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BACKGROUND
Long-term trends in excess risk of death and cardiovascular outcomes have not 
been extensively studied in persons with type 1 diabetes or type 2 diabetes.

METHODS
We included patients registered in the Swedish National Diabetes Register from 
1998 through 2012 and followed them through 2014. Trends in deaths and cardio-
vascular events were estimated with Cox regression and standardized incidence 
rates. For each patient, controls who were matched for age, sex, and county were 
randomly selected from the general population.

RESULTS
Among patients with type 1 diabetes, absolute changes during the study period in 
the incidence rates of sentinel outcomes per 10,000 person-years were as follows: 
death from any cause, !31.4 (95% confidence interval [CI], !56.1 to !6.7); death 
from cardiovascular disease, !26.0 (95% CI, !42.6 to !9.4); death from coronary 
heart disease, !21.7 (95% CI, !37.1 to !6.4); and hospitalization for cardiovascular 
disease, !45.7 (95% CI, !71.4 to !20.1). Absolute changes per 10,000 person-years 
among patients with type 2 diabetes were as follows: death from any cause, !69.6 
(95% CI, !95.9 to !43.2); death from cardiovascular disease, !110.0 (95% CI, 
!128.9 to !91.1); death from coronary heart disease, !91.9 (95% CI, !108.9 to !75.0); 
and hospitalization for cardiovascular disease, !203.6 (95% CI, !230.9 to !176.3). 
Patients with type 1 diabetes had roughly 40% greater reduction in cardiovascular 
outcomes than controls, and patients with type 2 diabetes had roughly 20% 
greater reduction than controls. Reductions in fatal outcomes were similar in pa-
tients with type 1 diabetes and controls, whereas patients with type 2 diabetes had 
smaller reductions in fatal outcomes than controls.

CONCLUSIONS
In Sweden from 1998 through 2014, mortality and the incidence of cardiovascular 
outcomes declined substantially among persons with diabetes, although fatal out-
comes declined less among those with type 2 diabetes than among controls. 
(Funded by the Swedish Association of Local Authorities and Regions and others.)
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factors are gradually decreasing, with improved 
control in patients with type 1 diabetes and those 
with type 2 diabetes.

Heart failure has been a somewhat neglected 
complication of diabetes.23,35 Hospitalizations for 
heart failure did not decline significantly among 
either patients with type 1 diabetes or their 
matched controls. However, patients with type 2 
diabetes had a greater event-rate reduction than 
controls. These findings are somewhat surpris-
ing, because rates of hospitalization for coronary 
heart disease and acute myocardial infarction, 
as well as the number of persons with hyperten-
sion and the rate of macroalbuminuria (risk pre-
dictors for heart failure), have decreased to a 
greater degree among patients with type 1 dia-
betes than among those with type 2 diabetes. 
These observations suggest that other processes, 
less well appreciated and therefore less well 

treated, that contribute to heart-failure risk are 
not affected by contemporary clinical care for 
patients with type 1 diabetes.

Some limitations of our study should be noted. 
First, classification of diabetes type was not based 
on detection of islet autoantibodies or measure-
ment of C-peptide levels. However, we believe 
that misclassification is unlikely to have biased 
our findings. The epidemiologic definitions that 
we used have been validated as accurate in 97% 
of cases, as reported previously.36 (See the Supple-
mentary Appendix for a more detailed discussion 
of this issue.37) Second, we cannot exclude the 
possibility that secular trends, such as evolving 
diagnostic thresholds or admissions criteria, could 
have influenced the changes in event rates that 
we have reported. Third, our results are model-
dependent and could change slightly with differ-
ent approaches to the data. Finally, correction for 

Figure!2.!Major!Cardiovascular!Outcomes!in!Patients!with!Type!2!Diabetes!and!Matched!Controls.

Controls were matched for age, sex, and county. I bars represent 95% confidence intervals. 
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BACKGROUND
Patients with diabetes are at higher risk for death and cardiovascular outcomes than 
the general population. We investigated whether the excess risk of death and cardio-
vascular events among patients with type 2 diabetes could be reduced or eliminated.

METHODS
In a cohort study, we included 271,174 patients with type 2 diabetes who were reg-
istered in the Swedish National Diabetes Register and matched them with 1,355,870 
controls on the basis of age, sex, and county. We assessed patients with diabetes 
according to age categories and according to the presence of five risk factors (ele-
vated glycated hemoglobin level, elevated low-density lipoprotein cholesterol level, 
albuminuria, smoking, and elevated blood pressure). Cox regression was used to 
study the excess risk of outcomes (death, acute myocardial infarction, stroke, and 
hospitalization for heart failure) associated with smoking and the number of vari-
ables outside target ranges. We also examined the relationship between various 
risk factors and cardiovascular outcomes.

RESULTS
The median follow-up among all the study participants was 5.7 years, during which 
175,345 deaths occurred. Among patients with type 2 diabetes, the excess risk of 
outcomes decreased stepwise for each risk-factor variable within the target range. 
Among patients with diabetes who had all five variables within target ranges, the 
hazard ratio for death from any cause, as compared with controls, was 1.06 (95% 
confidence interval [CI], 1.00 to 1.12), the hazard ratio for acute myocardial in-
farction was 0.84 (95% CI, 0.75 to 0.93), and the hazard ratio for stroke was 0.95 
(95% CI, 0.84 to 1.07). The risk of hospitalization for heart failure was consistently 
higher among patients with diabetes than among controls (hazard ratio, 1.45; 95% CI, 
1.34 to 1.57). In patients with type 2 diabetes, a glycated hemoglobin level outside 
the target range was the strongest predictor of stroke and acute myocardial infarction; 
smoking was the strongest predictor of death.

CONCLUSIONS
Patients with type 2 diabetes who had five risk-factor variables within the target 
ranges appeared to have little or no excess risk of death, myocardial infarction, or 
stroke, as compared with the general population. (Funded by the Swedish Associa-
tion of Local Authorities and Regions and others.)
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Figure!2.!Relative!Importance!of!Risk!Factors!for!Predicting!Death!from!Any!Cause,!Acute!Myocardial!Infarction,!Stroke,!
and!Hospitalization!for!Heart!Failure!among!Patients!with!Type!2!Diabetes,!with!or!without!Preexisting!Conditions.

The estimated explained relative risk (i.e., relative importance) shows the strength of the association for various 
risk-factor variables (with values outside the target ranges) for predicting death (Panel A), acute myocardial infarc-
tion (Panel B), stroke (Panel C, facing page), and hospitalization for heart failure (Panel D, facing page) among pa-
tients with type 2 diabetes. Results were obtained from the first imputed data set; there were no significant differ-
ences between the sets. The analysis was restricted to patients with type 2 diabetes. We constructed a Cox hazard 
model for each outcome, which included every predictor. We then constructed a separate Cox model for each pre-
dictor and permutated covariables from each of these Cox models to estimate the explained relative risk (R2).  
R2 was generated by developed applications for the Cox model and is bounded between 0 and 1. Risk factors show-
ing a clear and substantial R2 measure, as compared with other adjacent predictors, are considered to be relevant. 
Full definitions of the risk factors and the values that were considered to be outside the target ranges are provided 
in the Supplementary Appendix. The body-mass index is the weight in kilograms divided by the square of the height 
in meters. LDL denotes low-density lipoprotein, and GFR glomerular filtration rate.

0.000 0.005 0.010 0.015 0.020

Increasing!Importance Increasing!Importance

Increasing!Importance Increasing!Importance

A Death!from!Any!Cause

Smoking
Physical activity
Marital status
Glycated hemoglobin
Lipid-lowering medication
Estimated GFR
Body-mass index
Income
Heart failure
Coronary heart disease
Systolic blood pressure
Albuminuria
Education
Duration of diabetes
Immigrant
LDL cholesterol
Diastolic blood pressure
Blood-pressure medication

All!Patients

0.000 0.005 0.010 0.015 0.020 0.025

Patients!without!Coexisting
Conditions!at!Baseline

Smoking
Physical activity
Marital status
Glycated hemoglobin
Estimated GFR
Lipid-lowering medication
Body-mass index
Income
Albuminuria
Education
Systolic blood pressure
Immigrant
Duration of diabetes
LDL cholesterol
Diastolic blood pressure
Blood-pressure medication

0.000 0.005 0.010 0.015 0.020 0.000 0.005 0.010 0.015 0.020

B Acute!Myocardial!Infarction

Glycated hemoglobin
Systolic blood pressure
LDL cholesterol
Physical activity
Smoking
Duration of diabetes
Estimated GFR
Income
Diastolic blood pressure
Heart failure
Blood-pressure medication
Marital status
Education
Albuminuria
Lipid-lowering medication
Immigrant
Atrial fibrillation
Body-mass index

All!Patients
Patients!without!Coexisting

Conditions!at!Baseline
Glycated hemoglobin
LDL cholesterol
Systolic blood pressure
Smoking
Physical activity
Estimated GFR
Duration of diabetes
Income
Diastolic blood pressure
Marital status
Education
Blood-pressure medication
Albuminuria
Immigrant
Lipid-lowering medication
Body-mass index

R2 R2 

R2 R2 

The New England Journal of Medicine 
Downloaded from nejm.org by Riccardo Candido on April 5, 2019. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 

n engl j med 379;7 nejm.org August 16, 2018 641

Risk Factors and Cardiovascular Outcomes in Type 2 Diabetes

Low physical activity was also a strong predictor 
of cardiovascular outcomes and death, but ran-
domized trials have not shown long-lasting ben-
eficial effects from increased physical activity in 
patients with diabetes.16-18

With regard to hospitalization for heart fail-
ure, the present analyses showed that the pres-
ence of atrial fibrillation, a high body-mass index, 
and a glycated hemoglobin level and renal func-
tion outside the target ranges were the strongest 
predictors. These findings indicate that cardio-

renal mechanisms may contribute to the develop-
ment of heart failure in patients with type 2 dia-
betes. A high body-mass index was a stronger 
risk factor for heart failure than for other out-
comes, which may explain why the risks associated 
with this outcome may continue to be higher 
among patients with type 2 diabetes than among 
controls, since patients with diabetes are, on 
average, heavier than compared controls.

Our study shows, in accordance with previous 
studies, that lower systolic blood pressure is asso-
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Microvascular disease and risk of cardiovascular
events among individuals with type 2 diabetes: a 

population-level cohort study. 
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Figure 2 Glycated hemoglobin (HbA1c) and heart disease in type 2 diabetes. HbA1c predicts CHD in type 2 diabetes. Rates for total CHD events by category of HbA1c 
concentration and known diabetes in 4,462 men and 5,570 women aged 45–79 years. Adapted with permission from Khaw KT, Wareham N, Bingham S, Luben R, Welch A, 
Day N. Association of hemoglobin A1c with cardiovascular disease and mortality in adults: the European prospective investigation into cancer in Norfolk. Ann Intern Med. 
2004;141(6):413–420.12 Copyright © 2004 American College of Physicians.
Note: aP � 0.001 for linear trend across HbA1c categories.
Abbreviation: CHD, coronary heart disease.

95% CI, 0.32–0.89; P � 0.02). Intensive integrated treat-
ment was also associated with a lower risk of death from 
CVD (HR � 0.43; 95% CI, 0.19–0.94; P � 0.04) and CVD 
events (HR � 0.41; 95% CI, 0.25–0.67; P � 0.001) versus 
conventional treatment.14 The results from the Steno-2 study 
support the view that intensive integrated therapy in high-risk 
patients with type 2 diabetes has the potential to decrease the 
risk for both microvascular and macrovascular complications 
and mortality.

Hospital inpatient considerations 
for glycemia and CVD
The strong correlation between altered glucose metabolism/
hyperglycemia and CVD outcomes has also been reported 
in the critical care setting.15–17 Muhlestein et al16 showed that 

glucose abnormalities are prevalent in patients with coronary 
artery disease and that even mild glucose elevations are 
associated with an increased mortality in patients under-
going percutaneous coronary intervention. Mortality was 
increased �3-fold in patients with fasting glucose concen-
trations �110 mg/dL, underscoring the importance of early 
detection and treatment of hyperglycemia.16 A systematic 
overview found that blood glucose concentrations on hos-
pital admission are an independent predictor of long-term 
morbidity and mortality in patients following an acute MI, 
regardless of diabetes mellitus status. Nondiabetic patients 
with glucose concentrations �6.1–8.0 mmol/L (Table 1; for 
converting mmol/L units to mg/dL units and vice versa in 
this article, see Table 1) had a 3.9-fold (95% CI, 2.9–5.4) 
higher risk of mortality than similar individuals with lower 

Table 1 Conversion table

Convert mmol/L to mg/dL Convert mg/dL to mmol/L

Blood glucose Multiply by 18 Divide by 18 or multiply by 0.055
TC, LDL-C, HDL-C Multiply by 38.67 Divide by 38.67 or multiply by 0.025
Triglycerides Multiply by 88.57 Divide by 88.57 or multiply by 0.011

Abbreviations: TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

Diabetes Metab Syndr Obes. 2010;3:227-42 

Glycated hemoglobin (HbA1c) and heart
disease in type 2 diabetes



The Legacy Effect in Type 2
Diabetes: Impact ofEarlyGlycemic
Control on Future Complications
(The Diabetes & Aging Study)
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OBJECTIVE

To examine for a legacy effect of early glycemic control on diabetic complications
and death.

RESEARCH DESIGN AND METHODS

This cohort study of managed care patients with newly diagnosed type 2 diabetes
and 10 years of survival (1997–2013, average follow-up 13.0 years, N = 34,737)
examined associations between HbA1c <6.5% (<48 mmol/mol), 6.5% to <7.0%
(48 to <53 mmol/mol), 7.0% to <8.0% (53 to <64 mmol/mol), 8.0% to <9.0%
(64 to <75 mmol/mol), or ‡9.0% (‡75 mmol/mol) for various periods of early
exposure (0–1, 0–2, 0–3, 0–4, 0–5, 0–6, and 0–7 years) and incident future
microvascular (end-stage renal disease, advanced eye disease, amputation) and
macrovascular (stroke, heart disease/failure, vascular disease) events and death,
adjusting for demographics, risk factors, comorbidities, and later HbA1c.

RESULTS

Compared with HbA1c <6.5% (<48 mmol/mol) for the 0-to-1-year early exposure
period, HbA1c levels ‡6.5% (‡48 mmol/mol) were associated with increased
microvascular and macrovascular events (e.g., HbA1c 6.5% to <7.0% [48 to
<53 mmol/mol] microvascular: hazard ratio 1.204 [95% CI 1.063–1.365]), and
HbA1c levels ‡7.0% (‡53 mmol/mol) were associated with increased mortality
(e.g., HbA1c 7.0% to <8.0% [53 to <64 mmol/mol]: 1.290 [1.104–1.507]). Longer
periods of exposure to HbA1c levels ‡8.0% (‡64 mmol/mol) were associated with
increasing microvascular event and mortality risk.

CONCLUSIONS

Among patients with newly diagnosed diabetes and 10 years of survival, HbA1c

levels ‡6.5% (‡48 mmol/mol) for the 1st year after diagnosis were associated with
worse outcomes. Immediate, intensive treatment for newly diagnosed patients
may be necessary to avoid irremediable long-term risk for diabetic complications
and mortality.

In the U.S., an estimated 1.4 million adults are newly diagnosed with diabetes every
year and present an important intervention opportunity for health care systems.
In patients newly diagnosed with type 2 diabetes, the bene!ts of maintaining an
HbA1c ,7.0% (,53 mmol/mol) are well established. The UK Prospective Diabetes
Study (UKPDS) found that a mean HbA1c of 7.0% (53 mmol/mol) lowers the risk of
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middle-aged adults (ages 40–64 years),
however, have been found to have sub-
stantially higher glycemic levels than
older adults (23), which is a missed op-
portunity; treating patients with dia-
betes earlier and more intensively has
the potential to confer substantial, long-
term improvements in public health. Our
!nding of a relationship between missing
data in the 1st year being predictive of
future events also suggests the value for
aggressive follow-up or educational ef-
forts for patients who do not use offered

services. Thus, public health and health
carepolicy should put a greater emphasis
on achieving early glycemic control as an
avenue for improving lifetime outcomes
for patients with diabetes.

This study has several strengths and
limitations. Because we studied only pa-
tients with newly diagnosed diabetes and
at least 10 years of survival, the results
are not generalizable to patients with
established diabetes or to those with a
high risk of mortality after diabetes di-
agnosis. It is possible that patients with

established diabetes may bene!t from
HbA1c ,6.5% (,48 mmol/mol) control,
but the bene!ts may take decades to
become evident, and patients may die
as a result of nondiabetes-related causes
in the meantime. For example, in the Vet-
erans Affairs Diabetes Trial (VADT), which
randomized patients with established
diabetes (mean 11.5 years) to intensive
glycemic control or standard therapy
(median HbA1c 6.9% [52 mmol/mol]
vs. 8.4% [68 mmol/mol]) for 5.6 years,
reductions in major cardiovascular

Figure 2—A: Microvascular events (vs. HbA1c ,6.5% [,48 mmol/mol]). B: Macrovascular events (vs. HbA1c ,6.5% [,48 mmol/mol]). C: Mortality
(vs. HbA1c,6.5% [,48mmol/mol]). HRs adjusted for year of diagnosis, age at diagnosis, sex, race/ethnicity, BMI, systolic and diastolic blood pressure,
total cholesterol, HDL cholesterol, smoking status, HbA1c after each early exposure period, and comorbidity.
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BACKGROUND
Patients with diabetes are at higher risk for death and cardiovascular outcomes than 
the general population. We investigated whether the excess risk of death and cardio-
vascular events among patients with type 2 diabetes could be reduced or eliminated.

METHODS
In a cohort study, we included 271,174 patients with type 2 diabetes who were reg-
istered in the Swedish National Diabetes Register and matched them with 1,355,870 
controls on the basis of age, sex, and county. We assessed patients with diabetes 
according to age categories and according to the presence of five risk factors (ele-
vated glycated hemoglobin level, elevated low-density lipoprotein cholesterol level, 
albuminuria, smoking, and elevated blood pressure). Cox regression was used to 
study the excess risk of outcomes (death, acute myocardial infarction, stroke, and 
hospitalization for heart failure) associated with smoking and the number of vari-
ables outside target ranges. We also examined the relationship between various 
risk factors and cardiovascular outcomes.

RESULTS
The median follow-up among all the study participants was 5.7 years, during which 
175,345 deaths occurred. Among patients with type 2 diabetes, the excess risk of 
outcomes decreased stepwise for each risk-factor variable within the target range. 
Among patients with diabetes who had all five variables within target ranges, the 
hazard ratio for death from any cause, as compared with controls, was 1.06 (95% 
confidence interval [CI], 1.00 to 1.12), the hazard ratio for acute myocardial in-
farction was 0.84 (95% CI, 0.75 to 0.93), and the hazard ratio for stroke was 0.95 
(95% CI, 0.84 to 1.07). The risk of hospitalization for heart failure was consistently 
higher among patients with diabetes than among controls (hazard ratio, 1.45; 95% CI, 
1.34 to 1.57). In patients with type 2 diabetes, a glycated hemoglobin level outside 
the target range was the strongest predictor of stroke and acute myocardial infarction; 
smoking was the strongest predictor of death.

CONCLUSIONS
Patients with type 2 diabetes who had five risk-factor variables within the target 
ranges appeared to have little or no excess risk of death, myocardial infarction, or 
stroke, as compared with the general population. (Funded by the Swedish Associa-
tion of Local Authorities and Regions and others.)
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detectable (3!14 ng/L), and increased (>_14 ng/L) levels was 4, 18,
and 39%, respectively.32 However, the addition of hsTnT to conven-
tional risk factors has not shown incremental discriminative power in
this group.22 In individuals with T1DM, elevated hsTnT was an inde-
pendent predictor of renal decline and CV events.33 The prognostic
value of N-terminal pro-B-type natriuretic peptide (NT-proBNP) in
an unselected cohort of people with DM (including known CVD)
showed that patients with low levels of NT-proBNP (<125 pg/mL)
have an excellent short-term prognosis.34 The value of NT-proBNP
in identifying patients with DM who will benefit from intensified con-
trol of CV risk factors (CVRFs) was demonstrated in a small random-
ized controlled trial (RCT).21 The presence of albuminuria (30!299

mg/day) is associated with increased risk of CVD and chronic kidney
disease (CKD) in T1DM and T2DM.20,35!37 Measurement of albumi-
nuria may predict kidney dysfunction and warrant renoprotective
interventions.27

5.4.2 Electrocardiography

A resting ECG may detect silent MI in 4% of individuals with DM,38

which has been associated with increased risk of CVD and all-cause
mortality in men but not women.39 Additionally, prolonged cor-
rected QT interval is associated with increased CV mortality in
T1DM, whereas increasing resting heart rate is associated with risk of
CVD in T1DM and T2DM.40,41 Low heart rate variability (a marker of
diabetic CV autonomic neuropathy) has been associated with an
increased risk of fatal and non-fatal CAD.42,43 In prospective cohorts,
20!40% of patients with DM presented silent ST-segment depres-
sion during exercise ECG.44!48 The sensitivity and specificity of exer-
cise ECG in diagnosing significant CAD in asymptomatic DM patients
were 47 and 81%, respectively.49 The combination of exercise ECG
and an imaging technique provides incremental diagnostic and prog-
nostic value patients with in DM.50!52

5.4.3 Imaging techniques

Echocardiography is the first choice to evaluate structural and func-
tional abnormalities associated with DM. Increased left ventricular
(LV) mass, diastolic dysfunction, and impaired LV deformation have
been reported in asymptomatic DM and are associated with worse
prognosis.53!56 A cluster analysis from two large cohorts of asymp-
tomatic patients with DM showed that those with the lowest LV
masses, smallest left atria, and lowest LV filling pressures (determined
by E/e’) had fewer CV hospitalization or death events, compared
with those with advanced LV systolic and diastolic dysfunctions, or
greater LV masses.53,57 CV magnetic resonance and tissue

Number
of cases

Number of
participants (%)

Fasting blood glucose
concentration

Known diabetes at baseline

8.0 1 2 4

!7 mmol/L 13 122 (4.7%) 2.36 (2.02–2.76)

<7 mmol/L 5 807 (2.1%) 1.61 (1.42–1.82)

No known diabetes at baseline

!7 mmol/L 7 240 (2.6%) 1.78 (1.56–2.03)

6.1 to <7 mmol/L 19 607 (7.0%) 1.17 (1.08–1.26)

5.6 to <6.1 mmol/L 32 008 (11.5%)

1 186

380

452

1 011

1 631 1.11 (1.04–1.18)

HR (95% CI)

3.9 to <5.6 mmol/La 185 590 (66.5%) 1.00 (0.95–1.06)

<3.9 mmol/L 15 916 (5.7%)

9 508

646 1.07 (0.97–1.18)

©
ES

C 
20

19

Figure 2 Hazard ratios for coronary heart disease by clinically defined categories of baseline fasting blood glucose concentration. Reproduced with per-
mission.23 Analyses were based on 279 290 participants (14 814 cases). Hazard ratios were adjusted as described in Figure 1. The hazard ratio in those with
fasting plasma glucose 5.60!6.99 mmol/L was 1.12 (95% confidence interval 1.06!1.18). CI = confidence interval; HR = hazard ratio. aReference group.

Table 7 Cardiovascular risk categories in patients with
diabetesa

Very high risk Patients with DM and established CVD

or other target organ damageb

or three or more major risk factorsc

or early onset T1DM of long duration (>20 years)

High risk Patients with DM duration >_10 years without tar-

get organ damage plus any other additional risk

factor

Moderate risk Young patients (T1DM aged <35 years or T2DM

aged <50 years) with DM duration <10 years,

without other risk factors

CV = cardiovascular; CVD = cardiovascular disease; DM = diabetes mellitus;
T1DM = type 1 diabetes mellitus; T2DM = type 2 diabetes mellitus.
aModified from the 2016 European Guidelines on cardiovascular disease preven-
tion in clinical practice.27

bProteinuria, renal impairment defined as eGFR >_30 mL/min/1.73 m2, left ventric-
ular hypertrophy, or retinopathy.
cAge, hypertension, dyslipidemia, smoking, obesity.
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Soggetti con storia di malattia
CV DMT2- Annali 2018 

Annali AMD 2018108

6RJJHWWL�FRQ�VWRULD�GL�LFWXV����

La prevalenza di storia di ictus è risultata dell’1.2% tra i pazienti con DM1 e del 3.5% fra quelli 
con DM2, per un totale di 344 soggetti con DM1 e 14840 con DM2.
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Complessivamente, i soggetti con storia di infarto / ictus / rivascolarizzazione coronarica o periferica / 
by pass coronarico o periferico) costituivano il 4.3% dei casi con DM1 e il 12.8% di quelli con DM2 visti 
nel 2016. In numeri assoluti, si tratta di 1214 soggetti con DM1 e di 54785 pazienti con DM2.
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A majority of people with type 2 diabetesdo not
have established CVD, most are at risk for a CV 

event

Einarson et al. Cardiovasc Diabetol (2018) 17:83; ADA. Diabetes Care 2019; 42 (suppl. 1): S103-S123

32% 

68% 

CVD No CVD
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ABSTRACT

Introduction: Following the US Food and Drug
Administration (FDA) guidance on the evalua-
tion of novel agents for the treatment of type 2
diabetes mellitus (T2DM), a number of cardio-
vascular outcomes safety trials (CVOTs) on
sodium-glucose cotransporter-2 inhibitors
(SGLT2i) have been conducted. These trials
show similarities in study design and definition
of primary endpoints, but differ in their eligi-
bility criteria. The aim of the present study was
to investigate the generalizability of CVOTs on
SGLT2i to Italian adults with T2DM; we

estimated the proportions of this patient pop-
ulation who would be eligible for enrollment in
EMPA-REG OUTCOME (empagliflozin), CAN-
VAS (canagliflozin), DECLARE-TIMI 58 (da-
pagliflozin), and VERTIS-CV (ertugliflozin)
studies.
Methods: This observational, cross-sectional
study was conducted in 222 Italian diabetes
clinics. Data on 455,662 adult patients with
T2DM seen during 2016 were analyzed against
the published patient eligibility criteria for the
four CVOTs. The current use of SGLT2i in
potentially eligible patients was assessed.
Results: Among the population identified, the
proportion of patients meeting major eligibility
criteria was 11.7% for EMPA-REG OUTCOME,
29.4% for CANVAS, 55.9% for DECLARE-TIMI
58, and 12.8% for VERTIS-CV. Of the patients
eligible for these CVOTs, only a minority (range
4.4–6.8%) was actually prescribed an SGLT2i.
Compared with patients in the CVOTs, eligible
patients in the real world showed older age and
longer diabetes duration, lower BMI and HbA1c
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Fig. 1 Percentages of adults with type 2 diabetes in the AMD Annals database who would have met inclusion criteria for
cardiovascular outcomes trials with empagliflozin, canagliflozin, dapagliflozin, or ertugliflozin

Table 2 Characteristics of patients in EMPA-REG and those of patients in the AMD Annals database eligible for the trial

Characteristics Class AMD Annals database EMPA-REG OUTCOME

No. 40,039 7034

Gender (%) Female 31.6 28.5

Male 68.4 71.5

Age (years) 72.7 ± 9.0 63.1 ± 8.6

Smoking (%) 16.9 13.0

Body mass index (kg/m2) 29.3 ± 4.8 30.6 ± 5.3

Duration of diabetes B 5 years 12.5 18.0

5–10 years 18.0 24.9

[ 10 years 69.5 57.1

HbA1c (%) 7.9 ± 0.7 8.1 ± 0.8

Glucose-lowering agents (%) Metformin 54.1 73.8

Secretagogues 28.3 42.7

TZDs 3.2 4.3

DPP-IV inhibitors 20.2 11.3

GLP-1 RA 3.4 2.8

Insulin 56.4 48.2

Lipid profile (mg/dl) Total cholesterol 157.8 ± 37.3 162.2 ± 42.5

LDL cholesterol 84.2 ± 30.8 84.9 ± 34.8

HDL cholesterol 45.8 ± 12.7 46.3 ± 11.6

Triglycerides 146.0 ± 86.9 168.0 ± 123.9

Lipid-lowering agents (%) Statins 72.2 76.6

Fibrates 2.7 9.0

Adv Ther



UKPDS 34 provides some evidence for beneficial 
CV effects of metformin in overweight patients

CV, cardiovascular
1. UKPDS 34. Lancet 1998;352:854–65.  2. http://www.medicines.org.uk/emc/medicine/23244/SPC. 3. Holman et al. N Engl J Med 
2008;359:1577–89.

Significant reduction in MI maintained over 
10 years’ follow-up3

1997 1999 2001 2003 2005 2007

No. of events:
Conventional therapy 73 83 92 106 118 126

Metformin 39 45 55 64 68 81

Myocardial infarction

Metformin vs 
conventional
p = 0.01
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Risk of MI is 39% lower with metformin vs 
conventional therapy in obese patients1,2
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Per gli SGLT2i lo studio DECLARE ha la più alta 
rappresenzanza di pazienti con DM2 in 
prevenzione primaria



In questa popolazione a basso rischio CV, i pazienti trattati con 
dapagliflozin hanno mostrato una riduzione significativa di 
hHF/morte CV e un minor numero di eventi MACE rispetto a 

placebo
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Dapagliflozin ha	rallentato	la	progressione	della	malattia	
renale	nei	pazienti	con	T2D	con	una	funzionalità	renale	

relativamente	buona	al	basale	

HR IC95% Valore di p

0,76 (0,67, 0,87) <0,001 (nominale)
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Implications of the REWIND Findings

Participants	were	similar	to	the	

sorts	of	ambulatory	patients	with	

type	2	DM	&	CV	risk	factors	who	

are	routinely	seen	in	clinical	

practice

*GLP-1 RA CVOT trials cannot be directly compared due to differences in study design, population and key 
inclusion/exclusion criteria 



Dulaglutide’s Effect	on	the	CV	Composite
Primary	Outcome:	1st	Occurrence	of	Nonfatal	MI,	

Nonfatal	Stroke,	CV	Death

Gerstein HC et al. Lancet. 2019;394(10193):121-130.

Articles

www.thelancet.com   Published online June 10, 2019   http://dx.doi.org/10.1016/S0140-6736(19)31149-3 5

were not adjusted for multiple testing. The change from 
baseline in continuous variables was analysed using 
linear mixed models with baseline value as a covariate, 
participant as a random e!ect, and fixed e!ects for 
treatment, visit, and treatment–visit interaction, and 
reported as the least-squares mean (LSM) value.24 A set 
of plausible ranges for laboratory tests were defined 
before unblinding (appendix p 34) and tests with values 
outside these ranges were excluded from the analyses. 
The proportion of participants in each group who had 
prespecified adverse events of special interest were 
compared using log-rank tests, and the proportion 
who had serious adverse events and adverse events 
were compared using "# tests. Data were analysed with 
SAS software (version 9.4). This trial is registered with 
ClinicalTrials.gov, number NCT01394952.

Role of the funding source
The trial was sponsored and funded by Eli Lilly and 
Company led by an international steering committee 
coordinated by the Population Health Research Institute 
in Hamilton, Canada, which also did all data analyses. 
Site management and data collection were provided by 
ICON Clinical Research. Scientists employed by the 
funder were on the steering committee and contributed 
to trial design, trial implementation, and data inter-
pretation. All authors and the sponsor jointly made the 
decision to submit for publication. The corresponding 
author had full access to all the data in the study and 
had final responsibility for the decision to submit for 
publication.

Results
Between Aug 18, 2011, and Aug 14, 2013, 12 133 patients 
were screened at 371 sites in 24 countries. 10 917 eligible 
patients began the 3-week run-in period, of whom 9901 
were randomly assigned to treatment group (dulaglutide, 
n=4949; placebo, n=4952; figure 1). Follow-up ended on 
Aug 21, 2018.

Mean age of participants was 66·2 years [SD 6·5], and 
4589 [46·3%] were female (table 1, appendix p 35).17 At 
baseline, 3114 (31·5%) participants reported previous 
cardiovascular disease and 2199 (22·2%) had a baseline 
eGFR less than 60 mL/min per 1·73 m#. The median 
duration of diabetes was 9·5 years (IQR 5·5–14·5), 
median HbA1c was 7·2% (IQR 6·6–8·1), and median 
eGFR was 74·9 mL/min per 1·73 m# (IQR 61·4–91·1).

During a median follow-up of 5·4 years (IQR 5·1–5·9) 
comprising 51 820 person-years, the primary composite 
outcome status was known in 9610 (97·1%) participants 
(figure 1). 2092 (42·3%) of 4949 participants assigned 
to dulaglutide and 2171 (43·8%) of 4952 participants 
assigned to placebo had at least one discontinuation 
of study drug during follow-up, whereas 3621 (73·2%) 
assigned to dulaglutide and 3520 (71·1%) assigned 
to placebo were taking study drug at the last visit. Par-
ticipants assigned to dulaglutide took study drug for 

82·2% of the follow-up time from randomisation until 
either a primary outcome event or final follow-up, 
compared with 83·1% of the follow-up time for patients 
assigned to placebo. Study drug was well tolerated; 
451 (9·1%) participants assigned to dulaglutide and 
310 (6·3%) assigned to placebo permanently stopped 
study drug during follow-up because of an adverse 
event. There were no between-group di!erences in use 
of other medications at baseline (table 1), but fewer 
participants in the dulaglutide group than in the placebo 
group were taking a GLP-1 receptor agonist, SGLT2 
inhibitor, metformin, sulfonylurea, insulin, or angioten-
sin-converting enzyme inhibitor or angiotensin-receptor 
blocker at the last visit (appendix p 36).

The primary composite outcome occurred in 
594 (12·0%) par ticipants (2·4 per 100 person-years) 
assigned to dulaglutide and 663 (13·4%) participants 
(2·7 per 100 person-years) assigned to placebo (HR 0·88, 
95% CI 0·79–0·99; p=0·026; figure 2, table 2). Consistent 
e!ects were observed for all three compo nents of the 
composite primary outcome (pheterogeneity=0·89),19 with HRs 
of 0·91 (95% CI 0·78–1·06; p=0·21) for cardiovascular 
death, 0·96 (0·79–1·16; p=0·65) for non-fatal myocardial 
infarction, and 0·76 (0·61–0·95; p=0·017) for non-fatal 
stroke (figure 2, table 2).

When assessed within subgroups, the HR of the 
intervention on the primary outcome was similar in 
participants with and without previous cardiovascular 

Figure !: Cumulative incidence of cardiovascular outcomes
HR=hazard ratio. HbA1c=glycated haemoglobin A1c.
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CV Composite in Prespecified Subgroups (II)
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Effects of glucagon-like peptide-1 receptor agonists on 
major cardiovascular events in patients with Type 2 diabetes
mellitus with or without established cardiovascular disease: 

a meta-analysis of randomized controlled trials 

Marsico F et al. Eur Heart J. 2020 Feb 20
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mean baseline HbA1c of 8.2 ± 0.6%. The median duration of follow-
up ranged from 1.3 to 5.4 years.

Effects of glucagon-like peptide-1
receptor agonists on major adverse
cardiovascular events in patients with
and without established cardiovascular
disease
Of seven CVOTs included in the meta-analysis, five enrolled sub-
groups of DM patients with established CVD and CV risk factors
only (n = 14 008). No difference for the three-point MACE compos-
ite outcome was observed between the two groups, indicating con-
sistent protective effects also in patients without established CVD. In
particular, the pooled ratio of the HR estimated in the cardiovascular
risk factor patients vs. that observed in the CVD subgroup was 1.06
(95% CI 0.85–1.34; P = 0.495) in the analysis including LEADER with
CVD group without prior MI or stroke, with low heterogeneity
among trials (I2 = 9%), and 1.08 (95% CI 0.79–1.46; P = 0.550) in the
analysis including LEADER with CVD group with prior MI or stroke,
with a moderate degree of heterogeneity among trials (I2 = 33%)
(Figure 2). Thus, lack of statistical significance (95% CI 0.85–1.34;
P = 0.495) therefore indicates no effect differences between patients
with CV risk factors only and those with established CVD.

Effects of glucagon-like peptide-1
receptor agonists in the whole
population
In the overall population of 56 004 DM patients enrolled in the seven
CVOTs, GLP-1 receptor agonists significantly reduced the risk of the

three-point MACE compared to placebo (HR 0.88, 95% CI 0.80–
0.96; P = 0.011), with a moderate degree of heterogeneity among tri-
als (I2 = 39%) (Figure 3).

There was a significant reduction, with respect to placebo, in the
risk of CV mortality (HR 0.88, 95% CI 0.79–0.98; P = 0.025) and
all-cause mortality (HR 0.89, 95% CI 0.81–0.97; P = 0.019), with low
heterogeneity among trials for both outcomes (I2 = 8% and I2 = 18%,
respectively) (Figure 3).

Glucagon-like peptide-1 receptor agonists reduced, although non
significantly, the risk of fatal and non-fatal MI compared to placebo
(HR 0.91, 95% CI 0.82–1.02; P = 0.082) and was associated with a sig-
nificant reduction in the risk of fatal and non-fatal stroke (HR 0.84,
95% CI 0.76–0.94; P = 0.008), and of hospitalization for HF (HR 0.92,
95% CI 0.86–0.97; P = 0.014) with a moderate heterogeneity among
trials for fatal and non-fatal MI (I2 = 31%) and no observed heterogen-
eity for fatal and non-fatal stroke and for hospitalization for HF
(I2=0% for both) (Figure 4).

Safety analysis showed no significant effect of GLP-1 receptor ago-
nists on severe hypoglycaemia (OR 0.90, 95% CI 0.65–1.25;
P = 0.474), although with high heterogeneity among trials (I2 = 71%);
also no significant effect of GLP-1 receptor agonists compared to pla-
cebo were seen on pancreatitis (OR 1.06, 95% CI 0.74–1.52;
P = 0.708), and pancreatic cancer (OR 1.06, 95% CI 0.48–2.37;
P = 0.856), with no observed heterogeneity among trials for pancrea-
titis (I2 = 0%), and moderate heterogeneity for pancreatic cancer
(I2 = 45%) (Figure 5).

Sensitivity analysis
By applying D-L random-effect models without the HK correction to
the primary and secondary CV outcomes, the only relevant

Figure 2 Interaction analysis for the three-point major adverse cardiovascular events outcome between previous cardiovascular disease and car-
diovascular risk factors only subgroups. LEADER trial is included twice since the study reported separate analysis for established cardiovascular dis-
ease patients without previous myocardial infarction or stroke (LEADER I) and established cardiovascular disease patients with previous myocardial
infarction or stroke (LEADER II). CVD, cardiovascular disease; CRF, cardiovascular risk factors; GLP-1, glucagon-like peptide-1.
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Figure 3—Choosing glucose-lowering medication in those with established ASCVD, HF, and CKD. CV, cardiovascular; DPP-4i, dipeptidyl peptidase
4 inhibitor; GLP-1 RA, glucagon-like peptide 1 receptor agonist; SGLT2i, SGLT2 inhibitor; SU, sulfonylurea.
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CONSENSUS REPORT UPDATE

2019 update to: Management of hyperglycaemia in type 2 diabetes,
2018. A consensus report by the American Diabetes Association
(ADA) and the European Association for the Study of Diabetes (EASD)

John B. Buse1 & Deborah J. Wexler2,3 & Apostolos Tsapas4 & Peter Rossing5,6 & Geltrude Mingrone7,8,9 &

Chantal Mathieu10 & David A. D’Alessio11 & Melanie J. Davies12

# European Association for the Study of Diabetes and American Diabetes Association 2019

Abstract
The American Diabetes Association and the European Association for the Study of Diabetes have briefly updated their 2018
recommendations on management of hyperglycaemia, based on important research findings from large cardiovascular outcomes
trials published in 2019. Important changes include: (1) the decision to treat high-risk individuals with a glucagon-like-peptide 1
(GLP-1) receptor agonist or sodium–glucose cotransporter 2 (SGLT2) inhibitor to reduce major adverse cardiovascular events
(MACE), hospitalisation for heart failure (hHF), cardiovascular death or chronic kidney disease (CKD) progression should be
considered independently of baseline HbA1c or individualised HbA1c target; (2) GLP-1 receptor agonists can also be considered
in patients with type 2 diabetes without established cardiovascular disease (CVD) but with the presence of specific indicators of
high risk; and (3) SGLT2 inhibitors are recommended in patients with type 2 diabetes and heart failure, particularly those with
heart failure with reduced ejection fraction, to reduce hHF,MACE and CVD death, as well as in patients with type 2 diabetes with
CKD (eGFR 30 to !60 ml min"1 [1.73 m]"2 or urinary albumin-to-creatinine ratio >30 mg/g, particularly >300 mg/g) to prevent
the progression of CKD, hHF, MACE and cardiovascular death.

Keywords Cardiovascular disease . Chronic kidney disease . Glucose-lowering therapy . Guidelines . Heart failure .

Hypoglycaemia . Patient-centred care . Type 2 diabetesmellitus
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Published online: 19      December 2019We now also suggest that to reduce risk of MACE, GLP-1
receptor agonists can also be considered in patients with
type 2 diabetes without established CVD with indicators of
high risk, specifically, patients aged 55 years or older with
coronary, carotid or lower extremity artery stenosis >50%,
left ventricular hypertrophy, an eGFR <60 ml min−1 [1.73
m]−2 or albuminuria.
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To date, the level of evidence to support the use 

of GLP-1 receptor agonists for primary prevention 

is strongest for dulaglutide but lacking 

for other GLP-1 receptor agonists.
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Figure 9.1—Glucose-lowering medication in type 2 diabetes: overall approach. For appropriate context, see Fig. 4.1. ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; CV, cardiovascular;
CVD, cardiovascular disease; CVOTs, cardiovascular outcomes trials; DPP-4i, dipeptidyl peptidase 4 inhibitor; eGFR, estimated glomerular !ltration rate; GLP-1 RA, glucagon-like peptide 1 receptor agonist; HF,
heart failure; SGLT2i, sodium–glucose cotransporter 2 inhibitor; SU, sulfonylurea; TZD, thiazolidinedione. Adapted from Davies and colleagues (33,34).
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9. Pharmacologic Approaches to
Glycemic Treatment: Standards of
Medical Care in Diabetesd2020
Diabetes Care 2020;43(Suppl. 1):S98–S110 | https://doi.org/10.2337/dc20-S009

The American Diabetes Association (ADA) “Standards of Medical Care in Diabetes”
includes the ADA’s current clinical practice recommendations and is intended to
provide the components of diabetes care, general treatment goals and guidelines, and
tools toevaluatequalityof care.Membersof theADAProfessional PracticeCommittee, a
multidisciplinary expert committee (https://doi.org/10.2337/dc20-SPPC), are responsible
for updating the Standards of Care annually, or more frequently as warranted. For a
detailed description of ADA standards, statements, and reports, as well as the evidence-
grading system for ADA’s clinical practice recommendations, please refer to the Standards
of Care Introduction (https://doi.org/10.2337/dc20-SINT). Readers who wish to com-
ment on the Standards of Care are invited to do so at professional.diabetes.org/SOC.

PHARMACOLOGIC THERAPY FOR TYPE 1 DIABETES

Recommendations

9.1 Mostpeoplewith type1diabetesshouldbetreatedwithmultipledaily injections
of prandial and basal insulin, or continuous subcutaneous insulin infusion. A

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

9.3 Patients with type 1 diabetes should be trained to match prandial insulin doses
to carbohydrate intake, premeal blood glucose, and anticipated physical activity. C

Insulin Therapy
Because the hallmark of type 1 diabetes is absent or near-absent b-cell function,
insulin treatment is essential for individuals with type 1 diabetes. In addition to
hyperglycemia, insulinopenia can contribute to other metabolic disturbances like
hypertriglyceridemia and ketoacidosis as well as tissue catabolism that can be
life threatening. Severe metabolic decompensation can be, and was, mostly pre-
vented with once or twice daily injections for the six or seven decades after the
discovery of insulin. However, over the past three decades, evidence has accumulated
supporting more intensive insulin replacement, using multiple daily injections of
insulin or continuous subcutaneous administration through an insulin pump, as
providing the best combination of effectiveness and safety for people with type 1
diabetes. The Diabetes Control and Complications Trial (DCCT) demonstrated that
intensive therapy with multiple daily injections or continuous subcutaneous insulin
infusion (CSII) reduced A1C and was associated with improved long-term outcomes
(1–3). The study was carried out with short-acting (regular) and intermediate-acting
(NPH) human insulins. In this landmark trial, lower A1C with intensive control (7%)
led to ;50% reductions in microvascular complications over 6 years of treatment.

Suggested citation: American Diabetes Associa-
tion. 2. Pharmacologic approaches to glycemic
treatment:StandardsofMedicalCare inDiabetesd
2020. Diabetes Care 2020;43(Suppl. 1):S98–S110
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Decision Algorithm for Prescribing SGLT2 Inhibitors and
GLP-1 Receptor Agonists for Diabetic Kidney Disease
Jiahua Li ,1,2,3 Oltjon Albajrami,2,4 Min Zhuo,1,3,5,6 Chelsea E. Hawley,6,7 and Julie M. Paik1,2,3,6,7

Abstract
Diabetic kidney disease and its comorbid conditions, including atherosclerotic cardiovascular disease, heart
failure, diabetes, and obesity, are interconnected conditions that compound the risk of kidney failure and
cardiovascular mortality, and exponentiate health care costs. Sodium glucose cotransporter 2 inhibitor (SGLT2i)
and glucagon-like peptide 1 receptor agonist (GLP-1 RA) are novel diabetes medications that prevent
cardiovascular events and kidney failure. Clinical trials exploring the cardiovascular and kidney outcomes of
SGLT2i and GLP-1 RA have fundamentally shifted the treatment paradigm of diabetes. Clinical guidelines for
diabetes management recommend a more holistic approach beyond glycemic control and emphasize heart and
kidneyprotectionof SGLT2iandGLP-1RA.However, theadoptionof prescribingSGLT2i andGLP-1RAforpatients
with diabetes and high cardiovascular and kidney risk has been slow. In this review, we provide a decision-making
tool to help clinicians determinewhen to consider SGLT2i andGLP-1 RA for heart and kidney protection. First, we
discuss a comprehensive risk assessment for patientswith diabetic kidney disease.We compare the effectiveness of
SGLT2i andGLP-1 RA for different risk categories. Then, we present a decision algorithm using cardiovascular and
kidney failure risk stratification and the strength of current evidence for the use of SGLT2i andGLP-1RA. Lastly,we
review the adverse effects of SGLT2i and GLP-1 RA and propose mitigation strategies.

CJASN 15: ccc–ccc, 2020. doi: https://doi.org/10.2215/CJN.02690320

Introduction
Diabetic kidney disease and its comorbidities, in-
cluding atherosclerotic cardiovascular disease,
heart failure, diabetes, and obesity, are intercon-
nected conditions that compound the risk of kidney
failure and cardiovascular mortality (1), and expo-
nentiate health care costs (2). Clinical trials explor-
ing the cardiovascular and kidney outcomes of
sodium glucose cotransporter 2 inhibitor (SGLT2i)
(3–8) and glucagon-like peptide 1 receptor agonist
(GLP-1 RA) (9–18) have fundamentally shifted the
treatment paradigm of diabetes (Tables 1 and 2). To
brie!y summarize these trials, the studies enriched
patients with high cardiovascular and metabolic
disease burdens with primary goals for preven-
tion of cardiovascular disease (all cardiovascular
outcome trials), kidney disease progression (Cana-
gli!ozin and Renal Events in Diabetes With
Established Nephropathy Clinical Evaluation [CRE-
DENCE]), or heart failure hospitalization (Dapagli-
!ozin and Prevention of Adverse Outcomes in
Heart Failure [DAPA-HF]). The study populations
have an average body mass index of 28–33 kg/m2

and a history of longstanding type 2 diabetes,
with an average hemoglobin A1c of 7%–9%. Clin-
ical trials of SGLT2i consistently showed (1) a
12%–14% risk reduction in nonfatal myocardial
infarction, nonfatal stroke, and cardiovascular
death; (2) a 30% risk reduction in heart failure
hospitalization; and (3) a 30%–40% risk reduction in
CKD progression (19,20). GLP-1 RA clinical trials

showed a 12% risk reduction in nonfatal myocardial
infarction, nonfatal stroke, and cardiovascular
death and a 20%–30% risk reduction of new macro-
albuminuria (21).
The American Diabetes Association (ADA) 2020

guidelines recommend prescribing an SGLT2i or
GLP-1 RA after metformin in patients with estab-
lished atherosclerotic cardiovascular disease, heart
failure, or CKD (22). However, the adoption of
prescribing SGLT2i and GLP-1 RA for patients with
diabetic kidney disease has been slow. In this review,
we discuss a holistic approach to assess the cardio-
vascular, kidney, and metabolic risks, and propose a
stepwise algorithm for prescribing SGLT2i and GLP-1
RA for heart and kidney protection on the basis of risk
stratum. In addition, we discuss practical strategies to
monitor and mitigate common adverse effects of
SGLT2i and GLP-1 RA.

Comprehensive Risk Assessment in Patients with
Diabetic Kidney Disease
Atherosclerotic cardiovascular disease, heart fail-

ure, diabetes, and obesity contribute to progression of
diabetic kidney disease (23–25), and diabetic kidney
disease complicates treatment for its comorbidities
and compounds the mortality (26). The introduction
of SGLT2i and/or GLP-1 RA is a promising strategy
to reduce cardiovascular mortality and CKD pro-
gression. We outline elements of a comprehensive
risk assessment for patients with diabetic kidney
disease below, and how each element relates to the
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worsening proteinuria (34) and CKD progression (35).
Prevention of AKI is important to slow CKD progres-
sion and to avert acute complications such as hyper-
kalemia and volume overload. In contrast to the
common concerns of SGLT2i increasing AKI risk
owing to volume depletion, SGLT2i has consistently
shown reduction of AKI risk in observational studies
(36,37) and clinical trials (20,38). The exact mechanism
by which SGLT2i reduce AKI risk is under investiga-
tion. SGLT2i may attenuate ischemic-reperfusion in-
jury to the kidney (39) and reduce tubular injury
markers (40). Randomized clinical trials testing
SGLT2i in preventing AKI are warranted. Currently,
there is no clinical data in support of GLP-1 RA for
AKI prevention.

SGLT2i Reduces Heart Failure Hospitalization More than
GLP-1 RA
The rate of heart failure hospitalization is high in CKD

(41). Reduced eGFR and albuminuria compound the risk of
heart failure hospitalization and mortality (41). Prevention
of heart failure hospitalization can reduce the risk of CKD
progression and death (42). The Thrombolysis in Myocar-
dial Infarction Risk Score for Heart Failure in Diabetes tool,
which includes prior history of heart failure, atrial !bril-
lation, coronary artery disease, eGFR, and albuminuria, is a
validated clinical tool for heart failure risk strati!cation. A
score of $2 identi!es patients with a high risk for heart
failure hospitalization (43).
SGLT2i consistently reduces the risk of heart failure

hospitalization by approximately 30% across the spectrum
of heart failure risk (44), in patients with and without
diabetes (DAPA-HF trial) (7), and in systolic heart failure
(7) and, potentially, diastolic heart failure (45,46). Dedi-
cated SGLT2i trials for prevention of heart failure

hospitalization in diastolic heart failure, including Dapa-
gli"ozin Evaluation to Improve the LIVEs of Patients with
PReserved Ejection Fraction Heart Failure (testing dapagli-
"ozin; Clinicaltrials.gov identi!er NCT03619213) and EM-
Pagli"ozin outcomE tRial in Patients With chrOnic heaRt
Failure With Preserved Ejection Fraction (testing empagli"o-
zin; Clinicaltrials.gov identi!er NCT03057951), are currently
underway. The risk reduction of heart failure hospitaliza-
tion is more pronounced in patients with cardiovascular
disease and CKD (47).
In prospective, observational studies, SGLT2i was

associated with 40%–50% less heart failure hospitaliza-
tions compared with other antidiabetic agents in partic-
ipants with a low prevalence of cardiovascular disease
(Comparative Effectiveness of Cardiovascular Outcomes
in New Users of SGLT-2 Inhibitors [CVD-REAL 2]) (48)
and those with established cardiovascular disease (Ev-
idence for Cardiovascular Outcomes With Sodium Glu-
cose Cotransporter 2 Inhibitors in the Real World) (49).
In contrast, GLP-1 RA showed no bene!t or harm on
heart failure hospitalization in individual clinical trials.
In a meta-analysis (21), GLP-1 RA only showed a modest
risk reduction in heart failure hospitalization (hazard
ratio, 0.91; 95% con!dence interval, 0.83 to 0.99). When
SGLT2i and GLP-1 RAs were compared in population-
based cohort studies, SGLT2i users had a 30%–40% lower
risk of heart failure hospitalization compared with
GLP1-RA users (50). Thus, SGLT2i is preferred over
GLP-1 RA in patients at high risk of heart failure
hospitalization.

Both SGLT2i and GLP-1 RA Reduce the Risk of
Cardiovascular Events
Atherosclerotic cardiovascular diseases include coronary

artery disease, cerebrovascular disease, and peripheral

Figure 2. | Recommendations for SGLT2i versus GLP-1 RA on the basis of kidney failure risk stratification.
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Two drugs are better than one to start type 2 diabetes therapy 

Ceriello A. et al: Nature Rev Endocrinol, 2020; 16: 15-16

QUANDO E COME INIZIARE LA TERAPIA 
ANTIDIABETICA NEL PAZIENTE CON 

MULTIPLI FATTORI DI RISCHIO?
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