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Abstract  

Type 2 diabetes mellitus is the most common chronic metabolic disease in the world. It is 

characterised by a process of insulin resistance that leads to a progressive deficit in insulin 

secretion. Instituto Aragonés de la Salud is currently responsible for the partial update of the 

CPG on management of antidiabetic drugs in patients with type 2 diabetes mellitus. 

One of the questions included in the guideline addresses the comparison of the effectiveness 

and safety of two strategies to intensify basal insulin therapy in patients with type 2 diabetes 

mellitus: the addition of a Glucagon-like peptide 1 (GLP-1) receptor agonists vs. the addition of 

rapid-acting insulin. It has been proposed that GLP-1 analogues act synergistically and the 

combination with basal insulin would provide similar glycaemic control as more complex 

insulin regimens. 

Objective 

This living systematic review aims to provide a timely, rigorous and continuously updated 

summary of the evidence available on the effectiveness and safety of Glucagon-like peptide-1 

analogues compared to rapid-acting insulin added to basal insulin therapy in patients with type 

2 diabetes mellitus.  

Design 

Living systematic review. 

Database 

We conducted searches in the centralised repository L·OVE (Living OVerview of Evidence) 

platform that maps PICO questions to evidence from Epistemonikos database. Additional 

searches for identification of randomized control trials were devised by the team maintaining 

the L·OVE platform. This platform has been validated as repository for showing to be highly 

comprehensive source of evidence. Specifically, the L·OVE topic of interest for this review is 

"Glucagon-like peptide analogues and agonists for Diabetes mellitus", where the selection of 

articles was made. 

Methods 

The CPG Development Group agreed by consensus the questions included in the guideline. The 

questions were formulated in PICO (Population, Intervention, Comparison, and Outcome) 

format.  

We sought to identify systematic reviews and randomised clinical trials evaluating the effect of 

GLP-1 receptor analogues vs. rapid-acting insulin added to basal insulin therapy (combined or 

not with oral antidiabetics) in patients with type 2 diabetes mellitus. 

Outcome variables were prioritised in a patient-oriented way by the CPG Development Group, 

following the GRADE system (scale 1-9), in order to select critical or key variables (between 7-9 

points) for decision-making. The prioritised outcomes were: cardiovascular mortality, total 

mortality (all-cause), non-fatal infarction, non-fatal stroke, serious adverse events, severe 

hypoglycaemia, and quality of life. 

We applied the GRADE approach to assess the certainty of the evidence for each outcome.  
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This review will be kept living for six months in the context of the Living Evidence to Inform 

Health Decisions project (https://livingevidenceframework.com/en/lesr/ ). Updates will be 

submitted whenever conclusions change or when there are substantial updates. 

Results 

Until 14th September of 2021, the searches programing in the L·OVE platform for our question 

retrieved 636 systematic reviews and 1090 RCTs. We considered 37 systematic reviews and 

146 RCTs as potentially eligible, which were reviewed in full texts. We included 6 randomized 

clinical trials that evaluated the use of GLP-1 RA compared to the use of rapid-acting insulin in 

patients with type 2 diabetes mellitus treated with basal insulin requiring treatment 

intensification. Of the outcomes of interest, we obtained information on quality of life and 

severe hypoglycaemia. The GRADE quality of the evidence for the main outcomes was low. No 

information was found for cardiovascular endpoints and serious adverse events. 

Compared with basal-bolus insulin, treatment with GLP- 1 RA plus basal insulin led to 

statistically significant difference in 5 domains of the modified D- QOL questionnaire: 

general/current health perception, treatment satisfaction, and fear of hypoglycaemia, while 

taking a lower total daily dose of insulin. The health status responses as measured by SF-36 did 

not show differences.  

The frequency of severe episodes of hypoglycaemia were very low for both therapeutic 

strategies, addition of GLP-1 RA or rapid-acting insulin to basal insulin in the management of 

patients with T2DM.  

Conclusions 

The evidence about severe hypoglycaemia and quality of life is inconclusive and insufficient to 

choose the best treatment alternative. Larger trials are needed to study key outcomes for 

which there is no information at this time: cardiovascular mortality, all-cause mortality, non-

fatal heart attack, non-fatal stroke, and serious adverse events. This findings support the 

decision of setting up a living evidence process for this question. 

Keywords 

Type 2 diabetes mellitus, Glucagon-like peptide-1 analogues, rapid-acting insulin, basal insulin 

intensification, exenatide, liraglutide, semaglutide, lixisenatide, dulaglutide, aspart, lispro. 

Resumen 

La Diabetes Mellitus tipo 2 (DM2) es la enfermedad metabólica crónica más frecuente en la 

actualidad. Se caracteriza por un proceso de resistencia a la insulina que genera un déficit 

progresivo de su secreción. Actualmente, el IACS es el responsable de la actualización parcial 

de la GPC sobre Diabetes Mellitus tipo 2, que se centra en el manejo de los fármacos 

antidiabéticos.  

Una de las preguntas de la guía aborda la comparación de la efectividad y seguridad de dos 

estrategias de intensificación del tratamiento con insulina basal de pacientes con DM2: la 

adición de un análogo del receptor de GLP-1 (ar-GLP-1) vs. la adición de insulina de acción 
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rápida. Se ha propuesto que los fármacos ar-GLP-1 actúan de forma sinérgica y la combinación 

proporcionaría un control glucémico similar al de regímenes con insulina más complejos. 

Objetivo 

El objetivo de la revisión es comparar la efectividad y seguridad de dos estrategias de 

intensificación del tratamiento con insulina basal (combinada o no con antidiabéticos orales) 

de pacientes con DM2: la estrategia de adición de ar-GLP-1 vs. la adición de insulina de acción 

rápida.  

Diseño 

Revisión sistemática viva. 

Base de datos 

La búsqueda de evidencia se realizó en el repositorio L·OVE (Living OVerview of Evidence) una 

plataforma que mapea las preguntas PICO para identificar la evidencia en la base de datos 

Epistemonikos. En concreto, el tema de interés de L · OVE de interés para esta revisión es 

“Glucagon-like peptide analogues and agonists for Diabetes mellitus”, donde se realizó la 

selección de artículos.  

Métodos 

Las preguntas que conforman la GPC sobre el manejo de los antidiabéticos en pacientes con 

DM2 fueron consensuadas por el Grupo Elaborador de la GPC. Las preguntas fueron 

formuladas con formato PICO (Población, Intervención, Comparación, Resultados).  

Se buscó identificar revisiones sistemáticas y ensayos clínicos aleatorizados que evaluaban el 

efecto de los análogos de los receptores de GLP-1 vs. insulina de acción rápida adicionados a la 

terapia con insulina basal (combinada o no con antidiabéticos orales) de pacientes con 

diabetes mellitus de tipo 2. 

Las variables de resultado fueron priorizadas orientadas al paciente, siguiendo el sistema 

GRADE (escala del 1 al 9), con el fin de elegir las variables críticas o clave (entre 7-9 puntos) 

para la toma de decisiones: mortalidad cardiovascular, mortalidad total (por cualquier causa), 

infarto no mortal, ictus no mortal, eventos adversos graves, hipoglucemia grave y calidad de 

vida. La certeza de la evidencia para cada desenlace se evaluó siguiendo la aproximación 

GRADE.  

Esta revisión se mantendrá viva durante seis meses dentro del proyecto Living Evidence to 

Inform Health Decisions. Se someterán actualizaciones cada vez que cambien las conclusiones 

o cuando haya actualizaciones sustanciales. 

Resultados 

La búsqueda bibliográfica recuperó 636 revisiones sistemáticas (RS) y 1090 ensayos clínicos 

aleatorizados (ECA) en la plataforma L-OVE. Tras el cribado por título y resumen, se 

consideraron 37 RSs y 146 ECAs, que fueron revisados a texto completo. Finalmente, 6 ECAs 

que evaluaron el uso de ar-GLP-1 en comparación con el uso de insulina de acción rápida en 

pacientes con diabetes mellitus tipo 2 tratados con insulina basal que requieren intensificación 
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del tratamiento fueron incluidos en la revisión. De los resultados de interés, se obtuvo 

información sobre la calidad de vida y los eventos de hipoglucemia grave. La calidad GRADE de 

las pruebas para los resultados principales fue de baja a muy baja. No se encontró información 

sobre los variables cardiovasculares finales y los efectos adversos graves. 

En comparación con el tratamiento de insulina basal-bolo, el tratamiento con agonistas GLP-1 

añadida a insulina basal dio lugar a una diferencia estadísticamente significativa en 5 dominios 

del cuestionario D-QOL modificado: percepción de la salud general/actual, satisfacción con el 

tratamiento y miedo a la hipoglucemia, al tiempo que se tomaba una menor dosis diaria total 

de insulina. Las respuestas sobre el estado de salud según el cuestionario SF-36 no mostraron 

diferencias entre ambas alternativas.  

La adición de GLP-1 RA al tratamiento con insulina basal en el tratamiento de pacientes con 

DM2 no mostró diferencias relevantes en la frecuencia de hipoglucemias grave en 

comparación con la estrategia de insulina intensificada (insulina de acción rápida añadida a la 

insulina basal). 

Conclusiones 

La evidencia actualmente disponible sobre hipoglucemias graves y calidad de vida no es 

concluyente y es insuficiente para elegir una alternativa de tratamiento. Son necesarios 

ensayos que estudien variables de resultado clave para las que actualmente no hay 

información: mortalidad cardiovascular, mortalidad por cualquier causa, infarto no mortal, 

ictus no mortal y eventos adversos graves. Estos resultados apoyan la decisión de establecer 

un proceso de evidencia viva para esta cuestión. 
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Introduction 

Type 2 diabetes mellitus (DM2) is the most common chronic metabolic disease today and one 

of the most serious health problems of our times. It is characterised by a process of insulin 

resistance that leads to a progressive deficit in insulin secretion.  

The global prevalence of DM2 has increased in recent decades, making it one of the most 

important public health problems today1-3, as it is associated with high morbidity and 

mortality, as well as with deterioration in patients' quality of life. This is the result of 

population ageing, urbanisation and associated lifestyle changes, such as diet or physical 

exercise4. It is estimated that DM2 accounts for 90-95% of diabetes cases1,4,5. 

Appropriate pharmacological and lifestyle treatment has been shown to reduce mortality and 

associated complications5. With this goal in mind, the Spanish National Health System Diabetes 

Strategy provides the framework for the Autonomous Communities to coordinate plans and 

programmes for prevention and health promotion, early detection of the disease, as well as its 

treatment6. Uncontrolled diabetes is associated with the development of complications that 

can compromise patients’ health-related quality of life and increase the risk of mortality. The 

associated complications are caused by vascular degeneration and can be either macrovascular 

(e.g. coronary artery disease, stroke, and peripheral vascular disease), microvascular (e.g. 

retinopathy, nephropathy, and neuropathy) or mixed (e.g. diabetic foot, erectile 

dysfunction)1,7. 

Instituto Aragonés de Ciencias de la Salud (IACS) is in charge of the partial update of the 

Clinical Practice Guideline on the management of antidiabetic drugs in patients with Type 2 

Diabetes Mellitus (Guía de Prática Clínica sobre manejo de los antidiabéticos en pacientes con 

Diabetes Mellitus tipo 2). The CPG Development Group, which is multidisciplinary and 

representative of the Spanish geography, was constituted in 2019. The questions addressed in 

the guideline were agreed by consensus among the members of the GEG.  

Relevance of the review  

In the management of diabetes mellitus, insulin therapy is used to lower blood glucose8. 

However, it may contribute to the development of insulin resistance and intensification of 

therapy becomes necessary due to poor glycaemic control. Intensification of therapy may 

involve titration of basal insulin, adding rapid-acting insulin or GLP-1 receptor analogues (GLP-

1 RA) among other options9. 

GLP-1 RA mimics the incretin hormone GLP-1, reducing glycated haemoglobin (HbA1c) without 

the risk of hypoglycaemia. The extra-pancreatic actions of ar-GLP-1 also provide added value, 

in particular by significantly reducing weight and lowering blood pressure10. 

It has been proposed that the combination of basal insulin and ar-GLP-1 act synergistically, 

assuming that the basal insulin component would primarily control fasting plasma glucose, 

while the GLP-1 receptor analogue would limit postprandial glycaemic increases. These 

combinations would provide similar overall glycaemic control to more complex basal-bolus 

regimens11. 

GEG members expressed the need to review the evidence in this regard. A review of the 

literature conducted prior to the definition of the CPG questions had revealed that the 
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addition of GLP-1 RA to basal insulin is as effective as the addition of prandial insulin doses 

when, once good control of basal glycaemia has been achieved, the HbA1c target is not 

reached. Most studies show equal or superior efficacy to the addition of prandial insulin, 

accompanied by weight loss and reduced risk of hypoglycaemia, as well as a substantial 

reduction in insulin dose. Current guidelines and consensuses highlight the absence of 

morbidity and mortality data, long-term data and the need for studies to assess the durability 

and tolerability of treatment.  

With respect to socioeconomic factors, it was mentioned that consideration of the total cost of 

the intervention is important, as the initial purchase of the drugs is only a part of the total cost 

of care, which includes monitoring requirements and the risks of hypoglycaemia and weight 

gain, among other adverse effects. 

Taking into account the volume of evidence published periodically and the relevance of 

keeping recommendations up to date, we propose to conduct a systematic review of live 

evidence with the aim of updating the estimated effect of the two strategies of intensification 

of treatment with basal insulin in patients with DM2: addition of ar-GLP-1 vs. addition of rapid-

acting insulin. 

This living systematic review has been developed as part of the Living Evidence to Inform 

Health Decisions project, which supports participating organisations in the implementation of 

the living evidence model for the development of evidence syntheses to inform health 

decisions12.  

Methods 

Protocol and registration 

A protocol stating the objectives and methodology of evidence syntheses (systematic reviews 

and overviews of systematic reviews) to be conducted in parallel for different questions as part 

of the Living Evidence to Inform Health Decisions project, was previously delivered to the 

project coordination team.  

Electronic searches  

We conducted searches using L·OVE (Living OVerview of Evidence) platform 

(https://app.iloveevidence.com) a repository developed and maintained by the Epistemonikos 

Foundation. Epistemonikos database13 acts as the main source for the repository, it is a 

comprehensive database of systematic reviews and other types of evidence, maintained by 

screening multiple information sources to identify systematic reviews and their included 

primary studies, including Cochrane Database of Systematic Reviews, MEDLINE, EMBASE, 

CINAHL, PsycINFO, LILACS, DARE, HTA Database, Campbell database, JBI Database of 

Systematic Reviews and Implementation Reports, EPPI-Centre Evidence Library14. In order to 

identify randomized trials and primary studies, additional search was performed on MEDLINE. 

In addition, a search was conducted on clinicaltrials.gov to identify ongoing clinical trials. 
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Search strategies 

Our literature search for "Glucagon-like peptide analogues and agonists for Diabetes mellitus” 

was devised by the team maintaining the L·OVE platform15, using the following approach: 

- Identification of terms relevant to the population and intervention components of the 

search strategy, using Word2vec technology12 to the corpus of documents available in 

Epistemonikos Database.  

- Discussion of terms with content and methods experts to identify relevant, irrelevant and 

missing terms. 

- Creation of a sensitive boolean strategy encompassing all the relevant terms (see 

appendix 1) 

- Iterative analysis of articles missed by the boolean strategy, and refinement of the strategy 

accordingly. 

- Only articles fulfilling Epistemonikos criteria are visible by users.  

- The search strategy used in Epistemonikos Database13, MEDLINE and clinicaltrials.gov are 

presented in the appendix 1 (Supplementary material).  

The searches covered from the inception date to 14th September of 2021 when we performed 

last screening of repository for this question  

No date, language, study design, publication status or language restriction were applied to the 

searches in the Epistemonikos or the additional searches. 

Types of studies 

We included randomised controlled trials (RCTs), phase 3. We excluded information from non-

randomised studies, post hoc analyses, and studies evaluating the effects on animal models or 

in vitro conditions. 

Types of participants 

We included trials assessing participants with type 2 diabetes mellitus uncontrolled on basal 

insulin therapy.  

Type of interventions 

The interventions of interest were GLP-1 RA added to basal insulin therapy (combined or not 

with oral antidiabetics). We did not restrict our criteria to any dosage, duration, timing or 

route of administration of the GLP-1 agonists. 

The comparison of interest was rapid-acting insulin added to basal insulin therapy (combined 

or not with oral antidiabetics).  

Trials evaluating the intensification of GLP-1 agonist therapy adding insulin were not elegible. 

Trials evaluating GLP-1 agonists added to basal insulin compared with placebo and with rapid-

acting insulin as rescue medication were not included. 
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Type of outcomes 

The primary outcomes were: cardiovascular mortality, all-cause mortality, non-fatal heart 

attack, non-fatal stroke, serious adverse events, severe hypoglycaemia, and quality of life. We 

did use the outcomes as an inclusion criterion during the evidence selection process. We 

present outcomes in a GRADE ‘Summary of Findings’ tables18. 

Selection of studies 

The results of the literature search in all databases were automatically incorporated into the 

L·OVE platform (automated retrieval), where they were de-duplicated by an algorithm 

comparing unique identifiers (database ID, DOI, trial registry ID), and citation details (i.e. 

author names, journal, year of publication, volume, number, pages, article title and article 

abstract). 

Studies were screened by title and abstract yielded by the search against the inclusion criteria. 

We obtained the full reports for all titles that appeared to meet the inclusion criteria or 

required further analysis to decide about their inclusion. The studies finally included in the 

review were checked by two reviewers. Discrepancies were resolved by discussion to reach 

consensus. We recorded the reasons for excluding trials in any stage of the search and outlined 

the study selection process in a PRISMA flow diagram adapted for the purpose of this project. 

Extraction and management of data 

We extracted data from each included study and collected the following information: study 

design, setting, participant characteristics (including disease severity and age) and study 

eligibility criteria; details about the administered intervention and comparison, including dose 

and therapeutic scheme, duration, and route of administration; outcomes assessed and the 

time they were measured; the source of funding of the study; the conflicts of interest disclosed 

by the investigators; and the overall risk of bias assessment for each individual study (appendix 

2, appendix 3). 

Risk of bias assessment 

The risk of bias for each randomised trial was assessed using the 'risk of bias' tool (RoB 2.0: a 

revised tool to assess risk of bias in randomised trials)16. These five domains were: bias due to 

(1) the randomisation process, (2) deviations from intended interventions (effects of 

assignment to interventions at baseline), (3) missing outcome data, (4) measurement of the 

outcome, and (5) selection of reported results. Answers to signaling questions and collectively 

supporting information were considered to lead to a domain-level judgement in the form of 

'Low risk of bias', 'Some concerns', or 'High risk of bias'. These domain-level judgements 

informed an overall 'risk of bias' judgement for each result. Doubts were resolved with another 

review author.  

Measures of treatment effect 

For dichotomous outcomes, we expressed the estimate of treatment effect of an intervention 

as risk ratios (RR) along with 95% confidence intervals (CI).  
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For continuous outcomes, we used mean difference and standard deviation (SD) to summarise 

the data using a 95% CI.  

Strategy for data synthesis 

If more than one trial was included, we planned to conduct meta-analysis for studies clinically 

homogeneous using R17, using both a fixed effects model and a random effects model. For any 

outcomes where data were insufficient to calculate an effect estimate, we planned to present 

a narrative synthesis. 

Subgroup and sensitivity analysis 

A subgroup analysis according to the different GLP-1 agonists (i.e. liraglutide or exenatide or 

lixisenatide, etc.) was planned if the data allowed for it.  

The protocol also planned to perform sensitivity analysis excluding high risk of bias studies.  

Assessment of certainty of evidence 

We judged certainty of the evidence for all outcomes using the Grading of Recommendations 

Assessment, Development and Evaluation working group methodology (GRADE Working 

Group)18, across the domains of risk of bias, consistency, directness, precision and reporting 

bias. Certainty was adjudicated as high, moderate, low or very low. For the main comparisons 

and outcomes, we prepared a Summary of Findings (SoF) table19,20. 

Living evidence synthesis 

In order to maintain the living evidence process for this review, the Epistemonikos-L·OVE 

platform15 is being used as a technological tool for evidence identification, screening, and 

selection. An artificial intelligence algorithm deployed for the L·OVE of Glucagon-like peptide 

analogs and agonists for diabetes mellitus will provide instant notification of articles with a 

high likelihood to be eligible. We will keep the living search in the L·OVE platform to detect 

systematic reviews and randomized controlled trials.  

One reviewer will be in charge of assessing the evidence that has entered the L·OVE of this 

question every month and apply the selection criteria presented above. If a potentially eligible 

study is found, a second reviewer will confirm its eligibility by reading the full text. Results of 

evidence surveillance will be collected and keep as part of the study records. Information on 

PRISMA will be updated accordingly.  

All new eligible studies will undergo to data extraction process. The data synthesis will be 

update immediately after and will take into account the predefined subgroups of interest. The 

body of evidence for the outcomes of interest will be assessed following the GRADE approach 

accordingly looking for changes on the certainty assessment results from the baseline results.  

The living process for this question will end after 6 months of surveillance or when the 

certainty on the evidence becomes moderate to high and permits to draw conclusions, 

whatever comes first. The relevance of the question, as well as the criteria for selecting studies 

will be revisited and change accordingly during the LE processes soonafter the incorporation of 

new evidence to the existing synthesis or at least each 4 months. 

Statistical considerations for the living evidence synthesis 
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The inclusion of new studies identified as part of evidence surveillance, reporting on the 

outcomes of interest, will be done as follows: we will perform a meta-analysis for each of the 

outcomes of interest reported by the new studies using a random effects model. If new 

heterogeneity is detected (i.e. increase the heterogeneity previously identified or new 

heterogeneity arises where it was previously undetected), we will explore its potential sources 

by reviewing the new studies against previously included studies in order to identify reasons 

that may explain inconsistent results among studies. In presence of unexplained heterogeneity 

(I2> 70%), we will consider not to Meta-analyse them and explain the evidence synthesis 

narratively. If the I2 is below 90%, we will perform a meta-analysis by using the fixed effects of 

the random effects model, whichever pertinent. 

Results 

Results of the search  

When closing this evidence synthesis, the evidence retrieved from searches in the L·OVE 

platform for this question was: 636 systematic reviews and 1090 RCTs. We considered 37 

systematic reviews and 146 RCTs as potentially eligible, which were retrieved and evaluated 

their full texts. Two systematic reviews9,21 included 3 RCTs22-24 that assessed the intervention 

and outcomes of interest. On the other hand, another 3 RCTs25-27 were found to assess the 

intervention and outcomes of interest. So that 6 RCTs were eligible for inclusion. The study 

selection process is summarised in figure 1 - PRISMA Flowchart. 
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Figure 1. PRISMA Flowchart 

 

Description of the included studies 

We included 6 RCTs, all of them are phase 3 open-label trials. Three studies regarded short-

acting GLP-1 RAs: 2 exenatide23,27, 1 lixisenatide24; and 3 studies assessed the efficacy and safe 

of long-acting GLP-1 RA, liraglutide22,25,26, compared with rapid-acting insulin, added to basal 

insulin in T2DM patients, whose glycaemia was not properly controlled with basal insulin alone 

or in combination with oral drugs (i.e. metformin). Appendix 2 provides inclusion and 

exclusion criteria of each study taken separately. Tables summarising the characteristics of 

studies can be found in appendix 3. The baseline characteristics of the patients included 

(interventional and control) are presented in appendix 4. 

For purposes of this systematic review, results were found for only two of the key outcomes 

prioritised by the CPG Development Group: severe hypoglycaemia and quality of life. No data 

were available for the rest of the key outcomes (cardiovascular mortality, all-causes mortality, 

non-fatal heart attack, non-fatal stroke, serious adverse events). 

The mean ages of the patients included in the different arms ranged from 46.7 to 62 years. The 

percentage of females ranges from 28.4 to 73.8. The mean duration of diabetes ranged from10 

years to 16 years. The mean baseline HbA1c ranged from 7.3% to 12.1%, mean weight ranged 

from 87.6 to 101.3 kg. Patients in the different treatment arms of the 6 trials had mean body 
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mass índices (BMIs) ranging from 31.7 kg/m2 to 38.2 kg/m2. However, there are differences in 

the design of the studies. Inclusion criteria were different for Abreu et al. 2019, with a higher 

confirmed HbA1c level >10% at time of enrollment (HbA1c (%) = 12.1 ±1.4 at baseline) than the 

rest of studies (HbA1c level < 8.5%). In addition, randomised patients were younger and the 

percentage of females was higher than in the other studies (see appendix 3 and 4). 

- Quality of Life 

The SIMPLE study (Abreu et al. 201925) was a 6-month randomised (1:1), open-label trial, non-

inferiority trial comparing two basal insulin intensification strategies: liraglutide plus basal 

insulin (detemir insulin) in combination with metformin vs. rapid-acting insulin (aspart) plus 

basal insulin (detemir insulin) in combination with metformin. Quality-of-life was assessed as a 

secondary outcome.  

Abreu et al. included a total of 120 randomised patients. A predefined modified intention-to-

treat analysis was performed which included all randomized participants who received at least 

one dose of a study medication (N = 110 participants).  

Treatment satisfaction and quality of life were assessed at the randomization and at the 6-

month visit using a modified Diabetes Quality of Life Clinical Trial Questionnaire (D-QOL) and 

SF-36 with total and individual domain scores reported separately. 

- Severe hypoglycaemia 

Six randomised controlled trials fulfilled the inclusion criteria and were included in the review 

for this outcome22-27. The studies assessed GLP-1 RA based strategies vs. rapid-acting insulin, 

with or without metformin, in patients with type 2 diabetes (DM2) on basal insulin therapy and 

requiring intensification. Of the 6 studies included, three examined liraglutide 22,25,26, two 

exenatide23,27 and one lixisenatide24(table 1). Severe hypoglycaemia was assessed as a 

secondary outcome.  

  



 

 © 2022 IACS, Spain/ EU H2020, Living Evidence to Inform Health Decisions Project.  
All rights reserved.  

Table 1. Overview of comparisons. 

Study Intervention  Comparator 

Abreu et al. 2019
25 

Basal insulin basal (detemir) + liraglutide 
(1/day) + metformin 

Basal insulin (detemir) + 
rapid insulin (aspart) + 
metformin 

Billings et al. 2018
26 

Basal insulin (degludec) + liraglutide 

(IDegLira) (1/day) + metformin   
Basal insulin (glargine U100) 
+ rapid acting insulin (aspart) 
+ metformin 

Diamant et al. 

2014
23 

Basal insulina (glargine) + exenatide 

(2/day) + metformin  
Basal insulina (glargine) + 
rapid-acting insulina (lispro) 
+ metformin 

Flat-Sugar Trial 

Investigators 2016
27 

Insulin basal (glargine) + exenatide 

(2/day) (GLIPULIN) + metformin  
Basal insulin (glargine) + 
prandial insuline + 
metformin 

Mathieu et al. 

2014
22 

Basal insulin + liraglutide (1 /day) + 
metformin  

Basal insulin + rapid-acting 
insulin (aspart) + metformin 

Rosenstock et al. 

2016
24 

Basal insulin (glargine) + lixisenatide 
(1/day) +/- metformin 

Basal insulin (glargine) + 
rapid-acting insulin (glulisin, 
1/day) +/-metformin 

Basal insulin (glargine) + 
rapid-acting insulin (glulisin, 
3/day) +/- metformin 

Excluded studies 

We excluded 35 SRs and 143 RCTs from the full-text articles assessed that did not fulfill our 

eligibility criteria. A detailed list of excluded studies with reasons for exclusion is presented in 

appendix 5.  

Ongoing clinical trials 

Two ongoing clinical trials assessing quality of life and severe hypoglycaemias were 

identified28,29. Other outcomes of interest such as cardiovascular mortality, all-cause mortality, 

non-fatal heart attack, non-fatal stroke, and serious adverse events are not addressed in 

ongoing clinical trials. 

Risk of bias of included studies 

Details of risk of bias assessment of the trials are shown in figure 3 and figure 4.  

Figure 3. Risk of bias of studies addressing Quality of Life. 
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The overall risk of bias was high for the only one study reporting quality of life, due to missing 

outcome data. Because of the self-reporting and subjective outcome, the assessment could 

have been influenced by the knowledge of the intervention received by the patients. The other 

four domains were assessed as low risk of bias. 

Figure 4. Risk of bias of studies reporting the effect on severe hypoglycaemias. 

 

Two studies were judged to be at low risk of bias across all domains for this outcome. There 

were three studies that were considered to raise some concerns about risk of bias in selection 

of the reported results, due to the lack of a pre-specified analysis plan.  

Last, the overall risk of bias was considered high for one study, mainly due to missing outcome 

data. Two other domains (deviations from intended interventions and selection of the 

reported results) were assessed as having concern of some risk.  

Effects of interventions 

Of the outcomes of interest for this review, no studies were identified that addressed some 

key outcomes prioritized by the experts: cardiovascular mortality, all-causes mortality, non-

fatal heart attack, non-fatal stroke, serious adverse events.  

Summary of findings for the key outcomes, quality of life and severe hipoglycaemia are 

presented in table 2. 
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Key outcome: Quality of Life 

The SIMPLE study25 assessed quality of life at the randomisation (baseline) and at the 6-month 

visit using a modified Diabetes Quality of Life Clinical Trial Questionnaire (D-QOL) and SF-36 

with total and individual domain scores reported separately. Changes in-patient reported 

outcomes were calculated from baseline to 6 months. Then, the estimated treatment 

difference (ETD) between arms was determined.  

A negative number represents an improvement from baseline. Analysis showed statistically 

significant difference in 5 domains of the modified D-QOL questionnaire improved more with 

the GLP1-RA plus basal insulin group compared with the basal-bolus insulin group: general 

health perception, current health perception, treatment satisfaction, diabetes-related worry 

and fear of hypoglycaemia domains (table 3). The health status responses as measured by SF-

36 did not change in either group (table 3). 

Key outcome: severe hypoglycaemia 

As mentioned above, of the 6 studies included, three of them examined liraglutide 22,25,26, two 

exenatide23,27 and one lixisenatide24.  

Severe hypoglycaemia was defined as any symptoms consistent with hypoglycemia resulting in 

loss of consciousness or seizure that shows prompt recovery in response to administration of 

glucagon or glucose or documented hypoglycemia and requiring the assistance of another 

person because of severe impairment in consciousness or behavior. 

Main characteristics of the included studies can be consulted in appendix 3. Severe 

hypoglycaemic events and percentage of patients suffering severe hypoglycaemia episodes 

were extracted from the publications and/or supplemental materials. Three studies reported 

none hypoglycaemic events in either group 22,24,26. The other three studies reported severe 

hypoglycaemia events23,25,27.  

A cumulative total of 6 events out of 1061 patients (0.57 %) in the intervention group (GLP-

1 RA combined with basal insulin) and 21 events out of 1361 patients (1.54 %) in the 

comparator arm (basal insulin plus rapid insulin).  

A meta-analysis (MA) was conducted to obtain a pooled estimator of severe hypoglycaemia30. 

The number of severe episodes of hypoglycaemia was low for both intervention and 

comparison. With regard to the study by Rosenstock et al. 2016, the insulin glulisine thrice-

daily arms were not included in the MA. Relative risk (RR) suggests that the risk of severe 

hypoglycaemia is 3 times higher for patients treated with basal insuin plus rapid-acting insulin 

compared with those treated with basal insulin plus GLP-1 RA: RR=3.25 (IC 95%, 1.35 to 7.79) 

(figure 4). However, the confidence interval (95 %) is very wide. As can be observed in the 

results for each study, the confidence intervals pass through the null hypothesis (R=1).  

The results are consistent across studies included in the MA, showing 0% heterogeneity (I2, τ2). 

The effect estimator Relative Risk (RR) is similar in both a fixed effects model and a random 

effects model. 



 

 

 



 

 

Table 2. Summary of findings of GLP-1 RA vs. rapid-acting insulin added to basal insulin therapy in patients with type 2 diabetes mellitus 

GLP-1-RA vs. rapid-acting insulin added to basal insulin therapy in patients with T2DM 

Patient or population Adults with T2DM not properly controlled with basal insulin alone or in combination with oral drugs 

Setting Visits and procedures were performed at outpatient clinical care 

Intervention GLP-1 RA + basal insulin + OAD (i.e. metformin) 

Comparison Rapid-acting insulin + basal insulin + OAD (i.e. metformin) 

Certainty assessment 

Summary of findings (narrative) Participants 

(studies) 

Follow-up 

Risk of bias Inconsistency Indirectness Imprecision Publication bias 
Overall certainty 

of evidence 

Quality of Life (follow-up: 6 months; assessed with: Diabetes Quality of Life Clinical Trial Questionnaire (D-QOL) and SF-36) 

110 
(1 RCT25) 

very seriousa not serious not serious not serious none 

◯◯
⨁⨁  

Low 

Quality of life was assessed at the second visit (randomisation visit) and at 6 months using a modified 
Diabetes Quality of Life Clinical Trial Questionnaire (D-QOL) and the SF-36 with individual domain scores 
reported separately. Changes in-patient reported outcomes were calculated from baseline to 6 months. Five 
domains of the modified D-QOL questionnaire were significantly improved in the GLP1RA plus basal insulin 
group compared with the basal-bolus insulin group: general health perception, perception of current health, 
satisfaction with treatment, concern about diabetes and fear of hypoglycaemia. Perceptions of health status 
as measured by the SF-36 did not change in either group.  

Severe hypoglycaemic events (follow-up: range 26 weeks to 32 weeks) 

2422 
(6 RCTs22-27) 

serious b not serious not serious serious22-27,c none ⨁⨁

◯◯
 

Low 
Three studies reported none hypoglycaemic events in either group22,24,26. The other three studies reported 
severe hypoglycaemia events23,25,27: a cumulative total of 6 events out of 1061 patients (0,57 %) in the 
intervention group (GLP-1 RA combined with basal insulin) and 21 events out of 1361 patients (1,54 %) in the 
comparator arm (basal insulin plus rapid insulin).  

CI: Confidence interval; D-QOL: Diabetes Quality of Life Clinical Trial Questionnaire; GLP-1 RA: GLP-1 agonists; RCT: Randomised Controlled Trial; T2DM: type 2 diabetes mellitus; OAD: oral 
antidiabetic drugs 

a. The overall risk of bias was high for the only one study reporting quality of life, due to missing outcome data. Because of the self-reporting and subjective outcome, the assessment could 
have been influenced by the knowledge of the intervention received by the patients. The other four domains were assessed as low risk of bias. 
b. Two studies were judged to be at low risk of bias across all domains for this outcome. There were three studies that were considered to raise some concerns about risk of bias in selection of 
the reported results, due to the lack of a pre-specified analysis plan. Last, the overall risk of bias was high for one study, mainly due to missing outcome data.  



 

 

c. The results are imprecise as the studies include small population samples and few events considering the variable studied. The effect estimator has been calculated, but it shows limitations. 
There is uncertainty about the results. 

GRADE Working Group grades of evidence: 

● High certainty: We are very confident that the true effect lies close to that of the estimate of the effect 
● Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is 

substantially different 
● Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect 
● Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect 



 

 

Table 3. Effects of GLP1RA plus basal insulin compared with basal-bolus insulin on patient reported outcomes [modified diabetes quality of life questionnaire 

(D-QoL) and short form-36 health survey questionnaire (SF-36)]. ALL D-QOL domains are scored on a 1-5 scale, with a lower number representing better quality 

of life or treatment satisfaction. SF-36 is scored on a 1-100 scale; a higher score represents a better self-assessed health. Table from the publication 
25 

Variable GLP1RA + Basal Insulin Group Basal-Bolus Insulin Group 
GLP1RA + Basal vs Basal-

Bolus 

 Baseline 6 months 

Within group 
ETD 

6 months-
Baseline 

Baseline 6 months 

Within group 
ETD 

6 months - 
Baseline 

ETD 

P value 
between 
groups 

D-QOL Scores         

General health 
perception 

4.2 (4.0 to 4.4) 3.3 (3.1 to 3.6) 
-0.9 (-1.1, -

0.6) 3.9 (3.7 to 4.1) 3.6 (3.3 to 3.8) 
-0.3 

(-0.6, -0.1) 
-0.5 

(-0.9 to -0.2) 
0.005 

Current health 
perception 

3.2 (2.9 to 3.5) 2.1 (1.8 to 2.4) 
-1.1 (-1.5, -

0.7) 
2.9 (2.6 to 3.1) 2.3 (2.0 to 2.7)  

-0.5 
(-0.9, -0.1) 

-0.6 
(-1.2 to -0.02) 

0.04 

Treatment Satisfaction 2.9 (2.6 to 3.1) 2.2 (2.0 to 2.5) 
-0.6 (-0.8, -

0.4) 
2.8 (2.6 to 3.0) 2.5 (2.3 to 2.8) 

-0.3 
(-0.5, -0.04) 

-0.4 
(-0.7 to -0.1) 

0.02 

Diabetes Related Worry 2.4 (2.2 to 2.5) 2.2 (2.0 to 2.4)  
-0.2 (-0.4, -

0.04) 
2.3 (2.1 to 2.5) 2.3 (2.1 to 2.5) 

0.03 
(-0.1, 0.2) 

-0.2 
(-0.5 to 0.002) 

0.05 

Social or Vocational 
Worry 

2.6 (2.3 to 2.9) 2.4 (2.1 to 2.7) 
-0.2 (-0.4, 

0.08) 
2.4 (2.1 to 2.7) 2.4 (2.1 to 2.6) 

-0.02, 
(-0.3, 0.3) 

-0.2 
(-0.5 to 0.2) 

0.41 

Hypoglycemia Fear 1.9 (1.7 to 2.1) 1.7 (1.5 to 1.9) 
-0.2 (-0.4, -

0.005) 
1.8 (1.5 to 2.0) 2.0 (1.8 to 2.3) 

0.3 
(0.04, 0.5) 

-0.5 
(-0.8 to -0.2) 

0.003 

Glycemic Control  
Perception 

3.9 (3.6 to 4.2) 2.3 (1.9 to 2.7) 
-1.6 (-2.0, -

1.2) 
3.9 (3.5 to 4.2) 2.7 (2.3 to 3.1) 

-1.1 
(-1.6, -0.7) 

-0.5 
(-1.1 to 0.2) 

0.14 

Satisfaction with Insulin  
treatment 

3.5 (3.2 to 3.9) 1.8 (1.4 to 2.2) 
-1.7 (-2.2, -

1.2) 
3.3 (3.0 to 3.7) 2.0 (1.6 to 2.4) 

-1.3 
(-1.8, -0.8) 

-0.4 
(-1.1 to 0.3) 

0.22 

Willingness to Continue 
Insulin Treatment 

2.5 (2.1 to 2.9) 1.4 (1.0 to 1.8) 
-1.1 (-1.7, -

0.6) 
2.3 (1.9 to 2.7) 1.4 (1.0 to 1.9) 

-0.9 
(-1.4, -0.3) 

-0.3 
(-1.0 to 0.5) 

0.48  

Lifestyle Flexibility 2.4 (2.2 to 2.7) 2.2 (2.0 to 2.5) 
-0.2 (-0.4, 0.1) 

2.6 (2.3 to 2.8) 2.5 (2.2 to 2.7) 
-0.09 

(-0.4, 0.2) 
-0.08 

(-0.5 to 0.3) 
0.69 

Social Stigma 2.2 (1.9 to 2.5) 2.2 (1.9 to 2.5) 0.01 (-0.3, 0.4) 1.9 (1.6 to 2.2) 2.0 (1.7 to 2.3) 0.1 -0.08 0.73 



 

 

(-0.2, 0.4) (-0.6 to 0.4) 

SF-36 Scores         

Physical Component 
Summary 

49.9 (49.3 to 
50.6) 

49.9 (49.3 to 
50.6) 

0.007 (-0.3, 
0.3) 

49.5 (48.8 to 
50.2) 

49.4 (48.7 to 
50.1) 

-0.1 (-0.4, 
0.2) 

0.1 (-0.3 to 0.5) 0.62 

Mental Component 
Summary 

49.8 (49.4 to 
50.3) 

49.9 (49.5 to 
50.4) 

0.09 (-0.02, 
0.2) 

50.0 (49.5 to 
50.5) 

50.0 (49.6 to 
50.5) 

0.04 (-0.1, 
0.1) 

0.05 (-0.1 to 0.2) 0.49 

 

Data represents Least Squares Means (95% confidence intervals) from mixed-effects linear models. GLP1RA, glucagon-like peptide-1 receptor agonist; ETD, 
estimated treatment difference between GLP-1RA + basal insulin group versus basal-bolus insulin group;  D-QOL, diabetes quality of life questionnaire; SF-36, 
short form health survey questionnaire; p value for two sided testing 



 

 

Figure 4. Forest plot 

 

The funnel plot is shown in figure 5, showing a symmetrical distribution, with no publication bias. 

Figure 5. Funnel plot 

 

The subgroup analysis according to the different GLP-1 agonists (i.e. liraglutide or exenatide or 

lixisenatide, etc.) was not carried out; due to there were insufficient data. Sensitivity analysis 

excluding high risk of bias studies was not performed. 

Instead, a first sensitivity analysis was performed by performing the meta-analysis as many times 

as the number of studies selected, so that each time a study is omitted (figure 6). The results of 

the different meta-analyses are similar, so it can be concluded that the result of the meta-analysis 

is robust. 

  



 

 

Figure 6. Sensitivity analysis forest plot 

 

A second sensitivity analysis was performed, excluding the three studies that included small 

sample populations (<100 patients per arm) (figure 7). The effect estimator shows a similar result 

and interpretation: RR = 3.52 (IC 95%, 1.38 to 9.03). 

Figure 7. Forest plot of the sensitivity analysis excluding studies that did no report severe 

hypoglycaemia events 

 

Key outcome: Cardiovascular mortality 

No studies assessed this outcome.  

Key outcome: All-causes mortality 

No studies assessed this outcome.  

Key outcome: Non-fatal heart attack 

No studies assessed this outcome.  

Key outcome: Non-fatal stroke 

No studies assessed this outcome.  

Key outcome: Serious adverse events 

No studies assessed this outcome.  



 

 

Discussion 

This living systematic review gathers the evidence published so far (until September 2021) on the 

comparison of GLP-1-RA vs. rapid-acting insulin added to basal insulin therapy in patients with 

T2DM requiring treatment intensification on cardiovascular outcomes, serious adverse events and 

quality of life. 

The emergence of GLP-1 RA for the treatment of T2DM had led to new studies on their efficacy 

and safety in combination with basal insulin. To select the most appropiate intensification strategy 

for a given patient, many factors need to be considered21. The endpoints studied as the objective 

of this review are essential for decision making. 

The studies in this review varied in terms of insulin regimens of basal insulin (detemir, degludec, 

glargine) and rapid-acting insulin (aspart, lispro, glulisin) and GLP-1 RA drugs (exenatide, 

lixisenatide, liraglutide) used as add-on therapy. Among the current five GLP-1 agonists marketed 

in Spain, no studies have been found evaluating the combination of dulaglutide and semaglutide 

with basal insulin and its impact on defined key outcomes. 

Quality of life was studied only in one RCT as a secondary outcome, comparing a strategy based on 

liraglutide plus basal insulin vs. the intensification with rapid-acting insulin. The estimated 

treatment difference (ETD) between arms was determined from baseline to 6 months. Two 

questionnaires were used; the SF-36, which did not show changes in both group, and a modified 

Diabetes Quality of Life Clinical Trial Questionnaire (D-QOL), which showed better improvements 

in diabetes-related quality of life and treatment satisfaction for the treatment regimen consisting 

of liraglutide plus basal insulin.  

Considering all available studies, the frequency of severe episodes of hypoglycaemia was very low 

for both therapeutic strategies22-27. The effect estimator favours GLP-1 therapy, but the confidence 

interval (IC 95%) is very wide. In addition, the confidence intervals for each study surpass the null 

hypothesis (RR=1), due to the small number of events and small patients samples for endpoint 

assessment. Taking into account these findings, together with the limitations explained below, it is 

not possible to choose the safest choice in the intensification of basal insulin therapy with regard 

to the frequency of severe hypoglycaemic events. We identified two ongoing clinical trials 

assessing quality of life and severe hypoglycaemias. 

Several limitations of the RCTs are noteworthy. The assessment of severe hypoglycaemic episodes 

(percentage of participants experiencing any episodes of documented severe hypoglycemia) and 

quality of life were measured as secondary outcomes. Second, they are all open-label studies that 

could have introduced patient and assessor bias. Third, study durations were too short to observe 

differences between interventions for key outcomes (26 weeks to 32 weeks), concerning the 

chronic durability of these interventions. Four, the patient eligibility criteria across the studies also 

varied, and some of the studies only included a small number of patients per arm (< 100)22,23,26. In 

addition, there are slight differences in the definition of severe hypoglycaemia. At last, the 

description of the population was not sufficiently detailed to make it possible to analyse 

differences according to possible previous events or complications.  



 

 

Strengths of this living systematic review are the inclusion and exclusion criteria, considering 

studies with insulin titration for both arms, but excluding GLP-1 RA-placebo comparisons. 

No RCTs have been identified that addressed some key outcomes prioritised by expert consensus, 

and therefore considered meaningful and critical for decision-makers: cardiovascular mortality, all-

causes mortality, non-fatal heart attack, non-fatal stroke, serious adverse events. Ongoing clinical 

trials addressing these key outcomes have not been identified. 

In conclusion, there is insufficient information to choose the safest alternative to intensify basal 

insulin therapy in patients with DM2. The impact of GLP-1 agonists vs. insulin on cardiovascular 

disease cannot be adequately assessed with the currently available literature. There is a 

knowledge gap and longer-term post-authorisation studies are needed that address the key 

outcomes as primary outcome measures and large population groups. This review highlight gaps in 

the primary research and encourage addressing them in future studies. 

Our systematic review aims to provide a high-quality, up-to-date synthesis of the evidence that is 

useful for clinicians and other decision makers. The systematic review will be kept living in the 

coming months. During the next 6 months, we will maintain an open available version of this 

review at the Living Evidence to Inform Health Decisions website 

(https://livingevidenceframework.com/en/lesr/). If new evidence is identified and conclusions 

change or there are substancial updates, the evidence synthesis report and the MA will be 

updated. 

Conclusions 

- Rapid-acting insulin and GLP-1 RA are options as add-on drugs to basal insulin therapy for 

T2DM patients requiring treatment intensification. 

- Change in quality of life for GLP-1 RA was studied in one RCT. Greater improvements in 

diabetes-related quality of life and treatment satisfaction was shown in D-QOL questionnaire. 

Regarding SF-36 questionnaire, the health status responses did not change in either group. 

- The frequency of severe episodes of hypoglycaemia was very low for both therapeutic 

strategies.  

- The overall certainty of evidence was assessed as low for both outcomes.  

- No information was found for cardiovascular endpoints and serious adverse events. Larger 

trials are needed to study key outcomes for which there is no information at this time. 

- The currently available evidence is inconclusive and insufficient to choose the best treatment 

alternative. 
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Appendix 1. Search strategies 

Boolean search strategy 

Epistemonikos 

((((("glp-1" OR glp1* OR "glp 1" OR "glucagon-like peptide-1" OR "glucagon-like peptide 1") AND 

(agonist* OR analog*)) OR "glp-1 ra" OR "glp 1 ra" OR "glp-1-ra" OR "glp1 ra") OR (exenatide* OR 

Byetta* OR Bydureon*) OR (liraglutide* OR Victoza* OR Saxenda*) OR (lixisenatide* OR Lyxumia* 

OR Adlyxin*) OR (albiglutide* OR "GSK-716155" OR "GSK 716155" OR GSK716155* OR Eperzan* 

OR Tanzeum*) OR (dulaglutide* OR Trulicity*) OR (semaglutide* OR Ozempic*) OR 

(taspoglutide*)) AND (diabet* OR DM1 OR "DM-1" OR DM2 OR "DM-2" OR t1d OR t2d OR t1dm 

OR t2dm OR NIDDM OR IDDM OR "glycaemic control" OR "glycemic control"))  

Medline. PUBMED 

((((("glp-1" OR glp1* OR "glp 1" OR "glucagon-like peptide-1" OR "glucagon-like peptide 1") AND 

(agonist* OR analog*)) OR "glp-1 ra" OR "glp 1 ra" OR "glp-1-ra" OR "glp1 ra") OR (exenatide* OR 

Byetta* OR Bydureon*) OR (liraglutide* OR Victoza* OR Saxenda*) OR (lixisenatide* OR Lyxumia* 

OR Adlyxin*) OR (albiglutide* OR "GSK-716155" OR "GSK 716155" OR GSK716155* OR Eperzan* 

OR Tanzeum*) OR (dulaglutide* OR Trulicity*) OR (semaglutide* OR Ozempic*) OR 

(taspoglutide*)) AND (diabet* OR DM1 OR "DM-1" OR DM2 OR "DM-2" OR t1d OR t2d OR t1dm 

OR t2dm OR NIDDM OR IDDM OR "glycaemic control" OR "glycemic control")) AND ((randomi* OR 

RCT OR placebo* OR trial OR "controlled-trial" OR randomly*))  

ClinicalTrials.gov 

( “basal insulin regimen” OR “basal-bolus regimen” OR “long-acting insulin OR “long acting insulin” 

OR “long-acting insulins” OR “long acting insulins” OR “insulin detemir” OR “insuline glargine” OR 

“isophane insulin” OR “neutral protamine hagedorn insulin” OR “NPH insulin” OR “regular insulin” 

OR “neutral insulin” OR “lente insulin” OR “ultralente insulin” OR degludec OR basaglar OR 

abasaglar OR insulatard OR humulina OR actrapid OR levemir OR mixtard OR tresiba OR lantus OR 

semglee OR toujeo” ) | Diabetes Mellitus, Type 2 | “glucagon like peptide 1 receptor stimulating 

agent” OR “glucagon like peptide 1 analog” OR “glucagon like peptide 1 agonist” OR “glucagon like 

peptide 1 receptor agonist” OR “GLP 1 receptor agonist” OR “GLP 1 agonist” OR ArGLP-1 OR GLP-

1RA OR GLP-1Ras OR exenatide OR liraglutide OR semaglutide OR lixisenatide OR dulaglutide OR 

bydureon OR byetta OR saxenda OR victoza OR ozempic OR lyxumia OR trulicity | First posted 

from 01/01/2021 to 02/16/2022 

 

Other sources 

In order to identify articles that might have been missed in the electronic searches, we conducted 

cross-citation search in Google Scholar. 

  



 

 

Appendix 2. Study eligibility criteria 

Study Study eligibility criteria 

Abreu et al. 2019 Inclusion Criteria: 

1. Clinical diagnosis of type 2 diabetes with confirmed HbA1c level >10% at time of enrollment, regardless of prior or current treatment regimens, or time 
since diagnosis. 

Exclusion Criteria: 

Age <18 as the feasibility and safety of this treatment regimen should be first established in the adult population; if successful, a subsequent pediatric study 
will be proposed; 

Type 1 diabetes as purposefully withholding meal-time insulin is contraindicated; 

Clinical state requiring inpatient admission/treatment; 

Contraindication or strong cautions to any of the study medications: 

Creatinine above 1.4 mg/dl for women and 1.5 mg/dl for men (per metformin label) 

History of lactic acidosis (per metformin label) 

Advanced hepatic or cardiac disease (per metformin label) 

Age >80 years (per metformin label) 

Chronic alcohol use (>14 drinks/week) 

History of pancreatitis (per liraglutide label) 

Personal or family history of medullary thyroid cancer or MEN syndrome (per liraglutide label) 

Pregnancy and lactation (per liraglutide label) 

Any serious or unstable medical condition as it would interfere with treatment assignment as well as outcome measurement; 

Any scheduled elective procedures/surgeries; 

Active infections, including osteomyelitis; 

Not willing to participate, unable to keep projected appointments, unwillingness to receive injectable treatment; unwillingness to perform 7-point glucose 
profiles over 2 consecutive days the weeks prior to Randomization (visit 1)and the week prior to visit 6 

Non English speaking. 

Billings et al. 2018 Inclusion Criteria: 

Male or female, age at least 18 years at the time of signing informed consent 

Type 2 diabetes subjects (diagnosed clinically) at least 6 months prior to screening 



 

 

HbA1c (glycosylated haemoglobin) 7.0-10.0% [53mmol/mol-86mmol/mol] (both inclusive) by central laboratory analysis 

Current treatment with IGlar (insulin glargine) for at least 90 calendar days prior to screening 

Stable daily dose of IGlar between 20 units and 50 units (both inclusive) for at least 56 calendar days prior to screening. Individual fluctuations of plus/minus 
10% within the 56 calendar days prior to screening are acceptable, however on the day of screening total daily dose should be within the range of 20 units-50 
units both inclusive 

Stable daily dose of metformin (at least 1500 mg or max tolerated dose) for at least 90 calendar days prior to screening 

Body mass index (BMI) below or equal to 40 kg/m^2 

Exclusion Criteria: 

Treatment with any medication for the indication of diabetes or obesity other than stated in the inclusion criteria in a period of 90 calendar days before 
screening 

Anticipated initiation or change in concomitant medications in excess of 14 calendar days known to affect weight or glucose metabolism, such as weight 
loss/modifying (e.g.; sibutramine, orlistat, thyroid hormones, corticosteroids) 

Impaired liver function, defined as alanine aminotransferase (ALT) at least 2.5 times upper limit of normal 

Renal impairment eGFR (electronic case report form) below 60 mL/min/1.73 m^2 as per CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) 

Screening calcitonin at least 50 ng/L 

History of pancreatitis (acute or chronic) 

Personal or family history of medullary thyroid carcinoma or multiple endocrine neoplasia type 2 

Diamant et al. 2014 Inclusion Criteria: 

Have been taking a basal insulin Glargine, at dose of ≥ 20 units/day, for at least 3 months prior to study start. 

Have been taking basal insulin Glargine at dose of ≥ 20 units/day, in combination with 1 of the following oral antidiabetic medication (OAM) regimens, for at 
least 3 months prior to study start: 

Metformin or immediate-release metformin or extended-release metformin alone at a maximum tolerated and stable dose with no less than 500 mg/day for 
at least 6 weeks prior to study start; or 

Metformin or immediate-release metformin or extended-release metformin at a maximum tolerated and stable dose with no less than 500 mg/day for at 
least 6 weeks prior to study start and sulfonylurea at a stable dose for 6 weeks prior to study start. 

Have an HbA1C > 7.0% and ≤ 10.0%. 

Have a body mass index (BMI) between ≥ 25 and ≤ 45 kg/m2. 

Exclusion Criteria: 

Are currently taking OAM that is not described above and not allowed with concurrent use of insulin per local product label. 

Have taken more than 1 week within 1 month prior to the study start any glucose-lowering medications not included above either alone or in combination 
formulations, or have used a drug for weight loss (for example, prescription drugs such as orlistat, sibutramine, phenylpropanolamine, rimonabant or similar 
over-the-counter medications). 

Have taken any insulin other than Glargine within the 3 months prior to study start for more than 1 week. 



 

 

Are receiving chronic (lasting longer than 2 weeks) systemic glucocorticoid therapy (excluding topical, intraocular, and inhaled preparations) within 4 weeks 
prior to the study start. 

Are currently enrolled in, or discontinued within the last 30 days from, a clinical trial involving an off-label use of an investigational drug or device (other than 
the study drug/device used in this study), or concurrently enrolled in any other type of medical research judged not to be scientifically or medically 
compatible with this study. 

Have previously completed or been withdrawn from this study after enrollment. 

Flat-Sugar Trial 

Investigators 2016 

Inclusion Criteria: 

T2DM for >12 months defined according to current ADA criteria 

C-peptide >0.5 ng/mL-after informed consent has been signed, samples will be drawn fasting and sent to a central lab 

Participants must be on insulin therapy. Diabetes, Blood Pressure & Lipid therapy must be stable (in both dose and agent) for ≥3 months (dose of any 1 drug 
has not changed by more than 2-fold, & new agents not been added within the previous 3 months) 

HbA1c 7.5-8.5% for enrollment 

Age at enrollment (screening): 40-75 years (inclusive) when there is a history of cardiovascular disease (defined in 'a'), or 55 to 75 years (inclusive) when there 
is not a history of cardiovascular disease but 2 or more risk factors (with or without treatment) are present (defined in 'b') 

a) Established cardiovascular disease defined as presence of one of the following: i. Previous myocardial infarction (MI). (most recent must be > 3 months 
prior enrollment) ii. Previous stroke. (most recent must be >3 months prior enrollment) iii. History of coronary revascularization (e.g., coronary artery bypass 
graft surgery, stent placement, percutaneous transluminal coronary angioplasty, or laser atherectomy)(most recent must be > 3 months prior enrollment) iv. 
History of carotid or peripheral revascularization (e.g., carotid endarterectomy, lower extremity atherosclerotic disease atherectomy, repair of abdominal 
aortic aneurysm, femoral or popliteal bypass). (most recent must be >3 months prior enrollment) v. Angina with either ischemic changes on a resting ECG, or 
ECG changes on a graded exercise test (GXT), or positive cardiac imaging study vi. Ankle/brachial index <0.9 vii. LVH with strain by ECG or ECHO viii. >50% 
stenosis of a coronary, carotid, renal or lower extremity artery. ix. Urine albumin to urine creatinine ratio of >30 mg albumin/g creatinine in 2 samples, 
separated by at least 7 days, within past 12 months) [Target of 50% of study cohort] or b) Increased CVD risk defined as presence of 2 or more of the 
following: i. Untreated LDL-C >130 mg/dL or on lipid treatment ii. Low HDL-C (<40 mg/dL for men and <50 mg/dL for women) iii. Untreated systolic BP >140 
mm Hg, or on antihypertensive treatment iv. Current cigarette smoking v. Body mass index 25-45 (Asian populations 23-45) kg/m2 

No expectation that participant will move out of clinical center area during the next 8 months, unless move will be to an area served by another trial center 

Ability to speak & read English 

Exclusion Criteria: 

The presence of a physical disability, significant medical or psychiatric disorder; substance abuse or use of a medication that in the judgment of the 
investigator will affect the use of CGM, wearing of the sensors, Holter or Telemetry monitor, complex medication regimen, or completion of any aspect of the 
protocol 

Cannot have had any cardiovascular event or interventional procedure, (MI, Stroke or revascularization) or been hospitalized for unstable angina within the 
last 3 months 

Inability or unwillingness to discontinue use of acetaminophen products during CGM use 

Inability or unwillingness to discontinue use of all other diabetes agents other than insulin & metformin during trial (including insulin pump participants who 
will need to convert to BBI) 

Intolerance of metformin dose <500 mg/day 



 

 

Inability or unwillingness to perform blood glucose testing a minimum of 3 times/per day 

Creatinine level ≥1.5 for males or 1.4 for females 

ALT level ≥ 3 times upper limit of normal 

Current symptomatic heart failure, history of NYHA Class III or IV congestive heart failure at any time, or ejection fraction (by any method) < 25% 

Inpatient psychiatric treatment in the past 6 months 

Currently participating in an intervention trial 

Chronic inflammatory diseases, such as collagen vascular diseases or inflammatory bowel disease 

History of pancreatitis 

BMI >45kg/m2 

For females, pregnant or intending to become pregnant during the next 7 months 

Mathieu et al. 2014 Inclusion Criteria: 

Informed consent obtained before any trial-related activities. (Trial-related activities are any procedure that would not have been performed during normal 
management of the subject). 

The subject must have completed the end of treatment visit of NN1250-3643 with Insulin degludec once daily + metformin. 

Ability and willingness to adhere to the protocol including self measurement of plasma glucose according to the protocol 

Eligible subjects with an HbA1c≥7.0% (≥53 mmol/mol). 

Exclusion Criteria: 

Participated in NN1250-3643 and treated with insulin glargine 

Previous treatment with glucacon like peptide (GLP-1) receptor agonists (e.g. exenatide, liraglutide) 

Impaired liver function, defined as alanine aminotransferase (ALAT) 2.5 times the upper limit of normal at end of treatment in NN1250-3643 

Impaired renal function defined as serum-creatinine = 125 µmol/l (= 1.4 mg/dl) for males and = 110 µmol/L (= 1.3 mg/dl) for females or according to local 
label for metformin [For France: glomerular filtration rate below 60 ml/min, calculated by the Cockroft & Gault formula] at end of treatment in NN1250-3643. 

Rosenstock et al. 2016 Inclusion criteria: 

Participants with type 2 diabetes mellitus diagnosed at least 1 year before screening visit (V1). 

Participants treated with basal insulin for at least 6 months. 

Participants treated for at least 3 months prior to visit 1 with a stable basal insulin regimen (i.e. type of insulin and time/frequency of the injection). The 
insulin dose should be stable (± 20%) and ≥20 U/day for at least 2 months prior to visit 1. 

Participants treated with basal insulin alone or in combination with 1 to 3 oral anti-diabetic drugs (OADs) that could be: metformin (≥1.5 g/day or maximal 
tolerated dose), a sulfonylurea (SU), a dipeptidyl-peptidase-4 (DPP-4) inhibitor, a glinide. The dose of OADs should be stable for at least 3 months prior to visit 
1. 

Exclusion criteria: 



 

 

At screening: age < legal age of majority. 

At screening, HbA1c: <7.5% and >10.0% for participants treated with basal insulin alone or in combination with metformin only; < 7.0% and > 10.0% for 
participants treated with basal insulin and a combination of oral anti-diabetic drugs which included a SU and/or a DPP-4 inhibitor and/or a glinide. 

Women of childbearing potential with no effective contraceptive method, pregnancy or lactation. 

Type 1 diabetes mellitus. 

Treatment with glucose-lowering agent(s) other than stated in the inclusion criteria within 3 months prior to screening. 

Previous treatment with short or rapid acting insulin other than in relation to hospitalization or an acute illness. 

Any previous treatment with lixisenatide, or any discontinuation from another glucagon-like peptide 1 (GLP-1) receptor agonist due to safety/tolerability 
issue or lack of efficacy. 

At screening, Body Mass Index (BMI) ≤20 or >40 kg/m^2. 

Weight change of more than 5 kg during the 3 months prior to the screening visit; use of weight loss drugs within 3 months prior to screening. 

Within the last 6 months prior to screening: history of myocardial infarction, stroke, or heart failure requiring hospitalization. Planned coronary, carotid or 
peripheral artery revascularisation procedures. 

History of unexplained pancreatitis, chronic pancreatitis, pancreatectomy, stomach/gastric surgery. 

At screening resting systolic blood pressure >180 mmHg or diastolic blood pressure >95 mmHg. 

Personal or immediate family history of medullary thyroid cancer (MTC) or genetic condition that predisposed to MTC (e.g. multiple endocrine neoplasia 
syndromes). 

Contraindication related to metformin (for participant receiving this treatment), insulin glargine, insulin glulisine or lixisenatide. 

Participants with severe renal impairment (creatinine clearance less than 30 ml/min) or end-stage renal disease. 

At screening, amylase and/or lipase >3 times the upper limit of the normal laboratory range (ULN). 

At screening alanine aminotransferase (ALT) or aspartate aminotransferase (AST) >3 ULN. 

At screening calcitonin ≥20 pg/ml (5.9 pmol/L). 

Exclusion Criteria for randomization at the end of the screening period before randomization: 

HbA1c <7.0% or >9.0%. 

7-day mean fasting SMPG >140 mg/dl (7.8 mmol/L). 

Amylase and/or lipase >3 times ULN. 

The above information is not intended to contain all considerations relevant to a participant's potential participation in a clinical trial. 

 

  



 

 

Appendix 3. Main characteristics of studies of the included studies 

Abreu et al. 201925 

Trial design: The SIMPLE study. RCT phase 3, Open-label. NCT01966978. Parallel Assignment 1:1, non inferiority 

Duration of the intervention: 26 weeks 

Setting: outpatient diabetes care 

Country: EE.UU. 

POPULATION 

Baseline characteristics of the participants: Age 47.4 ± 9.5 years; % female/male 70.8%/29.2%; mean diabetes duration of 10.5 ± 7.2 years; predominantly of minority 
race/ethnicities (Hispanic 4 0%, African American 42%); mean HbA1c 12.1 ± 1.4%; BMI 37.2 ± 10.3 kg/m2; 75.8% were already treated with insulin; the rest  of them 
started on basal insulin at the first visit. Mocrovascular complications 69.0%; macrovascular complications 20.0%. 

157 patients, 120 patients randomised in second visit. 110 patients received one dose (modified ITT) 

INTERVENTION VS. COMPARATOR: Basal insulin basal (detemir) + liraglutide (1/day) + metformin (n=59) vs. Basal insulin (detemir) + rapid insulin (aspart) + metformin 

(n=61) 

Initial dose of 0.6 mg/day with weekly increments of 0.6 mg until dose of 1.8 mg/day or maximal tolerated dose (at least 1.2 mg/day)is reached 

Other Name: Liraglutide 6 mg/mL Subcutaneously 

Insulin detemir will be started in both groups at 0.3 units/kg or conversion 1:1 from dose of basal insulin prior to randomization. The titration will be primarily patient-
driven, based on our study protocol table. Additional physician driven titration will be allowed in both groups if patient fails to intensify basal insulin dose as directed. 
Other Name: Insulin Detemir subcutaneous once or twice daily 

Insulin aspart will be initiated at a dose of 0.3 units/kg/day divided among the number of meals taken daily and titrated based on physician clinical judgment with the 
goal of pre-prandial BG 70-130 mg/dL and post-prandial BG <180 

Other Name: Insulin Aspart Subcutaneous injection one to three times daily 

Metformin will be started at 500 mg daily (or continued at current dose) and weekly titrated to 2000 mg or maximum tolerated dose (at least 1000 mg/day). Other 
Name: Metformin tablets 

OUTCOMES MEASURES/RESULTS: Hypoglycemic Episodes [ Time Frame: Week 0 (Randomization) , Week 2, week 4, week 13, Week 26 ] 

Number of hypoglycemic episodes defined as mild (symptoms of hypoglycemia confirmed by a CBG reading of <70 mg/dl), moderate (any CBG reading <56 mg/dl), 
severe (need for help to recover regardless of CBG reading). 

Percentage of participants experiencing any episodes of documented hypoglycemia defined as CBG reading of <70 mg/dl 

Results: Severe hypoglycaemia events: intervention (n=1); control (n=2). 



 

 

FUNDING/CONFLICT OF INTEREST: This study was sponsored by Novo Nordisk A/S (Novo Nordisk Investigator Initiated Study Grant). Conflict of interests are described 

in the publication (authors were consultants for companies, received payments, received consulting fees and/or honoraria for membership in advisory boards, etc.). 

OVERALL RISK OF BIAS: Low risk 

  



 

 

Billings et al. 201826 

Trial design: DUAL VII Randomized Clinical trial. RCT phase 3, Open-label. NCT02420262. Parallel Assignment 1:1, non inferiority 

Duration of the intervention: Duration 26 weeks 

Setting: outpatient diabetes care 

Country: Multinational (12 countries) 

POPULATION 

Baseline characteristics of the participants: Age 58 years; % female/male 44.9%/55,1%; mean diabetes duration of 13 years; mean HbA1c 8,2 %; BMI 31,7 kg/m
2
. On 

insulin plus metformin therapy. 

672 patients, 506 were randomised, with 99.2% of those randomized to IDegLira and 98.0% of those randomized to basal-bolus completing the trial. 

INTERVENTION VS. COMPARATOR: Basal insulin (degludec) + liraglutide (IDegLira) (1/day) + metformin (n=252) vs. Basal insulina (glargine U100) + rapid acting insulin 

(aspart) + metformin (n=254) 

Insulin degludec/liraglutide: Once daily injected s.c./subcutaneously (under the skin) in combination with metformin. 

Insulin glargine: Once daily injected s.c./subcutaneously (under the skin) in combination with metformin. 

Insulin aspart: 

Injected s.c./subcutaneously (under the skin) before each main meal. 

OUTCOMES MEASURES/RESULTS: Number of Treatment Emergent Severe or Blood Glucose Confirmed Symptomatic Hypoglycaemic Episodes. [ Time Frame: Weeks 0-

26 ] 

Severe or blood glucose (BG) confirmed symptomatic hypoglycaemic episodes were defined as episodes that were severe and/or BG confirmed by a plasma glucose 
value of <56 mg/dL (3.1 mmol/L), with symptoms consistent with hypoglycaemia. 

Results: Severe hypoglycaemias (secondary outcome): N=3; N=10. 

Severe hypoglycemic episodes occurred in 1.2% of patients on IDegLira throughout the treatment period (three episodes) at a rate of 0.03 episodes per PYE vs. 1.6% 

of patients on basal-bolus (10 episodes) at a rate of 0.08 episodes per PYE. There was a 34% lower risk (estimated risk ratio 0.76 [95% CI 0.17, 3.35], P = 0.7173) and 
72% lower rate (estimated rate ratio 0.28 [0.04, 1.98], P = 0.2034) of severe hypoglycemia in IDegLira compared with basal-bolus. 

FUNDING/CONFLICT OF INTEREST: This study was sponsored by Novo Nordisk A/S (Bagsværd, Denmark). 

Conflict of interests are described in the publication (authors were consultants for companies, received payments, eceived consulting fees and/or honoraria for 
membership in advisory boards, etc.). 

OVERALL RISK OF BIAS: Some concerns 



 

 

 

Diamant et al. 201423 

Trial design: RCT phase 3, Open-label. NCT00960661. Parallel Assignment 1:1, non inferiority 

Duration of the intervention: Duration 30 weeks 

Setting: outpatient diabetes care 

Country: Multinational (17 countries) 

POPULATION 

Baseline characteristics of the participants: 1306 patients, 917 entered the 12-week Bio-phase. The BIO-phase identified patients requiring additional therapy by failure 
to reach HbA1c 7.0% (53 mmol/mol) or less on titrated basal insulin and metformin. During the BIO-phase mean HbA1c decreased from 8.5% (69 mmol/mol) to 8.2% 
(66 mmol/mol) and FG from 8.4 to 7.2 mmol/L. 

637 were randomized to add exenatide or lispro to titrated glargine and 627 patients continued in the study. Randomized patients had a mean age of 59.8 years, % 
female/male 48%/52%. The majority were Caucasian and overweight. Median diabetes duration of 12 years, and mean HbA1c of 8.2% (66 mmol/mol). Patients were on 
insulin therapy. 

INTERVENTION VS. COMPARATOR: Basal insulina (glargine) + exenatide (2/day) + metformin (n=247) (daily glargine was reduced 10% or more in patients allocated to 
exenatide with HbA1c of 8.0% (64 mmol/mol) or less) vs. Basal insulina (glargine)  + rapid-acting insulina (lispro) + metformine (n=263) (Patients randomized to lispro 
reduced daily glargine by one-half or one-third, at the investigator’s discretion) 

Exenatide: subcutaneous injection, 5mcg (4 weeks) followed by 10mcg (26 weeks), twice a day. Other Name: Byetta 

Insulin lispro: titrated based on pre-meal glucose level; three times a day. Other Name: Humalog 

Metformin or immediate-release metformin or extended-release metformin alone at a maximum tolerated and stable dose with no less than 500 mg/day 

OUTCOMES MEASURES/RESULTS: Major Hypoglycemia Rate Per Year [ Time Frame: 30 weeks ] 

Mean (standard deviation) of major hyperglycemia episodes experienced per year. Rates per year were calculated for each individual as the number of episodes divided 
by the total number of days in the study (from randomization to last visit date), then multiplied by 365.25. Major hypoglycemia was defined as any symptoms 
consistent with hypoglycemia resulting in loss of consciousness or seizure that shows prompt recovery in response to administration of glucagon or glucose OR 
documented hypoglycemia (blood glucose <3.0 mmol/L [54 mg/dL]) and requiring the assistance of another person because of severe impairment in consciousness or 
behavior. 

Results: Severe hypoglycaemias (secondary outcome): N=2 (/315); N=7 (/312). Two exenatide and seven lispro recipients had at least one major hypoglycemic episode. 

FUNDING/CONFLICT OF INTEREST: This study was part of the Eli Lilly and Company/Amylin Pharmaceuticals Alliance and the Bristol-Myers Squibb/AstraZeneca Alliance. 

Conflict of interests are described in the publication (authors were consultants for companies, received payments, eceived consulting fees and/or honoraria for 
membership in advisory boards, etc.). 



 

 

OVERALL RISK OF BIAS: High risk 

 

Flat-Sugar Trial Investigators 201627 

Trial design: FLAT-SUGAR: FLuctuATion Reduction With inSULin and Glp-1 Added togetheR. RCT phase 4b, Open-label. NCT01524705. Parallel Assignment 1:1, non 
inferiority 

Duration of the intervention: Duration 26 weeks 

Setting: outpatient diabetes care 

Country: EE.UU. 

POPULATION 

Baseline characteristics of the participants: 63% were male (% female/male 37%/63%), 81% were Caucasian, mean age was 62 years (SD 8), median duration of diabetes 
was 15 years, and 32% had a prior cardiovascular event. At enrollment mean BMI was 34 kg/m2, blood pressure was 130/73 mmHg, A1C was 7.9% (63 mmol/mol), and 
creatinine was 0.9 mg/dL (79.56 mmol/L). Microalbuminuria was present in 18% of participants. The study was completed by 96 (94%) of the randomized participants 
(47 of 50 on BBI, 49 of 52 on GLIPULIN), and 92 (90%) had complete collection of CGM data before and after 26 weeks of randomized treatment, allowing analysis for 
the primary end point. On insulin plus metformin therapy. 

255 patients, 102 randomised.  

INTERVENTION VS. COMPARATOR: Insulin basal (glargine) + exenatide (2/day) (GLIPULIN) + metformin (n=52) vs. Insulin basal (glargine) + prandial insuline + 

metformine (n=50) 

"GLIPULIN:" [insulin glargine, metformin, exenatide (GLP-1-agonist)]: Glargine-injectable, variable, QD, 6 months Metformin-oral, up to 1000mg, BID, 6 months 
Exenatide-injectable, 5mcg, BID, 6 months Other Name: Glipulin is a short name that has been given to the combination of glargine, metformin and exenatide (a GLP1 
agonist). Combination used previously. 

Insulin glargine, metformin, prandial insulin: 

Approximately 60 type 2 DM participants will be instructed in AHA/ADA meal plan. Insulin Glargine, metformin and one of 3 prandial insulins will be used as 
combination strategy to control individual HBA1Cs between 6.7 and 7.3%. Prandial Insulins (aspart, glulisine or lispro). Other Names: Insulin Glargine, Metformin, One 
Prandial Insulin (aspart or glulisine or lispro) 

OUTCOMES MEASURES/RESULTS: The secondary trial goal will be to evaluate the frequency of hypoglycemia in the two interventional arms. [ Time Frame: 10 days, 4, 

11, 13, 19, 24 and 26 wks ] 

Severe Hypoglycemia-documented glucose <50mg/dl (participant journal), and hypoglycemic attacks requiring hospitalization, or treatment by emergency personnel. 
Possible side effects to Metformin, Insulin(either short or long acting) and Exenatide  

Results: Severe hypoglycaemias (secondary outcome): N=0; N=0. No episodes of hypoglycemia requiring medical assistance were reported in either group. 



 

 

FUNDING/CONFLICT OF INTEREST: This study is an investigator-initiated clinical trial primarily funded by a grant from Sanofi. 

Conflict of interests are described in the publication (authors were consultants for companies, received payments, eceived consulting fees and/or honoraria for 
membership in advisory boards, etc.). 

OVERALL RISK OF BIAS: Some concerns 

  



 

 

Mathieu et al. 201422 

Trial design: BEGIN: VICTOZA ADD-ON. RCT phase 3b, open-label. NCT01388361. Parallel Assignment 1:1 

Duration of the intervention: Duration 28 weeks 

Duration of follow-up: 52 weeks 

Setting: outpatient diabetes care 

Country: Multinational (12 countries) 

POPULATION 

Baseline characteristics of the participants: Age 61 years; % female/male 34,5%/65,5%; mean diabetes duration of 12.4 years; mean HbA1c 7.7 ± 0.8%; BMI 32 kg/m2; 
patients were on insulin plus metformin therapy.  

419 patients, 177 randomised. Eligible subjects completed 104 weeks of treatment with IDeg+metformin in Trial 3643 and its preceding main Trial 3579 (BEGIN: ONCE-
LONG) [15], and were randomized to intensify treatment by adding either Lira or IAsp OD, on top of IDeg+metformin if their HbA1c was ≥7.0% (≥53 mmol/mol). A third 
arm, comprising non-randomized subjects with HbA1c<7.0% after 104 weeks, was also included to evaluate the durability of IDeg to maintain glycaemic control over an 
additional 26 weeks. 

INTERVENTION VS. COMPARATOR: Basal insulina + liraglutide (1 /day) + metformin (n=88) vs. Basal insulina + rapid-acting insulin (aspart) + metformin (n=89) 

Insulin degludec: Injected s.c. (under the skin) once daily. The doses will be individually adjusted 

Insulin aspart: Injected s.c. (under the skin) once daily. The doses will be individually adjusted. 

Liraglutide: Injected s.c. (under the skin) once daily. The doses will be individually adjusted. 

OUTCOMES MEASURES/RESULTS: Number of Severe and Minor Treatment Emergent Hypoglycaemic Episodes [ Time Frame: Onset on or after the first day of exposure 

to investigational product for 26 weeks of treatment period and no later than 7 days after last exposure to investigational product.] 

Corresponds to number of treatment emergent hypoglycaemic events from onset on or after the first day of exposure to investigational product and no later than 7 
days after last exposure to investigational product. Confirmed hypoglycaemia was defined as the pool of severe hypoglycaemic episodes and minor episodes with a 
plasma glucose (PG) value < 3.1 mmol/L (56 mg/dL). 

Results: Severe hypoglycaemias (secondary outcome): N=0; N=0; No safety analysis set subjects experienced severe hypoglycaemia. 

FUNDING/CONFLICT OF INTEREST: This study was sponsored by Novo Nordisk A/S (Bagsværd, Denmark). 

Conflict of interests are described in the publication (authors were consultants for companies, received payments, eceived consulting fees and/or honoraria for 
membership in advisory boards, etc.). 

OVERALL RISK OF BIAS: Low risk 

  



 

 

Rosenstock et al. 201624 

Trial design: The GetGoal Duo-2 Trial Open-label. RCT phase 3b, open-label. NCT01768559. Parallel Assignment 1:1:1, non inferiority 

Duration of the intervention: Duration 26 weeks 

Duration of follow-up:  

Setting: outpatient diabetes care 

Country: Multinational (18 countries) 

POPULATION 

Baseline characteristics of the participants: Median age 60; % female/male 54,7%/45,3%; mean diabetes duration of 12 years; mean HbA1c 8.5%; BMI 32 kg/m2; 
Patients were on insulin therapy plus  1–3 OADs (metformin, iDPP-4, an SU, or a glinide). 

2159 patients, 894 randomised.  

INTERVENTION VS. COMPARATOR: Basal insulin (glargine) + lixisenatide (20 ug/day, short-acting) + metformin (n=297) vs. Basal insulin (glargine) +rapid-acting insulin 

(glulisin, 1/day) (298) vs. Basal insulin (glargine) +rapid-acting insulin (glulisin, 3/day) (n=295) +/- metformin 

Lixisenatide (AVE0010): Pharmaceutical form: Solution for injection; Route of administration: Self-administered by subcutaneous injection 30 to 60 minutes before 
breakfast or dinner. Other Names: Lyxumia®, Device: Disposable self-injector prefilled pen (Delta 14®) 

Insulin Glargine (Mandatory background drug): Pharmaceutical form: Solution for injection; Route of administration: Self-administered by subcutaneous injection at 
breakfast or dinner. Doses were adjusted to maintain a fasting self-monitored plasma glucose (SMPG) between 4.4 to 5.6 mmol/L (80 to 100 mg/dL). Other Name: 
Device: Disposable self-injector prefilled pen (Lantus® Solostar®) 

Insulin glulisine QD: Pharmaceutical form: Solution for injection; Route of administration: Self-administered by subcutaneous injection within 15 minutes before 
breakfast or dinner. The initial dose was 3-5 units and then individually titrated to obtain the SMPG value >5.6 mmol/L (100 mg/dL) and ≤7.8 mmol/L (140 mg/dL) 
before lunch (if administered at breakfast) or at bedtime (if administered at dinner). Other Names: HMR1964 

Device: Disposable self-injector prefilled pen (Apidra® Solostar®) 

Metformin (Background drug): Pharmaceutical form: Tablet; Route of administration: Oral administration. If previously taken, Metformin to be continued at stable dose 
(≥1.5 g/day) throughout the study. 

OUTCOMES MEASURES/RESULTS: Percentage of Participants With Documented Symptomatic and Severe Symptomatic Hypoglycemia [ Time Frame: First dose of study 

drug up to 3 days after the last dose administration (maximum of 185 days) ]. 

Documented symptomatic hypoglycemia was an event during which typical symptoms of hypoglycemia were accompanied by a measured plasma glucose 
concentration of <60 mg/dL (3.3 mmol/L). Severe symptomatic hypoglycemia was symptomatic hypoglycemia event in which the participant required the assistance of 
another person and was associated with either a plasma glucose level below 36 mg/dL (2.0 mmol/L) or prompt recovery after oral carbohydrate, intravenous glucose, 
or glucagon administration, if no plasma glucose measurement was available. 

Severe hypoglycemia was defined as the patient requiring assistance along with a glucose measurement 36 mg/dL (2.0 mmol/L) or, if no glucose  measurement was 



 

 

available, prompt recovery after oral carbohydrate, intravenous glucose, or glucagon administration. 

Results: Severe hypoglycaemias (secondary outcome): N=0; N=2 (0.7%); N=0. 

FUNDING/CONFLICT OF INTEREST: This study was sponsored by Sanofi. 

Conflict of interests are described in the publication (authors were consultants for companies, received payments, eceived consulting fees and/or honoraria for 
membership in advisory boards, etc.). 

OVERALL RISK OF BIAS: Some concerns 

 



 

 

Appendix 4. Baseline characteristics of the studies 

 Age  Male/female Diabetes duration 

 GLP-1 RA Rapid-acting insulin GLP-1 RA Rapid-acting insulin GLP-1 RA Rapid-acting insulin 

 

Age SD Age SD % Male 
% 

Female 
% Male 

% 

Female 
Years SD / IQR  Years SD / IQR  

Abreu et al. 2019 
46.7 9 48.1 10 32.2 67.8 26.2 73.8 

Median 
10 IQR 6-15 

Median 
10 IQR 4-16 

Billings et al. 
2018 58.6 9 58 8.6 43.7 56.3 46.1 53.9 

Mean 
13.2 SD 7 

Mean 
13.3 SD 6.8 

Diamant et al. 
2014 59.5 9.6 59.4 9.3 52 48 51 49 

Median 
12 

IQR (8-
17) 

Median 
11 

IQR (8-
15) 

Flat-Sugar Trial 
Investigators 

2016 62 8 63 7 69 31 56 44 Mean 15 SD 9 Mean 16 SD 7 

Mathieu et al. 
2014 61.1 9.5 60.9 8.8 71.6 28.4 59.6 40.4 Mean SD 6.4 

Mean 
11.8 SD 6.5 

Rosenstock et 
al. 2016 59.8 8.6 60.2 8.6 46.3 53.7 45.3 54.7 Mean SD 6.4 

Mean 
12.3 SD 6.8 

Rosenstock et 
al. 2016 (3rd arm)     59.4 9.5     44.3 55.7     

Mean 
12.4 SD 6.8 

  



 

 

 HbA1c %  Weight BMI  

 GLP-1 RA Rapid-acting insulin GLP-1 RA Rapid-acting insulin GLP-1 RA Rapid-acting insulin 

 

% SD % SD kg SD kg SD kg/m2 SD kg/m
2
 SD 

Abreu et al. 
2019 12.1 1.4 12 1.5 96.7 31.2 105.5 32.5 36.1 9.5 38.3 11 

Billings et al. 
2018 8.2 0.8 8.2 0.8 87.2 16 88.2 17.2 31.7 4.4 31.7 4.5 

Diamant et al. 
2014 8.3 1 8.2 0.9 91.1 16.6 89.4 17 32.7 4.7 32.3 4.7 

Flat-Sugar 
Trial 

Investigators 
2016 7.3 0.3 7.4 0.8 101.3 14.2 100.1 17.9 34.2 5 33.7 5.1 

Mathieu et al. 
2014 7.7 0.6 7.7 0.8 95.4 19.2 91.3 16.8 32.5 5.4 32 4.8 

Rosenstock 
et al. 2016 8.5 0.7 8.5 0.7 89.8 17.4 87.9 15.8 32.3 4.6 31.9 4.4 

Rosenstock 
et al. 2016 
(3rd arm)     8.5 0.8     89.7 17.3     32.5 4.6 

 

  



 

 

Appendix 5. Excluded studies 

- Systematic reviews excluded 

Study Reason for exclusion 

 Abd El Aziz et al. 201731 Scope (population, intervention, comparator, outcomes) 

 Abdul-Ghani et al. 201332 Scope (population, intervention, comparator, outcomes) 

 Acharya et al. 202133 Type of publication 

 Balena et al. 201334 Scope (population, intervention, comparator, outcomes) 

 Busch et al. 201735 Scope (population, intervention, comparator, outcomes) 

 Cai et al. 201736 Scope (population, intervention, comparator, outcomes) 

 Castellana et al. 201937 Scope (population, intervention, comparator, outcomes) 

 Charbonnel et al. 201438 Type of study 

 Chubb et al. 202139 Scope (population, intervention, comparator, outcomes) 

 Cimmaruta et al. 201640 Scope (population, intervention, comparator, outcomes) 

 Dutta et al. 202041 Scope (population, intervention, comparator, outcomes) 

 Eng et al. 201442 Scope (population, intervention, comparator, outcomes) 

 Evans et al. 201843 Type of study 

 Fournier et al. 201444 Scope (population, intervention, comparator, outcomes) 

 Goldenberg 201445 Scope (population, intervention, comparator, outcomes) 

 Greig et al. 201546 Scope (population, intervention, comparator, outcomes) 

 Home et al. 202047 Scope (population, intervention, comparator, outcomes) 

 Home et al. 202048 Scope (population, intervention, comparator, outcomes) 

 Huthmacher et al. 202011 Scope (population, intervention, comparator, outcomes) 

 Ida Maiorino et al. 201949 Scope (population, intervention, comparator, outcomes) 

 Jammah 202050 Scope (population, intervention, comparator, outcomes) 

 Liu et al. 201551 Scope (population, intervention, comparator, outcomes) 

 Maiorino et al. 201752 Scope (population, intervention, comparator, outcomes) 

 Maiorino et al. 201853 Scope (population, intervention, comparator, outcomes) 

 Men et al. 202054 Scope (population, intervention, comparator, outcomes) 

 Men et al. 202055 Scope (population, intervention, comparator, outcomes) 

 Instituto de Evaluación de Tecnologías 
en Salud e Investigación – IETSI 201656 Scope (population, intervention, comparator, outcomes) 

 Rayner et al. 202157 Scope (population, intervention, comparator, outcomes) 

 Rizos et al. 201358 Scope (population, intervention, comparator, outcomes) 

 Sassenrath et al. 20218 Scope (population, intervention, comparator, outcomes) 

 Scott et al. 201359 Scope (population, intervention, comparator, outcomes) 

 Seufert et al. 201960 Scope (population, intervention, comparator, outcomes) 

 Singh et al. 201761 Scope (population, intervention, comparator, outcomes) 

 Witkowski et al. 201862 Scope (population, intervention, comparator, outcomes) 

 Xu et al. 202163 Scope (population, intervention, comparator, outcomes) 

 



 

 

- RCTs excluded 

Study, year Reason for exclusion 

 Ahmadi et al. 201964 Type of study 

 Ahmann et al. 201565 Scope (population, intervention, comparator, outcomes) 

 Ahrén et al. 201866 Type of study 

 Arakaki et al. 201467 Scope (population, intervention, comparator, outcomes) 

 Aroda et al. 201668 Scope (population, intervention, comparator, outcomes) 

 Aroda et al. 201969 Scope (population, intervention, comparator, outcomes) 

 Aronson et al. 201970 Type of study 

 Aso et al. 202171 Scope (population, intervention, comparator, outcomes) 

 Badjatiya et al. 201972 Type of study 

 Bethel et al. 202073 Scope (population, intervention, comparator, outcomes) 

 Billings et al. 202174 Type of study 

 Bizino et al. 201975 Scope (population, intervention, comparator, outcomes) 

 Bizino et al. 202176 Type of study 

 Blonde et al. 201577 Type of study 

 Blonde et al. 201978 Scope (population, intervention, comparator, outcomes) 

 Bojer et al. 202179 Scope (population, intervention, comparator, outcomes) 

 Bolli et al. 201480 Type of study 

 Bomholt et al. 202181 Type of study 

 Brown-Frandsen et al. 201982 Type of study 

 Buse et al. 201483 Type of study 

 Buse et al. 201484 Scope (population, intervention, comparator, outcomes) 

 Carlson et al. 201985 Scope (population, intervention, comparator, outcomes) 

 Chen et al. 201786 Scope (population, intervention, comparator, outcomes) 

 Chen et al. 202187 Scope (population, intervention, comparator, outcomes) 

 Cohen et al. 201688 Type of study 

 Dahlqvist et al. 201889 Type of study 

 Dailey et al. 201990 Type of study 

 Davies et al. 201691 Scope (population, intervention, comparator, outcomes) 

 de Lapertosa et al. 201692 Type of study 

 de Wit et al. 201493 Scope (population, intervention, comparator, outcomes) 

 de Wit et al. 201694 Type of study 

 Dekkers et al. 202095 Type of study 

 Dempsey et al. 201896 Type of study 

 Dhatariya et al. 201897 Type of study 

 Diamant et al. 201423 Duplicate in the evidence matrix 

 Diamant et al. 201498 Scope (population, intervention, comparator, outcomes) 

 Distiller et al. 2014 Scope (population, intervention, comparator, outcomes) 

 Farngren et al. 201699 Scope (population, intervention, comparator, outcomes) 

 Flat-Sugar Trial Investigators et al.   Type of publication 



 

 

2015100 

 Flint et al. 2013101 Scope (population, intervention, comparator, outcomes) 

 Fudim et al. 2019102 Scope (population, intervention, comparator, outcomes) 

 Fuechtenbusch et al. 2019103 Type of study 

 Garvey et al. 2020104 Scope (population, intervention, comparator, outcomes) 

 Gautier et al. 2021105 Type of study 

 Gerstein et al. 2019106 Type of study 

 Gerstein et al. 2020107 Type of study 

 Giugliano et al. 2021108 Scope (population, intervention, comparator, outcomes) 

 Gough et al. 2014109 Scope (population, intervention, comparator, outcomes) 

 Guja et al. 2018110 Scope (population, intervention, comparator, outcomes) 

 Gyorffy et al. 2019111 Type of study 

 Handelsman et al. 2019112 Type of study 

 Hassanein et al. 2019113 Scope (population, intervention, comparator, outcomes) 

 Holst et al. 2015114 Type of study 

 Husain et al. 2019115 Scope (population, intervention, comparator, outcomes) 

 Idorn et al. 2016116 Scope (population, intervention, comparator, outcomes) 

 Imamura et al. 2013117 Scope (population, intervention, comparator, outcomes) 

 Inoue et al. 2015118 Scope (population, intervention, comparator, outcomes) 

 Ishii et al. 2020119 Scope (population, intervention, comparator, outcomes) 

 Jendle et al. 2016120 Type of study 

 Jinnouchi et al. 2015121 Scope (population, intervention, comparator, outcomes) 

 Jódar et al. 2020122 Type of study 

 Joubert et al. 2021123 Scope (population, intervention, comparator, outcomes) 

 Kaneko et al. 2018124 Type of study 

 Kaneto et al. 2020125 Scope (population, intervention, comparator, outcomes) 

 Kuchay et al. 2020126 Scope (population, intervention, comparator, outcomes) 

 Lane et al. 2014127 Scope (population, intervention, comparator, outcomes) 

 Li et al. 2017128 Scope (population, intervention, comparator, outcomes) 

 Lind et al. 2015129 Scope (population, intervention, comparator, outcomes) 

 Lingvay et al. 2016130 Scope (population, intervention, comparator, outcomes) 

 Lingvay et al. 2018131 Type of study 

 Ma et al. 2015132 Scope (population, intervention, comparator, outcomes) 

 Marso et al. 2013133 Type of publication 

 Mather et al. 2018134 Scope (population, intervention, comparator, outcomes) 

 Mathieu et al. 201422 Duplicate in the evidence matrix 

 McCrimmon et al. 2021135 Type of publication 

 Meier et al. 2015136 Scope (population, intervention, comparator, outcomes) 

 Meier et al. 2017137 Type of study 

 Meier et al. 2020138 Scope (population, intervention, comparator, outcomes) 

 Mentz et al. 2017139 Scope (population, intervention, comparator, outcomes) 



 

 

 Miya et al. 2018140 Scope (population, intervention, comparator, outcomes) 

 Mosenzon et al. 2019141 Scope (population, intervention, comparator, outcomes) 

 Muskiet et al. 2018142 Type of study 

 Muskiet et al. 2019143 Type of study 

 Naing et al. 2021144 Scope (population, intervention, comparator, outcomes) 

 Nakaguchi et al. 2020145 Scope (population, intervention, comparator, outcomes) 

 Onishi et al. 2020146 Type of study 

 Otowa-Suematsu et al. 2018147 Scope (population, intervention, comparator, outcomes) 

 Patel et al. 2019148 Scope (population, intervention, comparator, outcomes) 

 Pei et al. 2021149 Scope (population, intervention, comparator, outcomes) 

 Petit et al. 2017150 Scope (population, intervention, comparator, outcomes) 

 Petrie et al. 2016151 Scope (population, intervention, comparator, outcomes) 

 Pozzilli et al. 2017152 Scope (population, intervention, comparator, outcomes) 

 Reed et al. 2020153 Scope (population, intervention, comparator, outcomes) 

 Rendell 2015154 Type of study 

 Riddle et al. 2013155 Scope (population, intervention, comparator, outcomes) 

 Riddle et al. 2013156 Scope (population, intervention, comparator, outcomes) 

 Rodbard et al. 2018157 Scope (population, intervention, comparator, outcomes) 

 Rosenstock et al. 2016158 Type of study 

 Rosenstock et al. 201624 Duplicate in the evidence matrix 

 Rosenstock et al. 2018159 Scope (population, intervention, comparator, outcomes) 

 Savvidou et al. 2016160 Scope (population, intervention, comparator, outcomes) 

 Scheen 2014161 Type of study 

 Scheen 2016162 Type of study 

 Scheen et al. 2016163 Type of study 

 Seino et al. 2015164 Scope (population, intervention, comparator, outcomes) 

 Seino et al. 2016165 Scope (population, intervention, comparator, outcomes) 

 Sesti et al. 2020166 Scope (population, intervention, comparator, outcomes) 

 Smits et al. 2015167 Scope (population, intervention, comparator, outcomes) 

 Sofizadeh et al. 2019168 Scope (population, intervention, comparator, outcomes) 

 Su et al. 2018169 Scope (population, intervention, comparator, outcomes) 

 Sugimoto et al. 2018170 Type of study 

 Tamborlane et al. 2019171 Scope (population, intervention, comparator, outcomes) 

 Tibaldi et al. 2020172 Type of study 

 Tonneijck et al. 2017173 Scope (population, intervention, comparator, outcomes) 

 Tonneijck et al. 2018174 Scope (population, intervention, comparator, outcomes) 

 Tuttle et al. 2018175 Scope (population, intervention, comparator, outcomes) 

 Tuttolomondo et al. 2021176 Scope (population, intervention, comparator, outcomes) 

 van Eyk et al. 2019177 Scope (population, intervention, comparator, outcomes) 

 van Eyk et al. 2019178 Scope (population, intervention, comparator, outcomes) 

 van Eyk et al. 2020179 Scope (population, intervention, comparator, outcomes) 



 

 

 Vanderheiden et al. 2016180 Scope (population, intervention, comparator, outcomes) 

 Wägner et al. 2016181 Scope (population, intervention, comparator, outcomes) 

 Wägner et al. 2019182 Scope (population, intervention, comparator, outcomes) 

 Wang et al. 2020183 Scope (population, intervention, comparator, outcomes) 

 Wang et al. 2020184 Scope (population, intervention, comparator, outcomes) 

 Wang et al. 2020185 Scope (population, intervention, comparator, outcomes) 

 Watada et al. 2019186 Scope (population, intervention, comparator, outcomes) 

 Weissler et al. 2021187 Type of study 

 Wijkman et al. 2019188 Scope (population, intervention, comparator, outcomes) 

 Wijkman et al. 2020189 Type of study 

 Wysham et al. 2013190 Type of study 

 Wysham et al. 2017191 Type of study 

 Yabe et al. 2021192 Type of study 

 Yamada et al. 2017193 Scope (population, intervention, comparator, outcomes) 

 Yamamoto et al. 2018194 Scope (population, intervention, comparator, outcomes) 

 Yang et al. 2018195 Scope (population, intervention, comparator, outcomes) 

 Yaşar et al. 2017196 Scope (population, intervention, comparator, outcomes) 

 Yoon et al. 2017197 Type of study 

 Yu et al. 2017198 Scope (population, intervention, comparator, outcomes) 

 Zhang et al. 2020199 Scope (population, intervention, comparator, outcomes) 

 Zhou et al. 2021200 Type of study 

 Zinman et al. 2019201 Scope (population, intervention, comparator, outcomes) 

 Zobel et al. 2019202 Type of study 
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