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The Cardio-Renal-Metabolic Connection
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Marassi, M., Fadini, G.P. The cardio-renal-metabolic connection: a review of the evidence. Cardiovasc Diabetol 22, 195 (2023)https://rdcu.be/dWqP1



Causes of death in relation to age at onset of T2D diagnosis v controls
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Sattar, Naveed & Rawshani et al. (2019). Age at Diagnosis of Type 2 Diabetes Mellitus and Associations With Cardiovascular and Mortality Risks Findings From the Swedish National
Diabetes Registry. Circulation. 139. 10.1161.



"‘ T2D, HEART FAILURE AND CKD ARE INTERLINKED

> 323,000 in 2024
> 500,000 at risk
> >480,000 by 2035

>10,000 Dialysis within 10yrs

#1 cause of hospital > 65yrs
iy Cost £1bn to Scottish economy

>50% die within 5 yrs



SGLT2-Is and Heart Failure
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Davies, M.J., Drexel, H., Jornayvaz, F.R. et al. Cardiovascular outcomes trials: a paradigm shift in the current management of type 2 diabetes. Cardiovasc Diabetol 21, 144 (2022).
https://doi.org/10.1186/s12933-022-01575-9
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[ ]
Diabetes CVOTs
Relative risk reduction in 3P-MACE and CV death with GLDs Secondary prevention with statins in patients with diabetes

SGLT2 inhibitors GLP-1 RAs Meta-analyses
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Davies, M.J., Drexel, H., Jornayvaz, F.R. et al. Cardiovascular outcomes trials: a paradigm shift in the current management of type 2 diabetes. Cardiovasc Diabetol 21, 144 (2022).
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INCRETIN-BASED RX AND TIMELINE OF KIDNEY, METABOLIC AND CV OUTCOMES
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Summary of benefits elucidated in diabetes CVOTs in the cardiorenal-metabolic axis

CV benefits Metabolic benefits Renal benefits

3P!4P MACE All GLDs improvedUQenal impairment \

Empagliflozin HbA1c levels All SGLT2 inhibitors, except

pr

- Liraglutide sotagliflozin*
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o — 1 RAs & SGLTZ2i in T2D with pruv.n Senefit for weight o — SGLTZ2i in patients with T2D
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& — EASD, ADA and ESC EASD guidelines recommend
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o — SGLTZ2i to prevent HF risk in or TZDs to mir.r:ise
V — patients with T2D hypoglycaemi 1 ,isk
\/

Saving lives 5 ACC and ESC

- Empagliflozin guidelines prefer

- Liraglutide — agents with a proven

All-cause
mortality

mortality benefit

Oral semaglutide CV death

Davies, M.J., Drexel, H., Jornayvaz, F.R. et al. Cardiovascular outcomes trials: a paradigm shift in the current management of type 2 diabetes. Cardiovasc Diabetol 21, 144 (2022).



(A) - Intervention Cohort Hazard Ratio (95% CI) P value

All Cause Mortality i SGLT2i 0.49 (0.48, 0.50) <0.001
[ — - GLP-1RA 0.47 (0.46, 0.48) <0.001
i : Combination 0.25 (0.24, 0.26) <0.001
Hospitalization ag : SGLT2i 0.73 (0.72, 0.74) <0.001
(e . GLP-1RA 0.69 (0.68, 0.69) <0.001
lag . Combination 0.60 (0.59, 0.61) <0.001
Acute-Myocardial Infarct —— . SGLT2i 0.75 (0.72, 0.78) <0.001
—— : GLP-1RA 0.70 (0.68, 0.73) <0.001
—— . Combination 0.63 (0.60, 0.66) <0.001
Unstable Angina . SGLT2i 0.79 (0.73, 0.85) <0.001
, GLP-1RA 0.73 (0.68, 0.79) <0.001
- Combination 0.75 (0.69, 0.82) <0.001
IHD SGLT2i 0.91 (0.88. 0.93) <0.001
. GLP-1RA 0.85 (0.83, 0.87) <0.001
' ’ 1 ) Combination 0.84 (0.81, 0.86) <0.001
Heart Failure gy . SGLT2i 0.73 (0.71, 0.75) <0.001
i GLP-1RA 0.73 (0.71, 0.74) <0.001
bt . Combination 0.60 (0.58, 0.62) <(0,001
Atrial Fibrillation —— . SGLT2i 0.74 (0.71,0.77) <0.001
——i : GLP-1RA 0.77 (0.75, 0.79) <0.001
L . Combination 0.65 (0.62, 0.68) <0.001
Stroke —— SGLT2i 0.75 (0.72, 0.78) <0.001
—— . GLP-1RA 0.77 (0.75, 0.80) <0.001
! ' ! : O Combination 0.69 (0.66, 0.72) <0.001
PVD —— : A SGLT2i 0.79 (0.76, 0.82) <0.001
—— GLP-1RA 0.89 (0.86, 0.92) <0.001
p—— “ombination 0.84 (0.80, 0.87) <0.001
Lower Limb Amputation — . N2 0.69 (0.64, 0.73) <0.001
R S— . @ 0.66 (0.63, 0.70) <0.001
—_— . - :

. Fmbination 0.59 (0.55, 0.64) <0.001
CKD —— ; SGLT2i 0.79 (0.77. 0.81) <0.001
——y o GLP-1RA 0.90 (0.88, 0.92) <0.001
—_— . Combination 0.72 (0.70, 0.74) <0.001
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Riley et. Al “All-cause mortality and cardiovascular outcomes with sodium-glucose Co-transporter 2 inhibitors, glucagon-like peptide-1 receptor
agonists and with combination therapy in people with type 2 diabetes. Diabetes, Obesity and Metabolism. June 2023

Retrospective cohort analysis of 2.2 million people with type 2 diabetes receiving insulin across 85 health care organisations using a global federated health research network.



HOLISTIC PERSON-CENTRED APPROACH TO T2DM MANAGEMENT

D {0 3 3 plerated dose ot A AR

SGLT2i with proven HF
benefit in this population

PREFERABLY
SGLT2i with primary evidence of reducing CKD progression

Use SBLT2i in people with an eGFR > 20 mUmin per 1.73 m& once initiated should be leca"’l'““'-u':at“age'_‘r“:;l I:htfnfo_se
continued until initiation of dialysis or transplantation approaches that provide the efticacy

____________ O sy q\ : to achieve goals:

= ‘ Metformin OR Agent(s) including

COMBINATION therapy that provide

adequate EFFICACY to achieve and

maintain treatment goals

Consider local Complication . . .
healthears surveillanga : Consider avoidance of hypoglycaemia a
setting and and o CE N priority in high-risk individuals

+ASCVD/Indicators of High Risk “*_«ed de <ion [RSOUIEES screening Health behaviour ; :

r dkiny modification

If additional cardiorenal risk

GLP-1 RA with
proven CVD benefit

SGLT2i with proven
CVD benefit

Monitoring and

Language matters \ e ongoing review

If additional cardiorenal risk reduction or glycaemic
control needed consider combination SGLT2/GLP-1 RA el sl e
AD) PRINCIPLES OF CARE
Diabetes structured : ks Reducing risk of = 8
education and support GOALY OF F an™ hypoglycaemia v .
= Prevent com| (icatior.
+ Dptimise quah., -~ lif

Ensure strategies are in place to detect and

optimise management of CV risk factors' including ~ Achievement and Maintenance of

1 Effective practice and Weight Management Goals:
Ps{:::;’:"al \.’ organisation of g g

L 4 care [ Set individualised weight management goals

CV risk factor screening and surveillance

Social Consider

3 determinants Avoid underlying . o i ! -
BP lowering of health therapeutic physiology \ General_hlelsiyle_a_dvme: In;e;n::lv:t ew;enc:-
‘ inertia medical nutrition a ructure:

therapy/eating patterns/ weight management
physical activity programme

Lipid lowering

Antithrombotic agents Consider medication Consider metabolic
for weight loss surgery
Smoking cessation When choosing glucose-lowering therapies:

Consider regimen with high-to-very-high dual
glucose and weight efficacy

1= American Diabetes Association Professional Practice Committee. 10. Cardiovascular Disease and Risk Management: Standards of Medical Care in Diabetes-2022. Diabetes Care. 2022 Jan 1;45(Suppl 1):5144-74.

ACEi, Angiotensin-Converting Enzyme Inhibitor; ARB, Angiotensin Receptor Blockers; ASCVD, Atherosclerotic Cardiovascular Disease; BP, Blood Pressure; CKD, Chronic Kidney Disease; CV, Cardiovascular; eGFR, Estimated Glomerular Filtration Rate; GLP-1 RA, Glucagon-Like Peptide-1 Receptor Agoni
Failure: S6LT2i, Sodium-Glucose Cotransporter-2 Inhibitor: T2D, Type 2 Diabetes.



From: Standards of Care in Diabetes—2023 Abridged for Primary Care Providers

Goal: Cardiorenal Risk Reduction in High-Risk Patients with Type 2 Diabetes (in addition to comprehensive CV risk management)*

USE OF GLUCOSE-LOWERING MEDICATIONS IN THE MANAGEMENT OF TYPE 2 DIABETES

HEALTHY LIFESTYLE BEHAVIORS; DIABETES SELF-MANAGEMENT EDUCATION AND SUPPORT (DSMES); SOCIAL DETERMINANTS OF HEALTH (SDOH) ResULALY

TOAVOID
THERAPEUTIC
INERTIA REASSESS
AND MODIFY TREATMENT

(3-6 MONTHS)

> BT —————

+ASCVD* +Indicators of high risk +HF +CKD Glycemic Management: Choose Achievement and Maintenance of
Defined differently across While definitions vary, most Current or prior eGFR <60 mL/min per 1.73 m2 OR approaches that provide the Weight Management Goals:
CVOTs but all included comprise 255 years of age symptoms albuminuria (ACR 23.0 mg/mmol efficacy to achieve goals: [ Set individualized weight management goals ]
individuals with established with two or more additional of HF with J20 mg/g]). These measurements Metformin OR Agent(s) including
CVD (e.g., MI, stroke, any risk factors (including obesity, documented mav vary over time; thus, a repeat COMBINATION therapy that provide
revascularization procedure). hypertension, smoking, HFrEF or HFpEF v ;asure,  required to document CKD. adequate EFFICACY to achieve General_lifestyle_a!dvice: Intensive evidence-
Variably included: conditions dyslipidemia, or albuminuria) and maintain treatment goals medlcal.nutrltlnn b_ased structured
such as transient ischemic . ) ) therapy/eating patterns/ weight management
attack, unstable angina, ] Conmfier. a"f""?““ ‘?f hypo.g!ycemm a physical activity program
amputation, symptomatic +CKD (on manma!ly'. “lerated dose priority in high-risk individuals
= asymplnn:;ﬂc o Y4 L| Consider medication Consider metabolic
artery disease. o2 In general, higher efficacy approaches for weight loss surgery

with proven

SGLT2i® with primary eMias
reducing CKD progression

have greater likelihood of achieving
glycemic goals

When choosing glucose-lowering therapies:

HF benefit " .
+ASCVD/Indicators of High Risk in thi . ) 4 Efficacy for glucose lowering Consider regimen with high-to-very-high dual
in this Use SGLT2i in people with an eGF| . . "
population 220 mL/min per 1.73 m?; once initiated Very High: glucose and weight efficacy
GLP-1 RA* with proven SGLT2i8 with proven should be continued until initiation Dulaglutide (high dose),
CVD benefit CVD benefit of dialysis or transplantation Semaglutide, Tirzepatide | |
_GI;’ ; R; _'lh_ _C;D; 'f_;'f_ \ Insulin Efficacy for weight loss
-1 RA with proven enefit i < - _— Very High:
SGLT2i not tolerated or contraindicated hm:llmr(lslir;li C;An;lbmalt_lo)n Sema lul:irdye 'Ir!i,rze atide
If A1C above target SO R glutide, firzep
High: High:
If A1C above target, for patients on GLP o jstd al:uve). 1l{IZeI:fnrmin. Dulaglutide, Liraglutide
. . I L SGLT2i, consider incorporating a 1 ggriogyiurea, Intermediate:
« For patients on a .GLP-1. RA, consider adding SGLT2i with GLP-1 RA or vice versa t . GLP-1 RA (not listed above), SGLT2i
proven CVD benefit or vice versa PPN i
. TIDA Neutral:
DPP-4i, Metformin
2 G
[ If additional cardiorenal risk reduction or glycemic lowering needed ]— —[ If A1C above target ]

Please refer to the individual
SmPCs for full prescribing
information.

Identify barriers to goals:

< Consider DSMES referral to support self-efficacy in achievement of goals

« Consider technology (e.g., diagnostic CGM) to identify therapeutic gaps and tailor therapy
o |dentify and address SDOH that impact achievement of goals

* In people with HF, CKD, established CVD or multiple risk factors for CVD, the decision to use a GLP-1 RA or SGLT2i with proven benefit should be independent of background use of metformin; 1 A strong
recommendation is warranted for people with CVD and a weaker recommendation for those with indicators of high CV risk. Moreover, a higher absolute risk reduction and thus lower numbers needed to treat
are seen at higher levels of baseline risk and should be factored into the shared decision-making process. See text for details; * Low-dose TZD may be better tolerated and similarly effective; § For SGLT2i, CV/
renal outcomes trials demonstrate their efficacy in reducing the risk of composite MACE, CV death, all-cause mortality, MI, HHF, and renal outcomes in individuals with T2D with established/high risk of CVD;

# For GLP-1 RA, CVOTs demonstrate their efficacy in reducing composite MACE, CV death, all-cause mortality, I, stroke, and renal endpoints in individuals with T2D with established/high risk of CVD.

*Use of glucose-lowering medications in the management of type 2 diabetes.; T2D, type 2 diabetes. Adapted from ADA, Diabetes care 2024;47(Supplement_1):S158-S178
https://diabetesjournals.org/care/article/47/Supplement_1/S158/153955/9-Pharmacologic-Approaches-to-Glycemic-Treatment



https://diabetesjournals.org/care/article/47/Supplement_1/S158/153955/9-Pharmacologic-Approaches-to-Glycemic-Treatment

NICE recommends SGLT21’s as a first-line treatment with
metformin for type 2 diabetes patients at high-risk of CVD

First line treatment: Assess HbA1c, cardiovascular risk and kidney function

High risk of CVD Chronic heart failure or

Not at high CVD risk 'JRISK2 of 10% or higher established atherosclerotic CVD

¥ \ ¥
ﬁ formi Offer mewarmin and as soon as Offer metformin and as soon as
Ofter mgt ormin (or metformin tulerability is confirmed, metformin tolerability is
metformin MR if G consider addi. 3GLT2 inhibitor with confirmed, offer SGLT2 inhibitor
disturbance) prover CV benefit with proven CV benefit
¥ ¥
If metformin contr:in Jicated
\ 4 4
Consider:

Consider SGLT2 inhibitor aior = Consider SGLT2 inhibitor alone

» DPP-4 inhibitor (gliptin)
* Pioglitazone ) — — — :
*NICE technology appraisals TA 390 (SGLT2 inhibitors) and TA 572 (ertugliflozin) recommend SGLT2 inhibitors as monotherapy in
» Sulfonylurea people:
« An SGLT2 inhibitor for some people’ * Who cannot have metformin
» for whom diet and exercise do not provide adequate glycaemic control
» only if a DPP-4 inhibitor would otherwise be prescribed and a sulfonylurea or pioglitazone is not appropriate

CVD, cardiovascular disease.
*Tolerability of Metformin should be assessed before considering/offering an SGLT2i
NICE. NG28. Available at: https://www.nice.org.uk/guidance/ng28/chapter/Recommendations (accessed August 2024).



Presenter Notes
Presentation Notes
1. NICE. Type 2 diabetes in adults: management draft for consultation September 2021. Available at https://www.nice.org.uk/guidance/ng28/update/ng28-update-2/documents/draft-guideline. Access date: February 2022
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https://www.gov.scot/publications/quality-prescribing-strategy-type-2-diabetes-mellitus-guide-improvement-2024-2027/documents/
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‘ Management of Type 2 Diabetes Mellitus* ‘

‘ First line management ‘

Lifestyle management {including Eirst cholce: If required short-term, rescue therapy
IR, TOEnl i RUETOEEE EE) Metformin (if Gl disturbance, for symptomatic hyperglycaemia -
physical activity) M etformin MR} insulin, sulfonylurea

Second line therapies (aims — improvement in cardiorenal outcomes, achievement of target)

¥

b2 Existing ASCVD, HF, CKD?

Yes

> Mo

' ) Atrisk of ASCVD?
“hnside {QRISK score=10%g)

S

Add SGLT-2i*
If unsuitable, consider GLP-1 RA.

e
> HbhAldlc at tQ?

! &

Mo

\ 2

N Re-assess: is there neww
cardiorenal disease/risk?

< 1 Z> No modify nt, Iff‘lecessar-y'
ves every -5 {orif VDY risk
4' or renalst hanges)

Additional therapies
{See local formularies/SPC/BMNF for 2"/3™ Jine choices and
gf;ir;_s;fi(lndlca:_lons:} dual/uiple th ) Review 2 monthW%y ug t target.
-2i (an option in dual/triple therapy .
GLP-1RA (third line, see local formulary) 2| When therapy has r!tlnued
to control HbhAl1cx®nhisider

SU (hypoglycaemic risk) ) 5 h
DPP-4i insulin (following local processes

for initiation)

- Pioglitazone (caution in HF)
Refer to Table 6 to aid choice (efficacy, weightloss/gain,
hypoglycaemia, renal impairment, long-term outcomes)

Cefinitions: Abbreviations: Increased risk of eDKA with SGLT-2i
ASCWVD: ML, stroke, any revascularisation procedure, CVD SGLT-2i: sodium-glucose co-transporter-2 See MHRA Drug Safety Update April
{including transient ischaemic attack, unstable angina, inhibitar 2016 *7, March 2020 =

coronary .'..|rter‘..- dise.use. urr'putu.tion] ULP-?RA, glucagon-like peptide 1 receptor See section 6 b

HF : chronic heart failure (excluding acute) agonist -

CED: =60ml/min with ACR =20mg/mmaol

DPP-4i: dipeptidyl peptidase-4 inhibitor
*Based on NICE NG 28, ADASEASD and SIGMN SU: sulfonylurea .

Please refer to the individual SmPCs for full

prescribing information.

https://www.therapeutics.scot.nhs.uk
/wp-
content/uploads/2022/12/Diabetes-
Draft-for-Consultation.pdf



‘Management of T2DM in frailty. Adapted from Quality Prescribing for Type 2 Diabetes Mellitus: A Guide for Improvement 2022-2025
(https: www.therapeutlcs.scot.nhs.u%/dmbetes/)
CES NOtIfr?“ 5?/ | | Treatas usual considering co- Not As required, e.g. to minimise side effects,
( scale 1-3) mw%%o morbidities. applicable |pgse adjustments for renal impairment
_ _ anv)%dahnsi’gating new agents that eDiscontinue sulfonylurea (unless required
(CFSMIId Ifra4llt 5!|3/ : ehypoglycfefptile.g., SUs) 5‘i’7 : for symptomatic hyperglycaemia).
scale 4- mmol/mo Py mmol/mo Review insulin therapy that may cause
(7.5%) ;%&a\\ggerate fss (e.9., GLP- (7.0%) F]ypoglycaemia. & U
eConsider co-momidi e.g., eConsider appropriate dosage
ASCVD, HF, CKD. }i dependent on renal function
eSGLT-2i* have positive% rm eDiscontinue any sulfonylurea (as above)
Moderate . outcomes in people with A F, 58 eDiscontinue pioglitazone because of
frail g{ mmol/mol CK.D . . : mmol/mol risk Of. heart fa"“fe' :
(CFS scale 6) (8.0%) ePioglitazone may increase risk of (7.5%) eCautious use of insulin
heart failure (avoid). eConsider appropriate dosage
eDPP-4i and longer-acting insuli dependent on renal function
have demonstrated safety
e As moderate frailty é :‘ e As moderate frailty
eAlthough additional long-term benefits O e Insulins:
TOF S?'—T'ii* anfc'jt GL'II:I’_S) RA, clqns(ijder if 64 -withdraw short-acting insulins because of
ong-term penetits will be realised. mmol/mol risk of hypoglycaemia_
mmZ?ImoI Consider once-daily morning NPH (8.0%) -review timings and suitability of NPH
(8.5%) insulin or analogue alternatives if insulin with regard to risk of
symptomatic nocturnal hypoglycaemia.
hyperglycaemia. _ eAvoid therapies that promote weight loss
oEducgte carers and relatlvesl &. may exacerbate sarcopenia, e.g., SGLT-
regardlng rISk Of hypoglycaemla 2" GLP-1 RA PP-IN-UK-1167 / Date of prep Jan 21)24



https://www.therapeutics.scot.nhs.uk/diabetes/

Kash’s cheat slide

Lifestyle Modification and Education

Metfe.min

(Frailty) :
DPP-4I’s (Rescue / Progressive)

Sulphonylureas
Insulin

GLP-1RA or GIP/GLP-1RA

Speaker’s opinion/summary of existing Guidelines
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