or SGLT2 inhibitor therapy, ORs were associated with wide 95% CIs. The
low percentage of patients on a GLP-1 receptor agonist could
be explained by the time at which this study was initiated. At
this time, use of GLP-1 receptor agonists in particular was
not as widespread as it is today. Because of the statistical limitation of these post hoc analyses, OR estimates should not be
used to infer efﬁcacy differences between treatment groups.
It is also important to note that, with the exception of one
exploratory end point in the SGLT2 inhibitor analysis,
subgroup interactions were not statistically signiﬁcant,
consistent with large overlaps of the 95% CIs of ORs in
binary subgroup analyses. Therefore, OR estimates
suggesting potential differences in the comparative
effectiveness of Gla-300 versus SOC-BI between binary
subgroups (particularly in the SGLT2 inhibitor subgroup
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Age
Median, years
61
61
59
59
58
57
61
Range, years
26–88
30–89
18–90
22–88
31–80
22–89
18–90
<65 years, %
62.8
62.1
69.0
70.3
73.7
74.2
63.9
Male, %
53.7
57.3
55.4
55.1
62.1
60.2
52.1
BMI, kg/m2
33.9
33.5
33.6
34.0
34.1
33.2
33.5
Mean
7.1
6.9
7.3
7.5
7.1
6.8
7.2
SD
32.9
32.2
33.0
32.8
33.2
32.0
32.7
Median
19–66
19–64
19–75
18–85
20–63
18–64
19–75
Range
A1C at screening, %
9.2
9.1
9.1
9.2
9.2
9.2
9.1
Mean
0.8
0.8
0.8
0.8
0.8
0.8
0.8
SD
9.1
8.9
8.9
9.1
9.0
9.0
9.0
Median
8–11
8–11
8–11
8–11
8–11
8–11
8–11
Range
HEDIS A1C target, %
<8
50.6
49.3
44.8
41.9
40.3
35.7
49.6
<7
49.4
50.7
55.2
58.1
59.7
64.3
50.4
Duration of type 2 diabetes, years
11.6
10.6
11.1
11.1
11.4
11.2
11.3
Mean
7.4
6.5
7.5
7.3
7.6
7.4
7.2
SD
10.0
10.0
9.6
10.0
10.0
10.0
10.0
Median
1–55
1–33
1–56
1–58
1–56
1–41
1–50
Range
Number of previous noninsulin
antihyperglycemic agents, n (%)*
1
1 (0.2)
1 (0.2)
5 (0.5)
4 (0.4)
0
0
6 (0.5)
2
156 (24.9) 178 (27.4) 632 (62.5) 587 (59.7) 59 (15.9) 54 (14.1) 719 (58.2)
>2
470 (75.0) 470 (72.4) 374 (37.0) 393 (39.9) 313 (84.1) 330 (85.9) 511 (41.3)
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At 6 months
100
90
80

Gla-300 (concomitant GLP-1 receptor agonist; n = 225)
SOC-BI (concomitant GLP-1 receptor agonist; n = 203)
Gla-300 (no concomitant GLP-1 receptor agonist; n = 1389)
SOC-BI (no concomitant GLP-1 receptor agonist; n = 1407)

90.2 89.7
81.8 81.8

77.3

87.3 85.4

74.3

Participants, %

70
60
50
40

40.0 39.4
33.3 34.5

30

30.8

36.7

41.3 41.9 39.7
33.3

36.2

26.7

20

0
Composite endpoint
(≤ 3.9 mmol/L
[≤ 70 mg/dL])

Composite endpoint
(< 3.0 mmol/L
[< 54 mg/dL])

No hypoglycemia
(≤ 3.9 mmol/L
[≤ 70 mg/dL])

A1C target
attainment

No hypoglycemia
(< 3.0 mmol/L
[< 54 mg/dL])

At 12 months
100
90
80

Gla-300 (concomitant GLP-1 receptor agonist; n = 225)
SOC-BI (concomitant GLP-1 receptor agonist; n = 203)
Gla-300 (no concomitant GLP-1 receptor agonist; n = 1389)
SOC-BI (no concomitant GLP-1 receptor agonist; n = 1407)

84.4
71.6

Participants, %

70

77.8 79.1 75.8
67.5 66.1

61.9

60
50
37.8

40
30

29.3 30.0

25.3

40.4
34.5

31.8

36.9 35.6

28.6

32.9

22.7

20
10
0
Composite endpoint
(≤ 3.9 mmol/L
[≤ 70 mg/dL])

Composite endpoint
(< 3.0 mmol/L
[< 54 mg/dL])

A1C target
attainment

No hypoglycemia
(≤ 3.9 mmol/L
[≤ 70 mg/dL])

No hypoglycemia
(< 3.0 mmol/L
[< 54 mg/dL])

FIGURE 3 Observed proportions of participants who attained the composite end points and their components at 6 and 12 months in
subgroups divided by use and nonuse of concomitant GLP-1 receptor agonist.

analyses) require conﬁrmation in appropriately designed
and powered prospective studies.
Another limitation is that information on the number of
patients on maximal doses was not collected. Although
treatment comparisons were adjusted for stratiﬁcation factors and use-by-treatment interaction, outcomes in speciﬁc
subgroups may have been inﬂuenced by use of additional
background therapies. Thus, the results should be interpreted
with caution when assessing the merit of using speciﬁc background therapies concomitantly with BIs.
Other limitations of these analyses were that, owing to the
real-world design of the primary study, insulin titration was
not mandated, and adjustment of background medication
therapy after trial entry was at the discretion of the health
care professional. Thus, it was not possible to assess treatment
414

compliance. However, insulin doses were similar for both
treatment arms throughout the study. The study had only
three mandated visits, and as a result, participants were not
assessed by their health care provider at regular mandated
visits, but rather every 3–6 months.
To summarize, the results of these exploratory subgroup
analyses were generally consistent with previously published ﬁndings from the primary analysis of the ACHIEVE
Control study for the overall study population (16,17), suggesting similar beneﬁts of Gla-300 versus SOC-BI (to
varying degrees) for all subgroups except users of a
concomitant SGLT2 inhibitor, for whom OR point estimates suggested similar effectiveness of Gla-300 and
SOC-BI. Thus, the results suggest that the improved
PK/PD proﬁle of Gla-300 renders it a safe and effective
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At 6 months
100
90
80

Gla-300 (concomitant DPP-4 inhibitor; n = 627)
SOC-BI (concomitant DPP-4 inhibitor; n = 649)
Gla-300 (no concomitant DPP-4 inhibitor; n = 1012)
SOC-BI (no concomitant DPP-4 inhibitor; n = 985)

89.6 88.8
87.1
79.6 78.7 77.6

84.3

73.1

Participants, %

70
60
50
40

40.8
34.6

32.4

30

29.3

44.0
38.5

35.2

41.1

37.5

31.9

34.9

25.4

20

0
Composite endpoint
(≤ 3.9 mmol/L
[≤ 70 mg/dL])

A1C target
attainment

Composite endpoint
(< 3.0 mmol/L
[< 54 mg/dL])

No hypoglycemia
(≤ 3.9 mmol/L
[≤ 70 mg/dL])

No hypoglycemia
(< 3.0 mmol/L
[< 54 mg/dL])

At 12 months
100
90
80

Gla-300 (concomitant DPP-4 inhibitor; n = 627)
SOC-BI (concomitant DPP-4 inhibitor; n = 649)
Gla-300 (no concomitant DPP-4 inhibitor; n = 1012)
SOC-BI (no concomitant DPP-4 inhibitor; n = 985)

82.5
69.9

Participants, %

70

79.5 78.7

74.0

66.4 65.1
60.1

60
50
40
30

35.9
29.0 27.9

20

24.3

39.7
32.8 31.2

36.4 34.8

31.8

27.2

20.8

10
0
Composite endpoint
(≤ 3.9 mmol/L
[≤ 70 mg/dL])

Composite endpoint
(< 3.0 mmol/L
[< 54 mg/dL])

A1C target
attainment

No hypoglycemia
(≤ 3.9 mmol/L
[≤ 70 mg/dL])

No hypoglycemia
(< 3.0 mmol/L
[< 54 mg/dL])

FIGURE 4 Observed proportions of participants who attained the composite end points and their components at 6 and 12 months in
subgroups divided by use and nonuse of concomitant DPP-4 inhibitor.

BI for use in combination with insulin secretagogues,
as well as with incretin-based and SGLT2 inhibitor
therapies.
Our ﬁndings conﬁrm that concomitant use of sulfonylureas
with BIs remains common practice despite the increased risk
of hypoglycemia and guidance that sulfonylurea therapy
should be dose-reduced or discontinued when BI therapy is
initiated (3). Importantly, we found that users of concomitant
sulfonylureas achieved better outcomes with Gla-300 than
with SOC-BI in the ACHIEVE Control study. These results
suggest that, when individuals with type 2 diabetes use BI
therapy in combination with sulfonylureas, Gla-300—a second-generation BI analog with a prolonged and more stable
PK/PD proﬁle (12)—is more likely than ﬁrst-generation BI
analogs to mitigate serious or severe hypoglycemia. This

VOLUME 34, NUMBER 4, FALL 2021

strategy may facilitate optimal dosing of BI and thereby support the goal of achieving better glycemic outcomes.
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A

At 6 months
≤ 3.9 mmol/L
(≤ 70 mg/dL)

At 12 months

Overall (N = 3304)

1.19 (1.01–1.39)

1.14 (0.97–1.35)

Concomitant DPP-4 inhibitor (n = 1276)

1.13 (0.89–1.44)

1.08 (0.84–1.39)

No concomitant DPP-4 inhibitor (n = 1997)

1.22 (0.99–1.49)

1.21 (0.98–1.51)

Overall (N = 3304)

1.14 (0.98–1.33)

1.19 (1.02–1.38)

Concomitant DPP-4 inhibitor (n = 1276)

1.12 (0.89–1.42)

1.17 (0.92–1.49)

No concomitant DPP-4 inhibitor (n = 1997)

1.15 (0.95–1.40)

1.21 (0.99–1.48)

Overall (N = 3304)

1.13 (0.97–1.31)

1.15 (0.99–1.34)

Concomitant DPP-4 inhibitor (n = 1276)

1.15 (0.91–1.46)

1.18 (0.93–1.49)

No concomitant DPP-4 inhibitor (n = 1997)

1.11 (0.92–1.35)

1.14 (0.94–1.38)

Overall (N = 3304)

1.19 (1.01–1.41)

1.21 (1.05–1.40)

Concomitant DPP-4 inhibitor (n = 1276)

1.06 (0.81–1.39)

1.18 (0.93–1.49)

No concomitant DPP-4 inhibitor (n = 1997)

1.27 (1.04–1.56)

1.24 (1.03–1.48)

Overall (N = 3304)

1.19 (0.96–1.46)

1.26 (1.07–1.48)

Concomitant DPP-4 inhibitor (n = 1276)

1.09 (0.77–1.56)

1.21 (0.91–1.60)

No concomitant DPP-4 inhibitor (n = 1997)

1.26 (0.98–1.62)

1.29 (1.05–1.59)

Composite endpoint
attainmenta,b
< 3.0 mmol/L
(< 54 mg/dL)

A1C target attainment

Without
hypoglycemiab
< 3.0 mmol/L
(< 54 mg/dL)

0.5

2

0.5

1

2

Favors SOC-BI Favors Gla-300

Favors SOC-BI Favors Gla-300

At 6 months

At 12 months

B
≤ 3.9 mmol/L
(≤ 70 mg/dL)

1

Overall (N = 3304)

1.19 (1.01–1.39)

1.14 (0.97–1.35)

Concomitant SGLT-2 inhibitor (n = 756)

0.91 (0.66–1.26)

0.97 (0.69–1.36)

No concomitant SGLT-2 inhibitor (n = 2459)

1.28 (1.07–1.53)

1.19 (0.98–1.44)

Overall (N = 3304)

1.14 (0.98–1.33)

1.19 (1.02–1.38)

Concomitant SGLT-2 inhibitor (n = 756)

0.98 (0.72–1.35)

0.94 (0.68–1.30)

No concomitant SGLT-2 inhibitor (n = 2459)

1.20 (1.01–1.43)

1.27 (1.07–1.52)

Overall (N = 3304)

1.13 (0.97–1.31)

1.15 (0.99–1.34)

Concomitant SGLT-2 inhibitor (n = 756)

0.95 (0.70–1.30)

0.95 (0.69–1.30)

No concomitant SGLT-2 inhibitor (n = 2459)

1.19 (1.01–1.41)

1.21 (1.02–1.44)

Overall (N = 3304)

1.19 (1.01–1.41)

1.21 (1.05–1.40)

Concomitant SGLT-2 inhibitor (n = 756)

0.88 (0.60–1.30)

0.98 (0.71–1.34)

No concomitant SGLT-2 inhibitor (n = 2459)

1.25 (1.05–1.51)

1.25 (1.06–1.48)

Overall (N = 3304)

1.19 (0.96–1.46)

1.26 (1.07–1.48)

Concomitant SGLT-2 inhibitor (n = 756)

0.93 (0.57–1.52)

0.89 (0.61–1.30)

No concomitant SGLT-2 inhibitor (n = 2459)

1.27 (1.01–1.59)

1.37 (1.14–1.65)

Composite endpoint
attainmenta,b
< 3.0 mmol/L
(< 54 mg/dL)

A1C target attainment

≤ 3.9 mmol/L
(≤ 70 mg/dL)
Without
hypoglycemiab
< 3.0 mmol/L
(< 54 mg/dL)

0.5

1

2

Favors SOC-BI Favors Gla-300

0.5

1

2

Favors SOC-BI Favors Gla-300

FIGURE 5 ORs with 95% CIs for attainment of composite end points and their components at 6 and 12 months by use/nonuse of
concomitant DPP-4 inhibitor (A) and SGLT2 inhibitor (B). Data were based on a logistic regression model with the treatment arm as
ﬁxed effect and adjustment for randomization strata of A1C target, sulfonylurea use, GLP-1 receptor agonist use, and baseline A1C
(as continuous variable), with addition of the corresponding subgroup factor and the subgroup factor-by-treatment arm interaction.
End points other than the composite primary were exploratory. aA1C target attainment without hypoglycemia. bDocumented
symptomatic (glucose #3.9 mmol/L [#70 mg/dL] or <3.0 mmol/L [<54 mg/dL]) or severe hypoglycemia.
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At 6 months
100
90
80

Gla-300 (concomitant SGLT-2 inhibitor; n = 372)
SOC-BI (concomitant SGLT-2 inhibitor; n = 384)
Gla-300 (no concomitant SGLT-2 inhibitor; n = 1237)
SOC-BI (no concomitant SGLT-2 inhibitor; n = 1222)

90.6 91.1
82.5 84.1
76.5

87.0

84.0

72.3

Participants, %

70
60
50
38.7

40
30

28.0 29.4

32.3

33.3 33.3

41.8
34.9

34.9 35.7

38.1

27.7

20

0
Composite endpoint
(≤ 3.9 mmol/L
[≤ 70 mg/dL])

Composite endpoint
(< 3.0 mmol/L
[< 54 mg/dL])

A1C target
attainment

No hypoglycemia
(≤ 3.9 mmol/L
[≤ 70 mg/dL])

No hypoglycemia
(< 3.0 mmol/L
[< 54 mg/dL])

At 12 months
100
90
80

Gla-300 (concomitant SGLT-2 inhibitor; n = 372)
SOC-BI (concomitant SGLT-2 inhibitor; n = 384)
Gla-300 (no concomitant SGLT-2 inhibitor; n = 1237)
SOC-BI (no concomitant SGLT-2 inhibitor; n = 1222)

82.3 83.9

Participants, %

70

79.1
73.4

72.0 72.4
64.8
59.6

60
50
40
30

24.7 25.0 26.2 23.2

30.1 31.0

33.7

29.0

32.5 33.3

37.8

33.8

20
10
0
Composite endpoint
(≤ 3.9 mmol/L
[≤ 70 mg/dL])

Composite endpoint
(< 3.0 mmol/L
[< 54 mg/dL])

A1C target
attainment

No hypoglycemia
(≤ 3.9 mmol/L
[≤ 70 mg/dL])

No hypoglycemia
(< 3.0 mmol/L
[< 54 mg/dL])

FIGURE 6 Observed proportions of participants who attained the composite end points and their components at 6 and 12 months in
subgroups divided by use and nonuse of concomitant SGLT2 inhibitor.
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