
Introduction

Conclusions

• When individuals with type 2 diabetes (T2D) receiving first-line glucose-lowering 
therapy are unable to achieve optimal glycemic control (glycated hemoglobin [HbA1c] 
≤ 7.0% for most patients), clinical guidelines recommend the use of second-line 
dual therapy.1,2

• However, the large number of glucose-lowering treatments available may present 
difficult treatment decisions for physicians.3

• Real world data are key to informing such decisions.
• We used data from the DISCOVER study program to assess the effectiveness 

of newer second-line metformin combination therapies (metformin and either a 
dipeptidyl peptidase-4 inhibitor (DPP-4i), a glucagon-like peptide-1 receptor agonist 
(GLP-1 RA) or a sodium–glucose co-transporter 2 inhibitor (SGLT-2i), versus 
metformin in combination with a sulfonylurea (SU), on weight, HbA1c level and risk of 
hypoglycemia over 3 years in patients with T2D. 

• While all metformin combination therapies showed a similar reduction in HbA1c level, 
beyond 12 months, combinations of metformin and an SU were associated with the 
lowest weight reduction and the highest incidence of hypoglycemia.

• Combinations of metformin and an SU were prescribed to a large proportion of 
participants, probably because of the limited availability and high cost of alternative 
glucose-lowering treatments in lower-income DISCOVER countries.6

• Our data suggest that second-line metformin in combination with either a GLP-1 RA 
or an SGLT-2i are most effective in reducing weight and HbA1c level in patients with 
T2D, while also minimizing the risk of hypoglycemia.

 

Box 1. Key inclusion and exclusion criteria.

Figure 1. Adjusted changes from baseline in (A) weight and (B) HbA1c level at 6,12, 24 and 
36 months. 

Figure 2. Proportion of patients experiencing at least one hypoglycemic event  
during follow-up.

*Denotes statistically significant differences (p < 0.05).
Changes were adjusted for age; sex; duration of T2D; first-line therapy (with or without metformin); history of macrovascular complications, microvascular 
complications and hypoglycemia; baseline weight (model A only); baseline HbA1c level (model B only); and region. 
DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycated hemoglobin; SGLT-2i, sodium–glucose 
co-transporter 2 inhibitor; SU, sulfonylurea; T2D, type 2 diabetes.

CI, confidence interval; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycated hemoglobin;  
SGLT-2i, sodium–glucose co-transporter 2 inhibitor; SU, sulfonylurea.
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Table 1. Baseline characteristics of patients prescribed second-line metformin 
combination therapies.

Baseline characteristic Total 
N = 7613

Second-line therapy

Metformin + 
DPP-4i 

n = 3678

Metformin + 
GLP-1 RA 

n = 186

Metformin + 
SGLT-2i 
n = 633

Metformin 
+ SU 

n = 3116

Male, n (%) 4050 (53.2) 2107 (57.3) 89 (47.8) 357 (56.4) 1497 (48.0)

Age, years, mean (SD) 57.0 (11.8) 57.9 (12.0) 53.4 (11.6) 55.8 (11.5) 56.4 (11.5)

Age, n (%)

< 65 years 5666 (74.4) 2607 (70.9) 156 (83.9) 482 (76.1) 2421 (77.7)

65 to < 75 years 1501 (19.7) 814 (22.1) 24 (12.9) 130 (20.5) 533 (17.1)

≥ 75 years 446 (5.9) 257 (7.0) 6 (3.2) 21 (3.3) 162 (5.2)

Region,a n (%)

Africa 493 (6.5) 20 (0.5) 9 (4.8) 0 (0.0) 464 (14.9)

Americas 1370 (18.0) 584 (15.9) 31 (16.7) 176 (27.8) 579 (18.6)

Eastern Med. 1009 (13.3) 648 (17.6) 14 (7.5) 12 (1.9) 335 (10.8)

Europe 1906 (25.0) 955 (26.0) 126 (67.7) 259 (40.9) 566 (18.2)

Western Pacific 1423 (18.7) 949 (25.8) 2 (1.1) 132 (20.9) 340 (10.9)

South-East Asia 1412 (18.5) 522 (14.2) 4 (2.2) 54 (8.5) 832 (26.7)

Weight, kg, mean (SD) 81.3 (18.9) 80.5 (18.4) 105.4 (21.0) 91.7 (19.9) 78.8 (17.4)

Missing, n 412 224 17 17 154

HbA1c, %, mean (SD) 8.2 (1.5) 8.0 (1.4) 8.2 (1.7) 8.1 (1.5) 8.5 (1.7)

Missing, n 1390 427 19 54 890

Duration of T2D, years, 
median (IQR)

4.0 (1.8–7.1) 3.9 (1.6–7.0) 4.7 (2.0–8.0) 3.5 (1.7–6.6) 4.0 (1.9–7.2)

Missing, n 220 142 15 27 36

History of 
complications, n (%)

Macrovascular 1121 (14.8) 581 (15.9) 26 (14.1) 90 (14.3) 424 (13.6)

Missing, n 25 16 2 5 2

Microvascular 1339 (17.6) 627 (17.1) 27 (14.5) 103 (16.3) 582 (18.7)

Missing, n 10 7 0 2 1

Hypoglycemia 232 (3.0) 108 (2.9) 8 (4.3) 7 (1.1) 109 (3.5)

Percentages were calculated for all patients with data available; patients with missing data were excluded.
aParticipating countries were grouped into regions according to World Health Organization (WHO) categories: Africa (Algeria, South Africa); Americas 
(Argentina, Brazil, Canada, Colombia, Costa Rica, Mexico, Panama); South-East Asia (India, Indonesia); Europe (Austria, Czech Republic, Denmark, France, 
Italy, Netherlands, Norway, Poland, Russia, Spain, Sweden, Turkey); Eastern Mediterranean (Bahrain, Egypt, Jordan, Kuwait, Lebanon, Oman, Saudi Arabia, 
Tunisia, United Arab Emirates); and Western Pacific (Australia, China, Japan, Malaysia, South Korea, Taiwan). 
DPP-4i, dipeptidyl peptidase-4 inhibitor; Eastern Med., Eastern Mediterranean; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycated 
hemoglobin; IQR, interquartile range; SD, standard deviation; SGLT-2i, sodium–glucose co-transporter 2 inhibitor; SU, sulfonylurea; T2D, type 2 diabetes.

Inclusion criteria
• Diagnosis of T2D 
• Age ≥ 18 yearsa

• Initiating a second-line therapy  
(add-on or switching)

Exclusion criteria
• Diagnosis of T1D
• Pregnancy
• First-line therapy was insulin or another injectable agent
• First-line therapy was with herbal remedies/natural 

medicines alone
• Undergoing dialysis or has had a renal transplant

aAge ≥ 20 years in Japan.
T1D, type 1 diabetes; T2D, type 2 diabetes.
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Methods

The DISCOVER study program
• The DISCOVER study program comprises two similar 3-year, non-interventional, 

prospective studies assessing treatment and clinical outcomes in patients with T2D 
initiating a second-line treatment in 38 countries across six continents (NCT02322762 
and NCT02226822).4,5

• From September 2014 to June 2016, people with T2D were invited to participate in 
the DISCOVER study program if they were initiating a second-line glucose-lowering 
treatment (add-on or switching) following first-line oral monotherapy or combination 
therapy (N = 15 983).
– Key study inclusion and exclusion criteria are shown in Box 1.

Strengths and limitations
• The DISCOVER study program provides a longitudinal, global picture of the management 

of patients with T2D initiating second-line glucose-lowering therapy in a global, real 
world setting.

• In line with the observational nature of the study, there was no requirement for all 
variables to be recorded and a complete data set was not available for all participants. 
– However, this is reflective of real world clinical practice. 

• While major hypoglycemic events were recorded if they took place within 12 months 
of the visit, minor hypoglycemic events were only recorded if they took place in the 4 
weeks preceding a follow-up visit and also relied on the participant’s recollection. Recall 
bias may have led to an under-reporting of minor hypoglycemic events, and therefore an 
underestimation of the occurrence of hypoglycemia.7

• Data collected did not distinguish between different therapies or doses within a 
treatment class. 
– Treatment adherence data were not collected.

• Adjusted changes from baseline in weight and HbA1c level at 6, 12, 24 and 36 months 
were assessed using repeated measure linear models (Figure 1).

• Time to the first occurrence of hypoglycemia (major and minor) was analyzed using an 
interval censored survival model.

• Statistical analyses were carried out using the SAS statistical software system (SAS 
Institute, Inc., Cary, NC, USA).

Results

Baseline characteristics
• Of the 7613 patients included in our analysis, 53.2% were men, the mean age was 57.0 

(SD: 11.8) years and the median duration of T2D was 4.0 (IQR: 1.8–7.1) years (Table 1).
• At baseline, 3678 patients received second-line therapy with metformin and a DPP-4i 

(48.3%), 3116 patients received metformin and an SU (40.9%), 633 patients received 
metformin and a SGLT-2i (8.3%) and 186 patients received metformin and a GLP-1 RA 
(2.4%; Table 1).

• Data were collected according to routine clinical practice, using a standardized electronic 
case report form at baseline (initiation of second-line therapy) and 6, 12, 24 and 
36 months.

• Major hypoglycemic events (requiring third-party assistance) were recorded at any point 
since the previous patient visit, and minor hypoglycemic events were recorded at any 
point in the 4 weeks before a visit.

Statistical analysis
• Patients were included if they were prescribed a combination of metformin with a 

DPP-4i, a GLP-1 RA, a SGLT-2i or an SU as second-line treatment (N = 7613).
– Not all participants were prescribed metformin monotherapy as a first-line treatment. 
– Participants from China were excluded, as data were not available due to 

governance reasons.
• Categorical data are presented as numbers and percentages. Mean (standard deviation 

[SD]) or median (interquartile range [IQR]) values were reported, when appropriate. 
• The effect of the different second-line metformin combination therapies on weight, HbA1c 

level and risk of hypoglycemia were analyzed using an intention-to-treat approach. 

Adjusted changes in weight and HbA1c level during follow-up
• Adjusted changes in weight and HbA1c level at 6,12, 24 and 36 months are shown in 

Figure 1.
• When used in combination with metformin, GLP-1 RAs, SGLT-2is and DPP-4is were 

associated with a significantly greater weight loss than SUs at all time points (Figure 1A). 
– Overall, treatment with metformin and a GLP-1 RA was associated with the greatest 

adjusted weight loss.
• Between baseline and 12 months, metformin in combination with either a GLP-1 RA, 

SGLT-2i or a DPP-4i was associated with significantly greater reduction in HbA1c level 
than metformin and an SU (Figure 1B).

• Beyond 12 months, changes in HbA1c level were similar for all combinations.

Occurrence of hypoglycemia during follow-up
• Time to the first occurrence of hypoglycemia for each treatment group is shown in 

Figure 2. 
• Patients prescribed metformin and an SU had a significantly greater risk of hypoglycemia 

over 3 years than patients prescribed metformin and either a DPP-4i (0.47; 95.0% 
confidence interval [CI]: 0.38–0.59), a GLP-1 RA (0.31; 95% CI: 0.11–0.84) or an SGLT-2i 
(0.28; 95% CI: 0.16–0.48).
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