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Abstract

Background: The management of antidiabetic therapy in people with type 2 diabetes (T2D) has evolved beyond glycemic control. In this context, 
Brazil and Portugal defined a joint panel of four leading diabetes societies to update the guideline published in 2020.
Methods: The panelists searched MEDLINE (via PubMed) for the best evidence from clinical studies on treating T2D and its cardiorenal compli-
cations. The panel searched for evidence on antidiabetic therapy in people with T2D without cardiorenal disease and in patients with T2D and 
atherosclerotic cardiovascular disease (ASCVD), heart failure (HF), or diabetic kidney disease (DKD). The degree of recommendation and the level 
of evidence were determined using predefined criteria.
Results and Conclusions: All people with T2D need to have their cardiovascular (CV) risk status stratified and HbA1c, body mass index (BMI), and 
eGFR assessed before defining therapy. An HbA1c target of less than 7% is adequate for most adults, and a more flexible target (up to 8%) should 
be considered in frail older people. Non-pharmacological approaches are recommended during all phases of treatment. In treatment naïve T2D 
individuals without cardiorenal complications, metformin is the agent of choice when HbA1c is 7.5% or below. 
When HbA1c is above 7.5% to 9%, starting with dual therapy is recommended, and triple therapy may be considered. When HbA1c is above 9%, 
starting with dual therapy is recommended, and triple therapy should be considered. Antidiabetic drugs with proven CV benefit (AD1) are recom-
mended to reduce CV events if the patient is at high or very high CV risk, and antidiabetic agents with proven efficacy in weight reduction should 
be considered when obesity is present. If HbA1c remains above target, intensification is recommended with triple, quadruple therapy, or even 
insulin-based therapy. 
In people with T2D and established ASCVD, AD1 agents (SGLT2 inhibitors or GLP-1 RA with proven CV benefit) are initially recommended to reduce 
CV outcomes, and metformin or a second AD1 may be necessary to improve glycemic control if HbA1c is above the target. In T2D with HF, SGLT2 
inhibitors are recommended to reduce HF hospitalizations and mortality and to improve HbA1c. In patients with DKD, SGLT2 inhibitors in combina-
tion with metformin are recommended when eGFR is above 30 mL/min/1.73 m2. SGLT2 inhibitors can be continued until end-stage kidney disease.

Keywords: ASCVD; atherosclerotic disease; cardiovascular risk; chronic kidney disease; DKD, diabetes treatment; guidelines; heart failure; ischemic 
heart disease; type 2 diabetes; SGLT2 inhibitors; GLP-1 RA
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> INTRODUCTION 

Treatment of type 2 diabetes mellitus (T2D) has evolved 
rapidly in recent years. New agents and strategies have 
amplified the scopus for managing T2D, and much new 
evidence has emerged. Therefore, the four leading Dia-
betes Societies from Brazil and Portugal (Sociedade Bra-
sileira de Diabetes [SBD], Sociedade Brasileira de Endo-
crinologia e Metabologia [SBEM], Sociedade Portuguesa 
Diabetologia [SPD], and Sociedade Portuguesa de Endo-
crinologia, Diabetes e Metabolismo [SPEDM]) joined to 
update the initial version of Portuguese-Brazilian guide-
line on the management of hyperglycemia in T2D, pu-
blished in 2020. (1) The panel gathered the best evidence 
in the field, and a grade of recommendation was establi-
shed through polls.

What Is New in the 2023 UPDATE?

The 2023 UPDATE brings a paradigm shift from the pre-
vious guideline focused on treating hyperglycemia. The 
new evidence-based recommendations guide the ma-
nagement of antidiabetic therapy and involve aspects 
beyond glycemic control, such as achieving and main-
taining a healthy weight and cardiorenal protection. 
Non-pharmacological approaches were revised, and 
they now include recommendations related to sleep du-
ration, sitting time, and the use of continuous glucose 
monitoring (CGM). There have been notable updates in 
the criteria for selecting the most appropriate therapy. 
For this purpose, the 2023 UPDATE recommends strati-
fying cardiovascular (CV) risk and defining the weight 
status, renal function, and glycated hemoglobin (HbA1c) 
level of all individuals with T2D. The panel included a 
new table with revised CV risk factors and new CV risk 
markers of subclinical disease or end-organ lesion, such 
as N-terminal pro-B-type natriuretic peptide (NT-proB-
NP) and advanced microvascular complications (prolife-
rative diabetic retinopathy, severe cardiac autonomic 
neuropathy, and advanced stages of renal disease).
Although pharmacological treatment still includes AD1 
(antidiabetic agents with proven CV benefits) and AD 
(anti-hyperglycemic agents with proven CV safety), the 

Resumo

Contexto: A gestão da terapêutica antidiabética em pessoas com diabetes tipo 2 (DM2) evoluiu para além do controle glicémico. Neste contexto, 
Brasil e Portugal definiram um painel conjunto de quatro sociedades científicas líderes em diabetes para atualizar as recomendações publicadas 
em 2020.
Métodos: Os autores recorreram à base de dados MEDLINE (via PubMed) para identificar a melhor evidência clínica sobre o tratamento da DM2 
e suas complicações cardiorrenais. O painel procurou evidência sobre terapêutica antidiabética em pessoas com DM2 sem doença cardiorrenal e 
em pessoas com DM2 e doença cardiovascular aterosclerótica (DCVA), insuficiência cardíaca (IC) ou doença renal crónica (DRC). O grau de reco-
mendação e o nível de evidência foram determinados utilizando critérios pré-definidos.
Resultados e Conclusões: Em todas as pessoas com DM2, o risco cardiovascular (CV), a HbA1c, o índice de massa corporal (IMC) e a taxa de filtra-
ção glomerular (TFGe) devem ser considerados antes de definir a terapêutica antidiabética. Um alvo de HbA1c abaixo de 7% é adequado para a 
maioria dos adultos com diabetes, sendo um alvo mais flexível (até 8%) considerado para pessoas idosas frágeis. Abordagens não farmacológicas 
são recomendadas durante todas as fases de tratamento. Em pessoas com DM2 que não apresentam complicações cardiorrenais, a metformina é 
o agente de escolha quando a HbA1c é inferior a 7,5%. 
Para valores de HbA1c entre 7,5% e 9%, recomenda-se o início de terapêutica dupla, e pode ser considerada a terapêutica tripla. Quando a HbA1c é 
superior a 9%, recomenda-se o início da terapêutica dupla, e a terapêutica tripla deve ser considerada. São recomendados medicamentos antidia-
béticos com benefício CV comprovado (AD1) para reduzir eventos CV se o doente apresentar alto ou muito alto risco CV, e agentes antidiabéticos 
com eficácia comprovada na redução do peso na presença de obesidade. Se a HbA1c continuar acima do alvo, é recomendada a intensificação 
com terapêutica tripla, quádrupla ou com terapêutica insulínica.
Em pessoas com DM2 e DCVA estabelecida, os agentes AD1 (inibidores SGLT2 ou agonistas de GLP-1 com benefício CV comprovado) são reco-
mendados para reduzir os eventos CV, e a metformina ou um segundo AD1 podem ser necessários para melhorar o controlo glicémico se a HbA1c 
estiver acima do alvo. Na DM2 com IC, são recomendados inibidores SGLT2 para reduzir as hospitalizações e mortalidade por IC e para melhorar 
a HbA1c. Em doentes com DRC, são recomendados inibidores SGLT2 em combinação com metformina quando a TFGe estiver acima de 30 mL/
min/1,73 m2. Os inibidores de SGLT2 podem ser continuados até a fase terminal da doença renal.

Palavras-chave: DCVA; doença aterosclerótica; risco cardiovascular; doença renal crónica; tratamento da diabetes; recomendações; insuficiência 
cardíaca; doença cardíaca isquémica; diabetes tipo 2; inibidores SGLT2, AR GLP-1
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2023 UPDATE highlights agents with efficacy in weight 
management, i.e., glucagon-like peptide-1 receptor 
agonists (GLP-1 RA) and the new class of dual glucose-
-dependent insulinotropic polypeptide (GIP)/glucagon-
-like peptide-1 (GLP-1) receptor co-agonists.
Moreover, in individuals without clinical cardiorenal 
complications but with high CV risk, AD1 should be con-
sidered primary cardiorenal prevention; if there is a very 
high ASCVD risk, AD1 agents are recommended. If obe-
sity is present, agents with efficacy in weight manage-
ment should be considered, and GLP-1 RA should be the 
choice if high or very high CV risk is also present.
To avoid clinical inertia, the best strategy for naïve pa-
tients and treatment intensification in patients who ha-
ve not achieved the HbA1c target was updated. Beyond 
dual therapy, triple therapy may also be considered 
when the initial HbA1c is between 7.5 and 9%. Moreover, 
triple therapy should be more consistently considered in 
asymptomatic adults with initial HbA1c above 9%. If in-
sulin-based treatment (IBT) is indicated for a patient no 
longer using GLP-1 RA, a fixed-ratio co-formulation 
(FRC) insulin/GLP-1 RA should be considered over basal 
insulin or basal-bolus alone, whenever available. If obe-
sity is present, the combination of basal insulin and GLP-
1 RA titrated to the highest doses approved for weight 
loss should be considered. The periodicity of the HbA1c 
target evaluation was also updated, considering clinical 
aspects and cost–benefit issues.
In patients with established atherosclerotic cardiovascu-
lar disease (ASCVD), the 2023 UPDATE recommends 
SGLT2 inhibitors (SGLT2i) or GLP-1 RA as initial therapy. 
Metformin in association or a combination of GLP-1 RA 
and SGLT2i may also be considered to intensify blood 
glucose control. In patients with heart failure (HF), SGL-
T2i are now preferred independently of the ejection 
fraction, and intensification should be considered with 
metformin or GLP-1 RA. A warning for avoiding GLP-1 
RA in patients with advanced HF with reduced ejection 
fraction was added due to the recent evidence of increa-
sed risk of ventricular arrhythmias in this scenario.
The algorithm for management of patients with T2D 
and renal disease was restructured, and estimated glo-
merular filtration rate (eGFR) plus albuminuria are criti-
cal references necessary for decisions. AlthoughSGLT2i 
should not be initiated when eGFR is below 30 mL/
min/1.73 m2, they can be maintained until dialysis.

> METHODS

The main objective of this guideline was to support the 
decision-making process in clinical practice, considering 

the best evidence available. The panel was formed by 33 
experts with extensive expertise in diabetes from both 
countries. Clinical topics requiring updated positions 
were ASCVD, HF, chronic kidney disease (CKD), and the 
management strategy for T2D in patients without vas-
cular complications, focusing on controlling hypergly-
cemia and cardiorenal protection.
The panel compiled a narrative review by searching ME-
DLINE (via PubMed) for randomized clinical trials (RCTs), 
meta-analyses, and high-quality observational studies 
related to T2D. The best evidence available was re-
viewed, and when high-quality evidence was not availa-
ble from the literature, the panel gave opinions on va-
rious clinical scenarios. These opinions were gathered 
and analyzed by an international voting system, allowing 
a consensus to be reached after multiple rounds of dis-
cussion.
A list of 45 statements was carefully created and scored 
according to the class of recommendation and level of 
evidence (Figures 1 and 2).

Fig. 1 Class of recommendation

Fig. 2 Level of evidence

Fig. 3 CV risk assessment in adults with

 T2D

Figure 1 - Class of recommendation. 

Fig. 1 Class of recommendation

Fig. 2 Level of evidence

Fig. 3 CV risk assessment in adults with

 T2D

Figure 2 - Level of evidence. 
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> RECOMMENDATIONS

General Assessment

R1 It IS RECOMMENDED that all treatment naïve adults 
with T2D have their cardiovascular risk status stratified, 
the renal function assessed, and body mass index, as we-
ll as HbA1c, determined before defining the use of anti-
diabetic agents.

Summary of Evidence

• This panel considered assessing the cardiovascular 
(CV) risk essential to define the most appropriate anti-
diabetic treatment (Figure 3). In general, the risk of 
long-term occurrence of CV events is twice as high in 
T2D compared to the general population of the same 
age. (30) The differences between individuals, however, 
are very heterogeneous according to age, the presen-
ce of risk factors, previous CV disease, previous CV 
events, and baseline renal function. (1, 2, 9)

• The Emerging Risk Factors Collaboration group per-
formed a meta-analysis of individual data from 102 
prospective studies of patients with T2D without base-
line cardiovascular disease. (30) Regressions were adjus-
ted for age, sex, smoking, systolic blood pressure, and 
body mass index (BMI) to calculate vascular disease 
hazard ratios (HRs). The analysis included data from 
698,782 people. 
Adjusted HRs with diabetes were: 2.00 (95% CI 1.83 to 
2.19) for coronary heart disease; 2.27 (95% CI 1.95 to 
2.65) for ischemic stroke; 1.56 (95% CI 1.19 to 2.05) for 
hemorrhagic stroke; 1.84 (95% CI 1.59 to 2.13) for un-
classified stroke and 1.73 (95% CI 1.51 to 1.98) for the 
combination of other vascular deaths. Overall, T2D 
conferred a twofold excess risk for a wide range of vas-
cular diseases, independently from other risk factors.

Glycemic Targets

R2 In adults with T2D, an HbA1c target of less than 7% IS 
RECOMMENDED to reduce the incidence of microvas-
cular complications.

Summary of Evidence

• Improved blood-glucose control decreases the pro-

gression of diabetic microvascular disease. The UKPDS 
33 trial (31) showed that reducing HbA1c to a target of 
less than 7% reduces microvascular complications. A 
total of 3867 newly diagnosed patients with T2D were 
randomly assigned to intensive treatment (sulfonylu-
rea or insulin-based therapy [IBT]) or conventional 
treatment (diet alone). The intensive group aimed to 
attain fasting plasma glucose (FPG) of less than 108 
mg/dL vs. the best achievable FPG with diet alone in 
the conventional group.
Three aggregate endpoints were considered: 1) any 
diabetes-related endpoint (sudden death, death from 
hyperglycemia or hypoglycemia, fatal or nonfatal 
myocardial infarction [MI], angina, HF, stroke, renal 
failure, any amputation, vitreous hemorrhage, retino-
pathy requiring photocoagulation, blindness, or cata-
ract extraction); 2) diabetes-related death (death from 
MI, stroke, peripheral vascular disease, renal disease, 
hyperglycemia or hypoglycemia, and sudden death); 
and 3) all-cause mortality (ACM).
After ten years, the median HbA1c was 7% (interquar-
tile range 6.2 to 8.2%) in the intensive group vs. 7.9% 
(6.9 to 8.8%) in the conventional group. For any dia-
betes-related endpoint, the risk was 12% lower in the 
intensive group (95% CI 1 to 21, P = 0.029) than in the 
conventional group. The risk reduction in any diabe-
tes-related composite endpoint was attributable to a 
25% risk reduction (95% CI 7 to 40, P = 0.0099) in mi-
crovascular outcome events.

• The frequency and severity of diabetic microvascular 
complications were examined in the Kumamoto stu-
dy, (32) a small randomized clinical trial (RCT) of 110 in-
dividuals with T2D observed for eight years. The study 
was divided into primary and secondary arms accor-
ding to the presence of retinopathy to evaluate if in-
tensive glycemic control could decrease the frequen-
cy or severity of microvascular complications. Patients 
were assigned to multiple insulin injections (MIT), ad-
ministering three or more daily insulin injection thera-
py or conventional insulin injection therapy (CIT), ad-
ministering 1 or 2 daily intermediate-acting insulin 
injections. In both primary and secondary prevention 
cohorts, the worsening in retinopathy and nephropa-
thy were significantly lower (P < 0.05) in the MIT group 
than in the CIT group.

R3 In most adults with T2D, an HbA1c target of less than 
7% IS RECOMMENDED to reduce the long-term inci-
dence of macrovascular complications.
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Summary of Evidence

• After UKPDS was finished, the post-trial observational 
phase monitored 3277 patients for five years, with no 
attempts to maintain their previously assigned thera-
pies. (33) All patients were assessed through question-
naires, and seven prespecified aggregate clinical out-
comes from the UKPDS were considered. Although 
between-group differences in HbA1c levels were lost 
after the first year, relative risk reductions persisted at 
ten years for any diabetes-related endpoint (9%, P = 
0.04) and microvascular disease (24%, P = 0.001). A 
risk reduction for myocardial infarction (MI) (15%, P = 
0.01) and all-cause mortality (ACM) (13%, P = 0.007) 
was observed. In the metformin group, significant risk 
reductions persisted for any diabetes-related end-
point (21%, P = 0.01), MI (33%, P = 0.005), and ACM 
(27%, P = 0.002). Despite an early loss of glycemic di-
fferences, a continued reduction in microvascular risk 
and risk reductions for MI and ACM was observed du-
ring the ten years of post-trial follow-up.

• The UKPDS 88, (34) a long-term observational follow-up 
from the original UKPDS study, examined the impact 
of early and delayed glucose-lowering therapy and 
the incidence of ACM and MI in T2D 20 years after 
randomization. The effect of HbA1c values over time 
was analyzed by weighting them according to their 
influence on following ACM and MI risks. HRs for a 1% 
higher HbA1c for ACM were 1.08 (95% CI 1.07 to 1.09), 
1.18 (95% CI 1.15 to 1.21), and 1.36 (95% CI 1.30 to 1.42) 
at 5, 10, and 20 years, respectively for MI, was 1.13 (95% 
CI 1.11 to 1.15) at five years, increasing to 1.31 (95% CI 
1.25 to 1.36) at 20 years. A 1% lower HbA1c from diag-
nosis generated an 18.8% (95% CI 21.1 to 16.0) ACM 
risk reduction 10–15 years later, whereas delaying this 
reduction until ten years after diagnosis showed a se-
ven-fold lower 2.7% (95% CI – 3.1 to – 2.3) risk reduc-
tion. Early detection of diabetes and intensive glucose 
control from diagnosis is essential to decrease the 
long-term risk of glycemic complications.

R4 In frail older adults with T2D, a less strict HbA1c tar-
get, up to 8%, IS RECOMMENDED to minimize hypogly-
cemia without increasing mortality.

Summary of Evidence

• Glycemic targets must be individualized based on 
peoples’ personal characteristics, needs, and prefe-

rences. In frail older adults with T2D, a less strict HbA1c 
target is recommended to minimize hypoglycemia. 
This panel highlights, however, that HbA1c should not 
exceed 8%, to avoid symptomatic hyperglycemia and 
increases in mortality in older adults with diabetes.

• An epidemiological study using the data from the 
NHANES III (1994–1998) of 7333 adults over 65 years 
analyzed mortality and the relationship between 
HbA1c and the risk of ACM and cause-specific morta-
lity. (35) Compared with those with diagnosed diabetes 
and an HbA1c < 6.5%, the HR for ACM was significan-
tly greater for adults with diabetes with an HbA1c > 
8%. HRs were 1.6 (95% CI 1.02 to 2.6) and 1.8 (95% CI 
1.3 to 2.6) for HbA1c 8–8.9% and ≥ 9%, respectively (P 
for trend < 0.001).

• In a retrospective cohort study from the Kaiser Per-
manente Northern California database, (36) including 
71,092 patients with T2D aging more than 60 years, 
the relationships between baseline HbA1c and sub-
sequent outcomes (nonfatal complications [acute 
metabolic, microvascular, and CV events] and morta-
lity) were analyzed. The mean cohort age was 71.0 ± 
7.4 years, and the mean HbA1c was 7 ± 1.2%. The risk 
of any nonfatal complication rose when HbA1c ≥ 6% 
(adjusted HR 1.09, 95% CI 1.02 to 1.16, for HbA1c 
6–6.9% and 1.86, 95% CI 1.63 to 2.13, for HbA1c ≥ 
11%). Mortality, however, had a U-shaped relationship 
with HbA1c. Compared with HbA1c < 6%, mortality 
risk was lower when HbA1c was between 6–9% (e.g., 
0.83, 95% CI 0.76 to 0.90, for HbA1c 7–7.9%) and hi-
gher when HbA1c ≥ 11% (1.31, 95% CI 1.09 to 1.57). 
The risk of any endpoint (complication or death) be-
came significantly higher at HbA1c ≥ 8%. Patterns 
generally were consistent across age groups (60–69, 
70–79, and ≥ 80 years).

• To investigate the association between HbA1c variabi-
lity over time and mortality in older people with T2D, 
a 5-year retrospective cohort was assessed using The 
Health Improvement Network database. (37) The co-
hort included 587,000 primary care practices in the UK 
with patients of either sex who were above 70 years 
and older with type 1 or type 2 diabetes. The primary 
outcome was time to ACM. The primary exposure va-
riables were mean HbA1c and variability of HbA1c over 
time. The observation included a 4-year run-in period 
with a 5-year follow-up from 2007 to 2012. A total of 
54,803 people were enrolled, of whom 17,680 (8614 
[30.7%] of 28,017 women and 9066 [33.8%] of 26,786 
men) died during the observation period. The data 
showed a J-shaped distribution for mortality risk in 
both sexes, with significant increases in HbA1c values 
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greater than 8% and less than 6%. Excess mortality risk 
was not significant for men at HbA1c values of 8% to 
less than 8.5%. Mortality increased with increasing 
HbA1c variability in all models (overall and for both 
sexes). Both low and high levels of glycemic control 
were associated with an increased mortality risk. The 
degree of variability also seems to be an essential fac-
tor, suggesting that a stable glycemic level in the mi-
ddle range is associated with lower risk, and glycemic 
variability over time in HbA1c is essential in unders-
tanding mortality risk in older people with diabetes.

R5 It IS RECOMMENDED to measure HbA1c once every 
12 weeks in patients that have not achieved the HbA1c 
target, after changing therapy, or in unstable situations.

R6 It IS RECOMMENDED to measure HbA1c at least on-
ce every 24 weeks in patients meeting treatment goals.

Summary of Evidence

• Recommendations 5 and 6 were based on the expert 
opinion of this panel, based on the current best clini-
cal practice of Brazilian and Portuguese board mem-
bers, considering cost-effective issues.

Management of Antidiabetic Therapy in Adults 
Without Cardiorenal Disease

Figure 4 depicts the approach to managing antidiabetic 
therapy in adults with T2D and without cardiorenal di-
sease.

R7 Non-pharmacological approaches, such as nutritio-
nal intervention focusing on weight control, physical 
exercise, decreasing sitting time, improving sleep dura-
tion, stopping smoking, and stress management, ARE 
RECOMMENDED during all phases of treatment in T2D 
to improve glycemic control.

Summary of Evidence

• Lifestyle measures should be recommended universally 
as the basis for diabetes treatment, as sustained remis-
sion of T2D is related to the degree of weight loss.

• Weight loss is associated with sustained remission of 
T2D. The DIRECT study (38) was an open-label, cluster-
-randomized, controlled trial conducted at primary 
healthcare units in the United Kingdom (UK) that as-
sessed remission of T2D during a direct care-led wei-
ght-management program. The study randomized 
overweight/obese patients recently diagnosed with 
T2D to an integrated structured weight management 
program (intervention) (n = 149) or the standard of ca-
re by UK guidelines (n = 149). The intervention inclu-
ded the withdrawal of antidiabetic drugs, total diet re-
placement (825–853 kcal/d formula diet for 12–20 
weeks), and stepped food reintroduction (2–8 weeks), 
followed by structured support for weight-loss main-
tenance. The primary outcome was a weight loss of at 
least 15 kg and remission of T2D, defined as an HbA1c 
< 6.5% after withdrawal of antidiabetic agents at 12 
and 24 months. At 24 months, 11% of patients in the 
intervention group and 2% of controls had achieved 
weight loss of at least 15 kg (odds ratio [OR] 7.49, 95% 
CI 2.05 to 7.32, P = 0.0023), and remission of diabetes 
was seen in 36% in the intervention group and 3% in 
the control group (OR 25.82, 95% CI 8.25 to 80.84, P < 
0.0001). In a post hoc analysis of the whole study popu-
lation, of those participants who maintained at least 10 
kg weight loss (45 of 272 with data), 29 (64%) achieved 
remission; 36 (24%) of 149 participants in the interven-
tion group maintained at least 10 kg weight loss.

• The association of sleep duration with CVD incidence 
and mortality in high-risk T2D populations was eva-
luated in a prospective study, which included 18,876 
participants with T2D in the UK Biobank who were 
free of CVD and cancer at baseline. (39) During an ave-
rage follow-up of 11–12 years, there were 2570 inci-
dent cases of ASCVD and 598 CVD deaths. Compared 
with sleeping for seven hours daily, the multivariable 
adjusted HRs of ≤ 5 and ≥ ten h/d were 1.26 (95% CI 
1.08 to 1.48) and 1.41 (95% CI 1.16 to 1.70) for incident 
ASCVD, 1.22 (95% CI 0.99 to 1.50) and 1.16 (95% CI 0.88 
to 1.52) for coronary artery disease, 1.70 (95% CI 1.23 
to 2.35) and 2.08 (95% CI 1.44 to 3.01) for ischemic 
stroke, 1.02 (95% CI 0.72 to 1.44) and 1.45 (95% CI 1.01 
to 2.10) for peripheral artery disease, and 1.42 (95% CI 
1.02 to 1.97) and 1.85 (95% CI 1.30 to 2.64) for CVD 
mortality. Short and long sleep durations were inde-
pendently associated with increased risks of CVD on-
set and death among people with T2D.

• A meta-analysis (40) examined the association of total 
daily sitting time with CVD and T2D, with and without 
adjustment for physical activity. Nine studies with 
448,285 participants were included. A higher real dai-
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ly sitting time was associated with an increased risk of 
CVD (HR 1.29, 95% CI 1.27 to 1.30, P < 0.001) and T2D 
(HR 1.13, 95% CI 1.04 to 1.22, P < 0.001). The increased 
risk for T2D was not affected after adjusting for physi-
cal activity (HR 1.11, 95% CI 1.01 to 1.19, P < 0.001). The 
increased risk was attenuated for CVD but significant 
(HR 1.14, 95% CI 1.04 to 1.23, P < 0.001). The authors 
concluded that higher levels of total daily sitting time 
are associated with an increased risk of CVD and T2D, 
independent of physical activity. Therefore, the total 
daily sitting reduction is recommended in public heal-
th guidelines.

• A meta-analysis (41) of 47 studies assessing sedentary 
behavior in adults, adjusted for physical activity, was 
performed on outcomes for CVD and diabetes, can-
cer, and ACM. Inactive times were quantified using 
self-report. Significant HRs were found with ACM (HR 
1.24, 95% CI 1.09 to 1.41), CVD mortality (HR 1.17, 95% 
CI 1.10 to 1.25), CVD incidence (HR 1.14, 95% CI 1.00 to 
1.72), cancer mortality (HR 1.17, 95% CI 1.10 to 1.24), 
cancer incidence (HR 1.13, 95% CI 1.05 to 1.21), and T2D 
incidence (HR 1.91, 95% CI 1.64 to 2.22). HRs associa-
ted with sedentary time and outcomes were more 
pronounced at lower physical activity levels than hi-
gher ones. There was marked heterogeneity in resear-
ch designs and the assessment of sedentary time and 
physical activity. Prolonged sedentary time was inde-
pendently associated with deleterious health outco-
mes regardless of physical activity.

R8 Continuous glucose monitoring SHOULD BE CONSI-
DERED to improve glycemic control in T2D, taking into 
account the cost–benefit ratio.

Summary of evidence

• In a meta-analysis (42) of 13 real-world observational 
trials (data from 2415 participants) involving adults 
with T2D, the use of intermittently scanned conti-
nuous glucose monitoring (isCGM) was associated wi-
th a significant reduction in HbA1c. The fall in HbA1c 
occurred at 3–4 months (−0.45%, 95% CI – 0.57% to 
– 0.33%), continuing through 4.5–7.5 months (– 0.59%, 
95% CI – 0.80% to – 0.39%) and was sustained after 
that for at least 12 months. The sustained reduction in 
HbA1c indicates that it is a consequence of using the 
isCGM system rather than transient confounding fac-
tors around initiation. Furthermore, meta-regression 
analysis shows that the degree of change in HbA1c 

was predicted by the HbA1c at baseline, such that a 
more significant reduction in HbA1c was seen for users 
with a higher baseline HbA1c.

• In a multicentric RCT (43) to determine the effectiveness 
of CGM in adults with T2D (n = 175) treated with basal 
insulin (without prandial insulin) in primary care prac-
tices, CGM resulted in significantly better glycemic 
control at eight months as compared with blood glu-
cose meter (BGM) monitoring. Mean HbA1c level de-
creased from 9.1% at baseline to 8% at eight months in 
the CGM group and from 9% to 8.4% in the BGM 
group (adjusted difference – 0.4%, 95% CI – 0.8% to – 
0.1%, P = 0.02). In addition, the mean percentage of 
CGM-measured time in the target glucose range of 70 
to 180 mg/dL was 59% in the CGM group vs. 43% in the 
BGM group (adjusted difference 15%, 95% CI 8% to 
23%, P < 0.001) and the mean percentage of time at 
greater than 250 mg/dL was 11% vs. 27%, respectively 
(adjusted difference – 16%, 95% CI – 21% to – 11%, P < 
0.001). The mean glucose values were 179 mg/dL in the 
CGM group vs. 206 mg/dL in the BGM group (adjusted 
difference – 26 mg/dL, 95% CI – 41 to – 12, P < 0.001).

• The IMMEDIATE study (44) was a multisite, open-label, 
16-week RCT to examine the efficacy and patient satis-
faction of isCGM in non-insulin treated adults with 
T2D. The participants (n = 116) were randomized 1:1 to 
receive a diabetes self management education (DS-
ME) plus isCGM (the isCGM + DSME group) or DSME 
plus blinded CGM (the DSME group). At 16 weeks of 
follow-up, the isCGM + DSME group had a significan-
tly greater mean time in range (+ 9.9% [+ 2.4 h], P < 
0.01), significantly less time above range (– 8.1% [– 1.9 
h], P = 0.037), and a greater reduction in mean HbA1c 
(– 0.3%, 95% CI – 0.7% to 0%, P = 0.048) vs. the DSME 
group. The time below range was low and not signifi-
cantly different between groups, and hypoglycemic 
events were few in both groups. Glucose monitoring 
satisfaction was higher among isCGM users (adjusted 
difference – 0.5, 95% CI – 0.7 to – 0.3, P < 0.01).

R9 In treatment-naïve adults recently diagnosed with 
T2D, without CVD or CKD, at low or intermediate CV risk, 
in whom HbA1c is 6.5–7.5%, metformin IS RECOMMEN-
DED to improve glycemic control, mitigate diabetes 
progression, and prevent diabetes-related outcomes.

Summary of Evidence

• This panel concluded that, in T2D, metformin is highly 
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efficacious in reducing hyperglycemia, well tolerated, 
cheap, and safe, and can slow down the natural pro-
gression of T2D while reducing diabetes related out-
comes. However, the role of metformin in reducing CV 
outcomes is unclear.

• The UKPDS 34 study (45) investigated whether intensive 
blood-glucose control with metformin could reduce 
diabetes-related outcomes. In an RCT including 4075 
participants, a subgroup of 1704 overweight people 
with newly diagnosed T2D was assigned to either con-
ventional treatment with diet alone (n = 411), intensive 
control with metformin (n = 342), or intensive control 
with a sulfonylurea or IBT (n = 951). The median dura-
tion was 10.7 years. The primary outcome measures 
were any diabetes related clinical endpoint, diabetes-
-related death, and ACM. The overall mean HbA1c at 
baseline was 7.2 ± 1.5%. Compared with the conven-
tional group, patients in the metformin group had risk 
reductions of 32% (95% CI 13 to 47, P = 0.002) for any 
diabetes related endpoint, 42% for diabetes-related 
death (95% CI 9 to 63, P = 0.017), and 36% for ACM 
(95% CI 9 to 55, P = 0.011). Among patients allocated 
to intensive glycemic control, metformin showed a 
more significant effect than chlorpropamide, gliben-
clamide (glyburide), or IBT for any diabetes-related 
endpoint (P = 0.0034), ACM (P = 0.021), and stroke (P 
= 0.032). Intensive glucose control with metformin 
decreased the risk of diabetes-related endpoints in 
overweight people with T2D. In addition, it was asso-
ciated with less weight gain and fewer hypoglycemic 
attacks than IBT and sulfonylureas.

• Metformin can also mitigate the progression from pre-
diabetes to T2D. The Diabetes Prevention Program 
(DPP) (46) was an RCT comparing intensive lifestyle in-
tervention or metformin vs. placebo in a cohort of 
people with prediabetes who were selected at very 
high risk of developing T2D. After the trial, an obser-
vational phase, the DPP Outcome Study (DPPOS), 
which included 2776 (88%) of the surviving DPP co-
hort, was analyzed by intention-to-treat based on the 
original DPP assignment. During DPPOS, the lifestyle 
group was offered lifestyle reinforcement semi-an-
nually, and the metformin group received unmasked 
metformin. During a mean 15 years of follow-up, lifes-
tyle intervention and metformin reduced diabetes in-
cidence rates by 27% (P < 0.0001) and 18% (P = 0.001), 
respectively, vs. the placebo group. There was an 
apparent decline in group differences over time. The 
cumulative incidences of T2D were 55%, 56%, and 
62%, respectively, and the prevalence at the study-
-end of microvascular outcome composite outcome 

(nephropathy, neuropathy, and retinopathy) was not 
significantly different among the treatment groups 
(11–13%). Lifestyle intervention or metformin signifi-
cantly reduced diabetes development over 15 years. 
There were no overall differences in the combined mi-
crovascular outcome among treatment groups. 
However, those who did not progress to diabetes had 
a lower prevalence of microvascular complications 
than those who progressed.

R10 In adults with T2D at high or very high CV risk, an 
AD1 IS RECOMMENDED for reduction of CV events.

Summary of Evidence

• This panel defined as AD1 the anti-hyperglycemic 
agents with proven CV benefits, i.e., SGLT2 inhibitors 
(SGLT2i) and glucagon-like peptide-1 receptor ago-
nists (GLP-1 RA).

• SGLT2i favorably affects CV events and CV mortality in 
high-risk adults with T2D. A meta-analysis (47) of 6 ran-
domized, placebo-controlled CV outcomes trials 
(CVOTs) with SGLT2i included data from 6 trials compri-
sing 46,969 patients with T2D, 66.2% with ASCVD. Ove-
rall, SGLT2i reduced the risk of MACE by 10% (HR 0.90, 
95% CI 0.85 to 0.95), with no significant heterogeneity 
of associations with outcome. The presence or absence 
of ASCVD did not modify the association with outco-
mes for MACE (P for interaction = 0.10). There was also 
no difference between the subgroups with baseline 
HbA1c above or below 8.5% (P for interaction = 0.09). 
SGLT2i also reduced CV mortality by 15% (HR 0.85, 95% 
CI 0.78 to 0.93, without differences between patients 
with or without previous ASCVD; P for interaction = 
0.44). These data support recommendations to prioriti-
ze the use of SGLT2i in patients at high ASCVD risk.

• GLP-1 RA reduces MACE, CV mortality, and ACM in hi-
gh-risk patients with T2D. In a meta-analysis (48) inclu-
ding data from 8 trials comprising 60,080 patients, 
GLP-1 RA reduced MACE by 14% (HR 0.86, 95% CI 0.80 
to 0.93), with no significant heterogeneity between 
subgroups with or without established ASCVD (P for 
interaction = 0.18). Overall, GLP-1 RA reduced CV 
mortality by 13% (HR 0.87, 95% CI 0.80 to 0.94) and 
ACM by 12% (HR 0.88, 95% CI 0.82 to 0.94), with no 
increase in the risk of severe hypoglycemia, retinopa-
thy, or pancreatic adverse effects. This data supports 
current recommendations to prioritize the use of GLP-
1 RA in patients at high ASCVD risk.
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R11 In adults with T2D and obesity, GLP-1 RA or GIP/GLP-
1 receptor co-agonists SHOULD BE CONSIDERED for im-
proving weight loss.

Summary of Evidence

• The STEP 2 study (49) was a double-blind, double-
-dummy, randomized phase 3 clinical trial that asses-
sed the efficacy and safety of the once-a-week subcu-
taneous GLP-1 RA semaglutide, in doses of 2.4 mg vs. 
1.0 mg vs. placebo, for weight management in adults 
with T2D and overweight or obesity. The study enrol-
led adults with a BMI ≥ 27 kg/m2 and HbA1c 7–10% 
who had been diagnosed with T2D for at least 180 
days before screening. Patients were randomly alloca-
ted (1:1:1) via an interactive web-response system and 
stratified by background glucose-lowering medica-
tion and HbA1c to SC injection of semaglutide 2.4 mg, 
semaglutide 1.0 mg, or visually matching placebo, on-
ce a week for 68 weeks, plus a lifestyle intervention. 
Co-primary endpoints were percentage change in bo-
dy weight and achievement of weight reduction of at 
least 5% at 68 weeks for semaglutide 2.4 mg vs. place-
bo, assessed by intention to treat. A total of 1210 were 
randomly assigned to semaglutide 2.4 mg (n = 404), 
semaglutide 1.0 mg (n = 403), or placebo (n = 403) 
and included in the intention-to treat analysis. The es-
timated change in mean body weight from baseline to 
week 68 was – 9.6% with semaglutide 2.4 mg vs. – 
3.4% with placebo. The estimated treatment differen-
ce (ETD) for semaglutide 2.4 mg vs. placebo was – 
6.2% (95% CI – 7.3 to – 5.2; P < 0.0001). At week 68, 
more patients on semaglutide 2.4 mg than on placebo 
achieved weight reductions of at least 5% (267 [68.8%] 
of 388 vs. 107 [28.5%] of 376; OR 4.88, 95% CI 3.58 to 
6.64, P < 0.0001). In adults with overweight/obesity 
and T2D, semaglutide 2.4 mg once a week significan-
tly decreased body weight compared with placebo.

• The SURPASS 1 study (50) was a 40-week, double blind, 
randomized, placebo-controlled, phase 3 trial to as-
sess efficacy, safety, and tolerability of GIP/GLP-1 re-
ceptor co-agonist tirzepatide monotherapy vs. place-
bo in adults with T2D inadequately controlled by diet 
and exercise alone. The primary endpoint was the 
mean change in HbA1c from baseline at 40 weeks. A 
total of 478 individuals were randomly assigned to tir-
zepatide 5 mg (n = 121 [25%]), 10 mg (n = 121 [25%]), 
15 mg (n = 121 [25%]), or placebo (n = 115 [24%]). At 40 
weeks, all tirzepatide doses were superior to placebo 

for changes from baseline in HbA1c, fasting serum 
glucose, body weight, and HbA1c targets of < 7% and 
< 5.7%. Mean HbA1c decreased from baseline by 
1.87% with tirzepatide 5 mg, 1.89% with tirzepatide 10 
mg, and 2.07% with tirzepatide 15 mg vs. + 0.04% with 
placebo, resulting in estimated treatment differences 
vs. placebo of – 1.91%, – 1.93%, and – 2.11%, respective-
ly (all P < 0.0001). More participants on tirzepatide 
than on placebo met HbA1c targets of < 7% (87–92% 
vs. 20%) and ≤ 6.5% (81–86% vs. 10%), and 31–52% of 
patients on tirzepatide vs. 1% on placebo reached an 
HbA1c < 5.7%. Tirzepatide induced a dose-dependent 
body weight loss ranging from 7 to 9.5 kg. Tirzepatide 
showed important improvements in glycemic control 
and body weight without increased risk of hypoglyce-
mia. The safety profile was consistent with GLP-1 RA, 
indicating a potential monotherapy use of tirzepatide 
for T2D treatment.

R12 In treatment-naïve asymptomatic adults with T2D, 
at low or intermediate CV risk, in whom HbA1c is above 
7.5%, dual therapy, including metformin and a second 
AD1 or AD, IS RECOMMENDED to improve glycemic 
control.

Summary of Evidence

Adding SGLT2 Inhibitors

• Compared with placebo, SGLT2i reduced HbA1c levels 
when used as monotherapy (weighted mean differen-
ce [WMD] 0.79%, 95% CI 0.96% to 0.62%, I2 71%) or 
add-on treatment (WMD 0.61%, 95% CI 0.69% to 
0.53%, I2 73%). (51)

Adding GLP-1 Receptor Agonists

• The efficacy of adding liraglutide to metformin was 
compared with the addition of placebo or glimepiride 
to metformin in subjects previously treated with oral 
antidiabetic therapy. In a 26-week, doubleblind, dou-
ble-dummy, placebo, and active-controlled, parallel-
-group trial, 1091 adults with T2D were randomly as-
signed to once-daily liraglutide (either 0.6, 1.2, or 1.8 
mg/d injected SC), to placebo, or to glimepiride (4 mg 
once daily). (52) All treatments were in combination 
therapy with metformin (1 g twice daily). Baseline 
HbA1c was 7–11% if on previous monotherapy > 3 
months or 7–10% if previous dual therapy > 3 months. 
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HbA1c values were reduced in all liraglutide groups vs. 
the placebo group (P < 0.0001), with mean decreases 
of 1% for 1.8 and 1.2 mg liraglutide and glimepiride 
and 0.7% for 0.6 mg liraglutide vs. an increase of 0.1% 
for placebo. Liraglutide induced similar glycemic con-
trol, reduced body weight, and lowered the occurren-
ce of hypoglycaemia compared with glimepiride, 
when both had background therapy with metformin.

Adding DPP-4 Inhibitors

• Dual therapy with DPP-4i and metformin is efficacious 
and safe. A meta-analysis (53) assessing the long-term 
efficacy and safety of DPP-4i combined with metformin 
compared to metformin alone in patients with T2D in-
cluded seven RCTs lasting at least 24 weeks. The decline 
in HbA1c was greater with dual therapy. The difference 
was – 0.54% (95% CI – 0.63 to – 0.45), with no increase 
in hypoglycaemia (HR 0.79, 95% CI 0.48 to 1.30).

Adding Pioglitazone

• The addition of pioglitazone (30 mg/d) to other anti-
diabetic agents (metformin or sulfonylureas) led to 
more significant reductions in HbA1c level by – 1.16% 
(95% CI – 1.41 to – 0.90) compared with placebo. (54)

Adding Sulfonylureas

• The safety of sulfonylureas in relation to CV outcomes 
was demonstrated in the CAROLINA head-to-head 
RCT (55) (glimepiride vs. linagliptin) in the TOSCA.IT 
head-to-head trial (56) (glimepiride vs. pioglitazone), 
and in the ADVANCE trial (57) (gliclazide MR).

• In a meta-analysis (58) of RCTs, CV safety was also exten-
ded to glibenclamide (glyburide). This panel conside-
red that sulfonylureas are safe in relation to CV risk. 
However, they are associated with an increased inci-
dence of hypoglycemia. Therefore, prescriptions must 
be individualized for each patient.

• Among the sulfonylureas, gliclazide MR is associated 
with a lower risk of hypoglycemia. In the GUIDE trial, 
(59) a head-to-head comparison of gliclazide MR and 
glimepiride (n = 845), hypoglycemia occurred less fre-
quently with gliclazide MR than with glimepiride 
(3.7% vs. 8.9%, respectively; P = 0.003).

Adding GIP/GLP-1 Receptor Co-Agonists

• A systematic review and meta-analysis (60) evaluating 
the efficacy and safety of tirzepatide against placebo 

or active comparator in people with T2D included six 
RCT (data from 6579 subjects; 4410 in the tirzepatide 
group and 2054 in the control group). Tirzepatide 
treatment reduced HbA1c, the primary endpoint 
(WMD – 1.07%, 95% CI – 1.44 to – 0.56, I2 98%). Secon-
dary efficacy endpoints also improved with tirzepati-
de. Fasting serum glucose (WMD – 21.50 mg/dL, 95% 
CI – 34.44 to – 8.56), body weight (WMD – 7.99 kg, 
95% CI – 11.36 to – 4.62, I2 99%), blood pressure, and 
fasting lipid profiles, without increasing hypoglyce-
mia, either as monotherapy or add-on therapy. Tirze-
patide increased the risk of gastrointestinal adverse 
events (risk ratio 3.32, 95% IC 1.3 to 8.5, I2 95%) as 
add-on therapy, but not in terms of pancreatitis or 
cholelithiasis. Furthermore, tirzepatide presented a 
dose-response effect (1 mg to 15 mg) on decreased 
HbA1c and body weight.

R13 In treatment-naïve asymptomatic adults with T2D, 
in whom HbA1c is 7.5% to 9%, triple therapy, including 
metformin and two AD1 or AD, MAY BE CONSIDERED to 
improve glycemic control.

Summary of Evidence

• This panel considered that, in general, triple therapy is 
effective and safe for improving glycemic control. In 
addition, most studies indicate superior HbA1clowe-
ring efficacy with triple than with dual therapy. There-
fore, it is likely that patients with HbA1c closer to 9% 
are potential candidates for initial triple therapy.

• Considering the combination of metformin, SGLT2i and 
GLP-1 RA, the AWARD-10 trial (61) randomized 424 pa-
tients who were on SGLT2i and metformin to receive 
dulaglutide 1.5 mg (n = 142), dulaglutide 0.75 mg (n = 
142), or placebo (n = 140). The primary objective was to 
test for superiority of dulaglutide vs. placebo regar-
ding the change in HbA1c from baseline at 24 weeks. 
HbA1c was reduced further in patients receiving all 
three drugs (dulaglutide 1.5 mg: – 1.34% ± 0.06 and 
dulaglutide 0.75 mg: – 1.21% ± 0.06) than in those re-
ceiving two drugs (placebo plus metformin/SGLT2i: – 
0.54% ± 0.06, P < 0.0001). Triple therapy improved gly-
cemic control significantly, with acceptable tolerability.

• The DURATION-8 study (62) was a 28-week, multicenter, 
double-blind, active-control trial of T2D patients with 
HbA1c 8–12% who were on metformin monotherapy. 
Patients (n = 695) were randomly assigned to receive 
exenatide plus dapagliflozin, exenatide plus placebo, 
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or dapagliflozin plus placebo. The primary endpoint 
was a change in HbA1c from baseline to week 28. At 
28 weeks, the change in HbA1c was – 2% (95% CI – 2.2 
to – 1.8) in the exenatide/dapagliflozin group, – 1.6% 
(95% CI – 1.8 to – 1.4) in the exenatide group, and – 
1.4% (95% CI – 1.6 to – 1.2) in the dapagliflozin group. 
The combination of exenatide and dapagliflozin signi-
ficantly reduced HbA1c from baseline to week 28 
compared with exenatide alone (– 0.4%, 95% CI – 0.6 
to – 0.1, P = 0.003) or dapagliflozin alone (– 0.6%, 95% 
CI – 0.8 to – 0.3, P < 0.001), and was well tolerated.

• The combination of empagliflozin and linagliptin was 
examined as second-line therapy in subjects with T2D 
inadequately controlled on metformin in a double-
-blind RCT. (63) Patients were randomized to empagli-
flozin plus linagliptin or each drug alone in different 
dosages as an add-on to metformin for 52 weeks. The 
primary endpoint was the change in HbA1c from ba-
seline at week 24. At week 24, decreases in HbA1c 
from a baseline of 7.90–8.02% were superior with em-
pagliflozin/linagliptin than with empagliflozin 25 mg 
or linagliptin 5 mg alone as add-ons to metformin. 
Overall, 61.8% attained HbA1c < 7% with the combi-
nation of empagliflozin 25 mg/linagliptin 5 mg, while 
only 32.6% did with empagliflozin 25 mg alone (OR 
4.2, 95% CI 2.3 to 7.6, P < 0.001), and 36.1% with lina-
gliptin 5 mg alone (OR 3.5, 95% CI 1.9 to 6.4, P < 0.001). 
Efficacy was maintained at week 52. The proportion of 
subjects with adverse events over 52 weeks was similar 
across treatment arms (68.6–73%), with no hypogly-
cemic events requiring assistance.

• The empagliflozin/linagliptin combination a s second-
-line therapy for 52 weeks significantly reduced HbA1c 
compared with the individual components and was 
well tolerated. In an open-label clinical trial, (64) 106 pa-
tients recently diagnosed with T2D were randomized 
to metformin/pioglitazone/exenatide (triple therapy) 
and 115 to metformin, followed by sulfonylurea and 
glargine U100 (conventional treatment) with an HbA1c 
target of < 6.5% for two years. Patients receiving triple 
therapy had a more significant reduction in HbA1c le-
vel than those receiving conventional treatment 
(5.95% vs. 6.50%; P < 0.001). In addition, despite lower 
HbA1c, participants on triple therapy experienced a 
7.5-fold lower rate of hypoglycaemia than patients on 
conventional treatment. Triple therapy was also asso-
ciated with weight loss vs. weight gain in those recei-
ving conventional treatment (−1.2 kg vs. + 4.1 kg, res-
pectively; P < 0.01).

• A post hoc analysis (65) of three RCTs of sequential or 
concomitant add-on of dapagliflozin and saxagliptin 

to metformin compared the safety of triple therapy 
(dapagliflozin plus saxagliptin + metformin) vs. dual 
therapy (dapagliflozin or saxagliptin plus metformin). 
At 24 weeks, the incidence of any adverse and serious 
adverse events was similar between the triple and dual 
therapy groups and between the concomitant and se-
quential add-on groups. Urinary tract infections were 
more common in the sequential groups than concur-
rent groups; genital infections were reported only wi-
th the sequential add-on of dapagliflozin to saxaglip-
tin plus metformin. Hypoglycemia occurred in < 2% of 
patients across all groups.

• A network meta-analysis (66) compared the efficacy of 
adding a third AD in patients with T2D not well con-
trolled (HbA1c > 7%) by dual therapy with metformin 
and sulfonylurea. The meta-analysis included only 
RCTs of at least 24 weeks’ duration. The primary out-
comes were a change in HbA1c, weight change, and 
severe hypoglycemia frequency. A total of 18 trials in-
volving 4,535 participants, with a mean duration of 31 
weeks, were included. Compared with placebo, drug 
classes did not differ regarding the effect on HbA1c 
level, with reductions ranging from − 0.70% (95% CI 
– 1.33% to – 0.08%) to – 1.08% (95% CI – 1.41% to – 
0.77%). Weight gain was seen with IBT (2.84 kg, 95% 
CI 1.76 to 3.90 kg) and with thiazolidinediones (4.25 
kg, 95% CI 2.76 to 5.66 kg), while weight loss was seen 
with GLP-1 RA (– 1.63 kg, 95% CI – 2.71 to – 0.60 kg). 
IBT caused twice more severe hypoglycemic episodes 
than non-insulin ADs. No agent was superior to any 
other in terms of HbA1c.

R14 In treatment-naïve, asymptomatic adults with T2D, 
in whom HbA1c > 9%, metformin plus IBT SHOULD BE 
CONSIDERED to improve glycemic control.

Summary of Evidence

• A meta-analysis (67) comparing CV and metabolic outco-
mes in insulin-based vs. non-insulin-based glucose-
-lowering therapy included 18 RCTs (data from 19,300 
patients). In 16 trials, insulin had superior efficacy in 
achieving glycemic control (HR 0.20, 95% CI 0.28 to 
0.11) and was associated with superior reductions in 
HbA1c. Baseline HbA1c among all included studies ran-
ged from 7.4 to 9.7%. There was no significant between-
-group difference in ACM or CV events risk. However, 
the risk of hypoglycemia was higher among patients 
receiving insulin (relative risk 1.90, 95% CI 1.44 to 2.51). 
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Non-insulin treatment was associated with more ad-
verse drug reactions (54.7% vs. 45.3%, P = 0.044).

• Compared with oral ADs, early intensive insulin therapy 
in patients with newly diagnosed T2D is associated wi-
th a favorable impact on recovery and maintenance of 
β-cell function, as well as prolonged glycemic remis-
sion. A multicenter RCT (68) compared the effects of 
transient intensive insulin therapy (continuous subcu-
taneous insulin infusion [CSII] or multiple daily injec-
tions [MDI]) vs. oral antidiabetic agents on β-cell func-
tion and diabetes remission. A total of 382 
treatment-naïve patients with recently diagnosed T2D 
were randomized to receive insulin or oral hypoglyce-
mic agents for rapid initial correction of hyperglyce-
mia. The mean HbA1c at baseline was 9.5–9.8%. Treat-
ment was stopped once normoglycemia had been 
achieved and remained stable for two weeks; patients 
were then followed on a diet and exercise alone. Intra-
venous glucose tolerance tests were performed, and 
glucose, insulin, and proinsulin levels were measured. 
The primary endpoint was the duration of glycemic re-
mission and remission rate at one year. More patients 
achieved target glycemic control in the insulin groups 
than those treated with oral ADs. In addition, the 1-year 
remission rate was significantly higher in the insulin 
groups (51.1% and 44.9% vs. 26.7% with oral ADs; P = 
0.0012). β-cell function, assessed by the homeostasis 
model assessment of β-cell function (HOMA-β) and 
acute insulin response, also improved significantly af-
ter intensive therapy. The increase in acute insulin res-
ponse was sustained in the insulin groups but conside-
rably declined in the oral ADs group at one year in all 
patients who achieved remission.

R15 In treatment-naïve, asymptomatic adults with T2D, 
in whom HbA1c > 9%, triple therapy including metfor-
min and two other AD1 or AD SHOULD BE CONSIDERED 
to improve glycemic control.

Summary of Evidence

• The summary of evidence in recommendation 13.

R16 In adults with T2D, HbA1c > 9%, and signs or symp-
toms of hyperglycemia (polyuria, polydipsia, weight 
loss), insulin-based therapy IS RECOMMENDED to im-
prove glycemic control.

• This panel recommended using insulin-based therapy 
(IBT) in T2D patients with symptoms of hyperglyce-
mia. There is general agreement that IBT is necessary 
when signs or symptoms of insulin deficiency are pre-
sent. This statement is based primarily on the patho-
physiology of T2D, plausibility, and clinical experience.

R17 In adults with T2D, obesity, and HbA1c > 9%, without 
severe signs or symptoms of hyperglycemia, a combina-
tion of basal insulin and GLP-1 RA therapy SHOULD BE 
CONSIDERED to improve glycemic control.

Summary of Evidence

• A meta-analysis of RCTs (69) assessed the efficacy and 
safety of short and long-acting GLP-1 RA, both used in 
combination with basal insulin, in adults with T2D. A 
total of 14 RCTs were included. Eight trials examined 
short-acting and six long-acting GLP-1 RA. Differences 
in HbA1c, fasting plasma glucose, body weight, and 
adverse events were compared between studies using 
short-or long-acting GLP-1 RA. Long-acting GLP-1 RA 
was more effective in reducing HbA1c (Δ -6 mmol/
mol, 95% CI – 10 to – 2, P = 0.007), fasting plasma glu-
cose (Δ – 0.7 mmol/L, 95% CI – 1.2 to – 0.3, P = 0.007), 
and body weight (Δ – 1.4 kg, 95% CI – 2.2 to – 0.6, P = 
0.002) and raised the proportion of patients achieving 
an HbA1c target < 7% (P = 0.03) more than the short-
-acting ones. Furthermore, patients reporting symp-
tomatic (P = 0.048) but not severe (P = 0.96) hypogly-
caemia were fewer with long- vs. short-acting GLP-1 
RA added to insulin. In addition, a lower proportion of 
patients reported nausea (– 52%, P < 0.0001) or vomi-
ting (– 36%, P = 0.0002) with long-acting GLP-1 RA. 
GLP-1 RA improved HbA1c, fasting plasma glucose, 
and body weight when added to basal insulin. Long 
acting GLP-1 RA, however, was significantly more 
effective for glycemic and body weight control and 
displayed better gastrointestinal tolerability.

Intensification of Blood Glucose Control

R18 In adults with T2D and without cardiorenal compli-
cations, whose HbA1c remains above target despite dual 
therapy, triple therapy IS RECOMMENDED to improve 
glycemic control.
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Summary of Evidence

• See the summary of evidence in recommendation 13.

R19 In adults with T2D without cardiovascular or renal 
complications, whose HbA1c remains above target des-
pite triple therapy, quadruple therapy IS RECOMMEN-
DED to improve glycemic control.

Summary of Evidence

• Quadruple therapy was evaluated in an open-label ob-
servational trial (70) in patients with uncontrolled T2D 
(HbA1c 7.5–12%) despite three oral ADs. The objective 
was to address the effectiveness and safety of adding 
empagliflozin or glargine U100 as a fourth agent in 
patients already on metformin, DPP-4i, and glimepiri-
de. A total of 268 patients were included: 142 on em-
pagliflozin (25 mg/d) and 126 on glargine U100. After 
24 weeks, HbA1c reduced from baseline by 1.5 ± 1.2% 
(P < 0.001) in the empagliflozin group and by 1.1 ± 
1.8% (P < 0.001) in the glargine U100 group. Moreover, 
HbA1c and FPG were significantly reduced (HbA1c, P = 
0.004; FPG, P = 0.008, respectively) in the empagliflo-
zin group vs. the glargine U100 group. In addition, hy-
poglycemic adverse events were significantly higher 
in the glargine U100 group vs. the empagliflozin group 
(P = 0.001). Therefore, quadruple therapy with SGLT2i, 
metformin, DPP-4i, and sulfonylurea was effective 
and safe for treating T2D.

• An open-label, prospective, 52-week study (71) was con-
ducted in T2D to compare the effectiveness and safety 
of adding empagliflozin 25 mg/d or dapagliflozin 10 
mg/d as part of a quadruple therapy regimen for pa-
tients already on metformin, glimepiride, and DPP-4i, 
and still inadequately controlled (HbA1c 7.5–12%). The 
primary outcome was a change in HbA1c. In total, 350 
patients were enrolled to receive empagliflozin (n = 
176) or dapagliflozin (n = 174). After 52 weeks, both 
groups had significant reductions in HbA1c. The decli-
ne, however, was more important in the empagliflozin 
group (P < 0.001). Safety profiles were similar in the 
two groups, demonstrating that quadruple therapy 
can be used effectively in patients with T2D.

R20 In adults with T2D whose HbA1c remains above tar-
get despite quadruple therapy, adding insulin-based the-
rapy IS RECOMMENDED to improve glycemic control.

Summary of Evidence

• In a 26-week open-label trial, (72) patients receiving 
GLP-1 RA therapy (liraglutide once daily or exenatide 
twice daily) plus metformin alone or metformin plus 
pioglitazone and a sulfonylurea were randomly assig-
ned to receive insulin degludec plus liraglutide once 
daily (n = 292) or to continue GLP-1 RA therapy and 
oral ADs at the pre-trial dose (n = 146). At 26 weeks, 
superior HbA1c reductions had been achieved with 
the insulin degludec/liraglutide combination (ETD – 
0.94%, P < 0.001).

R21 In asymptomatic adults with T2D requiring IBT, a fi-
xed-ratio co-formulation insulin/GLP-1 RA SHOULD BE 
CONSIDERED over basal insulin or basal-bolus insulin, 
whenever available, to improve glucose control.

Summary of Evidence

• A preplanned subgroup analysis of a meta-analysis (73) 
included 6 RCTs (n = 4,213) comparing fixed ratio co-
-formulation (FRC) insulin/GLP-1 RA vs. up-titration of 
basal insulin on metabolic control in adults with T2D. 
All trials had at least 24 weeks’ duration of interven-
tion, and, for the most, the control group was on glar-
gine U100 or degludec. The FRC therapy led to a mean 
HbA1c decrease significantly greater than basal insulin 
up-titration (WMD – 0.50%, 95% CI – 0.67 to – 0.33%, 
P < 0.001, I2 91%), more patients at HbA1c target (rela-
tive risk [RR] 1.48, 95% CI 1.23 to 1.77, P < 0.001, I2 
92.3%), similar hypoglycemic events (RR 0.87, 95% CI 
0.72 to 1.04, P = 0.114, I2 72.9%), and weight reduction 
(WMD – 2.0, 95% CI – 2.6 to – 1.4, P < 0.001, I2 86%).

• A RCT (74) assessed the efficacy and safety of initiating 
FRC insulin degludec/liraglutide vs. basal bolus insulin 
in adults with uncontrolled T2D under basal insulin 
and metformin. All participants were randomized to 
FRC or glargine U100 plus insulin aspart up to 4 times 
daily. The FRC elicited HbA1c reductions comparable 
to basal-bolus (ETD 0.02%, 95% CI – 0.16 to 0.12); non-
-inferiority confirmed (P < 0.0001). The number of se-
vere or confirmed symptomatic hypoglycemia events 



Revista Portuguesa de Diabetes. 2023; 18 (2): 44-80 2023 UPDATE: Luso‑Brazilian Evidence‑Based Guideline for the Management of Antidiabetic Therapy in Type 2 Diabetes

60

was lower with co-formulation vs. basal-bolus (risk 
ratio 0.39, 95% CI 0.29 to 0.51), and body weight de-
creased with coformulation and increased with basal-
-bolus (ETD 23.6 kg, 95% CI 24.2 to 22.9). Total daily 
insulin dose was lower with co-formulation (40 units) 
than basal bolus (40 units vs. 84 units total [52 units 
basal], respectively; ETD – 44.5 units, 95% CI 248.3 to 
240.7, P < 0.0001). By week 26, approximately 90% of 
patients on basal-bolus reported taking at least three 
insulin injections per day vs. the once-daily single in-
jection with FRC.

• A retrospective analysis of an extensive database (75) 
compared outcomes in adults with T2D under basal 
insulin therapy who were newly initiated on FRC insu-
lin glargine U100/lixisenatide or basal bolus insulin 
therapy. Cohorts were propensity score–matched in a 
1:1 ratio on baseline characteristics (n = 2,140; 1,070 in-
dividuals in each group). The primary endpoint was 
persistence with therapy at 12 months. Secondary en-
dpoints included treatment adherence, hypoglyce-
mia, and HbA1c change at 12 months. Treatment per-
sistence was higher for FRC vs. basal-bolus (HR 0.51, 
95% CI 0.46 to 0.57, adjusted P < 0.001). In addition, 
adherence was higher (adjusted OR 4.00, 95% CI 3.25 
to 4.91) and hypoglycemic events were lower (adjus-
ted RR 0.61, 95% CI 0.45 to 0.84) for FRC vs. basal-bo-
lus. HbA1c reduction from baseline, however, was sli-
ghtly more significant for basal-bolus insulin therapy 
(0.65 vs. 0.84%, least squares mean [LSM] 0.58 vs. 
0.73%, LSM difference 0.15%, 95% CI 0.04 to 0.34).

Management of Antidiabetic Therapy in Adults 
with T2D and Atherosclerotic Cardiovascular 
Disease (ASCVD)

Figure 5 depicts the approach to managing antidiabetic 
therapy in adults with T2D and ASCVD.

R22 In adults with T2D with clinical ASCVD, SGLT2i or 
GLP-1 RA (AD1) ARE RECOMMENDED to reduce cardio-
vascular events and CV mortality.

Summary of Evidence

• SGLT2i favorably affects CV events and CV mortality in 
high-risk adults with T2D. A meta-analysis (47) included 
data from 6 CVOTs of SGLT2i, comprising 46,969 uni-
que patients with T2D and 31,116 (66.2%) with ASCVD. 
The primary outcomes were MACE and each one of its 

components (MI, stroke, or CV death). Overall, SGLT2i 
reduced the risk of MACE by 10% (HR 0.90, 95% CI 0.85 
to 0.95), with no significant heterogeneity of associa-
tions with outcome. The presence or absence of AS-
CVD did not modify the association with outcomes for 
MACE (P for interaction = 0.10). Specifically, in patients 
with ASCVD, the HR was 0.89 (95% CI 0.84 to 0.95). 
There was also no difference between the subgroups 
with baseline HbA1c below or above 8.5% (P for inte-
raction = 0.09). SGLT2i also reduced CV mortality by 
15% (HR 0.85, 95% CI 0.78 to 0.93), without differences 
between patients with or without previous ASCVD (P 
for interaction = 0.44). Specifically, in patients with 
ASCVD, the HR was 0.83 (95% CI 0.76 to 0.92).

• GLP-1 RA reduces MACE, CV mortality, and ACM in hi-
gh-risk patients with T2D. In a meta-analysis (48) inclu-
ding eight trials, comprising data from 60,080 pa-
tients, GLP-1 RA reduced MACE by 14% (HR 0.86, 95% 
CI 0.80 to 0.93), with no significant heterogeneity be-
tween patients with or without ASCVD (P for interac-
tion = 0.94) or HbA1c baseline values (P for interaction 
= 0.14). Specifically, in patients with ASCVD, the HR 
was 0.85 (95% CI 0.78 to 0.92). Overall, GLP-1 RA also 
reduced CV mortality by 13% (HR 0.87, 95% CI 0.80 to 
0.94) and ACM by 12% (HR 0.88, 95% CI 0.82 to 0.94).

• In a meta-analysis (76) of 6 RCTs with SGLT2i (data from 
51,743 participants), CV outcomes and mortality were 
stratified according to baseline metformin use, ran-
ging from 21 to 82%. SGLT2i reduced the risk of MACE, 
with and without concomitant metformin use (HR 
0.93, 95% CI 0.87 to 1.00 and HR 0.82, 95% CI 0.71 to 
0.86, respectively; P for interaction = 0.14). Treatment 
with SGLT2i results in clear and consistent reductions 
in CV outcomes and mortality regardless of whether 
patients are receiving or not receiving metformin.

• Despite the lower risk of CV events in patients treated 
with canagliflozin (77) or injectable semaglutide (78) vs. 
placebo, it is essential to note that, in the CANVAS 
Program, (77) patients treated with canagliflozin had a 
greater risk of amputation (HR 1.97, 95% CI 1.41 to 
2.75), primarily at the level of the toe or metatarsal; in 
the SUSTAIN-6 trial, (78) rates of retinopathy complica-
tions (vitreous hemorrhage, blindness, or conditions 
requiring treatment with an intravitreal agent or pho-
tocoagulation) were significantly higher (HR 1.76, 95% 
CI 1.11 to 2.78, P = 0.02) in those who received injecta-
ble semaglutide. These adverse effects are new findin-
gs for which the mechanisms are unknown. Therefore, 
this panel recommended caution in using canagliflo-
zin in patients at risk for amputation and injectable 
semaglutide in those with proliferative retinopathy.
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R23 In adults with T2D and clinical ASCVD, who are in 
use of either SGLT2i or a GLP-1 RA, combining GLP-1 RA 
plus SGLT2i MAY BE CONSIDERED, as it is associated wi-
th fewer CV events and decreased all-cause mortality.

Summary of Evidence

• In a large, real-world observational study, (79) 12,584 
adults with T2D that received either SGLT2i or sul-
fonylureas to baseline GLP-1 RA were identified within 
3 United States datasets. Subjects were 1:1 matched, 
using the propensity score, adjusting for baseline co-
variates. The composite CV endpoint included MI, 
stroke, and ACM. The adjusted pooled HR of SGLT2i 
initiators vs. sulfonylureas initiators was 0.76 (95% CI 
0.59 to 0.98). This decrease in the primary outcome 
was driven by reductions in the risk of MI (HR 0.71, 
95% CI 0.51 to 1.003) and ACM (HR 0.68, 95% CI 0.40 
to 1.14) but not stroke (HR 1.05, 95% CI 0.62 to 1.79). In 
this cohort already on GLP-1 RA, the association with 

SGLT2i vs. sulfonylurea was associated with a more 
significant CV benefit.

• In an exploratory analysis of the AMPLITUDE-O trial (80), 
the effects of the GLP-1 RA efpeglenatide on MACE, 
expanded MACE, renal composite outcome, MACE, or 
death outcome, and hospitalizations for heart failure 
(hHF), as well as adverse events, appeared to be inde-
pendent of concurrent SGLT2i use, as judged by point 
estimates in patients receiving compared with those 
not receiving baseline SGLT2i and lack of any formal 
interactions. These data support combined SGLT2i 
and GLP-1 RA therapy in T2D.

• To evaluate the effects of GLP-1 RA on CV outcomes 
SGLT2i, a study (81) included a post hoc analysis of the 
Harmony Outcomes trial, a CVOT of albiglutide by ba-
ckground SGLT2i use. In addition, a trial-level meta-
-analysis of the Harmony Outcomes trial and the AM-
PLITUDE-O trial (efpeglenatide) was performed, 
combining the treatment effect estimates according to 
SGLT2i use. The results evidenced that, in patients with 
T2D and CVD, GLP-1 RA reduced CV events indepen-
dently of SGLT2i use (P for interaction = 0.7 for MACE 

Fig. 5 Management of antidiabetic therapy in adults with T2D and ASCVD

Figure 5 - Management of antidiabetic therapy in adults with T2D and ASCVD. 
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in the post hoc analysis; the HRs for MACE in the meta-
-analysis were 0.78 [95% CI 0.49 to 1.24] with SGLT2i 
and 0.77 [95% CI 0.76 to 0.92] without SGLT2i, P for 
interaction = 0.95). These findings suggest that combi-
ning GLP-1 RA with SGLT2i may further reduce CV risk.

R24 In adults with T2D and clinical ASCVD, who either 
use SGLT2i or GLP-1 RA and HbA1c remains above the 
target, dual therapy with AD1 plus metformin IS RE-
COMMENDED to improve glycemic control.

Summary of Evidence

• This panel did not find studies that evaluate sequential 
therapy using metformin as an add-on baseline thera-
py with any AD1. Notwithstanding, there is evidence 
about using AD1 as an add-on baseline therapy with 
metformin. In a network meta-analysis, (82) the change 
in HbA1c level in patients receiving metformin-based 
background therapy varied from – 0.63% to – 0.51% wi-
th SGLT2i and from – 1.33% to – 0.43% with GLP– 1 RA.

R25 In adults with T2D and clinical ASCVD, who use SGL-
T2i or GLP-1 RA, and HbA1c is still above the target, dual 
therapy with 2 AD1 SHOULD BE CONSIDERED to impro-
ve glycemic control.

Summary of Evidence

• A systematic review and meta-analysis (83) of 7 RCTs 
(data from 1,913 patients, baseline HbA1c level 8-9.3%) 
compared the combination of GLP-1 RA plus SGLT2i 
vs. either agent alone to existing therapy. The combi-
nation therapy improved HbA1c (primary outcome) 
vs. GLP-1 RA (– 0.61%, 95% CI – 1.09 to – 0.14) and SGL-
T2i (– 0.85, 95% CI – 1.19 to – 0.52).

R26 In adults with T2D, clinical ASCVD and HbA1c above 
the target despite dual therapy, triple therapy with me-
tformin and a combination of two AD1 (SGLT2i and GLP-
1 RA) IS RECOMMENDED to improve glycemic control 
and further reduce cardiovascular events.

Summary of Evidence

• See the summaries of evidence for recommendations 
23 and 25.

R27 In adults with T2D, ASCVD, and HbA1c above the 
target despite dual therapy, triple therapy including one 
AD (pioglitazone, second-generation sulfonylureas or 
DPP-4i) or IBT with at least one AD1 MAY BE CONSIDE-
RED to improve glycemic control.

Summary of Evidence

• The efficacy and safety of DPP-4i and pioglitazone in 
improving hyperglycemia in patients with ASCVD are 
well established in the TECOS (84) (sitagliptin), SAVOR-
-TIMI 53 (85) (saxagliptin), CARMELINA (86) (linagliptin), 
and PROactive (87) (pioglitazone) trials. In addition, the 
efficacy and safety of sulfonylureas in patients with 
ASCVD were confirmed in CAROLINA (55) (glimepiride) 
and TOSCA.IT (56) (glimepiride) and ADVANCE (57) (gli-
clazide MR), as well as in a meta-analysis of RCTs.

• A meta-analysis (88) and risk–benefit assessment of pio-
glitazone were conducted, including studies that com-
pared pioglitazone with a control (antidiabetic agents 
without pioglitazone) in patients with either establi-
shed CVD or high CV risk. The use of pioglitazone com-
pared to a control group that did not use it resulted in 
a 14% and 23% significant reduction in odds of major 
adverse cardiac events (MACE: Mantel–Haenszel odds 
ratio [MH-OR] 0.86, 95% CI 0.75 to 0.98), and stroke 
(MH-OR 0.77, 95% CI 0.60 to 0.99), respectively. The 
number needed to treat (NNT) for the reduction in 
MACE and stroke was 80 and 151, respectively. Notwi-
thstanding, pioglitazone significantly increased the 
odds of HF (MH-OR 1.47, 95% CI 1.26 to 1.71) and hHF 
(MH-OR 1.48, 95% CI 1.21 to 1.81). The number needed 
to harm (NNH) for HF and hHF were 34 and 44, respec-
tively, making these findings clinically significant. The 
authors concluded that pioglitazone should only be 
reserved for treating high CV risk or established CVD.

• The CV safety profile and HF risk of vildagliptin were 
evaluated in a retrospective meta-analysis (89) of pros-
pectively adjudicated CV events, including trials in hi-
gh-risk patients with T2D. Patient-level data from 
17,446 patients were pooled from 40 double-blind, 
randomized, controlled phase III and IV vildagliptin 
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studies. The primary endpoint was the occurrence of 
MACE (MI, stroke, and CV death). Vildagliptin was not 
associated with an increased risk of adjudicated MA-
CEs vs. comparators (Mantel–Haenszel risk ratio [MH-
-RR] 0.82, 95% CI 0.61 to 1.11). Moreover, there was no 
significant increased risk of HF events in vildagliptin-
-treated patients (MH-RR 1.08, 95% CI 0.68 to 1.70).

Management of Antidiabetic Therapy in Adults 
with T2D and Heart Failure (HF)

Figure 6 depicts the approach to managing antidiabetic 
therapy in adults with T2D and HF.

R28 In adults with T2D and HF, therapy with SGLT2i IS 
RECOMMENDED to reduce CV mortality and hHF and 
to improve glycemic control.

Summary of Evidence

• In a systematic review and meta-analysis (47) of 6 CVOTs 
of SGLT2i, including data from 46,969 patients with 
T2D, SGLT2i reduced the risk of CV death or hHF by 
22% (HR 0.78, 95% CI 0.73 to 0.84), with a similar be-
nefit in patients with and without HF history. In addi-
tion, SGLT2i reliably reduces the hospital admission 
rate for HF regardless of existing ASCVD or HF history.

• In a meta-analysis (90) of 5 RCTs including 21,947 parti-
cipants with HF (with or without T2D), SGLT2i reduced 
the risk of composite CV death or hHF (HR 0.77, 95% 
CI 0.72 to 0.82), CV death (0.87, 95% CI 0.79 to 0.95), 
and ACM (0.92, 95% CI 0.86 to 0.99). These outcomes 
were consistent in trials of HF with reduced ejection 
fraction (HFrEF) and HF with preserved ejection frac-
tion (HFpEF) and across all five trials.

Fig. 6 Management of antidiabetic therapy in adults with T2D and HF

Figure 6 - Management of antidiabetic therapy in adults with T2D and HF. 
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R29 In adults with T2D and HF, whose HbA1c remains 
above target despite therapy with SGLT2i, dual therapy 
by adding metformin IS RECOMMENDED to improve 
glycemia control.

Summary of Evidence

• There are no RCTs evaluating the effects of metformin 
on glycemic control, specifically in patients with T2D 
and HF. Notwithstanding, observational evidence su-
ggests that metformin is safe and associated with de-
creased mortality in patients with this profile.

• A 9-year prospective observational study (91) assessed 
the effect of starting metformin on the prognosis of 
patients with newly diagnosed HF and new onset T2D. 
A total of 1,519 patients were enrolled; the mean age 
was 71 years, 53.8% were women, and 51.3% had pre-
served systolic function. Over a median follow-up of 
57 months, 1,045 patients (68.8%) died, and 1,344 
(88.5%) were hospitalized for decompensation of HF. 
There were no cases of lactic acidosis attributable to 
metformin use. Metformin was associated with de-
creased mortality (HR 0.85, 95% CI 0.82 to 0.88), dri-
ven by lower CV mortality (HR 0.78, 95% CI 0.74 to 
0.82), as well as a lower hospitalization rate (HR 0.81, 
95% CI 0.79 to 0.84).

• Metformin treatment in advanced HFrEF patients with 
T2D is associated with better outcomes by mechanis-
ms beyond improving glycemic control. In a prospec-
tive observational study, (92) propensity score-ma-
tched, including 847 stable patients with advanced 
HFrEF (67.7% New York Heart Association [NYHA] III/
IV, left ventricular ejection fraction [LVEF] 23.6 ± 5.8%) 
followed for a median of 3.1 years, the subgroup of 
patients treated with metformin (22.9% of patients wi-
th T2D in the study) had better event-free survival 
even after adjustment for brain natriuretic peptide 
(BNP), BMI, and eGFR (HR 0.70, 95% CI 0.50 to 0.98, P 
= 0.035). No significant nteraction was found between 
metformin therapy and NYHA functional class, LVEF, 
right ventricular dysfunction grade, BNP level, eGFR, 
renin–angiotensin–aldosterone system blockade, be-
ta-blocker treatment, presence of implantable cardio-
verter/defibrillator, or cardiac resynchronization the-
rapy (P for interaction ≥ 0.20).

• In an observational study (93) of 5,852 patients with HF, 
metformin prescription was independently associated 
with reduced risk of composite mortality/hHF at 12 
months (HR 0.81, 95% CI 0.67 to 0.98, P = 0.03).

R30 In adults with T2D and heart failure with preserved 
ejection fraction (HFpEF) whose HbA1c remains above 
target despite dual therapy with metformin and SGLT2i, 
triple therapy by adding GLP-1 RA is safe and SHOULD 
BE CONSIDERED to improve glycemic control.

Summary of Evidence

• This panel did not find studies addressing the effect of 
GLP-1 RA on HF outcomes in T2D patients with HFpEF. 
Therefore, the following data refers to the impact of 
GLP-1 RA on HF-related outcomes in patients with 
T2D, with or without CVD.

• GLP-1 RA reduced the risk of hHF or CV death among 
patients without HF. In a meta-analysis (94) of 7 RCTs 
(data from 54,092 adults with T2D; 84% without HF, of 
whom 8,460 using GLP-1 RA), GLP-1 RA reduced the 
risk of hHF or CV death (HR 0.84, 95% CI 0.76 to 0.92) 
and ACM (HR 0.85, 95% CI 0.79 to 0.92).

• In a meta-analysis (95) of 7 CVOTs, including data from 
56,004 adults with T2D, with or without established 
CVD, GLP-1 RA treatment reduced hospital admission 
for HF by 9% (0.91, 0.83 to 0.99; P = 0.028).

• To assess the impact of GLP-1 RA on HF or hHF in pa-
tients with T2D, a systematic review (96) included 21 
RCTs (n = 18,270) and 4 observational studies (n = 
111,029). In 20 RCTs, there was a lower incidence of HF 
with GLP-1 RA vs. control (OR 0.62, 95% CI 0.31 to 1.22). 
Three cohort studies evaluating GLP-1 RA vs. different 
comparators provided evidence that GLP-1 RA does 
not increase the incidence of HF. One RCT provided 
evidence that GLP-1 RA was not associated with hHF. 
The conclusion was that GLP-1 RA does not increase 
the risk of HF or hHF among people with T2D.

R31 In adults with T2D and HFpEF whose HbA1c remains 
above target despite dual therapy with metformin and 
SGLT2i, triple therapy by adding DPP-4i other than sa-
xagliptin MAY BE CONSIDERED to improve glycemic 
control.

Summary of Evidence

• In a meta-analysis (97) of 4 CVOTs to assess the effects of 
DPP-4i on CV events (including studies with sitaglip-
tin, alogliptin, saxagliptin, and linagliptin), the pooled 
analysis resulted in a neutral effect on MI, stroke, and 



Revista Portuguesa de Diabetes. 2023; 18 (2): 44-802023 UPDATE: Luso‑Brazilian Evidence‑Based Guideline for the Management of Antidiabetic Therapy in Type 2 Diabetes

65

the combination of MI plus stroke, CV death, and hHF. 
DPP-4i were neutral as far as all aspects of CV outco-
mes. Notably, in SAVOR-TIMI 53, saxagliptin increased 
the risk of hHF (see recommendation 36).

• The CV safety profile and HF risk of vildagliptin were 
valuated in a retrospective meta-analysis (89) of pros-
pectively adjudicated CV events, including trials in hi-
gh-risk patients with T2D, such as those with congesti-
ve HF and moderate to severe renal impairment. 
Patient-level data from 17,446 patients were pooled 
from 40 double-blind, randomized, controlled phase 
III and IV vildagliptin studies. Assessments of the indi-
vidual HF events (requiring hospitalization or new on-
set) were secondary endpoints. Confirmed HF events 
were reported in 41 (0.43%) vildagliptin treated pa-
tients and 32 (0.45%) comparator-treated patients (RR 
1.08, 95% CI 0.68 to 1.70).

R32 In adults with T2D, HFpEF, and HbA1c above target 
despite triple therapy (metformin, SGLT2i, and GLP-1 
RA), adding IBT MAY BE CONSIDERED to improve glyce-
mic control.

Summary of Evidence

• Although this panel did not find RCTs addressing the 
safety of insulin in patients with clinically established 
HF or at high risk of HF, there is an agreement that 
adding IBT may be considered a safe option to impro-
ve glycemic control whenever HbA1c target is not rea-
ched despite triple therapy, in patients with stable HF. 
This panel highlights, however, that close monitoring 
is advisable in patients with advanced HF. 

• A sub-analysis of the ORIGIN trial (98) showed that glar-
gine U100 has a neutral effect on both initial and re-
current hHF. The trial randomized 12,537 patients with 
prediabetes or diabetes at high CV risk to either glar-
gine U100 or placebo. People with more severe HF 
(NYHA III/IV) were excluded. There were no differen-
ces between groups in hHF (HR 0.90, 95% CI 0.77 to 
1.05) over the 2.5 years of follow-up.

• The ORIGINALE study (99) measured the post-trial 
effects of insulin glargine U100 for an additional 2.7 
years. Of 12,537 randomized participants, posttrial da-
ta were analyzed for 4718 allocated initially to insulin 
glargine U100 (2351) vs. standard care (2,367). From 
randomization to the end of post-trial follow-up, no 
differences were found between groups in hHF (1958 
vs. 1,910 events; HR 1.03, CI 95% 0.97 to 1.10, P = 0.38).

• The DEVOTE trial (100) was a treat-to-target, double-
-blind CVOT in 7,637 adults with T2D and high CV risk, 
randomized to insulin degludec or glargine U100. The 
primary endpoint of this secondary analysis was time 
to the first hHF. Severe hypoglycaemia was adjudica-
ted. Overall, 372 (4.9%) patients experienced hHF (550 
events). There was no significant difference in the risk 
of hHF between treatments (HR 0.88, 95% CI 0.72 to 
1.08, P = 0.227). Prior HF was the strongest predictor of 
future hHF events (HR 4.89, 95% CI 3.9 to 6.4, P < 
0.0001). In patients with T2D and high CV risk, there 
were no treatment differences in terms of hHF.

R33 In adults with T2D and stable HFrEF, in whom HbA1c 
is above target despite dual therapy, the association of 
GLP-1 RA MAY BE CONSIDERED to improve glycemic 
control.

Summary of Evidence

• A meta-analysis (94) of 7 RCTs included 54,092 patients 
with T2D (16% with HF history; n = 8,460). Among the 
subgroup of patients without HF, GLP-1 RA reduced 
the risk of hFH or CV death (HR 0.84, 95% CI 0.76 to 
0.92) and ACM (HR 0.85, 95% CI 0.79 to 0.92). In addi-
tion, a reduction of ASCVD events was observed re-
gardless of HF history. However, GLP-1 RA did not re-
duce the composite of hHF or CV death (HR 0.96, 95% 
CI 0.84 to 1.08) or ACM (HR 0.98, 95% CI 0.86 to 1.11) in 
the subgroup of patients with HF history.

R34 In advanced heart failure with reduced ejection 
fraction (HFrEF), GLP-1 RA is not recommended, due to 
possible increases in the risk of cardiac adverse events, 
including hHF and all-cause mortality.

Summary of Evidence

• In the FIGHT trial, (101) which included 300 patients with 
advanced HFrEF (hospitalization in the last 14 days; 
59% with T2D; median LVEF of 25%) followed for 180 
days, treatment with liraglutide did not reduce the 
primary endpoint of a global rank score of time to 
death, time to re-hospitalization for HF, and time-ave-
raged proportional change in NT-proBNP. In a post 
hoc analysis of the totality of events (first and recur-
ring), there was a trend towards increased risk with li-
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raglutide of total HF hospitalizations or ACM (96 vs. 
143 events, incidence rate ratio [IRR] 1.41, 95% CI 0.98 
to 2.04, P = 0.064) and total arrhythmias (21 vs. 39, IRR 
1.76, 95% CI 0.92 to 3.37, P = 0.088). Actual prespeci-
fied events of interest were increased with liraglutide 
vs. placebo (196 vs. 295, IRR 1.43, 95% CI 1.06 to 1.92, P 
= 0.018). Total hHF or ACM risk with liraglutide was hi-
gher among NYHA III/IV (IRR 1.86, 95% CI 1.21 to 2.85) 
and patients with T2D.

• In the LIVE trial, (102) which included 241 patients with 
stable HFrEF, liraglutide did not improve left ventricu-
lar systolic function. It was associated with increased 
heart rate and more cardiac severe adverse events 
(10% in patients treated with liraglutide vs. 3% in the 
placebo group, P = 0.04).

• In a post hoc analysis of the EXSCEL trial, (103) exenatide 
significantly increased the risk of hHF in patients with 
an LVEF < 40% but not in those with LVEF ≥ 40%.

• A meta-analysis (104) of the FIGHT trial and the subgroup 
with LVEF < 40% in the EXSCEL trial showed that GLP-
1 RA increased the risk of hHF in those with reduced 
ejection fraction (OR 1.49, 95% CI 1.05 to 2.10).

R35 In adults with T2D and HF, initiating sulfonylureas 
MAY BE CONSIDERED with care due to a possible in-
crease in mortality risk and new hospitalization in pa-
tients with recent hospitalizations due to HF.

Summary of Evidence

• In an observational study (93) of 5,852 Medicare benefi-
ciaries patients hospitalized for HF and not prescribed 
metformin or sulfonylurea before admission, sul-
fonylurea initiation within 90 days of discharge was 
associated with increased risk of mortality (HR 1.24, 
95% CI 1.00 to 1.52, P = 0.045) and hHF (HR 1.22, 95% 
CI 1.00 to 1.48, P = 0.050) at 12 months, regardless of 
ejection fraction, as compared with patients not pres-
cribed therapy.

• An observational study (105) investigated if ACM was as-
sociated with sulfonylureas in patients with HF. Pa-
tients hospitalized for the first time due to HF, alive 30 
days after discharge, on monotherapy with a specific 
type of sulfonylureas were followed for a mean of 744 
days. There were 1097 patients on glimepiride; 1031 on 
glibenclamide (glyburide); 557 on glipizide; 251 on 
gliclazide; and 541 on tolbutamide. During the obser-
vation period, 2242 patients (64%) died. Compared to 
gliclazide, which was defined as the reference, the risk 

of death was similar among all types of sulfonylureas: 
glimepiride (HR 1.10, 95% CI 0.92 to 1.33), glibenclami-
de (HR 1.12, 95% CI 0.93 to 1.34), glipizide (HR 1.14, 
95% CI 0.93 to 1.38), and tolbutamide (HR 1.04, 95% CI 
0.85 to 1.26). Significant differences in mortality risk 
among sulfonylureas in patients with HF were unlikely.

R36 Saxagliptin and pioglitazone ARE NOT RECOM-
MENDED in patients with HF due to the increased risk of 
worsening HF.

Summary of Evidence

• In the SAVOR-TIMI 53 trial, (85) T2D adults at risk of CV 
events (n = 16,492) were randomly assigned to receive 
saxagliptin or placebo and followed for a median of 
2.1 years. The primary efficacy and safety endpoint 
was the classic MACE. There were more hHF in the sa-
xagliptin group vs. the placebo group (3.5% vs. 2.8%; 
HR 1.27, 95% CI 1.07 to 1.51, P = 0.007). The NNH was 
143, with HF occurring early in the first year of treat-
ment. Patients with high NT-proBNP levels, CKD, or 
previous HF were at increased risk.

• A meta-analysis, (88) and risk–benefit assessment of pio-
glitazone was conducted, including studies that com-
pared pioglitazone with a control (antidiabetic agents 
without pioglitazone) in patients with either establi-
shed CVD or having high CV risk. The use of pioglita-
zone compared to the control group resulted in a 14% 
and 23% significant reduction in odds of MACE (MH-
-OR 0.86, 95% CI 0.75 to 0.98) and stroke (MH-OR 
0.77, 95% CI 0.60 to 0.99), respectively. The NNT for 
the reduction in MACE and stroke was 80 and 151, res-
pectively. Notwithstanding, pioglitazone significantly 
increased the odds of HF (MH-OR 1.47, 95% CI 1.26 to 
1.71) and hHF (MH-OR 1.48, 95% CI 1.21 to 1.81). The 
NNH for HF and hHF were 34 and 44, respectively, 
making these findings clinically significant. Therefore, 
the authors concluded that pioglitazone should be re-
served for treating T2D with high CV risk or establi-
shed CVD only in selected patients where other anti-
diabetics are precluded and not routinely.

Management of Antidiabetic Therapy in Adults 
with T2D and Kidney Disease (DKD)

Figure 7 depicts the approach to managing antidiabetic 
therapy in adults with T2D and DKD.
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R37 In adults with T2D and eGFR ≥ 60 mL/min/1.73 m2 
plus albuminuria (≥ 200 mg/g) or eGFR 30–59 mL/
min/1.73 m2, (with or without albuminuria), dual therapy 
with SGLT2i plus metformin IS RECOMMENDED to atte-
nuate long-term renal function loss, prevent endstage 
renal disease, reduce mortality due to renal causes, and 
to improve glycemic control.

Summary of Evidence

• A systematic review and meta-analysis (106) of SGLT2i 
included 13 trials, with at least six months of duration, 
involving 90,409 adults (82.7% with T2D). The primary 
efficacy outcome was kidney disease progression (sus-
tained ≥ 50% decrease in eGFR from randomization, a 
sustained low eGFR, end-stage idney disease [ESKD], 
or death from kidney failure). Mean baseline eGFR 
ranged from 37–85 mL/min/1.73 m2. Compared with a 
placebo, allocation to an SGLT2i reduced the risk of 

kidney disease progression by 37% (RR 0.63, 95% CI 
0.58 to 0.69), with similar RRs between patients with 
and without diabetes.

• A meta-analysis (107) of 27 studies (data from 7,363 
adults with T2D and mild to moderate CKD treated wi-
th SGLT2i) demonstrate that, beyond HbA1c reduction 
(– 0.29%, 95% CI – 0.39 to – 0.19), SGLT2i improve 
blood pressure, body weight, and albuminuria. Fur-
thermore, SGLT2i attenuated the annual decline in 
eGFR slope (placebo-subtracted difference of 1.35 
mL/min/1.73 m2/year, 95% CI 0.78 to 1.93) and redu-
ced the risk of the composite renal outcome (HR 0.71, 
95% CI 0.53 to 0.95). No other additional safety con-
cerns when SGLT2i in individuals with CKD were ob-
served.

• This panel considered that SGLT2i might be used along 
with metformin in patients with CKD (eGFR ≥ 30 mL/
min/1.73 m2) to improve glycemic control. In the CRE-
DENCE trial (108) (canagliflozin), 57.8% of the partici-
pants were on background therapy with metformin 
without interfering with renal benefits.

Figure 7 - Management of antidiabetic therapy in adults with T2D and DKD. 

Fig. 7 Management of antidiabetic therapy in adults with T2D and DKD
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• A meta-analysis (76) of 6 RCTs of SGLT2i, enrolling 51,743 
participants, reported kidney or mortality outcomes 
by baseline metformin use. Background metformin 
therapy varied from 21% in DAPA-HF to 82% in DE-
CLARE-TIMI 58. The HRs for the composite effect of 
worsening kidney function, ESKD, or kidney death we-
re 0.58 (95% CI 0.48 to 0.69) with metformin and 0.63 
(95% CI 0.48 to 0.83) without metformin (P for inte-
raction = 0.62).

R38 In adults with T2D and albuminuria 30–200 mg/g, 
SGLT2i IS RECOMMENDED to attenuate renal function 
loss, prevent ESRD, and reduce mortality due to renal 
causes.

Summary of Evidence

• Subgroup analysis in a meta-analysis (109) of CV or kid-
ney outcome trials of SGLT2i (data from 38,723 parti-
cipants) reported effects on primary kidney outcomes 
(defined as substantial loss of kidney function, ESKD, 
or death due to kidney disease) in people with T2D 
according to the levels of albuminuria. The outcomes 
were stratified in subgroups according to baseline al-
buminuria categories: < 30 mg/g (RR 0.46, 95% CI 
0.33 to 0.63, P = 0.0001); 30-300 mg/g (RR 0.69, 95% 
CI 0.47 to 1.00, P = 0.051), and > 300 mg/g (RR 0.52, 
95% CI 0.38 to 0.69, P < 0.0001). Renoprotection was 
consistent across studies irrespective of baseline albu-
minuria (P for trend = 0.66).

R39 In adults with T2D and albuminuria, GLP-1 RA 
SHOULD BE CONSIDERED to attenuate the albuminuria 
progression and improve glycemic control.

Summary of Evidence

• A systematic review and meta-analysis (110) compared 
the effect of GLP-1 RA and SGLT2i in kidney outcomes, 
including data from 8 trials (77,242 patients; 55.6% wi-
th GLP-1 RA and 44.4% with SGLT2i). GLP-1 RA redu-
ced the risk of progression of kidney disease (HR 0.82, 
95% CI 0.75 to 0.89, P < 0.001), which was exclusively 
dependent on albuminuria.

R40 Whenever HbA1c is above target despite dual the-
rapy in T2D adults with eGFR ≥ 60 mL/min/1.73 m2 plus 

albuminuria (≥ 200 mg/g) or with eGFR 30–59 mL/
min/1.73 m2, triple therapy with metformin, SGLT2i, and 
GLP-1 RA IS RECOMMENDED to reduce renal outcomes 
and to improve glycemic control.

Summary of Evidence

• Sensitivity analysis of the REWIND trial (111) showed a 
reduced incidence of eGFR decline ≥ 40% and ≥ 50% 
(HR 0.70, 95% CI 0.57 to 0.85, P = 0.0004 and HR 0.56, 
95% CI 0.41 to 0.76, P = 0.0002, respectively), thus su-
pporting the hypothesis that dulaglutide may preser-
ve kidney function. In this trial, 81% were on metfor-
min, and 45% were on sulfonylurea.

• The AWARD-10, (61) a 24-week phase 3b RCT, placebo-
-controlled, assessed the safety and efficacy of the 
addition of dulaglutide to the ongoing treatment re-
gimen in patients whose T2D was inadequately con-
trolled with SGLT2i, with or without metformin. A total 
of 424 patients were randomized to dulaglutide 1.5 
mg (n = 142), dulaglutide 0.75 mg (n = 142), and pla-
cebo (n = 140). The reduction in HbA1c at 24 weeks 
was more significant in patients receiving dulaglutide 
vs. placebo (dulaglutide 1.5 mg: – 1.34%, dulaglutide 
0.75 mg: – 1.21%, placebo: – 0.54%; P < 0.0001 for both 
groups vs. placebo). Serious adverse events were re-
ported for 5 (4%) participants in the dulaglutide 1.5 
mg group, 3 (2%) in the dulaglutide 0.75 mg group, 
and 5 (4%) in the placebo group. Dulaglutide as an 
add-on treatment to SGLT2i, with or without metfor-
min, resulted in significant and clinically relevant im-
provements in glycemic control, with acceptable tole-
rability consistent with dulaglutide’s established safety 
profile.

R41 In adults with T2D, eGFR ≥ 60 mL/min/1.73 m2 plus 
albuminuria (≥ 200 mg/g) or eGFR 30–59 mL/min/1.73 
m2 independently of albuminuria and HbA1c above tar-
get despite dual therapy, triple therapy with metformin, 
SGLT2i and an alternative AD (replacing GLP-1 RA) MAY 
BE CONSIDERED to improve glycemic control.

Summary of Evidence

Adding DPP-4i

• Linagliptin: The CARMELINA trial, (86) a multicentre 
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non-inferiority RCT, evaluated linagliptin vs. placebo 
in 6,979 adults with T2D and high CV and renal risks 
during a median follow-up of 2.2 years. Participants 
had either an eGFR between 45 and 75 mL/min/1.73 
m2 plus UACR > 200 mg/g or an eGFR between 15 and 
45 mL/min/1.73 m2 regardless of UACR. Around 40% 
of patients had dual therapy at baseline and received 
triple therapy. The mean eGFR was 54.6 mL/min/1.73 
m2, and most patients had eGFR between 30 and 60 
mL/min/1.73 m2. The primary outcome (MACE) was 
similar in both groups (HR 1.02, 95% CI 0.89 to 1.17), 
indicating safety (P < 0.001), as was the renal outco-
mes (ESKD, death due to renal failure, or a sustained 
eGFR decline ≥ 40%; HR 1.04, 95% CI 0.89 to 1.22, P = 
0.62). The rates of adverse events, serious adverse 
events, and adverse events leading to discontinuation 
were not different between linagliptin and placebo. 
Linagliptin is considered safe for renal failure.

• Sitagliptin: The safety of sitagliptin in adults with T2D 
and moderate to severe CKD (eGFR < 50 mL/min/1.73 
m2, including adults with ESKD on dialysis) was asses-
sed in a 54-week, randomized, double-blind, parallel-
-group study. (112) Participants in the sitagliptin group 
(n = 65) and placebo group (n = 26) had baseline 
HbA1c between 6.5 and 10%. At 54 weeks, patients 
continuously treated with sitagliptin had a mean 
change from baseline in HbA1c of -0.7% (95% CI – 0.9 
to – 0.4).

• The COMPOSIT-R trial (113) included 614 T2D adults with 
CKD (eGFR 60–90 mL/min/1.73 m2) and HbA1c of 
7–9.5%, who were on metformin alone or metformin 
plus sulfonylurea. Participants were randomized to si-
tagliptin or dapagliflozin. The mean eGFR at baseline 
was 79.4 ± 11.3 mL/min/1.73m2. Around 30% of pa-
tients were on dual therapy. After 24 weeks, the chan-
ge in HbA1c from baseline was more remarkable with 
sitagliptin (– 0.51%, 95% CI – 0.60 to – 0.43) than dapa-
gliflozin (– 0.36%, 95% CI – 0.45 to – 0.27); the diffe-
rence was – 0.15% (95% CI – 0.26 to – 0.04) to sitaglip-
tin vs. dapagliflozin (P = 0.006). Overall, adverse events 
were similar between groups. No serious adverse 
events or deaths were reported with triple therapy.

Adding Pioglitazone

• A meta-analysis (114) evaluated the efficacy and safety of 
thiazolidinediones, including pioglitazone and rosigli-
tazone, in treating T2D patients with renal impair-
ment. Nineteen RCTs were included, covering 1,818 
participants, with a mean age ranging from 43.4 to 
71.1 years, mean baseline HbA1c of 6.9 to 9.2%, and 

mean follow-up of 24 weeks. Of the 19 RCTs, one trial 
(5.3%) enrolled patients who have undergone renal 
transplantation, five (26.3%) enrolled dialysis patients, 
and 13 (68.4%) included patients with mild to modera-
te renal impairment. Fourteen trials (73.7%) used pio-
glitazone as the intervention, four (21.1%) used rosigli-
tazone, and one (5.3%) used both. Thiazolidinediones 
were not associated with an increased risk of ACM (RR 
0.40, 95% CI 0.08 to 2.01) and did not increase the risk 
of HF (RR 0.64, 95% CI 0.15 to 2.66, I2 0%). Compared 
to the control, however, they significantly increased 
the risk of edema (RR 2.96, 95% CI 1.22 to 7.20).

• A small efficacy and tolerability trial (115) randomized 93 
adults with T2D and CKD (eGFR < 60 mL/min/1.73 m2 
or albuminuria, of whom 30% were stage II, 32% were 
stage III, and 27% were stage IV) to pioglitazone 15 mg 
(standard-dose) or 7.5 mg (low dose) for 24 weeks. 
The mean change in HbA1c did not differ between the 
standard-dose and low-dose groups (-1.1 ± 1.6 and 
-1.4 ± 1.5, P = 0.543, respectively). Standard-dose pio-
glitazone was associated with greater increases in bo-
dy weight, fat mass, total body mass, total body water, 
and extracellular water compared to the low-dose re-
gimen. Compared to patients in the low-dose group, 
those in the standard dose group experienced signifi-
cant, though modest, weight gain (3.5 ± 3.2 vs. 0.2 ± 
4.4 kg; mean difference between groups 3.3 kg, 95% 
CI 1.3 to 5.2). No significant adverse effects (including 
hypoglycemia, congestive HF, and abnormal liver 
function) were identified. This study indicated that 
low-dose pioglitazone has similar efficacy while pro-
moting less weight gain than standard-dose pioglita-
zone in patients with CKD.

Adding Sulfonylureas

• The safety of sulfonylureas was evaluated in the CARO-
LINA trial, (55) a head-to-head, active-controlled, ran-
domized trial that assessed the impact of linagliptin 
vs. glimepiride on CV outcomes in high-risk patients 
(many with CKD). The eGFR (mL/min/1.73m2) was 30–
59 in 19% and 15–29 in 0.4% of participants. The pri-
mary outcome was time to the first occurrence of a 
MACE event to establish the noninferiority of linaglip-
tin vs. glimepiride. A primary outcome event occurred 
in 356 of 3,023 patients (11.8%) in the linagliptin group 
and 362 of 3,010 (12%) in the glimepiride group (HR 
0.98, 95% CI 0.84 to 1.14; P < 0.001 for non-inferiority). 
Thus, linagliptin met the noninferiority criterion but 
not the superiority criterion (P = 0.76). The incidence 
of adverse events was similar in the linagliptin and gli-
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mepiride groups. Hypoglycemia, as expected, was in-
creased in the glimepiride group: 10.6% in the lina-
gliptin group and 37.7% in the glimepiride group (HR 
0.23, 95% CI 0.21 to 0.26).

R42 In adults with T2D, eGFR ≥ 60 mL/min/1.73 m2 plus 
albuminuria (≥ 200 mg/g) or eGFR 30–59 mL/min/1.73 
m2 independently of albuminuria and HbA1c above tar-
get despite triple therapy, quadruple therapy including 
metformin, SGLT2i, GLP-1 RA and a fourth AD or IBT 
MAY BE CONSIDERED to improve glycemic control.

Summary of Evidence

• Although this panel did not find significant efficacy 
evidence for QUADRUPLE therapy in T2D patients wi-
th mild to moderate renal failure, it may be considered 
that this strategy is necessary to lower blood glucose 
in some patients. Furthermore, it is reasonably safe in 
stage 3 CKD (eGFR 30–60 mL/min/1.73m2), when most 
agents can be used, provided that their dosages are 
adjusted when appropriate. Special attention is war-
ranted with metformin, which should be replaced 
when the eGFR falls below 30 mL/min/1.73 m2. Sul-
fonylureas also demand caution due to this 
population’s increased risk of hypoglycemia.

R43 In adults with T2D, eGFR < 30 mL/min/1.73 m2, and 
HbA1c mildly above target, either DPP-4i or GLP-1 RA (if 
eGFR 15–30 mL/min/1.73 m2) MAY BE CONSIDERED to 
improve glycemic control.

Summary of Evidence

Adding DDP-4i

• The DPP-4i class (sitagliptin, vildagliptin, alogliptin, sa-
xagliptin, linagliptin, and evogliptin) was also tested in 
small studies in T2D patients undergoing hemodialy-
sis, and safety should be confirmed in larger studies.

• In a small trial, (116) 64 patients with T2D were randomi-
zed to sitagliptin (in the reduced dosage of 25 mg/d) 
and 65 to glipizide 2.5 mg/d. There were 28 patients 
(43%) with eGFR < 30 mL/min/1.73 m2. After 54 weeks, 
the mean reduction in HbA1c level from baseline was 
0.72% (95% CI 0.95% to 0.48%) in the sitagliptin group 
and 0.87% (95% CI 1.11% to 0.63%) in the glipizide 

group. The incidence of symptomatic hypoglycemia 
was 6.3% in the sitagliptin group vs. 10.8% in the glipi-
zide group (difference 4.8%, 95% CI 15.7% to 5.6%). 
Severe hypoglycemia did not occur in the sitagliptin 
group vs. 7.7% in the glipizide group (difference 7.8%, 
95% CI 17.1% to 1.9%). Sitagliptin monotherapy was 
effective and well tolerated in patients undergoing 
hemodialysis.

• In a multicenter RCT, (117) adults with T2D, either drug-
-naive or not, who had inadequate glycemic control 
(HbA1c 6.5–10%) and an eGFR < 30 mL/min/1.73m2, 
were randomized to vildagliptin 50 mg/d (n = 83) or 
sitagliptin 25 mg/d (n = 65). After 24 weeks, the adjus-
ted mean change in HbA1c was – 0.54% from a baseli-
ne of 7.52% with vildagliptin and – 0.56% from a base-
line of 7.80% with sitagliptin (P = 0.874). Both agents 
were well tolerated, with overall similar safety profiles.

• In a small non-randomized safety trial, (118) 16 patients 
with T2D undergoing hemodialysis received alogliptin 
6.25 mg/d for two years. Baseline serum creatinine 
was 10.6 ± 1.0 mg/dL. Mean HbA1c dropped from 7.1 
to 5.8% during the treatment. None of the patients 
exhibited significant adverse effects, such as hypogly-
cemia. However, one patient experienced a drug-rela-
ted rash, and four withdrew from this study during 
treatment.

• The effects of monotherapy with linagliptin five mg/d 
in 21 adults with T2D undergoing hemodialysis was 
examined in a 6-month non-randomized trial. (119) Li-
nagliptin was administered daily. Glycated albumin 
dropped from 21.3% ± 0.6% to 18% ± 0.6% over the 
6-month treatment period, and body weight did not 
change. None of the patients experienced hypoglyce-
mia. 

• In a sub-analysis of the SAVOR-TIMI trial, (120) adults wi-
th T2D at risk for CV events, randomized to saxagliptin 
or placebo, were stratified according to eGFR (mL/
min/1.73 m2): > 50 (n = 13,916), 30–50 (n = 2,240), or < 
30 (n = 336). After a median follow-up of 2 years, sa-
xagliptin was like placebo for the primary outcome 
(MACE) and secondary composite outcomes, irres-
pective of renal function (all P for interactions ≥ 0.19). 
The relative risk of hHF with saxagliptin was similar (P 
for interaction = 0.43) in participants with eGFR > 50 
(HR 1.23, 95% CI 0.99 to 1.55), eGFR 30–50 (HR 1.46, 
95% CI 1.07 to 2.00), and eGFR < 30 (HR 0.94, 95% CI 
0.52 to 1.71). In these CKD patients, the median HbA1c 
at one year was lower in saxagliptin-treated vs. place-
bo (7.1% vs. 7.7%, P = 0.002). At least one adverse 
event occurred in 152 (88%) saxagliptin-treated pa-
tients with renal impairment compared with 126 (77%) 
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patients treated with placebo (P = 0.006), with no sig-
nificant difference in severe adverse events.

Adding GLP-1 RA

• Data for the use of GLP-1 RA in T2D with severe renal 
failure (< 30 mL/min/1.73 m2) are derived from subsets 
of more extensive trials that included a minimal num-
ber of patients, such as 2.5% in LEADER RENAL (121) (li-
raglutide), 2.5% in SUSTAIN-6 (78) (injectable semaglu-
tide), and 1% in REWIND RENAL (111) (dulaglutide). Thus, 
data on the safety of GLP-1 RA in this population is li-
mited.

R44 In adults with T2D, eGFR < 30 mL/min/1.73 m2, and 
HbA1c above target, IBT IS RECOMMENDED to improve 
glycemic control.

Summary of Evidence

• Glargine U100 is safe and effective in T2D patients with 
severe renal failure, yielding rapid HbA1c reductions 
with a stable half-life and longer duration of action. In 
a small non-randomized study, (122) 89 patients with 
T2D and CKD (mean eGFR 34.1 ± 11.5 mL/min/1.73 m2), 
who were poorly controlled or experienced frequent 
hypoglycemia on oral ADs or NPH insulin, were pres-
cribed glargine U100 at bedtime. The dose started at 
0.1 units/kg and was titrated to the target. At four 
months of follow-up, HbA1c had declined from 8.4% 
± 1.6 to 7.7% ± 1.2 (P < 0.001). BMI was unaffected (P = 
0.96). Mild symptomatic hypoglycemia was experien-
ced by 12.5% of patients, and no other adverse events 
were reported.

• A small single-center retrospective observational stu-
dy (123) evaluating adults with T2D and CKD using basal 
insulin for at least 24 weeks assessed the efficacy and 
safety of glargine U100 (n = 35) vs. degludec (n = 37). 
In advanced renal failure (stage 4 CKD), there was less 
hypoglycemia with degludec than glargine U100 (P = 
0.009), indicating that degludec may be a safer op-
tion.

R45 In adults with T2D and eGFR < 30 mL/min/1.73 m2, 
already on treatment with SGLT2i, it MAY BE CONSIDE-
RED to continue the SGLT2i unless not tolerated or ESKD 
is initiated.

Summary of Evidence

• In the EMPA-KIDNEY trial, (124) patients with CKD (eGFR 
20 to < 45 mL/min/1.73 m2 or eGFR of 45–90 mL/
min/1.73 m2 and UACR ≥ 200 mg/g) were randomly 
assigned to receive empagliflozin ten mg/d or ma-
tching placebo (n = 6,609). The primary outcome was 
a composite of the progression of kidney disease. Du-
ring a median of 2.0 years of follow-up, progression of 
kidney disease occurred in 13.1% in the empagliflozin 
group and 16.9% in the placebo group (HR 0.72, 95% 
CI 0.64 to 0.82, P < 0.001). Results were consistent 
across the subgroups defined according to eGFR ran-
ges, including patients with eGFR < 30 mL/min/1.73 
m2.

• The KDIGO 2020 guideline (125) states that longterm be-
nefits of SGLT2i regarding eGFR preservation are ob-
served despite the initial decline and a reversible de-
crease after initiating SGLT2i. In the CREDENCE trial, 
(108) canagliflozin was continued among participants 
whose eGFR fell below 30 mL/min/1.73 m2. Based on 
the CREDENCE protocol, it is reasonable to continue 
an SGLT2i even if the eGFR falls below 30 mL/min/1.73 
m2 unless not tolerated or ESKD is initiated.

> CONCLUSIONS

The current management of antidiabetic therapy for 
people with T2D needs to evaluate aspects beyond gly-
cemic control, requiring a comprehensive patient-cen-
tered approach and considering the best evidence avai-
lable. All individuals with T2D must have their CV risk 
status stratified, the renal function assessed, and BMI as 
well as HbA1c determined before defining the use of an-
tidiabetic agents. A personalized HbA1c target of less 
than 7% for most adults with T2D should be reassessed 
regularly (once every 12 weeks in unstable situations or 
at least once every 24 weeks in patients meeting goals).
 Non-pharmacological approaches, such as nutritional 
intervention, focusing on weight control, physical exer-
cise, decreasing sitting time, improving sleep duration, 
stopping smoking, and stress management, are recom-
mended during all phases of treatment, and the use of 
CGM should be considered, bearing in mind the cost–
benefit ratio.
Metformin is the agent of choice in treatment-naïve 
adults recently diagnosed with T2D, without CVD or 
CKD, either in monotherapy or initial combination with 
AD1 or ADs, depending on the CV risk assessment, BMI, 
and HbA1c level. Notably, in adults with T2D at high or 
very high CV risk, AD1 is recommended for the reduc-
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tion of CV events; if obesity is present, GLP-1 RA or GIP/
GLP-1 receptor co-agonists (e.g., tirzepatide) should be 
considered, independently of HbA1c, for improving wei-
ght loss. In people whose HbA1c remains above target, 
dual, triple, and quadruple therapy, or IBT, should be 
considered to improve glycemic control. In asymptoma-
tic adults with T2D requiring IBT, FRC insulin/GLP-1 RA 
should be considered (if available) over basal or basal 
bolus insulin when available. Moreover, if HbA1c > 9% 
and severe signs or symptoms of hyperglycemia (polyu-
ria, polydipsia, weight loss) are present, IBT must be the 
choice. 
In adults with T2D with clinical ASCVD, AD1 is recom-
mended to reduce CV events and CV mortality. Notwi-
thstanding, if HbA1c remains above target, combining 
GLP-1 RA plus SGLT2i may be considered, followed by 
metformin, other ADs, or IBT to improve glycemic con-
trol. In adults with T2D and HF, therapy with SGLT2i is 
recommended to reduce CV mortality and hHF and to 
improve glycemic control, and if HbA1c remains above 
target despite treatment with SGLT2i, metformin is re-
commended, and other ADs or IBT may be considered 
avoiding saxagliptin and pioglitazone. Furthermore, in 
advanced HFrEF, GLP-1 RA is not recommended due to 
the increased risk of serious cardiac adverse events, and 
initiating sulfonylureas is not recommended in adults 
with T2D and recent hHF due to the possible increased 
risk of mortality and new hospitalization.
In adults with T2D, DKD, and eGFR ≥ 30 mL/min/1.73 m2, 
therapy with SGLT2i is recommended, significantly to 
improve renal outcomes; these cut-offs of eGFR may vary 
according to specific SGLT2i agent (20 mL/min/1.73 m2, if 
empagliflozin 10 mg; (124) 25 mL/min/1.73 m2, if dapagli-
flozin; (126) and 35 mL/min/1.73 m2, if canagliflozin. (108) If 
HbA1c is above target, metformin is usually the second 
agent of choice, although GLP-1 RA should be conside-
red if albuminuria is present to attenuate its progression 
and to improve glycemic control. Whenever HbA1c is 
above target despite dual therapy, triple therapy with 
metformin, SGLT2i, and GLP-1 RA is recommended to 
reduce renal outcomes and improve glycemic control. 
Suppose eGFR < 30 mL/min/1.73 m2, IBT is recommen-
ded, although either DPP-4i or GLP-1 RA (if eGFR 15–30 
mL/min/1.73 m2) may be considered if HbA1c is mildly 
above target. In adults with T2D and eGFR < 30 mL/
min/1.73 m2, already on treatment with SGLT2i, it may be 
continued unless not tolerated or ESKD is initiated. The-
se recommendations synthesize the best evidence for 
managing antidiabetic therapy in people with T2D. <
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