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Dichiarazione	dei	confliK	d’interesse	

Ai	sensi	dell’art.	3.3	sul	confli3o	di	 interessi,	pag	17	del	Regolamento	Applica;vo	Stato-
Regioni	 del	 5/11/2009,	 dichiaro	 che	 negli	 ul;mi	 2	 anni	 ho	 avuto	 rappor;	 direE	 di	
finanziamento	 con	 i	 seguen;	 soggeE	 portatori	 di	 interessi	 commerciali	 in	 campo	
sanitario:	
	
•  Advisory	 Board	 Membership	 and	 Consultancy:	 Boehringer	 Ingelheim,	 Eli-Lilly,	

Mundipharma	 Pharmaceu;ca,	 Novo	 Nordisk,	 Astra-Zeneca,	 Sanofi-Aven;s,	 Roche	
Diabetes	Care.	

	
•  Lectures:	 Astra	 Zeneca,	 Boehringer	 Ingelheim,	 Eli-Lilly,	Novo	Nordisk,	 Sanofi-Aven;s,	

Mundipharma	 Pharmaceu;ca,	 Abbo3,	 MSD,	 Neopharmed	 Gen;li,	 Menarini,	 Essex	
Italia,	Ascensia	Diabetes.	

	



STADIAZIONE	del	DIABETE	
	

1. Durata	(neodiagnosi?)	
2. Modalità	di	esordio	(diagnosi	fa3a	in	corso	di	OGTT	in	
paziente	asintoma;co?	Esordio	con	iperglicemia	
importante?)	
3. Compenso	glicemico	(	Hba1c)	
4. Riserva	pancrea/ca	
5. Complicanze	micro	e	macrovascolari	associate	
6. Tipo	di	traDamento	ipoglicemizzante	(Monoterapia	o	
mul;terapia?	ipoglicemizzante	orale	o	insulina?		

STADIAZIONE	CLINICA	del	PAZIENTE	
	

1. Obesità	associata	(diabesità)?	
2. Altre	patologie	associate?	
- Ipertensione	arteriosa	
- Dislipidemia	
- Cardiopa;a	ischemica	
- MalaEe	cerebrovascolari	
- Insufficienza	renale	
- Neoplasie	
3. Compliance	
4. AspeDa/va	di	vita	
5. Terapia	farmacologica	(interazioni	farmacologiche?	

L’approccio	internis/co-metabolico	deve	integrare	tuK	i	diversi	aspeK	del	
paziente	e	individuare	un	traDamento	personalizzato	cha	abbia	come	obieKvo	la	

cura	della	malaKa	diabe/ca	nella	sua	complessità	piuDosto	che	la	glicemia	
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Considerazioni	su	soDogruppi	di	pazien/	

•  Non	 sono	 disponibili	 da/	 di	 efficacia	 e	 sicurezza	 nei	
soggeK	ultraseDantacinquenni	con	diabete.	

•  I	 benefici	 osserva/	 con	 l’intensificazione	 del	 controllo	
glicemico	 si	 iniziano	 ad	 evidenziare	 dopo	 2	 anni	 di	
traDamento.	

•  Tali	considerazioni	porterebbero	a	raccomandare	valori	di	
HbA1c	 più	 eleva/	 in	 soggeK	 di	 età	 avanzata	 e/o	 con	
aspeDa/va	di	vita	limitata.	



Individualized Glycemic Goals for
Older Adults Are a Moving
Target
Diabetes Care 2022;45:1029–1031 | https://doi.org/10.2337/dci22-0004

Scott J. Pilla,1,2,3

Zhinous Shahidzadeh Yazdi,4 and
Simeon I. Taylor4

Treatment of type 2 diabetes (T2D) has
several objectives: 1) decreasing risks of
microvascular complications (retinopa-
thy, nephropathy, and neuropathy), 2)
decreasing risks of cardiovascular com-
plications, and 3) avoiding hypoglycemia
and symptomatic hyperglycemia. The
American Diabetes Association (ADA)
and European Association for the Study
of Diabetes advocate a patient-centered
approach to achieve these goals (1–3).
This general guidance implicitly raises
questions. Which patient-related factors
should be considered in designing a
therapeutic regimen? How should the
treatment regimen be modified to take
these factors into account? The ADA’s
guidelines incorporate an approach to
select an individualized hemoglobin A1c
(HbA1c) target for older adults based on
their comorbidities and function, which
act as proxies for life expectancy (3). In
this issue of Diabetes Care, Le et al. (4)
focus on how this specific guidance was
implemented in older Americans (aged
$65 years) between 2001 and 2018.
They conclude that “in accordance with
the ADA’s recommendation, glycemic
targets for older patients have been
relaxed.” In other words, as the guide-
lines transitioned to less aggressive indi-
vidualized targets, the average HbA1c for
older Americans with T2D receiving dia-
betes medications increased from 6.9%
to 7.2%. Further, older Americans in this

cohort achieved similar mean HbA1c lev-
els regardless of whether they were
judged to be in “good,” “intermediate,”
or “poor” health.

Le et al. (4) interpret their findings as
evidence that clinicians are failing to
practice individualized care in accor-
dance with the ADA’s recommendations.
This may be partly true, and reports
such as that of substantial numbers of
older veterans experiencing severe hypo-
glycemia while receiving hospice care are
sobering examples of failures of individu-
alization (5). However, for many older
patients, clinicians may reasonably be
considering factors for individualization
beyond their life expectancy. An impor-
tant factor listed in guidelines is patient
preference. Current evidence suggests
that many older adults will be reluctant
to accept higher glucose levels and do
not want longer-term life expectancy dic-
tating their treatment (6,7). Clinicians
may also be concerned that focusing on
life expectancy will be perceived as giving
up on patients and jeopardize the thera-
peutic relationship (8). Further, there
may be external barriers to achieving an
individualized glycemic target. Notably,
insurance coverage gaps for Medicare
beneficiaries often result in high out-of-
pocket costs for diabetes medications,
restricting access to newer medication
classes that have better safety profiles
(9).

Although we strongly advocate for
individualized approaches to glycemic
targets, the classification system in the
ADA guidelines may often be insuffi-
cient to support clinical decision-making
in this area. Older patients classified as
having “complex/intermediate” health are
extremely heterogeneous, comprising the
majority of the population in the study by
Le et al. (4). This category encompasses a
72-year-old woman with hypertension
and emphysema who, based on the best
available prognostic tools, would have a
10-year mortality as low as 20% and life
expectancy of up to 20 years (10,11). It
would also include other 72-year-old indi-
viduals with more serious comorbidities
and life expectancies of <5 years (10,11).
Clinicians know that a patient with well-
controlled emphysema is not equivalent
to one who has daily dyspnea and strug-
gles to leave the home. Nevertheless,
each of these patients could have a
recommended HbA1c target of <8.0%
according to guidelines (3).

While the data of Le et al. (4)
describe how glycemic control has
evolved over time, recent therapeutic
advances have important implications
for pharmacological approaches to treat
hyperglycemia. Three important new
classes of HbA1c-lowering drugs were
approved between 2005 and 2013:
dipeptidyl peptidase 4 (DPP-4) inhibi-
tors, glucagon-like peptide 1 (GLP-1)
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•  So	long	as	it	can	be	achieved	safely,	a	therapeu/c	target	HbA1c	<7.0%	will	
provide	the	best	protec/on	from	complica;ons	of	diabetes.		

•  Pa;ents	with	life	expectancy	of	less	than	3–5	years	are	unlikely	to	benefit	from	;ght	
glycemic	control,	although	prognosis	may	be	difficult	to	determine.	Deintensifica/on	of	
drugs	with	high	risk	of	hypoglycemia	(i.e.,	insulins	and	insulin	secretagogues)	should	be	
strongly	considered	in	pa;ents	with	limited	life	expectancy.		

	
•  Insulins	should	be	reserved	for	pa;ents	with	late-stage	T2D	with	insulin-dependent	physiology	due	to	

advanced	b-cell	failure.	When	insulin	is	prescribed,	it	may	be	appropriate	to	relax	HbA1c	targets	
(e.g.,	HbA1c	<8.0%	rather	than	<7.0%).		
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Cardiovascular, mortality, and kidney outcomes with GLP-1 
receptor agonists in patients with type 2 diabetes: 
a systematic review and meta-analysis of randomised trials
Naveed Sattar*, Matthew M Y Lee*, Søren L Kristensen*, Kelley R H Branch, Stefano Del Prato, Nardev S Khurmi, Carolyn S P Lam, Renato D Lopes, 
John J V McMurray, Richard E Pratley, Julio Rosenstock, Hertzel C Gerstein

Summary
Background GLP-1 receptor agonists reduce major adverse cardiovascular events (MACE) in patients with type 2 
diabetes. However, uncertainty regarding kidney outcomes persists and whether benefits extend to exendin-4-based 
GLP-1 receptor remains uncertain. We aimed to meta-analyse the most up-to-date evidence on the cardiovascular 
benefits and risks of GLP-1 receptor agonists from outcome trials in patients with type 2 diabetes.

Methods We did a meta-analysis, including new data from AMPLITUDE-O, using a random effects model to estimate 
overall hazard ratio (HR) for MACE; its components; all-cause mortality; hospital admission for heart failure; a 
composite kidney outcome consisting of development of macroalbuminuria, doubling of serum creatinine, or at least 
40% decline in estimated glomerular filtration rate (eGFR), kidney replacement therapy, or death due to kidney 
disease; worsening of kidney function, based on eGFR change; and odds ratios for key safety outcomes (severe 
hypoglycaemia, retinopathy, pancreatitis, and pancreatic cancer). We also examined MACE outcome in patient 
subgroups on the basis of MACE incidence rates in the placebo group, presence or absence of cardiovascular disease, 
HbA1c level, trial duration, treatment dosing interval, structural homology to human GLP-1 or exendin-4, BMI, age, 
and  eGFR. We searched PubMed for eligible trials reporting MACE (ie, cardiovascular death, myocardial infarction, 
or stroke), up to June 9, 2021. We meta-analysed data from published randomised placebo-controlled trials testing 
either injectable or oral GLP-1 receptor agonists in patients with type 2 diabetes. We restricted the search to trials of 
more than 500 patients with a primary outcome that included cardiovascular death, non-fatal myocardial infarction, 
and non-fatal stroke. This meta-analysis was registered on PROSPERO, CRD42021259711.

Findings Of 98 articles screened, eight trials comprising 60 080 patients fulfilled the prespecified criteria and were 
included. Overall, GLP-1 receptor agonists reduced MACE by 14% (HR 0·86 [95% CI 0·80–0·93]; p<0·0001), with no 
significant heterogeneity across GLP-1 receptor agonist structural homology or eight other examined subgroups (all 
pinteraction≥0·14). GLP-1 receptor agonists reduced all-cause mortality by 12% (HR 0·88 [95% CI 0·82–0·94]; p=0·0001), 
hospital admission for heart failure by 11% (HR 0·89 [95% CI 0·82–0·98]; p=0·013), and the composite kidney 
outcome by 21% (HR 0·79 [95% CI 0·73–0·87]; p<0·0001), with no increase in risk of severe hypoglycaemia, 
retinopathy, or pancreatic adverse effects. In sensitivity analyses removing the only trial restricted to patients with an 
acute coronary syndrome (ELIXA), all benefits marginally increased, including the outcome of worsening of kidney 
function, based on eGFR change (HR 0·82 [95% CI 0·69–0·98]; p=0·030).

Interpretation GLP-1 receptor agonists, regardless of structural homology, reduced the risk of individual MACE 
components, all-cause mortality, hospital admission for heart failure, and worsening kidney function in patients with 
type 2 diabetes.

Funding None.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction 
Two classes of anti-hyperglycaemic agents, GLP-1 receptor 
agonists and SGLT2 inhibitors, reduce cardio vascular 
events in at-risk patients with type 2 diabetes. GLP-1 
receptor agonists decrease HbA1c, improve blood pressure, 
and variably lower weight, without an increase in 
hypoglycaemia risk.1 A previous meta-analysis2 showed 
that GLP-1 receptor agonists reduced major adverse 
cardiovascular events (MACE), a composite of cardio-
vascular death, stroke, or myocardial infarction. However, 

whether the GLP-1 receptor agonist effects vary according 
to their structural homology to human GLP-1 or exendin-4, 
and whether they reduce incident heart failure and harder 
kidney outcomes remains uncertain.

We sought to update this previous meta-analysis2 given 
the availability of new outcome data from a GLP-1 
receptor agonists trial (AMPLITUDE-O) done with an 
exendin-4-based GLP-1 receptor agonist, efpeglenatide.3 
This trial adds additional MACE, heart failure and kidney 
outcomes, in a population with a high HbA1c and recruited 
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grouped in to higher, intermediate, and lower risk on the 
basis of MACE event rates in the placebo group (p=0·94; 
figure 4). Similarly, we found no heterogeneity for the 
effect of GLP-1 receptor agonist therapy when examined 
by baseline HbA1c (higher vs lower HbA1c), shorter 
compared with longer trial follow-up (<3 years vs ≥3 years 
median follow-up), or drug-dosing interval (daily vs weekly 
dosing), reflecting duration of drug action (figure 4). We 
also did not see an interaction (pinteraction=0·39) in the 

comparison of exendin-4-based compounds (lixisenatide, 
exenatide, and efpeglenatide) and drugs more homologous 
with human GLP-1 (liraglutide, semaglutide, albiglutide, 
and dulaglutide; figure 4); nor did we see any interaction 
by baseline BMI, age, or eGFR values.

The quality of evidence of benefit for all outcomes was 
classified as high (≥4 points) by GRADE criteria except 
for kidney outcomes and for MACE when ELIXA was 
included (appendix p 10). However, when ELIXA was 

Figure 2: Risk of MACE and each of its components
Weights are from random effects analysis. In addition to primary cardiovascular outcome results papers, data were extracted from additional sources.2,20 AMPLITUDE-O 
data were provided by the authors. Three-point MACE consisted of cardiovascular death, myocardial infarction, and stroke. NNTs were calculated over a weighted 
average median follow-up of 3·0 years. p values are for superiority. MACE=major adverse cardiovascular events. NNT=number needed to treat.

Three-point MACE
ELIXA
LEADER
SUSTAIN-6
EXSCEL
Harmony Outcomes
REWIND
PIONEER 6
AMPLITUDE-O
Subtotal  (I²=44·5%, p=0·082)
Cardiovascular death
ELIXA
LEADER
SUSTAIN-6
EXSCEL
Harmony Outcomes
REWIND
PIONEER 6
AMPLITUDE-O
Subtotal  (I²=13·4%, p=0·33)
Fatal or non-fatal myocardial infarction
ELIXA
LEADER
SUSTAIN-6
EXSCEL
Harmony Outcomes
REWIND
PIONEER 6
AMPLITUDE-O
Subtotal  (I²=26·9%, p=0·21)
Fatal or non-fatal stroke
ELIXA
LEADER
SUSTAIN-6
EXSCEL
Harmony Outcomes
REWIND
PIONEER 6
AMPLITUDE-O
Subtotal  (I²=0·0%, p=0·64)

GLP-1 receptor 
agonist, n/N (%)

 400/3034 (13%)
 608/4668 (13%)
 108/1648 (7%)
 839/7356 (11%)
 338/4731 (7%)
 594/4949 (12%)
 61/1591 (4%)
 189/2717 (7%)

156/3034 (5%)
 219/4668 (5%)
 44/1648 (3%)
 340/7356 (5%)
 122/4731 (3%)
 317/4949 (6%)
 15/1591 (1%)
 75/2717 (3%) 

270/3034 (9%)
 292/4668 (6%)
 54/1648 (3%)
 483/7356 (7%)
 181/4731 (4%)
 223/4949 (5%)
 37/1591 (2%)
 91/2717 (3%) 

 67/3034 (2%)
 173/4668 (4%)
 30/1648 (2%)
 187/7356 (3%)
 94/4731 (2%)
 158/4949 (3%)
 13/1591 (1%)
 47/2717 (2%)

Placebo,
n/N (%)

 392/3034 (13%)
 694/4672 (15%)
 146/1649 (9%)
 905/7396 (12%)
 428/4732 (9%)
 663/4952 (13%)
 76/1592 (5%)
 125/1359 (9%) 

158/3034 (5%)
 278/4672 (6%)
 46/1649 (3%)
 383/7396 (5%)
 130/4732 (3%)
 346/4952 (7%)
 30/1592 (2%)
 50/1359 (4%) 

261/3034 (9%)
 339/4672 (7%)
 67/1649 (4%)
 493/7396 (7%)
 240/4732 (5%)
 231/4952 (5%)
 35/1592 (2%)
 58/1359 (4%) 

 60/3034 (2%)
 199/4672 (4%)
 46/1649 (3%)
 218/7396 (3%)
 108/4732 (2%)
 205/4952 (4%)
 17/1592 (1%)
 31/1359 (2%)

Hazard ratio
(95% CI)

1·02 (0·89–1·17)
0·87 (0·78–0·97)
0·74 (0·58–0·95)
0·91 (0·83–1·00)
0·78 (0·68–0·90)
0·88 (0·79–0·99)
0·79 (0·57–1·11)
0·73 (0·58–0·92)
0·86 (0·80–0·93)

0·98 (0·78–1·22)
0·78 (0·66–0·93)
0·98 (0·65–1·48)
0·88 (0·76–1·02)
0·93 (0·73–1·19)
0·91 (0·78–1·06)
0·49 (0·27–0·92)
0·72 (0·50–1·03)
0·87 (0·80–0·94)

1·03 (0·87–1·22)
0·86 (0·73–1·00)
0·81 (0·57–1·16)
0·97 (0·85–1·10)
0·75 (0·61–0·90)
0·96 (0·79–1·15)
1·04 (0·66–1·66)
0·75 (0·54–1·05)
0·90 (0·83–0·98)

1·12 (0·79–1·58)
0·86 (0·71–1·06)
0·65 (0·41–1·03)
0·85 (0·70–1·03)
0·86 (0·66–1·14)
0·76 (0·62–0·94)
0·76 (0·37–1·56)
0·74 (0·47–1·17)
0·83 (0·76–0·92)

p value

 0·78
 0·01
 0·016
 0·061
 0·0006
 0·026
 0·17
 0·0069
 <0·0001 

 0·85
 0·007
 0·92
 0·096
 0·58
 0·21
 0·021
 0·07
 0·0010 

 0·71
 0·046
 0·26
 0·62
 0·003
 0·63
 0·49
 0·09
 0·02 0

 0·54
 0·16
 0·066
 0·095
 0·30
 0·010
 0·43
 0·19
 0·0002

NNT 
(95% CI)

 65 (45–130) 

 163 (103–353) 

 175 (103–878) 

 198 (140–421)

0·5 1·51

Favours GLP-1 receptor agonists Favours placebo
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-14% 

-13% 

-10% 

-27% 
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removed, the MACE heterogeneity reduced, leading to 
the quality of evidence for this outcome to also be 
classified as high (appendix p 10). When ELIXA was 
removed, quality of evidence for composite kidney 
outcomes was considered to be moderate (3 points) but 
the quality of evidence for worsening of kidney function 
was considered high (4 points; appendix p 10).

The incidence of severe hypoglycaemia, retinopathy, 
pancreatitis, and pancreatic cancer did not differ 

between GLP-1 receptor agonist treatment and placebo 
(appendix p 12). Thyroid cancers, for which numbers are 
low, are reported in the appendix (p 11).

With the removal of ELIXA and repeating the main 
analyses, HRs for all outcomes generally improved 
(appendix pp 13–14). GLP-1 receptor agonists reduced 
MACE by 15% (HR 0·85 [95% CI 0·80–0·90]; p<0·0001), 
cardio vascular death by 15% (0·85 [0·78–0·93]; 
p=0·0005), fatal or non-fatal myocardial infarction by 

Figure 3:  All-cause mortality, hospital admission for heart failure, and kidney outcomes
Weights are from random effects analysis. In addition to primary cardiovascular outcome results papers, data were extracted from additional sources.2,13,14,20,21 
AMPLITUDE-O data were provided by the authors. Data on kidney outcomes were not available in Harmony Outcomes and PIONEER 6. The composite kidney 
outcome consisted of development of macroalbuminuria, doubling of serum creatinine or at least 40% decline in eGFR, kidney replacement therapy, or death due to 
kidney disease; for ELIXA, data are for new-onset macroalbuminuria alone. The worsening of kidney function outcome was defined as either doubling of serum 
creatinine or at least 40% decline in eGFR; for EXSCEL, the worsening of kidney function outcome included kidney replacement therapy, or death due to kidney 
disease. Exact definitions of kidney outcomes are detailed in the appendix (p 5). NNTs were calculated over a weighted average median follow-up of 3·0 years 
(or 3.4 years for composite kidney outcome including macroalbuminuria and worsening of kidney function). eGFR=estimated glomerular filtration rate. 
NNT=number needed to treat. *Not regarded as significant due to hierarchical statistical testing plan. †Negative value indicates a number needed to harm. 

All-cause mortality
ELIXA
LEADER
SUSTAIN-6
EXSCEL
Harmony Outcomes
REWIND
PIONEER 6
AMPLITUDE-O
Subtotal  (I²=10·1%, p=0·35)
Hospital admission for heart failure
ELIXA
LEADER
SUSTAIN-6
EXSCEL
Harmony Outcomes
REWIND
PIONEER 6
AMPLITUDE-O
Subtotal  (I²=3·0%, p=0·41)
Composite kidney outcome including macroalbuminuria
ELIXA
LEADER
SUSTAIN-6
EXSCEL
REWIND
AMPLITUDE-O
Subtotal  (I²=47·5%, p=0·090)
Worsening of kidney function
ELIXA
LEADER
SUSTAIN-6
EXSCEL
REWIND
AMPLITUDE-O
Subtotal  (I²=43·0%, p=0·12)

GLP-1 receptor
agonist, n/N (%)

p valueNNT 
(95% CI)

 211/3034 (7%)
 381/4668 (8%)
 62/1648 (4%)
 507/7356 (7%)
 196/4731 (4%)
 536/4949 (11%)
 23/1591 (1%)
 111/2717 (4%)
 

 122/3034 (4%)
 218/4668 (5%)
 59/1648 (4%)
 219/7356 (3%)
 79/4731 (2%)
 213/4949 (4%)
 21/1591 (1%)
 40/2717 (1%)
 

 172/2647 (6%)
 268/4668 (6%)
 62/1648 (4%)
 366/6256 (6%)
 848/4949 (17%)
 353/2717 (13%)

 41/3031 (1%)
 87/4668 (2%)
 18/1648 (1%)
 246/6456 (4%)
 169/4949 (3%)
 7/2717 (<1%)

Placebo,
n/N (%)

 223/3034 (7%)
 447/4672 (10%)
 60/1649 (4%)
 584/7396 (8%)
 205/4732 (4%)
 592/4952 (12%)
 45/1592 (3%)
 69/1359 (5%)
 

 127/3034 (4%)
 248/4672 (5%)
 54/1649 (3%)
 231/7396 (3%)
 111/4732 (2%)
 226/4952 (5%)
 24/1592 (2%)
 31/1359 (2%)
 

203/2639 (8%)
 337/4672 (7%)
 100/1649 (6%)
 407/6222 (7%)
 970/4952 (20%)
 250/1359 (18%) 

 35/3032 (1%)
 97/4672 (2%)
 14/1649 (1%)
 273/6458 (4%)
 237/4952 (5%)
 7/1359 (1%)

Hazard ratio
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removed, the MACE heterogeneity reduced, leading to 
the quality of evidence for this outcome to also be 
classified as high (appendix p 10). When ELIXA was 
removed, quality of evidence for composite kidney 
outcomes was considered to be moderate (3 points) but 
the quality of evidence for worsening of kidney function 
was considered high (4 points; appendix p 10).

The incidence of severe hypoglycaemia, retinopathy, 
pancreatitis, and pancreatic cancer did not differ 

between GLP-1 receptor agonist treatment and placebo 
(appendix p 12). Thyroid cancers, for which numbers are 
low, are reported in the appendix (p 11).

With the removal of ELIXA and repeating the main 
analyses, HRs for all outcomes generally improved 
(appendix pp 13–14). GLP-1 receptor agonists reduced 
MACE by 15% (HR 0·85 [95% CI 0·80–0·90]; p<0·0001), 
cardio vascular death by 15% (0·85 [0·78–0·93]; 
p=0·0005), fatal or non-fatal myocardial infarction by 

Figure 3:  All-cause mortality, hospital admission for heart failure, and kidney outcomes
Weights are from random effects analysis. In addition to primary cardiovascular outcome results papers, data were extracted from additional sources.2,13,14,20,21 
AMPLITUDE-O data were provided by the authors. Data on kidney outcomes were not available in Harmony Outcomes and PIONEER 6. The composite kidney 
outcome consisted of development of macroalbuminuria, doubling of serum creatinine or at least 40% decline in eGFR, kidney replacement therapy, or death due to 
kidney disease; for ELIXA, data are for new-onset macroalbuminuria alone. The worsening of kidney function outcome was defined as either doubling of serum 
creatinine or at least 40% decline in eGFR; for EXSCEL, the worsening of kidney function outcome included kidney replacement therapy, or death due to kidney 
disease. Exact definitions of kidney outcomes are detailed in the appendix (p 5). NNTs were calculated over a weighted average median follow-up of 3·0 years 
(or 3.4 years for composite kidney outcome including macroalbuminuria and worsening of kidney function). eGFR=estimated glomerular filtration rate. 
NNT=number needed to treat. *Not regarded as significant due to hierarchical statistical testing plan. †Negative value indicates a number needed to harm. 
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Cardiovascular, mortality, and kidney outcomes with GLP-1 
receptor agonists in patients with type 2 diabetes: 
a systematic review and meta-analysis of randomised trials
Naveed Sattar*, Matthew M Y Lee*, Søren L Kristensen*, Kelley R H Branch, Stefano Del Prato, Nardev S Khurmi, Carolyn S P Lam, Renato D Lopes, 
John J V McMurray, Richard E Pratley, Julio Rosenstock, Hertzel C Gerstein

Summary
Background GLP-1 receptor agonists reduce major adverse cardiovascular events (MACE) in patients with type 2 
diabetes. However, uncertainty regarding kidney outcomes persists and whether benefits extend to exendin-4-based 
GLP-1 receptor remains uncertain. We aimed to meta-analyse the most up-to-date evidence on the cardiovascular 
benefits and risks of GLP-1 receptor agonists from outcome trials in patients with type 2 diabetes.

Methods We did a meta-analysis, including new data from AMPLITUDE-O, using a random effects model to estimate 
overall hazard ratio (HR) for MACE; its components; all-cause mortality; hospital admission for heart failure; a 
composite kidney outcome consisting of development of macroalbuminuria, doubling of serum creatinine, or at least 
40% decline in estimated glomerular filtration rate (eGFR), kidney replacement therapy, or death due to kidney 
disease; worsening of kidney function, based on eGFR change; and odds ratios for key safety outcomes (severe 
hypoglycaemia, retinopathy, pancreatitis, and pancreatic cancer). We also examined MACE outcome in patient 
subgroups on the basis of MACE incidence rates in the placebo group, presence or absence of cardiovascular disease, 
HbA1c level, trial duration, treatment dosing interval, structural homology to human GLP-1 or exendin-4, BMI, age, 
and  eGFR. We searched PubMed for eligible trials reporting MACE (ie, cardiovascular death, myocardial infarction, 
or stroke), up to June 9, 2021. We meta-analysed data from published randomised placebo-controlled trials testing 
either injectable or oral GLP-1 receptor agonists in patients with type 2 diabetes. We restricted the search to trials of 
more than 500 patients with a primary outcome that included cardiovascular death, non-fatal myocardial infarction, 
and non-fatal stroke. This meta-analysis was registered on PROSPERO, CRD42021259711.

Findings Of 98 articles screened, eight trials comprising 60 080 patients fulfilled the prespecified criteria and were 
included. Overall, GLP-1 receptor agonists reduced MACE by 14% (HR 0·86 [95% CI 0·80–0·93]; p<0·0001), with no 
significant heterogeneity across GLP-1 receptor agonist structural homology or eight other examined subgroups (all 
pinteraction≥0·14). GLP-1 receptor agonists reduced all-cause mortality by 12% (HR 0·88 [95% CI 0·82–0·94]; p=0·0001), 
hospital admission for heart failure by 11% (HR 0·89 [95% CI 0·82–0·98]; p=0·013), and the composite kidney 
outcome by 21% (HR 0·79 [95% CI 0·73–0·87]; p<0·0001), with no increase in risk of severe hypoglycaemia, 
retinopathy, or pancreatic adverse effects. In sensitivity analyses removing the only trial restricted to patients with an 
acute coronary syndrome (ELIXA), all benefits marginally increased, including the outcome of worsening of kidney 
function, based on eGFR change (HR 0·82 [95% CI 0·69–0·98]; p=0·030).

Interpretation GLP-1 receptor agonists, regardless of structural homology, reduced the risk of individual MACE 
components, all-cause mortality, hospital admission for heart failure, and worsening kidney function in patients with 
type 2 diabetes.

Funding None.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction 
Two classes of anti-hyperglycaemic agents, GLP-1 receptor 
agonists and SGLT2 inhibitors, reduce cardio vascular 
events in at-risk patients with type 2 diabetes. GLP-1 
receptor agonists decrease HbA1c, improve blood pressure, 
and variably lower weight, without an increase in 
hypoglycaemia risk.1 A previous meta-analysis2 showed 
that GLP-1 receptor agonists reduced major adverse 
cardiovascular events (MACE), a composite of cardio-
vascular death, stroke, or myocardial infarction. However, 

whether the GLP-1 receptor agonist effects vary according 
to their structural homology to human GLP-1 or exendin-4, 
and whether they reduce incident heart failure and harder 
kidney outcomes remains uncertain.

We sought to update this previous meta-analysis2 given 
the availability of new outcome data from a GLP-1 
receptor agonists trial (AMPLITUDE-O) done with an 
exendin-4-based GLP-1 receptor agonist, efpeglenatide.3 
This trial adds additional MACE, heart failure and kidney 
outcomes, in a population with a high HbA1c and recruited 
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12% (0·88 [0·81–0·96]; p=0·0048), and fatal or non-fatal 
stroke by 19% (0·81 [0·74–0·90]; p<0·0001) 
appendix p 13). We also found slight improvements in 
the reduction in all-cause mortality, hospital admission 
for heart failure, and the composite kidney outcome 
including macroalbuminuria (appendix p 14). Notably, 

with the removal of ELIXA, the HR for the worsening 
kidney function outcome based predominantly on eGFR 
change was nominally significant such that GLP-1 
receptor agonists lessened risks by 18% (0·82 [0·69–0·98] 
p=0·030) in comparison with 14% (0·86 [0·72–1·02] 
p=0·089]; appendix p 14).

Figure 4: Subgroup analyses for risk of three-point MACE
Weights are from random effects analysis. In addition to primary cardiovascular outcome results papers, data were extracted from additional sources.2 AMPLITUDE-O 
data were provided by the authors. Three-point MACE consisted of cardiovascular death, myocardial infarction, and stroke. Subgroup denominators are participants 
with available data. Subgroup analyses for ELIXA were based on four-point MACE (including unstable angina) for baseline HbA1c, BMI, and age. MACE=major adverse 
cardiovascular events. eGFR=estimated glomerular filtration rate. *MACE incidence rate in placebo group was defined as higher (>5%/year), intermediate (4-5%/year), 
and lower (<4%/year). MACE incidence rates were 6·3% in ELIXA, 5·9% in Harmony Outcomes, 5·3% in AMPLITUDE-O, 4·4% in SUSTAIN-6, 4·0% in EXSCEL, 
3·9% in LEADER, 3·7% in PIONEER 6, and 2·7% in REWIND. †High baseline HbA1c was defined as at least 7·5% in ELIXA, greater than 8·3% in LEADER, greater than 
8·5% in SUSTAIN-6, at least 8·0% in EXSCEL, at least 8·0% in Harmony Outcomes, at least 7·2% in REWIND, greater than 8·5% in PIONEER 6, and at least 8·0% in 
AMPLITUDE-O. ‡Median follow-up was 2·1 years in ELIXA, 3·8 years in LEADER, 2·1 years in SUSTAIN-6, 3·2 years in EXSCEL, 1·6 years in Harmony Outcomes, 5·4 years 
in REWIND, 1·3 years in PIONEER 6, and 1·8 years in AMPLITUDE-O. §The BMI categories used were less than 32 kg/m² and 32 kg/m² or greater in REWIND, and less 
than median 31·9 kg/m² and median 31·9 kg/m² or greater in AMPLITUDE-O. ¶The age group categories used were younger than 60 years and 60 years or older in 
LEADER, and younger than 66 years and 66 years or older in REWIND.
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Cardiovascular, mortality, and kidney outcomes with GLP-1 
receptor agonists in patients with type 2 diabetes: 
a systematic review and meta-analysis of randomised trials
Naveed Sattar*, Matthew M Y Lee*, Søren L Kristensen*, Kelley R H Branch, Stefano Del Prato, Nardev S Khurmi, Carolyn S P Lam, Renato D Lopes, 
John J V McMurray, Richard E Pratley, Julio Rosenstock, Hertzel C Gerstein

Summary
Background GLP-1 receptor agonists reduce major adverse cardiovascular events (MACE) in patients with type 2 
diabetes. However, uncertainty regarding kidney outcomes persists and whether benefits extend to exendin-4-based 
GLP-1 receptor remains uncertain. We aimed to meta-analyse the most up-to-date evidence on the cardiovascular 
benefits and risks of GLP-1 receptor agonists from outcome trials in patients with type 2 diabetes.

Methods We did a meta-analysis, including new data from AMPLITUDE-O, using a random effects model to estimate 
overall hazard ratio (HR) for MACE; its components; all-cause mortality; hospital admission for heart failure; a 
composite kidney outcome consisting of development of macroalbuminuria, doubling of serum creatinine, or at least 
40% decline in estimated glomerular filtration rate (eGFR), kidney replacement therapy, or death due to kidney 
disease; worsening of kidney function, based on eGFR change; and odds ratios for key safety outcomes (severe 
hypoglycaemia, retinopathy, pancreatitis, and pancreatic cancer). We also examined MACE outcome in patient 
subgroups on the basis of MACE incidence rates in the placebo group, presence or absence of cardiovascular disease, 
HbA1c level, trial duration, treatment dosing interval, structural homology to human GLP-1 or exendin-4, BMI, age, 
and  eGFR. We searched PubMed for eligible trials reporting MACE (ie, cardiovascular death, myocardial infarction, 
or stroke), up to June 9, 2021. We meta-analysed data from published randomised placebo-controlled trials testing 
either injectable or oral GLP-1 receptor agonists in patients with type 2 diabetes. We restricted the search to trials of 
more than 500 patients with a primary outcome that included cardiovascular death, non-fatal myocardial infarction, 
and non-fatal stroke. This meta-analysis was registered on PROSPERO, CRD42021259711.

Findings Of 98 articles screened, eight trials comprising 60 080 patients fulfilled the prespecified criteria and were 
included. Overall, GLP-1 receptor agonists reduced MACE by 14% (HR 0·86 [95% CI 0·80–0·93]; p<0·0001), with no 
significant heterogeneity across GLP-1 receptor agonist structural homology or eight other examined subgroups (all 
pinteraction≥0·14). GLP-1 receptor agonists reduced all-cause mortality by 12% (HR 0·88 [95% CI 0·82–0·94]; p=0·0001), 
hospital admission for heart failure by 11% (HR 0·89 [95% CI 0·82–0·98]; p=0·013), and the composite kidney 
outcome by 21% (HR 0·79 [95% CI 0·73–0·87]; p<0·0001), with no increase in risk of severe hypoglycaemia, 
retinopathy, or pancreatic adverse effects. In sensitivity analyses removing the only trial restricted to patients with an 
acute coronary syndrome (ELIXA), all benefits marginally increased, including the outcome of worsening of kidney 
function, based on eGFR change (HR 0·82 [95% CI 0·69–0·98]; p=0·030).

Interpretation GLP-1 receptor agonists, regardless of structural homology, reduced the risk of individual MACE 
components, all-cause mortality, hospital admission for heart failure, and worsening kidney function in patients with 
type 2 diabetes.

Funding None.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction 
Two classes of anti-hyperglycaemic agents, GLP-1 receptor 
agonists and SGLT2 inhibitors, reduce cardio vascular 
events in at-risk patients with type 2 diabetes. GLP-1 
receptor agonists decrease HbA1c, improve blood pressure, 
and variably lower weight, without an increase in 
hypoglycaemia risk.1 A previous meta-analysis2 showed 
that GLP-1 receptor agonists reduced major adverse 
cardiovascular events (MACE), a composite of cardio-
vascular death, stroke, or myocardial infarction. However, 

whether the GLP-1 receptor agonist effects vary according 
to their structural homology to human GLP-1 or exendin-4, 
and whether they reduce incident heart failure and harder 
kidney outcomes remains uncertain.

We sought to update this previous meta-analysis2 given 
the availability of new outcome data from a GLP-1 
receptor agonists trial (AMPLITUDE-O) done with an 
exendin-4-based GLP-1 receptor agonist, efpeglenatide.3 
This trial adds additional MACE, heart failure and kidney 
outcomes, in a population with a high HbA1c and recruited 
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Association of SGLT2 Inhibitors With Cardiovascular and Kidney Outcomes
in Patients With Type 2 Diabetes
A Meta-analysis
Darren K. McGuire, MD, MHSc; Weichung J. Shih, PhD; Francesco Cosentino, MD, PhD; Bernard Charbonnel, MD; David Z. I. Cherney, MD, PhD;
Samuel Dagogo-Jack, MD, DSc; Richard Pratley, MD; Michelle Greenberg, BSc; Shuai Wang, PhD; Susan Huyck, DrPH; Ira Gantz, MD;
Steven G. Terra, PharmD; Urszula Masiukiewicz, MD; Christopher P. Cannon, MD

IMPORTANCE Sodium-glucose cotransporter 2 (SGLT2) inhibitors favorably affect
cardiovascular (CV) and kidney outcomes; however, the consistency of outcomes across the
class remains uncertain.

OBJECTIVE To perform meta-analyses that assess the CV and kidney outcomes of all 4
available SGLT2 inhibitors in patients with type 2 diabetes.

DATA SOURCES A systematic literature search was conducted in PubMed from January 1, 2015,
to January 31, 2020.

STUDY SELECTION One hundred forty-five records were initially identified; 137 were excluded
because of study design or topic of interest. As a result, a total of 6 randomized,
placebo-controlled CV and kidney outcomes trials of SGLT2 inhibitors in patients with type 2
diabetes were identified, with contributory data from 9 publications. All analyses were
conducted on the total patient population of these trials.

DATA EXTRACTION AND SYNTHESIS Standardized data search and abstraction were performed
following the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
Statement. Data were analyzed using a fixed-effect model.

MAIN OUTCOMES AND MEASURES Outcomes included time to the first event of (1) the
composite of major adverse CV events of myocardial infarction, stroke, or CV death, and each
component, (2) the composite of hospitalization for heart failure (HHF) or CV death (HHF/CV
death) and each component, and (3) kidney composite outcomes. For outcomes in the
overall trial populations and in selected subgroups, hazard ratios (HRs) and 95% CIs were
pooled and meta-analyzed across trials.

RESULTS Data from 6 trials comprised 46 969 unique patients with type 2 diabetes, including
31 116 (66.2%) with atherosclerotic CV disease. The mean (SD) age of all trial participants was
63.7 (7.9) years; 30 939 (65.9%) were men, and 36 849 (78.5%) were White. The median
number of participants per trial was 8246 (range, 4401-17 160). Overall, SGLT2 inhibitors were
associated with a reduced risk of major adverse CV events (HR, 0.90; 95% CI, 0.85-0.95; Q
statistic, P = .27), HHF/CV death (HR, 0.78; 95% CI, 0.73-0.84; Q statistic, P = .09), and kidney
outcomes (HR, 0.62; 95% CI, 0.56-0.70; Q statistic, P = .09), with no significant heterogeneity
of associations with outcome. Associated risk reduction for HHF was consistent across the trials
(HR, 0.68; 95% CI, 0.61-0.76; I2 = 0.0%), whereas significant heterogeneity of associations with
outcome was observed for CV death (HR, 0.85; 95% CI, 0.78-0.93; Q statistic, P = .02; I2 =
64.3%). The presence or absence of atherosclerotic CV disease did not modify the association
with outcomes for major adverse CV events (HR, 0.89; 95% CI, 0.84-0.95 and HR, 0.94; 95% CI,
0.83-1.07, respectively; P = .63 for interaction), with similar absence of associations with outcome
modification by prevalent atherosclerotic CV disease for HHF/CV death (P = .62 for interaction),
HHF (P = .26 for interaction), or kidney outcomes (P = .73 for interaction).

CONCLUSIONS AND RELEVANCE In this meta-analysis, SGLT2 inhibitors were associated with a
reduced risk of major adverse CV events; in addition, results suggest significant
heterogeneity in associations with CV death. The largest benefit across the class was for an
associated reduction in risk for HHF and kidney outcomes, with benefits for HHF risk being
the most consistent observation across the trials.
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with previous meta-analyses of cardiorenal outcomes of SGLT2
inhibitors,12,13 similar search methods and statistical method-
ology were used in the present study. One difference in the pres-
ent analyses includes the extraction of HR and 100 × (1 – α)%
CI for all eligible trials, whereas previous meta-analyses lim-
ited extraction to analyses reporting HR and 95% CI13 or pooled
different outcome metrics (eg, relative risk, odds ratio, HR) in
the same analysis.12 The present meta-analysis adds to those
previously published not only by the inclusion of data from
the VERTIS CV trial but also with the inclusion of additional
subgroup analyses (eg, baseline albuminuria level, baseline
HbA1c level) where data were published for 2 or more trials.

The present results augment the growing evidence base
that SGLT2 inhibitors in general are associated with favorable
CV and kidney outcomes; in addition, the present study re-
fines understanding of important differences in outcomes as-
sociated with drugs within the class. The trials completed to
date assessing the CV safety and effectiveness of SGLT2 in-
hibitors in patients with T2D have predominantly focused on

ASCVD-related outcomes. In this context, it is key to note that
in the overall pooled estimate, the beneficial outcome of SGLT2
inhibitors on MACE is rather modest and is demonstrated
within trials only for empagliflozin and canagliflozin. Like-
wise, only empagliflozin has demonstrated significant out-
comes for CV death risk reduction,19 with moderate hetero-
geneity across the class. Notably, the predominant CV outcome
of the SGLT2 inhibitors is an associated reduction in HHF,
highly consistent across the class achieving nominal signifi-
cance in each of the trials, with similar consistency across the
class for improving kidney outcomes, with ertugliflozin being
the only SGLT2 inhibitor without this demonstrated benefit.

Observed heterogeneity across the class for selected out-
comes, specifically for MACE, CV death, and composite kid-
ney outcomes, requires further exploration. Whether this is
due to differences in the populations studied and their risk pro-
files, differences in capture or definition of outcomes, or dif-
ferences in the drugs requires further evaluation. Pharmaco-
logically, ertugliflozin is most similar to empagliflozin with

Figure 1. Effects of Sodium-Glucose Cotransporter 2 Inhibitors on Major Adverse Cardiovascular Events—
Composite of Myocardial Infarction, Stroke, or Cardiovascular Death

Weight, %
Favors

treatment
Favors
placebo

0.2 21
HR (95% CI)

Treatment

No./total No.
Hazard ratio
(95% CI)

15.72490/4687 282/233337.4 43.9EMPA-REG OUTCOME 0.86 (0.74-0.99)
20.12NA/5795 NA/434726.9 31.5CANVAS program 0.86 (0.75-0.97)
32.02756/8582 803/857822.6 24.2DECLARE-TIMI 58 0.93 (0.84-1.03)
10.92217/2202 269/219938.7 48.7CREDENCE 0.80 (0.67-0.95)
21.23735/5499 368/274740.0 40.3VERTIS CV 0.99 (0.88-1.12)

Fixed-effects model (Q = 5.22; df = 4; P = .27; I2 = 23.4%) 0.90 (0.85-0.95)

Overall MACEsA
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Weight, %
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treatment
Favors
placebo

0.2 21
HR (95% CI)

Treatment

No./total No.
Hazard ratio
(95% CI)

Patients with ASCVD
19.19490/4687 282/233337.4 43.9EMPA-REG OUTCOME 0.86 (0.74-0.99)
21.16NA/3756 NA/290034.1 41.3CANVAS program 0.82 (0.72-0.95)
24.90483/3474 537/350036.8 41.0DECLARE-TIMI 58 0.90 (0.79-1.02)
8.82155/1113 178/110755.6 65.0CREDENCE 0.85 (0.69-1.06)
25.93735/5499 368/274740.0 40.3VERTIS CV 0.99 (0.88-1.12)

Fixed-effects model (Q = 4.53; df = 4; P = .34; I2 = 11.8%) 0.89 (0.84-0.95)
Patients without ASCVD

21.70NA/2039 NA/144715.8 15.5CANVAS program 0.98 (0.74-1.30)
62.07273/5108 266/507813.4 13.3DECLARE-TIMI 58 1.01 (0.86-1.20)
16.2362/1089 91/109222.0 32.7CREDENCE 0.68 (0.49-0.94)

Fixed-effects model (Q = 4.59; df = 2; P = .10; I2 = 56.5%) 0.94 (0.83-1.07)
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No./total No.
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ASCVD indicates atherosclerotic cardiovascular disease; CANVAS, Canagliflozin
Cardiovascular Assessment Study; CREDENCE, Evaluation of the Effects of
Canagliflozin on Renal and Cardiovascular Outcomes in Participants With
Diabetic Nephropathy; DECLARE-TIMI 58, Multicenter Trial to Evaluate the
Effect of Dapagliflozin on the Incidence of Cardiovascular Events;

EMPA-REG OUTCOME, Empagliflozin Cardiovascular Outcome Event Trial in
Type 2 Diabetes Mellitus Patients; MACEs, major adverse cardiovascular events;
NA, not available; VERTIS CV, Cardiovascular Outcomes Following Ertugliflozin
Treatment in Type 2 Diabetes Mellitus Participants With Vascular Disease.
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regard to selectivity for SGLT2, with dapagliflozin slightly less
selective and canagliflozin the least selective of the 4 drugs,33

yet only empagliflozin was associated with an improved risk
for CV death, and ertugliflozin is the only SGLT2 inhibitor of
the 4 studied that failed to reach statistical significance on the
prespecified kidney composite end point, although analysis
of eGFR change was associated with a significant improve-
ment by ertugliflozin. The definition of events comprising the
renal composite end point differed from that of the other CV
and renal outcomes trials. These discordant observations do
not seem attributable to differences in the doses studied, as
pharmacodynamic outcomes on HbA1c, blood pressure, and
body weight were similar across the trials. This finding am-
plifies the possibility that CV and kidney benefits are due to
mechanisms other than SGLT2. For example, off-target ef-
fects of SGLT2 inhibitors have been proposed, including the
direct effect on the sodium-hydrogen exchanger 1 (NHE1) in
the heart, NHE3 in the kidney, and NHE9 in inflammatory cells
that could influence MACE, heart failure, and kidney
outcomes.34 In addition, effects of selected SGLT2 inhibitors

on myocardial sodium, calcium, and potassium channels have
been demonstrated in preclinical models,35,36 raising the pos-
sibility of the drugs having effects on myocardial function and
rhythm stability independent of SGLT2 engagement. Contin-
ued investigation into the potential clinical relevance of such
observations and to what degree these effects differ between
members of the class is of utmost importance.

The benefits on risk for HHF and related outcomes apply
broadly to the class, independent of baseline ASCVD and prior
heart failure and across the spectrum of baseline eGFR. These
observations provide strong support for contemporary guide-
lines and medical society recommendations supporting the use
of SGLT2 inhibitors, regardless of glucose control, for pa-
tients with T2D with prevalent ASCVD and with or at high risk
of heart failure.5-7,9,10 This guidance prioritizes the use of SGLT2
inhibitors with proven efficacy (empagliflozin or canagli-
flozin for MACE; empagliflozin, canagliflozin, or dapagli-
flozin for kidney outcomes; all 4 drugs for heart failure), in-
dependent of glucose control considerations, in patients with
T2D with or at high risk for CV and kidney complications.

Figure 2. Effects of Sodium-Glucose Cotransporter 2 Inhibitors on Cardiovascular Death

Weight, %
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treatment
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Hazard ratio
(95% CI)

15.61172/4687 137/233312.4 20.2EMPA-REG OUTCOME 0.62 (0.49-0.77)
21.32NA/5795 NA/434711.6 12.8CANVAS program 0.87 (0.72-1.06)
25.24245/8582 249/85787.0 7.1DECLARE-TIMI 58 0.98 (0.82-1.17)
13.05110/2202 140/219919.0 24.4CREDENCE 0.78 (0.61-1.00)
24.77341/5499 184/274717.6 19.0VERTIS CV 0.92 (0.77-1.10)

Fixed-effects model (Q = 11.22; df = 4; P = .02; I2 = 64.3%) 0.85 (0.78-0.93)
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Treatment
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Patients with ASCVD
18.61172/4687 137/233312.4 20.2EMPA-REG OUTCOME 0.62 (0.49-0.77)
22.08NA/3756 NA/290014.8 16.8CANVAS program 0.86 (0.70-1.06)
19.64153/3474 163/350010.9 11.6DECLARE-TIMI 58 0.94 (0.76-1.18)
10.1475/1113 93/110725.7 32.4CREDENCE 0.79 (0.58-1.07)
29.52341/5499 184/274717.6 19.0VERTIS CV 0.92 (0.77-1.10)

Fixed-effects model (Q = 9.10; df = 4; P = .06; I2 = 56.1%) 0.83 (0.76-0.92)
Patients without ASCVD

24.02NA/2039 NA/14476.5 6.2CANVAS program 0.93 (0.60-1.43)
52.7092/5108 86/50784.4 4.1DECLARE-TIMI 58 1.06 (0.79-1.42)
23.2735/1089 47/109212.2 16.4CREDENCE 0.75 (0.48-1.16)

Fixed-effects model (Q = 1.65; df = 2; P = .44; I2 = 0.0%) 0.95 (0.77-1.17)

CV death by ASCVD statusB
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ASCVD indicates atherosclerotic cardiovascular disease; CANVAS, Canagliflozin
Cardiovascular Assessment Study; CREDENCE, Evaluation of the Effects of
Canagliflozin on Renal and Cardiovascular Outcomes in Participants With
Diabetic Nephropathy; CV, cardiovascular; DECLARE-TIMI 58, Multicenter Trial
to Evaluate the Effect of Dapagliflozin on the Incidence of Cardiovascular

Events; EMPA-REG OUTCOME, Empagliflozin Cardiovascular Outcome Event
Trial in Type 2 Diabetes Mellitus Patients; NA, not available;
VERTIS CV, Cardiovascular Outcomes Following Ertugliflozin Treatment in Type
2 Diabetes Mellitus Participants With Vascular Disease.
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IMPORTANCE Sodium-glucose cotransporter 2 (SGLT2) inhibitors favorably affect
cardiovascular (CV) and kidney outcomes; however, the consistency of outcomes across the
class remains uncertain.

OBJECTIVE To perform meta-analyses that assess the CV and kidney outcomes of all 4
available SGLT2 inhibitors in patients with type 2 diabetes.

DATA SOURCES A systematic literature search was conducted in PubMed from January 1, 2015,
to January 31, 2020.

STUDY SELECTION One hundred forty-five records were initially identified; 137 were excluded
because of study design or topic of interest. As a result, a total of 6 randomized,
placebo-controlled CV and kidney outcomes trials of SGLT2 inhibitors in patients with type 2
diabetes were identified, with contributory data from 9 publications. All analyses were
conducted on the total patient population of these trials.

DATA EXTRACTION AND SYNTHESIS Standardized data search and abstraction were performed
following the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
Statement. Data were analyzed using a fixed-effect model.

MAIN OUTCOMES AND MEASURES Outcomes included time to the first event of (1) the
composite of major adverse CV events of myocardial infarction, stroke, or CV death, and each
component, (2) the composite of hospitalization for heart failure (HHF) or CV death (HHF/CV
death) and each component, and (3) kidney composite outcomes. For outcomes in the
overall trial populations and in selected subgroups, hazard ratios (HRs) and 95% CIs were
pooled and meta-analyzed across trials.

RESULTS Data from 6 trials comprised 46 969 unique patients with type 2 diabetes, including
31 116 (66.2%) with atherosclerotic CV disease. The mean (SD) age of all trial participants was
63.7 (7.9) years; 30 939 (65.9%) were men, and 36 849 (78.5%) were White. The median
number of participants per trial was 8246 (range, 4401-17 160). Overall, SGLT2 inhibitors were
associated with a reduced risk of major adverse CV events (HR, 0.90; 95% CI, 0.85-0.95; Q
statistic, P = .27), HHF/CV death (HR, 0.78; 95% CI, 0.73-0.84; Q statistic, P = .09), and kidney
outcomes (HR, 0.62; 95% CI, 0.56-0.70; Q statistic, P = .09), with no significant heterogeneity
of associations with outcome. Associated risk reduction for HHF was consistent across the trials
(HR, 0.68; 95% CI, 0.61-0.76; I2 = 0.0%), whereas significant heterogeneity of associations with
outcome was observed for CV death (HR, 0.85; 95% CI, 0.78-0.93; Q statistic, P = .02; I2 =
64.3%). The presence or absence of atherosclerotic CV disease did not modify the association
with outcomes for major adverse CV events (HR, 0.89; 95% CI, 0.84-0.95 and HR, 0.94; 95% CI,
0.83-1.07, respectively; P = .63 for interaction), with similar absence of associations with outcome
modification by prevalent atherosclerotic CV disease for HHF/CV death (P = .62 for interaction),
HHF (P = .26 for interaction), or kidney outcomes (P = .73 for interaction).

CONCLUSIONS AND RELEVANCE In this meta-analysis, SGLT2 inhibitors were associated with a
reduced risk of major adverse CV events; in addition, results suggest significant
heterogeneity in associations with CV death. The largest benefit across the class was for an
associated reduction in risk for HHF and kidney outcomes, with benefits for HHF risk being
the most consistent observation across the trials.
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Although the mechanisms underpinning the CV and kid-
ney outcomes of SGLT2 inhibitors remain uncertain, it is clear
that the benefits are not attributable to glucose control per se.
For example, there was no association between baseline or
achieved glucose and CV or kidney outcomes in the EMPA-REG
OUTCOME trial supported by only modest association be-
tween HbA1c and outcomes in mediation analyses from that
trial.37-39 Similarly, in CREDENCE, whereas the between-group
contrast in HbA1c was the smallest of reported trials as ex-
pected with lower eGFR by the glucose-lowering mechanism of
action, the magnitude of benefits for MACE and for HHF were
numerically the largest across the trials. Although not specifi-
cally analyzed in the DAPA-HF (Dapagliflozin in Patients With
Heart Failure and Reduced Ejection Fraction) trial of dapagli-
flozinvsplacebo,apatientpopulationthatincludedpatientswith
or without diabetes, benefits on CV death, HHF, and their com-
posite were no different in those with or without diabetes, pro-
viding additional evidence discounting the role of the glucose-
modifying effects of the SGLT2 inhibitors accounting for their
benefit in CV disease. Outcomes trials are under way to assess

the use of empagliflozin and dapagliflozin for CV and kidney dis-
ease in extended patient populations independent of diabetes
status in patients with heart failure with reduced and
preserved40-42 ejection fraction and chronic kidney disease of
diverse diabetic and nondiabetic kidney disease etiologies.43,44

The first of these 2 latter trials, DAPA-CKD trial of dapagliflozin
vs placebo, was stopped early for efficacy outcome, with re-
sults presented at the 2020 European Society of Cardiology Sci-
entific Sessions but not yet published.45

When initially approved for clinical use, SGLT2 inhibitors
had product-labeled cautions or contraindications for use in
patients with reduced eGFR, based exclusively on the attenu-
ation of glycemic efficacy as eGFR wanes and without spe-
cific safety concerns that typically underpin eGFR-based pre-
scriptions. However, with the demonstration of CV and kidney
benefits across the spectrum of kidney function in patients en-
rolled in trials to date, an eGFR as low as 30 mL/min/1.73 m2

in EMPA-REG OUTCOME, the CANVAS trials, VERTIS CV, and
CREDENCE, liberalization of these restrictions is now justi-
fied. For example, based on the results from CREDENCE,22

Figure 3. Effects of Sodium-Glucose Cotransporter 2 Inhibitors on Hospitalization for Heart Failure

Weight, %
Favors

treatment
Favors
placebo

0.2 21
HR (95% CI)

Treatment

No./total No.
Hazard ratio
(95% CI)

16.09126/4687 95/23339.4 14.5EMPA-REG OUTCOME 0.65 (0.50-0.85)
17.10NA/5795 NA/43475.5 8.7CANVAS program 0.67 (0.52-0.87)
33.72212/8582 286/85786.2 8.5DECLARE-TIMI 58 0.73 (0.61-0.88)
16.0189/2202 141/219915.7 25.3CREDENCE 0.61 (0.47-0.80)
17.08139/5499 99/27477.3 10.5VERTIS CV 0.70 (0.54-0.90)

Fixed-effects model (Q = 1.39; df = 4; P = .85; I2 = 0.0%) 0.68 (0.61-0.76)

Overall HHFA

Rate/1000
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Placebo

No./total No.
Rate/1000
patient-years

Weight, %
Favors

treatment
Favors
placebo

0.2 21
HR (95% CI)

Treatment

No./total No.
Hazard ratio
(95% CI)

Patients with ASCVD
19.62126/4687 95/23339.4 14.5EMPA-REG OUTCOME 0.65 (0.50-0.85)
17.13NA/3756 NA/29007.3 11.3CANVAS program 0.68 (0.51-0.90)
29.66151/3474 192/350011.1 14.1DECLARE-TIMI 58 0.78 (0.63-0.97)
12.7459/1113 92/110720.6 33.2CREDENCE 0.61 (0.44-0.85)
20.84139/5499 99/27477.3 10.5VERTIS CV 0.70 (0.54-0.90)

Fixed-effects model (Q = 1.97; df = 4; P = .74; I2 = 0.0%) 0.70 (0.62-0.78)
Patients without ASCVD

16.38NA/2039 NA/14472.6 4.2CANVAS program 0.64 (0.35-1.15)
55.0761/5108 94/50783.0 4.6DECLARE-TIMI 58 0.64 (0.46-0.88)
28.5630/1089 49/109210.6 17.5CREDENCE 0.61 (0.39-0.96)

Fixed-effects model (Q = 0.03; df = 2; P = .99; I2 = 0.0%) 0.63 (0.50-0.80)

HHF by ASCVD statusB

Rate/1000
patient-years

Placebo

No./total No.
Rate/1000
patient-years

ASCVD indicates atherosclerotic cardiovascular disease; CANVAS, Canagliflozin
Cardiovascular Assessment Study; CREDENCE, Evaluation of the Effects of
Canagliflozin on Renal and Cardiovascular Outcomes in Participants With
Diabetic Nephropathy; DECLARE-TIMI 58, Multicenter Trial to Evaluate the
Effect of Dapagliflozin on the Incidence of Cardiovascular Events;

EMPA-REG OUTCOME, Empagliflozin Cardiovascular Outcome Event Trial in
Type 2 Diabetes Mellitus Patients; HHF, hospitalization for heart failure;
NA, not available; VERTIS CV, Cardiovascular Outcomes Following Ertugliflozin
Treatment in Type 2 Diabetes Mellitus Participants With Vascular Disease.
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canagliflozin has a product-labeled indication to reduce the in-
cidence and progression of kidney disease, approved for ini-
tiation down to an eGFR of 30 mL/min/1.73 m2, with use al-
lowed to continue in patients taking canagliflozin until
initiation of dialysis. Similarly, society recommendations and
guidelines endorse the use of all SGLT2 inhibitors for patients
with an eGFR of 30 mL/min/1.73 m2 or higher, independent of
glucose considerations and based wholly on the CV and kid-
ney benefits as supported by the present meta-analyses.5,10

The safety profile of the SGLT2 inhibitors is firmly estab-
lished, and the addition of the VERTIS CV data did not materi-
ally alter risk considerations for any specific adverse event. The
most common adverse effect is mycotic genital infections,16,19-22

typically mild and most often treated with over-the-counter
therapies. With regard to diabetic ketoacidosis, unlike the situ-
ation in patients with type 1 diabetes treated with SGLT2 in-
hibitors, where the relative risk and absolute risk increment for
diabetic ketoacidosis is much greater,46 the present summary
of reports from outcomes trials of patients with T2D demon-
strates a much lower incidence and a much more modest in-

cremental absolute risk for diabetic ketoacidosis. Risk miti-
gation strategies for SGLT2 inhibitor-associated diabetic
ketoacidosis focusing largely on type 1 diabetes have been pub-
lished by international authorities in the field, and probably can
also be applied to patients with T2D.46 Specifically, patients are
advised to not take the medication on days with diminished oral
intake and, when feeling generally unwell, to monitor ketones
with either urine dipsticks or point-of-care blood monitoring
of beta-hydroxybutyrate.46,47 With regard to amputation risk,
there is significant variability across the trials, with a signifi-
cant increase only observed in the CANVAS program with cana-
gliflozin. Of note, in the CANVAS program and in EMPA-REG
OUTCOME, amputation events were captured through ad-
verse event reporting without dedicated prospective event cap-
ture and source document collection, except during the final
few months of the CANVAS program when systematic data cap-
ture for amputations was implemented. All subsequent trials
have prospectively captured amputation events as an ad-
verse event of special interest with no evident incremental risk
noted, including in the CREDENCE trial of canagliflozin.22 In

Figure 4. Effects of Sodium-Glucose Cotransporter 2 Inhibitors on Kidney-Related Outcomes
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treatment
Favors
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0.2 21
HR (95% CI)

Treatment
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Hazard ratio
(95% CI)

11.5181/4645 71/23236.3 11.5EMPA-REG OUTCOME 0.54 (0.40-0.75)
18.66NA/5795 NA/43475.5 9.0CANVAS program 0.60 (0.47-0.77)
24.77127/8582 238/85783.7 7.0DECLARE-TIMI 58 0.53 (0.43-0.66)
25.28153/2202 224/219927.0 40.4CREDENCE 0.66 (0.53-0.81)
19.79175/5499 108/27479.3 11.5VERTIS CV 0.81 (0.64-1.03)

Fixed-effects model (Q = 7.96; df = 4; P = .09; I2 = 49.7%) 0.62 (0.56-0.70)

Overall kidney outcomesA

Rate/1000
patient-years

Placebo

No./total No.
Rate/1000
patient-years

Weight, %
Favors

treatment
Favors
placebo

0.2 21
HR (95% CI)

Treatment

No./total No.
Hazard ratio
(95% CI)

Patients with ASCVD
16.6781/4645 71/23236.3 11.5EMPA-REG OUTCOME 0.54 (0.40-0.75)
19.23NA/3756 NA/29006.4 10.5CANVAS program 0.59 (0.44-0.79)
18.0665/3474 118/35004.7 8.6DECLARE-TIMI 58 0.55 (0.41-0.75)
17.3769/1113 102/110724.1 36.5CREDENCE 0.64 (0.47-0.87)
28.66175/5499 108/27479.3 11.5VERTIS CV 0.81 (0.64-1.03)

Fixed-effects model (Q = 6.09; df = 4; P = .19; I2 = 34.4%) 0.64 (0.56-0.72)
Patients without ASCVD

15.72NA/2039 NA/14474.1 6.6CANVAS program 0.63 (0.39-1.02)
37.4162/5108 120/50783.0 5.9DECLARE-TIMI 58 0.51 (0.37-0.69)
46.8784/1089 122/109229.9 44.3CREDENCE 0.68 (0.51-0.89)

Fixed-effects model (Q = 1.86; df = 2; P = .40; I2 = 0.0%) 0.60 (0.50-0.73)

Kidney outcomes by ASCVD statusB

Rate/1000
patient-years

Placebo

No./total No.
Rate/1000
patient-years

ASCVD indicates atherosclerotic cardiovascular disease; CANVAS, Canagliflozin
Cardiovascular Assessment Study; CREDENCE, Evaluation of the Effects of
Canagliflozin on Renal and Cardiovascular Outcomes in Participants With
Diabetic Nephropathy; DECLARE-TIMI 58, Multicenter Trial to Evaluate the
Effect of Dapagliflozin on the Incidence of Cardiovascular Events;

EMPA-REG OUTCOME, Empagliflozin Cardiovascular Outcome Event Trial in
Type 2 Diabetes Mellitus Patients; NA, not available; VERTIS CV, Cardiovascular
Outcomes Following Ertugliflozin Treatment in Type 2 Diabetes Mellitus
Participants With Vascular Disease.
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American Diabetes Association
Professional Practice Committee*

The American Diabetes Association (ADA) “Standards of Medical Care in Dia-
betes” includes the ADA’s current clinical practice recommendations and is
intended to provide the components of diabetes care, general treatment goals
and guidelines, and tools to evaluate quality of care. Members of the ADA Pro-
fessional Practice Committee, a multidisciplinary expert committee (https://
doi.org/10.2337/dc22-SPPC), are responsible for updating the Standards of
Care annually, or more frequently as warranted. For a detailed description of
ADA standards, statements, and reports, as well as the evidence-grading sys-
tem for ADA’s clinical practice recommendations, please refer to the Standards
of Care Introduction (https://doi.org/10.2337/dc22-SINT). Readers who wish
to comment on the Standards of Care are invited to do so at professional
.diabetes.org/SOC.

PHARMACOLOGIC THERAPY FOR ADULTS WITH TYPE 1 DIABETES

Recommendations

9.1 Most individuals with type 1 diabetes should be treated with multiple daily
injections of prandial and basal insulin, or continuous subcutaneous insulin
infusion. A

9.2 Most individuals with type 1 diabetes should use rapid-acting insulin analogs
to reduce hypoglycemia risk. A

9.3 Individuals with type 1 diabetes should receive education on how to match
mealtime insulin doses to carbohydrate intake, fat and protein content, and
anticipated physical activity. B

Insulin Therapy
Because the hallmark of type 1 diabetes is absent or near-absent b-cell function,
insulin treatment is essential for individuals with type 1 diabetes. In addition to
hyperglycemia, insulinopenia can contribute to other metabolic disturbances like
hypertriglyceridemia and ketoacidosis as well as tissue catabolism that can be life
threatening. Severe metabolic decompensation can be, and was, mostly prevented
with once or twice daily injections for the six or seven decades after the discovery
of insulin. However, over the past three decades, evidence has accumulated sup-
porting more intensive insulin replacement, using multiple daily injections of insulin
or continuous subcutaneous administration through an insulin pump, as providing
the best combination of effectiveness and safety for people with type 1 diabetes.
The Diabetes Control and Complications Trial (DCCT) demonstrated that intensive

*A complete list of members of the American
Diabetes Association Professional Practice Com-
mittee can be found at https://doi.org/10.2337/
dc22-SPPC.

Suggested citation: American Diabetes Asso-
ciation Professional Practice Committee. 9. Phar-
macologic approaches to glycemic treatment:
Standards of Medical Care in Diabetes—2022.
Diabetes Care 2022;45(Suppl. 1):S125–S143

© 2021 by the American Diabetes Association.
Readers may use this article as long as the
work is properly cited, the use is educational
and not for profit, and the work is not altered.
More information is available at https://
diabetesjournals.org/journals/pages/license.
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ate context, see Fig. 4.1. The 2022 ADA PPC adaptation emphasizes incorporation of therapy rather than sequential add-on, which may require adjustment of current therapies. Therapeutic regimen
should be tailored to comorbidities, patient-centered treatment factors, and management needs. ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; CVD, cardiovascular dis-
ease; CVOTs, cardiovascular outcomes trials; DPP-4i, dipeptidyl peptidase 4 inhibitor; eGFR, estimated glomerular filtration rate; GLP-1 RA, glucagon-like peptide 1 receptor agonist; HF, heart failure;
SGLT2i, sodium–glucose cotransporter 2 inhibitor; SU, sulfonylurea; T2D, type 2 diabetes; TZD, thiazolidinedione.
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Terapia	non	insulinica	nel	DM	/po	2	Anziano	

VANTAGGI DEI DPP4-Inibitori 
 

•  Sono tutti farmaci somministrabili per os 
•  Non provocano ipoglicemia 
•  Sono neutri sul peso corporeo 
•  Somministrati, con opportune riduzioni di dosaggio e 

senza effetti avversi, nell’IRC, e persino in pazienti 
emodializzati 

•  Sono farmaci che possono vantare il maggior numero 
di studi di intervento effettuati specificamente su 
pazienti diabetici di età ≥ 65 e perfino 75 anni 

•  Sicuri quando usati in pazienti ad elevato rischio CV 
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AMD | L’approccio clinico assistenziale al paziente anziano con diabete mellito tipo 2 49 

I dati della letteratura evidenziano un’efficacia sul controllo glicometabolico leggermente inferiore 

rispetto agli altri ipoglicemizzanti orali35,52 (in monoterapia, calo dell’emoglobina glicata intorno allo 

0,8%) agendo prevalentemente sulla glicemia postprandiale, senza provocare ipoglicemia. 

Oltre 8 anni di uso nella pratica clinica quotidiana hanno inoltre permesso di documentare un 

eccellente profilo di sicurezza, escludendo aumentato rischio di morte per tutte le cause, di 

neoplasie, di pancreatiti e di importanti seri eventi avversi35,53-56. 

Tutte queste caratteristiche ne fanno una classe da considerare di prima linea nel 

trattamento del paziente diabetico anziano, in aggiunta o in alternativa alla metformina 

qualora questa non fosse tollerata o controindicata. 

Tuttavia, si segnala come, negli studi sulla sicurezza cardiovascolare, sia stato riportato un 

aumento dei ricoveri per scompenso cardiaco nei bracci di trattamento con saxagliptin57 e 

alogliptin49 (in quest’ultimo caso, un aumento non statisticamente significativo), anche se un recente 

studio osservazionale retrospettivo, con una consistente numerica di pazienti, non ha confermato 

tale trend58. 

 

BOX 4. Metformina e/o DPP4 inibitori sono i farmaci da considerare di prima linea (salvo 
controindicazioni) nel trattamento del paziente diabetico anziano. 

 

I dati recenti dell’Osservatorio Arno sul profilo assistenziale della popolazione anziana con 

diabete mostrano peraltro come i DPP4 inibitori siano prescritti in circa il 10% dei pazienti, una 

percentuale nettamente inferiore alle sulfoniluree (31%) e alla repaglinide (11,9%)59. 

 

Analoghi del GLP1/agonisti del recettore GLP1 
Al momento attuale in Italia sono disponibili exenatide, lixisenatide, liraglutide, exenatide LAR e 

dulaglutide; tutti da somministrare per via sottocutanea, quotidiana o settimanale. 

L’effetto sulla omeostasi glicemica è sia sulla glicemia a digiuno (long acting) che su quella 

postprandiale (short acting), con un abbassamento dell’emoglobina glicata dell’ 1-1,5% circa; il calo 

può essere più consistente se il trattamento viene iniziato a valori elevati di emoglobina glicata60-62. 

In associazione a metformina, nei trial di confronto diretto, gli agonisti del GLP1 hanno 

un’efficacia superiore agli inibitori DPP463-65 e uguale o superiore a sulfoniluree66,67 e pioglitazone63. 

E studi di confronto testa a testa evidenziano come gli analoghi a emivita più lunga (liraglutide, 



persons, given a greater absolute risk reduction in clinical
events, and larger improvements in health status in this
group.

Despite concerns that frail patients (due to a greater
comorbidity burden, polypharmacy, and reduced tolerance
to treatments) are more likely to discontinue treatment and
have more adverse drug reactions than nonfrail patients (2,
8), data on safety and tolerability in DAPA-HF were reassur-
ing. Not surprisingly, we found that frail patients overall
were more likely to discontinue study treatment (including
placebo) and more frequently had serious adverse events,
although neither was common. Importantly, study drug dis-
continuation and serious adverse events were not more
frequently reported in the dapagliflozin group than in the
placebo group in any of the frailty classes. These data
underline the safety and tolerability of dapagliflozin in
patients with HFrEF, regardless of the degree of frailty.

Like any other clinical HFrEF trial investigating the ef-
ficacy and safety of a novel therapy, DAPA-HF had pre-
specified eligibility criteria for enrollment in the trial. This
is important when interpreting the findings from the
present study. First, patients enrolled in clinical HFrEF tri-
als are not fully representative of the general HFrEF pop-
ulation (for example, the use of evidence-based, disease-
modifying therapy is greater in clinical trials), which may
affect the generalizability of our results to a “real-world”
HFrEF population. Second, the most frail patients with
HF are excluded from clinical HFrEF trials or only com-
prise a small proportion of the trial population, and this
may affect the generalizability of our results to the very
frail patients. Although the effect of dapagliflozin on the
risk for the primary outcome was consistent across the
range of FI (0 to 0.531) and a larger absolute risk reduc-
tion was observed in the most frail patients, it is possible
that the beneficial effects of this therapy may be attenu-
ated in very frail patients. Interestingly, in a population-
based observational study of 6360 patients diagnosed
with HF in the primary care sector in England, only 1.4%
of the participants had an FI higher than 0.360 (11).

This study has some limitations. As discussed, the
prespecified inclusion and exclusion criteria precluded

the enrollment of very low-risk patients (for example,
NYHA class I and NT-proBNP <400 pg/mL) and high-risk
patients, whichmay affect the generalizability of our results.
Although one of the main advantages of the Rockwood cu-
mulative deficit approach, compared with many other frailty
scores, is the incorporation of health deficits across several
domains, including cognition, activities of daily living, social
relations or support, comorbid diseases, and abnormal labo-
ratory results, this approachmay also be limited by, perhaps,
simplifying a very complex syndrome by summarizing frailty
into a single number. In this regard, it would have been inter-
esting to directly compare this approach with other types of
frailty scores in DAPA-HF. However, due to the lack of tests
of muscle strength and functional capacity in DAPA-HF, we
could not test other types of frailty scores. Although baseline
characteristics were balanced between the dapagliflozin and
placebogroup in each FI class, it is conceivable that unmeas-
ured confounders were not balanced between treatment
groups. Finally, data on echocardiographic measures were
not available in the present study.

In DAPA-HF, dapagliflozin, compared with placebo,
reduced the risk for worsening HF events, cardiovascular
death, and all-cause death, and improved symptoms, phys-
ical function, and quality of life, regardless of the level of
frailty. However, the absolute reductions in clinical events
and improvements in health status were larger in more frail
patients. These findings are important considering the
common reluctance of clinicians to introduce medications
to patients that are perceived to be frail.

From British Heart Foundation Cardiovascular Research Centre,
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Figure 2. Mean change in individual physical and social activity items from baseline to 8 months with dapagliflozin versus placebo
according to FI.
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Responses to the questions were scaled to 0 to 100, with higher score indicating a lesser degree of limitation. Responses of “limited for other reasons”
or “did not do the activity” were not allocated a score. The question about “Intimate relationships with loved ones” was excluded as only 64% of patients
with baseline data from the Kansas City Cardiomyopathy Questionnaire responded to this question. Higher FI indicates greater frailty. FI = Frailty Index.
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Background: Frailty may modify the risk!benefit profile of
certain treatments, and frail patients may have reduced tolerance
to treatments.

Objective: To investigate the efficacy of dapagliflozin according
to frailty status, using the Rockwood cumulative deficit approach,
in DAPA-HF (Dapagliflozin and Prevention of Adverse Outcomes
in Heart Failure).

Design: Post hoc analysis of a phase 3 randomized clinical
trial. (ClinicalTrials.gov: NCT03036124)

Setting: 410 sites in 20 countries.

Patients: Patients with symptomatic heart failure (HF) with a
left ventricular ejection fraction of 40% or less and elevated
natriuretic peptide.

Intervention: Addition of once-daily 10 mg of dapagliflozin
or placebo to guideline-recommended therapy.

Measurements: The primary outcome was worsening HF or
cardiovascular death.

Results: Of the 4744 patients randomly assigned in DAPA-
HF, a frailty index (FI) was calculable in 4742. In total, 2392
patients (50.4%) were in FI class 1 (FI ≤0.210; not frail), 1606

(33.9%) in FI class 2 (FI 0.211 to 0.310; more frail), and 744
(15.7%) in FI class 3 (FI ≥0.311; most frail). The median fol-
low-up time was 18.2 months. Dapagliflozin reduced the risk
for worsening HF or cardiovascular death, regardless of FI
class. The differences in event rate per 100 person-years for
dapagliflozin versus placebo from lowest to highest FI class
were !3.5 (95% CI, !5.7 to !1.2), !3.6 (CI, !6.6 to !0.5),
and !7.9 (CI, !13.9 to !1.9). Consistent benefits were
observed for other clinical events and health status, but the
absolute reductions were generally larger in the most frail
patients. Study drug discontinuation and serious adverse
events were not more frequent with dapagliflozin than pla-
cebo, regardless of FI class.

Limitation: Enrollment criteria precluded the inclusion of
very high-risk patients.

Conclusion: Dapagliflozin improved all outcomes examined,
regardless of frailty status. However, the absolute reductions
were larger in more frail patients.

Primary Funding Source: AstraZeneca.

Ann Intern Med. 2022;175:820-830. doi:10.7326/M21-4776 Annals.org
For author, article, and disclosure information, see end of text.
This article was published at Annals.org on 26 April 2022.

F railty is a syndrome of increased vulnerability to
endogenous and exogenous stressors due to loss of

homeostatic reserves (“intrinsic capacity”) across several
physiologic systems, leading to poor health outcomes
(1, 2). Frailty is related to, but distinct from, both aging
and comorbidity. Physiologic reserves (“resilience”) decline
with age but do so at a different rate in people of the same
age. Diseases may cumulatively reduce resilience and act
also as stressors on these reserves. Young people can be
frail and the consequences of frailty are not specific to a
particular disease and may include effects on appetite
and cognition, and frailty may lead to falls, disability, de-
pendency, and premature death (1, 3, 4). Health care
use in frail patients is several-fold greater than in nonfrail
patients (1, 3, 4).

The relationship between frailty and heart failure (HF)
is of particular interest because these conditions often
coexist, and each increases the likelihood of the other.
Thus, patients with HF are up to 6 times more likely to
be frail than the general population, and, due to shared
pathophysiologic mechanisms, including inflammation,
HF may accelerate the development of frailty, and frail
persons may be at higher risk for developing HF (4–7).
Therefore, frailty can be regarded as both a cause and
consequence of HF. Frail patients with HF also have a
substantially higher risk for death, hospitalizations, and
functional decline than nonfrail patients with HF, and
reducing the risk for developing frailty, slowing its pro-
gression, and even reversing frailty are now recognized
goals in the holistic management of HF (8–14).

The effects of new HF therapies in frail patients are
also of interest for several reasons. First, frailty may mod-
ify the risk–benefit profile of certain treatments, for exam-
ple, that of cardiac resynchronization therapy, where the
benefit may be less in frail persons (15, 16). Second, due
to greater associated comorbidity, polypharmacy, and

See also:

Web-Only
Supplement
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Dapagliflozin	substan0ally	reduced	the	risk	for	worsening	HF	events,	cardiovascular	death,	and	all-cause	death,	
and	improved	symptoms,	physical	func0on,	and	quality	of	life,	regardless	of	frailty	class.		

	
The	absolute	reduc/ons	in	clinical	events	and	improvements	in	health	status		

were	generally	larger	in	the	most	frail	pa/ents.		
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Across	all	/me	points	empagliflozin	reduced	the	risk	of	HF	re-
hospitaliza/on	or	death	outcomes	versus	placebo	

Savarese G et al. Circulation 2019;139:1458 

Frequency of HF re-hospitalization (second events), separate or combined with CV death or any death by time window following admission date of 
first HHF. A total of n=221 patients with index HHF were evaluated (126 receiving either dose of empagliflozin, and 95 receiving placebo). CV, 
cardiovascular; HF, heart failure; HHF, hospitalization for heart failure.  
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placebo) in leaner subgroups was observed for albiglutide, 
but not for liraglutide.

Discussion

The number of available trials comparing GLP-1 RA with 
placebo or other active drugs is quite substantial, enrolling 

about 35,000 patients. Conversely, despite the availability 
of several molecules with different kinetic profile, there are 
still a few head-to-head comparisons. Completed trials, how-
ever, are sufficient to establish differences in efficacy across 
molecules of the class, with long-acting GLP-1 RA appar-
ently being more effective on HbA1c than shorter-acting 
molecules [32, 33]. In addition, some differences of efficacy 
could exist also between different long-acting GLP-1 RA 

Fig. 3  Meta-regression 
analyses exploring, in placebo-
controlled trials, the effect 
of GLP-1 RA on HbA1c at 
24 weeks, on the basis of the 
inclusion criteria and coun-
tries involved in the studies. a 
Exenatide bid; b liraglutide; c 
lixisenatide
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[34, 35]. As a consequence, efficacy results obtained with 
different molecules of the class cannot be pooled together for 
the exploration of the moderating effect of putative predic-
tors. This limits the statistical power of our analysis. In fact, 
most of the planned analyses could be performed only for 
placebo-controlled trials and for three molecules of the class 
(exenatide bid, lixisenatide, and liraglutide).

Despite this limitation, some factors possibly affecting 
the efficacy of GLP-1 RA could be identified.

One of the possible moderators of the action of GLP-1 
RA is age. Results from the few available subgroup analyses 
from randomized trials are discordant, showing a greater 
efficacy either in older [15, 28] or in younger [27] patients. 
Notably, the trial reporting a greater efficacy in older 
patients was an open-label comparison with prandial rapid-
acting insulin; it is possible that the investigators were more 
cautious in up-titration of insulin in older patients, in order 
to limit hypoglycaemic risk. In meta-regression analyses of 
placebo-controlled trials with exenatide bid, lixisenatide, 
and liraglutide, mean age at enrolment was not correlated 
with the efficacy of the active drug. Meta-analyses of tri-
als grouped on the basis of inclusion criteria did not high-
light any difference related to maximum age at enrolment. 
Conversely, in trials with lixisenatide, a greater efficacy was 
observed in studies explicitly excluding paediatric popula-
tions. This result could be a play of chance; it could also be 
speculated that the exclusion of younger individuals reduces 
the probability of enrolling patients with autoimmune (type 
1) diabetes. Overall, age does not seem to be a relevant mod-
erator of the efficacy of GLP-1 RA.

Two trials with liraglutide reported a greater efficacy 
in Caucasian versus non-Caucasian populations, the latter 
being mainly represented by Asians [22, 23]. On the other 
hand, the efficacy of the short-acting GLP-1 RA exenatide 
bid and lixisenatide in placebo-controlled trials performed in 
Asia was not different from that observed in trials conducted 
elsewhere. This point deserves further investigation.

Considering that GLP-1 RA have a relevant weight-reduc-
ing effect, it would be reasonable to hypothesize a greater 
efficacy of these drugs in obese patients. In fact, weight 
loss could theoretically contribute to the therapeutic action 
of GLP-1 RA on glycaemic control [36]. The few studies 
reporting subgroup analyses based on BMI at enrolment 
suggest a different picture, with leaner patients obtaining 
greater reductions of HbA1c in two trials [17, 28]. In accord 
with these observations, exenatide bid and lixisenatide have 
a greater effect on HbA1c over placebo in trails excluding 
subjects with BMI over 45 kg/m2. Conversely, in placebo-
controlled trials with liraglutide the efficacy on HbA1c is 
greater when the mean BMI at enrolment is higher. Notably, 
among patients with type 2 diabetes, those with a higher 
BMI have, on average, a higher fasting hyperglycaemia, with 
lower postprandial excursions [37]; long-acting GLP-1 RA, 
such as liraglutide, have a higher efficacy on fasting glucose, 
whereas short-acting agents are more effective on postpran-
dial increases in glycaemia [25, 38].

The different profile of action of individual GLP-1 RA, 
depending on kinetics, on fasting and postprandial glucose, 
could be a relevant factor for the choice of the most appropri-
ate drug in individual patients. In fact, in placebo-controlled 
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24-week mean reduction of HbA1c with GLP-1 RA was 
− 0.75 [− 0.87; − 0.63]%. Shorter-acting molecules appear 
to be more effective in patients with lower fasting glucose, 
whereas longer-acting agents in patients with higher fasting 
hyperglycaemia. Obesity and duration of diabetes do not 
seem to moderate the efficacy of GLP-1 RA, whereas in 
non-Caucasians and older patients liraglutide could be less 
effective. At 52 weeks, only 9 placebo-controlled trials were 
available for preventing any reliable analyses.
Conclusions Using a variety of approaches (meta-analyses 
of subgroup of trials, meta-regression, systematic review of 
subgroup analyses in individual trials, and meta-analyses 
of subgroups of patients), we identified some putative pre-
dictors of efficacy of GLP-1 RA, which deserve further 
investigation.

Keywords Incretins · Systematic review · Type 2 diabetes 
mellitus

Introduction

The number of different drugs available for the treatment of 
type 2 diabetes has been steadily increasing over the years. 
Although most guidelines still recommend metformin mono-
therapy as the pharmacological treatment of choice in drug-
naïve patients with type 2 diabetes [1, 2], several agents can 
be used as add-on in patients failing to metformin [3, 4]. 
The common view is that no single agent can be considered 
superior to all the others and that the choice should be made 
on the basis of patient’s characteristics [3]. The Consensus 
Statement of the American Diabetes Association and of the 
European Association for the Study of Diabetes suggests a 
patient-centred approach to pharmacological treatment, in 
which the choice of the drug (or combination of drugs) is 

Abstract 
Aims The aim of the present meta-analysis is the identi-
fication of the characteristics of patients, which predict the 
efficacy on HbA1c of glucagon-like peptide-1 receptor ago-
nists (GLP-1 RA).
Methods A Medline and Embase search for “exenatide” 
OR “liraglutide” OR “albiglutide” OR “dulaglutide” OR 
“lixisenatide” was performed, collecting randomized clinical 
trials (duration > 12 weeks) up to September 2016, compar-
ing GLP-1 RA at the maximal approved dose with placebo 
or active drugs. Furthermore, unpublished studies were 
searched in the www.clinicaltrials.gov register. For meta-
analyses, the outcome considered were 24- and 52-week 
HbA1c. Separate analyses were performed, whenever pos-
sible, for subgroups of trials based on several inclusion cri-
teria. In addition, meta-regression analyses were performed 
for comparisons for which 10 or more trails were available.
Results A total of 92 trials fulfilling the inclusion criteria 
were identified. In placebo-controlled trials (n = 41), the 
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A B S T R A C T

Aims: To assess the cardiovascular effects of glucagon-like peptide-1 receptor agonists

(GLP-1 RAs) and sodium-glucose co-transporter-2 (SGLT2) inhibitors in older people with

type 2 diabetes.

Methods: PubMed, Embase, and Cochrane library were searched up to November 2020 for

cardiovascular outcomes trials with GLP-1 RAs or SGLT2 inhibitors that reported results

for older patients with type 2 diabetes. Random-effects meta-analyses were conducted

for different age subgroup categories.

Results: A total of 11 studies (93,502 patients) were included. Consistent with their effect in

the overall population, in patients !65 years, GLP-1 RAs reduced major adverse cardiovas-

cular events (MACE) (hazard ratio [HR], 0.86; 95% confidence interval [CI], 0.80–0.92), cardio-

vascular death, stroke, and myocardial infarction. In the same age subgroup, SGLT2

inhibitors reduced MACE (HR, 0.90; 95% CI, 0.83–0.98) but had a neutral effect on its compo-

nents. They also reduced heart failure hospitalization (HR, 0.62; 95% CI, 0.51–0.76), an effect

that was not evident in patients <65 years, and the composite renal endpoint (HR, 0.57; 95%

CI, 0.43–0.77). Meta-analyses for patients !75 years yielded similar results.

Conclusions: In older adults with diabetes, GLP-1 RAs reduced MACE and its components.

SGLT2 inhibitors reduced MACE, and heart failure and renal outcomes.
! 2021 Elsevier B.V. All rights reserved.

https://doi.org/10.1016/j.diabres.2021.108737
0168-8227/! 2021 Elsevier B.V. All rights reserved.
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and no subgroup difference (P-interaction = 0.38) was found
between patients older than 65 years and those younger than

65 years (Fig. 2). The subgroup analysis using the cutoff of
75 years yielded similar results with a non-significant P-
interaction value of 0.16 (Table 2).

3.4. Mortality

GLP-1 RAs reduced cardiovascular mortality by 22% (HR = 0.78;
95% CI = 0.63–0.97; I2 = 25%; two trials) and no subgroup differ-
ence (P-interaction = 0.95) was found between patients aged
65 years or older (HR = 0.81; 95% CI = 0.67–0.99) and patients
younger than 65 years (Fig. 1). SGLT2 inhibitors had no effect

on cardiovascular mortality in the overall population
(HR = 0.81; 95% CI = 0.64–1.03; I2 = 66%; two trials) and in sub-
group analyses using the cutoffs of 65 years (Fig. 2) or 75 years
(Table 2). All-cause mortality was reduced with SGLT2 inhibi-
tors in the overall population (HR = 0.81; 95% CI = 0.67–0.99;
I2 = 70%; two trials) and no difference (P-interaction = 0.95)
was found between patients older than 65 years and younger
patients (Fig. 1).

3.5. Stroke and myocardial infarction

Risk for stroke was reduced with GLP-1 RAs in the overall pop-
ulation (HR = 0.80; 95% CI = 0.69–0.92; I2 = 0%; three trials) and
no difference (P-interaction = 0.70) was found between
patients older than 65 years (HR = 0.82; 95% CI = 0.68–0.98)
and those younger than 65 years (Fig. 1). SGLT2 inhibitors
had no effect on stroke in the overall population (HR = 0.99;
95% CI = 0.81–1.20; I2 = 58%; three trials); however, the effect
estimate was marginally non-significant in patients older

than 65 years (HR = 0.83; 95% CI = 0.69–1.00) and a significant
subgroup effect (P-interaction = 0.02) was detected between

these patients and those younger than 65 years (HR = 1.18;
95% CI = 0.94–1.48) (Fig. 2).

In the overall population, GLP-1 RAs reduced the risk for
myocardial infarction by 15% (HR = 0.85; 95% CI = 0.73–0.98;
I2 = 0%; two trials) and no difference (P-interaction = 0.75)
was found between patients older than 65 years and younger
patients (Fig. 1).

3.6. Heart failure outcomes

SGLT2 inhibitors consistently reduced the risk for the com-

posite outcome of cardiovascular death or heart failure hospi-
talization both in the overall population (HR = 0.79; 95%
CI = 95% CI 0.71–0.88; I2 = 47%; four trials) and in patients older
than 65 years (HR = 0.78; 95% CI = 0.66–0.93) and those
younger than 65 years (Fig. 2). Similarly, no subgroup differ-
ence was evident (P-interaction = 0.83) between patients older
than 75 years and patients younger than 75 years (Table 2).

SGLT2 inhibitors reduced hospitalization for heart failure
in the overall population (HR = 0.71; 95% CI = 0.59–0.85;
I2 = 0%; two trials), but this effect was restricted to patients
aged 65 years or older (HR = 0.62; 95% CI = 0.51–0.76; P-interac

tion = 0.06), whereas no treatment effect was found in
patients younger than 65 years (Fig. 2). No subgroup differ-
ence (P-interaction = 0.70) was detected in the analysis using
the cutoff of 75 years (Table 2). GLP-1 RAs had no effect on
hospitalization for heart failure either in the overall popula-
tion (HR = 1.00; 95% CI = 0.77–1.30; I2 = 61%; two trials) or in
subgroups of patients older than 65 years and those younger
than 65 years (Fig. 1).

Fig. 1 – Meta-analysis results versus placebo in subgroups of patients <65 years and !65 years for trials with GLP-1 receptor
agonists. The effect estimate for the overall population was in favor of GLP-1 receptor agonists for three-component MACE,
cardiovascular death, stroke, myocardial infarction, and heart failure hospitalization. Number of events (n) and patients
analyzed (N) include data both for GLP-1 receptor agonist and placebo arms. CI, confidence interval; GLP-1 RA, glucagon-like
peptide-1 receptor agonist; MACE, major adverse cardiovascular events.
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Individualized Glycemic Goals for
Older Adults Are a Moving
Target
Diabetes Care 2022;45:1029–1031 | https://doi.org/10.2337/dci22-0004

Scott J. Pilla,1,2,3

Zhinous Shahidzadeh Yazdi,4 and
Simeon I. Taylor4

Treatment of type 2 diabetes (T2D) has
several objectives: 1) decreasing risks of
microvascular complications (retinopa-
thy, nephropathy, and neuropathy), 2)
decreasing risks of cardiovascular com-
plications, and 3) avoiding hypoglycemia
and symptomatic hyperglycemia. The
American Diabetes Association (ADA)
and European Association for the Study
of Diabetes advocate a patient-centered
approach to achieve these goals (1–3).
This general guidance implicitly raises
questions. Which patient-related factors
should be considered in designing a
therapeutic regimen? How should the
treatment regimen be modified to take
these factors into account? The ADA’s
guidelines incorporate an approach to
select an individualized hemoglobin A1c
(HbA1c) target for older adults based on
their comorbidities and function, which
act as proxies for life expectancy (3). In
this issue of Diabetes Care, Le et al. (4)
focus on how this specific guidance was
implemented in older Americans (aged
$65 years) between 2001 and 2018.
They conclude that “in accordance with
the ADA’s recommendation, glycemic
targets for older patients have been
relaxed.” In other words, as the guide-
lines transitioned to less aggressive indi-
vidualized targets, the average HbA1c for
older Americans with T2D receiving dia-
betes medications increased from 6.9%
to 7.2%. Further, older Americans in this

cohort achieved similar mean HbA1c lev-
els regardless of whether they were
judged to be in “good,” “intermediate,”
or “poor” health.

Le et al. (4) interpret their findings as
evidence that clinicians are failing to
practice individualized care in accor-
dance with the ADA’s recommendations.
This may be partly true, and reports
such as that of substantial numbers of
older veterans experiencing severe hypo-
glycemia while receiving hospice care are
sobering examples of failures of individu-
alization (5). However, for many older
patients, clinicians may reasonably be
considering factors for individualization
beyond their life expectancy. An impor-
tant factor listed in guidelines is patient
preference. Current evidence suggests
that many older adults will be reluctant
to accept higher glucose levels and do
not want longer-term life expectancy dic-
tating their treatment (6,7). Clinicians
may also be concerned that focusing on
life expectancy will be perceived as giving
up on patients and jeopardize the thera-
peutic relationship (8). Further, there
may be external barriers to achieving an
individualized glycemic target. Notably,
insurance coverage gaps for Medicare
beneficiaries often result in high out-of-
pocket costs for diabetes medications,
restricting access to newer medication
classes that have better safety profiles
(9).

Although we strongly advocate for
individualized approaches to glycemic
targets, the classification system in the
ADA guidelines may often be insuffi-
cient to support clinical decision-making
in this area. Older patients classified as
having “complex/intermediate” health are
extremely heterogeneous, comprising the
majority of the population in the study by
Le et al. (4). This category encompasses a
72-year-old woman with hypertension
and emphysema who, based on the best
available prognostic tools, would have a
10-year mortality as low as 20% and life
expectancy of up to 20 years (10,11). It
would also include other 72-year-old indi-
viduals with more serious comorbidities
and life expectancies of <5 years (10,11).
Clinicians know that a patient with well-
controlled emphysema is not equivalent
to one who has daily dyspnea and strug-
gles to leave the home. Nevertheless,
each of these patients could have a
recommended HbA1c target of <8.0%
according to guidelines (3).

While the data of Le et al. (4)
describe how glycemic control has
evolved over time, recent therapeutic
advances have important implications
for pharmacological approaches to treat
hyperglycemia. Three important new
classes of HbA1c-lowering drugs were
approved between 2005 and 2013:
dipeptidyl peptidase 4 (DPP-4) inhibi-
tors, glucagon-like peptide 1 (GLP-1)
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Some	 coexis/ng	 medical	 condi/ons	 (e.g.,	 major	 adverse	
cardiovascular	disease,	conges/ve	heart	failure,	or	diabe/c	kidney	
disease)	represent	indica/ons	for	using	an	SGLT2	inhibitor	or	a	
GLP-1	receptor	agonist,	regardless	of	HbA1c		



NOTA	100	

Nel paziente senza malattia renale cronica, senza malattia 
cardiovascolare e non ad alto rischio per malattia 
cardiovascolare, non sono attualmente disponibili evidenze 
sufficienti a raccomandare l’utilizzo di una specifica classe di farmaci 
rispetto alle altre oggetto della Nota. In tali pazienti la scelta 
terapeutica deve tenere conto di diversi fattori quali le 
caratteristiche individuali del soggetto, il profilo di tollerabilità 
del farmaco, l’entità di riduzione di HbA1c che si intende 
raggiungere o l’effetto sul peso corporeo. 



interaction model did not identify global inconsistency
in any of the networks, except for change in hemoglo-
bin A1c level in the network of drug-naive patients. Lo-
cal inconsistency in all analyses was generally low (sec-
tion 10 of the Supplement).

Drug-Naive Patients
Glycemic Outcomes

Pairwise meta-analysis results for drug-naive pa-
tients are presented in section 11 of the Supplement.
Network meta-analysis results are presented in section
12 of the Supplement. All treatments reduced hemo-
globin A1c level compared with placebo, with MDs

ranging from !1.48% (95% CI, !2.15% to !0.81%) for
subcutaneous semaglutide to !0.60% (CI, !0.75% to
!0.46%) for DPP-4 inhibitors (Figure 2, A). The confi-
dence in these effect estimates was moderate (section
13 of the Supplement). All treatments reduced hemo-
globin A1c level to a similar extent with metformin, ex-
cept for DPP-4 inhibitors (MD, 0.32% [CI, 0.17% to
0.46%]), which were also inferior to liraglutide, subcuta-
neous semaglutide, pioglitazone, and sulphonylureas. For
all treatments, there was no difference versus placebo or
metformin in the incidence of severe hypoglycemia (59
studies; 24 479 patients).

Figure 2. Network meta-analysis results for the primary outcomes compared with placebo.

A. Change in Hemoglobin A1c Level in Drug-Naive Patients
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B. Change in Hemoglobin A1c Level in Patients Receiving
    Metformin-Based Background Therapy
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D. All-Cause Mortality in Patients at Low Cardiovascular Risk
    Receiving Metformin-Based Background Therapy

OR (95% Cl)

0.2 0.5 1 2 5
Favors treatment Favors placebo

Lixisenatide
Dulaglutide
Oral semaglutide
Subcutaneous semaglutide
Extended-release exenatide
Liraglutide
Basal insulin
Exenatide
DPP-4 inhibitors
Canagliflozin
Pioglitazone
Empagliflozin
Sulphonylureas
α-Glucosidase inhibitors
Ertugliflozin
Premixed insulin
Dapagliflozin
Prandial insulin
Meglitinides
Basal–bolus insulin

0.57 (0.28 to 1.13)
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1.05 (0.45 to 2.43)
1.07 (0.53 to 2.14)
1.15 (0.47 to 2.86)
1.28 (0.37 to 4.39)
1.59 (0.36 to 6.89)

C. All-Cause Mortality in Patients at Increased Cardiovascular Risk
    Receiving Metformin-Based Background Therapy

OR (95% Cl)
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Favors treatment Favors placebo
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Extended-release exenatide
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0.50 (0.31 to 0.83)
0.67 (0.55 to 0.81)
0.84 (0.73 to 0.97)
0.86 (0.76 to 0.98)
0.89 (0.80 to 0.99)
0.89 (0.79 to 1.01)
0.94 (0.77 to 1.15)
0.98 (0.86 to 1.11)
1.00 (0.83 to 1.21)
1.01 (0.94 to 1.09)
1.04 (0.72 to 1.49)
1.09 (0.92 to 1.29)

Treatments are presented according to their effect estimate compared with placebo. Effect sizes are presented as MDs or ORs with 95% CIs. Colors
indicate the confidence in the effect estimates according to the CINeMA (Confidence In Network Meta-Analysis) framework: green = high, blue =
moderate, orange = low, red = very low. DPP-4 = dipeptidyl peptidase-4; MD = mean difference; OR = odds ratio.
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Data Sources: Several databases from inception through 18
December 2019 and ClinicalTrials.gov on 10 April 2020.

Study Selection: English-language randomized trials that had
at least 24 weeks of intervention and assessed the effects of
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outcomes.

Data Extraction: Pairs of reviewers extracted data and ap-
praised risk of bias.

Data Synthesis: 453 trials assessing 21 antidiabetic interven-
tions from 9 drug classes were included. Interventions included
monotherapies (134 trials), add-on to metformin-based thera-
pies (296 trials), and monotherapies versus add-on to metformin
therapies (23 trials). There were no differences between treat-
ments in drug-naive patients at low cardiovascular risk. Insulin
regimens and specific glucagon-like peptide-1 receptor agonists
(GLP-1 RAs) added to metformin-based background therapy
produced the greatest reductions in hemoglobin A1c level. In
patients at low cardiovascular risk receiving metformin-based
background treatment (298 trials), there were no clinically mean-
ingful differences between treatments for mortality and vascular

outcomes. In patients at increased cardiovascular risk receiving
metformin-based background treatment (21 trials), oral sema-
glutide, empagliflozin, liraglutide, extended-release exenatide,
and dapagliflozin reduced all-cause mortality. Oral semaglutide,
empagliflozin, and liraglutide also reduced cardiovascular death.
Odds of stroke were lower with subcutaneous semaglutide and
dulaglutide. Sodium–glucose cotransporter-2 (SGLT-2) inhibitors
reduced heart failure hospitalization and end-stage renal dis-
ease. Subcutaneous semaglutide and canagliflozin increased di-
abetic retinopathy and amputation, respectively.

Limitation: Inconsistent definitions of cardiovascular risk and
low-level confidence in some estimates for patients at low car-
diovascular risk.

Conclusion: In diabetic patients at low cardiovascular risk, no
treatment differs from placebo for vascular outcomes. In patients
at increased cardiovascular risk receiving metformin-based
background therapy, specific GLP-1 RAs and SGLT-2 inhibitors
have a favorable effect on certain cardiovascular outcomes.
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Several pharmacologic options for type 2 diabetes
are available. Accumulating evidence shows that

antidiabetic drug classes and individual agents differ
not only in glycemic efficacy but also in their effect on
mortality and vascular end points. Hence, pharmaco-
logic management has shifted its focus from glycemic
control to prevention of cardiovascular outcomes, and
therapeutic decision making is based on patients' his-
tory of atherosclerotic disease, heart failure, or chronic
renal disease (1–3).

On the basis of pairwise meta-analyses of cardio-
vascular outcome trials, compared with placebo,
glucagon-like peptide-1 receptor agonists (GLP-1 RAs)
reduce cardiovascular death and stroke (4), whereas
sodium–glucose cotransporter-2 (SGLT-2) inhibitors re-

duce heart failure hospitalization (5) and end-stage re-
nal disease (6). Both drug classes reduce the composite
of cardiovascular death, myocardial infarction, and
stroke (7). However, the utility of conventional pairwise
meta-analysis is limited because of its inability to assess
comparative effects of interventions that have not been
directly compared in head-to-head trials. This is partic-
ularly relevant for type 2 diabetes given the plethora of
medication options and lack of head-to-head trial com-
parisons for many of them. Network meta-analysis can
overcome this limitation by comparing all treatments
and assessing their relative merits (8). This systematic
review and network meta-analysis of randomized con-
trolled trials assessing the long-term effects of anti-
diabetic drugs on clinically important outcomes and
in clinically relevant subpopulations aimed to inform
pharmacologic management of type 2 diabetes.

METHODS
We registered the protocol (PROSPERO:

CRD42019122043), followed standard reporting meth-
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Table 1 Main characteristics of male and female patients at baseline and at scheduled follow-ups

Males (n  154) Females (n  161)

Baseline 4 months 8 months 12 months Baseline 4 months 8 months 12 months
Age (years) 59.4  8.1 – – – 59.7  8.9 – – –

Therapy M/SU  
M/SU/other (%)

53.9/43.5/1.9/0.6 – – – 41.2/55.6/3.1/0* – – –

Diabetes duration (years) 10.4  7.4 – – – 12.2  7.8* – – –
Weight (kg) 102.3  17.5 98.1  17 97.5  16.2 97.3  16.3 89.4  16.7 85.2  16.4 83.6  15.9 83.7  16.5
BMI (kg/m2) 33.3  5.4 31.9  5.2 31.7  4.9 31.6  5 34.4  6.3 32.7  6.2 32.3  6.2 32.3  6.5
Fasting plasma glucose 
(mmol/L)

10.3  2.8 8.5  2.6 8.5  2.2 8.4  2.4 9.7  2.4* 8.6  2.5 8.6  2.5 8.6  2.4

HbA1c (%) 8.8  1.2 7.5  1.1 7.6  1.3 7.5  1.1 8.7  1.0 7.7  1.1 7.7  1.2 7.6  1.1
HOMA-B** 2.97 (2.20) 4.62 (4.52) 3.54 (5.16) 4.05 (6.07) 2.84 (2.33) 3.29 (4.24) 3.89 (3.60) 3.13 (2.60)

Notes: *P  0.05 versus males; **obtained in 60 males and in 55 females, expressed as median value (interquartile range).
Abbreviations: n, number; M, metformin; SU, metformin  sulphonylureas; BMI, body mass index; HbA1c, hemoglobin A1c; HOMA-B, homeostasis model assessment-B.
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Figure 1 Mean values of HbA1c and body weight at baseline, and at 4 months, 8 months, and 12 months in males and females. Mean values of HbA1c (left) and body weight 
(right) at baseline, and at 4 months, 8 months, and 12 months in males and females (A). The percentage of both male and female patients who achieved target glycemic 
control (HbA1c 7%) (left) and body weight reduction targeted at 8.5% (75th percentile of 1-year percent loss from the baseline weight value) over the observation 
period in males and females (B). aHbA1c 7%; *P  0.01; **P  0.03 versus males (A); bweight loss of 75th percentile of 1-year percent loss from the baseline weight value; 
*P  0.004; **P  0.0009 versus males (B).
Abbreviation: HbA1c, hemoglobin A1c.

Baseline mean fasting plasma glucose was higher among 
males, while females were characterized by a longer 
duration of diabetes as well as by a higher prevalence of 
patients treated with combination therapy (sulphonylureas  
metformin) (Table 1).

No differences in mean values of mean plasma glucose, 
HbA1c, or BMI at baseline, at 4 months, 8 months, and 
12 months were observed between genders (Table 1 and 
Figure 1). The percentage of patients who achieved the 
target glycemic value (HbA1c 7%) was significantly higher 
among males than females after 4 months (41% versus 28%; 

2  6.21; P  0.01), as well as after 12 months (38% versus 
27%; 2  4.66; P  0.03; Figure 1B).

BMI was, on average, greater (even if not significantly) 
in females than in males throughout the whole period 
(Table 1, and Figure 1A). Target weight loss, arbitrarily 
expressed as 1-year percent loss  75th percentile in the 
whole population (8.5%), was more often achieved among 
females at 8 months (28% versus 15%; 2  8.04; P  0.004) 
and 12 months (33% versus 17%; 2  10.98; P  0.0009) 
(Figure 1B). After substituting body weight with BMI, the 
results did not change (data not shown).
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Purpose: To investigate whether gender affects therapeutic response by exenatide twice a day 
(BID) in type 2 diabetes by using a database concerning patients monitored by five outpatient 
clinics in Tuscany, Italy.
Patients and methods: We considered a cohort of 315 (154 male/161 female) patients 
experiencing therapeutic failure while on oral therapy (metformin, or combination therapy 
metformin  sulphonylureas), who were given exenatide (10 g/BID) and who fully completed 
4 months, 8 months, and 12 months of follow-ups.
Results: Among patients stratified by gender and well matched for age, body mass index, and 
hemoglobin A1c (HbA1c), it was found that the length of disease was longer in females than in 
males (12  8 years versus 10  7 years; P  0.037), and the ratio of patients on metformin to 
those on combination therapy was higher in men (P  0.018). Target glycemic response (1-year 
HbA1c 7%) was achieved in a significantly higher proportion of males than females (38% 
versus 27%; 2  4.66; P  0.03). Target weight loss expressed as 1-year weight percent fall 
from baseline  75th percentile (8.5%) was significantly higher in females at 8 and 12 months 
(P  0.05; for both). One-year glycemic target response was inversely related to baseline 
HbA1c levels and diabetes duration among males, while metformin therapy (compared to oral 
combination therapy) was a significant predictor of better glycemic targets among females. 
Homeostasis model assessment-B, measured in 117 patients, predicted hypoglycemic response 
only in women (P  0.009). Target 1-year weight loss was predicted by longer diabetes duration 
among males and by lower baseline HbA1c among females. Finally, no significant difference 
between genders was noted as to gastrointestinal side effects after exenatide therapy.
Conclusion: According to this “real world” experience, predictors of glycemic control and 
body weight loss after 12 months of exenatide BID therapy are different between genders in 
type 2 diabetes.
Keywords: GLP-1 agonist therapy, exenatide BID, type 2 diabetes, real world setting

Introduction
Maintenance of strict glycemic control prevents or delays the risk of microangiopathy 
and, to a lesser degree, of macroangiopathy in patients with type 2 diabetes.1,2 The 
primary aim of therapy in diabetes is, therefore, to achieve target glycemic control, 
with a rate of hypoglycemic episodes or adverse events as reduced as possible.3,4

Besides diet and physical exercise, both metformin and -cell secretagogues can 
be administered by an “add on” modality.5 In case of therapeutic failure, a further 
opportunity is given by glucagon-like peptide-1 (GLP-1) receptor agonists, such 
as exenatide.6–8 GLP-1 receptor agonists exert their hypoglycemic effect through 
stimulation of glucose-dependent insulin release coupled with a reduction of glucagon 
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Propor/on	of	par/cipants	achieving	different	categories	of	
weight	loss	at	week	68	by	sex	
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Achievement of weight loss at week 68 
≥5% ≥20% ≥10% ≥15% ≥5% ≥20% ≥10% ≥15% 

Female Male 

Semaglutide 2.4 mg (N=885) 
Placebo (N=431) 

Semaglutide 2.4 mg (N=327) 
Placebo (N=146) 

More semaglutide-treated females achieved weight loss of ≥5%,  ≥10%, ≥15% and ≥20% than males 
Similar proportions of females and males receiving placebo achieved each weight loss category 

Batterham RL et al. presented at the America College of Obstetrician and Gynecologist Annual Meeting- April 30-May 2 ,2021 



Rela/ve	change	in	body	composi/on	(%-points)	from	baseline	
to	week	68	by	sex	(DEXA	subgroup)	

Percentage total fat mass  
relative to total body mass 

C
ha

ng
e 

fro
m

 b
as

el
in

e  
to

 w
ee

k 
68

 (%
-p

oi
nt

s) 

Percentage total lean body mass 
relative to total body mass 

Percentage regional visceral fat mass 
relative to the region assessed* 

Female Male Female Male Female Male 

Baseline mean: 47.2% 33.3% 50.2% 63.7% 31.7 % 43.8% 

ETD: –3.7 %-points  
 [95% CI: –5.6; –1.8] 

ETD: –2.0 %-points  
 [95% CI: –5.3; 1.4] 

ETD: 3.3 %-points  
 [95% CI: 1.5; 5.1] 

ETD: 1.8 %-points  
 [95% CI: –1.3; 4.9] 

ETD: –2.8 %-points  
 [95% CI: –4.8; –0.9] 

ETD: 0.6 %-points  
 [95% CI: –2.8; 4.0] 

*Visceral fat mass was calculated in the L4 region (males or females), android region (males only), or in the gynoid region (females only), 
depending on the methodology of the scanner available at participating study sites. Treatment policy estimand data. CI, confidence interval; 
DEXA, dual energy X-ray absorptiometry; ETD, estimated treatment difference 

Semaglutide 2.4 mg Placebo 

Changes relative to total body mass 

Batterham RL et al. presented at the America College of Obstetrician and Gynecologist Annual Meeting- April 30-May 2 ,2021 
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Background and aims: Type 2 diabetes confers a differential risk of cardiovascular (CV) disease according
to the gender. Whether newly approved anti-diabetic drugs like sodium-glucose co-transport-2 in-
hibitors (SGLT-2Is) and glucagon-like peptide-1 receptor agonists (GLP-1RAs) that have shown a sig-
nificant reduction in the CV end-points in CV outcome trials (CVOTs) also have a differential impact
gender-wise, is still not clearly known.
Methods: We systematically searched the medical database up to December 31, 2019 and retrieved all
the dedicated CVOTs conducted with SGLT-2Is and GLP-1RAs that explicitly reported the outcome of
major adverse cardiac events (MACE). Subsequently, we pooled the hazard ratio (HR) of MACE in both
sexes separately and meta-analyzed the result gender-wise.
Results: The meta-analysis of three CVOTs conducted with SGLT-2Is (N ¼ 34,322), demonstrated a sig-
nificant reduction in MACE in men but not in women (Men - HR, 0.90; 95% CI, 0.83 to 0.97; P ¼ 0.006;
Women - HR, 0.88; 95% CI, 0.77 to 1.00; P ¼ 0.06) compared to placebo. The meta-analysis of seven
CVOTs conducted with GLP-1RAs (N ¼ 56,004) demonstrated a significant reduction in MACE in both sex
(Men - HR, 0.88; 95% CI, 0.82 to 0.93; P < 0.0001; Women - HR, 0.88; 95% CI, 0.79 to 0.99; P ¼ 0.03),
against the placebo.
Conclusions: The reduction in MACE with SGLT-2Is appears to be significantly less in women with dia-
betes vs men, while GLP-1RAs confers a similar reduction in MACE, irrespective of the gender. Whether
these results are related to inadequate statistical power (underrepresentation of women) in CVOT, or it
reflects a true gender difference, still remains to be established.

© 2020 Diabetes India. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Several studies have suggested a differential impact of diabetes
on cardiovascular disease (CVD) based on gender. Many of these
older studies have found a greater CVD risk in women, than in men
with diabetes. Framingham study in 1974 first suggested an excess
risk of heart failure and CVD-related death inwomenwith diabetes,
then in men [1,2]. Subsequent meta-analysis also suggested a
greater rate of coronary heart disease (CHD), stroke, and all-cause
mortality (ACM) in women with diabetes [3,4]. However, these
conclusions were based on the data prior to year 2000 and thus, any
interpretations of these findings may have limitations, given the

constant changes in the prevalence, definitions, and the paradigm
shift in management of diabetes over the past two decades [5].
Interestingly, recently conducted studies have found an inconsis-
tent result with regards to gender-differences in the relative rates of
heart failure, stroke, CHD, ACM and death from CHD in subjects
with diabetes [6e12]. Thus, uncertainty largely remains on the
relative impact of diabetes on CVD and mortality, gender-wise
especially with increasing age. Nevertheless, a recent study from
a Danish registry did find a higher relative rate of CVD in women
than in men with diabetes across all the age, however, men with
diabetes had a higher absolute rate of CVD than in women [13].

The recent 2019 joint American Diabetes Association and Eu-
ropean Association of Study in Diabetes (EASD) consensus as well
as the joint European Society of Cardiology and EASD consensus
guidelines have recommended using sodium-glucose co-trans-
porter-2 inhibitors (SGLT-2Is) or glucagon-like peptide-1 receptor* Corresponding author.
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differences in glycemic response and adverse. The MASTERMIND
consortium from UK Clinical Practice and Research Datalink
(N ¼ 22,379) have found a significantly greater response with sul-
fonylureas (SUs) and lesser response to thiazolidinediones (TZDs)
in male and subjects with lower BMI, while obese female had a
significantly greater response with TZDs compared to SUs. Obese
female had significantly higher weight gain and edema risk with
TZDs, compared to the male [38]. Treatment Options for Type 2
Diabetes in Adolescents and Youth (TODAY) trial echoed these
findings and found that obese females had a better glycemic
response with TZDs, compared to obese male or non-obese female.
Similarly, non-obese male had a significantly better HbA1c control

with SUs compared to other subgroups [39]. One small real-world
study also found a differential response to GLP-1RA. While per-
centage of patients with target HbA1c of <7% was greater at 1-year
with short-acting exenatide in men compared to women (38 vs
27%; p ¼ 0.03), weight loss was significantly higher in women than
inmen [40]. Where these differences in CV surrogates will have any
long-term impact on CV outcome gender-wise, is not clearly
known. Unfortunately, women with diabetes have been under-
represented in CVOTs including the previous statins and aspirin
trials.

With regards to other CV drugs which has been used in these
CVOTs as a standard of care, has also exhibited a certain difference

Fig. 1. PRISMA flow of study selection process

Fig. 2. MACE outcomes in Male on SGLT-2Is.
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Women - HR, 0.88; 95% CI, 0.77 to 1.00; P ¼ 0.06) compared to placebo. The meta-analysis of seven
CVOTs conducted with GLP-1RAs (N ¼ 56,004) demonstrated a significant reduction in MACE in both sex
(Men - HR, 0.88; 95% CI, 0.82 to 0.93; P < 0.0001; Women - HR, 0.88; 95% CI, 0.79 to 0.99; P ¼ 0.03),
against the placebo.
Conclusions: The reduction in MACE with SGLT-2Is appears to be significantly less in women with dia-
betes vs men, while GLP-1RAs confers a similar reduction in MACE, irrespective of the gender. Whether
these results are related to inadequate statistical power (underrepresentation of women) in CVOT, or it
reflects a true gender difference, still remains to be established.
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Conclusions: 
 
•  GLP-1RAs confers a similar reduction in MACE, irrespective of the gender. 

•  Whether these results are related to inadequate statistical power 
(underrepresentation of women) in CVOT, or it reflects a true gender difference, 
still remains to be established. 

•  Whether this could be related to a relative larger weight loss due to the 
reduced fat mass with GLP- 1RAs compared to SGLT-2Is, remains to be 
established.  
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1. Introduction

Several studies have suggested a differential impact of diabetes
on cardiovascular disease (CVD) based on gender. Many of these
older studies have found a greater CVD risk in women, than in men
with diabetes. Framingham study in 1974 first suggested an excess
risk of heart failure and CVD-related death inwomenwith diabetes,
then in men [1,2]. Subsequent meta-analysis also suggested a
greater rate of coronary heart disease (CHD), stroke, and all-cause
mortality (ACM) in women with diabetes [3,4]. However, these
conclusions were based on the data prior to year 2000 and thus, any
interpretations of these findings may have limitations, given the

constant changes in the prevalence, definitions, and the paradigm
shift in management of diabetes over the past two decades [5].
Interestingly, recently conducted studies have found an inconsis-
tent result with regards to gender-differences in the relative rates of
heart failure, stroke, CHD, ACM and death from CHD in subjects
with diabetes [6e12]. Thus, uncertainty largely remains on the
relative impact of diabetes on CVD and mortality, gender-wise
especially with increasing age. Nevertheless, a recent study from
a Danish registry did find a higher relative rate of CVD in women
than in men with diabetes across all the age, however, men with
diabetes had a higher absolute rate of CVD than in women [13].

The recent 2019 joint American Diabetes Association and Eu-
ropean Association of Study in Diabetes (EASD) consensus as well
as the joint European Society of Cardiology and EASD consensus
guidelines have recommended using sodium-glucose co-trans-
porter-2 inhibitors (SGLT-2Is) or glucagon-like peptide-1 receptor* Corresponding author.
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Background and aims: Type 2 diabetes confers a differential risk of cardiovascular (CV) disease according
to the gender. Whether newly approved anti-diabetic drugs like sodium-glucose co-transport-2 in-
hibitors (SGLT-2Is) and glucagon-like peptide-1 receptor agonists (GLP-1RAs) that have shown a sig-
nificant reduction in the CV end-points in CV outcome trials (CVOTs) also have a differential impact
gender-wise, is still not clearly known.
Methods: We systematically searched the medical database up to December 31, 2019 and retrieved all
the dedicated CVOTs conducted with SGLT-2Is and GLP-1RAs that explicitly reported the outcome of
major adverse cardiac events (MACE). Subsequently, we pooled the hazard ratio (HR) of MACE in both
sexes separately and meta-analyzed the result gender-wise.
Results: The meta-analysis of three CVOTs conducted with SGLT-2Is (N ¼ 34,322), demonstrated a sig-
nificant reduction in MACE in men but not in women (Men - HR, 0.90; 95% CI, 0.83 to 0.97; P ¼ 0.006;
Women - HR, 0.88; 95% CI, 0.77 to 1.00; P ¼ 0.06) compared to placebo. The meta-analysis of seven
CVOTs conducted with GLP-1RAs (N ¼ 56,004) demonstrated a significant reduction in MACE in both sex
(Men - HR, 0.88; 95% CI, 0.82 to 0.93; P < 0.0001; Women - HR, 0.88; 95% CI, 0.79 to 0.99; P ¼ 0.03),
against the placebo.
Conclusions: The reduction in MACE with SGLT-2Is appears to be significantly less in women with dia-
betes vs men, while GLP-1RAs confers a similar reduction in MACE, irrespective of the gender. Whether
these results are related to inadequate statistical power (underrepresentation of women) in CVOT, or it
reflects a true gender difference, still remains to be established.
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major adverse events in users of liraglutide, semaglutide, and
albiglutide (all GLP-1RA), as compared with placebo, respec-
tively.15,16,23 Overall, compared with placebo, DPP-4 inhibitors
were not associated with benefits in terms of combined major
adverse cardiovascular event and produced mixed results
regarding heart failure.24–26 Therefore, current guidelines
recommended the use of SGLT-2i and GLP-1RA as second-line
agents in T2DM adults with established ASCVD.9 However,
the choice of second-line drug is more challenging in
individuals without established ASCVD because of the
paucity of evidence. Specifically, data from RCTs or from
observational cohort studies in low cardiovascular risk
populations are available only for SGLT-2i. A recent meta-
analysis from RCTs with SGLT-2i27 showed that these
agents are effective in reducing hospitalization for heart
failure in primary prevention. Our cohort included predom-
inantly adults with T2DM without established ASCVD,
users of all the classes of new glucose-lowering agents,
highlighting the need for confirming these overall and

sex-specific results in RCTs specifically designed in individ-
uals without established ASCVD.

The paucity of prior evidence for or against sex differences
in the cardiovascular effectiveness and safety of strategies to
improve CVD outcomes is an alarming issue.8 In the last
decade, the US Food and Drug Administration advocated for a
higher participation of women in clinical trials for US Food and
Drug Administration drug approval.28–30 Simultaneously, the
US Food and Drug Administration also released specific
guidance requiring pharmaceutical agencies testing new
glucose-lowering drugs to assess major adverse cardiovascu-
lar events.31 However, RCTs of the new glucose-lowering
agents enrolled a relatively low proportion of women (from
20% to 40%) and thus are far from being adequately powered
to verify potential sex difference in their cardiovascular
efficacy or safety.15–18,22,27,32

To address the issue of underrepresentation of women in
RCTs,28 the inclusion of sex as a biological variable in clinical
research has been promoted by the World Health Organization

Figure 3. Adjusted hazard ratios (HR) relative to sulfonylureas for cardiovascular effectiveness outcomes in women and men. DPP-4i indicates
dipeptidyl peptidase-4 inhibitors; GLP-1RA, glucagon-like peptide 1 receptor agonists; SGLT-2i, sodium-glucose like transport-2 inhibitors. The
model was adjusted for age, baseline comorbidities, employment status, region, year entry, and sex-by-drug interactions.
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Lowering Drugs Added to Metformin in Type 2 Diabetes Mellitus
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Background-—Randomized controlled trials showed that newer glucose-lowering agents are cardioprotective, but most participants
were men. It is unknown whether benefits are similar in women.

Methods and Results-—Among adults with type 2 diabetes mellitus not controlled with metformin with no prior use of insulin, we
assessed for sex differences in the cardiovascular effectiveness and safety of sodium-glucose-like transport-2 inhibitors (SGLT-2i),
glucagon-like peptide-1 receptor agonists (GLP-1RA), dipeptidyl peptidase-4 inhibitors, initiated as second-line agents relative to
sulfonylureas (reference-group). We studied type 2 diabetes mellitus American adults with newly dispensed sulfonylureas, SGLT-2i,
GLP-1RA, or dipeptidyl peptidase-4 inhibitors (Marketscan-Database: 2011–2017). We used multivariable Cox proportional hazards
models with time-varying exposure to compare time to first nonfatal cardiovascular event (myocardial infarction/unstable angina,
stroke, and heart failure), and safety outcomes between drugs users, and tested for sex–drug interactions. Among 167 254 type 2
diabetes mellitus metformin users (46% women, median age 59 years, at low cardiovascular risk), during a median 4.5-year follow-
up, cardiovascular events incidence was lower in women than men (14.7 versus 16.7 per 1000-person-year). Compared with
sulfonylureas, hazard ratios (HRs) for cardiovascular events were lower with GLP-1RA (adjusted HR-women: 0.57, 95% CI: 0.48–
0.68; aHR-men: 0.82, 0.71–0.95), dipeptidyl peptidase-4 inhibitors (aHR-women: 0.83, 0.77–0.89; aHR-men: 0.85, 0.79–0.91) and
SGLT-2i (aHR-women: 0.58, 0.46–0.74; aHR-men: 0.69, 0.57–0.83). A sex-by-drug interaction was statistically significant only for
GLP-1RA (P=0.002), suggesting greater cardiovascular effectiveness in women. Compared with sulfonylureas, risks of adverse
events were similarly lower in both sexes for GLP-1RA (aHR-women: 0.81, 0.73–0.89; aHR-men: 0.80, 0.71–0.89), dipeptidyl
peptidase-4 inhibitors (aHR-women: 0.82, 0.78–0.87; aHR-men: 0.83, 0.78–0.87) and SGLT-2i (aHR-women: 0.68, 0.59–0.78; aHR-
men: 0.67, 0.59–0.78) (all sex–drug interactions for adverse events P>0.05).

Conclusions-—Newer glucose-lowering drugs were associated with lower risk of cardiovascular events than sulfonylureas, with
greater effectiveness of GLP-1RA in women than men. Overall, they appeared safe, with a better safety profile for SGLT-2i than for
GLP-1RA regardless of sex. ( J Am Heart Assoc. 2020;9:e012940. DOI: 10.1161/JAHA.119.012940.)
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T ype 2 diabetes mellitus (T2DM) is a worldwide epidemic
affecting both women and men.1 Among adults with

T2DM, cardiovascular disease (CVD) is the leading cause of
mortality and morbidity, with double the risk in women
compared with men.2 Recent epidemiological data highlight
potentially important sex differences in the cardiovascular
consequences of T2DM.3 Although in general women

experience fewer cardiovascular events than men of the
same age, diabetes mellitus reverses the “women’s advan-
tage” for atherosclerotic cardiovascular disease (ASCVD).4,5

The unique metabolic environment in T2DM promotes
endothelial dysfunction, increased oxidative stress, inflamma-
tion, and platelet activation/thrombosis, thus leading to the
development of atherosclerosis.6,7 Biological factors can
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•  Our findings are certainly hypothesis-generating and, at the 
moment, we can only speculate on the reasons underlying the 
greater effect of GLP-1RA in women. 

•  A study reported that the function of the receptor for glucagon-like 
peptide can be modified by sex hormones, while some authors 
proposed the hypothesis that GLP-1 receptor stimulation may have 
the potential to reduce platelet aggregation, resulting in the lower 
cardiovascular risk especially in women who have higher baseline 
platelet activation than men. 
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adopting the high-dimensional propensity score algorithm

(Supplementary Table S5).

4. Discussion

The present study, based on almost 7,000 patients newly trea-
ted with GLP1-RA and SGLT2-I, confirms previous observa-
tions that the discontinuation rate of antidiabetic drug
treatment is high in ‘real-life’ practice [24–26]. In addition,
evidence that a substantial number of patients discontinued
therapy initially employed [27] was confirmed from our study,

being 13% those who did not renew the initial prescription

within one year after treatment starting.
However, our study further provides three new findings.

First, discontinuation occurred more often among patients
whom SGLT2-I therapy was initially employed compared to
those on GLP1-RA. The between-drug differences were not
trivial because, compared to the initial GLP1-RA, the discon-
tinuation rate observed in patients in whom SGLT2-I was ini-
tially prescribed was 15% greater. Second, just a few patients
completely interrupted the antidiabetic drug therapy after the
discontinuation. Indeed, 70% of patients who interrupted
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Fig. 2 – Adjusted risk ratio (RR), and 95% confidence intervals (CI), of treatment discontinuation with the drug started at the
index date (i.e., GLP1-RA or SGLT2-I) in the whole cohort and according to sex, age and cardiovascular (CV) disease.
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Aim: To assess and compare the persistence with drug therapy between patients treated

with glucagon-like peptide-1 receptor agonists (GLP1-RA) and sodium-glucose

cotransporter-2 inhibitors (SGLT2-I) therapy.

Methods: The 126,493 residents of the Lombardy Region (Italy) aged ! 40 years newly trea-

ted with metformin during 2007–2015 were followed until 2017 to identify those who

started therapy with GLP1-RA or SGLT2-I. To make GLP1-RA and SGLT2-I users more com-

parable, a 1:1 matched cohort design was adopted. Matching variables were sex, age, and

adherence to the first-line therapy with metformin. Log-binomial regression models were

fitted to estimate the propensity to 1-year treatment persistence in relation to the thera-

peutic strategy.

Results: The final matched cohort was composed by 1,276 GLP1-RA─SGLT2-I pairs. About

24% and 29% of cohort members respectively on GLP1-RA and SGLT2-I discontinued the

drug treatment. Compared with patients starting SGLT2-I, those on GLP1-RA had 15%

(95% confidence interval, 3–25%) lower risk of discontinuation of the treatments of interest

and 45% (28–57%) lower risk of discontinuing any antidiabetic drug therapy. Persistence was

better among GLP1-RA users who received a once-weekly administration.

Conclusions: In a real-life setting, patients who were prescribed a GLP1-RA exhibited more

frequently better persistence to treatment than those prescribed a SGLT2-I therapy.
! 2021 The Author(s). Published by Elsevier B.V. This is an open access articleunder theCCBY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.diabres.2021.109035
0168-8227/! 2021 The Author(s). Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

* Corresponding author at: Dipartimento di Statistica e Metodi Quantitativi, Università degli Studi di Milano-Bicocca, Via Bicocca degli
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Figure 9.3—Pharmacologic treatment of hyperglycemia in adults with type 2 diabetes. 2022 ADA Professional Practice Committee (PPC) adaptation of Davies et al. (43) and Buse et al. (44). For appropri-
ate context, see Fig. 4.1. The 2022 ADA PPC adaptation emphasizes incorporation of therapy rather than sequential add-on, which may require adjustment of current therapies. Therapeutic regimen
should be tailored to comorbidities, patient-centered treatment factors, and management needs. ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; CVD, cardiovascular dis-
ease; CVOTs, cardiovascular outcomes trials; DPP-4i, dipeptidyl peptidase 4 inhibitor; eGFR, estimated glomerular filtration rate; GLP-1 RA, glucagon-like peptide 1 receptor agonist; HF, heart failure;
SGLT2i, sodium–glucose cotransporter 2 inhibitor; SU, sulfonylurea; T2D, type 2 diabetes; TZD, thiazolidinedione.
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Figure 9.3—Pharmacologic treatment of hyperglycemia in adults with type 2 diabetes. 2022 ADA Professional Practice Committee (PPC) adaptation of Davies et al. (43) and Buse et al. (44). For appropri-
ate context, see Fig. 4.1. The 2022 ADA PPC adaptation emphasizes incorporation of therapy rather than sequential add-on, which may require adjustment of current therapies. Therapeutic regimen
should be tailored to comorbidities, patient-centered treatment factors, and management needs. ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; CVD, cardiovascular dis-
ease; CVOTs, cardiovascular outcomes trials; DPP-4i, dipeptidyl peptidase 4 inhibitor; eGFR, estimated glomerular filtration rate; GLP-1 RA, glucagon-like peptide 1 receptor agonist; HF, heart failure;
SGLT2i, sodium–glucose cotransporter 2 inhibitor; SU, sulfonylurea; T2D, type 2 diabetes; TZD, thiazolidinedione.
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