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Abstract: Randomized controlled trials (RCTs) have consistently shown glycemic and 
extra-glycemic benefits of long-acting injectable glucagon-like-peptide-1 receptor agonists 
(GLP-1RAs, liraglutide, albiglutide, exenatide once-weekly, dulaglutide, and semaglutide) in 
terms of reduction in the rates of cardiovascular events and mortality among patients with 
type 2 diabetes. Recently, the analyses of large datasets collecting routinely-accumulated data 
from clinical practice (ie, real-world studies, RWS) have provided new opportunities to 
complement the information obtained from RCTs. In this narrative review, we addressed 
clinically relevant questions that might be answered by well-conducted RWS: are subjects 
treated with GLP-1RAs in the “real-world” similar to those included in RCTs? Is the 
performance of GLP-1RA observed in the RWS (effectiveness) similar to that described in 
RCTs (efficacy)? Is the effectiveness similar in population of patients generally under- 
represented in RCTs? Are the cardiovascular benefits of GLP-1RAs confirmed in RWS? 
We also describe a few comparisons currently un-explored by specific RCTs, such as direct 
comparison between different administration strategies (eg, fixed- versus flexible- 
combination with basal-insulin) or between GLP-1RAs versus dipeptidyl-peptidase-4 inhi-
bitor (DDP4i) or versus sodium/glucose cotransporter-2 inhibitors (SGLT-2i) on hard cardio- 
renal outcomes. Altogether, RWS provide highly informative information on treatment with 
GLP-1RAs. On the one side, RWS showed different clinical characteristics between subjects 
enrolled in RCTs versus those attending real-world clinics and receiving a GLP-1RA. On the 
other hand, RWS showed that GLP-1RA effectiveness is overall consistent in subgroups of 
patients less represented in RCTs. In addition, RWS allowed the identification of modifiable 
factors (eg, titration or adherence) that might guide physicians towards better GLP-1RAs use. 
Finally, multiple RWS reported better cardio-renal outcomes with GLP-1RAs than with DPP- 
4i, while initial findings from RWS described a weaker cardiovascular protection compared 
to SGLT-2i. Therefore, there is the need for further RWS and RCTs comparing these different 
classes of glucose lowering medications. 
Keywords: observational studies, real-world evidence, effectiveness, cardiovascular 
prevention, head-to-head comparisons, innovative

Introduction
Glucagon-like-peptide-1 receptors agonists (GLP-1RAs) are relatively novel drugs 
for the treatment of type 2 diabetes (T2D) that stimulate the incretin hormone GLP- 
1.1 GLP-1RAs can be distinguished, according to their half-life and time-action 
profile, as short-acting (exenatide and lixisenatide) or long-acting (exenatide once- 
weekly, liraglutide, albiglutide, dulaglutide and semaglutide).
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The treatment with GLP-1RA provides beneficial effects 
that goes beyond the improvement of glucose homeostasis 
(also known as glycemic-effect).1,2 Indeed, as described in 
detail in previous reviews,1,3–5 several extra-glycemic 
effects of GLP-1RAs have been identified. Among these, 
GLP-1RAs are able to reduce body weight (delaying gastric 
emptying and increasing satiety) and to reduce blood pres-
sure (through reduction in body weight, but also trough 
increasing natriuresis and inducing vasodilation), as well as 
to improve microcirculation perfusion, endothelial function 
and lipid profile (reducing low-dense-lipoprotein and trigly-
ceride-rich lipoproteins concentrations).1,3–5 Most impor-
tantly, four different long-acting GLP-1RAs (liraglutide, 
albiglutide, semaglutide and dulaglutide) have been found 
to the reduce risk of future major adverse cardiovascular 
events (MACE, including cardiovascular death, non-fatal 
myocardial infarction and stroke) in patients with T2D, 
with the other long-acting GLP-1RAs, exenatide once- 
weekly (exeOW) showing a trend towards reduction in 
MACE combined with a nominally significant reduction in 
overall mortality.6–9 When combined together in a meta- 
analyses, cardiovascular outcome trials on GLP-1RAs have 
showed efficacy in reducing occurrence of cardiovascular 
and renal outcomes (progression of albuminuria), and of 
overall mortality.10

The outstanding results on cardio-renal hard outcomes 
have been found within verywell conducted randomized 
controlled trials (RCTs), where the rigorous methodology 
and controlled clinical setting have allowed obtaining reli-
able results, with high internal validity, free of possible 
confounding effects (from either measured or unmeasured 
factors) thanks to the randomized allocation of subjects to 

intervention or placebo. However, application of such 
a rigorous experimental setting can lead to stunning differ-
ences from the real-world routine clinical practice setting.

For these reasons, when researchers and physicians 
try to translate results from RCTs to their clinical prac-
tice, as usually is done in guidelines, several questions 
arise. For instance, how representative are RCTs of the 
population with T2D attending the real-world clinics? 
Are the clinical characteristics of subjects treated with 
these drugs similar to those of subjects enrolled in 
RCTs? If the population is different, are the results of 
RCTs still valid? If the population treated has similar 
clinical characteristics, but the settings are different (eg, 
frequency of follow-up visits, frequency physician/nurse 
contacts with patients, and adherence) are the results of 
RCTs transferrable to the real-world setting? Are there 
other factors that might influence the effectiveness of 
GLP-1RAs in the real-world clinical practice, including 
prescription patterns, eg, therapeutic inertia?

For all these reasons, as depicted in Figure 1, real-world 
studies (RWS) can provide useful and relevant information 
on the use of GLP-1RAs beyond those observed in 
RCTs.11,12 Moreover, RWS provide opportunities to explore 
comparisons not tested in RCTs. In this review we addressed 
such relevant questions and highlight perspectives derived 
from RWS on long-acting GLP-1RAs.

Literature Search
To answer the questions addressed in this narrative review, 
we have included articles in English, published in PubMed 
or Web Of Science up to August 2020. The following key-
words have been searched: “GLP-1RAs”, “observational 

Figure 1 Opportunities from real-world studies (RWS) to implement notions from randomized controlled trials (RCTs). The figures describes some of those research 
questions that can be addressed with RWS, eg, the evaluation of whether subjects treated with GLP1-RAs have clinical characteristics similar to those enrolled in RCTs, or 
whether the benefit of GLP-1RAs described in RCTs are confirmed in RWS and in different populations (generalizability). Finally, RWS provide the opportunity to explore 
some head-to-head comparisons not yet tested in RCTs.
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studies”, “real-world studies” or “real-world evidence”, 
“exenatide once-weekly”, “liraglutide”, “albiglutide”, “dula-
glutide” and “semaglutide”. We have included original arti-
cles, reviews or meta-analyses, and abstracts to the 
American Diabetes Association (ADA) or European 
Association for the Study of Diabetes (EASD) meeting.

From Experimental Randomized 
Controlled Trial to Real-World 
Clinical Practice
One of the major reasons for which RWS can provide 
several pieces of information that are complementary to 
those retrieved from RCTs resides in the differences in the 
clinical characteristics of patients enrolled in RCTs as com-
pared to those of patients that physicians encounter in her/ 
his routine clinical activity and decide to prescribe with 
a given medication. This general problem is found in several 
fields of medicine,13–15 including the specific field of clin-
ical trial on GLP-1RAs in patients with diabetes. In a recent 
multicenter study conducted on over 280,000 subjects with 
T2D treated in outpatients diabetes clinic in Italy, our group 
showed that, at most, one-third of these “real-world” 

patients would be included in each specific cardiovascular 
outcome trial (CVOT) on GLP-1RAs according to inclu-
sion/exclusion (I/E) criteria (Figure 2).16 Moreover, more 
than 50% of subjects attending these clinics, representative 
of all diabetes subjects in Italy, would not be included in any 
of these trials. Similar results have also been reported from 
analyses of patients with T2D treated in the Unites States.17 

In addition, after applying sophisticated approaches of data 
analyses to select a group of subjects with CVOT-like clin-
ical characteristics (ie, with average clinical characteristics 
similar to CVOT), we found that the proportion of subjects 
selected from real-world clinical practice would be at 
most 8%.16

Perspective
Conducting RWS is highly important to understand 
whether subjects treated with these drugs in clinical prac-
tice have characteristics similar to those enrolled in RCTs 
and, if not (as it is), whether the efficacy found in RCTs is 
confirmed in clinical practice (ie, generalizability of effec-
tiveness). Moreover, these observations support the need 
to improve external validity and generalizability of RCTs, 

Figure 2 Lack of adequate representation in cardiovascular outcome trials (CVOTs) of subjects with type 2 diabetes attending real-world clinics. The figure describes the 
proportion of subjects with type 2 diabetes attending “real-world” diabetes centers that can be considered to be adequately represented in CVOTs according to two 
possible evaluations: the first and second from the left is according to Inclusion/Exclusion (I/E) of the trials, thethird fromthe left is according to the goal of selecting 
a population of subjects with clinical characteristics similar on average to those population enrolled in CVOTs.
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for instance avoiding unduly restrictive inclusion and 
exclusion criteria and using electronic health care record 
systems to enhanced recruitment of subjects and derive 
broader and more generalizable results.18

Description of Subjects Being 
Treated with Long-Acting 
GLP-1RAs in the Real-World Setting
The efficacy of GLP-1RAs on glycemic and extra- 
glycemic targets observed in RCTs, and most importantly 
on reduction of cardiovascular events and overall mortal-
ity, have led scientific societies to modify clinical guide-
lines with recommendations towards an early use of GLP- 
1RA as second-line treatments, as an alternative or in 
combination with sodium/glucose cotransporter 2-inhibi-
tors (SGLT-2i).19 This has been paralleled by an increase 
in prescription of these drugs over the last 10 years.20 

However, guideline recommendations are often not readily 
implemented into routine clinical practice21 and therefore 
patients treated with these new classes of drugs might be 
different from those enrolled in CVOTs and also from 
those guidelines would suggest to treat.

RWS in this context are essential to provide a picture 
of the clinical characteristics of patients treated with GLP- 
1RAs in clinical practice. For instance, a recent study has 
described the characteristics of subjects initiating GLP- 
1RAs between 2014 and 2015 in Catalonia (Spain).22 

From the analyses of general practitioners health care 
data covering 74% of the Catalonia regions, the authors 
found that GLP-1RAs were generally prescribed to mid-
dle-aged person, with diabetes lasting for around 10 years, 
with poor glycemic control (HbA1c >8%), overall obese 
and, in around 15% of cases, with pre-existing ischemic 
heart disease.22 Similar clinical characteristics have been 
reported in a multicenter-study from north-east Italy 
regions, collecting electronic health data of 83,116 sub-
jects with T2D.23 Moreover, in the study conducted by our 
group, the prescription patterns of GLP-1RAs over calen-
dar years (between 2010 and 2018) was consistent with 
a higher use over time among subjects with more 
advanced disease stage. This was paralleled by an increase 
in prescriptions of GLP-1RAs among subjects on second-
ary prevention (that doubled from 8% in 2010 to 16% in 
2018), and as fixed or flexible combination with insulin.

Both these studies, from Italy and Spain, showed also 
how the characteristics of patients treated with GLP-1RAs 
were markedly influenced by local reimbursement criteria 

(eg, specific HbA1c or BMI, criteria, etc.) more than 
changes in guideline recommendations.22,23

A similar Danish study analysed the trend of prescrip-
tion of GLP-1RAs between 2014 and 2017.24 The treated 
subjects had similar age and HbA1c of that reported in 
Italy, although had a shorter duration of diabetes but with 
a higher cardiovascular burden (around 30% had estab-
lished cardiovascular disease). Contrary to our report, 
there was no increase over years towards more prescrip-
tion among those with established cardiovascular disease, 
and specifically they found no influences in prescription 
approaches after publication of ground-breaking CVOTs, 
such as the LEADER (Liraglutide Effect and Action in 
Diabetes: Evaluation of Cardiovascular Outcome Results) 
study.

Perspective
Altogether, these data suggest that GLP-1RAs are gener-
ally used more frequently in advanced disease stages and 
highlight how country- or region-specific RWS can carry 
useful clinical information on subjects actually treated 
with GLP-1RAs in clinical practice. This allows the iden-
tification of guideline recommendations that might be 
overlooked and that instead need to be reinforced (or 
modified) by national and international societies. In addi-
tion, RWS can highlight whether reimbursement criteria 
are limiting the opportunity to provide the best (and hope-
fully cost-effective) treatments for patients.

Effectiveness vs Efficacy
As outlined in the previous paragraphs, RCTs and real-world 
clinical practice differ for both the environment (highly 
controlled in RCTs vs highly variable in clinical practice) 
and for the population (highly selected in RCTs vs unse-
lected in routine clinical practice). Therefore, RCTs can lack 
external validity and may not be generalizable to the popula-
tion actually treated in the real-world setting where the 
characteristics might be diverse. For these reasons, the per-
formance of an intervention in RCTs or RWS is generally 
described using two different terms, efficacy and effective-
ness, respectively.25 Efficacy refers to the performance of the 
intervention in the ideal and experimental setting of trials 
and addresses the question of whether an intervention can 
work. Effectiveness describes the performance of the same 
intervention in “real-world” circumstances and addresses the 
question of whether it actually works in everyday conditions.

Although RWS are not expected to substitute for RCTs 
in the assessment of performance of clinical 
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interventions,11 they can provide highly useful opportu-
nities to investigate areas not covered by RCTs. For exam-
ple, the majority of RCTs are placebo-controlled and only 
a few RCTs are designed to provide head-to-head compar-
ison between different active compounds, an aspect that is 
highly relevant from a clinical standpoint, since in the 
“real-world” physicians more often choose between one 
drug and another as compared to one drug or nothing. 
Another opportunity provided by RWS is to investigate 
the performance of interventions in populations that are 
generally under-represented in clinical trials (eg, in the 
elderly, in race/ethnic minorities, or in subjects with 
chronic kidney disease and other comorbidities).

Glycemic and Extra-Glycemic 
Effectiveness
Intraclass Comparisons Among GLP-1RAs
As far as GLP-1RA treatments are concerned, few RCTs 
have tested different compounds in head-to-head 
comparisons,26–31 and often these types of comparison are 
described by means of network-meta-analyses (ie, using 
a common comparator as reference, although the studies 
are conducted in different populations)32–34 or as meta- 
regression.35,36 However, as described in Table 1, results 
of RCTs have not always been confirmed in observational 
studies derived from “real-world” clinical practice. These 
RWS, that are not intended to question the efficacy of drugs 
as determined in RCTs, have however allowed highlighting 
relevant pieces of information with implications from clin-
ical points of view. For instance, while RCTs showed that 
dulaglutide 1.5 mg and liraglutide 1.8 mg are equivalent in 
terms of HbA1c reduction (as described in the AWARD-6 
trial),29 RWS found that, after adjusting for several con-
founders, subjects treated with dulaglutide achieve better 

HbA1c control compared to liraglutide users.37 These dif-
ferences were explained with the lack of adequate up- 
titration of liraglutide in real-world setting, where less than 
20% of subjects achieved the full 1.8 mg dosage as com-
pared to the 100% that is mandatory in RCTs (AWARD-6). 
A previous study, on the comparisons between liraglutide 
and exeOW has yielded a similar conclusion. Indeed, the 
DURATION-6 RCT showed greater Hab1c and weight 
reduction with liraglutide 1.8 mg compared to ExeOW,27 

but in RWS the lack of adequate dose escalation of liraglu-
tide resulted in equivalent effectiveness compared to 
exeOW.38 Another highly informative comparison emerged 
from the comparison of dulaglutide vs exeOW. In this case, 
there is a complete lack of RCTs with this type of direct 
head-to-head comparison that however was evaluated in two 
different network meta-analyses showing equivalent effect 
on weight and HbA1c reduction between the two 
compounds.33,34 Conversely, meta-analyses of RWS from 
different countries showed that dulaglutide was superior to 
exeOW in the reduction of HbA1c and body weight.37,39 

Deeper analyses of this RWS allowed the identification of 
factors likely associated with these apparent discrepancies, 
recognizing the culprit in the differences in adherence pro-
files between the two compounds (measured as persistence 
in prescription or as refill rate from pharmacy datasets). 
Indeed, although it is generally recognized that adherence 
in RWS is much lower than that in the controlled setting of 
RCTs, this is not the same for all compounds. Adherence 
has been found to be higher for dulaglutide and lower for 
exeOW,40–44 and this might be related to a simpler and 
easier device used for injection.45 Confirming this hypoth-
esis, sensitivity “as-treated” analyses focused only on those 
subjects with confirmed prescription of treatments at follow- 
up visits (considered as subjects with higher adherence) 

Table 1 Head-to-Head Comparison Between GLP-1RAs Compounds on Different Outcomes, Evaluated in Randomized Controlled 
Trials (RCTs) and Real-World Studies (RWS)

Outcomes RCTs RWS Possible Reason Explaining Differences

Hba1c Lira 1.8 mg and Sema 1.0 mg > ExeOW27,28 Lira = ExeOW38,82 - Up-titration in RWS is lower than RCTs37,38 

- Overall Adherence in RWS is lower than RCTs37,38,46 

- Adherence specifically influenced by compound/devices 
(eg, dulaglutide>exeOW)40–46 

- Different clinical characteristics between patients enrolled in 

RCTs vs those treated with GLP-1RAs in RWS (see Table 2)

Dula 1.5 mg = Lira 1.8 mg29 Dula > Lira37

Dula = ExeOW (from NWMA)33,34 Dula > ExeOW35,37

Sema (0.5 or 1.0 mg) > Dula 1.5 mg29 No RWS

Body Weight Lira 1.8 mg and Sema 1.0 mg > ExeOW27,28 Lira = ExeOW38

Dula 1.5 mg < Lira 1.8 mg29 Dula = Lira37

Dula = ExeOW (from NWMA)33,34 Dula > ExeOW35,37

Sema (0.5 or 1.0 mg) > Dula 1.5 mg29 No RWS

Note: The symbol “>” or “<” are used to describe significant higher or lower efficacy (RCTs) or effectiveness (RWS) between compounds. 
Abbreviations: Legend Lira, liraglutide; Sema, semaglutide; ExeOW, exenatide-once-weekly; ExeBID, exenatide-bis-in-die; NWMA, network meta-analyses.
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shows equivalent effectiveness of dulaglutide and exeOW,37 

as reported in previous network-meta-analyses of RCTs.33,34

Differences between effectiveness and efficacy have 
also been reported in a recent RWS on injectable 
semaglutide.46 The authors found indeed a significant 
reduction in HbA1c after treatment with semaglutide 
(0.5 mg or 1 mg) that was lower than that seen in RCTs, 
ie, SUSTAIN-1.46,47 Also in this case, the authors under-
lined the differences in clinical characteristics of subjects 
treated in RCTs vs RWS (the latter having a more 
advanced disease). Moreover, they reported among the 
likely culprit of the smaller reduction in HbA1c, the role 
of factors available in RCTs but not in RWS (eg, additional 
healthcare provider support and scheduled dispensing of 
therapy) leading to the higher discontinuation rates in 
RWS as compared to those reported in RCTs.46

In Table 2, we have summarized the main differences in 
clinical characteristics between patients treated with GLP- 
1RAs in RWS and those enrolled in Phase III trials testing 
the efficacy of GLP-1RAs on glycemic and extra-glycemic 
effects (excluding CVOTs). Overall, patients in RWS treated 
with GLP-1RAs compared to those enrolled in phase III 
RCTs, are more often males, with comparable HbA1c and 
BMI, but in a later disease stage and often with worst control 
of other risk factors, such as blood pressure.

GLP-1RAs Combined with Insulin
Observing the pattern of glucose lowering medications 
(GLM) prescription over the years, it emerged that 
GLP-1RAs are often prescribed in combination with basal- 
insulin.23 This combination is a rational and effective treat-
ment option for several patients and can be delivered either 
by two distinct sub-cutaneous injections (defined as flexible 
combination) or as a fixed-ratio combination, where the 

same device contains both basal insulin and a GLP-1RA. 
To date, two different fixed combinations are available 
(IglarLixi, insulin glargine/lixisenatide and IdegLira, insulin 
degludec and liraglutide). Although similar, the flexible and 
fixed approaches have different advantages and limitations. 
This has been described in a recent RWS,48 comparing 
initiators of GLP-1RAs on top of basal-insulin in either 
a fixed (IdegLira) or flexible combination. After propensity 
score matching, yielding two groups of patients with similar 
characteristics, the study showed that reduction in HbA1c 
was similar with the fixed vs the flexible combination, while 
weight loss was greater with the flexible combination. These 
differences were found to be related to the final dose of 
basal-insulin and GLP-1RAs. This study therefore showed 
that, in clinical practice, the advantages of a single-day 
injection combining GLP-1RAs and basal-insulin, can result 
in the under-titration of GLP-1RAs for those patients not 
receiving high basal-insulin (ie, not allowing to increase the 
GLP-1RAs dosed due to the fixed basal-insulin/GLP-1RAs 
combination). Yet, to optimize glucose control in patients 
who do not need substantial weight loss, the fixed combina-
tion may represent a simpler approach than the flexible 
combination.

GLP-1RAs vs Dipeptidyl Peptidase-4 Inhibitor
RWS can also provide relevant pieces of information for 
comparisons that have been extensively evaluated in RCTs. 
For instance, several phase III RCTs have compared the 
efficacy of GLP-1RAs with that of Dipeptidyl peptidase-4 
inhibitor (DPP4i) on HbA1c and weight reduction, consis-
tently showing better performance of GLP-1RAs, as 
reviewed elsewhere.49 In this context, RWS, beyond con-
firming such results, highlighted how the effectiveness of 
GLP-1RAs, as compared to that of DPP4i, is more likely to 
be affected by adherence to treatment.50 This is an aspect 
that requires careful evaluation in clinical practice in order 
to achieve the same clinical benefit described in RCTs.

GLP-1RAs vs SGLT2i
The current recommendation to prescribe GLP-1RAs and/ 
or SGLT-2i treatments in the early stages of diabetes 
brings physicians to the need of choosing frequently 
which of the two classes of medications to start first. 
Despite this need, only a few studies have performed 
a head-to-head comparison between injectable GLP- 
1RAs and SGLT2i,51 with some additional evidence 
being derived from network meta-analyses.32,52 As 
described in Table 3, the overall results from these RCTs 
have identified a general greater efficacy on HbA1c 

Table 2 Summary of Main Differences in Clinical Characteristics 
Between Patients Treated with GLP-1RAs in Real-World Studies 
(RWS) and Patients Enrolled in Phase III Randomized Controlled 
Trials (RCTs) Testing Efficacy of GLP-1RAs on Glycemic and 
Extra-Glycemic Targets

Characteristics Patients in RWS vs RCT

Age Older age in RWS

Sex Variable, often more male treated with 
GLP-1RA in RWS

Disease stage More advanced disease in RWS

HbA1c No major differences
Body Mass Index No major differences

Blood pressure control Variable, with trend for worse control in RWS
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reduction and on weight reduction of injectable long- 
acting GLP-1RAs. The comparison of GLP-1RAs vs 
SGLT-2i in RWS has been conducted mainly combining 
different GLP-1RAs. In this context, RWS have confirmed 
the greater reduction in HbA1c when comparing GLP- 
1RAs (mainly liraglutide and exenatide-OW) with 
dapagliflozin53 but not compared with emapagliflozin54 

or canagliflozin.55,56 The same comparisons have not iden-
tified major differences in weight changes between the two 
classes of drugs. One possible reason that might explain 
these results might be the lower adherence for GLP-1RAs 
found in RWS.53–56 For instance, the adherence to treat-
ment was higher for canagliflozin compared to GLP-1RAs 
(liraglutide and exenatide) in different studies.55,56 

However, it should be noted that these findings should 
not be extrapolated to GLP-1RAs that were approved by 
drug regulatory agencies only recently (eg, dulaglutide and 
semaglutide) and for which similar RWS are not yet 
published.

Perspective
RWS showed different performance of some GLP-1RAs 
as compared to that expected from RCTs (efficacy vs 
effectiveness). Since these differences seems to be attribu-
table to modifiable factors (eg, adequate up-scaling and 
adherence) it will be essential to consider and address 
these issues when treating subjects with GLP-1RAs. At 
the same time, these aspects highlight the importance of 
measuring and reporting performances of interventions 

(including but not limited to GLP-1RAs) in clinical 
practice.

Effectiveness in Special Populations
Another opportunity provided by RWS is to evaluate the 
effectiveness of GLP-1RAs in those populations that are 
generally under-represented in RCTs, such as the elderly, 
subjects with CKD and other comorbidities, or non-obese 
individuals.23 To this end, our group has recently shown 
how treatment with dulaglutide, over a median observation 
time of 13 months, exerted an equivalent reduction in 
HbA1c and body weight in obese and non-obese subjects, 
the latter being more than a quarter of the entire population 
treated with the GLP-1RAs in real-world settings. These 
results therefore confirmed, in a longer follow-up and in 
a real-world setting, the results reported in the AWARD 
trial program.57 Importantly, our study found no evidence 
of interaction with age, or presence of cardiovascular or 
renal disease, meaning that the effectiveness of dulaglutide 
on HbA1c is equivalent regardless of presence or absence 
of age > 75 years old, or cardiovascular disease or diabetic 
kidney disease. At the same, while confirming results of 
post-hoc RCT analyses,58,59 these studies also highlight the 
important role of persistence and adherence to treatment as 
an important determinant of its effectiveness.60 Indeed, 
although we found overall high persistence (around 85% 
after around 13 months), those who discontinued the treat-
ment had a striking worsening glucose control and regain 
of weight.23

Table 3 Head-to-Head Comparison Between GLP-1RAs and SGLT-2i on Different Outcomes, Evaluated in Randomized Controlled 
Trials (RCTs) and Real-World Studies (RWS)

Outcomes RCTs RWS Possible Reason Explaining Differences

Hba1c Sema 1.0 mg s.c. > Cana 300mg51 No RWS - Up-titration of Lira in RWS is lower than 

RCTs 

- Higher discontinuation GLP-1RA vs Cana in 
RWS

(Oral Sema 14mg > Empa 25 mg) No RWS
Lira > SGLT-2i (NWMA)52 Lira = Empa54

Long-Acting GLP-1RAs > SGLT-2i 

(NWMA)32

GLP-1RA (Lira and exeOW) > 

Dapa53 

GLP-1RA = Cana 30055,56

Body Weight Sema 1.0 mg s.c. > Cana 30051 No RWS
(Oral Sema 14mg = Empa 25 mg) No RWS

Lira 1.2 mg < Cana 300 mg (NWMA)52 Lira = Empa54

Long-Acting GLP-1RAs > SGLT-2i 
(NWMA)32

GLP-1RA (Lira and exeOW) = 
Dapa53 

GLP-1RA = Cana 300mg55,56

Note: The symbol “>” or “<” are used to describe significant higher or lower efficacy or effectiveness between compounds. 
Abbreviations: Lira, liraglutide; Sema, semaglutide; ExeOW, exenatide-once-weekly; ExeBID, exenatide-bis-in-die; Cana, canagliflozin; Dapa, dapagliflozin; NWMA, network 
meta-analyses.
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Another limitation in RCTs is the unbalance in repre-
sentation of race/ethnic subgroups. Indeed some groups, 
eg, Hispanic, Asian, Black or African-American subjects, 
despite having higher prevalence of diabetes compared to 
White subjects,61 are generally less represented in RCTs 
and in large CVOTs. While stratification of participants 
according to race or ethnic groups have not identified 
significant differences in the cardiovascular efficacy of 
GLP-1RAs,6–9 given the under-representation of these 
populations in CVOTs, it is currently unclear whether 
GLP-1RAs reduce cardiovascular risk in specific race/eth-
nic groups (eg, black patients).62 Moreover, it is unknown 
whether this under-representation in RCTs affects routine 
clinical practice and GLP-1RAs prescription. In this con-
text, RWS have shown how subjects belonging to mino-
rities have lower probability to achieve appropriate 
glucose control and control of other cardiovascular risk 
factors.63–66 Moreover, race has been found to be one of 
the factors influencing the selection of first injectable 
treatment (GLP-1RAs vs insulin) in US patients with 
type 2 diabetes.67 This is also supported by a recent sec-
ondary analyses of the Look-AHEAD (Action for Health 
in Diabetes) trial, showing racial and social-economic 
status disparities in the use of innovative glucose lowering 
medications (ie, DPP-4i, or SGLT-2i or GLP-1RAs).68 

Beyond the analyses of pattern of GLP-1RAs use by 
race/ethnic group, there is a lack of data on RWS evaluat-
ing the effectiveness of GLP-1RAs in these populations, 
underlining therefore the need for further RCTs and RWS 
on this aspect.

Perspective
RWS confirm the transferability of results seen in RCTs to 
populations less represented in these trials, such as the 
elderly or non-obese individuals or those with diabetic 
kidney disease. Analyses of data from clinical practice 
also show the presence of racial and social-economic 
status disparities in the initiation of innovative treatments, 
including GLP-1RAs. RWS therefore highlight the urgent 
need to address those aspects that might be responsible for 
disparities and to conduct more studies to evaluate the 
effectiveness in these populations under-represented in 
clinical trials.

Effectiveness on Hard Cardiovascular and 
Renal Outcomes
The great interest towards GLP-1RAs has been advocated 
by the beneficial effects of this class of medications on 

major cardiovascular outcomes, mortality and, to a lesser 
extent, renal outcomes.10 Given the aforementioned differ-
ences between CVOTs and RWS, it is therefore essential 
to evaluate whether similar results are confirmed in the 
observational clinical practice setting. At the same time, in 
this case the challenges to conduct a rigorous and reliable 
observational study are manifold. One major difference in 
the parallelism between CVOTs and RWS on hard out-
comes is that, since CVOTs have been initially designed to 
test the cardiovascular safety of new glucose-lowering 
medications, these are generally tested against placebo. 
On the contrary, outside RCTs, subjects are never treated 
with placebo, and therefore RWS most of the time com-
pared GLP-1RAs (or other drugs of interest) with an active 
comparator, thus yielding more clinically-relevant infor-
mation. Indeed, when a physician needs to add a GLM to 
improve patient conditions, he or she needs to choose 
between two different treatments, while the choice is 
rarely for a treatments vs no-treatment (that would be 
equivalent of a placebo-controlled comparison).

To this end, some RWS have tested the effectiveness of 
GLP-1RAs on hard outcomes. One of the first studies ana-
lysed data collected from over 3.5 million patients registered 
from over 640 UK general practitioners.69 After matching 
for age, BMI, sex, duration of diabetes and smoking status, 
the authors compared 8345 GLP-1RAs users with 16,541 
controls (ie, subjects unexposed to GLP-1RAs matched with 
similar index date to avoid immortal time bias). The primary 
outcome of this study was overall mortality that was found 
to be significantly lower among GLP-1RA users (adjusted 
incidence rate ratio: 0.64, 95% CI:0.56–0.74) and not influ-
enced by baseline cardiovascular risk, age or HbA1c level at 
baseline.70 Two studies have recently interrogated healthcare 
clinical databases from Denmark and Sweden71 and form 
North-East Italy72 to investigate whether use of GLP-1RAs 
was associated with better cardiovascular outcomes com-
pared to DPP4i. The first study was focused on liraglutide 
only and involved 23,402 subjects in each group, while 
the second included 2807 subjects per group treated with 
a miscellaneous of different GLP-1RAs (liraglutide, dula-
glutide, exenatide and lixisenatide) and DPP-4i. Both studies 
used a new-user design and applied propensity score 
matched analyses to address channelling bias. Both studies 
confirmed that users of GLP-1RAs had lower incidence of 
MACE and lower all-cause and cardiovascular mortality 
than subjects with similar clinical characteristics treated 
with DPP4i.71,72 Another RWS from Taiwan’s nation-wide 
population-base cohort found that, after propensity score 
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matching, prevalent users of GLP-1RAs had lower MACE 
events compared to prevalent users of DPP4i, sulfonylurea 
or insulin.73

The benefit of GLP-1RAs on diabetic kidney disease 
described in RCTs has been found to be mainly related to 
reduction in albumin excretion.10 Beyond this benefit, 
a recent RWS has also investigated the effect of GLP- 
1RAs on a composite outcome of serious renal events 
(including renal replacement therapy, death from renal 
causes and hospitalization for renal events).74 This study 
was conducted on 38,731 new-users, matched by propen-
sity score with the same number of controls (new users of 
DPP4i). It found lower incidence of the composite out-
come (H.R. 0.76, 95% C.I. 0.68–0.85), as well as of renal 
replacement and hospitalization for renal events, in the 
subjects treated with GLP-1RAs. Thanks to the inclusion 
of a large population and to the link with Scandinavian 
health registry (proving accurate classification of the out-
comes), this RWS allowed to overcome the limits or 
RCTs. In fact, these outcomes were either not reported or 
have a limited number of events in most RCTs,9,75,76 

thereby yielding uncertain results.
Finally, our group has recently explored the comparison 

between GLP-1RAs and SGLT-2i on the incidence of cardi-
ovascular events in a real-world setting.77 Of note, given 
their beneficial effects, these two classes of drugs are cur-
rently recommended as second-line treatment for the man-
agement of T2D and should be used with a treat-to-benefit 
approach for all patients on secondary cardiovascular pre-
vention or with very-high cardiovascular risk.19 Despite this 
recommendation, to date, no RCT has directly compared the 
cardiovascular efficacy of these two classes of drugs. 
Therefore, RWS provide a great opportunity to start explor-
ing this comparison. By means of the analyses of electronic 
health data linked with administrative database and hospital 
discharge codes, we analysed 4298 new-users of SGLT-2i 
matched with 4298 new-users of GLP-1RAs. The SGLT-2i 
users experienced a lower rate of 3-point MACE (Hazard 
Ratio, H.R. 0.68, 95% C.I. 0.61–0.99, p=0.043) as well as 
lower rate of myocardial infarction (H.R.: 0.72; 95% CI 
0.53–0.98; p=0.035) and hospitalization for heart failure 
(H.R. 0.59; 95% CI 0.35–0.99; p=0.048). These results 
were confirmed also in the as-treated analyses (ie, including 
only those subjects that were persistently on treatment with 
each drug). Of course, the level of evidence that can be 
derived from this study is moderate, because of residual 
confounding. Although such results absolutely require con-
firmation before being incorporated in clinical decision- 

making, they highlight the role of RWS beyond that of 
validation of results of RCTs. Given that EASD/ADA guide-
lines generally suggest GLP-1RAs are more active against 
atherosclerotic disease than SGLT-2i, the finding of a lower 
3-P MACE among new users of SGLT2i versus new users of 
GLP-1RAs was unexpected and identifies an area where 
RWS and RCTs are not consistent. There may be several 
reasons to explain such inconsistency. In addition to the 
residual confounding driven by the non-randomized nature 
of the study (see below), time overall follow-up (18 months 
in the ITT and 13 months in the AT) was probably short to 
allow for the anti-atherosclerotic effects of GLP-1RAs to 
emerge.

Beyond the head-to-head comparison between GLP- 
1RA and SGLT-2i, there is an increasing interest in the 
evaluation on whether the combination of these two 
classes of drugs will provide additional benefit on cardio-
vascular outcomes beyond the use of only one of the two 
classes. Although there is currently no result from RCTs 
testing this highly relevant question, the increasing com-
bined use of the two in routine clinical practice will allow 
exploring of this hypothesis in a future RWS.

Perspective
RWS overall support the cardiovascular benefits of GLP- 
1RAs shown in RCTs. Moreover, the superiority, in terms 
of reduction of cardiovascular events with the use of GLP- 
1RAs as compared to DPP4i found in different studies, not 
only reinforce the current recommendations of guidelines, 
but also advocate for the urgent need to change prescrip-
tion patterns of GLMs, where DPP4i are still largely more 
used than GLP-1RAs. Moreover, RWS suggest that GLP- 
1RAs might provide beneficial effects on severe renal 
outcomes that have not been identified in RCTs. They 
also suggest that a direct comparison between GLP-1RAs 
and of SGLT-2i on cardiovascular outcomes might favour 
of SGLT-2i, but here further studies are warranted to 
explore this relevant clinical question.

Quality Assessment and Limitations 
of Real-World Studies Assessing 
Treatment Effectiveness
In order to interpret correctly RWS, it is essential to be 
aware of several limitations that can influence the results 
of such studies.11,12,78,79 Indeed, even in the most rigorous 
RWS conducted with up-to-date statistical approaches 
(like those described in this review), residual bias (ie, 
systematic error) cannot be completely ruled out. With 
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little doubt, one of the most important bias in retrospective 
observational studies testing effectiveness of interventions 
is the lack of randomization. This can lead to confounding 
by indication, or channelling bias, meaning that the expo-
sure to the drugs being tested are influenced by patients’ 
characteristics or comorbidities and such characteristics 
then drive differential outcome more than the drugs them-
selves. Several reliable statistical methods have been 
developed to specifically address this bias, such as multi-
variate adjusted analyses and propensity score based ana-
lyses. Yet, these approaches can balance only measured 
and measurable confounding factors, such that RWS can-
not exclude the possibility that one or more un-measured, 
un-measurable or unknown independent factor could bias 
the results. Another critical aspect in RWS is the burden of 
missing data. Several techniques, such as multiple imputa-
tion, can avoid excluding subjects with missing data thus 
reducing generalizability of results.80 Yet, imputation of 
missing data can be seen as an artificial inflation of avail-
able data leading to overfitting of the results.

Another issue to be considered are immortal-time bias 
(biased exposure status based on future information, ie, 
a period of time during which the person is event-free by 
study design), time-lag bias (interval time immediately 
after drug initiation in which the outcomes cannot be 
attributable to the drugs), or possible over-adjustment (ie, 

when analyses are adjusted or matched for factors that are 
mediators of the effect of interest and not confounding 
factors).78

Table 4 summarizes the main limitations and biases 
that should be evaluated when assessing the quality of 
RWS, and that are described more in details in other 
excellent reviews,11,12,78,79 and in Cochrane textbooks.81 

Researcher and clinicians evaluating results from RWS 
should consider the importance of quality assessment of 
risk of bias. This can be done using specific tools, such as 
the Risk Of Bias In Non-randomized Studies of 
Interventions (ROBINS-I tool), as recommended by the 
Cochrane group.81 This tool evaluates seven domains: bias 
due to confounding, bias to selection of participants, bias 
in classification of interventions, bias due to deviations 
from intended interventions, bias due to missing data, 
bias in measurement outcomes and bias in selection of 
the reported results. The RWS testing effectiveness of 
GLP-1RAs included in this review have been found to 
have mainly low-to-moderate risk of bias in these 
domains. One of the two most common limitations found 
in the study was the possible deviation from intended 
intervention (eg, information on adherence non- 
comparable to that of well conducted RCTs) and the lack 
of a pre-specified protocol with details on planned ana-
lyses that might lead to selection of the reported results.

Table 4 Main Biases Domains to Be Considered When Assessing Quality of Non-Randomized Studies

Biases 
Domains

Description Details/Example

Confounding 

Biases

Presence of factors that may influence the results such that 

the observed association between intervention and outcomes 

differs from the causal effect.

May be referred to residual confounding (not appropriate 

analyses of known and measured confounders) or to 

unmeasured confounding (factors not measured at all or not 
included in the analyses).

Selection Biases Exclusion of subjects (or events/outcomes or follow-up time) 
that lead to systematic errors in the estimated association 

between intervention and outcomes.

Bias in selection of subjects can be related to both 
intervention and outcome. Some example are immortal-time- 

bias, or bias arising from exclusion of subjects with missing 

data.

Information 
Biases 

(measurement 

bias)

Presence of Misclassification of intervention status or 
outcomes.

Misclassification of intervention status might happen on 
retrospective cohort studies if availability of information on 

interventions are influenced by outcomes (a.k.a. recall bias). 

Misclassification of outcomes (detection bias), eg, when 
intensities of observations/measurement of outcomes differs 

between the intervention groups.

Reporting Biases Selection of the reported results arising from a desire for 

findings to merit publication.

Biases arise when the selection of results is based on P-values, 

magnitude or direction of the estimated effect of intervention. 

Might concern selection of outcomes, selection of the 
analyses, or selective reporting of a subgroup of participants.
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As previously discussed in Glycemic and Extra- 
Glycemic Effectiveness, the insurance coverage of these 
costly new agents (GLP1RA and SGLT2i) can influence 
the prescription and adherence to these drugs in RWS. 
Therefore, is it highly important to take this important 
aspect into consideration when analysing results from 
RWS. If not appropriately accounted for, lack of adherence 
and discontinuation may bias results away from those of 
RCTs. This aspect deserves specific attention in RWS 
conducted in countries without universal health coverage 
(eg, the US), while in countries where all citizens have the 
same health coverage regardless of socio-economic-status 
this aspect is less likely to bias RWS (eg, in Italy).

Altogether, the evaluation and consideration of all 
these important limitations and potential biases with the 
implementation of rigorous and appropriate research meth-
ods is pivotal to allow RWS to play the role they deserve 
in diabetes research, complementary to that played by 
RCTs.79 The role of RWS has also been recognized by 
the Food and Drug Administration (FDA) and European 
Medicines Agency (EMA), that have provided guidelines 
for the use of RWS to support regulatory decision-making 
for medical treatments and devices (www.fda.gov and 
http://www.ema.europa.eu/).

Conclusions
In conclusion, data from clinical practice supports the role 
of GLP-1RAs in the current armamentarium for the treat-
ment of T2D as recommended in the EASD/ADA treat-
ment algorithm.19 They also highlight the unmet need that 
RCTs should enrol subjects with clinical characteristics 
more similar to those of patients routinely attending dia-
betes clinics. Physicians should consider modifiable fac-
tors (eg, up-titration or adherence) that might influence 
effectiveness of GLP-1RA. Finally, RWS consistently 
reported better cardiovascular and renal outcomes of 
users of GLP-1RAs as compared to DPP-4 inhibitors 
users, and highlights the needs for further RWS comparing 
GLP-1RAs and SGLT-2i (and their combinations) on car-
diovascular outcomes, that should eventually be confirmed 
by dedicated RCTs.
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