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EDITORIAL

The Right Diabetes Medication for the Right Patient for the Right
Outcome: Can a Network Meta-analysis Help Us Decide?

T

he landscape of diabetes care has grown increasingly complex for patients with type 2 diabetes.
Guidelines recognize the need to account for heterogeneous characteristics of patients (such as diabetes
duration, cardiovascular risk, risks for adverse drug effects, and comorbidities) so that patients can be put at
the center of care and treatment targets and goals can
be individualized (1, 2). Since the U.S. Food and Drug
Administration issued guidance in December 2008 requiring trial designs and outcomes for new type 2 diabetes therapies to demonstrate cardiovascular safety,
evidence has expanded for new drug classes (sodium–
glucose cotransporter-2 [SGLT-2] inhibitors and
glucagon-like peptide-1 receptor agonists [GLP-1 RAs])
showing beneﬁts beyond glycemic control for both cardioprotection and renoprotection, which has made the
selection of drugs for different therapeutic goals more
challenging. Furthermore, there is a paucity of head-tohead trials of these newer medications against others.
A key clinical question that remains even today is
whether any of these newer medications can be used
as initial monotherapy and provide better efﬁcacy than
metformin in lowering glucose levels and preventing
mortality and cardiovascular disease. There is also uncertainty as to whether patients with type 2 diabetes at
low cardiovascular risk will beneﬁt more from an
SGLT-2 inhibitor or a GLP-1 RA when added to metformin and other diabetes medications.
There are growing attempts to ﬁll such knowledge
gaps from trials using network meta-analyses (NMAs),
which provide estimates for indirect comparisons of interventions that were not directly compared in the actual trials (3). In their article, Tsapas and colleagues (4)
have attempted NMAs of randomized controlled trials
to generate evidence to guide the pharmacologic management of type 2 diabetes for different patient risk
proﬁles and outcomes. They searched for randomized
controlled trials in adults with type 2 diabetes that evaluated the effect of diabetes medications on different
outcomes and, after review and agreement by independent reviewers, included data from 453 randomized controlled trials with an intervention duration of at
least 24 weeks.
The results presented on the glycemic effects of
diabetes medications from both the pairwise and network analyses are largely known. Diabetes drugs in all
classes in both drug-naive and metformin-treated patients are more effective in lowering hemoglobin A1c
levels than placebo, albeit with greater conﬁdence in
estimates for the latter group. For other outcomes, the
results with moderate to high conﬁdence pertain to patients with type 2 diabetes who were already using metformin and had high cardiovascular risk. Compared
with placebo, certain GLP-1 RAs and SGLT-2 inhibitors

signiﬁcantly decreased the risks for all-cause and cardiovascular mortality. Empagliﬂozin, liraglutide, and
oral semaglutide signiﬁcantly lowered the risks for both
all-cause and cardiovascular mortality, whereas dapagliﬂozin and extended-release exenatide were efﬁcacious in lowering the risk for all-cause mortality. With
the indirect comparisons, empagliﬂozin decreased the
risk for cardiovascular mortality compared with all other
diabetes drugs except oral semaglutide. All SGLT-2 inhibitors lowered the risk for heart failure hospitalization
compared with placebo, whereas pioglitazone seemed
to confer a higher risk for heart failure hospitalization
compared with placebo and all other diabetes drugs.
Unfortunately, in the NMA for drug-naive patients
with type 2 diabetes, problems with network consistency and low conﬁdence in estimates do not allow
conclusions to be made for the head-to-head comparison of diabetes medications used for initial monotherapy in lowering glycemia, and the conﬁdence in
estimates for preventing mortality and cardiovascular
outcomes was very low. Similarly, NMAs of trials with
patients with type 2 diabetes who were using metformin and had low cardiovascular risk also had very
low conﬁdence in estimates to make conclusions on
both the efﬁcacy and comparison of diabetes medications for mortality, cardiovascular disease, and microvascular disease. Even the conﬁdence in effect estimates for retinopathy, amputation, and end-stage renal
disease was low for patients with type 2 diabetes at
high cardiovascular risk.
Although other NMAs of trials studying medications for type 2 diabetes have been published (5, 6),
the strength of this report is that it includes the greatest
number of randomized clinical trials; attempts to evaluate outcomes beyond glycemia, mortality, and cardiovascular outcomes; and includes stratiﬁcation not only
by initial diabetes drug versus add-on to metformin but
also by low versus high cardiovascular risk. There was
rigorous and transparent reporting of methods and
ﬁndings in accordance with PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses)
NMA guidance (7). They also contributed new ﬁndings
from NMAs providing at least moderate conﬁdence in
estimates for many indirect drug comparisons for mortality and cardiovascular outcomes using trials of patients with type 2 diabetes who were using metformin
and had high cardiovascular risk.
Given the approach, there are limitations to this
analysis. The NMA estimates were limited in their attempt to answer some of the pressing clinical questions
to date. Low conﬁdence in estimates from networks of
trials of initial drug therapy does not allow for answering whether any of the newer diabetes medications will
be better initial monotherapy agents than metformin
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for lowering glycemia or reducing the risks for mortality
and cardiovascular disease. The conduct of most randomized clinical trials of the newer drug classes in patients with type 2 diabetes at high cardiovascular risk
also made it difﬁcult to generate more comparative evidence for the population with low cardiovascular risk.
Despite the patient-important outcomes like amputation, diabetic eye disease, and sexual dysfunction outlined in the mixed-methods article used to guide their
selection of outcomes (8), the limited number of events
and trials collecting such outcomes has made conclusive
comparisons of diabetes medications through NMA for
these outcomes impossible.
Guidelines emphasize the need for individualizing
treatment targets and therapies (1, 2). To facilitate
more robust and consistent NMAs for comparative effectiveness research that can inform individualized
care, clinical trials should attempt to enroll a more heterogeneous patient population that includes the full
range of cardiovascular risk and diabetes duration and
should try to categorize these factors similarly. Furthermore, the use of a core set of standard secondary outcomes that include patient-important outcomes would
also facilitate comparisons for outcomes of greatest relevance to our patients. Although underpowered to analyze in individual trials, the richness of such trial data
will facilitate evidence generated from burgeoning
methods of analysis that leverage these trials, such as
predictive heterogeneity of treatment effect analyses
and NMA of select subgroups, to inform efﬁcacy of individualized treatment approaches (3, 9).
Christine G. Lee, MD, MS
William T. Cefalu, MD
National Institute of Diabetes and Digestive and Kidney
Diseases, National Institutes of Health
Bethesda, Maryland
Disclosures: Disclosures can be viewed at www.acponline.org

/authors/icmje/ConﬂictOfInterestForms.do?msNum=M20-4266.
Corresponding Author: Christine G. Lee, MD, MS, National
Institute of Diabetes and Digestive and Kidney Diseases,

312 Annals of Internal Medicine • Vol. 173 No. 4 • 18 August 2020

Diabetes Medication Network Meta-analysis

National Institutes of Health, 6707 Democracy Boulevard,
Room 7217, Bethesda, MD 20892-5460; e-mail, Christine.lee2
@nih.gov.
Current author addresses are available at Annals.org.
Ann Intern Med. 2020;173:311-312. doi:10.7326/M20-4266

References
1. American Diabetes Association. 6. Glycemic targets: Standards of
Medical Care in Diabetes—2020. Diabetes Care. 2020;43:S66-S76.
[PMID: 31862749] doi:10.2337/dc20-S006
2. American Diabetes Association. 9. Pharmacologic approaches to
glycemic treatment: Standards of Medical Care in Diabetes—2020.
Diabetes Care. 2020;43:S98-S110. [PMID: 31862752] doi:10.2337
/dc20-S009
3. Riley RD, Jackson D, Salanti G, et al. Multivariate and network meta-analysis of multiple outcomes and multiple treatments: rationale, concepts, and examples. BMJ. 2017;358:
j3932. [PMID: 28903924] doi:10.1136/bmj.j3932
4. Tsapas A, Avgerinos I, Karagiannis T, et al. Comparative effectiveness of glucose-lowering drugs for type 2 diabetes. A systematic
review and network meta-analysis. Ann Intern Med. 2020;173:27886. doi:10.7326/M20-0864
5. Palmer SC, Mavridis D, Nicolucci A, et al. Comparison of clinical
outcomes and adverse events associated with glucose-lowering
drugs in patients with type 2 diabetes: a meta-analysis. JAMA. 2016;
316:313-24. [PMID: 27434443] doi:10.1001/jama.2016.9400
6. Zheng SL, Roddick AJ, Aghar-Jaffar R, et al. Association between
use of sodium-glucose cotransporter 2 inhibitors, glucagon-like peptide 1 agonists, and dipeptidyl peptidase 4 inhibitors with all-cause
mortality in patients with type 2 diabetes: a systematic review and
meta-analysis. JAMA. 2018;319:1580-1591. [PMID: 29677303] doi:
10.1001/jama.2018.3024
7. Hutton B, Salanti G, Caldwell DM, et al. The PRISMA Extension
Statement for Reporting of Systematic Reviews Incorporating Network Meta-analyses of Health Care Interventions: checklist and explanations. Ann Intern Med. 2015;162:777-84. [PMID: 26030634]
doi:10.7326/M14-2385
8. Karagiannis T, Avgerinos I, Toumpalidou M, et al. Patients' and
clinicians' preferences on outcomes and medication attributes for
type 2 diabetes: a mixed-methods study. J Gen Intern Med. 2020.
[PMID: 31898143] doi:10.1007/s11606-019-05608-0
9. Kent DM, van Klaveren D, Paulus JK, et al. The Predictive Approaches to Treatment effect Heterogeneity (PATH) statement: explanation and elaboration. Ann Intern Med. 2020;172:W1-W25.
[PMID: 31711094] doi:10.7326/M18-3668

Annals.org

Current Author Addresses: Drs. Lee and Cefalu: National Institute of Diabetes and Digestive and Kidney Diseases, National Institutes of Health, 6707 Democracy Boulevard,
Bethesda, MD 20892-5460.

Annals.org

Annals of Internal Medicine • Vol. 173 No. 4 • 18 August 2020

