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Abstract: Step-wise addition of antihyperglycemic agents (AHA) after the initiation of 
metformin monotherapy has been the traditional approach for the treatment of type 2 
diabetes mellitus (T2DM) world-wide. Emerging evidence increasingly suggests that met
formin-based combination therapy, especially with the newer AHA that lowers HbA1c 
glucose-dependently and do not potentiate hypoglycemia, could be a potentially better option 
for durable glycemic control with good tolerability compared to diabetes monotherapy. In 
this review, we descriptively analyzed the evidence available from the systematic reviews 
and meta-analyses of randomized head-to-head trials that reported the efficacy and safety 
outcomes of diabetes monotherapy, metformin-based combination therapies, and monother
apy versus metformin-based combination therapies. 
Keywords: type 2 diabetes, monotherapy, combination therapies, efficacy, safety outcomes

Introduction
The treatment of type 2 diabetes mellitus (T2DM) is primarily aimed at preventing 
or delaying micro- and macro-vascular complications, to curtail acute metabolic 
decompensation and to reduce premature death, while preserving quality of life. 
The pharmacological approach to treat T2DM consists of either a stepwise 
approach or using a combination of anti-hyperglycemic agents (AHA) from the 
beginning. Until recently, stepwise method of adding AHA sequentially has been 
the standard approach in the absence of sufficient evidence for early combination 
therapy supported by the American Diabetes Association and the European 
Association for the Study of Diabetes (ADA/EASD) consensus algorithm.1 

Indeed, step-wise addition of AHA for the treatment of T2DM has been recom
mended in various guidelines from Asian countries including Japan,2 Korea,3 

Hong Kong,4 Taiwan,5 and China.6

While monotherapy with metformin alone at the time of T2DM diagnosis allays 
the fear of hypoglycemia and any potential increase in side effects when compared 
to early combination therapy, it is also unlikely to maintain HbA1c target consis
tently owing to the complex patho-physiological nature of T2DM. Moreover, 
stepwise approach has the potential issue of both therapeutic and clinical inertia 
that might expose patients to a state of chronic hyperglycemia and consequently to 
a potential increase in risk for long-term complications of T2DM.7 Contrarily, early 
combination therapy could provide greater and consistent HbA1c reductions owing 
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to the synergistic and complementary mechanism of action 
(MOA).8 This could be further achieved without signifi
cantly potentiating hypoglycemia with the use of newer 
AHA such as sodium-glucose co-transporter-2 inhibitors 
(SGLT-2I), glucagon-like peptide-1 receptor agonists 
(GLP-1RA), and dipeptidyl peptidase-4 inhibitors (DPP- 
4I) owing to their MOA of glucose-dependent lowering of 
plasma glucose. Moreover, reduction of glucotoxicity in 
the early stage of disease with the combination therapy 
may have a potential to preserve β-cell mass as well as 
functions besides a significant improvement in insulin 
sensitivity.9 Furthermore, some agents in combination 
therapy can counter the off-target effects of others beside 
complimenting the MOA of other AHA. For example, 
metformin, DPP-4I, and GLP-1RA can counteract the 
rise in glucagon levels and additionally suppress hepatic 
glucose production induced by SGLT-2I when used in 
combination. Metformin also increases GLP-1 and can 
further augment the GLP-1 effect in combination with 
DPP-4I.8 While early combination therapy with multiple 
AHA may be expensive and associated with reduced 
patient adherence because of multiple pills, this can be 
overcome partly by using a fixed-dose drug combination.10 

Moreover, initial superior and durable glycemic control, 
and consequent lesser risk of complications may offset the 
initially higher cost of combination therapy.10 In an esti
mate, first-line use of dapagliflozin plus metformin combi
nation was found to be more cost effective than metformin 
monotherapy and step-wise addition of dapagliflozin, in an 
economic analysis from Australia.11 Nonetheless, we still 
lack data that compared cost-effectiveness vs long-term 
efficacy and safety of early combination therapies.

In this review, we synthesized the findings of key 
efficacy and safety outcomes with monotherapies versus 
metformin-based combination therapy in people with 
T2DM. Additionally, we analyzed the efficacy and safety 
outcomes of different monotherapy and metformin-based 
combination therapies in randomized head-to-head trials.

Methods
A Boolean search from inception until April 30, 2020 
was performed in PubMed electronic database using 
MeSH keywords with the interposition of “AND”. The 
full text of relevant articles and cross references related 
to this topic in English language were retrieved. 
A thorough review of all head-to-head (H2H) rando
mized controlled trials (RCTs) that compared diabetes 
monotherapy versus metformin-based combination 

therapy including the systematic reviews and meta- 
analyses was performed. Subsequently, we synthesized 
the findings from all available systematic reviews and 
meta-analysis of RCTs that pooled and reported the 
efficacy (HbA1c reduction and weight loss) and key 
safety outcomes (hypoglycemia, gastrointestinal [GI] 
side effects and genito-urinary infections) of diabetes 
monotherapy versus metformin-based combination ther
apy in H2H studies. The findings of systematic reviews 
and meta-analyses of H2H studies that were conducted 
among diabetes monotherapy with the individual class of 
AHA as well as different metformin-based combination 
therapies, were additionally presented in this descriptive 
review. Network meta-analysis and efficacy and safety 
data of non-metformin-based combination therapies were 
excluded from this review.

Efficacy
Several meta-analyses of RCTs have compared the effi
cacy and safety outcomes of AHA either as a monotherapy 
or in combination therapies. In an earlier meta-analysis in 
2013, Phung et al12 showed that metformin-based combi
nation therapies (including sulfonylurea [SU], glinides, 
thiazolidinediones [TZD], DPP-4I and SGLT-2I, pooled 
together) significantly lowered HbA1c (∆ −0.43%; 95% 
CI, −0.56 to −0.30) compared to the metformin monother
apy in the study duration ranging from 16 to 76 weeks, 
based on 13 RCTs consisting of a total of 5370 patients 
with T2DM. However, there was a significant increase in 
risk of hypoglycemia with metformin-based combination 
therapies when compared to metformin alone (Risk Ratio 
[RR] 1.56; 95% Confidence Interval [CI], 1.08–2.26), 
although no such significant difference was noted after 
exclusion of SU-based combination therapy (RR 1.20; 
95% CI, 0.91–1.56). Nonetheless, it was not apparent 
from this meta-analysis whether metformin-based 
combinations using a different AHA would produce simi
lar superior reduction in HbA1c compared to the metfor
min monotherapy. Several subsequent meta-analyses of 
randomized H2H trials have compared the safety and 
efficacy of different diabetes monotherapies, metformin- 
based combination therapies, and monotherapy vs metfor
min-based combination therapies in T2DM.13–20 The 2016 
meta-analysis by Maruthur et al13 is the largest (179 trials 
and 25 observational studies) study having additional 
grading of recommendations’ assessment, development 
and evaluation (GRADE) on the quality of strength of 
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evidence. A meta-analysis by Milder et al17 also reported 
strength of evidence through GRADE approach.

Effect on HbA1c with Diabetes 
Monotherapy, Metformin-Based 
Combination Therapy and Monotherapy 
versus Metformin-Based Combination 
Therapies
Table 1 summarizes the HbA1c lowering effect from dif
ferent meta-analyses of randomized H2H trials. 
Collectively, in short-term monotherapy studies, HbA1c 
reduction with metformin, TZDs, SUs and SGLT-2I was 
similar; while DPP-4I showed less effectiveness compared 
to metformin, SUs and SGLT-2Is. Metformin monotherapy 
was found to be inferior to metformin-based combination 
with either SUs/Glinides or TZD or DPP-4I or SGLT-2I. 
As expected, metformin-based combination therapy either 
with SUs/Glinides or TZD or DPP-4I and SGLT-2I are 
superior in lowering HbA1c compared to monotherapy 
with either agent. Notably, the combination of metformin 
plus TZD showed a twice as large drop in HbA1c com
pared to metformin monotherapy, when baseline HbA1c 
≥8% vs <8%. While SGLT-2I plus metformin combination 
therapy had a small but significant difference in lowering 
HbA1c compared to the DPP-4I plus metformin combina
tion, this finding was inconsistent. Largely, there was no 
clinically meaningful between-group difference (≥ 0.3%) 
in HbA1c lowering with different metformin-based com
binations barring combination of metformin with GLP- 
1RA which was meaningfully superior in HbA1c reduction 
(∆ −0.65%; 95% CI, −0.54 to −0.75%) compared to the 
metformin plus DPP-4I combination therapy.

Effect on Body Weight with Diabetes 
Monotherapy, Metformin-Based 
Combination Therapy and Monotherapy 
versus Metformin-Based Combination 
Therapies
Table 2 summarizes the weight-lowering effects from dif
ferent meta-analyses of randomized H2H trials. 
Collectively, patients on metformin monotherapy 
lost more weight compared to DPP-4I, whereas patients 
on SGLT-2I monotherapy lost more weight compared to 
metformin, SU and DPP-4I monotherapy, in short-term 
studies extending from 12–104 weeks. A significant 
weight reduction was observed with metformin-based 

combination of each class of AHA compared to monother
apy with either SUs/Glinides or TZDs or DPP-4I or SGLT- 
2I class. Contrarily, metformin monotherapy showed sig
nificantly more weight loss compared to metformin-SUs, 
metformin-TZD and metformin-DPP-4I combination ther
apy. Combination therapy with SGLT-2I-metformin and 
GLP-1RA-metformin showed a significant weight reduc
tion compared to metformin monotherapy, while 
a significant weight gain was shown with SU-metformin 
or TZD-metformin combination compared to metformin 
monotherapy. Comparison between different metformin- 
based combinations has yielded similar trends. Weight 
reduction was significantly larger with SGLT-2I plus met
formin combination vs metformin plus non-SGLT-2I com
bination including metformin-DPP-4I combination.

Safety
Hypoglycemia with Diabetes 
Monotherapy, Metformin-Based 
Combination Therapy and Monotherapy 
versus Metformin-Based Combination 
Therapies
Table 3 summarizes the hypoglycemia outcome from dif
ferent meta-analyses of randomized H2H trials. 
Collectively, no difference in hypoglycemic rate was 
observed between metformin vs DPP4I- vs SGLT2I- 
monotherapy, while treatment with SUs was associated 
with a significantly increased risk of all forms of hypogly
cemia (mild, moderate, and severe) when used either as 
monotherapy or in combination with metformin (compared 
to TZD, DPP-4I, SGLT-2I and GLP-1RA). No apparent 
increase in hypoglycemic risk was observed with metfor
min-based combination therapy of DPP-4I and SGLT-2I 
compared to monotherapy with either agent. Among dif
ferent metformin-based combination therapies, no major 
difference in hypoglycemia was observed between SGLT- 
2I-metformin vs DPP-4I-metformin combination.

GI Side Effect with Diabetes 
Monotherapy, Metformin-Based 
Combination Therapy and Monotherapy 
versus Metformin-Based Combination 
Therapies
Table 4 summarizes the GI side effects of AHA from 
different meta-analyses of randomized H2H trials. 
Collectively, any GI side effects including nausea, 
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vomiting or diarrhea were more frequently observed with 
metformin and GLP-1RA either in monotherapy or with 
combinations, compared to SUs, TZDs or DPP-4I and 
SGLT-2I monotherapy. In monotherapy studies, GI events 
are fewer with metformin compared to GLP-1RA. No 
significant difference in GI events was noted with metfor
min-based combination when compared to metformin 
monotherapy. Metformin-SU combination had similar GI 
side effects compared to metformin-DPP-4I combinations. 
Expectedly, metformin-GLP-1RA combination had higher 
GI side effects compared to metformin-DPP-4I 
combinations.

Genito-Urinary Infections with SGLT-2 
versus Non-SGLT-2-Based Therapies
RCTs that studied SGLT-2I either as monotherapy or 
combination therapy with metformin reported the outcome 
of genito-urinary infections. Table 5 summarizes the gen
ito-urinary side effects of AHA from different meta- 
analyses of randomized H2H trials. Collectively, treatment 
with SGLT-2I was found to be associated with a significant 
increase in genital tract infections (GTI) compared to 
metformin, SUs, DPP-4I. Interestingly, SGLT-2I plus met
formin combination therapy showed significantly 31% 
(RR 0.69; 95% CI, 0.50–0.96)) lower incidence of GTI 
compared to SGLT-2I monotherapy with moderate quality 
GRADE evidence. No obviously increased risk of urinary 
tract infections (UTI) was observed with SGLT-2I plus 
metformin combination therapy compared to either met
formin monotherapy or metformin plus DPP-4I combina
tion therapy.

Other Safety Outcomes of Interest
The largest meta-analysis, by Maruthur et al,13 did not 
report any increased risk of lactic acidosis with metformin, 
based on the limited evidence. This finding was further 
supported by an earlier (2010) Cochrane meta-analysis21 

and later (2014) systematic reviews22 that did not report 
any significant increase in risk of lactic acidosis with 
metformin, including in people with mild to moderate 
chronic diabetic kidney disease. Similarly, no meta- 
analyses exclusively reported either any increase in risk 
of ketosis or fractures with SGLT-2I or any increase in 
heart failure with TZD or DPP-4I or any increase in 
pancreatitis with DPP-4I and GLP-1RA.Ta
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Discussion
Lifestyle modifications along with metformin monother
apy have been the classical approach (unless intolerant or 
having contraindication to metformin) to treat T2DM in 
the absence of osmotic symptoms or severe hyperglyce
mia. Notably, the 2019 guidelines of the European Society 
of Cardiology (ESC) recommend the use of newer AHA 
such as SGLT-2I or GLP-1RAs in T2DM as a first-line 
drug in the presence of atherosclerotic cardiovascular dis
ease (ASCVD) or high cardiovascular (CV) risks.23 While 
both ADA/EASD and the American Association of 
Clinical Endocrinologists (AACE) recommend intensifica
tion of treatment with an additional AHA once monother
apy fails to achieve or maintain an HbA1c target after 3 
months, the AACE24 recommends combination therapy 
(metformin plus other AHA) with HbA1c level of 7.5% 
or higher (≥59 mmol/mol) even at the time of T2DM 
diagnosis. Similarly, metformin-based combination ther
apy is recommended for initiation with an HbA1c level 
of ≥8.5% (≥69 mmol/mol) in Taiwan and with HbA1c of 
≥7.5% (≥59 mmol/mol) in Korea and Hong Kong, at the 
time of T2DM diagnosis. Combination therapy initiation is 
recommended in patients with an HbA1c level of >8.5% 
by the Canadian Diabetes Association.25 Combination 
therapy is recommended only when HbA1c level is more 
than 1.5% (17 mmol/mol) above the individual target in 
the ADA/EASD 2018 position statement, while the 2019 
update recommends early combination therapy in newly 
diagnosed T2DM from beginning but through the shared 
decision-making with patients. Recently, ADA 2020 
Standards of Care26 suggested (Grade 
A recommendation) an early combination therapy from 
the beginning in some patients to avoid further escalation 
and extending the time to treatment failure, based on the 
results from the 5-year VERIFY (vildagliptin efficacy in 
combination with metformin for early treatment of T2DM) 
trial.27 Results from the VERIFY study conducted in 
newly diagnosed T2DM patients with mild hyperglycemia 
(HbA1c of 6.5–7.5%), showed that initiation of metformin 
and DPP-4I combination therapy is superior to sequential 
intensification with regard to treatment failure over 
a 5-year period. The combination therapy of metformin- 
DPP-4I had significantly lower incidence (43.6%) of initial 
treatment failure (defined as HbA1c ≥7% on two occasions 
done 3 months apart) compared to monotherapy with 
metformin (62.1%). Moreover, the median time to treat
ment failure time was also higher in the combination arm W
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(61.9 months vs 36.1 months). There was a 49% relative 
risk reduction of initial treatment failure with DPP-4I- 
metformin combination therapy (hazard ratio [HR] 0.51; 
95% CI, 0.45–0.58; p <0.0001) compared to monotherapy 
group over the 5-year study duration. Furthermore, even 
the time to secondary treatment failure was significantly 
(26%) lower in the combination treatment group, com
pared to monotherapy group (HR 0.74; 95% CI, 0.63– 
0.86; p <0.0001), without any obvious increase in hypo
glycemia and any adverse effects including acute pancrea
titis. Historically, early treatment intensification and 
consequent intensive glucose control in newly diagnosed 
T2DM have been associated with a significant reduction in 
vascular complications over 10 years after the study com
pletion (legacy effect) compared to the conventional glu
cose control arm in the UK Prospective Diabetes 
Studies.28

Sustained glycemic control with diabetes monothera
pies has been tested in the past. Rosiglitazone monother
apy had a durable glycemic control compared to SUs or 
metformin monotherapy in A Diabetes Outcome 
Progression Trial (ADOPT).29 Available evidence of all 
AHA suggests that both SGLT-2I and TZD have 
a glycemic control durability of 6–8 years (perhaps the 
best), followed by metformin of nearly 5 years, and SUs 
as well as DPP-4I of 3.3–4.4 years.30 GLP-1 RA could 
sustain durable glycemic control up to 7 years at least, as 
demonstrated in a subgroup analysis of a clinical trial.31 

Logically, addition of metformin to these agents will 
likely further increase the durability of glycemic control. 
The ongoing Glycemia Reduction Approaches in 
Diabetes: A Comparative Effectiveness (GRADE) 
study,32 is comparing the combinations of metformin 
with other agents (SU, DPP-4I, GLP-1RA, basal insulin) 

Table 5 Risk of Genito-Urinary Infections with Diabetes Monotherapy and Metformin-Based Combination Therapies in Meta- 
Analyses of Randomized Head-to-Head Trials

Study Comparison Outcome N (n of Studies in 
Meta-Analysis)

OR/RR, 
(Range), [95% 
CI]

Agent(s) with 
Fewer Events

Strength of 
Evidence

Maruthur 
et al13

SGLT-2I vs Metformin GTI 2292 (4) 4.1 (2.0–8.3) Metformin Moderate

Metformin + SGLT-2I vs 

Metformin

GTI 4035 (3) F: 3.0 (1.2–7.2) 

M: 2.7 (0.8–9.0)

Metformin High

Milder 
et al17

Metformin + SGLT-2I vs 
Metformin

GTI 2546 (4) 2.2 (1.3–3.7) Metformin Moderate

UTI 2546 (4) 1.1 [0.8–1.6] Similar NR

Metformin + SGLT-2I vs SGLT- 

2I

GTI 2795 (4) 0.7 [0.5–0.96] Metformin + SGLT- 

2I

Moderate

UTI 2795 (4) 0.97 [0.7–1.4] Similar NR

Maruthur 
et al13

Metformin + SGLT-2I vs 
Metformin + SUs

GTI 3815 (3) F: 5.2 (3.4–8.0) 
M: 7.6 (4.0–14.4)

Metformin + SUs High

Metformin + SGLT-2I vs 
Metformin + DPP-4I

GTI 3423 (5) NR (−2.8 to 
8.8%)

Metformin + DPP- 
4I

Moderate

Mishriky 
et al19

Metformin + SGLT-2I vs 
Metformin + DPP-4I

GTI 2124 (5) 4.04 [2.10–7.70] Metformin + DPP- 
4I

NR

Metformin + SGLT-2I vs 
Metformin + DPP-4I

UTI 2672 (6) 0.98 [0.72–1.34] Similar NR

Li et al20 Metformin + SGLT-2I vs 
Metformin + Non-SGLT-2I

GTI M: 2381 (6) 
F: 2155 (6)

M: 6.41 [3.58– 
11.45] 

F: 5.12 [3.48– 

7.54]

Metformin + Non- 
SGLT-2I

NR

Abbreviations: DPP-4I, dipeptidyl peptidase-4 inhibitors; SGLT-2I, sodium-glucose co-transporter-2 inhibitors; SU, sulfonylurea; NR, not reported/retrievable; GTI, genital 
tract infections; UTI, urinary tract infections; OR, odds ratio; RR, rate ratio; F, female; M, male.
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in newly diagnosed T2D patients with mild hyperglyce
mia (HbA1c of 6.8–8.5%). GRADE study should shed 
further light on the glycemic durability of different com
bination therapies used early in the course of the disease, 
although it does not have SGLT-2I and pioglitazone arms 
to compare. An ongoing TRIPLE–AXEL trial33 that is 
evaluating the durability of triple combination therapy of 
metformin plus SGLT-2I plus DPP4-I and comparing it 
with a conventional stepwise approach in drug-naïve 
patients with T2DM (HbA1c 8.0–10.5%) shall provide 
further insight.

We do acknowledge the strength and limitations of this 
review. Strength includes review of results from only the 
systematic reviews and meta-analyses of RCTs that studied 
safety and efficacy of diabetes monotherapy vs metformin- 
based combination therapies in T2DM. Limitations include: 
a) it is possible that we may have missed some of the 
systematic reviews and meta-analyses of RCTs that were 
not available on the single (PubMed) database we searched, 
b) lack of H2H studies between metformin vs metformin plus 
GLP-1RA or GLP-1RA vs metformin plus GLP-1RA, c) 
pooled meta-analyses could have heterogeneity in the base
line characteristics of patients with T2DM including gender, 
age and varied doses of AHA, depending upon the RCTs 
included, d) there is a possibility that these meta-analyses 
could have varied definitions of safety outcomes including 
the criteria of mild, moderate, and severe hypoglycemia, and 
e) majority of these meta-analyses compared either short- 
term drug-related or serious adverse events pooled together 
rather than reporting specific side effects related to the indi
vidual AHAs such as lactic acidosis with metformin, ketosis 
and fractures with SGLT-2I, pancreatitis with DPP-4I and 
GLP-1RA, and heart failure with TZD and DPP-4I.

Conclusion
In summary, from the available evidence it is conceivable 
that metformin-based combination therapy reduces HbA1c 
better than monotherapy with any AHA. Among the met
formin-based combinations, metformin-SGLT-2I combina
tion therapy appears to have the best HbA1c reduction 
with longer durability of glycemic control and the conve
nience of oral route without any apparent increase in 
hypoglycemia or other adverse events other than GTI. 
Interestingly, GTI was significantly less associated with 
metformin-SGLT-2I compared to the SGLT-2I monother
apy. Positive outcomes for the prevention and treatment of 
CV and renal diseases as observed in various cardio-renal 

outcome trials would be an added advantage for metfor
min-SGLT-2I combination.
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