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Glucose-lowering medication in type 2 diabetes: Overall approach
FIRST-LINE THERAPY IS METFORMIN AND COMPREHENSIVE LIFESTYLE (INCLUDING WEIGHT MANAGEMENT AND PHYSICAL ACTIVITY)

IF HbA1c ABOVE TARGET PROCEED AS BELOW

*Proven CVD benefit means it has label indication of reducing CVD events. For GLP-1RA strongest evidence for liraglutide>semaglutide>exenatide extended release. For SGLT-2i evidence modestly stronger for empagliflozin>canagliflozin; 
†**Semaglutide>liraglutide>dulaglutide>exenatide>lixisenatide; ††If no specific comorbidities (i.e. no established CVD, low risk of hypoglycaemia and lower priority to avoid weight gain or no weight-related comorbidities); ‡‡Consider country- and region-specific cost of drugs. In some 
countries, TZDs relatively more expensive and DPP-4i relatively cheaper

ASCVD predominates

If further intensification is required or 
patient is now unable to tolerate GLP-1RA 
and/or SGLT-2i, choose agents 
demonstrating CV safety:

• Consider adding the other class 
(GLP-1RA and/or SGLT-2i) with 
proven CVD benefit

• DPP-4i if not on GLP-1RA
• Basal insulin§

• TZD¶

• SU||

If HbA1c above target

GLP-1RA 
with proven 
CVD benefit*

SGLT-2i 
with proven 

CVD benefit*,
if eGFR  

adequate†

EITHER
/OR

HF OR CKD predominates

• Avoid TZD in the setting of HF

Choose agents demonstrating CV safety:
• Consider adding the other class with 

proven CVD benefit*
• DPP-4i (not saxagliptin) in the 

setting of HF (if not on GLP-1RA)
• Basal insulin§

• SU||

If HbA1c above target

SGLT-2i with evidence of reducing HF 
and/or CKD progression in CVOT if eGFR 

adequate‡

If SGLT-2i not tolerated or contraindicated 
or if eGFR less than adequate† add GLP-

1RA with proven CV benefit*

OR

PREFERABLY

Established ASCVD or CKD
NO

To avoid 
clinical inertia 
reassess and 

modify 
treatment 
regularly

(3–6 months)

If triple therapy required or SGLT-2i 
and/or GLP-1RA not tolerated or 
contraindicated use regimen with 

lowest risk of weight gain
PREFERABLY

DPP-4i (if not on GLP-1RA)
based on weight neutrality

SGLT-2i†
GLP-1RA
with good 
efficacy for 

weight loss**

Compelling need to minimise weight 
gain or promote weight loss

EITHER
/OR

If HbA1c above target

If HbA1c above target

SGLT-2i†
GLP-1RA

with good efficacy 
for weight loss**

If DPP-4i not tolerated or 
contraindicated or patient already on 
GLP-1RA cautious addition of:
● SU|| ● TZD¶ ● Basal insulin

• Insulin therapy basal insulin 
with lowest acquisition cost

OR
• Consider DPP-4i OR SGLT-2i 

with lowest acquisition cost‡‡

TZD‡‡ SU||

TZD‡‡SU||

Cost is a major issue††‡‡

If HbA1c above target

If HbA1c above target

Without established ASCVD or CKD

Consider the addition of SU|| OR basal insulin:
• Choose later generation SU with lower risk of hypoglycaemia
• Consider basal insulin with lower risk of hypoglycaemia#

If HbA1c
above target

If HbA1c
above target

If HbA1c
above target

GLP-1RA

TZD

DPP-4i

OR

OR
SGLT-2i†

DPP-4i

GLP-1RA

OR

OR

SGLT-2i†

TZD

OR

SGLT-2i†

TZD

OR

If HbA1c
above target

SGLT-2i† TZDGLP-1RADPP-4i

Compelling need to minimise hypoglycaemia

Continue with addition of other agents as outlined above

If HbA1c above target

If HbA1c above target
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BACKGROUND
The comparative effectiveness of glucose-lowering medications for use with metfor-
min to maintain target glycated hemoglobin levels in persons with type 2 diabetes 
is uncertain.

METHODS
In this trial involving participants with type 2 diabetes of less than 10 years’ duration 
who were receiving metformin and had glycated hemoglobin levels of 6.8 to 8.5%, 
we compared the effectiveness of four commonly used glucose-lowering medica-
tions. We randomly assigned participants to receive insulin glargine U-100 (here-
after, glargine), the sulfonylurea glimepiride, the glucagon-like peptide-1 receptor 
agonist liraglutide, or sitagliptin, a dipeptidyl peptidase 4 inhibitor. The primary 
metabolic outcome was a glycated hemoglobin level, measured quarterly, of 7.0% or 
higher that was subsequently confirmed, and the secondary metabolic outcome was 
a confirmed glycated hemoglobin level greater than 7.5%.

RESULTS
A total of 5047 participants (19.8% Black and 18.6% Hispanic or Latinx) who had 
received metformin for type 2 diabetes were followed for a mean of 5.0 years. The 
cumulative incidence of a glycated hemoglobin level of 7.0% or higher (the primary 
metabolic outcome) differed significantly among the four groups (P<0.001 for a 
global test of differences across groups); the rates with glargine (26.5 per 100 par-
ticipant-years) and liraglutide (26.1) were similar and lower than those with 
glimepiride (30.4) and sitagliptin (38.1). The differences among the groups with 
respect to a glycated hemoglobin level greater than 7.5% (the secondary outcome) 
paralleled those of the primary outcome. There were no material differences with 
respect to the primary outcome across prespecified subgroups defined according 
to sex, age, or race or ethnic group; however, among participants with higher 
baseline glycated hemoglobin levels there appeared to be an even greater benefit 
with glargine, liraglutide, and glimepiride than with sitagliptin. Severe hypoglyce-
mia was rare but significantly more frequent with glimepiride (in 2.2% of the par-
ticipants) than with glargine (1.3%), liraglutide (1.0%), or sitagliptin (0.7%). Partici-
pants who received liraglutide reported more frequent gastrointestinal side effects 
and lost more weight than those in the other treatment groups.

CONCLUSIONS
All four medications, when added to metformin, decreased glycated hemoglobin 
levels. However, glargine and liraglutide were significantly, albeit modestly, more 
effective in achieving and maintaining target glycated hemoglobin levels. (Funded 
by the National Institute of Diabetes and Digestive and Kidney Diseases and others; 
GRADE ClinicalTrials.gov number, NCT01794143.)
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Outcomes of Glycemia Reduction in Type 2 Diabetes

ticipants in the lowest third of baseline glycated 
hemoglobin levels (6.8 to 7.2% [50.8 to 55.2 mmol 
per mole]), a glycated hemoglobin level of less 
than 7.0% was not achieved or maintained in 
approximately 60%.

The hazard ratio in the glargine group as 

compared with the sitagliptin group differed 
among the strata of glycated hemoglobin levels. 
The risk reductions with glargine increased among 
participants from the lower to highest strata of 
baseline glycated hemoglobin levels, from 17% 
(95% confidence interval [CI], 3 to 29) to 32% 

Table 2. Primary and Secondary Metabolic Outcomes.*

Outcome
Glargine 

(N = 1263)
Glimepiride 
(N = 1254)

Liraglutide 
(N = 1262)

Sitagliptin 
(N = 1268)

Primary metabolic outcome†

Participants — no. (%) 852 (67.4) 908 (72.4) 860 (68.2) 981 (77.4)

Rate/100 participant-yr (95% CI) 26.5 
(24.8–28.4)

30.4 
(28.4–32.4)

26.1 
(24.4–27.9)

38.1 
(35.8–40.6)

Pairwise hazard ratios (95% CI)

Glargine — 0.89 
(0.81–0.98)‡

1.02 
(0.93–1.12)

0.71 
(0.64–0.78)§

Glimepiride — — 1.15 
(1.04–1.27)¶

0.79 
(0.72–0.88)§

Liraglutide — — — 0.69 
(0.63–0.76)§

Hazard ratio in the treatment group as 
compared with all other treatments 
combined (95% CI)

0.87 
(0.80–0.94)§

1.01 
(0.93–1.09)

0.84 
(0.78–0.91)§

1.37 
(1.27–1.48)§

Restricted mean survival time over 4 yr of 
follow-up (95% CI) — days

861 
(831–891)

809 
(780–838)

882 
(853–911)

697 
(667–726)

Secondary metabolic outcome∥

Participants — no. (%) 498 (39.4) 633 (50.5) 583 (46.2) 697 (55.0)

Rate/100 participant-yr (95% CI) 10.7 
(9.8–11.7)

14.8 
(13.6–16.0)

13.0 
(12.0–14.1)

17.5 
(16.3–18.9)

Pairwise hazard ratios (95% CI)

Glargine — 0.73 
(0.65–0.82)

0.83 
(0.73–0.93)

0.61 
(0.54–0.69)

Glimepiride — — 1.13 
(1.01–1.27)

0.84 
(0.75–0.93)

Liraglutide — — — 0.74 
(0.66–0.83)

Hazard ratio in the treatment group as 
compared with all other treatments 
combined (95% CI)

0.72 
(0.65–0.79)

1.09 
(1.00–1.20)

0.92 
(0.84–1.01)

1.38 
(1.26–1.51)

Restricted mean survival time over 4 yr of 
follow-up (95% CI) — days

1188 
(1163–1212)

1115 
(1090–1141)

1154 
(1129–1179)

1030 
(1002–1058)

*  Shown are the numbers of participants with primary and secondary metabolic outcome events according to randomized treatment group 
(intention-to-treat) with overall rates and hazard ratios. Calculations for the tertiary outcome are provided in Table S5. CI denotes confi-
dence interval.

†  For the primary outcome, P values were obtained from closed testing of pairwise group differences corrected for six pairwise comparisons. 
Confidence limits corrected for six pairwise tests were obtained by inverting the closed-testing z-test value and then computing corrected 
95% confidence intervals. P<0.001 from a test of the log hazard ratios for treatment failure among the four treatment groups, with the use 
of a Cox proportional-hazards model, with treatment group as the only predictor variable.

‡  P≤0.05 for the specified comparison of two treatment groups.
§  P≤0.001 for the specified comparison of two treatment groups.
¶  P≤0.01 for the specified comparison of two treatment groups.
∥  For the secondary outcome, confidence intervals obtained from the Cox proportional-hazards model are not corrected for multiple compari-

sons among groups.
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min to maintain target glycated hemoglobin levels in persons with type 2 diabetes 
is uncertain.

METHODS
In this trial involving participants with type 2 diabetes of less than 10 years’ duration 
who were receiving metformin and had glycated hemoglobin levels of 6.8 to 8.5%, 
we compared the effectiveness of four commonly used glucose-lowering medica-
tions. We randomly assigned participants to receive insulin glargine U-100 (here-
after, glargine), the sulfonylurea glimepiride, the glucagon-like peptide-1 receptor 
agonist liraglutide, or sitagliptin, a dipeptidyl peptidase 4 inhibitor. The primary 
metabolic outcome was a glycated hemoglobin level, measured quarterly, of 7.0% or 
higher that was subsequently confirmed, and the secondary metabolic outcome was 
a confirmed glycated hemoglobin level greater than 7.5%.

RESULTS
A total of 5047 participants (19.8% Black and 18.6% Hispanic or Latinx) who had 
received metformin for type 2 diabetes were followed for a mean of 5.0 years. The 
cumulative incidence of a glycated hemoglobin level of 7.0% or higher (the primary 
metabolic outcome) differed significantly among the four groups (P<0.001 for a 
global test of differences across groups); the rates with glargine (26.5 per 100 par-
ticipant-years) and liraglutide (26.1) were similar and lower than those with 
glimepiride (30.4) and sitagliptin (38.1). The differences among the groups with 
respect to a glycated hemoglobin level greater than 7.5% (the secondary outcome) 
paralleled those of the primary outcome. There were no material differences with 
respect to the primary outcome across prespecified subgroups defined according 
to sex, age, or race or ethnic group; however, among participants with higher 
baseline glycated hemoglobin levels there appeared to be an even greater benefit 
with glargine, liraglutide, and glimepiride than with sitagliptin. Severe hypoglyce-
mia was rare but significantly more frequent with glimepiride (in 2.2% of the par-
ticipants) than with glargine (1.3%), liraglutide (1.0%), or sitagliptin (0.7%). Partici-
pants who received liraglutide reported more frequent gastrointestinal side effects 
and lost more weight than those in the other treatment groups.

CONCLUSIONS
All four medications, when added to metformin, decreased glycated hemoglobin 
levels. However, glargine and liraglutide were significantly, albeit modestly, more 
effective in achieving and maintaining target glycated hemoglobin levels. (Funded 
by the National Institute of Diabetes and Digestive and Kidney Diseases and others; 
GRADE ClinicalTrials.gov number, NCT01794143.)
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(95% CI, 19 to 42) to 46% (95% CI, 36 to 55). In 
participants with higher baseline glycated hemo-
globin levels, sitagliptin was progressively less 
effective than the other three medications in 
maintaining or achieving a glycated hemoglobin 
level of less than 7.0%. In each glycated hemo-
globin stratum, the risk of treatment failure with 
sitagliptin increased at a rate that was faster than 
that in the other groups as the glycated hemo-

globin level increased. There was no suggestion 
of heterogeneity among the subgroups with re-
spect to the secondary outcome.

 Sensitivity Analyses
Results based on trial data from before the 
Covid-19 pandemic period (i.e., before March 15, 
2020) showed that Covid-19 had no effect on the 
trial results as compared with the entire trial 

Figure 1. Kaplan–Meier Analysis of Outcome Events and Mean Glycated Hemoglobin Levels.

Shown are the cumulative incidences of a glycated hemoglobin level of 7.0% or higher (the primary metabolic outcome) (Panel A), a gly-
cated hemoglobin level of greater than 7.5% (the secondary metabolic outcome) (Panel B), and a confirmed glycated hemoglobin level 
greater than 7.5% after the secondary outcome (the tertiary metabolic outcome) (Panel C), as well as the mean glycated hemoglobin levels 
(Panel D). In Panels A through C, the shaded bars along the x axis indicate the number of participants with data available for the analy-
ses over time (i.e., the number of participants in whom a specified outcome event had not developed by that time). The vertical dashed 
lines indicate the results at 4 years, when 85.8% of the participants were undergoing follow-up. To convert values for glycated hemoglo-
bin to millimoles per mole, multiply by 10.93 and then subtract 23.5.
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BACKGROUND
The comparative effectiveness of glucose-lowering medications for use with metfor-
min to maintain target glycated hemoglobin levels in persons with type 2 diabetes 
is uncertain.

METHODS
In this trial involving participants with type 2 diabetes of less than 10 years’ duration 
who were receiving metformin and had glycated hemoglobin levels of 6.8 to 8.5%, 
we compared the effectiveness of four commonly used glucose-lowering medica-
tions. We randomly assigned participants to receive insulin glargine U-100 (here-
after, glargine), the sulfonylurea glimepiride, the glucagon-like peptide-1 receptor 
agonist liraglutide, or sitagliptin, a dipeptidyl peptidase 4 inhibitor. The primary 
metabolic outcome was a glycated hemoglobin level, measured quarterly, of 7.0% or 
higher that was subsequently confirmed, and the secondary metabolic outcome was 
a confirmed glycated hemoglobin level greater than 7.5%.

RESULTS
A total of 5047 participants (19.8% Black and 18.6% Hispanic or Latinx) who had 
received metformin for type 2 diabetes were followed for a mean of 5.0 years. The 
cumulative incidence of a glycated hemoglobin level of 7.0% or higher (the primary 
metabolic outcome) differed significantly among the four groups (P<0.001 for a 
global test of differences across groups); the rates with glargine (26.5 per 100 par-
ticipant-years) and liraglutide (26.1) were similar and lower than those with 
glimepiride (30.4) and sitagliptin (38.1). The differences among the groups with 
respect to a glycated hemoglobin level greater than 7.5% (the secondary outcome) 
paralleled those of the primary outcome. There were no material differences with 
respect to the primary outcome across prespecified subgroups defined according 
to sex, age, or race or ethnic group; however, among participants with higher 
baseline glycated hemoglobin levels there appeared to be an even greater benefit 
with glargine, liraglutide, and glimepiride than with sitagliptin. Severe hypoglyce-
mia was rare but significantly more frequent with glimepiride (in 2.2% of the par-
ticipants) than with glargine (1.3%), liraglutide (1.0%), or sitagliptin (0.7%). Partici-
pants who received liraglutide reported more frequent gastrointestinal side effects 
and lost more weight than those in the other treatment groups.

CONCLUSIONS
All four medications, when added to metformin, decreased glycated hemoglobin 
levels. However, glargine and liraglutide were significantly, albeit modestly, more 
effective in achieving and maintaining target glycated hemoglobin levels. (Funded 
by the National Institute of Diabetes and Digestive and Kidney Diseases and others; 
GRADE ClinicalTrials.gov number, NCT01794143.)
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(95% CI, 19 to 42) to 46% (95% CI, 36 to 55). In 
participants with higher baseline glycated hemo-
globin levels, sitagliptin was progressively less 
effective than the other three medications in 
maintaining or achieving a glycated hemoglobin 
level of less than 7.0%. In each glycated hemo-
globin stratum, the risk of treatment failure with 
sitagliptin increased at a rate that was faster than 
that in the other groups as the glycated hemo-

globin level increased. There was no suggestion 
of heterogeneity among the subgroups with re-
spect to the secondary outcome.

 Sensitivity Analyses
Results based on trial data from before the 
Covid-19 pandemic period (i.e., before March 15, 
2020) showed that Covid-19 had no effect on the 
trial results as compared with the entire trial 

Figure 1. Kaplan–Meier Analysis of Outcome Events and Mean Glycated Hemoglobin Levels.

Shown are the cumulative incidences of a glycated hemoglobin level of 7.0% or higher (the primary metabolic outcome) (Panel A), a gly-
cated hemoglobin level of greater than 7.5% (the secondary metabolic outcome) (Panel B), and a confirmed glycated hemoglobin level 
greater than 7.5% after the secondary outcome (the tertiary metabolic outcome) (Panel C), as well as the mean glycated hemoglobin levels 
(Panel D). In Panels A through C, the shaded bars along the x axis indicate the number of participants with data available for the analy-
ses over time (i.e., the number of participants in whom a specified outcome event had not developed by that time). The vertical dashed 
lines indicate the results at 4 years, when 85.8% of the participants were undergoing follow-up. To convert values for glycated hemoglo-
bin to millimoles per mole, multiply by 10.93 and then subtract 23.5.
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SUMMARY

Background and objectives: Many patients with type 2 diabetes mellitus

(T2DM) do not achieve glycaemic control targets on basal insulin regimens. This

analysis investigated characteristics, clinical outcomes and impact of concomitant

oral antidiabetes drugs (OADs) in patients with T2DM treated with high-dose insu-

lin glargine. Methods: Patient-level data were pooled from 15 randomised, treat-

to-target trials in patients with T2DM treated with insulin glargine ! OADs for

≥ 24 weeks. Data were stratified according to whether patients exceeded three

insulin dose cut-off levels (> 0.5, > 0.7 and > 1.0 IU/kg). End-points included gly-

cated haemoglobin A1c (A1C), fasting plasma glucose, body weight, and overall,

nocturnal and severe hypoglycaemia. Results: Data from 2837 insulin-na€ıve

patients were analysed. Patients with insulin titrated beyond the three doses inves-

tigated had significantly higher baseline A1C levels and were younger, with shorter

diabetes duration than those at/below cut-offs (p < 0.05 for all cut-offs); they also

had greater weight gain (p < 0.001 for the > 0.5 and > 0.7 IU/kg cut-offs) than

those who did not exceed the cut-offs, regardless of concomitant OAD. Patients

on concomitant metformin alone had higher insulin doses at Week 24, but

achieved greater reductions in A1C, less weight gain and lower hypoglycaemia

rates than patients on a concomitant sulfonylurea or metformin plus a sulfony-

lurea, regardless of whether cut-offs were exceeded. Conclusion: In patients with

T2DM, increasing basal insulin doses above 0.5 IU/kg may not improve glycaemic

control; treatment strategies targeting postprandial glucose control should be con-

sidered for such patients.

What’s known
A large proportion of patients with type 2 diabetes

mellitus do not achieve the glycated haemoglobin

A1c (A1C) goals of < 7.0% recommended in current

guidelines. This may be attributed to clinical inertia in

initiating insulin earlier and the failure to intensify

diabetes treatment appropriately when the A1C goal

of < 7.0% is not achieved.

What’s new
This analysis highlights that continued upward

titration of basal insulin glargine to doses > 0.5,

> 0.7 and even > 1.0 IU/kg does not appear to

result in further improvements in glycaemic control

but, for those patients needing higher doses, is

associated with increased weight gain and also an

increased risk of hypoglycaemia once the dose cut-off

is exceeded. Intensification of treatment to control

residual postprandial hyperglycaemia should be

considered for patients whose diabetes is

inadequately controlled with high-dose insulin

glargine plus oral antidiabetes drugs.

Introduction

The joint position statement of the American Dia-
betes Association (ADA) and the European Associa-
tion for the Study of Diabetes (EASD) notes that,
because of disease progression, many patients with
type 2 diabetes mellitus (T2DM) ultimately require
insulin therapy, either alone or in combination with
other oral antidiabetes drugs (OADs), to maintain
glycaemic control (1). Guidance from the ADA/
EASD and also the American Association of Clinical
Endocrinologists suggests that insulin should be initi-
ated as a single daily injection of basal insulin at a
dose of 0.1–0.2 IU/kg of body weight although
higher doses (e.g. 0.2–0.4 IU/kg) are appropriate for
patients who are severely hyperglycaemic (1,2). The
ADA/EASD position statement also alerts practition-
ers to consider the need for additional mealtime
insulin or consider a glucagon-like peptide 1

(GLP-1) receptor agonist trial to reduce postprandial
hyperglycaemia once the daily insulin dose exceeds
0.5 IU/kg and particularly as it approaches 1.0 IU/kg
(1).

Recent cross-sectional data from the National
Health and Nutrition Examination Surveys
(NHANES) suggest that the proportion of patients
who achieve a glycated haemoglobin A1c (A1C) goal
of < 7.0% has increased over the last decade, though
only 52.5% of the NHANES participants in the
2007–2010 survey period met the A1C target of
< 7.0% (3). This may be attributed to clinical inertia,
defined as failure to intensify diabetes treatment
appropriately when the A1C goal of < 7.0% is not
achieved – which affects about one-third of patients
with T2DM, including 26.1% of patients on insulin
monotherapy and 21.4% of patients receiving insulin
plus OADs (4). Clinical inertia is often a conse-
quence of the discrepancy between evidence-based
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caemia event rates decreased as the dose cut-off level
increased (Table 3, Figure 4).

Discussion

This analysis of pooled patient-level data from 2837
patients with T2DM suggests that, in certain patients,
a low overall risk of hypoglycaemia permits contin-
ued titration of insulin glargine to doses exceeding
0.5 IU/kg. However, in the overall patient popula-
tion, increasing the insulin dose beyond the dose
cut-offs investigated in this analysis (> 0.5, > 0.7 and
> 1.0 IU/kg) did not further improve glycaemic con-
trol in terms of A1C target achievement or mean
FPG levels, and resulted in greater weight gain com-
pared with patients titrated to insulin doses below
the specified cut-off levels. Though overall and noc-
turnal hypoglycaemia event rates were consistently
lower in patients exceeding dose cut-offs compared
with those at or below dose cut-offs (perhaps per-
mitting titration to higher doses), once a patient had
exceeded the dose cut-off, there was a higher likeli-
hood of hypoglycaemia.

The findings of this analysis also show that the
concomitant OAD regimen with which insulin glar-
gine is taken impacts efficacy, weight gain, hypogly-
caemia rate and insulin glargine dose in patients

with T2DM. This is supported by the results of a
previous analysis based on the same clinical dataset
(22) that previously reported that insulin in combi-
nation with a sulfonylurea is associated with fewer
patients achieving target A1C levels, greater weight
gain, and a greater risk of overall, daytime and noc-
turnal hypoglycaemia. Conversely, insulin glargine
plus metformin alone was associated with improved
clinical outcomes, despite higher insulin doses at the
end of trial (22). Our analysis confirms and extends
these findings, showing that greater reductions in
A1C, less weight gain and lower hypoglycaemia rates
were associated with concomitant use of metformin
alone, despite a higher insulin dose at end-point and
regardless of whether patients remained at or below
or exceeded the dose cut-offs defined in this analysis.

Interestingly, we also identified that, in patients
exceeding dose cut-offs, starting doses of insulin were
higher in patients receiving concomitant sulfonylurea
only compared with patients on concomitant met-
formin or metformin plus sulfonylurea. This could
indicate that these patients were more insulin resis-
tant at baseline and required more insulin during the
course of observation, hence their subsequent titra-
tion of insulin dose beyond the cut-off levels, which
resulted in greater weight gain and increased hypo-
glycaemia rates.
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Figure 3 Adjusted mean weight change from baseline to Week 24 in (A) overall population, (B) patients with concomitant

metformin use, (C) patients with concomitant sulfonylurea use and (D) patients with concomitant metformin plus

sulfonylurea use
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peptidase 4 inhibitors (35); and sodium glucose co-
transporter type 2 inhibitors (36,37). However, to
identify and optimally address postprandial hypergly-
caemia, it is important to consider the need to exam-
ine pre- and postprandial self-monitored blood
glucose (SMBG) profiles as well as mean FPG and
A1C levels, and to work with patients to review
SMBG patterns from their log books and glucose
metre downloads. Using this approach in combina-
tion with prandial treatment intensification, an indi-
vidualised treatment strategy can be developed to
best suit the patient’s lifestyle and mealtimes, as rec-
ommended by current management guidelines (1).

Our analysis has several limitations. First, it is
limited by an unavoidable disparity in the number
of patients who exceeded the 0.7 and 1.0 IU/kg
dose cut-off levels compared with the number who
did not exceed those cut-offs. This may have
impacted the outcomes observed in the analysis,
although a consistent trend was observed pre- and
postcut-off, irrespective of cut-off level. Only three
dose cut-off levels were investigated which makes it
difficult to differentiate cause and effect. In addi-
tion, the sample sizes of some of the concomitant
OAD subgroups investigated in this analysis were
small, limiting the strength of the conclusions that
can be drawn on the impact of the concomitant
OAD regimen. Finally, it must be noted that the

results presented here are representative only of
clinical outcomes with insulin glargine, and caution
must be applied when extrapolating these data to
other basal insulin therapies.

In conclusion, continued upwards titration of
basal insulin glargine to doses > 0.5, > 0.7 and even
> 1.0 IU/kg does not appear to result in further
improvements in glycaemic control but leads to
increased weight gain and is associated with an
increased risk of hypoglycaemia. Intensification of
insulin glargine treatment to control residual post-
prandial hyperglycaemia, such as a prandial insulin
or a GLP-1 receptor agonist, should be considered
for such patients whose diabetes is inadequately con-
trolled with high-dose insulin glargine plus OADs.
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Insulin glargine versus sitagliptin in insulin-naive patients 
with type 2 diabetes mellitus uncontrolled on metformin 
(EASIE): a multicentre, randomised open-label trial
Pablo Aschner*, Juliana Chan*, David R Owens, Sylvie Picard, Edward Wang, Marie-Paule Dain, Valérie Pilorget, Akram Echtay, Vivian Fonseca, on 
behalf of the EASIE investigators

Summary
Background In people with type 2 diabetes, a dipeptidyl peptidase-4 (DPP-4) inhibitor is one choice as second-line 
treatment after metformin, with basal insulin recommended as an alternative. We aimed to compare the effi  cacy, 
tolerability, and safety of insulin glargine and sitagliptin, a DPP-4 inhibitor, in patients whose disease was uncontrolled 
with metformin.

Methods In this comparative, parallel, randomised, open-label trial, metformin-treated people aged 35–70 years with 
glycated haemoglobin A1c (HbA1c) of 7–11%, diagnosis of type 2 diabetes for at least 6 months, and body-mass index 
of 25–45 kg/m² were recruited from 17 countries. Participants were randomly assigned (1:1) to 24-week treatment 
with insulin glargine (titrated from an initial subcutaneous dose of 0·2 units per kg bodyweight to attain fasting 
plasma glucose of 4·0–5·5 mmol/L) or sitagliptin (oral dose of 100 mg daily). Randomisation (via a central interactive 
voice response system) was by random sequence generation and was stratifi ed by centre. Patients and investigators 
were not masked to treatment assignment. The primary outcome was change in HbA1c from baseline to study end. 
Effi  cacy analysis included all randomly assigned participants who had received at least one dose of study drug and 
had at least one on-treatment assessment of any primary or secondary effi  cacy variable. This trial is registered at 
ClinicalTrials.gov, NCT00751114.

Findings 732 people were screened and 515 were randomly assigned to insulin glargine (n=250) or sitagliptin (n=265). 
At study end, adjusted mean reduction in HbA1c was greater for patients on insulin glargine (n=227; –1·72%, SE 0·06) 
than for those on sitagliptin (n=253; –1·13%, SE 0·06) with a mean diff erence of –0·59% (95% CI –0·77 to –0·42, 
p<0·0001). The estimated rate of all symptomatic hypoglycaemic episodes was greater with insulin glargine than with 
sitagliptin (4·21 [SE 0·54] vs 0·50 [SE 0·09] events per patient-year; p<0·0001). Severe hypoglycaemia occurred in 
only three (1%) patients on insulin glargine and one (<1%) on sitagliptin. 15 (6%) of patients on insulin glargine 
versus eight (3%) on sitagliptin had at least one serious treatment-emergent adverse event.

Interpretation Our results support the option of addition of basal insulin in patients with type 2 diabetes inadequately 
controlled by metformin. Long-term benefi ts might be expected from the achievement of optimum glycaemic control 
early in the course of the disease.

Funding Sanofi .

Introduction
In type 2 diabetes, large-scale randomised clinical trials 
have shown that early achievement of glycaemic control 
with glycated haemoglobin A1c (HbA1c) less than 7% 
resulted in long-term benefi ts in reduction of micro-
vascular complications and might reduce macrovascular 
problems.1–3 With the exception of patients with sub-
stantial renal impairment or gastrointestinal intol-
erance, metformin is the mainstay of treatment in 
type 2 diabetes. However, most people eventually need 
add itional treatment to achieve their glycaemic goal.4–6 
In view of the low associated risk of hypoglycaemia 
and neutral eff ect on bodyweight, dipeptidyl 
peptidase-4 (DPP-4) inhibitors are increasingly added to 
metformin as an alternative second agent to 
sulphonylureas.7,8 Alternatively, randomised clinical 
trials9,10 and meta-analysis11 have suggested that the 

early addition of basal insulin to metformin treatment 
can lower HbA1c eff ectively with good tolerability. To 
date, no studies have compared the use of DPP-4 
inhibitors versus basal insulin in people with type 2 
diabetes who have not responded to metformin 
monotherapy. In the EASIE (Evaluation of insulin 
glargine versus Sitagliptin in Insulin-naive patients) 
trial, we aimed to compare the effi  cacy, safety, and 
tolerability of basal insulin (insulin glargine) versus a 
DPP-4 inhibitor (sitagliptin) in such a population 
during a 24-week period.

Methods
Study design
EASIE was a multicentre, 6-month, comparative, two-
arm, parallel, randomised, open-label trial undertaken 
in 17 countries (appendix p 1) from Nov 12, 2008, to See Online for appendix
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For the primary endpoint, we undertook ANCOVA with 
the change from baseline in HbA1c as the dependent 
variable, treatment group as fi xed eff ect, and baseline 
HbA1c value as covariate. The corresponding 95% CIs 
were calculated for the adjusted diff erence (insulin 
glargine–sitagliptin) in means. On the assumption of a 
diff erence in the HbA1c change of 0·4% in favour of 
insulin glargine, a SD of 1·3%, a two-tailed α risk of 5%, 
446 evaluable people were needed (223 per group) to 
ensure a statistical power of 90%. ANCOVA was used to 
describe the change from baseline in HbA1c, fasting 
plasma glucose, and seven-point plasma glucose profi le. 
For categorical variables, Pearson χ² or Fisher’s exact test 
were used. The rate of hypoglycaemia per patient-year was 
analysed with a generalised linear model based on a 
Poisson, negative binomial, zero-infl ated Poisson, or zero-
infl ated negative binomial distribution. The best model 
was fi tted according to likelihood ratio test and Vuong test.

This trial is registered at ClinicalTrials.gov, NCT00751114.

Role of the funding source
The funding source participated in initial discussions 
about trial design, participated in the respective study 
steering committees, and undertook the data analysis 
and preparation of study reports. Company repre-
sentatives are named as authors and contributed to 
development of the report as described in the authors’ 
contributions. The authors had access to all data and 
participated in the analysis and interpretation of data. 
The authors vouch for the completeness and veracity of 
the data and analyses. PA, JC, DRO, EW, M-PD, VP, and 
VF served on the steering committee and had full access 
to the data. All authors jointly made the decision to 
submit for publication.

Results
732 people were initially screened and 515 were ran domly 
assigned to insulin glargine (n=250) or sitagliptin (n=265; 
fi gure 2). Most of the 217 people excluded after screening 
did not meet inclusion criteria; the most common cause 
was an HbA1c value out of range (n=146, 67%). 13 people 
randomly assigned to the insulin glargine group (mean 
HbA1c 8·4% [68 mmol/mol]) and one to the sitagliptin 
group (HbA1c 7·5% [58 mmol/mol]) were never treated, 
mostly because of withdrawal of consent, and ten (mean 
HbA1c 8·6% [70 mmol/mol]) and 11 (HbA1c 8·5% 
[69 mmol/mol]) people in the respective safety populations 
had no postbaseline assessment for any effi  cacy variables 
and were excluded from the effi  cacy analysis. The groups 
had similar baseline characteristics (table 1).

Figure 3: HbA1c (A), HbA1c less than 7% or 6·5% (B), self-monitored fasting 
plasma glucose (C) and seven-point self-monitored blood glucose profi les 
during a 24-h period (D) in a 24-week study comparing glargine versus 
sitagliptin in patients with type 2 diabetes who did not respond to 
metformin monotherapy
HbA1c=glycated haemoglobin A1c. SMFPG=self-monitored fasting plasma 
glucose. *p<0·0001. †p=0·0012. ‡p=0·0008 versus sitagliptin (endpoint).
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Figure 9.3—Use of glucose-lowering medications in the management of type 2 diabetes. The left side of the algorithm prioritizes mitigation of dia-
betes-related complications and end-organ effects, while the right side addresses weight and glucose management goals. ACEi, angiotensin-
converting enzyme inhibitor; ACR, albumin-to-creatinine ratio; ARB, angiotensin receptor blocker; ASCVD, atherosclerotic cardiovascular disease;
CGM, continuous glucose monitoring; CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease; CVOT, cardiovascular out-
comes trial; DPP-4i, dipeptidyl peptidase 4 inhibitor; DSMES, diabetes self-management education and support; eGFR, estimated glomerular filtra-
tion rate; GLP-1 RA, glucagon-like peptide 1 receptor agonist; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart
failure with reduced ejection fraction; HHF, hospitalization for heart failure; MACE, major adverse cardiovascular events; MASH, metabolic dys-
function–associated steatohepatitis; MASLD, metabolic dysfunction–associated steatotic liver disease; MI, myocardial infarction; SDOH, social de-
terminants of health; SGLT2i, sodium–glucose cotransporter 2 inhibitor; T2D, type 2 diabetes. Adapted from Davies et al. (89).

S190 Pharmacologic Approaches to Glycemic Treatment Diabetes Care Volume 48, Supplement 1, January 2025

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/48/Supplem

ent_1/S181/791515/dc25s009.pdf by guest on 09 D
ecem

ber 2024

Diabetes Care Volume 48, Supplement 1, January 2025 



Figure 9.3—Use of glucose-lowering medications in the management of type 2 diabetes. The left side of the algorithm prioritizes mitigation of dia-
betes-related complications and end-organ effects, while the right side addresses weight and glucose management goals. ACEi, angiotensin-
converting enzyme inhibitor; ACR, albumin-to-creatinine ratio; ARB, angiotensin receptor blocker; ASCVD, atherosclerotic cardiovascular disease;
CGM, continuous glucose monitoring; CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease; CVOT, cardiovascular out-
comes trial; DPP-4i, dipeptidyl peptidase 4 inhibitor; DSMES, diabetes self-management education and support; eGFR, estimated glomerular filtra-
tion rate; GLP-1 RA, glucagon-like peptide 1 receptor agonist; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart
failure with reduced ejection fraction; HHF, hospitalization for heart failure; MACE, major adverse cardiovascular events; MASH, metabolic dys-
function–associated steatohepatitis; MASLD, metabolic dysfunction–associated steatotic liver disease; MI, myocardial infarction; SDOH, social de-
terminants of health; SGLT2i, sodium–glucose cotransporter 2 inhibitor; T2D, type 2 diabetes. Adapted from Davies et al. (89).

S190 Pharmacologic Approaches to Glycemic Treatment Diabetes Care Volume 48, Supplement 1, January 2025

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/48/Supplem

ent_1/S181/791515/dc25s009.pdf by guest on 09 D
ecem

ber 2024

Diabetes Care Volume 48, Supplement 1, January 2025 



Cardiovascular and Renal Benefits of Novel Diabetes Drugs by
Baseline Cardiovascular Risk: A Systematic Review, Meta-analysis,
and Meta-regression

Jos!e M. Rodriguez-Valadez, Malak Tahsin, Kirsten E. Fleischmann, Umesh Masharani, Joseph Yeboah, Meyeon Park,
Lihua Li, Ellerie Weber, Yan Li, Asem Berkalieva, Wendy Max, M.G. Myriam Hunink, and Bart S. Ferket

Diabetes Care 2023;46(6):1300–1310 | https://doi.org/10.2337/dc22-0772

,

years

5-year Absolute risk reduction

Largest 5-year absolute risk reduction for heart failure

GLP-1RA, glucagon-like peptide-1 receptor agonists; MACE, major adverse cardiovascular event; NNT, number
needed to treat; tRCT, randomized controlled trial; SGLT2i, sodium–glucose cotransporter 2 inhibitors

ARTICLE HIGHLIGHTS

• Eligibility for glucagon-like peptide-1 receptor agonists (GLP-1RA) and sodium–glucose cotransporter 2 inhibitors
(SGLT2i) has been expanded to patients with diabetes at lower cardiovascular risk, but whether expected treat-
ment benefits differ by risk levels is not clear.

• We investigated whether relative and absolute cardiovascular and renal benefits from GLP-1RA and SGLT2i var-
ied by baseline cardiovascular mortality risk.

• Relative treatment effects of both drugs did not depend on baseline cardiovascular mortality risk. However,
5-year absolute risk differences were associated with baseline cardiovascular risk for heart failure for SGLT2i.

• Baseline risk assessment tools are needed to improve decision-making for GLP-1RA and SGLT2i.
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Age and Sex Differences in Efficacy of Treatments for Type 2 Diabetes
A Network Meta-Analysis
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IMPORTANCE Sodium-glucose cotransporter 2 (SGLT2) inhibitors, glucagon-like peptide-1
(GLP-1) receptor agonists, and dipeptidyl peptidase 4 (DPP4) inhibitors improve
hyperglycemia, and SGLT2 inhibitors and GLP-1 receptor agonists reduce the risk of major
adverse cardiovascular events (MACEs) among individuals with type 2 diabetes. It is not clear
whether efficacy varies by age or sex.

OBJECTIVE To assess whether age or sex are associated with differences in the efficacy of
SGLT2 inhibitors, GLP-1 receptor agonists, and DPP4 inhibitors.

DATA SOURCES AND STUDY SELECTION The MEDLINE and Embase databases and US and
Chinese clinical trial registries were searched for articles published from inception to
November 2022; in August 2024, the search was updated to capture the trial results. Two
reviewers screened for randomized clinical trials of SGLT2 inhibitors, GLP-1 receptor agonists,
or DPP4 inhibitors vs a placebo or active comparator in adults with type 2 diabetes.

DATA EXTRACTION AND SYNTHESIS Individual participant data and aggregate data were used
to estimate age × treatment interactions and sex × treatment interactions in multilevel
network meta-regression models.

MAIN OUTCOME AND MEASURES Hemoglobin A1c (HbA1c) and MACEs.

RESULTS Of the 601 eligible trials identified (592 trials with 309 503 participants reported
HbA1c; mean age, 58.9 [SD, 10.8] years; 42.3% were female and 23 trials with 168 489
participants reported MACEs; mean age, 64.0 [SD, 8.6] years; 35.3% were female), individual
participant data were obtained for 103 trials (103 reported HbA1c and 6 reported MACEs). The
use of SGLT2 inhibitors (vs placebo) was associated with less HbA1c lowering with increasing
age for monotherapy (absolute reduction [AR], 0.24% [95% credible interval {CrI}, 0.10% to
0.38%] per 30-year increment in age), for dual therapy (AR, 0.17% [95% CrI, 0.10% to
0.24%]), and for triple therapy (AR, 0.25% [95% CrI, 0.20% to 0.30%]). The use of GLP-1
receptor agonists was associated with greater HbA1c lowering with increasing age for
monotherapy (AR, −0.18% [95% CrI, −0.31% to −0.05%] per 30-year increment in age) and
for dual therapy (AR, −0.24% [95% CrI, −0.40% to −0.07%]), but not for triple therapy (AR,
0.04% [95% CrI, −0.02% to 0.11%]). The use of DPP4 inhibitors was associated with slightly
better HbA1c lowering in older people for dual therapy (AR, −0.09% [95% CrI, −0.15% to
−0.03%] per 30-year increment in age), but not for monotherapy (AR, −0.08% [95% CrI,
−0.18% to 0.01%]) or triple therapy (AR, −0.01% [95% CrI, −0.06% to 0.05%]). The relative
reduction in MACEs with use of SGLT2 inhibitors was greater in older vs younger participants
per 30-year increment in age (hazard ratio, 0.76 [95% CrI, 0.62 to 0.93]), and the relative
reduction in MACEs with use of GLP-1 receptor agonists was less in older vs younger
participants (hazard ratio, 1.47 [95% CrI, 1.07 to 2.02]). There was no consistent evidence for
sex × treatment interactions with use of SGLT2 inhibitors and GLP-1 receptor agonists.

CONCLUSIONS AND RELEVANCE The SGLT2 inhibitors and GLP-1 receptor agonists were
associated with lower risk of MACEs. Analysis of age × treatment interactions suggested that
SGLT2 inhibitors were more cardioprotective in older than in younger people despite smaller
reductions in HbA1c; GLP-1 receptor agonists were more cardioprotective in younger people.

JAMA. 2025;333(12):1062-1073. doi:10.1001/jama.2024.27402
Published online February 3, 2025.
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−0.05%] per 30-yer increment in age) and for dual therapy (ab-
solute reduction, −0.24% [95% CrI, −0.40% to −0.07%]), but
not for triple therapy (absolute reduction, 0.04% [95% CrI,

−0.02% to 0.11%]). The use of DPP4 inhibitors was associated
with slightly better hemoglobin A1c lowering among older
people for dual therapy (absolute reduction, −0.09% [95% CrI,

Figure 2. Age × Treatment and Sex × Treatment Interactions for Hemoglobin A1c and Major Adverse Cardiovascular Events
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The horizontal lines show the 95% credible interval. Age was modeled as a
continuous variable and divided by 30 (so that the coefficient reflects the
difference in efficacy over a 30-year age difference). Estimates to the left of the
line of no effect (dotted vertical line) indicate that the treatment is more
efficacious in those with an older age or male sex. Estimates to the right of this

line indicate the inverse. The size of the data markers reflects the proportion of
participants in the analysis who had been allocated to a drug in that class. For
dual therapy and triple therapy, participants were required or permitted to also
take additional antidiabetic medications. The fixed and random effects refer to
the main treatment effects (eg, 300 mg of canagliflozin).
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increase and only a minority of people
with type 2 diabetes achieve recom-
mended risk factor goals and are treated
with guideline-recommended therapy
(7–9). Therefore, continued focus on deliv-
ering high-quality comprehensive cardio-
vascular care and on addressing barriers to
risk factormanagement are required to im-
plement the treatment recommendations
(1,10) outlined in this section.

Diabetes is also an important risk fac-
tor for incident heart failure, which is at
least twofold more prevalent in people
with diabetes compared with those with-
out diabetes and is a major cause of mor-
bidity and mortality (11). People with
diabetes may present with a wide spec-
trum of heart failure, including heart fail-
ure with preserved ejection fraction
(HFpEF), heart failure with mildly reduced
ejection fraction (HFmEF), or heart failure
with reduced ejection fraction (HFrEF)
(12). Comorbid conditions including excess
body weight and hypertension often pre-
cede the development of HFpEF and have
been implicated in the pathophysiology of
HFpEF (13). Coronary artery disease and

prior MI are major risk factors and a cause
of myocardial injury in ischemic heart dis-
ease leading to HFrEF. In addition, people
with diabetes are at risk for developing
structural heart disease and HFrEF in
the absence of obstructive coronary ar-
tery disease (14). The pathophysiology
of heart failure in people with diabetes
and further details of screening, diagno-
sis, and treatment of people with heart
failure and diabetes are also outlined
in a previous consensus statement by
the American Diabetes Association (ADA)
(15).

There is an increasing appreciation of
the common pathophysiology and interre-
lationship of cardiometabolic risk factors
leading to both adverse cardiovascular
and adverse kidney outcomes in people
with diabetes, including ASCVD, heart fail-
ure, and chronic kidney disease (CKD)
(16). These three comorbidities are fre-
quently caused by metabolic risk, which is
frequently driven by obesity and its associ-
ated risk factors, and the incidence of all
three conditions rises with increasing A1C
levels (17). Collectively, this combination

of comorbidities has been termed cardiore-
nal metabolic disease or cardiovascular-
kidney-metabolic health (18,19). Reasons
to concurrently consider cardiovascular
and kidney comorbidities in the manage-
ment of people with diabetes include
not only the common metabolic risk but
also the major benefit observed across
the spectrum of cardiovascular disease,
heart failure, and renal outcomes in peo-
ple with type 2 diabetes treated with
sodium–glucose cotransporter 2 (SGLT2) in-
hibitors or glucagon-like peptide 1 receptor
agonists (GLP-1 RAs). Therefore, in addi-
tion to the management of hyperglyce-
mia, hypertension, and hyperlipidemia,
treatment with SGLT2 inhibitors and/or
GLP-1 RAs that have demonstrated benefit
is considered a fundamental element of
risk reduction and the pharmacological
strategy to improve cardiovascular and
kidney outcomes in people with type 2 di-
abetes (Fig. 10.1). In addition to the
standards of care for the prevention and
treatment of cardiovascular disease out-
lined below, the reader is referred to
Section 9, “Pharmacologic Approaches to

LIFESTYLE MODIFICATION 
AND DIABETES EDUCATION
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Figure 10.1—Multifactorial approach to reduction in risk of diabetes complications.
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intervention arm (50–54). Importantly,
these landmark studies were conducted
prior to the approval of glucagon-like
peptide 1 receptor agonists (GLP-1 RAs)
and sodium–glucose cotransporter 2
(SGLT2) inhibitors, and intensive glycemic
management was achieved predominantly
through greater use of insulin. Findings
from these studies, including the concern-
ing increase in mortality in the intensive
treatment arm of ACCORD, suggest cau-
tion is needed in treating diabetes to

near-normal A1C goals in people with
long-standing type 2 diabetes using medi-
cations with a high risk for hypoglycemia.

Glucose Lowering and
Cardiovascular Disease Outcomes
Cardiovascular disease (CVD) is a more
common cause of death thanmicrovascular
complications in populations with diabetes.
The modern multifaceted management of
diabetes, with a focus on the treatment of
hypertension and the use of statins, has

reduced the prevalence of atherosclerotic
CVD to around double compared with that
of people without diabetes (55).

The DCCT in individuals with type 1 dia-
betes and the UKPDS, ACCORD, ADVANCE,
and VADT studies in type 2 diabetes all at-
tempted to address whether intensive gly-
cemic management reduced CVD events
(41,50,51,53). ACCORD, ADVANCE, and
VADT were conducted in relatively older
participants with a longer duration of dia-
betes (mean duration 8–11 years) and ei-
ther CVD or multiple cardiovascular risk
factors. Details of these studies are re-
viewed extensively in the joint ADA po-
sition statement “Intensive Glycemic
Control and the Prevention of Cardio-
vascular Events: Implications of the
ACCORD, ADVANCE, and VA Diabetes
Trials” (56).

No significant reduction in composite
CVD events was demonstrated at the end
of the intervention in any of these stud-
ies, and ACCORD was stopped prema-
turely at 3.5 years because of an increase
in total mortality, particularly sudden CVD
deaths. Serious concerns with the inten-
sive glycemic treatment plan used in

 or

Figure 6.2—Individualized A1C goals for nonpregnant adults. Select the glycemic goal based on individual health and function as described at the
top of the figure. Consider modifying to a more or less stringent goal according to the factors listed in the table. Older adults are classified as
healthy (few coexisting chronic illnesses, intact cognitive and functional status), as having complex/intermediate health (multiple coexisting chronic
illnesses, two or more instrumental impairments to activities of daily living, or mild to moderate cognitive impairment), or as having very complex/
poor health (long-term care or end-stage chronic illnesses, moderate to severe cognitive impairment, or two or more impairments to activities of
daily living). Select glycemic goals that avoid symptomatic hypoglycemia and hyperglycemia in all individuals. Consider individuals’ resources and
support systems to safely achieve glycemic goals. Incorporate the preferences and goals of people with diabetes through shared decision-making.

Table 6.3—Summary of glycemic goals for many nonpregnant adults with
diabetes

A1C <7.0% (<53 mmol/mol)*†

Preprandial capillary plasma glucose 80–130 mg/dL* (4.4–7.2 mmol/L)

Peak postprandial capillary plasma glucose‡ <180 mg/dL* (<10.0 mmol/L)

*More or less stringent glycemic goals may be appropriate for certain individuals. †CGM may
be used to assess glycemic status as noted in Recommendations 6.3b and 6.3c and Fig. 6.1.
Goals should be individualized based on duration of diabetes, age and life expectancy,
comorbid conditions, known cardiovascular disease or advanced microvascular complica-
tions, impaired awareness of hypoglycemia, and individual considerations (per Fig. 6.2).
‡Postprandial glucose may warrant special attention if A1C goals are not met despite
reaching preprandial glucose goals. Postprandial glucose measurements should be made
1–2 h after the beginning of the meal, which is generally the timing for peak levels in
people with diabetes.
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BACKGROUND
Patients with diabetes are at higher risk for death and cardiovascular outcomes than 
the general population. We investigated whether the excess risk of death and cardio-
vascular events among patients with type 2 diabetes could be reduced or eliminated.

METHODS
In a cohort study, we included 271,174 patients with type 2 diabetes who were reg-
istered in the Swedish National Diabetes Register and matched them with 1,355,870 
controls on the basis of age, sex, and county. We assessed patients with diabetes 
according to age categories and according to the presence of five risk factors (ele-
vated glycated hemoglobin level, elevated low-density lipoprotein cholesterol level, 
albuminuria, smoking, and elevated blood pressure). Cox regression was used to 
study the excess risk of outcomes (death, acute myocardial infarction, stroke, and 
hospitalization for heart failure) associated with smoking and the number of vari-
ables outside target ranges. We also examined the relationship between various 
risk factors and cardiovascular outcomes.

RESULTS
The median follow-up among all the study participants was 5.7 years, during which 
175,345 deaths occurred. Among patients with type 2 diabetes, the excess risk of 
outcomes decreased stepwise for each risk-factor variable within the target range. 
Among patients with diabetes who had all five variables within target ranges, the 
hazard ratio for death from any cause, as compared with controls, was 1.06 (95% 
confidence interval [CI], 1.00 to 1.12), the hazard ratio for acute myocardial in-
farction was 0.84 (95% CI, 0.75 to 0.93), and the hazard ratio for stroke was 0.95 
(95% CI, 0.84 to 1.07). The risk of hospitalization for heart failure was consistently 
higher among patients with diabetes than among controls (hazard ratio, 1.45; 95% CI, 
1.34 to 1.57). In patients with type 2 diabetes, a glycated hemoglobin level outside 
the target range was the strongest predictor of stroke and acute myocardial infarction; 
smoking was the strongest predictor of death.

CONCLUSIONS
Patients with type 2 diabetes who had five risk-factor variables within the target 
ranges appeared to have little or no excess risk of death, myocardial infarction, or 
stroke, as compared with the general population. (Funded by the Swedish Associa-
tion of Local Authorities and Regions and others.)
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The Legacy Effect in Type 2
Diabetes: Impact ofEarlyGlycemic
Control on Future Complications
(the Diabetes & Aging Study)
https://doi.org/10.2337/dc17-1144

OBJECTIVE

To examine for a legacy effect of early glycemic control on diabetic complications
and death.

RESEARCH DESIGN AND METHODS

This cohort study of managed care patients with newly diagnosed type 2 diabetes
and 10 years of survival (1997–2013, average follow-up 13.0 years, N = 34,737)
examined associations between HbA1c <6.5% (<48 mmol/mol), 6.5% to <7.0%
(48 to <53 mmol/mol), 7.0% to <8.0% (53 to <64 mmol/mol), 8.0% to <9.0%
(64 to <75 mmol/mol), or ‡9.0% (‡75 mmol/mol) for various periods of early
exposure (0–1, 0–2, 0–3, 0–4, 0–5, 0–6, and 0–7 years) and incident future
microvascular (end-stage renal disease, advanced eye disease, amputation) and
macrovascular (stroke, heart disease/failure, vascular disease) events and death,
adjusting for demographics, risk factors, comorbidities, and later HbA1c.

RESULTS

Compared with HbA1c <6.5% (<48 mmol/mol) for the 0–1-year early exposure
period, HbA1c levels ‡6.5% (‡48 mmol/mol) were associated with increased
microvascular and macrovascular events (e.g., HbA1c 6.5% to <7.0% [48 to
<53 mmol/mol] microvascular: hazard ratio 1.204 [95% CI 1.063–1.365]), and
HbA1c levels ‡7.0% (‡53 mmol/mol) were associated with increased mortality
(e.g., HbA1c 7.0% to <8.0% [53 to <64 mmol/mol]: 1.290 [1.104–1.507]). Longer
periods of exposure to HbA1c levels ‡8.0% (‡64 mmol/mol) were associated with
increasing microvascular event and mortality risk.

CONCLUSIONS

Among patients with newly diagnosed diabetes and 10 years of survival, HbA1c

levels ‡6.5% (‡48 mmol/mol) for the 1st year after diagnosis were associated with
worse outcomes. Immediate, intensive treatment for newly diagnosed patients
may be necessary to avoid irremediable long-term risk for diabetic complications
and mortality.

In the U.S., an estimated 1.4 million adults are newly diagnosed with diabetes every
year and present an important intervention opportunity for health care systems.
In patients newly diagnosed with type 2 diabetes, the benefits of maintaining an
HbA1c ,7.0% (,53 mmol/mol) are well established. The UK Prospective Diabetes
Study (UKPDS) found that a mean HbA1c of 7.0% (53 mmol/mol) lowers the risk of
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Table 1—Characteristics of patients with newly diagnosed type 2 diabetes and 10 years of survival, stratified by mean HbA1c during the 0–1-year early glycemic exposure period

HbA1c

Overall
,6.5% (,48
mmol/mol)

6.5% to ,7.0%
(48 to ,53 mmol/mol)

7% to ,8.0%
(53 to ,64 mmol/mol)

8.0% to ,9.0%
(64 to ,75 mmol/mol) $9.0% (75 mmol/mol) Missing P value

Patients, n (%) 34,737 (100) 14,286 (41.1) 5,877 (16.9) 4,730 (13.6) 1,418 (4.1) 1,290 (3.7) 7,136 (20.5)

Follow-up time (year),
mean (SD) 13.0 (1.9) 12.9 (1.9) 12.6 (1.8) 12.8 (1.8) 13.1 (1.8) 13.3 (1.9) 13.3 (2.0) ,0.0001

Age at diagnosis (year),
mean (SD) 56.8 (11.0) 57.9 (10.9) 57.9 (10.9) 56.2 (11.0) 53.4 (10.7) 52.0 (10.0) 55.7 (10.7) ,0.0001

Female sex, n (%) 16,216 (46.7) 6,329 (44.3) 3,015 (51.3) 2,451 (51.8) 706 (49.8) 588 (45.6) 3,127 (43.8) ,0.0001

Race/ethnicity, n (%) ,0.0001
Non-Hispanic white 17,625 (50.7) 7,996 (56.0) 2,859 (48.7) 2,177 (46.0) 591 (41.7) 506 (39.2) 3,496 (49.0)
Non-Hispanic black 3,253 (9.4) 1,154 (8.1) 555 (9.4) 494 (10.4) 166 (11.7) 201 (15.6) 683 (9.6)
Hispanic 4,531 (13.0) 1,831 (12.8) 703 (12.0) 596 (12.6) 197 (13.9) 218 (16.9) 986 (13.8)
Asian 6,351 (18.3) 2,148 (15.0) 1,231 (21.0) 1,046 (22.1) 328 (23.1) 231 (17.9) 1,367 (19.2)
Mixed 2,158 (6.2) 857 (6.0) 377 (6.4) 311 (6.6) 101 (7.1) 91 (7.1) 421 (5.9)
Other/missing 819 (2.4) 300 (2.1) 152 (2.6) 106 (2.2) 35 (2.5) 43 (3.3) 183 (2.6)

HbA1c (%), mean (SD) 6.7 (1.2) 6.0 (0.4) 6.7 (0.1) 7.4 (0.3) 8.4 (0.3) 10.5 (1.5) d ,0.0001

BMI (kg/m2), mean (SD) 32.0 (6.4) 31.7 (6.2) 31.8 (6.4) 32.1 (6.5) 32.8 (6.6) 32.8 (6.9) 32.3 (6.5) ,0.0001

Systolic blood pressure
(mmHg), n (%) ,0.0001

#120 7,613 (21.9) 3,257 (22.8) 1,339 (22.8) 1,028 (21.7) 293 (20.7) 301 (23.3) 1,395 (19.6)
121–129 5,119 (14.7) 2,187 (15.3) 899 (15.3) 703 (14.9) 204 (14.4) 193 (15.0) 933 (13.1)
130–139 8,847 (25.5) 3,680 (25.8) 1,536 (26.1) 1,262 (26.7) 370 (26.1) 281 (21.8) 1,718 (24.1)
140–159 9,492 (27.3) 3,721 (26.1) 1,554 (26.4) 1,275 (27.0) 387 (27.3) 391 (30.3) 2,164 (30.3)
$160 3,666 (10.6) 1,441 (10.1) 549 (9.3) 462 (9.8) 164 (11.6) 124 (9.6) 926 (13.0)

Diastolic blood pressure
(mmHg), n (%) ,0.0001

#80 22,090 (63.6) 9,468 (66.3) 3,806 (64.8) 3,015 (63.7) 857 (60.4) 759 (58.8) 4,185 (58.7)
81–84 4,357 (12.5) 1,739 (12.2) 747 (12.7) 607 (12.8) 182 (12.8) 167 (13.0) 915 (12.8)
85–89 3,452 (9.9) 1,329 (9.3) 597 (10.2) 464 (9.8) 153 (10.8) 132 (10.2) 777 (10.9)
90–99 3,787 (10.9) 1,364 (9.6) 576 (9.8) 506 (10.7) 178 (12.6) 187 (14.5) 976 (13.7)
$100 1,051 (3.0) 386 (2.7) 151 (2.6) 138 (2.9) 48 (3.4) 45 (3.5) 283 (4.0)

TC (mg/dL), mean (SD) 205.7 (45.0) 199.0 (39.5) 204.8 (42.6) 208.2 (42.2) 212.7 (58.9) 222.6 (62.5) 213.8 (49.2) ,0.0001

HDL-C (mg/dL), mean (SD) 45.3 (11.4) 45.4 (11.6) 46.3 (11.5) 45.2 (11.2) 44.7 (11.1) 44.0 (11.3) 44.5 (11.3) ,0.0001

Smoking status, n (%) ,0.0001
Never 21,440 (61.7) 8,844 (61.9) 3,769 (64.1) 2,938 (62.1) 842 (59.4) 753 (58.4) 4,294 (60.2)
Current 2,071 (6.0) 792 (5.5) 345 (5.9) 340 (7.2) 100 (7.1) 120 (9.3) 374 (5.2)
Unknown 10,973 (31.6) 4,535 (31.7) 1,723 (29.3) 1,415 (29.9) 464 (32.7) 409 (31.7) 2,427 (34.0)

Charlson comorbidity index,
mean (SD) 1.6 (1.0) 1.6 (1.1) 1.6 (1.0) 1.6 (1.0) 1.6 (1.0) 1.6 (0.9) 1.5 (0.9) ,0.0001

Continued on p. 6
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diabetes-related end points by 12–32%
compared with a mean HbA1c of 7.9%
(63 mmol/mol) (1,2). Long-term obser-
vational follow-up of this trial revealed
that this early glycemic control has du-
rable effects: Reductions in microvas-
cular events persisted, reductions in
cardiovascular events and mortality
were observed 10 years after the trial
ended, and HbA1c values converged (1).
Similar findings were observed in the
Diabetes Control and Complications Trial
(DCCT) in patients with type 1 diabetes
(2–4). These posttrial observations have
been called legacy effects (also metabolic
memory) (5), and they suggest the im-
portance of early glycemic control for
the prevention of future complications
of diabetes. Although these clinical trial
long-term follow-up studies demon-
strated legacy effects, whether legacy
effects exist in real-world populations,
how soon after diabetes diagnosis leg-
acy effects may begin, or for what level
of glycemic control legacy effects may
exist are not known.
In a previous retrospective cohort study,

we found that patients with newly di-
agnosed diabetes and an initial 10-year
HbA1c trajectory that was unstable (i.e.,
changed substantially over time) had an
increased risk for future microvascular
events, even after adjusting for HbA1c
exposure (6). In the same cohort pop-
ulation, this study evaluates associations
between the duration and intensity of
glycemic control immediately after di-
agnosis and the long-term incidence of
future diabetic complications and mor-
tality. We hypothesized that a glycemic
legacy effect exists in real-world popu-
lations, begins as early as the 1st year
after diabetes diagnosis, and depends on
the level of glycemic exposure.

RESEARCH DESIGN AND METHODS

Source Population
Since 1993, the Kaiser Permanente
Northern California (KPNC) Diabetes Reg-
istry has maintained a cohort of patients
with diabetes (7,8). Patients with diabe-
tes are identified through an algorithm
that is based on any of the following: 1)
inpatient diagnosis (principal diagnosis
of ICD-9 code 250), 2) outpatient diagnosis
(two or more diagnoses with ICD-9 code
250, excluding diagnoses collected in
the emergency, optometry, or ophthal-
mology departments), 3) two abnormal
outpatient laboratory results (fasting

glucose $126 mg/dL, random or post-
challenge [75-g] glucose $200 mg/dL,
HbA1c $6.5% [$48 mmol/mol] tested
on separate dayswithin a 3-year period), or
4) pharmacy use (prescription for insulin
or oral antihyperglycemic medications)
(9). This algorithm has been compared
internally with chart review, and its sen-
sitivity was 96% for identifying patients
with diabetes (8). This study, a substudy
of the National Institute of Diabetes and
Digestive and Kidney Diseases–funded
Diabetes & Aging Study, used KPNC Di-
abetes Registry data to examine the
epidemiology of diabetes across the
life course (6,10–13). The study received
institutional review board approval from
the Kaiser Foundation Research Insti-
tute (Oakland, CA) and the University of
Chicago (Chicago, IL).

The current study is a follow-up to our
previous analysis describing associations
between 10-year HbA1c trajectories and
risk of diabetic complications in patients
with newly diagnosed diabetes (6). We
used the same initial cohort, defined as
patients diagnosed with type 2 diabetes
between 1997 and 2003 who had con-
tinuous membership in KPNC for at least
2 years before diagnosis and at least
10 years of survival after diagnosis (Sup-
plementary Fig. 1). It was necessary to
include patients who survived for at
least 10 years to study the effects of
various periods of early HbA1c exposure
on outcomes. All patients received

standard diabetes care from KPNC while
enrolled in the health system. We ex-
cluded patients with anemia during the
study period because of potential inac-
curacies of HbA1c in assessing glycemic
exposure in these patients (14–16). We
also excluded patients who did not
have any HbA1c results during the first
3 months after diagnosis and who did
not have a second HbA1c result during
the first 2 years after diagnosis because
we were unable to classify their levels
of early HbA1c exposure. In addition, we
excluded patients who had missing
HbA1c results for more than one-half of
the follow-up years after year 3 because
patients with frequent missing HbA1c
values may have been receiving care
outside of Kaiser and may be missing
clinical outcome data.

Design
This study used survival analysis methods
to examine associations of various peri-
ods of early glycemic exposure and var-
ious levels of glycemic exposure with
the risks for subsequent diabetic com-
plications and death. Figure 1 defines
the seven early exposure periods and
subsequent follow-up periods. In total,
21 Cox proportional hazards models
(seven early exposure periods multiplied
by three outcomes of interest) were used
to analyze these associations. For each
outcome, because the seven models
differed in the number of years of early

Figure1—Definitions of early exposure periods and subsequent follow-upperiods for the research
design.
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OBJECTIVE

To examine for a legacy effect of early glycemic control on diabetic complications
and death.

RESEARCH DESIGN AND METHODS

This cohort study of managed care patients with newly diagnosed type 2 diabetes
and 10 years of survival (1997–2013, average follow-up 13.0 years, N = 34,737)
examined associations between HbA1c <6.5% (<48 mmol/mol), 6.5% to <7.0%
(48 to <53 mmol/mol), 7.0% to <8.0% (53 to <64 mmol/mol), 8.0% to <9.0%
(64 to <75 mmol/mol), or ‡9.0% (‡75 mmol/mol) for various periods of early
exposure (0–1, 0–2, 0–3, 0–4, 0–5, 0–6, and 0–7 years) and incident future
microvascular (end-stage renal disease, advanced eye disease, amputation) and
macrovascular (stroke, heart disease/failure, vascular disease) events and death,
adjusting for demographics, risk factors, comorbidities, and later HbA1c.

RESULTS

Compared with HbA1c <6.5% (<48 mmol/mol) for the 0–1-year early exposure
period, HbA1c levels ‡6.5% (‡48 mmol/mol) were associated with increased
microvascular and macrovascular events (e.g., HbA1c 6.5% to <7.0% [48 to
<53 mmol/mol] microvascular: hazard ratio 1.204 [95% CI 1.063–1.365]), and
HbA1c levels ‡7.0% (‡53 mmol/mol) were associated with increased mortality
(e.g., HbA1c 7.0% to <8.0% [53 to <64 mmol/mol]: 1.290 [1.104–1.507]). Longer
periods of exposure to HbA1c levels ‡8.0% (‡64 mmol/mol) were associated with
increasing microvascular event and mortality risk.

CONCLUSIONS

Among patients with newly diagnosed diabetes and 10 years of survival, HbA1c

levels ‡6.5% (‡48 mmol/mol) for the 1st year after diagnosis were associated with
worse outcomes. Immediate, intensive treatment for newly diagnosed patients
may be necessary to avoid irremediable long-term risk for diabetic complications
and mortality.

In the U.S., an estimated 1.4 million adults are newly diagnosed with diabetes every
year and present an important intervention opportunity for health care systems.
In patients newly diagnosed with type 2 diabetes, the benefits of maintaining an
HbA1c ,7.0% (,53 mmol/mol) are well established. The UK Prospective Diabetes
Study (UKPDS) found that a mean HbA1c of 7.0% (53 mmol/mol) lowers the risk of
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middle-aged adults (ages 40–64 years),
however, have been found to have sub-
stantially higher glycemic levels than
older adults (23), which is a missed op-
portunity; treating patients with dia-
betes earlier and more intensively has
the potential to confer substantial, long-
term improvements in public health. Our
finding of a relationship between missing
data in the 1st year being predictive of
future events also suggests the value for
aggressive follow-up or educational ef-
forts for patients who do not use offered

services. Thus, public health and health
carepolicy should put a greater emphasis
on achieving early glycemic control as an
avenue for improving lifetime outcomes
for patients with diabetes.

This study has several strengths and
limitations. Because we studied only pa-
tients with newly diagnosed diabetes and
at least 10 years of survival, the results
are not generalizable to patients with
established diabetes or to those with a
high risk of mortality after diabetes di-
agnosis. It is possible that patients with

established diabetes may benefit from
HbA1c ,6.5% (,48 mmol/mol) control,
but the benefits may take decades to
become evident, and patients may die
as a result of nondiabetes-related causes
in the meantime. For example, in the
Veterans Affairs Diabetes Trial, which
randomized patients with established
diabetes (mean 11.5 years) to intensive
glycemic control or standard therapy
(median HbA1c 6.9% [52 mmol/mol]
vs. 8.4% [68 mmol/mol]) for 5.6 years,
reductions in major cardiovascular

Figure 2—A: Microvascular events (vs. HbA1c ,6.5% [,48 mmol/mol]). B: Macrovascular events (vs. HbA1c ,6.5% [,48 mmol/mol]). C: Mortality
(vs. HbA1c,6.5% [,48mmol/mol]). HRs adjusted for year of diagnosis, age at diagnosis, sex, race/ethnicity, BMI, systolic and diastolic blood pressure,
total cholesterol, HDL cholesterol, smoking status, HbA1c after each early exposure period, and comorbidity.
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(e.g., HbA1c 7.0% to <8.0% [53 to <64 mmol/mol]: 1.290 [1.104–1.507]). Longer
periods of exposure to HbA1c levels ‡8.0% (‡64 mmol/mol) were associated with
increasing microvascular event and mortality risk.

CONCLUSIONS

Among patients with newly diagnosed diabetes and 10 years of survival, HbA1c

levels ‡6.5% (‡48 mmol/mol) for the 1st year after diagnosis were associated with
worse outcomes. Immediate, intensive treatment for newly diagnosed patients
may be necessary to avoid irremediable long-term risk for diabetic complications
and mortality.

In the U.S., an estimated 1.4 million adults are newly diagnosed with diabetes every
year and present an important intervention opportunity for health care systems.
In patients newly diagnosed with type 2 diabetes, the benefits of maintaining an
HbA1c ,7.0% (,53 mmol/mol) are well established. The UK Prospective Diabetes
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middle-aged adults (ages 40–64 years),
however, have been found to have sub-
stantially higher glycemic levels than
older adults (23), which is a missed op-
portunity; treating patients with dia-
betes earlier and more intensively has
the potential to confer substantial, long-
term improvements in public health. Our
finding of a relationship between missing
data in the 1st year being predictive of
future events also suggests the value for
aggressive follow-up or educational ef-
forts for patients who do not use offered

services. Thus, public health and health
carepolicy should put a greater emphasis
on achieving early glycemic control as an
avenue for improving lifetime outcomes
for patients with diabetes.

This study has several strengths and
limitations. Because we studied only pa-
tients with newly diagnosed diabetes and
at least 10 years of survival, the results
are not generalizable to patients with
established diabetes or to those with a
high risk of mortality after diabetes di-
agnosis. It is possible that patients with

established diabetes may benefit from
HbA1c ,6.5% (,48 mmol/mol) control,
but the benefits may take decades to
become evident, and patients may die
as a result of nondiabetes-related causes
in the meantime. For example, in the
Veterans Affairs Diabetes Trial, which
randomized patients with established
diabetes (mean 11.5 years) to intensive
glycemic control or standard therapy
(median HbA1c 6.9% [52 mmol/mol]
vs. 8.4% [68 mmol/mol]) for 5.6 years,
reductions in major cardiovascular

Figure 2—A: Microvascular events (vs. HbA1c ,6.5% [,48 mmol/mol]). B: Macrovascular events (vs. HbA1c ,6.5% [,48 mmol/mol]). C: Mortality
(vs. HbA1c,6.5% [,48mmol/mol]). HRs adjusted for year of diagnosis, age at diagnosis, sex, race/ethnicity, BMI, systolic and diastolic blood pressure,
total cholesterol, HDL cholesterol, smoking status, HbA1c after each early exposure period, and comorbidity.
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HbA1c levels ‡7.0% (‡53 mmol/mol) were associated with increased mortality
(e.g., HbA1c 7.0% to <8.0% [53 to <64 mmol/mol]: 1.290 [1.104–1.507]). Longer
periods of exposure to HbA1c levels ‡8.0% (‡64 mmol/mol) were associated with
increasing microvascular event and mortality risk.

CONCLUSIONS

Among patients with newly diagnosed diabetes and 10 years of survival, HbA1c

levels ‡6.5% (‡48 mmol/mol) for the 1st year after diagnosis were associated with
worse outcomes. Immediate, intensive treatment for newly diagnosed patients
may be necessary to avoid irremediable long-term risk for diabetic complications
and mortality.

In the U.S., an estimated 1.4 million adults are newly diagnosed with diabetes every
year and present an important intervention opportunity for health care systems.
In patients newly diagnosed with type 2 diabetes, the benefits of maintaining an
HbA1c ,7.0% (,53 mmol/mol) are well established. The UK Prospective Diabetes
Study (UKPDS) found that a mean HbA1c of 7.0% (53 mmol/mol) lowers the risk of
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middle-aged adults (ages 40–64 years),
however, have been found to have sub-
stantially higher glycemic levels than
older adults (23), which is a missed op-
portunity; treating patients with dia-
betes earlier and more intensively has
the potential to confer substantial, long-
term improvements in public health. Our
finding of a relationship between missing
data in the 1st year being predictive of
future events also suggests the value for
aggressive follow-up or educational ef-
forts for patients who do not use offered

services. Thus, public health and health
carepolicy should put a greater emphasis
on achieving early glycemic control as an
avenue for improving lifetime outcomes
for patients with diabetes.

This study has several strengths and
limitations. Because we studied only pa-
tients with newly diagnosed diabetes and
at least 10 years of survival, the results
are not generalizable to patients with
established diabetes or to those with a
high risk of mortality after diabetes di-
agnosis. It is possible that patients with

established diabetes may benefit from
HbA1c ,6.5% (,48 mmol/mol) control,
but the benefits may take decades to
become evident, and patients may die
as a result of nondiabetes-related causes
in the meantime. For example, in the
Veterans Affairs Diabetes Trial, which
randomized patients with established
diabetes (mean 11.5 years) to intensive
glycemic control or standard therapy
(median HbA1c 6.9% [52 mmol/mol]
vs. 8.4% [68 mmol/mol]) for 5.6 years,
reductions in major cardiovascular

Figure 2—A: Microvascular events (vs. HbA1c ,6.5% [,48 mmol/mol]). B: Macrovascular events (vs. HbA1c ,6.5% [,48 mmol/mol]). C: Mortality
(vs. HbA1c,6.5% [,48mmol/mol]). HRs adjusted for year of diagnosis, age at diagnosis, sex, race/ethnicity, BMI, systolic and diastolic blood pressure,
total cholesterol, HDL cholesterol, smoking status, HbA1c after each early exposure period, and comorbidity.

care.diabetesjournals.org Laiteerapong and Associates 7
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Si

iDPP4

Sin lograr metas  
tras 3 meses de  
tratamiento y  
adherencia

iSGLT2

Si

TFG >45 ml/min

Si

Sin lograr metas  
tras 3 meses de  
tratamiento y  
adherencia

Sin lograr metas tras 3  
meses de tratamiento y  
adherencia

Sin lograr metas tras 3  
meses de tratamiento y  
adherencia

iSGLT2

Sulfonilurea

iDPP4

Insulinización

Valoración por médico especialista o  
programa de IPS especializada

considerar uso de aGLP1subcutánea*  
(ver guíaenfermedad renal diabética)

Si
(Ver guíaenfermedad renal diabética)  

Valoración por médico especialista o programa de 
IPS especializada , considerar uso de aGLP1.

No

Activa lacalculadorade riesgo
cardiovascularyrenalenPHC.

SiHbA1c>1.5%porencima de lametadefinida añadir otro hipoglicemiante

Sin lograr metas tras 3  
meses de tratamiento y  
adherencia

iSGLT2

Sin lograr metas tras 3  
meses de tratamiento y  
adherencia

ServiciosdeSalud IPSSuramericanaS.A.S ©Copyright–Todos los derechos reservados.

Valoración por médico especialista o programa de IPS especializada 
considerar uso de aGLP1Oral*

(ver guíaenfermedad renal diabética)

Sin lograr metas tras 3 meses de tratamiento y adherencia

Análogo aGLP1

*Semaglutide oral NO ha demostrado beneficio cardiovascular, por lo tanto,  
no se considera como alternativa en personas con alto riesgo cardiovascular.



Medicamento Presentación Dosis Ajuste en falla renal contraindicaciones

Empagliflozi
na  
(iSGLT2)

Tab 25 mg.
Empagliflozina +  
Metformina Tab
12.5/  1000 mg.

Dosis:25 mg día. Nuevo
No requiere titulación.

• TFG >45 ml/min: No requiere ajustes.
• TFG < 45 ml/min, no usar.
• En falla cardiaca con fracción de  

eyección reducida, se permite su uso en  
TFG > 20 ml/min.

Contraindicación: TFG <30 ml/min
Efectos adversos:
 Infecciones micóticas y urinarias  

recurrentes.
 Hipotensión ortostática.

Dapagliflozi
na  
(iSGLT2)

Tab 10 mg.
Dapagliflozina +  
Metformina Tab
5/1000  mg .

Nuevo
Dosis: 10 mg VO cada 24 horas.

• TFG >60 ml/min: No requiere ajustes.
• TFG < 60 ml/min, no usar.
• En enfermedad renal diabética o  

enfermedad cardiovascular establecida,  
se permite su uso en TFG > 25 ml/min.

Contraindicaciones: TFG <
45  ml/min.
Efectos adversos:
 Infecciones micóticas y urinarias  

recurrentes.
 Hipotensión ortostática.

Medicamento Dosis contraindicaciones

Insulina Glargina
(Basal)

Dosis inicial:
0,1a 0,2 unidades por kilo. Titular de acuerdo con la respuesta clínica. Efectos adversos:

 Hipoglucemias.
 Aumento de peso.
 Reacciones en el sitio de  

aplicación.
 Lipodistrofia

1ra opción  
Insulina
Lispro  

(Acción corta)
Dosis: iniciar con cuatro unidades preprandiales o 10% de la dosis que recibe de insulina basal. Se puede iniciar con una 
dosis prepandial única sobre la comida más grande del día e incluir otras aplicaciones al esquema hasta llegar
a un esquema basal/bolo con aplicación de insulina prepandial antes de cada comida.2da opción  

Insulina
glulisina  

(Acción corta)

1ra opción  
Semaglutida 
(Análogo
aGLP1)

Subcutánea - dosis: 0.5 a 1mg subcutáneo cada semana en persona con enfermedad cardiovascular establecida.
No requiere ajuste en falla renal.

Efectos adversos:
 Síntomas gastrointestinales.
 Incremento de la lipasa sérica.
 Náuseas / Vómito.
 Dolor abdominal.
 Diarrea.

Oral –dosis: Tab 3 mg/día por 4 semanas – luego tab 7 mg/día por 8 semanas, solicitar HbA1c y definir si requiere 
aumento de dosis a 14mg/día y en persona sin enfermedad cardiovascular establecida. Antes de la prescripción verificar 
uso previo de iSGLT2 o DPP4 o glimepirida.
Consideraciones para la toma:

• Tomar con ayuno mínimo de 6 hrs, Nuevo
• Tomar la tableta entera con máximo medio vaso de agua (120 ml),
• Esperar 30 min antes de tomar cualquier bebida, comida u otro medicamentos.

*No triturar, macerar, partir ni alterar la composición de la tableta *

Efectos adversos:
 Síntomas gastrointestinales.
 Náuseas.

2da opción  
Dulaglutida 
(Análogo
aGLP1)

Dosis:1.5mg subcutáneo cada semana. No requiere titulación, la dosis se puede seleccionar entre 0.75 a 1.5mg semanal.
No requiere ajuste en falla renal.
INVIMA no permite su uso hasta TFG <15 ml / min.

Efectos adversos:
 Síntomas gastrointestinales.
 Incremento de la lipasa sérica.
 Náuseas / Vómito.
 Dolor abdominal.
 Diarrea.ServiciosdeSalud IPSSuramericanaS.A.S©Copyright –Todos los derechos reservados.
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� The Treat-to-Target Trial 
� Randomized addition of glargine

or human NPH insulin to oral 
therapy of type 2 diabetic patients 

○ Matthew C. Riddle, MD1, Julio 
Rosenstock, 

Diabetes Care 26:3080-3086, 2003

Mean daily dosages at end point were 47.2 IU for glargine vs. 41.8 for NPH (P < 0.005; between-treatment difference 5.3 IU [95% CI 1.8 – 8.9] peso 93 

HbA1c !7% or FPG !100 mg/dl (5.6
mmol/l) independent of the occurrence of
hypoglycemia; the percentage of subjects
achieving FPG !100 mg/dl (5.6 mmol/l)
without confirmed hypoglycemia; with-
in-subject variability between seven se-
quential fasting glucose measures; and
overall rates of symptomatic hypoglyce-
mia including unconfirmed, confirmed,
and severe hypoglycemia.

Statistical analyses
Based on previous data (17), randomiza-
tion of 750 subjects had the power to pro-
vide an 85% chance of detecting, with
! " 5%, a 10% treatment effect for the
primary outcome measure. The intent-to-
treat (ITT) population included all sub-
jects randomized who received at least
one dose of study medication. The last
measurement before discontinuation or
completion of the protocol was consid-
ered the end point measurement (last ob-
servation carried forward). For all center-
stratified analyses, centers with #24
randomized and treated subjects were
pooled on a geographical basis, indepen-
dently of treatment identification. Be-
tween-treatment differences in the
percentages of subjects achieving the pri-
mary end point or other HbA1c or FPG
targets or experiencing hypoglycemia
were assessed by the Cochran-Mantel-
Haenszel test stratified by pooled center.
For the continuous variables, the change
from baseline was examined by ANCOVA
with treatment and pooled center as fixed
effects and the corresponding baseline as
a covariate. All statistical tests were two
sided, and results are presented as means
and SE unless otherwise specified.

RESULTS — In total, 1,381 subjects
were screened. After a 4-week run-in pe-
riod, 764 qualifying subjects were ran-
domized to either glargine or NPH. Eight
(five glargine and three NPH) withdrew
before receiving an insulin injection. The
remaining 756 subjects comprised the
ITT population. Equivalent numbers
withdrew from the two groups during the
trial: 33 of 367 (9.0%) from glargine and
32 of 389 (8.2%) from NPH. Reasons for
withdrawal included subject preference
(glargine 15, NPH 3); investigator’s dis-
cretion, poor adherence, or lack of effi-
cacy (glargine 3, NPH 14); hypoglycemia
(glargine 1, NPH 3); adverse events other
than hypoglycemia (glargine 6, NPH 4);

and protocol violation, loss to follow-up,
or other reasons (glargine 6, NPH 6).
No between-treatment differences were
apparent at baseline in the ITT population
(Table 2), except that slightly more sub-
jects in the glargine group were of His-
panic descent. Over 70% were taking
both a sulfonylurea and metformin. Initial
HbA1c averaged 8.6%.

Glycemic response, insulin dosage,
and weight
Fasting glucose decreased smoothly in
both groups, reaching a plateau by 12
weeks. Mean FPG at end point was 117
mg/dl (6.5 mmol/l) for glargine and 120
mg/dl (6.7 mmol/l) for NPH (P " NS;
between-treatment difference $3.6
mg/dl [$0.2 mmol/l] [95% CI $8.82 to
1.62]) (Fig. 1A). HbA1c declined at a pre-
dictably slower rate, stabilizing after 18
weeks (Fig. 1B). Mean HbA1c at end point
was 6.96% with glargine and 6.97% with
NPH (P " NS; between-treatment differ-
ence $0.03%; [$0.13 to 0.08]).

Insulin dosage increased in similar
patterns in both groups, but was higher
with glargine than with NPH from week 2
until the study’s end (P # 0.05–0.001).
Mean daily dosages at end point were
47.2 % 1.3 IU for glargine vs. 41.8 % 1.3
for NPH (P # 0.005; between-treatment
difference 5.3 IU [95% CI 1.8 – 8.9]).

Mean daily dosages at end point adjusted
for body weight were 0.48 % 0.01 IU/kg
for glargine vs. 0.42 % 0.01 IU/kg for
NPH (P # 0.001; between-treatment dif-
ference 0.06 IU/kg [0.02–0.09]). Weight
increased similarly from baseline to end
point in both groups: 3.0 % 0.2 kg with
glargine and 2.8 % 0.2 kg with NPH (P "
NS; between-treatment difference 0.2 kg
[$0.24 to 0.68]).

Self-measured glycemic patterns
Eight-point glucose profiles were com-
pared at baseline and end point. Mean
values at all times of day declined after
addition of insulin, without alteration of
the postmeal increments and without dif-
ferences between treatments. Although
population mean values for fasting glu-
cose were similar, with glargine there was
less within-subject variability between
seven sequential fasting measurements
over the course of treatment. At 24 weeks,
the mean deviation from the median of
fasting values for individual subjects was
greater with NPH than glargine (20.36
mg/dl [1.13 mmol/l] vs. 18.38 mg/dl
[1.02 mmol/l]; between-treatment P "
0.013, after adjustment for baseline).

Rates of hypoglycemia
Figure 2 shows the cumulative incidence
of hypoglycemic events. Fewer events oc-

Table 2—Baseline characteristics of subjects in the study

Glargine NPH

n 367 389
Sex (F/M) (%) 45/55 44/56
Age (years) 55 % 9.5 56 % 8.9
Duration of diabetes (years) 8.4 % 5.55 9.0 % 5.57
BMI (kg/m2) 32.5 % 4.64 32.2 % 4.80
FPG (mg/dl [mmol/l]) 198 (11.0) % 49 (2.71) 194 (10.8) % 47 (2.61)
HbA1c (%) 8.61 % 0.9 8.56 % 0.9
Ethnicity (%)

White 84 83
Black 11 13
Asian 3 3
Multiracial 1 1

Hispanic heritage (%) 10 6
Prior therapy (%)

SU & metformin 71 74
SU only 11 10
Metformin only 8 7
SU & TZD 6 5
Metformin & TZD 3 3
TZD only #1 #1

Data are means % SD, unless otherwise noted. SU, sulfonylurea; TZD, thiazolidinedione.
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New insulin glargine 300 U/ml compared with glargine 100 U/ml
in insulin-naïve people with type 2 diabetes on oral
glucose-lowering drugs: a randomized controlled trial (EDITION 3)
G. B. Bolli1, M. C. Riddle2, R. M. Bergenstal3, M. Ziemen4, K. Sestakauskas5, H. Goyeau6, P. D. Home7 &
on behalf of the EDITION 3 study investigators
1Department of Medicine, Perugia University Medical School, Hospital Santa Maria della Misericordia, Perugia, Italy
2Department of Medicine, Oregon Health & Science University, Portland, OR, USA
3International Diabetes Center at Park Nicollet, Minneapolis, MN, USA
4Sanofi-Aventis Deutschland GmbH, Frankfurt am Main, Germany
5Sanofi, Chilly Mazarin, France
6EXPERIS IT, Nanterre, France
7Institute of Cellular Medicine, Newcastle University, Newcastle upon Tyne, UK

Aims: To compare the efficacy and safety of new insulin glargine 300 U/ml (Gla-300) with that of glargine 100 U/ml (Gla-100) in insulin-naïve people
with type 2 diabetes using oral glucose-lowering drugs.
Methods: The EDITION 3 study was a multicentre, open-label, parallel-group study. Participants were randomized to Gla-300 or Gla-100 once daily
for 6 months, discontinuing sulphonylureas and glinides, with a dose titration aimed at achieving pre-breakfast plasma glucose concentrations of
4.4–5.6 mmol/l (80–100 mg/dl). The primary endpoint was change in glycated haemoglobin (HbA1c) from baseline to month 6. The main secondary
endpoint was percentage of participants with ≥1 nocturnal confirmed [≤3.9 mmol/l (≤70 mg/dl)] or severe hypoglycaemia from week 9 to month 6.
Other measures of glycaemia and hypoglycaemia, weight change and insulin dose were assessed.
Results: Randomized participants (n= 878) had a mean (standard deviation) age of 57.7 (10.1) years, diabetes duration 9.8 (6.4) years, body mass index
33.0 (6.7) kg/m2 and HbA1c 8.54 (1.06) % [69.8 (11.6) mmol/mol]. HbA1c levels decreased by equivalent amounts with the two treatments; the least
squares mean difference in change from baseline was 0.04 [95% confidence interval (CI) −0.09 to 0.17] % or 0.4 (−1.0 to 1.9) mmol/mol. Numerically
fewer participants reported ≥1 nocturnal confirmed (≤3.9 mmol/l) or severe hypoglycaemia from week 9 to month 6 [relative risk (RR) 0.89 (95% CI 0.66
to 1.20)] with Gla-300 versus Gla-100; a significantly lower risk of hypoglycaemia with this definition was found over the 6-month treatment period [RR
0.76 (95% CI 0.59 to 0.99)]. No between-treatment differences in adverse events were identified.
Conclusions: Gla-300 is as effective as Gla-100 in reducing HbA1c in insulin-naïve people with type 2 diabetes, with lower hypoglycaemia risk.
Keywords: basal insulin analogues, basal insulin initiation, type 2 diabetes

Date submitted 3 November 2014; date of first decision 2 December 2014; date of final acceptance 10 January 2015

Introduction
Many people who initially achieve glycaemic control with oral
glucose-lowering drugs will eventually require insulin, either
alone or in combination with other agents [1]; however, hypo-
glycaemia, weight gain and the limited flexibility of some
insulin regimens [2–5] may contribute to omission of injections
or failure to make appropriate adjustments of insulin dose(s)
[4,6], negatively affecting glycaemic control.

At present, the most widely used basal insulin is insulin
glargine 100 U/ml (Gla-100), which has a well-established
mode of action, and efficacy and safety profile [7–11]. However,
to improve current treatment options, a basal insulin conferring

Correspondence to : Geremia B. Bolli, MD, Department of Medicine, Perugia University Medical
School, Hospital Santa Maria della Misericordia, 06156 Perugia, Italy.
E-mail: geremia.bolli@unipg.it
This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial License, which permits use, distribution and reproduction in
any medium, provided the original work is properly cited and is not used for commercial
purposes.

an even lower risk of hypoglycaemia would be desirable. New
insulin glargine 300 U/ml (Gla-300) has been developed to
optimize glycaemic control, while minimizing the risk of
hypoglycaemia. After subcutaneous (s.c.) injection, the phar-
macokinetic and pharmacodynamic action profiles of Gla-300
were more constant and prolonged compared with those of
Gla-100 [12], as a result of a more gradual and extended release
of glargine from the s.c. depot. This translates into continued
blood glucose control beyond 24 h [12].

To determine whether these pharmacokinetic and pharma-
codynamic properties will confer clinical benefits, Gla-300 is
being investigated in comparison with Gla-100 in the phase
IIIa EDITION programme. The first two studies in this pro-
gramme, in people with type 2 diabetes receiving either a high
dose of basal insulin in combination with mealtime insulin
(EDITION 1) or basal insulin in combination with oral therapy
(EDITION 2), showed that Gla-300 is as effective as Gla-100
in terms of glycaemic control, with significantly lower risk of
nocturnal confirmed or severe hypoglycaemia and similar or
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Figure 1. Clinical measures (mean± standard error) during treatment by visit (modified intention-to-treat population): (A) glycated haemoglobin
(HbA1c). (B) Laboratory-measured fasting plasma glucose (FPG). (C) Pre-breakfast self-monitored plasma glucose (SMPG). (D) Daily basal insulin dose.
For data values, please refer to Table 1 (HbA1c, laboratory-measured FPG and pre-breakfast SMPG) and Results (insulin dose). Gla-100, glargine 100 U/ml;
Gla-300, glargine 300 U/ml.

Likewise, a lower percentage for Gla-300 was reported in the
first 8 weeks [24 vs 29%; RR 0.83 (95% CI 0.67 to 1.03)] and
from week 9 to month 6 [40 vs 46%; RR 0.86 (95% CI 0.74 to
1.00); Figure 2A and Table S1]. The annualized event rate of
this definition of hypoglycaemia was significantly lower with
Gla-300 versus Gla-100 over 6 months [6.4 vs 8.5 events per
participant-year; RR 0.75 (95% CI 0.57 to 0.99); p= 0.042] and
showed a more pronounced reduction during the first 8 weeks
[4.5 vs 8.5 events per participant-year; RR 0.61 (95% CI 0.43
to 0.86); Figure 2B]. Cumulative curves show divergence that is
maintained over the 6 months (Figure S3).

When considering both the percentage of participants expe-
riencing, and annualized rates of, documented symptomatic
(≤3.9 mmol/l) hypoglycaemia at any time of day (24 h), results
favoured Gla-300 during all predefined study periods (RR
0.42–0.85; Figure 2A, B) with significant relative reductions
in the annualized rate reported from baseline to month 6 [RR
0.62 (95% CI 0.44 to 0.87)], and during the first 8 weeks [RR
0.42 (95% CI 0.26 to 0.67) Figure 2B]. Significant reductions
with Gla-300 versus Gla-100 were also apparent when consid-
ering the percentage of participants affected by events defined
by the more stringent glycaemic threshold; a 39% lower risk was
observed for confirmed (<3.0 mmol/l) or severe hypoglycaemia
[RR 0.61 (95% CI 0.43 to 0.87)] and a 45% lower risk for doc-
umented (<3.0 mmol/l) symptomatic hypoglycaemia [RR 0.55
(95% CI 0.37 to 0.82)] over the 6-month period (Figure 2A).

Severe Hypoglycaemia. Severe hypoglycaemia was infrequent,
and events were too few for meaningful analysis. Only 4 partic-
ipants (1%) in each treatment group reported severe hypogly-
caemia at any time of day (24 h; Table S1).

Patterns of Hypoglycaemia by Time of Day (24 h). Figure 3
shows the distribution of hypoglycaemia by time of day, as
the percentage of participants affected and as annualized event

rates (panels A and C), and as differences between Gla-100
and Gla-300 during each time interval (panels B and D). Both
the overall frequency of events reported and the differences
between the treatment groups were greatest during the daytime,
especially between 06:00 and 10:00 hours.

Participant-Reported Outcomes

Treatment satisfaction, measured by the DTSQs, improved
from baseline to month 6 in both treatment groups (Table S3).
There was no change in health-related quality of life (EQ-5D
utility index score) from baseline to month 6 in either treatment
group (data not shown). Fear of hypoglycaemia, assessed on the
HFS-II, was low and decreased over the 6-month study period
in both treatment groups. In the Gla-300 group, the mean (s.d.)
total HFS-II score decreased from 0.49 (0.62) to 0.43 (0.48), an
LS mean [standard error (s.e.)] change of −0.09 (0.02), while
in the Gla-100 group the score decreased from 0.57 (0.65) to
0.48 (0.52), an LS mean (s.e.) change of −0.07 (0.02); LS mean
difference was −0.02 (95% CI −0.09 to 0.04).

Change in Body Weight

Weight gain during the treatment period was lower with
Gla-300 [LS mean increase 0.49 (95% CI 0.14 to 0.83) kg] than
with Gla-100 [LS mean increase 0.71 (95% CI 0.36 to 1.06) kg;
non-significant].

Adverse Events

The most common adverse events were infections, cardiac
events, gastrointestinal events or musculoskeletal events. These
events were equally distributed between treatment groups.
Injection-site reactions were reported by 17 (4%) participants
treated with Gla-300 and 21 (5%) participants treated with
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Patient-level meta-analysis of the EDITION 1, 2 and 3 studies:
glycaemic control and hypoglycaemia with new insulin glargine
300 U/ml versus glargine 100 U/ml in people with type 2 diabetes
R. Ritzel1, R. Roussel2,3,4, G. B. Bolli5, L. Vinet6, C. Brulle-Wohlhueter7, S. Glezer7 & H. Yki-Järvinen8

1Klinikum Schwabing, Städtisches Klinikum München GmbH, Munich, Germany
2Diabetology Endocrinology Nutrition, DHU FIRE, Bichat Hospital, Assistance Publique Hôpitaux de Paris, Paris, France
3INSERM U1138, Centre de Recherche des Cordeliers, Paris, France
4UFR de Médecine, Université Paris Diderot, Sorbonne Paris Cité, Paris, France
5Department of Medicine, University of Perugia, Perugia, Italy
6EXPERIS IT, Nanterre, France
7Sanofi, Paris, France
8Division of Diabetes, Faculty of Medicine and Helsinki University Central Hospital, University of Helsinki, Helsinki, Finland

Aims: To conduct a patient-level meta-analysis of the EDITION 1, 2 and 3 studies, which compared the efficacy and safety of new insulin glargine
300 U/ml (Gla-300) with insulin glargine 100 U/ml (Gla-100) in people with type 2 diabetes (T2DM) on basal and mealtime insulin, basal insulin and oral
antihyperglycaemic drugs, or no prior insulin, respectively.
Methods: The EDITION studies were multicentre, randomized, open-label, parallel-group, phase IIIa studies, with similar designs and endpoints.
A patient-level meta-analysis of the studies enabled these endpoints to be examined over 6 months in a large population with T2DM (Gla-300, n= 1247;
Gla-100, n= 1249).
Results: No significant study-by-treatment interactions across studies were found, enabling them to be pooled. The mean change in glycated
haemoglobin was comparable for Gla-300 and Gla-100 [each −1.02 (standard error 0.03)%; least squares (LS) mean difference 0.00 (95% confidence
interval (CI) −0.08 to 0.07)%]. Annualized rates of confirmed (≤3.9 mmol/l) or severe hypoglycaemia were lower with Gla-300 than with Gla-100 during
the night (31% difference in rate ratio over 6 months) and at any time (24 h, 14% difference). Consistent reductions were observed in percentage of
participants with ≥1 hypoglycaemic event. Severe hypoglycaemia at any time (24 h) was rare (Gla-300: 2.3%; Gla-100: 2.6%). Weight gain was low
(<1 kg) in both groups, with less gain with Gla-300 [LS mean difference −0.28 kg (95% CI −0.55 to −0.01); p= 0.039]. Both treatments were well
tolerated, with similar rates of adverse events.
Conclusion: Gla-300 provides comparable glycaemic control to Gla-100 in a large population with a broad clinical spectrum of T2DM, with consistently
less hypoglycaemia at any time of day and less nocturnal hypoglycaemia.
Keywords: basal insulin, insulin glargine, insulin therapy

Date submitted 20 January 2015; date of first decision 13 February 2015; date of final acceptance 27 April 2015

Introduction
Type 2 diabetes (T2DM) is a complex, heterogeneous disor-
der [1]. The requirement to initiate insulin therapy in people
with T2DM depends on behavioural and disease character-
istics, e.g. individual lifestyle and disease stage [2]. Initially,
people with T2DM often achieve glycaemic control without
insulin, by making lifestyle changes or by taking one or more
oral antihyperglycaemic drugs; however, as the disease pro-
gresses, exogenous insulin therapy is required in many patients.
Often basal insulin therapy alone is the preferred initial insulin

Correspondence to: Robert Ritzel, Kölner Platz 1, Klinikum Schwabing, Städtisches Klinikum
München GmbH, Munich, 80804, Germany.
E-mail: robert.ritzel@klinikum-muenchen.de

This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial License, which permits use, distribution and reproduction in
any medium, provided the original work is properly cited and is not used for commercial
purposes.

regimen, because it has a lower risk for inducing hypogly-
caemia and causes less weight gain compared with premixed
insulin or multiple daily injection therapy (basal plus bolus
therapy) [3]. In advanced disease stages, additional therapy (e.g.
with rapid-acting insulin or glucagon-like peptide-1 receptor
agonists) may be needed in order to effectively manage dis-
ease [2]. A basal insulin should therefore be effective across a
wide spectrum of disease stages, from insulin-naïve people to
those receiving combination therapy, with minimal disruption
to daily life.

The clinical development programme for new insulin
glargine 300 U/ml (Gla-300) covers a broad range of T2DM
disease stages. Three phase IIIa studies compared the effi-
cacy and safety of Gla-300 with insulin glargine 100 U/ml
(Gla-100) in differing populations of people with T2DM
[4–6]. Two of these studies enrolled high basal insulin users;
the first, EDITION 1, included participants with T2DM not
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Figure 2. Cumulative mean number of confirmed [≤3.9 mmol/l
(≤70 mg/dl)] or severe hypoglycaemic events (A) at any time of day (24 h)
and (B) during the night (00:00–05:59 hours) for pooled analysis of all
three studies (safety population). Gla-100, insulin glargine 100 U/ml;
Gla-300, insulin glargine 300 U/ml.

in the Gla-100 group, corresponding to a reduction of 20%
in favour of Gla-300], and particularly between 06:00 and
10:00 hours.

Reductions in the percentage of participants experiencing≥1 confirmed [≤3.9 mmol/l (≤70 mg/dl)] or severe hypogly-
caemic event at any time of day (24 h) and during the night
with Gla-300 compared with Gla-100 were consistent with the
annualized rates (Figure 3A, B). The number of participants
who would need to be treated with Gla-300 in order to prevent
1 participant having a confirmed [≤3.9 mmol/l (≤70 mg/dl)]
or severe hypoglycaemic event compared with treatment with
Gla-100 was 16.

Rates and percentages of participants with confirmed
[≤3.9 mmol/l (≤70 mg/dl)] or severe hypoglycaemic events
were comparable between those ≥65 years of age and those
<65 years and no significant heterogeneity of treatment effect
was observed (all p> 0.05).

Consistent results for confirmed [≤3.9 mmol/l (≤70 mg/dl)]
or severe hypoglycaemia were observed in the pooled analysis
of the EDITION 2 and EDITION 3 studies (Figures S1 and S2).

Other Categories of Hypoglycaemia

Over the 6-month treatment period, the annualized rate of
documented [≤3.9 mmol/l (≤70 mg/dl)] symptomatic hypo-
glycaemic events was lower for Gla-300 compared with

Gla-100, both at any time of day (24 h; Figure 3A) and
during the night (Figure 3B). A consistently lower percent-
age of participants reported ≥1 documented [≤3.9 mmol/l
(≤70 mg/dl)] symptomatic hypoglycaemic event with Gla-300
versus Gla-100 (Figure 3A, B).

Similar results were observed in the EDITION 2 and 3
pooled analysis (Figures S1 and S2). Consistent reductions were
shown with Gla-300 compared with Gla-100 for both con-
firmed or severe and documented symptomatic hypoglycaemia
when the stricter threshold of <54 mg/dl (<3.0 mmol/l) was
applied (Table S4).

Severe Hypoglycaemia

Severe hypoglycaemia was rare in both treatment groups. In the
pooled analysis of all three studies, the number of participants
with ≥1 event at any time of day (24 h) was 28 (2.3%) with
Gla-300 and 33 (2.6%) with Gla-100 (relative risk 0.85, 95% CI
0.52–1.39); there were 0.11 events per participant-year in both
groups (rate ratio 0.98, 95% CI 0.51–1.86; Table S4).

Insulin Dose

Basal insulin dose increased in both treatment groups over the
6-month study period (Figure 1C). The mean (standard devi-
ation) basal insulin dose at month 6 was 0.85 (0.36) U/kg/day
with Gla-300 and 0.76 (0.32) U/kg/day with Gla-100, represent-
ing a 12% higher dose with Gla-300.

Body Weight

There was a slight weight gain with Gla-300 and Gla-100
[LS mean (s.e.) change 0.51 (0.10) and 0.79 (0.10) kg, respec-
tively, in the pooled analysis of EDITION 1, 2 and 3], but
with less weight gain in Gla-300 treated participants (LS
mean difference −0.28, 95% CI −0.55 to −0.01; p= 0.039;
Figure 1D).

Adverse Events

No between-treatment differences in safety profile were iden-
tified, with similar rates of adverse events reported across
all three studies. Treatment-emergent adverse events (TEAEs)
were reported by 712 (57.3%) participants in the Gla-300 group
and 669 (53.7%) participants in the Gla-100 group. The most
common TEAEs were infections and infestations, nervous sys-
tem disorders, gastrointestinal disorders, musculoskeletal and
connective tissue disorders, and general disorders and admin-
istration site conditions.

Injection site reactions were reported for 30 (2.4%) partici-
pants in the Gla-300 group and 39 (3.1%) participants in the
Gla-100 group. Serious TEAEs were reported by 65 (5.2%)
and 62 (5.0%) participants in the Gla-300 and Gla-100 groups,
respectively (Table S5). Overall, 17 (1.4%) and 16 partici-
pants (1.3%) discontinued treatment because of a TEAE in the
Gla-300 and Gla-100 groups, respectively, while 4 participants
(0.3%) in the Gla-300 group and 3 (0.2%) in the Gla-100 had
a TEAE leading to death. No deaths were considered related to
study medication. Anti-insulin antibody findings were similar
between treatment groups and across the three studies.
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More Similarities Than
Differences Testing Insulin
Glargine 300 Units/mL Versus
Insulin Degludec 100 Units/mL in
Insulin-Naive Type 2 Diabetes:
The Randomized Head-to-Head
BRIGHT Trial
https://doi.org/10.2337/dc18-0559

OBJECTIVE

To compare insulin glargine 300 units/mL (Gla-300) versus insulin degludec
100 units/mL (IDeg-100) in this first head-to-head randomized controlled trial.

RESEARCH DESIGN AND METHODS

BRIGHT (NCT02738151) was a multicenter, open-label, active-controlled, two-arm,
parallel-group, 24-week, noninferiority study in insulin-naive patients with un-
controlled type2diabetes. Participantswere randomized1:1 toeveningdosingwith
Gla-300 (N = 466) or IDeg-100 (N = 463), titrated to fasting self-monitored plasma
glucose of 80–100mg/dL. The primary endpointwasHbA1c change frombaseline to
week 24. Safety end points included incidence and event rates of hypoglycemia.

RESULTS

At week 24, HbA1c improved similarly from baseline values of 8.7% (72 mmol/mol)
in the Gla-300 group and 8.6% (70 mmol/mol) in the IDeg-100 group to 7.0%
(53 mmol/mol)dleast squares mean difference 20.05% (95% CI 20.15 to 0.05)
(20.6 mmol/mol [21.7 to 0.6])ddemonstrating noninferiority of Gla-300 ver-
sus IDeg-100 (P < 0.0001). Hypoglycemia incidence and event rates over 24 weeks
were comparable with both insulins, whereas during the active titration period
(0–12 weeks) the incidence and rate of anytime (24-h) confirmed hypoglycemia
(£70 and <54 mg/dL) were lower with Gla-300. Both insulins were properly
titrated and exhibited no specific safety concerns.

CONCLUSIONS

Gla-300 and IDeg-100 provided similar glycemic control improvements with
relatively low hypoglycemia risk. Hypoglycemia incidence and rates were com-
parable with both insulins during the full study period but lower in favor of Gla-300
during the titration period. The choice between these longer-acting basal insu-
lins may be determined by factors such as access and cost, alongside clinical
considerations.
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versus IDeg-100 was not demonstrated.
Robustness of the primary analysis was
supported by the results of sensitivity
analyses to assess the impact of missing
data, including a per-protocol analysis
(not shown). Furthermore, no evidence
of heterogeneity of treatment effect
according to randomization strata of SU
or glinide use (yes, no) was observed
(P = 0.626, data not shown).
The proportions of participants who

reached HbA1c target ,7.0% (,53
mmol/mol), or HbA1c target ,7.0%
(,53 mmol/mol) without confirmed hy-
poglycemia (#70 mg/dL or ,54 mg/dL)
at any time of day (24 h), at week 24 were
comparable between treatment arms
(Table 2).
Mean FPG and fasting SMPG at base-

line and week 24 are presented in Table 2
and Fig. 1C and D. The LS mean difference
in FPG change from baseline to week
24 was 7.7 mg/dL (95% CI 2.7–12.7) for
Gla-300 versus IDeg-100. The LS mean
difference in fasting SMPG change from
baseline to week 24 was 1.1 mg/dL
[95% CI 21.9 to 4.1] for Gla-300 versus
IDeg-100. The eight-point fasting SMPG
profiles appeared similar with Gla-300

and IDeg-100 by week 24 (Fig. 1B). Mean
coefficient of variation for eight-point
profiles (24-h SMPG), expressing within-
day plasma glucose variability, was
comparable for Gla-300 and IDeg-100
at baseline (22.5% and 23.4%, respec-
tively) and at week 24 (27.6% and 28.0%,
respectively).

Hypoglycemia
Anytime (24-h) Hypoglycemia

The incidence of confirmed hypoglyce-
mia (#70mg/dL) at any timeofday (24h)
during the 24-week on-treatment pe-
riod was comparable with Gla-300 and
IDeg-100, being 66.5% and 69.0% (odds
ratio [OR] 0.88 [95% CI 0.66–1.17]. There
was also no difference between treat-
ments in the incidence of confirmed
hypoglycemia at the,54 mg/dL thresh-
old over 24 weeks (Fig. 2). Patients using
SUs or glinides at screening were more
likely to experience hypoglycemia than
those who were not, but no evidence of
heterogeneity of treatment effect ac-
cording to randomization strata of SU
or glinide use (yes, no) was observed for
the incidence of confirmed hypogly-
cemia (#70 mg/dL and ,54 mg/dL)

(P . 0.05, data not shown). The event rate
of confirmed hypoglycemia (#70 mg/dL)
at any time of day during the 24-week
on-treatment period was comparable
with Gla-300 and IDeg-100, with 9.3
and 10.8 events per patient-year, respec-
tively (rate ratio [RR] 0.86 [95% CI 0.71–
1.04]) (Fig. 2). A comparable rate of
confirmed hypoglycemia (,54 mg/dL)
was also observed with Gla-300 and
IDeg-100 (0.6 versus 0.9 events per
patient-year, RR 0.69 [95% CI 0.45–
1.08]) (Fig. 2).However, for both incidence
and rates, the direction of effect was in
favor of Gla-300 for confirmed hypo-
glycemia (defined by either glycemic
threshold) over 24 weeks (Fig. 2).

During the first 12 weeks, incidence and
event rates of confirmed hypoglycemia
(#70mg/dL and,54 mg/dL) were lower
with Gla-300 versus IDeg-100 (Fig. 2).
Incidence and event rates of confirmed
hypoglycemia (#70mg/dLand,54mg/dL)
were comparable in both treatment
groups during weeks 13–24 (Fig. 2).

The results for anytime (24-h) docu-
mented symptomatic hypoglycemia were
similar to those for confirmed hypogly-
cemia (data not shown).

Figure 1—HbA1c levels (A), eight-point SMPG profiles (B), FPG levels (C), and fasting SMPG levels (D) over 24 weeks of treatment, ITT population.
BL, baseline; FSMPG, fasting SMPG; W, week. (A high-quality color representation of this figure is available in the online issue.)
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were comparable with both insulins, whereas during the active titration period
(0–12 weeks) the incidence and rate of anytime (24-h) confirmed hypoglycemia
(£70 and <54 mg/dL) were lower with Gla-300. Both insulins were properly
titrated and exhibited no specific safety concerns.

CONCLUSIONS

Gla-300 and IDeg-100 provided similar glycemic control improvements with
relatively low hypoglycemia risk. Hypoglycemia incidence and rates were com-
parable with both insulins during the full study period but lower in favor of Gla-300
during the titration period. The choice between these longer-acting basal insu-
lins may be determined by factors such as access and cost, alongside clinical
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tion (from an overall mean 8.6% [71
mmol/mol] at baseline to 7.0% [53
mmol/mol] at week 24). Furthermore,
similar proportions of participants in the
Gla-300 and IDeg-100 groups achieved
HbA1c target ,7.0% (,53 mmol/mol)
without confirmed hypoglycemia (#70
mg/dL and ,54 mg/dL). Hypoglycemia
incidence and rates were generally low,
although slightly higher than in the
insulin-naive population in the EDITION
3 study comparing Gla-300 versus Gla-100
(where, in contrast with the BRIGHT
study, SUs and glinides were discontin-
ued) (12). Most notably, only one severe
hypoglycemic event occurred during the
entire 24-week trial, attesting to the
safety of both these longer-acting basal
insulins, which can allow stricter glyce-
mic goals when properly initiated and
titrated.
At study end, FPG values were fairly

similar with IDeg-100 and Gla-300, al-
though there was a greater reduction
from baseline with IDeg-100 than Gla-300
(Fig. 1C). In contrast, fasting SMPG
was higher at baseline with Gla-300
but decreased similarly compared with

IDeg-100 and was no different at study
end (Fig. 1D). The reasons for the small
discrepancy between FPG and fasting
SMPG are not clear but may reflect
differences in how and when samples
for FPG and fasting SMPG were taken;
FPG sampling and analysis was per-
formed during on-site visits, while fasting
SMPG was usually sampled and tested
when participants awoke and prior to
breakfast, with mean values from the
previous 7 days used in the analysis for
each relevant time point. Furthermore,
the fasting SMPG results may be of
more clinical relevance, given that these
values guided insulin titration (as per
protocol) during the study. Neverthe-
less, these findings are consistent with
results from trial-level meta-analyses
indirectly comparing the EDITION and
BEGIN clinical trial programs, which
showed a discrepancy between the FPG
and fasting SMPG change for Gla-300
and IDeg-100 versus Gla-100 (13).

Of note, within-day variability of 24-h
SMPG (based on the eight-point SMPG
profiles) in BRIGHT was comparable
within the Gla-300 and IDeg-100 groups
at baseline and week 24, indicating no

difference in within-day intrasubject
variability between these two second-
generation basal insulins. The increase in
intrasubject variability from baseline to
week 24 was minimal, suggesting that
both longer-acting basal insulins reduce
blood glucose levels smoothly in type 2
diabetes. Further analyses will be con-
ducted to assess whether day-to-day
differences in glucose variability, if any,
exist between Gla-300 and IDeg-100 in
patients with type 2 diabetes in clinical
practice.

Hypoglycemia incidence and rates
were comparable between the insulins
over the entire 24-week treatment
period. However, lower incidence and
annualized rates of anytime (24-h) con-
firmed hypoglycemia (#70 and ,54
mg/dL) were observed with Gla-300
versus IDeg-100 during the initial titra-
tion period (0–12 weeks), despite this
time also being the period with the
highest increase in insulin doses and
greatest drop in fasting SMPG and
HbA1c. During the 13–24-week period,
when there were smaller changes in
insulin dose, the incidence and rates of
confirmed hypoglycemia were comparable

Figure2—Hypoglycemiaat any timeofday (24h) (A) orduring thenocturnalperiod (0000–0559h) (B), safetypopulation.NominalPvaluesareprovided.
(A high-quality color representation of this figure is available in the online issue.)
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Abstract

Evidence from randomized controlled trials (RCTs) has shown that second-generation

basal insulin (BI) analogues, insulin glargine 300 U/mL (Gla-300) and insulin degludec

(IDeg), provide similar glycaemic control, with a lower risk of hypoglycaemia com-

pared with the first-generation BI analogue insulin glargine 100 U/mL (Gla-100) in

people with type 2 diabetes (T2D). However, the highly selected participants and fre-

quent follow-up of RCTs may not be truly representative of real-life clinical practice.

It is important to assess the safety and effectiveness of these second-generation BI

analogues in real-life clinical practice settings. The DELIVER programme utilized elec-

tronic healthcare records from the United States to compare clinical outcomes in

people with T2D who received either Gla-300 or other BI analogues in real-world

clinical practice. This review provides a concise overview of the results of the

DELIVER studies. Overall, Gla-300 provided similar antihyperglycaemic effectiveness

and a lower risk of hypoglycaemia versus the first-generation BI analogues Gla-100

and insulin detemir in people with T2D who had switched BIs. In those who were

insulin-naïve, initiation with Gla-300 versus Gla-100 was associated with significantly

better antihyperglycaemic effectiveness and similar or lower hypoglycaemic risk.

Both glycaemic control and hypoglycaemia risk were also shown to be similar with

Gla-300 and IDeg, in people who had switched BIs and in those who were insulin-

naïve. In addition, the DELIVER 2 study reported that people with T2D who switched

to Gla-300 had reduced healthcare resource utilization, with an overall saving of US

$1439 per person per year compared with those who switched to another BI ana-

logue. Overall, the real-world DELIVER programme showed that the glycaemic con-

trol with a low risk of hypoglycaemia observed with Gla-300 in RCTs was also seen

in standard clinical practice.
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basal insulin, glycaemic control, hypoglycaemia, insulin analogues, insulin therapy, type
2 diabetes
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DELIVER D+ study overall (Figure 1B,C).13 Across all high-risk sub-

groups assessed, the incidence of any hypoglycaemia was also similar

between Gla-300 and IDeg (Table S2). The proportions of patients

with any hypoglycaemia or hypoglycaemia associated with inpatient/

ED visits were also assessed in DELIVER D+ and were similar

between Gla-300 and IDeg (Figure S2), consistent with the results for

event rates.

2.3 | Effectiveness and safety in insulin-naïve
individuals

2.3.1 | HbA1c

Among insulin-naïve individuals, there were significant reductions in

HbA1c from baseline to 6 months in those who initiated BI therapy

(A)

(B)

(C)

F IGURE 1 (A) Change in HbA1c from baseline to follow-up, (B) adjusted event rate of any hypoglycaemia‡, and (C) adjusted event rate of
hypoglycaemia associated with inpatient/emergency department (ED) visits‡, in the DELIVER programme. Fixed 6-month follow-up approach
(12-month follow-up in DELIVER HIGH RISK14); *P < .001; **P < .0001; †with payer as covariate12; ‡P values adjusted for baseline
hypoglycaemia. BI, basal insulin; Gla-100, insulin glargine 100 units/mL; Gla-300, insulin glargine 300 units/mL; IDeg, insulin degludec; IDet,
insulin detemir; NS, non-significant; PPY, per person-year

1716 BLONDE ET AL.
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…y el avance del tratamiento con esquemas complejos puede asociarse con 
varias desventajas

• *Noted in multiple guidelines. BI, basal insulin; FRC, fixed-ratio combination; GI, gastrointestinal; GLP 1 RA, glucagon-like peptide-1 receptor agonist; U, units.
American Diabetes Association. Diabetes Care 2021;44(Suppl 1):S111–S124.; Davies MJ, et al. Diabetes Care 2018;41:2669–701;
Nuffer W, et al. Ther Adv Endocrinol Metab 2018;9:69–79; Ilag LL, et al. Clinical Ther 2007;29:1254–70; LeRoith D, et al. J Clin Endocrinol Metab 2019;104:1520–74.

Combinación de relación fija de 
IB + AR GLP1.

Ventajas Desventajas

• Accion normoglucemiante potente vs el uso individual de sus componentes*

• Mayor duración del efecto glucémivo vs la adición de la IB solamente*

• Menor ganancia de peso (o efecto neutron) y menor riesgo de hipoglucemia
vs esquemas intensivos de insulina*

• Dosis máxima de IB llega a 60 U para iGlarLixi y 
50 U para iDegLira

Adición de una insulina rápida
a una IB

Cambio a una pre-mezcla de 
insulina

• Starting with a single prandial dose (with largest meal of the day) is 
simple and effective*

• Can be advanced to multiple prandial doses if necessary
• Greater flexibility for people on irregular schedules*

• Esquema simplificado vs esquema basal-bolo*

• Riesgo de hipoglucemia
• Múltiples inyecciones diarias
• Ganancia de peso

• No disponible en todos los países
• Dificultad para la titulación
• Aumenta el comsumo de alimentos*

• Aumenta riesgo de ganancia de peso y de 
hipoglucemia*

Adición de una inyección diaria
o semanal de AR-GLP-1.

• Eficacia similar a otras opciones de intensificación (tales como basal
+/basal–bolo)

• Menor riesgo de ganancia de peso e hipoglucemia vs esquemas
intensivos de insulina*

• Eventos adversos gastrointestinales*

• Requerimiento de inyecciones adicionales
• Titulación para lograr dosis de mantenimiento



58

…y el avance del tratamiento con esquemas complejos puede asociarse con 
varias desventajas

• Ther Adv Endocrinol Metab 2018;9:69–79; Ilag LL, et al. Clinical Ther 2007;29:1254–70; J Clin Endocrinol Metab 2019;104:1520–74.

Adición de una insulina rápida
a una IB

4 agujas diarias
3-7 glucometrías
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When should fixed ratio basal insulin/glucagon-like peptide-1 receptor
agonists combination products be considered?

1. Introduction

1.1. Diabetes and combination of GLP-1 RA

Combination therapy for common chronic diseases such as diabetes
and hypertension has been available for many years in the form of oral
agents being combined in a variety of doses. Such combinations are
more frequently used for treating hypertension but may be less popular
for treating diabetes, for reasons that are unclear.

Indeed, diabetes lends itself to being suitable for such combination
therapy because of the large number of medications that patients
need to take, leading to difficulties with adherence and increased
costs. Several medications are usually needed to address the multiple
defects contributing to hyperglycemia.

Recently, the combination of two injectable therapies, basal insulin and
GLP-1 receptor agonists [GLP-1RA] have become available and approved1–5

. This is novel in that there is no other disease state in which injectable
agents are combined to allow two medications to be injected at the same
time. It does have the additional advantage of decreasing not just medica-
tion burden for patients but also reducing the number of injections which
is greatly disliked by patients. However, there are some limitations as the
ratio of the component injectables is fixed and multiple dose combination
is not available as in combination pills.

1.2. Why is it difficult to achieve andmaintain glycemic targets in diabetes?

The cause of failure to achieve andmaintain glycemic targets is likely
to be multiple and due at least in part to the complex pathophysiology
of type 2 diabeteswith at least eight abnormalities forwhich treatments
are available, and the likelihood that there are evenmore abnormalities
present. Treatment often consists of one or twomedications, leaving the
other pathophysiological abnormalities to continue to operate and
worsen the condition.

A key abnormality in the progression of the disease is the decline in
beta cell function and beta cell mass, as well as increased insulin resis-
tance. In presence of insulin resistance insulin secretion increases as a
compensatorymechanism. Beta cell function is already significantly im-
paired at the time of diagnosis of diabetes and the decline in function
continues despite many of the treatments that are used in practice.
While some treatments are known to slow some of the progression,
there is currently no treatment that completely reverses it.

1.3.Whenwould a combination of insulin and GLP-1 RA be useful in clinical
practice?

The American Diabetes Association Guidelines state that all choices
are acceptablewhen advancing therapywith selection based on cost, ef-
ficacy, side effects, particularlyweight gain andhypoglycemia, aswell as
the complications of diabetes.6 Following recent clinical trial
evidence,7–9 the standards of care recommended that in patients who
were uncontrolled with diabetes and had established atherosclerotic
cardiovascular disease, selected SGLT2 inhibitors such as empagliflozin
or GLP-1RA such as liraglutide should be considered, as they have
been shown to reduce events and mortality.

In clinical practice it is common to see patients on 2–3 oral agents
who are very poorly controlled, appear insulin deficient with a high
A1C and are obese. Such patients clearly have multiple pathophysiolog-
ical defects that have not been addressed. Some of these patients may
have tried other agents but discontinued due to side effects. Further
complications such as CVD and CKD may be present. Insulin therapy is
very appropriate in such patients' but hypoglycemia and weight gain
are significant problems. Further, patients are more reluctant to start
insulin.

1.4. Assessing and addressing common psychosocial barriers to injectable
therapy

Patients frequently fear injections because they don't like needles
and have fear of them. They consider them painful and they also have
a bias against insulin because of known hypoglycemia and weight
gain and adverse effects on lifestyle. They feel it may affect their rela-
tionshipwith family and friends and that the need for insulin represents
personal failure in managing their disease. Appropriate diabetes educa-
tion is needed to allay these fears and misconception.

Because of its ability to lower A1c substantially, as well as its
established place in therapy patients are often started on basal insulin
as the first injectable with the oral agents continued. This often im-
proves glycemic control but many patients do not get to goal and
those that do are at high risk of weight gain and hypoglycemia. This
made it challenging to increase the dose of insulin further because of
the risk of hypoglycemia, which is well known to occur as the basal in-
sulin dose is up-titrated. Further, post prandial hyperglycemia is often
not address and may explain a high A1c, even though fasting glucose
may not be very high.

The ADA Guidelines recommend that such patients should be
treated eitherwith a rapid-acting insulin in addition to the basal insulin,
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(estimated treatment difference −0·47%, 95% CI −0·58 to−0·36, p b
0·0001) and superior to liraglutide (−0·64%, −0·75 to −0·53, p b
0·0001). IDegLira was generally well tolerated; fewer participants in
the IDegLira group than in the liraglutide group reported gastrointesti-
nal adverse events (nausea 8·8 vs 19·7%), although the insulin
degludec group had the fewest participants with gastrointestinal ad-
verse events (nausea 3·6%).

It is remarkable that the rates of nausea on the combination were
much lower than that seen with liraglutide given alone, perhaps be-
cause of the slow titration that was possible. Titration is done in multi-
ple steps based on insulin titration, rather than the 3 steps
recommended when liraglutide is used alone.

Other trials have compared the combination with either insulin
alone or GLP-1 alone, and demonstrated the superiority of the combina-
tion. DUAL II was a 26-week, double-blind trial, patients with type 2 di-
abetes on basal insulin (20–40 units) and metformin. Participants were
randomized to once-daily IDegLira + metformin or IDeg + metformin
with titration aiming for fasting plasma glucose between 4 and
5 mmol/L. Maximum allowed doses were 50 dose steps (equal to
50 units IDeg plus 1.8 mg liraglutide) and 50 units for degludec. A
total of 413 patients were randomized (mean A1C 8.8% [73mmol/mol];
BMI 33.7 kg/m2). IDeg dose, alone or as part of IDegLira, was equivalent
(45 units). A1C decreased by 1.9% with IDegLira and by 0.9% with IDeg
(treatment difference −1.1%). Mean weight reduction with IDegLira
was 2.7 kg vs. no weight change with Ideg. Thus, lack of weight gain is
another important advantage of the combination.

Similarly, the combination of insulin glargine and lixisenatide has
been shown to be effective in many trials. The first of these demon-
strated that it was possible to lower A1c from above 8 to 6.3%. While
good control was obtained also by optimizing glargine in that study, it
led to more weight gain and hypoglycemia. Further glucose profiles
demonstrate very good postprandial glucose control with such a combi-
nation. Studies also confirm lower rates of nausea thanwith lixisenatide
alone, very similar to what has been observed in the fixed ratio combi-
nation of degludec and liraglutide.

Similarly, Rosenstock et al. assessed the efficacy and safety of
iglarlixi, a fixed-ratio, titratable, combination of 2 units insulin glargine
(Gla-100) and 1 μg lixisenatide administered once daily via a single pen,
versus Gla-100 in insulin-naïve type 2 diabetes on metformin. Partici-
pants were randomized to once-daily iglarlixi or Gla-100 for
24 weeks, while continuing metformin. Iglarlixi and Gla-100 were
started at 10 units/5 μg and 10 units, respectively, and titrated based
on the Gla-100 requirement according to fasting plasma glucose levels.

At week 24, mean HbA1c was reduced from 8.0% at baseline to 6.3% and
6.5% with iglarlixi and Gla-100, respectively. Iglarlixi improved 2-h
postmeal plasma glucose versus Gla-100. Body weight was reduced
with iglarlixi (−1 kg) and increasedwith Gla-100 (+0.5 kg;), with no in-
crease in hypoglycemic events and the incidence of nausea (7.5%) and
vomiting (2.5%)was lowwith iglarlixi. Thus, iglarlixi achieved statistically
significant reductions to near-normal HbA1c levels with weight loss and
no increased hypoglycemic risk, compared with insulin glargine alone,
and a low incidence of gastrointestinal adverse events in type 2 diabetes
inadequately controlled on metformin. The approved FRC iglarlixi how-
ever, consists of a 100/ 30 ration of glargine and lixisenatide.

5. Practice considerations forGLP-1RAandbasal insulin combinations

Is there a difference between the two FR combinations? No head-to-
head comparison has been done with the FRCs and therefore it is not
possible to make recommendations between the two for glycemic con-
trol alone. However, liraglutide has been approved for treatment of ath-
erosclerotic cardiovascular disease, whereas Lixisenatide does not have
this indication. The maximum dose of insulin in IDegLira is 50 units,
whereas it is 60 units in iGlarLixi, perhaps making the latter more suit-
able for patients who need higher doses of insulin.

5.1. Should an FRC be the first injectable?

As discussed above, disease progression leads to a large proportion of
patients on oral agents failing tomeet goals over time.When injection be-
comes inevitable, it may seem appropriate to use such a combination,
which could lead to not only better glycemic control but with less side ef-
fects (less weight gain than insulin alone and less nausea/ vomiting than
GLP-1 alone). Such a paradigm could eventually lead to FRCs becoming
the first injectable of choice for most patients with type 2 diabetes.

The combination has to be administered within 1 h of the first meal
of the day at the same time. Starting dose of the combination of insulin
glargine and lixisenatide injection 100 units/mL and 33 μg/mL depends
on the patient sensitivity and patient's current dose of long acting insu-
lin. 15 units/5 μg dose is the initial dose in patient naïve to insulin and
patient whose current basal insulin dose is b30 units a day.
30 units/10 μg iGlarLixi recommended in patients who are on higher
dose of basal insulin−30-60 units /day. The iGlarLixi dose should be ad-
justed by 2–4 units weekly based on patients' blood glucose results, The
maximum daily dose of 60 units insulin glargine and lixisenatide 20 μg.

Fig. 2. Basal insulin and GLP-1 RA complementary mechanism of action.
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