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Cardiometabolic Clinical Trials:
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Disclosures

• Consultant: Esperion Therapeutics, Novartis, Amgen, Medtronic

• Speaker: Esperion Therapeutics

Objectives

1. Define the significance of clinical trials in advancing
treatment for cardio-metabolic diseases including metabolic 
dysfunction-associated liver disease, diabetes, obesity and 
lipoprotein(a)

2. Describe the efficacy and safety profiles of emerging
therapies based on current clinical trial data

3. Discuss key components of designing robust cardio-
metabolic clinical trials, including patient engagement, patient 
diversity, endpoints, and the role of the Cardiovascular Nurse
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NASH NAFLD MAFLD MASLD

TERMINOLOGY TIMELINE

• NASH (nonalcoholic steatohepatitis)/NAFLD (nonalcoholic fatty 
liver disease): excluded other causes of liver disease, including alcohol-
related liver disease; underdiagnosis; clinical trial exclusions

• MAFLD (Metabolic dysfunction–associated fatty liver disease)

• MASLD (metabolic dysfunction–associated steatotic liver 
disease)/MASH
-presence of hepatic steatosis (5% of hepatocytes) with cardiometabolic 
risk factors and assess for other causes (medications, excessive alcohol, 
viral hepatitis, etc.)

Rinella ME, et al. Journal of Hepatology, December 2023. vol. 79; 1542–1556
Abushamat LA, et al. Clinical Gastroenterology and Hepatology. 2024;22:1565-1574

1980 2020 2023

MAFLD/MASLD: Diagnosis

5
Carnagarin R, et al. Int. J. Mol. Sci. 2021, 22, 4241. https://doi.org/10.3390/ijms22084241

MASLD 
Spectrum/Progression

Abushamat LA, et al. Clinical Gastroenterology and Hepatology. 2024;22:1565-1574
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MASLD Overview

AOM =        
anti-obesity 
medication

Abushamat LA, et al. Clinical Gastroenterology and Hepatology. 2024;22:1565-1574

Global Prevalence

• Overall: 38.8% (32.9-44.9); North America: 36.9% (30.1- 41.6)

• Europe: 55.3% (36.2-73); Asia: 37.31% (29.8-43.2)

• Lean: 5.37% (4.7-6.6); Nonobese: 29.8% (26.1-33.7)

• Expected >60% prevalence in the US by 2030

Chan KE, et al. The Journal of Clinical Endocrinology & Metabolism, 2022, 107, 2691–2700; 
Teng MLB, et al. Clinical and Molecular Hepatology 2023;29(Suppl):S32-S42

South America: >50%

Africa: 15% - 50%

MAFLD: 
Heterogeneous Disease

• Prevalence of fatty liver: Hispanic ethnicity>White>Black 
• Fibrosis risk did not differ according to race/ethnicity
• Rising prevalence among Asian populations
• Globally – higher among males

Eslam M, Sanyal AJ, George J. Gastroenterology 2020;158:1999–2014 
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Cardiometabolic Risk Factors for 
NAFLD and CVD

Muzurovic E, et al. Hypertension. 2022;79:1319–1326. DOI: 10.1161/HYPERTENSIONAHA.122.17982

Mechanisms of MAFLD and 
Incident CVD 

Zhou X-D, Cai J , Targher G et al and CHESS-MAFLD consortium. Cardiovascular Diabetology (2022) 21:270
11

Trial Design is Critical: 
CVD Mortality – NAFLD vs MAFLD

Gofton C, et al. Clin Mol Hepatol 2023;29(Suppl):S17-S31

There is a stronger association with MAFLD, compared to NAFLD on CVD morbidity 
and mortality. MAFLD diagnosis helps to identify patients for additional 

cardiovascular risk assessment and intervention
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MAFLD

Prevention of 
CVD

Overweight/

obesity

Diabetes

Atherogenic 
dyslipidemia, 

HTN, other RFs

Prevention of 
Cirrhosis

Risk 
Stratification

Fibrosis-4 index

Low Risk <1.3

History, physical, 
Assess secondary 
causes

Modified from: Cusi K, et al. American Association of Clinical Endocrinology Clinical Practice
Guideline for the Diagnosis and Management of Nonalcoholic Fatty Liver
Disease in Primary Care and Endocrinology Clinical Settings 
Co-Sponsored by the American Association for the Study of Liver Diseases (AASLD)Endocrine Practice 28 (2022) 528e562

(Age, ALT, AST, 
platelet count)

Risk of CVD 
morbidity and 
mortality, CKD, 

cancer with 
MAFLD

“The mainstay of treatment…is lifestyle 
modification, with a focus on sustainably 
reducing adiposity, improving insulin 
sensitivity, and reducing cardiometabolic 
risk factors associated with the metabolic 
syndrome.”

Duell PB, et al. Arterioscler Thromb Vasc Biol. 2022;42:e168–e185. DOI: 10.1161/ATV.0000000000000153

TREATMENT: MASLD

Lifestyle, NAFLD, and 
Cardiovascular Outcomes

• UK Biobank, n=134,616 
with NAFLD; 40-69 yrs old; 
61.9% women

• Lifestyle scores (diet, 
physical activity, sleep 
habits)

• Outcomes: MACE (first MI, 
cerebral infarction, or CVD 
death) and all-cause death

• Healthier overall lifestyle 
associated with lower risk 
of MACE (with and without 
NAFLD)

15Wu W, Ma W, Yuan S, et al. J Am Heart Assoc. 2023;12:e031440. DOI: 10.1161/JAHA.123.031440
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Treatment: Weight Loss

Hannah JR WN and Harrison SA. Clinics in Liver Disease. May 2016; 339-350. https://doi.org/10.1016/j.cld.2015.10.008
Duell PB, et al. Arterioscler Thromb Vasc Biol. 2022;42:e168–e185. DOI: 10.1161/ATV.0000000000000153
Romero-Gomez M, et al. Journal of Hepatology 2017 vol. 67 j 829–846
Stahl EP, et al. JACC. 2019; ;73:948–63

Probability of reaching NASH resolution, fibrosis regression and steatosis 
improvement with lifestyle intervention by percentage weight loss

Younossi ZM, et al. Nature Reviews Gastroenterology & Hepatology | Volume 20 | November 2023 | 708–72

Population Lifestyle Management of MAFLD

Resmetirom: FDA approved
• Noncirrhotic non-alcoholic 

steatohepatitis with moderate to 
advanced fibrosis, to be used 
with diet and exercise

• Accelerated approval pathway

• Phase 3 RCT (n=966)

• >50% women, 88% White,     
22% Hispanic or Latino ethnicity

• Randomized to:
– placebo (n=321), 

– resmetirom 80 mg (n=322), or 
resmetirom 100 mg  (n=323)

https://www.fda.gov/news-events/press-announcements/fda-approves-first-treatment-patients-liver-scarring-due-fatty-liver-disease
Harrison SA, et al. N Engl J Med 2024;390:497-509. DOI: 10.1056/NEJMoa2309000

• 12-month liver biopsies: NASH 
resolution or improvement in liver 
scarring

• Most common AE: Diarrhea/nausea, 
greatest in 100mg dose

• Caution: CYP450 Interactions 

• Not for decompensated cirrhosis
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T2DM and NAFLD (MASLD)

Jeeyavudeen S, et al. World J Gastroenterol 2023; 29(1): 126-143; 
Budd J, Cusi, et al. Curr Diab Rep 20, 59 (2020). https://doi.org/10.1007/s11892-020-01349-1

Prevalence of MAFLD much higher with T2DM (>60%)

“Screening for advanced liver fibrosis related to MASLD every 1–2 y for individuals 
with diabetes, prediabetes, or ≥2 metabolic risk factors using the FIB-4 index”

Ndumele CE, et al. Circulation. 2023;148:1606–1635. DOI: 10.1161/CIR.0000000000001184

SGLT2 Inhibitors

FDA Indications: Type 2 DM, Heart failure, Chronic kidney disease

Jeeyavudeen S, et al. World J Gastroenterol 2023; 29(1): 126-143
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• New-user; n=144,614 US commercially insured adults

• Primary outcome: Composite MI, stroke, all-cause death and 
hospitalization for heart failure

• Safety outcomes: Hypovolemia, fractures, falls, genital infections, 
diabetic ketoacidosis, acute kidney injury, and lower-limb amputation. 

D’Andrea ED, et al. JAMAInternMed.2023;183(3):242-254.doi:10.1001/jamainternmed.2022.6664

DPP-4iSGLT2i

alogliptin, saxagliptin, linagliptin, 
or sitagliptin

canagliflozin, dapagliflozin,
empagliflozin, or ertugliflozin

Mean age: 62 (12.4) years, 
54% male; with T2D 
initiating treatment 

The risk of hypovolemia, 
nonvertebral fractures, falls, 
lower-limb amputations 
were similar between 
SGLT2i vs DPP-4i

SGLT2i – increased risk of 
genital infections 
(HR 2.17; 1.98-2.36)

HR 0.85; 95% CI 0.75-0.95

HR 0.46; 95% CI 0.35-0.57

D’Andrea ED, et al. JAMAInternMed.2023;183(3):242-254.doi:10.1001/jamainternmed.2022.6664

SGLT2 Inhibitors

Jeeyavudeen S, et al. World J Gastroenterol 2023; 29(1): 126-143

SGLT2i emerging data: lower AST, ALT, reduction in FIB-4 
score compared to placebo
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GLP-1 RAs Overweight, Obesity 
and CVD Risk Reduction

Michos ED, et al. J Am Heart Assoc. 2023;12:e029282. DOI: 10.1161/JAHA.122.029282

n=320; Mean age: 52.4 (10.8) years; 55% female 

Newsom PN, et al. N Engl J Med 2021;384:1113-24 
DOI: 10.1056/NEJMoa2028395

Side effects: nausea, diarrhea, emesis, constipation, 
decreased appetite, GERD, Gallbladder disorders, 
tachycardia

GLP1-RA 
Cardiometabolic Effects

Khan MS, et al. Circulation. 2020;142:1205–1218. DOI: 10.1161/CIRCULATIONAHA.120.045888
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Dyslipidemia and 
Cardiometabolic Disease

• Statins: first line for 
primary/secondary CVD 
prevention; 
cardiometabolic 
improvement
– Safe with baseline elevated 

LFTs up to 3x ULN

– Reduction in steatosis 
grade

Newman CB, Preiss D, et al., Arterioscler Thromb Vasc Biol. 2019;39:e38–e81.  
Jakielska E, et al. PrzGastroenterol. 2023;18(2):148-153. doi: 10.5114/pg.2023.126054. 
M artin A, et al. CurrAtherosclerRep. 2022 Jul;24(7):533-546. doi: 10.1007/s11883-022-01028-4. 
Sanjay KV, et al. Curr Res Pharmacol Drug Discov. 2021 Sep 4;2:100051. doi: 10.1016/j.crphar.2021.100051. 

MAFLD-associated dyslipidemia: 
Elevated triglyceride synthesis in the 
liver, small LDL particles and low HDL-C  
levels; 
Mixed data on Lp(a)

Lipoprotein(a) 

30

• LDL-like particle with 
apolipoprotein(a) [Apo(a)] bound 
to apolipoprotein B-100 (ApoB)

• Apo(a): 10 different kringle IV 
(KIV)

• Apo(a) varies in size by the LPA 
gene, determines the number of 
kringle IV type 2 (KIV-2) repeats

• Lp(a) level is predominantly 
genetically determined

Witztum, J. L., & Ginsberg, H. N. (2016, March). J Lipid Res, 57(3), 336-339
Gencer B, et al. European Heart Journal, Volume 38, Issue 20, 21 May 2017, Pages 1553–1560
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Global Variation of 
Elevated Lp(a) 

Mean Lp(a) level By Ethnicity

• Global 10%-30% high Lp(a)
>50 mg/dL (>100 nmol/L)

Mehta, A., et al. (2022). Lipoprotein (a) and ethnicities. Atherosclerosis, 349, 42-52
Patel, N., Mittal, N., Choubdar, P.A. et al. Lipoprotein(a)—When to Screen and How 
to Treat. Curr Cardiovasc Risk Rep 16, 111–120 (2022).
.

32

• Causal association 
between elevated Lp(a) 
and increased risk of MI, 
ASCVD

• Elevated Lp(a) HR: 1.22 
(1.09- 1.37) per doubling 
of Lp(a)

Adjusted: age, sex, T chol, TG, BMI, HTN, DM, smoking, use of lipid-lowering 
therapy; kringle IV type 2 genotype, HRT menopause Kamstrup, P. R., et al. 2009. Jama, 301(22), 2331-2339.

Pathophysiology: Lp(a) and Oxidized 
Phospholipids on Arterial and Aortic 

Disease

Durlach, V., et al. (2021). Archives of cardiovascular diseases, 114(12), 828–847. 
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Elevated Lp(a) and CAC score were independently associated with incident ASCVD

Mehta, A. et al. 2022. Journal of the American College of Cardiology, 79(8), 757-768.

• MESA: n=4,512; Dallas Heart Study: n=2,078
• Elevated Lp(a):  highest race-specific quintile 
• CAC score categories: 0, 1-99, ≥100

Even with a calcium score of zero:
An elevated Lp(a) is associated with an increased risk of CVD

Guidelines Vary

A personal history of premature ASCVD
FH of premature ASCVD 

(<55 years old men, <65 years old women)

For cascade screening of family members with severe 
hypercholesterolemia and/or elevated Lp(a)

Familial Hypercholesterolemia (LDL-C ≥190 
mg/dL)

To identify those at risk for progressive valvular aortic 
stenosis 

To aid discussion about whether to prescribe a 
statin in those aged 40-75 years with borderline 

(5.0%-7.4%) 10-year ASCVD risk 

“Lp(a) should be measured at least once in adults to identify those with high 
cardiovascular risk.”

National Lipid Association (NLA), 2019; American College of Cardiology (ACC) / American Heart Association (AHA), 2018; European Atherosclerosis Statement, 2022; Canadian Guidelines, 2021; HEART UK Consensus 
2019. Kronenberg, F., et al. (2022). Eur Heart J, 43(39), 3925-3946.*

When Should We Screen for Lp(a)? 
(Recommended Units: nmol/L)

Emerging Lp(a) Therapies

Kaur G, et al. American Journal of Preventive Cardiology 18 (2024) 100641
*https://ir.ionis.com/static-files/66c5e90a-3651-480d-a596-1cf0d1a52991

Data expected first 
half of 2026*
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Highlights on Lp(a)

37

• Prevalent, genetically 
determined, causal risk factor 
for ASCVD and calcific aortic 
stenosis

• Awareness of elevated Lp(a) 
improves ASCVD risk 
stratification

• Inform clinical decisions and 
shared decision-making for 
ASCVD risk management 

• Measure Lp(a) at least once! 

Lp
(a

) Measure Lp(a)

Educate ASCVD, 
Aortic Stenosis Risk 

Optimize Therapy

Improving Diversity in 
Clinical Trials

Michos ED, et al. American Journal of Preventive Cardiology; 8: (2021) 100250 

Role of CV Nurse in Clinical Trials

Empower/Highlight 
benefits of Nurse-
Led Research and 
leaders in CV Care

Overcome 
Barriers

Culture of 
Inquiry and 

Collaboration

https://pcna.net/empowering-cardiovascular-nurses-to-engage-in-clinical-research/
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Improving Diversity in 
Clinical Trials

Michos ED, et al. American Journal of Preventive Cardiology; 8: (2021) 100250 

Summary

• Cardiometabolic disorders, including MASLD are 
highly prevalent; focus is to manage CVD risk 
factors and co-morbid conditions

• Lifestyle modifications are the foundation for 
treatment with pharmacologic therapies to optimize 
cardiometabolic risk factors (DM, obesity, 
dyslipidemia)

• There are evolving indications and emerging 
treatments; however, improving diversity in clinical 
trial enrollment and increasing CV nurse research 
leaders is critical to understand safety and efficacy 
in population subgroups

THANK YOU

Heather M Johnson, MD, FAHA, FACC, FASPC
Director of Preventive Cardiology for Women’s 
Services - Christine E. Lynn Women’s Health & 
Wellness Institute,  Baptist Health South Florida;                      
Associate Professor, Florida Atlantic University
Boca Raton, Florida
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Heather Johnson
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Women’s Services
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Clinical Affiliate Associate Professor
Florida Atlantic University
Boca Raton, FL

Eileen Handberg
PhD, ANP-BC, FAHA, FACC, FPCNA

Research Professor of Medicine
Director, Clinical Programs
Program Director, OneFlorida+
University of Florida

Gainesville, FL

Maggie Teliska
Patient Champion

WomenHeart
Johns Island, SC

Emily J. Jones
PhD, RNC‐OB, FAAN, FAHA, FPCNA

Professor and Cyndy Ellis-Purgason
Endowed Chair | PhD Program Director
Fran and Earl Ziegler College of Nursing
University of Oklahoma 

Oklahoma City, OK
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