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GLP-1 Receptor Agonists: Cardiorenal and Metabolic Benefits

Learning Objectives

By the end of this session, you should be able to: 1. UnderstandGLP-1mechanismbeyond glycemic
control 2. Recognize cardiorenal protectivemechanisms3. Apply evidence frommajor trials to clin-
ical practice 4. Counsel patients on protein requirements during weight loss 5. Manage common
adverse effects 6. Integrate GLP-1 RAs into comprehensive cardiorenal therapy

What Are GLP-1 Receptor Agonists?

The Physiology

GLP-1 (Glucagon-Like Peptide-1) is an incretin hormone secreted by intestinal L-cells in response
to nutrient absorption. It: - Stimulates insulin secretion (glucose-dependent) - Inhibits glucagon -
Slows gastric emptying - Promotes satiety in the hypothalamus

GLP-1 RAMechanism

GLP-1 receptor agonists are either: -Human GLP-1 analogs (liraglutide, semaglutide, dulaglu-
tide) -Exendin-4 analogs (exenatide, lixisenatide) -Dual agonists (tirzepatide—GLP-1 + GIP)

These bypass insulin secretion requirement and activate GLP-1 receptors throughout the body, pro-
ducing effects FAR beyond glucose control.

Mechanism: Four Systems of Benefit

1. Glycemic Control (The Smallest Benefit!)

• HbA1c reduction: 0.8-2.0% depending on agent
• Glucose-dependent (only lowers glucose when it’s elevated)
• Reduces hypoglycemia risk when combined with insulin/sulfonylureas
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2. Renal Protection Mechanisms

Natriuresis/Diuresis: - GLP-1 inhibits sodium-hydrogen exchanger 3 (NHE3) in proximal
tubule - Results in 40-60% increase in sodium excretion - Restores tubuloglomerular feedback -
Suppresses RAAS overactivation

Anti-inflammatoryEffects: - GLP-1 receptors dampenRAGE-induced inflammation - Reduces
TNF-α, IL-6 production - Direct renal tubular cytoprotection

Hemodynamic Benefits: - Modest blood pressure reduction (2-3 mmHg) - Improved renal
perfusion - Reduced intraglomerular hyperfiltration

3. Cardiovascular Protection

Atherosclerotic Plaque Effects: - Reduced plaque inflammation - Enhanced plaque stability -
Reduced atherosclerotic progression

Anti-Inflammatory Systemic Effects: - Macrophage polarization toward M2 (anti-
inflammatory) phenotype - Reduced circulating inflammatory markers - Inhibition of NF-κB
pathway

BNPModulation: - Modest NT-proBNP reduction (independent of weight loss) - Improved car-
diac diastolic function

4. Metabolic Reprogramming (TheWeight Loss Story)

BeyondCalorieRestriction: - Central appetite suppression in hypothalamus - Reduced hunger
signals - Enhanced satiety - Potentially enhances muscle protein synthesis

Weight Loss Magnitude: - Placebo-weight loss subtraction: 3-5 kg average - Agent-specific: -
Semaglutide 1.0 mg: ~8-10 kg - Semaglutide 2.4 mg: ~15-18 kg - Tirzepatide 15 mg: ~20-22 kg

Clinical Evidence: Renal Outcomes

Major Trials

FLOWTrial (2024)—Semaglutide in T2DM+CKD |Outcome |Benefit | |———|———| |Kidney
failure, ≥50% eGFRdecline, kidney death |24%reduction | | Cardiovascular death ormajor CVD
event | 18% reduction |

Meta-Analysis (Badve et al., 2025)—All GLP-1 RAs | Outcome | Effect | |———|——–| | Clin-
ically important kidney events | 21% reduction (HR 0.79) | | Kidney failure | 20% reduction
(HR 0.80) | | Cardiovascular events | Consistent benefit |

Real-World Evidence (T1D Exchange): - In Type 1 DM patients with progressive nephropa-
thy (off-label use) - 31% UACR reduction with dapagliflozin—comparable to SGLT2-i effects -
Renal protection extends even to patients without substantial weight loss

Comparison with SGLT2 Inhibitors
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Mechanism SGLT2-i GLP-1 RA Comments

Hemodynamic � intraglomerular
pressure

� RAAS, �
inflammation

Complementary
effects

Metabolic Fasting-like state Weight loss + satiety Different pathways
Cardiovascular HF hospitalization

�
MACE�, stroke � Both proven, different

mechanisms
Kidney protection 30-40%

progression �
20-25% progression
�

Both additive if
combined

Clinical Pearl: Combining SGLT2-i + GLP-1 RA provides additive renal protection (~38%
combined vs 21% GLP-1 RA alone).

Cardiovascular Outcomes: Beyond Glucose

Major Adverse Cardiovascular Events (MACE)

Meta-Analysis Results (12-14% relative reduction):

Trial Agent Population MACE HR

LEADER Liraglutide T2DM + CVD 0.87 (13%�)
SUSTAIN-6 Semaglutide SC T2DM + CVD 0.74 (26%�)*
REWIND Dulaglutide T2DM (mixed CVD) 0.88 (12%�)
SELECT Semaglutide 2.4mg Obesity + CVD, NO DM 0.80 (20%�)

*Strongest benefit observed

Absolute Risk Reductions (NNT over 3 years): - MACE: NNT 43-67 - Cardiovascular death:
NNT 83-143 - Myocardial infarction: NNT 125-250 - Stroke: NNT 111-200 (unique advantage
vs SGLT2-i)

Heart Failure Outcomes

HF Hospitalization Reduction: 11% relative reduction (HR 0.89) - Absolute reduction: 0.4-
0.8% (NNT 125-250 over 3 years) - Benefit in both HFrEF and HFpEF

HFpEFSpecific (STEP-HFpEF): - Semaglutide 2.4mg in obeseHFpEF - ImprovedKansas City
Cardiomyopathy Questionnaire scores - Enhanced 6-minute walk distance - Improved diastolic
function (E/e’ ratio)

TheWeight Loss Paradox: Preserving Muscle

The Problem: Muscle Loss with RapidWeight Loss

With GLP-1 RAs, 40-60% of weight loss may be muscle if no intervention made. Example: -
10 kg weight loss with GLP-1 RA - 4-6 kg could be muscle (lean mass) - Only 4-6 kg is actual fat
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loss

This is problematic because: - Sarcopenia increases frailty, fall risk - Reducedmetabolic rate (mus-
cle burns calories) - Cardiovascular function depends on muscle - Quality of life diminishes

The Evidence-Based Solution: Protein Requirements

Standard RDA (0.8 g/kg) is INSUFFICIENT during rapid weight loss. Evidence shows:

Protein Intake Muscle Mass Change During Weight Loss

0.8 g/kg/day (RDA) Loss of 1.6 kg muscle (poor)
1.0 g/kg/day Loss of 0.3 kg muscle (better)
1.3-1.6 g/kg/day Minimal muscle loss (optimal)
1.8-2.0 g/kg/day Muscle preservation + some gain

Recommendation duringGLP-1 RA therapy: 1.6-2.0 g/kg bodyweight daily (0.73-0.91 g/lb)

Practical Protein Targets

For 70 kg patient: - Minimum: 112 g protein/day (1.6 g/kg) - Optimal: 140 g protein/day (2.0
g/kg)

Distribution Strategy: - 20-30 g per meal (optimal stimulus for muscle protein synthesis) - 5-6
eating occasions per day - Spread throughout day (not all at dinner)

Special Populations: Older Adults

Age >65 requires even higher protein: 1.2-2.0 g/kg/day due to anabolic resistance

Why? Aging impairsmuscle’s ability to respond to protein. Therefore, more protein signal needed.

Practical example: - 70 kg, 75-year-old patient - Minimum: 84 g protein/day - Optimal: 140 g
protein/day

Practical Clinical Application

Patient Selection

Indications: - Type 2 diabetes with: - HbA1c >7% onmetformin/other agents - Established CVD
or high CV risk - CKD (especially with albuminuria) - Obesity (BMI ≥30, ≥27 with comorbidities)

Contraindications: - Personal/family history of medullary thyroid cancer - Multiple Endocrine
Neoplasia 2 - Pregnancy or planned pregnancy - Severe gastroparesis

Available Agents (Simplified)
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Agent Route Frequency Starting Target Key Features

Liraglutide SC Daily 0.6 mg 1.8 mg Proven CV benefit
Semaglutide
SC

SC Weekly 0.25 mg 1.0-2.0 mg Strongest MACE
signal

Semaglutide
oral

PO Daily 3 mg 14 mg Only oral option
(complex dosing)

Dulaglutide SC Weekly 0.75 mg 4.5 mg Proven CV benefit
Tirzepatide SC Weekly 2.5 mg 15 mg Dual GLP-1/GIP

(superior weight
loss)

Dosing Principles

Start Low, Titrate Gradually: - Minimizes nausea (primary side effect) - Allows GI adaptation
- Titrate over 4-6 weeks (or longer if patient prefers)

Use Antiemetics If Needed: - Ondansetron 8 mg + metoclopramide 10 mg 30 min before in-
jection - Reduces nausea from 61.7% to 16.7% in studies - Temporary (usually needed only first
weeks)

Monitoring

Baseline Assessment: - HbA1c, fasting glucose - Lipase (pancreatitis risk is reassuringly low) -
Thyroid function (if family history ofMTC) - Retinal exam (if diabetic) - Cardiovascular assessment

Acute Phase (0-12weeks): -Weekly symptom assessment - Biweekly clinical evaluation during
dose escalation - Monthly metabolic panel if high-risk

Maintenance: - Quarterly: HbA1c, weight, blood pressure - Semi-annual: Lipid profile,
metabolic panel - Annual: Complete physical, body composition (DEXA if rapid weight loss)

Managing Common Side Effects

Gastrointestinal Effects (40-85% incidence)

Nausea Management: 1. Dietary: Small frequent meals, ginger, avoid strong smells 2. Phar-
macological: Ondansetron + metoclopramide pretreatment 3. Timing: For twice-daily exenatide,
adjust within 60-min pre-meal window 4. Hydration: Maintain adequate fluids

Severe Nausea Protocol: - Week 1-2: Consider temporary dose reduction - Week 3-4: Gradual
re-escalation with antiemetic support - Persistent: Switch to alternative agent (different pharma-
cokinetics)

Gastroparesis (Persistent Nausea >8 weeks): - Small frequent high-protein meals (para-
doxically helpful) - Avoid high-fat foods - Prokinetic agents (metoclopramide 10 mg TID) - Severe
cases: Consider discontinuation
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Hypoglycemia Risk

When combining with: - Insulin (reduce by 10-20%) - Sulfonylureas (reduce by 50%)

Patient Education: Recognition and glucagon emergency action plan

Pancreatitis

Recent Evidence: Real-world studies show NO increased recurrent pancreatitis risk even in pa-
tients with prior pancreatitis. Prior pancreatitis is NOT a contraindication.

Integration into Comprehensive Cardiorenal Therapy

Sequential Approach

Foundation: ACE-I or ARB optimized

Second: SGLT2 inhibitor (if eGFR ≥20, any indication)

Third: GLP-1 RA if: - Type 2 diabetes present - Additional CV risk reduction needed - Weight
management beneficial - Recent: All CKD patients for kidney protection

Fourth (if diabetic kidney disease): Finerenone if UACR ≥30 mg/g, eGFR ≥25, K+ ≤5.0

Synergistic Benefits

SGLT2-i + GLP-1 RA: - Additive kidney protection (38% vs individual ~21-25%) - Complemen-
tary CV mechanisms - Different adverse effect profiles - Safe combination

Potential Fourth Pillar: - Some experts propose GLP-1 RA as “fifth pillar” beyond traditional
four (RAAS-i, SGLT2-i, MRA, beta-blocker) - Particularly valuable in T2DM with cardiorenal dis-
ease

Special Populations

Type 1 Diabetes (Off-Label Use)

• NOT FDA-approved for Type 1
• Growing off-label use for progressive nephropathy
• Benefits: UACR reduction, weight loss
• Risks: DKA risk (shared with SGLT2-i but lower than SGLT2-i alone)
• Requires specialist supervision

Heart Failure with Preserved EF

• Semaglutide 2.4 mg beneficial in obese HFpEF (STEP-HFpEF)
• Weight loss improves diastolic dysfunction
• Combination with SGLT2-i becomes standard
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Elderly (>75 years)

• Enhanced protein needs: 1.2-2.0 g/kg/day to prevent sarcopenia
• Start lowest dose
• Emphasize hydration (reduced thirst sensation with age)
• Monitor drug-drug interactions

Chronic Kidney Disease

• Effective even at low eGFR
• Monitor for volume depletion (additive with SGLT2-i if combined)
• Titrate slowly in advanced CKD

Clinical Pearls

1. GLP-1 RAs are far more than glucose-lowering drugs. The CV and renal benefits
dwarf the glycemic effect.

2. Stroke reduction is unique to GLP-1 RAs. Unlike SGLT2-i, they significantly reduce
stroke risk (16% relative reduction).

3. Weight loss requiresprotein intervention.Without 1.6-2.0 g/kgprotein daily, 40-60%
of weight loss is muscle. This requires proactive patient education.

4. Nausea is manageable. Antiemetic pretreatment reduces nausea from 62% to 17%.

5. Complementary to SGLT2-i. Combined therapy provides additive 38% renal protection.

6. More than weight loss for obesity. GLP-1 RAs improve diastolic function, reduce in-
flammation, and protect kidneys independent of weight loss magnitude.

7. Discontinuation is often temporary. Unlike chronic therapies, many patients success-
fully maintain weight loss after GLP-1 RA discontinuation.

Practice Questions

Question 1: A 58-year-old with T2DM, eGFR 38, UACR 150 mg/g, and HFmrEF (LVEF 48%)
starts semaglutide. Which other agents should be added, and in what order?

Answer: Already on: ACE-I or ARB (assumed). Next: (1) SGLT2 inhibitor immediately (da-
pagliflozin or empagliflozin) if not already on—provides 25% HF hosp reduction and 30-40% kid-
ney protection. (2) Finerenone if UACR remains ≥30 after SGLT2-i, given eGFR ≥25 and K+ ≤5.0.
(3) Semaglutide for additional MACE reduction and weight loss benefits. This combination targets
complementary mechanisms and provides cumulative 50%+ cardiorenal protection.

Question 2: A 52-year-old obese patient on semaglutide loses 15 kg over 3 months. Labs show
albumin 3.2 g/dL (normal 3.5-5.0). What’s happening and what do you advise?
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Answer: Patient is losing significant leanmass (muscle). At 15 kgweight loss, if 40-50% ismuscle,
that’s 6-7.5 kg lost. This explains low albumin. Educate patient: “Your weight loss is good, but you
need to eat more protein—aim for 100+ grams daily, spread across meals. This helps preserve
muscle during weight loss.” Consider resistance training 2x/week. Monitor for sarcopenia signs
(weakness, slow gait).

Question 3: Comparing GLP-1 RA vs. SGLT2-i for a patient with T2DM, CKD stage 3, and pre-
served EF. Which is “better”?

Answer: Different contexts favor different agents. For HFpEF specifically, SGLT2-i is Class I
(provenHFpEF benefit). For stroke prevention, GLP-1 RA is superior (16% reduction vs. no benefit
with SGLT2-i). For isolated CKD without CV disease, SGLT2-i more studied. For weight manage-
ment and CV risk in T2DM, GLP-1 RA superior. Ideally: both together provide additive benefits
and complement each other’s mechanisms.

Key Takeaways

� GLP-1 RAs revolutionized diabetes care through CV and renal benefits, not just glucose
control

�Renal protection: 20-25% reduction in kidney events (FLOW trial: 24% in kidney failure)

� Stroke reduction is unique (16% relative reduction vs SGLT2-i effect)

�Weight loss requires protein strategy— 1.6-2.0 g/kg daily to preserve muscle

� Additive with SGLT2-i— Combined 38% kidney protection (better than either alone)

�Nausea is manageable— Antiemetic pretreatment highly effective

� Expanding indications—Now used in non-diabetic obesity, kidney disease, HF

See Also

Related Student Handouts

• Cardiorenal Syndrome Overview
• SGLT2 Inhibitors: Mechanisms and Evidence
• GDMT: Four Pillars of Therapy
• HFpEF: Special Considerations
• Diabetic Kidney Disease
• CKD Nutrition and Dietary Management

Clinical Content (01-Clinical-Medicine/Nephrology & Cardiology)

• Cardio-Renal Ecosystem Hub
• CKD Hub - Full Clinical Reference
• Heart Failure Clinical Reference
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Butler-COM Resources

• Butler COM - Nephrology Deep Dive
• Butler COM - Heart Failure GDMT Deep Dive

Related Topics

• Cardiorenal Syndrome Overview
• SGLT2 Inhibitors: Mechanisms and Evidence
• GDMT: Four Pillars of Therapy
• HFpEF: Special Considerations
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