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Incidence
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Oktay AA, Rich JD, Shah SJ. The emerging epidemic of heart failure with preserved ejection fraction. Curr Heart Fail Rep 2013;10:401-10.

Incidence of heart failure is increasing

Particularly in age <50 years

Incidence of heart failure with preserved ejection fraction (HFpEF) is rising faster than heart failure 
with reduced ejection fraction (HFrEF)

Incidence of HFpEF is increasing due to higher burden of risk factors

Management of risk factors is most important





Stage A Heart Failure



Stage A: Hypertension

2017 ACC/AHA/HFSA Focused Update of the 2013 ACCF/AHA Guideline for the Management of Heart Failure
Clyde W. YancyMD, MSc, MACC, FAHA, FHFSA, Mariell JessupMD, FACC, FAHA, Biykem BozkurtMD, PhD, FACC, FAHA, Javed ButlerMD, MBA, MPH, FACC, FAHA, Donald E. CaseyMD, MPH, MBA, FACC, Monica M. ColvinMD, 
FAHA, Mark H. DraznerMD, MSc, FACC, FAHA, FHFSA, Gerasimos S. FilippatosMD, Gregg C. FonarowMD, FACC, FAHA, FHFSA, Michael M. GivertzMD, FACC, FHFSA, Steven M. HollenbergMD, FACC, JoAnn LindenfeldMD, FACC, 
FAHA, FHFSA, Frederick A. MasoudiMD, MSPH, FACC, Patrick E. McBrideMD, MPH, FACC, Pamela N. PetersonMD, FACC, FAHA, Lynne Warner StevensonMD, FACC and Cheryl WestlakePhD, RN, ACNS-BC, FAHA, FHFSA

https://www.jacc.org/doi/abs/10.1016/j.jacc.2017.04.025


Treatment of Hypertension in Symptomatic 
HFrEF



Treatment of Hypertension in 
Symptomatic HFpEF



Obesity as a Modifiable Risk factor for HF

• Dose-dependent relationship between increasing body mass 
index(BMI) and risk of heart failure

• Long term avoidance of obesity, increased physical activity, modest 
alcohol intake and not smoking have been independently associated 
with lower risk of heart failure

• Keeping BMI <30 kg/m2 over an average period of 21.5 years in older 
adults was associated with an adjusted hazard ratio of 0.70 for HF 
development

Ebong IA, Goff DC, Rodriguez CJ et al. The relationship between measures of obesity and incident heart failure: The multi-ethnic study of atherosclerosis. Obesity (Silver Spring) 2013;21:1915-22.
Pandey A, LaMonte M, Klein L et al. Relationship between physical activity, body mass index, and risk of heart failure. J Am Coll Cardiol 2017;69:1129-42.
Larsson SC, Tektonidis TG, Gigante B, Akesson A, Wolk A. Healthy lifestyle and risk of heart failure: Results from 2 prospective cohort studies. Circ Heart Fail 2016;9:e002855.
Kenchaiah S, Evans JC, Levy D et al. Obesity and the risk of heart failure. N Engl J Med 2002;347:305-13.
Del Gobbo LC, Kalantarian S, Imamura F et al. Contribution of major lifestyle risk factors for incident heart failure in older adults: The cardiovascular health study. JACC Heart Fail 2015;3:520-8.
Hu G, Jousilahti P, Antikainen R, Katzmarzyk PT, Tuomilehto J. Joint effects of physical activity, body mass index, waist circumference, and waist-to-hip ratio on the risk of heart failure. Circulation 2010;121:237-44.



Weight Loss for Prevention of HF

• Large amounts of sustained weight loss through bariatric surgery have 
been associated with reduction in both LV mass and new cases of HF

• Proof of concept that weight loss works
• Weight loss through healthy eating and exercise is likely as beneficial 

but lack of resiliency of lifestyle interventions makes it difficult to 
study 

Fothergill E, Guo J, Howard L et al. Persistent metabolic adaptation 6 years after "the biggest loser" competition. Obesity (Silver Spring) 2016;24:1612-9.
Owan T, Avelar E, Morley K et al. Favorable changes in cardiac geometry and function following gastric bypass surgery: 2-year follow-up in the utah obesity study. J Am Coll Cardiol 2011;57:732-9.
Sundstrom J, Bruze G, Ottosson J, Marcus C, Naslund I, Neovius M. Weight loss and heart failure: A nationwide study of gastric bypass surgery versus intensive lifestyle treatment. Circulation 2017;135:1577-85.
Benotti PN, Wood GC, Carey DJ et al. Gastric bypass surgery produces a durable reduction in cardiovascular disease risk factors and reduces the long-term risks of congestive heart failure. J Am Heart Assoc 2017;6:e005126



Weight in Treatment of Existing HF

• Weight management in treatment of existing HF is controversial 
because of the obesity paradox:

• Obesity is a risk factor for development of heart failure but is PARADOXICALLY 
associated with better survival in stages C/D HF.

• Low body weight and unintentional weight loss could be harbingers of poor 
prognosis

• Retrospective studies suggest that severely obese patients with higher stages 
of HFrEF increase their LVEF and have fewer hospitalizations after bariatric 
surgery

• One RCT of exercise and hypocaloric diets with HFpEF showed beneficial 
effects on diet induced weight loss on exercise capacity (not powered for 
other clinical endpoints).

Clark AL, Fonarow GC, Horwich TB. Obesity and the obesity paradox in heart failure. Prog Cardiovasc Dis 2014;56:409-14



Standard Western Diet



Diets for Prevention of HF

• Diet may affect HF risk through other mechanisms than weight
• 1.5 % US population follows all of the AHA dietary recommendations
• Diets that have more plant-based foods including fruits, vegetables, 

nuts, seeds and legumes appears to be beneficial in prevention 
ASCVD and HF prevention

• Physician’s Health study, men who consumed more fruits and 
vegetables had lower risk of HF

Levitan EB, Lewis CE, Tinker LF et al. Mediterranean and dash diet scores and mortality in women with heart failure: The women's health initiative. Circ Heart Fail 2013;6:1116-23.
Nguyen HT, Bertoni AG, Nettleton JA, Bluemke DA, Levitan EB, Burke GL. Dash eating pattern is associated with favorable left ventricular function in the multi-ethnic study of atherosclerosis. J Am Coll Nutr 2012;31:401-7.
Hummel SL, Seymour EM, Brook RD et al. Low-sodium dash diet improves diastolic function and ventricular-arterial coupling in hypertensive heart failure with preserved ejection fraction. Circ Heart Fail 2013;6:1165-71.
Tektonidis TG, Akesson A, Gigante B, Wolk A, Larsson SC. A mediterranean diet and risk of myocardial infarction, heart failure and stroke: A population-based cohort study. Atherosclerosis 2015;243:93-8.
Fito M, Estruch R, Salas-Salvado J et al. Effect of the mediterranean diet on heart failure biomarkers: A randomized sample from the predimed trial. Eur J Heart Fail 2014;16:543-50.





Diet Evidence:  Effect on Blood Pressure

Appel LJ et al. NEJM 1997;336:1117-24

Dietary Approaches to Stop Hypertension (DASH) Group

A diversified diet improves blood pressure

459 hypertensive patients randomized to 1 of 3 diets for 8 weeks

Systolic blood 
pressure 

(mm Hg)

Diastolic blood pressure 

(mm Hg)



Date of download:  11/7/2020 Copyright © 2009 American Medical 
Association. All rights reserved.

From: Consistency With the DASH Diet and Incidence of Heart Failure

Arch Intern Med. 2009;169(9):851-857. doi:10.1001/archinternmed.2009.56



Prospective Studies

• Higher fruits and vegetable compositions associated with 
improved cardiovascular outcomes

• Consumption of DASH diet was associated with lower blood 
pressure and reduced incidence of HF in men and women and 
decreased mortality in women with HF

• Improvements in LV function without overt CV disease
• Improvement in diastolic and arterial function with DASH diet 

in patients with HFpEF



• FDA requirement
• 3-4 mm Hg

• ACE inhibitors
• 12 mm Hg

• Beta-blockers
• 13 mm Hg

• Calcium channel 
blockers

• 16 mm Hg

• Sodium reduction
• 7 mm Hg

• DASH diet
• 11.4 mm Hg

• DASH + low Na diet
• 20.8 mm Hg

Juraschek, Stephen P., et al. "Effects of sodium reduction and the DASH diet in 
relation to baseline blood pressure." Journal of the American College of 
Cardiology 70.23 (2017): 2841-2848.







Mediterranean Diet

• Mediterranean diet was associated with lower HF risk and lower n-
terminal pro-BNP in some studies.

• However, not all studies show this clearly association

Tektonidis TG, Åkesson A, Gigante B, Wolk A, Larsson SC. A Mediterranean diet and risk of myocardial infarction, heart failure and stroke: a population-based cohort study. Atherosclerosis. 2015 Nov 1;243(1):93-8.



TMAO: trimethylamine-n-oxide

W.H. Wilson Tang, et al. Intestinal Microbial Metabolism of Phosphatidylcholine and Cardiovascular 
Risk. New England Journal of Medicine. April 2013: 368:1575-1584.

• Choline ingested through 
animal products

• Gets converted by gut flora to 
TMAO

• Linked to atherosclerosis, heart 
attack and stroke



High TMAO Levels

W.H. Wilson Tang, et al. Intestinal Microbial Metabolism of Phosphatidylcholine and Cardiovascular 
Risk. New England Journal of Medicine. April 2013: 368:1575-1584.



Feed a Vegan a Steak?!

Koeth RA, et al. Intestinal microbiota metabolism of l-carnitine, a nutrient in 
red meat, promotes atherosclerosis. Nat Med. 2013 Apr 7.

The formation of TMAO from ingested L-carnitine 
is negligible in vegans



TMAO and CHF
• Fasting plasma trimethylamine-N-oxide (TMAO) and all-cause mortality over a 5-year 

follow-up in 720 patients with stable HF

• Higher plasma TMAO levels were associated with a 3.4-fold increased mortality risk.

• Elevated TMAO levels remained predictive of 5-year mortality risk 

Tang WHW, Wang Z, Fan Y, et al. Prognostic value of elevated levels of intestinal 
microbe-generated metabolite trimethylamine-N-oxide in patients with heart failure: 
refining the gut hypothesis. J Am Coll Cardiol 2014; 64:1908–1914.



Prognostication

• Adding TMAO to NT-Pro-BNP might BE
The way we prognosticate HFrEF in the
future

Schuett K et al. Journal of the American College of Cardiology Dec 2017, 70 (25) 3202-
3204; DOI: 10.1016/j.jacc.2017.10.064



Choline Content
Average Choline 
Content per 100g

Eggs 251 mg
Bacon 125 mg
Ground Beef 82 mg
Chicken 66 mg
Legumes 57 mg
Vegetables 15 mg
Grains 13 mg
Fruit 7 mg

Zeisel SH, Mar MH, Howe JC, Holden JM. Concentrations of 
choline-containing compounds and betaine in common foods. J 
Nutr. 2003 May;133(5):1302-7.

It's not just red meat… 



Protein Excess and CHF

• 103,878 women from the Women's Health Initiative. 
• Those who consumed the most protein overall 

increased their risk for heart failure, compared with 
those who consumed the least. 

• Increased vegetable protein lowered the risk for heart 
failure, suggesting the link is with animal protein 
specifically.

Barbour MF, Ashraf F, Roberts MB, et al. Association of dietary 
protein, animal and vegetable protein with the incidence of heart 
failure among postmenopausal women. Abstract presented at: 
American Heart Association, annual meeting; November 13-15, 
2016; New Orleans, LA.



Sotos-Prieto M et al. N Engl J Med 2017;377:143-153.

Risk of Death from Any Cause per 20-Percentile Increase in 
Diet-Quality Scores.

CONCLUSIONS: 20-percentile increase in diet-quality 
scores was associated with a reduction of 8 to 17% in the 
risk of death from any cause



Sodium 
Restriction

• Population based cohorts show that eating too 
much salt is associated with higher incidence of HF

• In overweight and obese patients, increased salt 
intake was associated with a 26% increased 
incidence of HF

• Adherence to the DASH diet, which advocates 
low salt, was inversely proportional to incidence 
of HF

• Salt restriction has shown benefit in hypertension, 
stroke and CVD

• Prospective studies showing that salt restriction 
decreases incidence of HF are lacking

• THE OPTIMAL SODIUM AMOUNT at risk for CVD or 
HF is uncertain

He J, Ogden LG, Bazzano LA, Vupputuri S, Loria C, Whelton P. Dietary sodium intake and incidence of congestive heart failure in overweight us men and women: First National Health and Nutrition 
Examination Survey epidemiologic follow-up. Arch Intern Med 2002;162:1619–24.



Guidelines

The AHA recommends <1500 mg of sodium/day for 
hypertension

So these guidelines are likely reasonable for stage A, B HF

Whelton PK, Appel LJ, Sacco RL, et al. Sodium, blood pressure, and cardiovascular disease: further evidence supporting the 
American Heart Association sodium reduction recommendations. Circulation 2012;126:2880–9.



Patients with 
Known HF

• Widely accepted 2-3 grams of sodium/day
• Data supporting these conditions is limited, 

inconsistent and controversial

• Some studies suggest worsening of the neurohormonal 
profile with sodium restriction in patients with HF

• Observational studies show the sodium restriction 
might be associated with increased risk of death and HF 
hospitalization

• Lindenfeld J, Albert NM, Boehmer JP, et al., for the Heart Failure Society of America. HFSA 2010 comprehensive heart failure practice guideline. J Card Fail 2010;16:e1–194. 

• Gupta DGV, Kalogeropoulos AP, et al. Dietary sodium intake in heart failure. Circulation 2012; 126:479–85.

• Van HL, Yancy C. Diet prevention and therapy for heart failure? Circ Heart Fail 2013;6:1109–11.

• Yancy CW. The uncertainty of sodium restriction in heart failure: we can do better than this. J Am Coll Cardiol HF 2016;4:39–41.

• Mente A, O’Donnell MJ, Rangarajan S, et al., for the PURE Investigators. Association of urinary sodium and potassium excretion with blood pressure. N Engl J Med 2014;371:601–11.

• Aliti GB, Rabelo ER, Clausell N, Rohde LE, Biolo A, Beck-da-Silva L. Aggressive fluid and sodium restriction in acute decompensated heart failure: a randomized clinical trial. JAMA Intern Med 2013;173:1058–64.

• Paterna S, Parrinello G, Cannizzaro S, et al. Medium term effects of different dosage of diuretic, sodium, and fluid administration on neurohormonal and clinical outcome in patients with recently compensated heart failure. Am J 
Cardiol 2009;103:93–102.

• Parrinello G, Di Pasquale P, Licata G, et al. Long-term effects of dietary sodium intake on cytokines and neurohormonal activation in patients with recently compensated congestive heart failure. J Card Fail 2009;15:864–73.

• Doukky R, Avery E, Mangla A, et al. Impact of dietary sodium restriction on heart failure outcomes. J Am Coll Cardiol HF 2016;4:24–35.



Lennie TA, Song EK, Wu JR, Chung ML, Dunbar SB, Pressler SJ, Moser DK. Three gram sodium intake is associated with longer event-free survival only in patients with advanced heart failure. J Card Fail. 2011 Apr;17(4):325-30. 



What to Do About Sodium?

• Most societies recommend between 1500-2400mg/day for 
management of HF

• In self reported HF, mean sodium was 2719g/day and 34% only 
consuming <2000 mg/day

• 1 tsp of salt=2 gram sodium
• Focus on avoidance of eating out, processed foods, instant foods. Eat 

fresh, lots of potassium rich fruits and vegetables



Coenzyme Q10 
(Coq10)

Hypothesized to reduce harmful effects of 
reactive oxygen species that are increased in 
HF, thus acting like an anti-oxidant

Coenzyme Q10 is present in red meat, fish, 
plants but the amounts are considered to small 
to affect or reduce HF

Reduced CoQ10 content is noted in patients 
with HF

CoQ10 deficiency correlates with severity of 
symptoms and degree of LV dysfunction and is 
associated with mortality in HF



Trials of CoQ10 
supplementation: Q Symbio
• 420 patients, NYHA class III-IV
• 100mg TID
• Lower incidence of MACE events, CVD, 

urgent transplantation, HF hospitalizations, 
total mortality, improvement in NYHA class

Mortensen SA, Rosenfeldt F, Kumar A et al. The effect of coenzyme q10 on morbidity and mortality in chronic heart failure: Results from q-symbio: A randomized double-blind trial. JACC Heart Fail 2014:2:641-9.



CoQ10

• Regardless of whether the formulation contains ubiquinol or 
ubiquinone, after ingestion CoQ10 seems in the plasma circulation as 
ubiquinol.

• No significant drop in BP with Qsymbio
• Statin therapy may deplete CoQ10 levels. Investigators of the 

CORONA trial evaluated CoQ10 levels in relation to statin therapy 
because of Food and Drug Administration regulatory requirements. A 
significant reduction of CoQ10 levels associated with statin therapy 
was identified. Although lower levels were associated with worsened 
HF, it was not an independent predictor of adverse outcomes. 



Nutraceuticals

• L-Carnitine: Small studies on cardiac remodeling after MI have shown 
increases in O2 capacity, increases in VO2, improvement in LVEF, 
cardiac remodeling

• Taurine: Small studies showing improvements in EF with Taurine
• Thiamine
• B6
• Selenium
• Vitamin D and Calcium:Small studies of vitamin D improve LV function 

in elderly, decrease aldosterone levels, improve NYHA class and 
exercise capacity; vitamin D plus Calcium in WHI was not of benefit



Bottom line
• Anti-oxidants/Nutraceuticals are not 

recommended 
• Coenzyme Q10 has the most promising results 

but firm recommendations require more trial 
data



Nitric Oxide 
(NO)

Low levels are implicated in HF

Intake of dietary, inorganic NO. High concentration in the 
Mediterranean and DASH diets. Western diet (77g), 
Mediterranean (400-550g)

Associated with improved exercise capacity, reduced BP and 
decreased inflammation, increased browning of adipose 
tissue

Possible mechanism of improvements in BP with 
Mediterranean diet and DASH diet attributed to NO

NO supplement studies show mixed results

Borlaug BA. Inorganic nitrite delivery to improve exercise capacity in heart failure with preserved ejection fraction: The indie trial. Presented at: American College of Cardiology's 67th Annual Scientific Sessions; March 11, 2018; 
Orlando, FL.







Cardiorespiratory 
Fitness 

Physical inactivity and poor cardiorespiratory 
fitness are independent and modifiable risks for 
development of HF

Strong inverse relationship between level of 
physical activity and risk of incident of HF

Increase in CRF among middle-age subjects with 
low fitness (<8 METS) was associated with lower 
risk of HF in older age, independent of BMI

Increased physical activity was associated with 
low risk of HF



Stage A: 
Exercise and 

HF 
prevention

61 sedentary patients

Two year intensive exercise program

88% completed

Maximal oxygen uptake increased 18%, 
reduction in cardiac stiffness

May have a role in reducing incidence of 
HFpEF

Howden EJ, Sarma S, Lawley JS, et al.
Reversing the cardiac effects of sedentary aging in
middle age-a randomized controlled trial: implications
for heart failure prevention. Circulation
2018;137:1549–60.



HF-ACTION
Class II-III

On OMT

Had to complete 36 sessions, over 12 weeks, with at least 90 
minutes of exercise per week, reaching 70% MPHR

Mean EF 25%

Class II-III

2231 HFrEF patients

O'Connor CM, Whellan DJ, Lee KL et al. Efficacy and safety of exercise training in patients with chronic heart failure: Hf-action randomized controlled trial. JAMA 2009;301:1439-50.



Date of download:  11/8/2020 Copyright © 2009 American Medical 
Association. All rights reserved.

From: Efficacy and Safety of Exercise Training in Patients With Chronic Heart Failure: HF-ACTION Randomized 
Controlled Trial

JAMA. 2009;301(14):1439-1450. doi:10.1001/jama.2009.454

CI indicates confidence interval; HR, hazard ratio.aAdjusted for key prognostic factors.

Figure Legend: 



HF-ACTION

• No change in all-cause mortality or all-cause 
hospitalization

• But when control for covariates, a reduction in 
mortality was noted with exercise

• Improvements in VO2 noted in men and women
• In women with HF, there was a larger reduction 

in the combined end point than in men
• CMMS now covers cardiac rehab for CHF



Exercise in 
HFpEF

• Exercise improves VO2

• Small studies though so 
not covered by CMMS

• Recent studies confirm 
improvement in VO2

• Considerations for strength 
training especially in the 
frail



Yoga

• Two studies: NYHA class I-III, 
• One study HFrEF and one study with 

both HFrEF and HFpEF
• Warm up, 40 minutes of standing and 

seated postures 15-20 minutes of 
relaxation

• Improvement in QOL scores
• Increase in VO2

Gomes-Neto M, Rodrigues-Jr ES, Silva-Jr WM, Carvalho VO. Effects of yoga in patients with chronic heart failure: A meta-analysis. Arq Bras Cardiol 2014;103:433-9.
Cramer H, Lauche R, Haller H, Dobos G, Michalsen A. A systematic review of yoga for heart disease. Eur J Prev Cardiol 2015;22:284-95.



Tai Chi

Improvements in 
depression, QOL, 

increased exercise 
tolerance

Small studies, 100 
patients, twice 

weekly, one hour

Yeh GY, Wood MJ, Lorell BH et al. Effects of tai chi mind-body movement therapy on functional status and exercise capacity in patients with chronic heart failure: A randomized controlled trial. Am J Med 2004;117:541-8.
Yeh GY, McCarthy EP, Wayne PM et al. Tai chi exercise in patients with chronic heart failure: A randomized clinical trial. Arch Intern Med 2011;171:750-7.

Gentle, meditative exercise that has its roots in ancient Chinese 
martial arts. 
It employs detailed regimens of flowing circular arm 
movements, balance and weight shifting, breathing techniques,
and cognitive tools (such as visualization and focused internal 
awareness)



Transcendental 
Meditation 
(TM)=chant 

based meditation

• Shown to decrease BP, improve insulin resistance and 
improve mortality

• Pooled analysis of 202 people with hypertension, TM 
associated with 23% RRR of all-cause mortality and 30% 
RRR of CV mortality

• 23 AA, EF <40%, 6 months
• Showed improvement in depression, QOL, 6 minute 

walks, decreased HF hospitalizations

• SEARCH
• 208 patients, EF<=40%, NTHA class II, 80% ACEI, 

86% BB8 weeks of mind-body
• Reduced depression and anxiety
• Better HF symptom control
• No change in mortality

• AHA recommends TM in secondary prevention of CVD

Jayadevappa R, Johnson JC, Bloom BS et al. Effectiveness of transcendental meditation on functional capacity and quality of life of african americans with congestive heart failure: A randomized control study. Ethn Dis 2007;17:72-7.
Levine GN, Lange RA, Bairey-Merz CN et al. Meditation and cardiovascular risk reduction: A scientific statement from the american heart association. J Am Heart Assoc 2017;6:e002218.
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