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Riesgo relativo ajustado por edad para DM-2

Obesidad es el principal factor de riesgo para DM-2

1Chan JM et al. Diabetes Care 1994;17:961-9 
2Colditz G et al. Ann Intern Med 1995;122:481-6
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Obesidad abdominal: predictor de DM-2 y enfermedad
cardiovascular

Enfermedad
Cardiovascular

SINDROME METABOLICO

Obesidad
Abdominal

 Insulina

¯ HDL

 TG

 Glucosa

 TNFa
IL-6

 PAI-1

Obesidad
Abdominal

DM-2





TRATAMIENTO	DE	DIABETES	TIPO	2
• Realizar	actividad	física	aeróbica	moderada											
(150	min/semana)	y	ejercicios	de	resistencia.	



Efectos	del	entrenamiento	en	la	sensibilidad	
a	insulina

Endocrine	Reviews	34:	463–500,	2013



National	trends	in	the	ambulatory	treatment	
of	type	2	diabetes,	1997–2012.

Diabetes	Care.	2014;	37(4):	985–992.



Healthy eating, weight control, increased physical activity & diabetes education 

Metformin 
high 
low risk 
neutral/loss 
GI / lactic acidosis 
low 

If HbA1c target not achieved after ~3 months of monotherapy, proceed to 2-drug combination (order not meant to denote  
any specific preference � choice dependent on a variety of patient- & disease-specific factors): 
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If HbA1c target not achieved after ~3 months of dual therapy, proceed to 3-drug combination (order not meant to denote  
any specific preference � choice dependent on a variety of patient- & disease-specific factors): 

If HbA1c target not achieved after ~3 months of triple therapy and patient (1) on oral combination, move to injectables, (2) on GLP-1 RA, add  
basal insulin, or (3) on optimally titrated basal insulin, add GLP-1-RA or mealtime insulin. In refractory patients consider adding TZD or SGLT2-i: 

Metformin            
+ Combination 

injectable  
therapy‡!

GLP-1-RA Mealtime Insulin 

Insulin (basal) 
 + 

Figure'2.'An$<hyperglycemic'therapy''''''
in'T2DM:'General'recommenda$ons' Diabetes Care 2015;38:140-149; Diabetologia 2015;10.1077/s00125-014-3460-0 
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Diabetes	Care 2015;38:166–169

Diabetes	Care 2015;38:170–175



Sulfonilureas:	SI
• Efectividad:	reducción promedio de	HbA1c	1.5%	en SU	monoterapia vs
placebo	y	1.6%	con	SUs	agregadas a	metformina o	TZDs.	

• Hipoglicemia severa baja:	En el	UKPDS,	la	tasa fue 0.5%	en el	grupo SU.	En
ADOPT	0.6%.	Se	presenta en grupos de	riesgo,	ancianos y	con	insuficiencia
renal.	

• Riesgo cardiovascular:	En estudios clínicos,	el	uso de	SUs	no	ha	estado
asociado con		outcomes cardiovasculares adversos (UKPDS,	ADOPT,	BARI	2D).	

• Glibenclamida ha	mostrado inhibir el	precondicionamiento isquémico in	vitro,	
pero glimepirida y	glipizida no.	Estos últimos se	unen a	los canales KATP en losmiocitos cardíacos con	menos afinidad que		glibenclamida.	

• Costo:	SUs,	agregadas a	metformina,	son	la	terapia más costo-efectiva,	
tomando en cuenta el	costo de	la	droga,	mejoría en el	control	glicémico y	
riesgo absoluto de	episodios hipoglicémicos severos que	requieran
intervención médica.

• Experiencia: SUs	han estado en uso clínico por aproximadamente 60	años.	

Abrahamson MJ.	Diabetes	Care 2015;38:166–169



Estudios	de	seguridad	cardiovascular	con	nuevos	
fármacos:			Las	sulfonilureas	forman	parte	de	la		

terapia	basal	en		grupo	placebo	y	activo

Estudio
Eventos		1rios	
grupo	fármaco	
en	estudio

Eventos	1rios
grupo	placebo %	pacientes	

con SU	en	
grupo	estudio	

%	pacientes
con	SU	en	
grupo		
placebo		

SAVOR					
Saxagliptina

7.3% 7.2% 39.8% 40.2%

EXAMINE
Alogliptina 11.3% 11.8% 46.9% 46.2%

TECOS
Sitagliptina 11.4% 11.6% 45.6% 45.0%

EMPA-REG
Empaglifozina 10.5% 12.1% 43.0% 42.5%

LEADER
Liraglutida 13% 14.9% 50.6% 50.5%

N	Engl J	Med 2013;	N	Engl J	Med 2013;369:	1327-1335,	N	Engl J	Med 2015;	373: 232-242,	. N	Engl J	Med	
2015;	373:2117-2128,	N	Engl J	Med 2016.;	375:311-322.	



Sulfonilureas disponibles	en	Chile		
Sulfonilurea Dosis	habitual	

(mg)
Dosis	máxima	

(mg)
Vida	media
(horas)

Duración	
(horas)

Potencia	 Vía	
eliminación

Glibenclami
da

10 20 10 20	a	24 ++++ Renal	50%
Biliar	50%

Gliclazida R 60 120 20 24 ++ Renal	70%
Biliar	30%

Glipizida 5-10 20 2-4 14-16 +++ Renal	70%
Renal	30%

Glimepirida 2-4 8 9 24 ++++ Renal	70%
Biliar	30%



Monami M.	Diabetes	Metab Res	Rev 2006;	22:	477–482

Cohorte	observacional	
N	=	2002	con	DM2
696	(34.8%)	combinaciones	de	
insulinsecretagogues +	biguanides.	
Mortalidad	a	3	años	en	Florencia.
295	muertes	registradas.	
Mortalidad	glibenclamide 8.7%
vs	repaglinida 3.1%	(p=0.002),	
vs	gliclazida 2.1%	(p=0.001)	
vs	glimepirida 0.4%	(p	<	0.0001).	
Ajustado	por	edad,	duración	de	DM,	IMC,	
lípidos,	HbA1c,	tratamiento	con	insulina;	
dosis	de	metformina,	mortalidad	con	
glibenclamide +	metformina vs	otros	
secretagogos de	insulina	(OR	con	95%	CI:	
2.09 [1.07;4.11]).



Indicaciones	de	las	sulfonilureas
• Temprano en la DMT2 y no por mucho tiempo ¿cuánto?,
• Combinadas con metformina, a baja dosis, producen menor ganancia
de peso,

• En pacientes no propensos a las hipoglucemias,
• Con adecuada función renal,
• Mientras demuestren buen control,
• Por costos,
• En	MODY	1	y	3,	
• En	DM	neonatal	por mutación del	SUR.



NO	USAR	Sulfonilureas
• En Diabetes tipo 1 y LADA,
• En el embarazo,
• En DMT2 de larga data,
• En falla renal avanzada,
• Si hay alto riesgo de hipoglucemias,
• En pacientes con problemas de comprensión,
• En ancianos.





World J	Diabetes	2014;	5(6):	817-834

GLP-1	y	la	célula β:	Amplificación de	la	secreción de	insulina
estimulada por glucosa.

Terapias	basadas	en	incretinas







GLP1 y protección cardiovascular 
Datos derivados de estudios de prueba de concepto mecanísticos y no clínicos

23
1. Jax. Clin Res Cardiol 2009;98:75–9.  2. Grieve. Br J Pharmacol 2009;157:1340–51 (modificado).  
3. Robinson et ál. BMJ Open 2013;3:pii e001986.

La parte de 
imagen con el 
identificador de 
relación rId20 

↑ Sensibilidad a la 
insulina (¿directa 
o indirecta?)

↑ Secreción de insulina
↓ Secreción de glucagón
↑ Biosíntesis de insulina
↑ Proliferación de células beta
↓ Apoptosis de células beta

↓Apetito
↑ Neuroprotección

↓ Liberación de glucosa

CerebroPáncreas

Hígado Músculos y 
tejido adiposo

↑ Función endotelial
↑ Producción de óxido nítrico

↑ ↓ Contractilidad del miocardio 
(incompatibilidad de datos)

↑ Función sistólica en infarto del miocardio

↑ Función sistólica en cardiomiopatía
↓ Tamaño del infarto

↑ Precondicionamiento isquémico
↑ Recuperación posisquémica

↑ Absorción de glucosa del miocardio

Corazón

Hormona 
incretina1,2

Los datos del ensayo clínico muestran que los agonistas del receptor GLP1 están asociados con pequeños 
aumentos de la frecuencia cardíaca y modestas disminuciones en el peso y de la presión arterial3



La parte de 
imagen con 

TERAPIAS BASADAS EN INCRETINAS

Análogos de GLP-1
• Exenatide
• Liraglutide
• Lixisenatide

Inhibidores de DPP IV 
(Gliptinas)

• Sitagliptina
• Vildagliptina
• Saxagliptina
• Linagliptina



ESTUDIO
TECOS

14,735
randomized

64 excluded from all analyses
• 11 did not consent
• 53 at one site excluded 

for GCP deviations

14,671
included in ITT analysis

7332 sitagliptin ITT
7180 (97.9%) VS known

6972 (95.1%) completed
61 (0.8%) LTFU

29 (48%) VS known

299 (4.1%) Withdrawn
179 (60%) VS known

7339 placebo ITT
7123 (97.0%) VS known

6905 (94.1%) completed
71 (1.0%) LTFU

33 (46%) VS known

363 (4.9%) Withdrawn
185 (51%) VS known

ITT = intention-to-treat; LTFU = lost to follow-up; 
VS = vital status, GCP = Good Clinical Practice

Green JB et al. NEJM 2015; DOI: 10.1056/NEJMoa1501352



Primary Composite Cardiovascular Outcome* 
PP Analysis for Non-inferiority

* CV death, nonfatal MI, nonfatal stroke, hospitalization for unstable angina

Green JB et al. NEJM 2015; DOI: 10.1056/NEJMoa1501352



Agonistas receptor GLP-1 y enfermedad cardiovascular

.
Pfeffer MA et al. N Engl J Med 2015;373:2247–2257. 

ELIXA
Time to first occurrence of CV death, non-fatal MI, non-fatal 

stroke or hospitalization for unstable angina

LEADER
Time to first occurrence of CV death, non-fatal MI or 

non-fatal stroke 

Presented at the American Diabetes Association 76th Scientific, 
Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA. 



Gliflozinas en Chile, 2017

Canagliflozina

Dapagliflozina

Empagliflozina



El riñón realiza tres funciones claves en el manejo de la glucosa

• Contribuye con ≈20%–25% del 
total de la glucosa corporal 
liberada en el estado de ayuno a 
través de la gluconeogénesis

• Se basa en la oxidación de FFA 
como fuente principal de energía

1. Producción de glucosa en
la corteza renal

.
Gerich JE. Diabet Med. 2010;27:136-142.

• Contabiliza ≈10% de la captación 
total de glucosa en el organismo 
en ayunas

• Es un usuario obligado de 
glucosa para sus necesidades 
de energía

2. Utilización de glucosa en la 
médula renal

• Devuelve la glucosa a la
circulación a través de su
reabsorción desde el filtrado
glomerular

• Requiere energía para la
reabsorción de glucosa en el
túbulo contorneado proximal

3. Reabsorción de glucosa 
en los nefrones

Glucosa
reabsorbida
≈180 g/día

Glucosa
filtrada

~180 g/día

en	Sujetos	Sanos



Tubulo
Proximal

Glomérulo Segmentos S1 y S2:

SGLT2 responsable de >90% 
de la reabsorción de glucosa

Papel de los SGLT-1 y SGLT-2 en la reabsorción renal de glucosa

Segmento S3: 

SGLT1 responsable del 10% 
de la reabsorción de glucosa

Bays H. Curr Med Res Opin. 2009;25(3):671-81.
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SGLT2Reduce 
reabsorcion

glucosa

Incremento de 
excreción de glucosa

(~70 gr/día, 
correspondiendo a 280 

kcal/día*)

Proximal tubule

Filtracion
Glucosa

*Increases	urinary	volume	by	only	~1	additional	void/day	(~375	mL/day)	in	a	12-week	study	of	healthy	subjects	and	patients	with	Type	2	diabetes.4

1.	Wright	EM. Am	J	Physiol Renal	Physiol 2001;280:F10–18;	2.	Lee	YJ,	et	al. Kidney	Int Suppl 2007;106:S27–35;		3.	Hummel	CS,	et	al. Am	J	Physiol Cell	Physiol 2011;300:C14–21;	

SGLT2

Glucose

SGLT-2 inhib

Inhib SGLT-2 

Mecanismo de acción de los SGLT-2

El riñón representa una novedosa forma de eliminar la glucosa a 
través de un mecanismo independiente de insulina



Gliflozinas

efectos	
glicémicos

efectos	
extra	

glicémicos



Eficacia de	inhibidores de	SGLT2	como
monoterapiaa

0,14

−0.23

0,08

−0.77 −0.77
−0.66

−1.03
−0.89

−0.78

-1,5 

-1,0 

-0,5 

0,0

0,5
Δ

 A
1C

, %

a Phase 3 trials, BL A1C 7.8% to 8.1%, 24-26 weeks.

1. Stenlöf K, et al. Diabetes Obes Metab. 2013;15:372-382.
2. Ferrannini E, et al. Diabetes Care. 2010;33:2217-2224.

3. Roden M, et al. Lancet Diabetes Endocrinol. 2013;1:208-219. 

P <	.001	vs PBO	for	all

CANA1

PBO 100 300
DAPA2

PBO 5 10
EMPA3

PBO 10 25



Efectos extraglicémicos de los SGLT-2

Presión	arterial			
Ritmo	Cardiaco

¿Rigidez	arterial?Insulinoresistencia

Albuminuria

Ácido	úrico ¿Inflamación,	estrés	oxidativo?

Pérdida	de	peso	y	reducción	
en	grasa	visceral ¿Actividad	SNS?

Sin	riesgo de	hipoglicemia

Efectos	CV	
potenciales	de	los	
inhibidores	SGLT	2



Prevención 
secundaria



5.95.7

3.7

5.7

2

0

6

4

14

12

10

8

3P-MACE All-cause mortality CV death Hospitalisation for HF Hospitalisation for HF or
CV death (excluding

fatal stroke)

Beneficios empagliflozina en outcomes CV

HR 0.86
(0.74, 0.99)

p=0.04
–1.6% ARR

12.1
10.5

HR 0.68
(0.57, 0.82)

p<0.001*

–2.6% ARR

8.3

HR 0.62
(0.49, 0.77)

p<0.001*

–2.2% ARR

–1.4% ARR

4.1
2.7

HR 0.65
(0.50, 0.85)
p=0.002*

HR 0.66
(0.55, 0.79)
p<0.001*

–2.8% ARR

8.5

Placebo (n=2333) Empagliflozina (n=4687)

Empagliflozin is not indicated for CV risk reduction. AR rate difference for 3P-MACE: –6.5; AR rate difference for all-cause mortality: –9.1; AR rate difference in CV death: –7.7; AR rate difference
in hospitalisation for HF: –5.1; AR rate difference for hospitalisation for HF or CV death: –10.5. *Nominal p-value. Indicated with 95% CI

3P-MACE, 3-point major adverse cardiovascular events; AR, absolute risk; ARR, absolute risk reduction; CV, cardiovascular, HF, heart failure;

Zinman B et al. N Engl J Med 2015;373:2117.



Zinman B et al. N Engl J Med 2015;373:2117

EMPA-REG OUTCOME®: 
Tratando 1000 pacientes con DM-2 con alto riesgo CV durante 3 años



www.thelancet.com/diabetes-endocrinology Vol4 May 2016

www.thelancet.com/diabetes-endocrinology   Vol 4   May 2016 411

Articles

Lancet Diabetes Endocrinol 2016; 
4: 411–19

Published Online
March 18, 2016
http://dx.doi.org/10.1016/
S2213-8587(16)00052-8

See Comment page 379

*Contributed equally

The George Institute for Global 
Health, University of Sydney, 
Camperdown, Sydney, NSW, 
Australia (J H Y Wu PhD, 
C Foote PhD, J Blomster PhD, 
T Toyama PhD, 
Prof V Perkovic PhD, 
Prof J Sundström PhD, 
Prof B Neal PhD); Concord 
Repatriation General Hospital, 
Concord, Sydney, NSW, 
Australia (C Foote); University 
of Turku, Turku, Finland, and 
Sahlgrenska Academy at 
University of Gothenberg, 
Gothenberg, Sweden 
(J Blomster); Royal Prince Alfred 
Hospital, Camperdown, 
Sydney, NSW, Australia 
(V Perkovic, B Neal); 
Department of Medical 
Sciences, Uppsala Clinical 
Research Center, Uppsala, 
Sweden (J Sundström); and 
Imperial College London, 
London, UK (B Neal)

Correspondence to:
Prof Bruce Neal, The George 
Institute for Global Health, 
University of Sydney, 
Camperdown, Sydney, 
NSW 2050, Australia 
bneal@georgeinstitute.org.au 

Eff ects of sodium-glucose cotransporter-2 inhibitors on 
cardiovascular events, death, and major safety outcomes in 
adults with type 2 diabetes: a systematic review and 
meta-analysis
Jason H Y Wu*, Celine Foote*, Juuso Blomster, Tadashi Toyama, Vlado Perkovic, Johan Sundström, Bruce Neal

Summary 
Background In patients with type 2 diabetes, sodium-glucose cotransporter-2 (SGLT2) inhibitors are known to reduce 
glucose concentrations, blood pressure, and weight, but to increase LDL cholesterol and the incidence of urogenital 
infections. Protection against cardiovascular events has also been reported, as have possible increased risks of adverse 
outcomes such as ketoacidosis and bone fracture. We aimed to establish the eff ects of SGLT2 inhibitors on cardiovascular 
events, death, and safety outcomes in adults with type 2 diabetes, both overall and separately for individual drugs.

Methods In this systematic review and meta-analysis, we searched MEDLINE, Embase, the Cochrane Library, and 
websites of US, European, and Japanese regulatory authorities from Jan 1, 1950, to Sept 30, 2015, for data from 
prospective randomised controlled trials assessing the eff ects of SGLT2 treatment compared with controls. We 
excluded duplicate reports, trials of compound drugs, trials that lasted 7 days or fewer, trials that did not report on 
outcomes of interest, and articles that presented pooled trial data for which the individual trials could not be identifi ed. 
We extracted data in duplicate using a standardised approach. The primary outcome was major adverse cardiovascular 
events. Secondary outcomes were cardiovascular death, non-fatal myocardial infarction, non-fatal stroke, admission 
to hospital for unstable angina, heart failure, and all-cause mortality. We estimated summary relative risks with fi xed-
eff ects meta-analysis, with the I² statistic used to estimate heterogeneity of results beyond chance.

Findings The analyses included data from six regulatory submissions (37 525 participants) and 57 published trials 
(33 385 participants), which provided data for seven diff erent SGLT2 inhibitors. SGLT2 inhibitors protected against the 
risk of major adverse cardiovascular events (relative risk 0·84 [95% CI 0·75–0·95]; p=0·006), cardiovascular death (0·63 
[0·51–0·77]; p<0·0001), heart failure (0·65 [0·50–0·85]; p=0·002), and death from any cause (0·71 [0·61–0·83]; p<0·0001). 
No clear eff ect was apparent for non-fatal myocardial infarction (0·88 [0·72–1·07]; p=0·18) or angina (0·95 [0·73–1·23]; 
p=0·70), but we noted an adverse eff ect for non-fatal stroke (1·30 [1·00–1·68]; p=0·049). We noted no clear evidence 
that the individual drugs had diff erent eff ects on cardiovascular outcomes or death (all I²<43%). Safety analyses showed 
consistent increased risks of genital infections (regulatory submissions 4·75 [4·00–5·63]; scientifi c reports 2·88 
[2·48–3·34]), but fi ndings for some safety outcomes varied depending on whether anlayses were based on data extracted 
from regulatory submissions or trials reported in the scientifi c literature.

Interpretation These data suggest net protection of SGLT2 inhibitors against cardiovascular outcomes and death. 
The effi  cacy results were driven by fi ndings for empaglifl ozin (the only SGLT2 inhibitor for which data from a 
dedicated long-term cardiovascular safety trial have been reported), although results for the other drugs in the class 
were not clearly diff erent. Adverse events were more diffi  cult to quantify than was effi  cacy, with the eff ects of individual 
drugs in the class seeming to diff er for some safety outcomes. Results from ongoing studies will be crucial to 
substantiate these fi ndings across the drug class, but the available data provide a strong rationale to expect benefi t 
from use of SGLT2 inhibitors in patients with type 2 diabetes at high risk of cardiovascular events.

Funding National Health and Medical Research Council of Australia.

Introduction
Several drugs that inhibit sodium-glucose cotransporter-2 
(SGLT2) have been registered for the treatment of type 2 
diabetes,1 and uptake of these drugs by the clinical 
community has been rapid. SGLT2 inhibitors have a range 
of benefi cial eff ects on intermediate markers of vascular 
risk, consisting of glucose concentrations, weight, 
albuminuria, and blood pressure, although they have 
adverse eff ects on some blood lipid outcomes, such as 

increased LDL cholesterol.2 They also increase the risk of 
genitourinary infections2 and might result in metabolic 
acidosis3,4 and bone fracture.5 Findings from the large 
EMPA-REG OUTCOME study6 provided strong evidence 
that the SGLT2 inhibitor empaglifl ozin protects against a 
range of serious vascular complications, and regulatory 
submissions made to the US,7,8 European,9 and Japanese10–12 
agencies provide data for the eff ects of other drugs in the 
class. Substantial uncertainty remains, however, about the 
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showed a signifi cant result for an outcome. We compared 
estimates obtained from the two sets of safety analyses 
qualitatively but not quantitatively. We did all statistical 
analyses with Stata, version 12. 

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. JW, CF, and BN had full access to all the data 
in the study. The corresponding author had fi nal 
responsibility for the decision to submit for publication.

Results
Our search identifi ed six SGLT2 inhibitors—canaglifl ozin, 
dapaglifl ozin, empaglifl ozin, ipraglifl ozin, luseoglifl ozin, 
and tofoglifl ozin—for which data could be extracted from 
regulatory submissions. The search of the scientifi c 
literature yielded 910 potentially eligible studies—after 
exclusions, 57 trials that included relevant cardiovascular, 
mortality, or safety outcome data for the same 
six compounds plus ertuglifl ozin were included in the 
analyses (fi gure 1, appendix pp 3–7).6,15–68 The six regulatory 
submissions provided data for 37 525 individuals and the 
57 trials provided data for 33 385 individuals. Mean age of 
participants ranged between 48 years and 68 years, and 
proportions of women ranged from 14% to 56%. We 
identifi ed 47 placebo-controlled trials, four trials with an 
active comparator, and six trials with both a placebo and 
an active comparator. The risk of bias was assessed as low 
for all analyses, with all data deriving from studies that 
were randomised and almost all from trials that were 
explicitly described as double-blind (appendix pp 5–7).

For the cardiovascular and mortality outcomes, 
1081 MACE events, 1359 MACE plus events, 
346 cardiovascular deaths, 406 non-fatal myocardial 
infarctions, 273 non-fatal strokes, 243 admissions to 
hospital for unstable angina, 221 heart failure events, and 
626 deaths from any cause were reported in total. MACE 
data were available for four drugs, MACE plus and 
mortality data were available for three, heart failure data 
were available for only one; for all the other outcomes, 
data were available for two drugs. We recorded the most 
events in studies of empaglifl ozin (MACE 772 [71%], 
MACE plus 980 [72%], and cardiovascular death 309 
[89%]), with the next largest quantity of available data for 
studies of canaglifl ozin (MACE 166 [15%], MACE plus 
201 [15%], and cardiovascular death 37 [11%]).

We noted strong evidence that SGLT2 inhibition 
protects against the risk of MACE (relative risk 0·84 
[95% CI 0·75–0·95]; p=0·006), MACE plus 
(0·85 [0·77–0·95]; p=0·008), cardiovascular death 
(0·63 [0·51–0·77]; p<0·0001), heart failure (0·65 
[0·50–0·85]; p=0·002), and death from any cause (0·71 
[0·61–0·83]; p<0·0001; fi gure 2). No clear eff ect was 
apparent for non-fatal myocardial infarction (0·88 
[0·72–1·07]; p=0·18) or admission to hospital for unstable 
angina (0·95 [0·73–1·23]; p=0·70), but we noted an 
adverse eff ect on non-fatal stroke (1·30 [1·00–1·68]; 
p=0·049). Data for heart failure were available for just 
one drug (empaglifl ozin) for which we noted a strong 
protective eff ect (0·65 [0·50–0·85]). For no cardiovascular 
outcome did we note clear evidence that the various 
SGLT2 inhibitors acted diff erently from each other 
(I²=43% for MACE; I²=24% for MACE plus; I²=0% for all 
other outcomes), although use of a random-eff ects 
meta-analysis method resulted in a CI that spanned unity 
for the MACE outcome (0·82 [0·67–1·01]; p=0·066). For 
every outcome, the eff ects were heavily aff ected by the 
fi ndings for empaglifl ozin.  

Figure 2: Eff ects of SGLT2 inhibitors on vascular outcomes, overall and for each drug
Estimates for each drug were derived directly from regulatory documents or fi xed-eff ects meta-analysis of eff ect 
estimates from multiple sources. Summary eff ects for all compounds were obtained from fi xed-eff ects 
meta-analysis. MACE=major adverse cardiovascular events (cardiovascular death, non-fatal myocardial infarction, 
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showed a signifi cant result for an outcome. We compared 
estimates obtained from the two sets of safety analyses 
qualitatively but not quantitatively. We did all statistical 
analyses with Stata, version 12. 

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. JW, CF, and BN had full access to all the data 
in the study. The corresponding author had fi nal 
responsibility for the decision to submit for publication.

Results
Our search identifi ed six SGLT2 inhibitors—canaglifl ozin, 
dapaglifl ozin, empaglifl ozin, ipraglifl ozin, luseoglifl ozin, 
and tofoglifl ozin—for which data could be extracted from 
regulatory submissions. The search of the scientifi c 
literature yielded 910 potentially eligible studies—after 
exclusions, 57 trials that included relevant cardiovascular, 
mortality, or safety outcome data for the same 
six compounds plus ertuglifl ozin were included in the 
analyses (fi gure 1, appendix pp 3–7).6,15–68 The six regulatory 
submissions provided data for 37 525 individuals and the 
57 trials provided data for 33 385 individuals. Mean age of 
participants ranged between 48 years and 68 years, and 
proportions of women ranged from 14% to 56%. We 
identifi ed 47 placebo-controlled trials, four trials with an 
active comparator, and six trials with both a placebo and 
an active comparator. The risk of bias was assessed as low 
for all analyses, with all data deriving from studies that 
were randomised and almost all from trials that were 
explicitly described as double-blind (appendix pp 5–7).

For the cardiovascular and mortality outcomes, 
1081 MACE events, 1359 MACE plus events, 
346 cardiovascular deaths, 406 non-fatal myocardial 
infarctions, 273 non-fatal strokes, 243 admissions to 
hospital for unstable angina, 221 heart failure events, and 
626 deaths from any cause were reported in total. MACE 
data were available for four drugs, MACE plus and 
mortality data were available for three, heart failure data 
were available for only one; for all the other outcomes, 
data were available for two drugs. We recorded the most 
events in studies of empaglifl ozin (MACE 772 [71%], 
MACE plus 980 [72%], and cardiovascular death 309 
[89%]), with the next largest quantity of available data for 
studies of canaglifl ozin (MACE 166 [15%], MACE plus 
201 [15%], and cardiovascular death 37 [11%]).

We noted strong evidence that SGLT2 inhibition 
protects against the risk of MACE (relative risk 0·84 
[95% CI 0·75–0·95]; p=0·006), MACE plus 
(0·85 [0·77–0·95]; p=0·008), cardiovascular death 
(0·63 [0·51–0·77]; p<0·0001), heart failure (0·65 
[0·50–0·85]; p=0·002), and death from any cause (0·71 
[0·61–0·83]; p<0·0001; fi gure 2). No clear eff ect was 
apparent for non-fatal myocardial infarction (0·88 
[0·72–1·07]; p=0·18) or admission to hospital for unstable 
angina (0·95 [0·73–1·23]; p=0·70), but we noted an 
adverse eff ect on non-fatal stroke (1·30 [1·00–1·68]; 
p=0·049). Data for heart failure were available for just 
one drug (empaglifl ozin) for which we noted a strong 
protective eff ect (0·65 [0·50–0·85]). For no cardiovascular 
outcome did we note clear evidence that the various 
SGLT2 inhibitors acted diff erently from each other 
(I²=43% for MACE; I²=24% for MACE plus; I²=0% for all 
other outcomes), although use of a random-eff ects 
meta-analysis method resulted in a CI that spanned unity 
for the MACE outcome (0·82 [0·67–1·01]; p=0·066). For 
every outcome, the eff ects were heavily aff ected by the 
fi ndings for empaglifl ozin.  

Figure 2: Eff ects of SGLT2 inhibitors on vascular outcomes, overall and for each drug
Estimates for each drug were derived directly from regulatory documents or fi xed-eff ects meta-analysis of eff ect 
estimates from multiple sources. Summary eff ects for all compounds were obtained from fi xed-eff ects 
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or non-fatal stroke). MACE plus=MACE and admission to hospital for unstable angina. SGLT2=sodium-glucose 
cotransporter-2. *Data available only for empaglifl ozin. 

1·02 (0·74–1·42)
0·67 (0·48–0·94)
0·86 (0·75–0·99)
0·41 (0·16–1·07)
0·84 (0·75–0·95)

0·95 (0·72–1·27)
0·69 (0·51–0·92)
0·87 (0·77–0·98)
0·85 (0·77–0·95)

0·68 (0·36–1·31)
0·62 (0·50–0·78)
0·63 (0·51–0·77)

0·87 (0·54–1·39)
0·88 (0·70–1·09)
0·88 (0·72–1·07)

1·53 (0·87–2·69)
1·24 (0·93–1·67)
1·30 (1·00–1·68)

0·75 (0·41–1·37)
1·00 (0·75–1·34)
0·95 (0·73–1·23)

0·65 (0·50–0·85)
0·65 (0·50–0·85)

0·70 (0·46–1·07)
0·88 (0·53–1·48)
0·69 (0·58–0·82)
0·71 (0·61–0·83)

 
 62/3403
 62/3403
 282/2333
 10/368

 71/3327
 81/3403
 359/3547

 16/3327
 137/2333

 27/3327
 121/2333

 16/3327
 60/2333

 18/3327
 66/2333

 95/2333

 37/3262
 24/3403
 201/3647

 104/6396
 73/5936
 490/4687
 7/628

 130/6395
 97/5936
 621/7082

 21/6396
 172/4687

 45/6396
 213/4687

 47/6396
 150/4687

 26/6396
 133/4687

 126/4687

 49/6177
 37/5936
 278/7082

MACE
Canagliflozin
Dapagliflozin
Empagliflozin
Ipragliflozin
(I²=43%)
MACE plus
Canagliflozin
Dapagliflozin
Empagliflozin
(I²=24%)
Cardiovascular death
Canagliflozin
Empagliflozin
(I²=0%)
Non-fatal MI
Canagliflozin
Empagliflozin
(I²=0%)
Non-fatal stroke
Canagliflozin
Empagliflozin
(I²=0%)
Unstable angina
Canagliflozin
Empagliflozin
(I²=0%)
Heart failure*
Empagliflozin
(I²=0%)
All-cause death
Canagliflozin
Dapagliflozin
Empagliflozin
(I²=0%)

Relative risk
(95% CI)

1·00·5 1·5 2·0 2·5
Relative risk

Favours controlFavours SGLT2
inhibitor

SGLT2
inhibitor
(n/N)

Control
(n/N)

Articles

414 www.thelancet.com/diabetes-endocrinology   Vol 4   May 2016

showed a signifi cant result for an outcome. We compared 
estimates obtained from the two sets of safety analyses 
qualitatively but not quantitatively. We did all statistical 
analyses with Stata, version 12. 

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. JW, CF, and BN had full access to all the data 
in the study. The corresponding author had fi nal 
responsibility for the decision to submit for publication.

Results
Our search identifi ed six SGLT2 inhibitors—canaglifl ozin, 
dapaglifl ozin, empaglifl ozin, ipraglifl ozin, luseoglifl ozin, 
and tofoglifl ozin—for which data could be extracted from 
regulatory submissions. The search of the scientifi c 
literature yielded 910 potentially eligible studies—after 
exclusions, 57 trials that included relevant cardiovascular, 
mortality, or safety outcome data for the same 
six compounds plus ertuglifl ozin were included in the 
analyses (fi gure 1, appendix pp 3–7).6,15–68 The six regulatory 
submissions provided data for 37 525 individuals and the 
57 trials provided data for 33 385 individuals. Mean age of 
participants ranged between 48 years and 68 years, and 
proportions of women ranged from 14% to 56%. We 
identifi ed 47 placebo-controlled trials, four trials with an 
active comparator, and six trials with both a placebo and 
an active comparator. The risk of bias was assessed as low 
for all analyses, with all data deriving from studies that 
were randomised and almost all from trials that were 
explicitly described as double-blind (appendix pp 5–7).

For the cardiovascular and mortality outcomes, 
1081 MACE events, 1359 MACE plus events, 
346 cardiovascular deaths, 406 non-fatal myocardial 
infarctions, 273 non-fatal strokes, 243 admissions to 
hospital for unstable angina, 221 heart failure events, and 
626 deaths from any cause were reported in total. MACE 
data were available for four drugs, MACE plus and 
mortality data were available for three, heart failure data 
were available for only one; for all the other outcomes, 
data were available for two drugs. We recorded the most 
events in studies of empaglifl ozin (MACE 772 [71%], 
MACE plus 980 [72%], and cardiovascular death 309 
[89%]), with the next largest quantity of available data for 
studies of canaglifl ozin (MACE 166 [15%], MACE plus 
201 [15%], and cardiovascular death 37 [11%]).

We noted strong evidence that SGLT2 inhibition 
protects against the risk of MACE (relative risk 0·84 
[95% CI 0·75–0·95]; p=0·006), MACE plus 
(0·85 [0·77–0·95]; p=0·008), cardiovascular death 
(0·63 [0·51–0·77]; p<0·0001), heart failure (0·65 
[0·50–0·85]; p=0·002), and death from any cause (0·71 
[0·61–0·83]; p<0·0001; fi gure 2). No clear eff ect was 
apparent for non-fatal myocardial infarction (0·88 
[0·72–1·07]; p=0·18) or admission to hospital for unstable 
angina (0·95 [0·73–1·23]; p=0·70), but we noted an 
adverse eff ect on non-fatal stroke (1·30 [1·00–1·68]; 
p=0·049). Data for heart failure were available for just 
one drug (empaglifl ozin) for which we noted a strong 
protective eff ect (0·65 [0·50–0·85]). For no cardiovascular 
outcome did we note clear evidence that the various 
SGLT2 inhibitors acted diff erently from each other 
(I²=43% for MACE; I²=24% for MACE plus; I²=0% for all 
other outcomes), although use of a random-eff ects 
meta-analysis method resulted in a CI that spanned unity 
for the MACE outcome (0·82 [0·67–1·01]; p=0·066). For 
every outcome, the eff ects were heavily aff ected by the 
fi ndings for empaglifl ozin.  

Figure 2: Eff ects of SGLT2 inhibitors on vascular outcomes, overall and for each drug
Estimates for each drug were derived directly from regulatory documents or fi xed-eff ects meta-analysis of eff ect 
estimates from multiple sources. Summary eff ects for all compounds were obtained from fi xed-eff ects 
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showed a signifi cant result for an outcome. We compared 
estimates obtained from the two sets of safety analyses 
qualitatively but not quantitatively. We did all statistical 
analyses with Stata, version 12. 

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. JW, CF, and BN had full access to all the data 
in the study. The corresponding author had fi nal 
responsibility for the decision to submit for publication.

Results
Our search identifi ed six SGLT2 inhibitors—canaglifl ozin, 
dapaglifl ozin, empaglifl ozin, ipraglifl ozin, luseoglifl ozin, 
and tofoglifl ozin—for which data could be extracted from 
regulatory submissions. The search of the scientifi c 
literature yielded 910 potentially eligible studies—after 
exclusions, 57 trials that included relevant cardiovascular, 
mortality, or safety outcome data for the same 
six compounds plus ertuglifl ozin were included in the 
analyses (fi gure 1, appendix pp 3–7).6,15–68 The six regulatory 
submissions provided data for 37 525 individuals and the 
57 trials provided data for 33 385 individuals. Mean age of 
participants ranged between 48 years and 68 years, and 
proportions of women ranged from 14% to 56%. We 
identifi ed 47 placebo-controlled trials, four trials with an 
active comparator, and six trials with both a placebo and 
an active comparator. The risk of bias was assessed as low 
for all analyses, with all data deriving from studies that 
were randomised and almost all from trials that were 
explicitly described as double-blind (appendix pp 5–7).

For the cardiovascular and mortality outcomes, 
1081 MACE events, 1359 MACE plus events, 
346 cardiovascular deaths, 406 non-fatal myocardial 
infarctions, 273 non-fatal strokes, 243 admissions to 
hospital for unstable angina, 221 heart failure events, and 
626 deaths from any cause were reported in total. MACE 
data were available for four drugs, MACE plus and 
mortality data were available for three, heart failure data 
were available for only one; for all the other outcomes, 
data were available for two drugs. We recorded the most 
events in studies of empaglifl ozin (MACE 772 [71%], 
MACE plus 980 [72%], and cardiovascular death 309 
[89%]), with the next largest quantity of available data for 
studies of canaglifl ozin (MACE 166 [15%], MACE plus 
201 [15%], and cardiovascular death 37 [11%]).

We noted strong evidence that SGLT2 inhibition 
protects against the risk of MACE (relative risk 0·84 
[95% CI 0·75–0·95]; p=0·006), MACE plus 
(0·85 [0·77–0·95]; p=0·008), cardiovascular death 
(0·63 [0·51–0·77]; p<0·0001), heart failure (0·65 
[0·50–0·85]; p=0·002), and death from any cause (0·71 
[0·61–0·83]; p<0·0001; fi gure 2). No clear eff ect was 
apparent for non-fatal myocardial infarction (0·88 
[0·72–1·07]; p=0·18) or admission to hospital for unstable 
angina (0·95 [0·73–1·23]; p=0·70), but we noted an 
adverse eff ect on non-fatal stroke (1·30 [1·00–1·68]; 
p=0·049). Data for heart failure were available for just 
one drug (empaglifl ozin) for which we noted a strong 
protective eff ect (0·65 [0·50–0·85]). For no cardiovascular 
outcome did we note clear evidence that the various 
SGLT2 inhibitors acted diff erently from each other 
(I²=43% for MACE; I²=24% for MACE plus; I²=0% for all 
other outcomes), although use of a random-eff ects 
meta-analysis method resulted in a CI that spanned unity 
for the MACE outcome (0·82 [0·67–1·01]; p=0·066). For 
every outcome, the eff ects were heavily aff ected by the 
fi ndings for empaglifl ozin.  

Figure 2: Eff ects of SGLT2 inhibitors on vascular outcomes, overall and for each drug
Estimates for each drug were derived directly from regulatory documents or fi xed-eff ects meta-analysis of eff ect 
estimates from multiple sources. Summary eff ects for all compounds were obtained from fi xed-eff ects 
meta-analysis. MACE=major adverse cardiovascular events (cardiovascular death, non-fatal myocardial infarction, 
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showed a signifi cant result for an outcome. We compared 
estimates obtained from the two sets of safety analyses 
qualitatively but not quantitatively. We did all statistical 
analyses with Stata, version 12. 

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. JW, CF, and BN had full access to all the data 
in the study. The corresponding author had fi nal 
responsibility for the decision to submit for publication.

Results
Our search identifi ed six SGLT2 inhibitors—canaglifl ozin, 
dapaglifl ozin, empaglifl ozin, ipraglifl ozin, luseoglifl ozin, 
and tofoglifl ozin—for which data could be extracted from 
regulatory submissions. The search of the scientifi c 
literature yielded 910 potentially eligible studies—after 
exclusions, 57 trials that included relevant cardiovascular, 
mortality, or safety outcome data for the same 
six compounds plus ertuglifl ozin were included in the 
analyses (fi gure 1, appendix pp 3–7).6,15–68 The six regulatory 
submissions provided data for 37 525 individuals and the 
57 trials provided data for 33 385 individuals. Mean age of 
participants ranged between 48 years and 68 years, and 
proportions of women ranged from 14% to 56%. We 
identifi ed 47 placebo-controlled trials, four trials with an 
active comparator, and six trials with both a placebo and 
an active comparator. The risk of bias was assessed as low 
for all analyses, with all data deriving from studies that 
were randomised and almost all from trials that were 
explicitly described as double-blind (appendix pp 5–7).

For the cardiovascular and mortality outcomes, 
1081 MACE events, 1359 MACE plus events, 
346 cardiovascular deaths, 406 non-fatal myocardial 
infarctions, 273 non-fatal strokes, 243 admissions to 
hospital for unstable angina, 221 heart failure events, and 
626 deaths from any cause were reported in total. MACE 
data were available for four drugs, MACE plus and 
mortality data were available for three, heart failure data 
were available for only one; for all the other outcomes, 
data were available for two drugs. We recorded the most 
events in studies of empaglifl ozin (MACE 772 [71%], 
MACE plus 980 [72%], and cardiovascular death 309 
[89%]), with the next largest quantity of available data for 
studies of canaglifl ozin (MACE 166 [15%], MACE plus 
201 [15%], and cardiovascular death 37 [11%]).
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[0·61–0·83]; p<0·0001; fi gure 2). No clear eff ect was 
apparent for non-fatal myocardial infarction (0·88 
[0·72–1·07]; p=0·18) or admission to hospital for unstable 
angina (0·95 [0·73–1·23]; p=0·70), but we noted an 
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for the MACE outcome (0·82 [0·67–1·01]; p=0·066). For 
every outcome, the eff ects were heavily aff ected by the 
fi ndings for empaglifl ozin.  

Figure 2: Eff ects of SGLT2 inhibitors on vascular outcomes, overall and for each drug
Estimates for each drug were derived directly from regulatory documents or fi xed-eff ects meta-analysis of eff ect 
estimates from multiple sources. Summary eff ects for all compounds were obtained from fi xed-eff ects 
meta-analysis. MACE=major adverse cardiovascular events (cardiovascular death, non-fatal myocardial infarction, 
or non-fatal stroke). MACE plus=MACE and admission to hospital for unstable angina. SGLT2=sodium-glucose 
cotransporter-2. *Data available only for empaglifl ozin. 
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With respect to safety outcomes, 2109 urinary tract 
infections, 1386 genital infections, 365 cancers, 
396 fractures, 664 events attributed to volume depletion, 
32 venous thromboembolic events, 3591 episodes of 
hypoglycaemia, one episode of acidosis, and 211 kidney 
disease events were recorded in the regulatory sub-
missions. The scientifi c reports included more events 
than did regulatory submissions attributed to urinary 
tract infections (2824), genital infections (1698), venous 
thromboembolism (50), hypoglycaemia (5297), acidosis 
(5), and kidney disease (463), fewer attributed to cancer 
(27), and a similar number attributed to volume depletion 
(622) and bone fracture (396). We identifi ed a programme-
wide summary of bone fracture data72 published after the 
cutoff  date of our search that updated the summary 
regulatory data for canaglifl ozin, which we substituted 
for the canaglifl ozin data from the regulatory reports 
used in our main analysis in a sensitivity analysis.

We noted increased risks of genital infections in analyses 
of both datasets, but we noted no eff ects on cancer, bone 
fracture, hypoglycaemia, venous thrombo embolism, 
acidosis, and kidney disease in either dataset (fi gure 3). For 
urinary tract infection, we noted strong evidence of an 
increased risk in the analyses of the regulatory submission 
data, but not in the data drawn from the scientifi c reports, 
and the same was true for risks of volume depletion events. 
We noted moderate to substantial heterogeneity in the 
eff ects of the diff erent drugs on genital infections in the 

two datasets (both I²>59%), but we noted no consistent 
pattern of diff erences in risk across the two sets of analyses 
(appendix pp 9, 18). We noted substantial heterogeneity for 
hypoglycaemia from scientifi c reports (I²=89%), which 
was much reduced in analyses of the scientifi c report data 
restricted to placebo-controlled studies only (I²=30%; 
appendix pp 23, 24). Risk of hypoglycaemia was increased 
in the subset of trials in which SGLT2 treatment was given 
on top of a sulfonylurea, but not when used as monotherapy 
or against a background of metformin or insulin (appendix 
p 25). Separate data describing eff ects among patients with 
impaired renal function were too few to draw reliable 
conclusions (appendix p 28). When we substituted the data 
from the regulatory reports with the updated bone fracture 
data for canaglifl ozin72 in a sensitivity analysis, we still did 
not see an overall eff ect of SGLT2 inhibitors on fractures 
(relative risk 1·08 [95% CI 0·89–1·30; p=0·43), but we 
noted increased evidence of diff erent eff ects between the 
individual drugs (I²=57%).

Discussion
These data suggest that SGLT2 inhibition is likely to 
provide net benefi t for people with diabetes at high risk of 
cardiovascular events. Although no doubt exists that the 
class causes important adverse eff ects, the clear protection 
aff orded against combined major vascular events and 
death will probably override the risk of harm in most 
patients with type 2 diabetes. However, these fi ndings 

Figure 3: Eff ects of SGLT2 inhibitors on safety outcomes, overall and for each drug, based on data from regulatory submissions and scientifi c reports
Summary eff ects for all drugs obtained from fi xed-eff ects meta-analysis. NA=not applicable. SGLT2=sodium-glucose cotransporter-2. *p heterogeneity <0·05. 
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reports from the FDA Adverse Event Reporting System (FAERS) 
database that identified 20 cases of acidosis reported as diabetic 
ketoacidosis (DKA), ketoacidosis, or ketosis in patients treated 
with SGLT2 inhibitors from March 2013 to June 6, 2014.59

In all cases, a diagnosis of DKA or ketoacidosis was made 
by a health care professional, and hospitalization was required 
to treat the episode. The median time to onset of symptoms 
following initiation of drug therapy was two weeks (range, 
one to 175 days). DKA case presentations were atypical in that 
glucose levels were only mildly elevated at less than 200 mg/dL 
in some reports, while patients with type-1 diabetes who have 
DKA typically have glucose levels greater than 250 mg/dL.59 

Potential DKA-triggering factors that were identified in some 
cases included acute illness or recent significant changes such 
as infection, urosepsis, trauma, reduced caloric or fluid intake, 
and reduced insulin dose. Patients should watch closely for any 
signs of ketoacidosis and seek medical attention immediately 
if they experience symptoms such as difficulty breathing, 
nausea, vomiting, abdominal pain, confusion, and unusual 
fatigue or sleepiness.59 

The FDA is continuing to investigate this issue and will 
determine whether changes are needed in the prescribing 
information for this class of drugs.59

 

All three of the FDA-approved SGLT2 inhibitors are classi-
fied as pregnancy category C medications. No adequate and 
well-controlled studies of these drugs have been performed 
in pregnant women. Based on the results of animal studies, 
SGLT2 inhibition may affect renal development and matura-
tion. SGLT2 inhibitors should be used in pregnant women 
only if the potential benefits justify the risk to the fetus.35,43,47

It is not known whether the SGLT2 inhibitors are excreted 
in human milk. Because of the potential for serious adverse 
reactions in nursing infants exposed to these medications, a 
decision should be made as to whether to discontinue nursing 
or discontinue the SGLT2 inhibitor, taking into account the 
importance of the drug to the mother.35,43,47

The safety and effectiveness of the SGLT2 inhibitors in 
patients under 18 years of age have not been established.35,43,47 A 
study to determine the pharmacokinetic and pharmacodynamic 
characteristics of dapagliflozin in children and adolescents ages 
10 to 17 years with T2DM was completed in September 2014. 
However, no results have been posted on the ClinicalTrials.gov 
website for this investigation.60 Another study is recruiting 
participants between 10 and 18 years of age with T2DM to 
determine the pharmacokinetics, pharmacodynamics, and 
safety of canagliflozin.61

Compared with younger patients, those 65 years of age and 
older with T2DM had a higher incidence of AEs related to 
reduced intravascular volume (such as hypotension, postural 
dizziness, orthostatic hypotension, syncope, and dehydra-
tion) during treatment with canagliflozin, particularly with the 
300-mg daily dose. In addition, canagliflozin achieved smaller 
reductions in HbA1c in patients 65 years of age and older com-
pared with younger patients. Trough concentrations increased 
slightly with age. The risk of hypoglycemia associated with 
canagliflozin is only marginally higher than that with placebo, 
but this risk markedly increases when the drug is used in 
conjunction with insulin or sulfonylureas in the elderly and in 
patients with chronic kidney disease.35

Bode and colleagues conducted a phase 3, randomized, 

Constipation 1.8 2.3 2.2 1.9 — —

Dyslipidemia — — 2.1 2.5 3.9 2.9

Genital mycotic infections

Female 10.4 11.4 8.4 6.9 5.4 6.4

Male 4.2 3.7 2.8 2.7 3.1 1.6

Increased urination 5.3 4.6 2.9 3.8 3.4 3.2

Nausea 2.2 2.3 2.8 2.5 2.3 1.1

Urinary tract infection 5.9 4.3 5.7 4.3 9.3 7.6
a Pooled data from four 26-week placebo-controlled studies.
b Pooled data from 12 12-week or 24-week placebo-controlled studies.
c   Pooled data from four 24-week placebo-controlled studies plus 18-week data from one placebo-controlled trial with insulin. 

Because clinical trials are conducted under widely varying conditions, adverse event rates observed in the clinical trials of a drug cannot be directly compared with 
rates in the clinical trials of another drug and may not reflect the rates observed in practice.
Juan F. Mosley y cols. P&T vol 40; 451-462, julio 2015 
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Blackwell Science: Malden, MA; 2003:1.1-1.22; Drugs@ FDA;

http://diabetes.webmd.com/news/20071018/pfizer-quits-inhaled-insulin-exubera.
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ADA-EASD	Position	Statement	Update:	
Management	of	Hyperglycemia	in	T2DM,	2015

Larga	(Detemir)

Rápidas	(Lispro,	Aspart,	Glulisine)
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Larga (Glargina)

0		 	 	 	2	 	 	 	 	4	 	 	 	 	6	 	 	 	 	8	 	 	 	10	 	 	 	12	 	 	 	14	 	 	 	16	 	 	 	18	 	 	 	20	 	 	 	22	 	 	 	24

Regular	(cristalina)

Horas	después	de	la	inyección

N
iv
el
	d
e	
In
su
lin

a

(Degludec)

TERAPIA	ANTI-HIPERGLICEMICA
• Opciones terapéuticas :	Insulinas

Intermedia	(NPH)



Combinación de	2	o	3	ADOs

Cambio de estilo de vida + metformina

¿Cómo iniciar la insulinoterapia cuando fallan las 
drogas antidiabéticas orales en pacientes con DM2?

Terapia con 
Insulina basal

n Diabetes Association 2015America
American Association Clinical Endocrinologist, 2015



Tendencia en U.S. en el tratamiento ambulatorio de DM2, 
Uso de Insulina 1997–2012

NDTI, 1997–2012, D Care Apr 2014 

Long-acting (basal)

Short-acting

NPH

Regular



Eficacia y	seguridad de	análogos vs Insulina
humana regular		prandial—Meta-análisis

Hallazgos claves

•Mayor	reducción de	A1C	
(0.1%;	P =	.037)

•Mayor	reducción 2-h	PPG	
al	desayuno y	cena (≈	10-
12	mg/dL;	P <	.001)

• Posiblemente menos
frecuencia de	
hipoglicemia severa
(ORMH =	0.61;	P =	NS)

Conclusiones

• Análogos prandiales
tienen leve mayor	eficacia
y	posiblemente menos
riesgo de	hipoglicemia
severa que	IHR.

• Análisis de	eficacia
comparativa
entreanálogos de	insulina
prandial	no	es posible con	
datos disponibles.

Mannucci E, et al. Diabetes Obes Metab. 2009;11:53-59.Meta-analysis of 13 trials of 4361 individuals with T2DM. 



Pharmacokinetics of Rapid-Acting Analogs 
vs Regular Human Insulin 

US FDA. Drugs@FDA Web site. http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA. 
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Insulina Glargina vs Insulina NPH
agregada a terapia oral: GPA y HbA1c

Riddle M, et al. Diabetes Care 2003;26:3080−6.
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Treat to Target Trial: Hipoglicemia

Riddle MC, et al. Diabetes Care. 2003;26:3080-3086
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Basal plus
Basal +

1 prandial

Abordaje escalonado

Adaptado	de		Raccah	et	al.	Diabetes	Metab	Res	Rev 2007;23:257.

Insulina basal una 
diaria

(treat-to-target)

Basal plus
Basal +

2 prandial

Bolo basal 
Basal +

3 prandial

Cambios en el 
Estilo de vida

+
metformina

± SU

HbA1c ≥7.0%, GPA en rango objetivo
PPG ≥160 mg/dLHbA1c ≥7.0% 

Tiempo



En la diabetes tipo 2 avanzada, el esquema basal-bolos 
reproduce la secreción fisiológica de insulina

Adapted	from	Kruszynska YT,	et	al.	Diabetologia 1987;30:16–21.
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Análogos	de	Insulina



Insulina Degludec



Insulina Degludec

• desB30	insulina acylated (cadena de	ácidos grasos de	16	
carbonos)	a	LysB29	

• Duración de	acción >	42	horas
• Vida	media	~25	horas

• Detectable	al	menos 5	días
• Steady	state	en 2-3	días

Garber AJ. Diabetes Obesity Metab; [Epub ahead of print; published online 31 Oct 2013].  Owens DR, et al. 
Diabetes Metab Res Rev. 2014;30(2):104-19.



Mecanismo de prolongación de acción  de degludec



Perfil de infusión de glucosa con 
insulina degludec

Diabetes tipo 1

Diabetes tipo 2

Clin Pharmacokinet (2014) 53:787–800



Degludec vs Glargine In Type 2 DM

Garber AJ, et al. Lancet. 2012;379(9285):1498-1507.
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Alta	concentración de	glargina (U300)

• Insulina glargina U300	ofrece una menor superficie de	
depósito llevando a	tasa reducida de	absorción.

• Provee u	perfil farmacocinético y	farmacodinámico
más plano y	prolongado.

• Vida	media	es ~	23	horas	
• Steady	state	en 4	días
• Duración de	acción ≤36	horas

Garber AJ. Diabetes Obesity Metab; [Epub ahead of print; published online 31 Oct 2013].  Owens DR, et al. 
Diabetes Metab Res Rev. 2014;30(2):104-19.  Steinstraesser A, et al. Diabetes Obes Metab. 2014 Feb 26. 
[Epub ahead of print]. http://www.australianprescriber.com/magazine/19/3/76/8. Accessed March 11, 2014.  



¿Cómo puede el	menor volumen de	U300	proveer un	
perfil de	liberación de	insulina diferente a	glargina?	

• U300	tiene	1/3	del	volumen	de	inyección	de	glargina	y	forma	un	depósito	más	
pequeño		cuando	es	inyectada	subcutáneamente.		

• Como	la	liberación	de	moléculas	de	glargina	desde	el	depósito	es	proporcional	al	
área	de	superficie,	el	precipitado	más	pequeño	con	U300	libera	menos	cantidad	de	
unidades	y	por	más	tiempo	que	el		precipitado	con	glargina	U-100.	La	liberación	
gradual	más	controlada,	resulta	en	un	perfil	PK	más	constante	y	prolongado	y	
efecto	mayor	a	24	horas

Steinstraesser A et al. Diabetes Obes Metab. 2014;16:873-6; Becker RHA et al. Diabetes Care. 2014 Aug 22.
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Insulinemia,	tasa	de	infusión	de	glucosa	y	glicemia	
durante	estudio	de	clamp con	Gla-100	vs Gla-300

Becker R. Diabetes Care 2015;38:637–643



U300 Glargine vs U100 Glargine 
en Type 2 Diabetes

Riddle MC et al.  Presentation 43-LB 73rd ADA Scientific Sessions June 21-25, 2013, Chicago, IL. 
http://ada.apprisor.org/epsAbstract.cfm?compid=1&id=1. 

Lower rate of severe or confirmed hypoglycemia, particularly overnight
Time period U100 U300 RR with U300 CI
0-6 months Nocturnal 57.5% 44.6% 0.78 0.68 – 0.89
9 weeks – 6 mo Nocturnal 46.0% 36.1% 0.79 0.67 – 0.93
0-6 months 24 hours 87.8% 81.9% 0.93 0.89 – 1.04
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Farmacocinética de insulinas basales

Mathieu C.	Nature Rev Endocrinol 2017



Estudio	GRADE

Diabetes	Care.	2013;	36(8):	2254–2261.	




