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Lifestyle Modification  
for the Prevention and Reversal 

of Cardiovascular Disease 
Although there has been a 56% drop in mortality from cardiovascular disease 

(CVD) over the past 50 years, CVD still is the No. 1 cause of mortality in the United 
States.1 Stroke, which is the No. 3 cause of mortality, is linked to coronary artery 
disease because of shared risk factors.2 These improvements in mortality reduction 
have started to plateau.3 For the third year in a row, the average life expectancy in the 
United States has fallen, which has not happened since World War I.

Although important factors in CVD onset and progression once were thought to 
be mostly genetic in nature, we now realize that many of these factors are lifestyle-
mediated. These include diet, exercise, sleep, stress, and other environmental factors. 
Cancer, the No. 2 cause of mortality, also can be affected by lifestyle changes. It is now 
believed that genetic risk explains only 7% of human longevity.4 This was studied by 
looking at the public portion of an ancestry website, which includes more than 54 
million family trees with more than 6 billion individuals. In comparison, an ideal life-
style could add up to 14 years of life for women and 12 years for men.5

The interplay between lifestyle and the genetic risk of heart disease was examined 
in three published cohorts.6 The relative risk for CVD was 91% higher in the highest 
genetic risk group determined by a polygenic risk score. Healthy lifestyle (measured as 
currently not smoking, no obesity, regular physical activity, and a healthy diet) attenu-
ated the risk by about 50% across all groups. Furthermore, a healthy lifestyle reduced 
the objective CT calcium scores across all genetic risk groups as well. Anticoagulants 
and diabetes medications are cited most frequently as leading to emergency depart-
ment visits.7,8,9 This trend may increase with the rapid rise in both atrial fibrillation 
leading to more anticoagulation and the obesity/type 2 diabetes epidemic.

Another aspect is contamination of medications, which recently has affected 
high blood pressure treatment with multiple recalls of angiotensin receptor 
antagonists. Multiple lots of valsartan were recalled for accidentally containing 
N-nitrosodimethylamine, which may cause cancer.10 Recalls, contamination, drug 
shortages, and even deaths have affected and interrupted patient care. Contaminated 
heparin led to multiple hypersensitivity reactions in patients undergoing dialysis and 
more than 80 deaths.11 All these factors will continue to threaten patient care as long 
as patients are reliant on medications.

Furthermore, there is the problem of medication noncompliance. Medication 
compliance is a major issue and most likely only will worsen with misinformation on 
the internet and distrust of large pharmaceutical companies. A recent study specifi-
cally examining statin adherence found that pharmacy refill rates were only 79% in 
post-myocardial infarction (MI) patients, 67% in patients with diabetes, and 63% in 
patients without diabetes and CVD.12
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EXECUTIVE SUMMARY
Lifestyle choices have a significant effect on cardiovascular 
disease prevalence as well as outcomes.

 z Lifestyle is a critical determinant of the common risk 
factors for cardiovascular disease (hypertension, diabetes, 
hyperlipidemia, and smoking) that have been well-known to 
predict disease outcomes. 

 z Lifestyle medicine can be used in conjunction with traditional 
medications to provide the best care to patients. 

 z With the dual epidemics of obesity and type 2 diabetes, an 
aging population, and increased population growth, lifestyle 
modification stands as the most cost-effective way to manage 
population health. 

 z Medical providers need to act now to prevent being 
overwhelmed with the eventual increase in coronary artery 
disease following the obesity/diabetes epidemic. 

Even more sobering is the recent 
ARTEMIS trial, which tested if vouchers 
to cover the copay for P2Y12 inhibitors 
would increase compliance.13 Although 
the trial was positive in that there was a 
statistically significant increase in medica-
tion compliance, the improvement was 
only a 2.3% absolute increase, which did 
not translate into any further major event 
reduction.

Finally, our vast medical arsenal is 
not working. In a meta-analysis of the 
COURAGE, BARI 2D, and FREEDOM 
studies of secondary prevention, CVD 
risk factor control was poor.14 By one year, 
goal low-density lipoprotein (LDL) was 
reached in less than 80% of patients, goal 
blood pressure (BP) in less than 60%, and 
goal hemoglobin A1c (HbA1c) was just 
above 50%. The percentage of patients 
reaching all four metrics (the above three 
and smoking cessation) ranged from less 
than 10% in the FREEDOM trial to just 
under 50% in the COURAGE trial. This 
is discouraging, as clinical trials are optimal 
environments for follow-up care.

Outside of clinical trials, the overall 
population rates of risk factor prevalence 
and control are just as alarming. The lone 
exception is smoking, which has declined 
considerably. The 2016 National Health 
Interview Survey estimated that cigarette 
smoking in U.S. adults decreased from 
20.9% to 15.5% between 2005 and 2016.15 
However, the upsurge in vaping and 
marijuana use may reverse this trend, since 
these are recognized gateways to tobacco 
smoking.

Hypertension affects at least one in 
three U.S. adults, depending on which 
blood pressure guideline is followed. The 
prevalence of hypertension in U.S. adults 
is 31.9% under the previous definitions 
of hypertension (> 140/90 mmHg), and 
the prevalence rose to 45.6% under the 
2017 American College of Cardiology 

(ACC)/American Heart Association 
(AHA) guideline definition of hyperten-
sion (> 130/80 mmHg).16 In the face of 
this high prevalence, only 54% are at goal 
BP.17 The Centers for Disease Control 
and Prevention currently estimates 9.4% 
of the U.S. population has diabetes; of 
those, 23.8% have yet to be diagnosed.18 
In addition, 33.9% of the U.S. population 
has prediabetes. Of those individuals with 
prediabetes, only 11.6% reported being 
told by a provider that they had the condi-
tion. Researchers estimated that 49% of all 
Californians are diabetic or prediabetic.19

The National Health and Nutrition 
Examination Survey (NHANES) reported 
that 36.7% of U.S. adults had hyperlip-
idemia.20 Of those, 55.5% were taking 
cholesterol-lowering medication and 
46.6% reported making lifestyle modifica-
tions to lower their cholesterol. Only 9.5% 
of patients had LDL levels below 70 mg/
dL.20 Interestingly, 93% of those patients 
were on medication, with 57% also mak-
ing lifestyle modifications. Another 26.9% 
had LDL levels between 70-100 mg/dL, 
with 74% taking medications and 50% also 
using lifestyle changes. The overall total 
control rate was only 36.4%.20

In a study of patients with known heart 
disease, researchers measured smoking, glu-
cose control, low-dose aspirin use, BP con-
trol, physical activity, lipid control, and ideal 
body mass index (BMI) and found that all 
seven metrics aligned in less than 1% of 
study participants.21 A reason for this could 
be the medical community’s focus on med-
ical management rather than a combined 
effort promoting healthy lifestyle behavior 
change supplemented by appropriate 
medical management. There is a limit to 
what medications can control in the set-
ting of unhealthy habits such as overeating, 
smoking, and not exercising. There is a 
growing body of evidence supporting the 
effect of lifestyle choices on cardiovascular 

outcomes, as well as the need for improve-
ment in those choices.

Researchers measured the degree of 
seven AHA health metrics, including BP 
control, lipid control, glucose control, BMI, 
healthy diet score, adequate physical activ-
ity, and smoking. The first four are objec-
tive, commonly measured medical metrics. 
The last three are lifestyle/behavior choices. 
It is clear that the last three affect the first 
four metrics. This list has been renamed the 
AHA Life’s Simple 7 (LS7). Less than 2% 
of the overall population had all risk fac-
tors optimized with both medications and 
lifestyle.22 

Researchers at the Mayo clinic per-
formed a similar analysis looking at only 
four metrics and found just 2.7% of the 
study group had optimal metrics for smok-
ing, healthy diet, normal percent body fat, 
and physical activity.23 

Stroke patients have similar poor health 
metrics. In a study using the AHA LS7 
metrics, researchers found only a single 
patient (not 1%, but a single patient) out 
of 67,514 had all seven ideal metrics.22 
Furthermore, from 1988 to 1994, blood 
pressure and lipid control improved, 
but diet, physical activity, and BMI all 
worsened.24 In fact, the proportion of 
patients who had a low LS7 score doubled 
from 17.9% to 35.4% during that time. 
Addressing these metrics is even more 
important now, as investigators estimated 
that the worldwide risk of stroke for those 
older than 25 years of age is now 25%.25 
Clearly, there is much work to do in the 
medical community and patient population 
to change this statistic.

There are many reasons that physi-
cians do not try routinely to help patients 
modify their lifestyle behaviors. Probably 
the most important reason is a knowledge 
gap in medical training. A survey of car-
diovascular fellows and attendings found 
that the majority had little to no training 
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in nutrition during medical school (31%), 
residency (59%), or fellowship (90%).26 
Although 95% believed that dietary 
interventions were important, only 8% 
described themselves as experts in nutri-
tion. Taken from the opposite perspective, 
authors of another study found that very 
low levels of lifestyle advice were given to 
overweight patients (only 21.4%) and only 
44.2% of obese patients received any life-
style counseling.27

Another barrier is that physicians often 
believe patients will not or cannot change. 
The data are sobering. When looking for 
comprehensive lifestyle change post-infarct 
or post-stroke, only 4% of patients will 
modify their diet, exercise more, and stop 
smoking after a life-changing event.28 One 
possible reason is that providers may be 
more comfortable prescribing medications 
than advocating for a healthier lifestyle. 
Physicians also can feel uncomfortable 
bringing up the topic of lifestyle, especially 
weight loss, since the patient may take it as 
criticism and it often is considered politi-
cally incorrect. The most important reason 
probably is that many physicians believe 
lifestyle modification does not work and 
that medications are clearly superior. The 
rest of the article will focus on changing 
the knowledge gap. (See Figure 1.)

Treating the Cause
Even if providers could manage patients’ 

BP, lipids, or diabetes perfectly with medi-
cation, patients still would be hypertensive, 

hyperlipidemic, and diabetic. The only way 
to possibly reverse these conditions is life-
style modification. Although this will not 
result in a cure always, striving for that goal 
will help in management. (See Table 1.)

The most cost-effective and safe treat-
ment strategy is one of lifestyle modifica-
tion to try to reverse the disease process 
itself rather than treat the end symptoms. 
Medications can be a significant cause of 
morbidity and mortality.7 Authors of a 
large meta-analysis compared the cost and 
impact of various interventions on CVD 
outcomes. Procedures such as left ventricu-
lar assist devices and cardiac transplantation 
are lifesaving but expensive. Furthermore, 
they only affect a small proportion of the 
population. In comparison, treating the 
obesity epidemic would have a significant 
population-level effect and is much less 
cost intensive.29 

In an interesting meta-analysis, research-
ers compared the relative risk reduction 
with lifestyle changes to the typical medi-
cations prescribed to patients with coronary 
artery disease. The estimated reduction 
was 35% with smoking cessation, 25% 
with increased physical activity, and 45% 
with dietary changes.30 This is in compari-
son to reductions of 18% with low-dose 
aspirin use, 21% with statins, 23% with 
beta-blockers, and 26% with angiotensin-
converting enzyme inhibitors. This is not to 
say that providers should use lifestyle mod-
ification in isolation, but to demonstrate its 
effectiveness and highlight the potentially 

complimentary, additive, or even synergistic 
effect of combined lifestyle modification 
with optimal medical therapy.

During a United Nations meeting about 
noncommunicable diseases, World Health 
Organization Director-General Margaret 
Chan called noncommunicable diseases 
a “slow-motion disaster.”31 The answer 
was not to increase the use of high-tech 
medicine, but to emphasize prevention in 
the form of smoking cessation, increased 
physical activity, decreased alcohol use, and 
healthier diets. These were called the best-
buy interventions to address the growing 
risk factors that lead to chronic diseases.

The AHA and the ACC have launched 
initiatives promoting and educating both 
patients and physicians in lifestyle medi-
cine. The ACC has demonstrated its com-
mitment through an ongoing series called 
CV Health Promotion and recently dedi-
cated an issue of the Journal of the American 
College of Cardiology to this topic.32 The 
AHA issued a call to action to effect 
behavior change. It published detailed 
recommendations on how to assess and 
intervene on behalf of patients by using a 
system called the 5 As: Assess unhealthy 
behavior, Advise the patient how to change, 
Agree through a shared process on the 
goals, Assist with treatment, and Arrange 
for follow-up and accountability.33 

Traditional Risk Factors
Well-known risk factors for CVD 

include age, male gender, smoking, dia-
betes, high blood pressure, and high cho-
lesterol. Of these, age and gender are not 
modifiable. Only gender is binary, but all 
others affect risk in proportion to their 
values. Thus, making any change in blood 
pressure, lipids, or diabetes control is help-
ful, or in the case of worsening control, det-
rimental to health. These classic risk factors 
have formed the basis of the Framingham 
risk score, which has stood the test of time. 
(See Table 2.)

New Risk Scoring Systems
The major determinants of these risk 

factors are not genetic, but lifestyle medi-
ated. There has been increased interest at 
looking directly at measures of lifestyle, 
such as diet quality, amount of physical 
activity, and amount and quality of sleep, 
to further assess patients alongside the 
traditional risk factors. Adding to the 
Framingham score, newer risk scores have 

Figure 1. Factors Contributing to Development  
of Cardiovascular Disease 

Mortality
Disease development: Late in 
the game, most cost-intensive 
and can only slow disease 
progression

Risk factor development: Still 
possible to reverse or even cure; 
cost-intensive

Foundational factors: Most cost-
effective and largest population 
point at which to intervene; 
preventive rather than curative

Diet, physical activity, smoking, gender, age, 
genetic risk
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been able to predict risk by accounting for 
classic risk factors and measuring the life-
style components that most likely are driv-
ing those same risk factors. Like traditional 
risk factors, these new risk factors also are 
potential therapeutic targets.

Newer risk factors include weight, 
obesity, BMI, waist circumference, body 
composition (percent body fat), amount of 
physical activity, fitness level, type of diet, 
stress, sleep, and environmental factors, 
such as noise and particulate pollution. 
These risk factors can be modified by both 
medications and lifestyle techniques.

Although researchers have looked at 
most of these risk factors individually, 
several new analyses have helped us better 
understand their respective roles. Using 
methods such as population attribut-
able risk, researchers for studies such as 
INTERHEART have been able to deter-
mine the degree of effect a certain risk 
factor will have on development of CVD.34 
More than half the risk of myocardial 
infarction in men and women could be 
attributed to lifestyle habits. When tradi-
tional risk factors were added, they could 
account for more than 90% of the risk pro-
file of both men and women. 

In another analysis of the COURAGE 
trial, researchers measured overall survival 
by risk factor control.35 Factors that pre-
dicted increased survival were nonsmoking 
status, regular physical activity, controlled 
BP, and following the AHA step 2 diet. 
Having four to six metrics at goal com-
pared to zero to one metric resulted in a 
36% reduction in mortality. 

In an Australian study of more than 
231,048 people, researchers tracked smok-
ing, alcohol use, diet, physical activity, 
sedentary behavior, and sleep duration to 
calculate a risk score. People who scored 
the worst on all six had an almost six-fold 
increase in death than those who scored 
the best in all six areas.36 

Achieving all seven of the AHA LS7 
metrics is the ideal goal, but even meeting 
three to four of these metrics is protective. 
Meeting five to seven metrics was associ-
ated with a 72% reduction in CVD events, 
and meeting three to four metrics was 
associated with a still sizable and significant 
47% reduction in events.37 

Lifestyle change also is effective in the 
high-risk diabetes group. Behavior changes 
reduced CV incidence by 52% and mor-
tality by 68% in patients with diabetes.38 

More importantly, healthy lifestyle (mea-
sured by cholesterol levels, BP, diet, smok-
ing status, physical activity, and BMI), in a 
dose-dependent fashion, could reduce the 
risk of developing type 2 diabetes by up 
to 80%, showing the powerful preventive 
effect of lifestyle.39 

Therapeutic Targets
The Hard Targets: Weight, BMI, 
Waist Circumference, and Percent 
Body Fat

Obesity has increased gradually in the 
United States and the world over the past 
few decades. Obesity rates have climbed 
from 28.8% to 36.9% in men and from 
29.8% to 38.0% in women from 1980 to 
2013.40 This coincides with the increase in 
type 2 diabetes. Because of differences in 
height and body build, BMI has become 
the most commonly used method to assess 
if a patient is overweight or obese. Being 40 
pounds over goal weight is one definition 
of obesity. Weight is not only a prognostic 
sign, but frequent weight fluctuations, such 
as with yo-yo dieting, can negatively affect 
health. As little as a 3.88-pound (1.76 kg) 
increase in weight was associated with a 
64% increased risk of any coronary event, 
an 85% higher risk of any CVD event, and 
a surprising 124% increased risk of death.41 

Obesity is not only a health-related 
issue, but also one of national security. 
The authors of a recent bipartisan report, 
“Unhealthy and Unprepared: National 

Security Depends on Promoting Healthy 
Lifestyles From an Early Age,” found that 
71% of applicants to the armed forces are 
not eligible, and 31% are excluded because 
of obesity.42 

A BMI of > 25 kg/m2 is considered 
overweight, while a BMI of > 30 kg/m2 
is obese. BMI has some problems, one of 
which is that although both height and 
weight need to be measured, outside of 
research protocols, patients often just state 
the values. Furthermore, the use of BMI 
does not work well at the extremes of 
weight. Professional athletes commonly 
are included in the obese category because 
of their heavier weights, but they typically 
have low body fat and should not be clas-
sified as such. A recent study of National 
Football League combine players found 
an obesity rate of 53.4% based on BMI. 
When graded by percentage of body fat, 
the obesity rate dropped to 8.9%.43 A 
population for whom BMI may become 
particularly helpful is children. By measur-
ing a patient’s BMI trajectory, researchers 
were able to predict by 6 years of age which 
children would be obese as adolescents,44 
thus, perhaps allowing doctors and parents 
to screen for high-risk children and inter-
vene as early as possible.

A simple, fairly reproducible measure-
ment is a waist circumference measure-
ment. Taken at the hips, it is part of 
diagnosing metabolic syndrome, but it 
also independently is related to mortality 

Table 1. Comparative Effectiveness and Safety of Lifestyle 
Medicine and Traditional Pharmacotherapy

Traditional Pharmacotherapy Lifestyle Medicine

Pros
• Proven, evidence-based effectiveness
• Dose-dependent effect
• Event reduction
• Mortality reduction
• Symptom reduction
Cons
• Expensive
• Drug-drug interactions
• Side effects
• Complications (bleeding, allergic 

reaction, hypoglycemia)
• Limited application, i.e., exclusions and 

contraindications to specific therapies
• Always have to weigh risk/benefit ratio 

of all recommended therapies
• Compliance is an issue

Pros
• Proven, evidence-based effectiveness
• Dose-dependent effect
• Event reduction
• Mortality reduction
• Symptom reduction
• Inexpensive
• Minimal dietary interactions
• Minimal side effects
• Minimal complications beyond food 

allergies and sports injuries
• Rare contraindications to dietary 

changes or increased physical activity
• Extremely low risk to recommend 

lifestyle change
Cons
• Compliance is an issue
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regardless of BMI.45 To be at risk based  
on waist circumference, measurements have 
to be > 40 inches (94 cm) in men and > 35 
inches (80 cm) in women.46

In the latest NHANES report, weight, 
BMI, and waist circumference all have 
increased from 1999 to 2016.27 Height 
did not change. For men, the mean weight 
has increased from 189.4 pounds to 197.9 
pounds. The mean weight for women went 
up by 6.8 pounds. The mean waist circum-
ference increased to 40.2 inches (102.1 cm) 
in men and to 38.6 in (98.0 cm) in women. 
Similarly, BMI has increased for both men 
and women. The mean BMI is now 29.1 
kg/m2 in men and 29.6 kg/m2 in women.47

A better way to risk stratify patients is 
body composition, which can be measured 
by looking at percent body fat or lean body 
mass. Measuring body fat is becoming 
more important for a number of reasons. 
Weight loss has been the traditional way 
to measure improvement in health, but 
with the increased focus on exercise, and 
especially resistance training, it became 
more important to track changes in body 
composition since muscle is denser than 
fat. For men, a percent body fat of 18-25% 
is normal, > 26% is overweight, and > 38% 
is obese. For women, 25-31% is normal,  
> 32% is overweight, and > 42% is obese. 

Muscle mass may be more important 
than degree of fatness. Grouped by high or 
low muscle and high or low fat, there was 
almost a 20% reduction in mortality in the 
two groups with high muscle mass vs. those 
with low muscle mass regardless of percent 
body fat content.48

Making direct measurements has 
become even more important because 
of two new phenomena. The first is 
the increase in the weight of the U.S. 
population, leading to a change in what 
is perceived as normal. When photos of 

overweight or obese children are shown 
to other children or mothers, they often 
are rated in the next lower category. Obese 
children often are rated as overweight, and 
overweight children often are graded as 
normal.49 This is caused by a drift or nor-
malization of body size and weight due to 
the change in our population. Also, there 
is the new concept of TOFI — thin on 
the outside, fat on the inside — in which 
people have normal BMI but increased 
body fat.50 Physicians no longer can rely 
on the eyeball test or on patients’ stated 
metrics. 

The Soft Target: Diet
Using food as medicine has been borne 

out in numerous studies showing the fun-
damental effect of diet on not only risk 
factor development, but also overall event 
rates and even mortality. Metrics such as 
BP, LDL, and HbA1c can be measured 
easily and accurately. Weight, waist circum-
ference, BMI, and percent body fat also can 
be measured reproducibly and accurately. 
However, it is harder to measure dietary 
intake. Most studies are done by surveys 
that rely on patient recall, which allows 
for errors and bias. An editorial called for 
the exclusion of dietary survey data in the 
medical literature since it was not of high 
enough scientific quality.51 Although the 
quality of the data is observational and 
lower in quality because of the collection 
methods, the results have been impressively 
uniform. 

Researchers have studied and continue 
to study diet extensively, mostly in obser-
vational trials. One of the most important 
and interesting studies was the Mr-FIT 
study about Japanese migration.52 These 
investigators tracked Japanese patients in 
Japan, Hawaii, and San Francisco. When 
those of Japanese descent migrated from 

Japan to Hawaii to San Francisco, their 
CVD event rates doubled and their lipid 
levels increased similarly. BP did not fol-
low this same pattern. Furthermore, at that 
time, smoking was nearly universal in the 
Japanese culture, so the change in event 
rates would be explained best by changes 
in lipids, which most likely would be 
explained by dietary changes. 

Currently, the healthiest cardiovascular 
subpopulation is the Tsimané tribe in 
Bolivia, South America. They have the 
lowest degree of CT calcium scoring ever 
recorded for a subgroup.53 Eighty-five 
percent of the population had a coronary 
calcium score of zero. Only 3% had a score 
higher than 100. Almost no typical risk 
factors for CVD (hypertension, high lip-
ids, diabetes) and almost no clinical CVD 
events exist in their tribe, despite members 
eating 70% carbohydrates and having a 
high inflammatory burden (measured by 
elevated high-sensitivity C-reactive protein 
levels in 51% of the population). The tribe 
is very active, eats mostly whole foods, does 
not smoke, and typically has normal BMIs. 
It will be interesting to see what happens as 
the modern world affects their tribe.

In comparison, SAD is the current 
acronym for the standard American diet. 
Americans eat a high-carbohydrate diet 
that consists mostly of highly processed 
and high-sugar foods.54 The PURE study 
investigators demonstrated that a high-
carbohydrate diet was associated with a 
28% increased rate of overall mortality 
compared to a diet with higher fat con-
sumption.55 Interestingly, CVD mortality 
and events were not higher in the higher-
carbohydrate group. 

Authors of another study demonstrated 
the relative contribution of different dietary 
habits on mortality in the United States.56 
Unlike the PURE study, which focused 

Table 2. Classic and New Risk Factors or Metrics (Therapeutic Targets)

Classic or Traditional 
Risk Factors

New Objective Risk Factors  
or Metrics

New Subjective Risk 
Factors or Metrics Emerging Risk Factors* 

• Age
• Gender
• Smoking
• Diabetes
• Hypertension
• Cholesterol

• Weight
• Body mass index
• Waist circumference
• Percent body fat
• Muscle strength measurement
• Cardiorespiratory fitness (stress 

test)

• Diet type
• Diet quality
• Recall of dietary 

components (nuts, fruits 
and vegetables, soda, meat)

• Dietary score
• Reported exercise time

• Sleep duration and quality
• Stress
• Adverse childhood experiences 

(i.e., pediatric trauma)
• Noise pollution
• Particulate pollution
• Inflammation 

* Not discussed in this article
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mostly on macronutrients, this study 
looked at subclasses of food (sodium intake, 
nuts, processed meats, seafood, vegetables, 
fruits, high sugar beverages, whole grains, 
and red meat). The most interesting part 
of this study was its longitudinal nature 
that allowed the investigators to track 
the changing U.S. dietary patterns. Both 
sodium and red meat intake increased 
over the time of the study. Conversely, nut, 
whole grain, and fruit intake all unfor-
tunately declined. An encouraging find-
ing was that sugar-sweetened beverages 
decreased almost 15%.

A good starting point to try to change 
these dietary patterns is the Harvard 
Healthy Plate,57 which is built on evidence-
based data and has some significant differ-
ences from the FDA food plate. Of note, 
both the choosemyplate.gov and Harvard 
healthy plate recommend that half of one’s 
plate include fruits and vegetables. 

Over time, there has been more evidence 
that increased servings of fruits and veg-
etables confer protection from heart disease 
and cancer. Authors of the most recent 
study found that there is still increasing 
incremental benefit of up to 10 servings 
a day.58 This large meta-analysis of more 
than 95 studies involving more than 2 mil-
lion patients showed a 24% reduction in 
heart disease, 33% reduction in stroke, 13% 
reduction in cancer, and 31% reduction in 
premature mortality. Also, the threshold 
to achieve any risk reduction was only 2.5 
servings a day or less than one serving per 
meal.

The PURE healthy diet score is a 
scoring system for diet quality.59 The 
score uses seven foods that were linked 
with survival — fruits, vegetables, nuts, 
legumes, dairy, red meat, and fish. Scores 
are from 1 to 5 in all seven categories for 
a total score of 7 to 35. The best groups 
were eight fruits/vegetables per day, 2.5 
legumes and nuts per day, three servings of 
full-fat dairy, 1.5 servings of unprocessed 
meat, and two servings of fish per week. 
When comparing the healthiest scored 
diets to those of the lowest group, there 
was a significant effect on mortality and 
hard cardiovascular endpoints. When the 
score was applied to several large trials, 
researchers noted the following reductions. 
Diet was associated with a 24% reduc-
tion in mortality in the ONTARGET 
and TRANSCEND studies, with a 22% 
reduction in the INTERHEART study, 

and with a 25% reduction in stroke in the 
INTERSTROKE study.34,60-62

A vegan diet can have the same effect 
on LDL as low-intensity statin therapy. 
Adhering to a completely vegan diet 
resulted in a 30% reduction of LDL in 
four weeks.63 This was similar to what 
was achieved with a low-intensity statin 
treatment over the same time.  However, 
being vegetarian or vegan is not necessarily 
healthy. A recent study grading diet quality 
found that an unhealthy plant-based diet 
afforded the same risks as animal-based 
diets.64 So the type of diet, per se, may not 
be as important as the actual elements 
being consumed. While it is outside the 
scope of this review to discuss different diet 
strategies, data from a well-done review 
article showed consistent elements between 
low-carb, low-fat/vegetarian/vegan, low-
glycemic, Mediterranean, Paleolithic, and 
mixed/balanced diets. These included 
limited refined starches, added sugars, and 
processed foods; limited intake of certain 
fats; and increased intake of whole plant 
foods.65

Authors of several large studies have 
found that nut intake of any kind, not just 
walnuts (which the AHA has supported 
for years), reduces mortality.66,67 Daily nut 
intake was associated with a 20% relative 
risk reduction. These studies could not dif-
ferentiate between types of nuts or even 
salted vs. non-salted. The intake of any type 
of nuts was protective. A concern with nut 
intake is that nuts are calorie dense and 
could lead to weight gain. 

Fiber has been recommended for risk 
reduction of overall mortality, CVD, type 
2 diabetes, and colon cancer. In a large 
meta-analysis, investigators recently dem-
onstrated a 15-30% reduction in the above-
mentioned outcomes when comparing the 
highest to the lowest fiber consumers.68 
The current recommendation is at least  
25 g of fiber per day.

Furthermore, in a substudy of the PESA 
trial, investigators analyzed the importance 
of eating breakfast.69 Although they found 
that eating breakfast was protective, they 
further divided the groups into eating 
clusters: a Mediterranean eating cluster, a 
Western eating cluster, and a social busi-
ness eating cluster. The social eating cluster 
skipped breakfast most often and snacked 
the most. This probably correlates with a 
busy schedule, rushed eating, and eating on 
the go. Not surprisingly, this group also had 

the worst outcomes, thus pointing to the 
possibility that a busy lifestyle and eating 
fast food, rather than skipping breakfast, 
actually is the more problematic habit. 

Sugar intake has been directly associated 
with mortality. There is a four-fold increase 
in mortality from the lowest to the highest 
sugar consumers. The highest sugar con-
sumers obtained more than 30% of their 
calories from sugar.70 The largest contribu-
tor of excess sugar is sweetened beverages, 
including soda, tea, energy drinks, and 
juices. Researchers estimated the amount 
of excess deaths in countries attributed 
to soda consumption and found Mexico 
had the most deaths attributable to soda 
and the United States was fourth.71 Thirty 
percent of the risk of death in Mexico was 
attributable to this. Worldwide, the model 
estimated that 184,000 people die annually 
from this cause. Deaths from sugar- 
sweetened beverages were predicted to out-
pace violent deaths in Mexico. A strategy 
of reducing exposure to these products and 
drinking water instead could have a sub-
stantial effect on population health.

Many suggest that sugar-free drinks 
may not be harmful because of the lack 
of refined sugar. In direct opposition to 
this notion, researchers recently found an 
almost 300% increase in stroke and demen-
tia from consuming diet soda.72 Moreover, 
in another study looking at the gut biome, 
investigators found that about one in five 
people have a gut flora pattern that made 
patients who ingested artificial sweeteners 
more susceptible to diabetes even though 
they were not ingesting real sugar.73

There is growing evidence that meat 
intake affects mortality adversely. One daily 
serving of red meat can increase mortality 
by 13% and processed meats can increase 
it by 20%.74 Conversely, when meat is 
replaced by another protein source, such 
as beans, whole grains, or nuts, mortal-
ity is reduced by 10%, 14%, and 19%, 
respectively.

Further supporting these observa-
tional data are several mechanistic studies 
explaining how meat can lead to increased 
cardiovascular events and mortality. Two 
important studies demonstrated that when 
L-carnitine, which is a nutrient found in 
red meat, is processed by normal gut flora, 
it produces TMAO, which leads to platelet 
hyperreactivity and promotes atheroscle-
rosis.75,76 Another mechanism is heme iron 
and nitrates, which may explain why red 
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meat is associated with cardiovascular dis-
ease more strongly than white meat.77

The Mediterranean diet, which is based 
on consuming extra virgin olive oil, fruits 
and vegetables, fish, nuts, and limited red 
meat, has been found to reduce mortality 
by about 30%.78 Using a risk score based on 
compliance with the Mediterranean diet, 
researchers found that as patients ate more 
of the recommended foods, CVD event 
rates were reduced.79 For every one-point 
increase in diet score, there was a 5% reduc-
tion in event rates. There was an absolute 
3.5% risk reduction comparing the highest 
to the lowest diet group. This gives a num-
ber needed to treat of only 28 patients to 
avoid one major CVD event. The authors 
noted that a better strategy may be to focus 
on recommending that people eat more of 
the good food items rather than focusing 
on what foods to avoid. 

A final concern about eating healthy is 
the cost. Although many believe eating 
healthy is cost prohibitive, investigators 
showed that the cost of healthy, isocaloric 
foods averages out to only $1.50 per day 
per person.80 This may not be extrapolated 
well to organic foods or situations, such as 
food deserts where healthy food is not an 
option.
The Soft to Hard Target:  
Physical Activity

The current Physical Activity Guidelines 
for Americans recommendations are for 
150 to 300 minutes of moderate-intensity 
physical activity per week, 75 to 150 min-
utes of vigorous-intensity aerobic physical 
activity per week, or a combination.81 That 
averages out to 25 to 50 minutes per day 
or 12.5 to 25 minutes per day, respectively 
(assuming six days of activity per week). 
Only 26% of men, 19% of women, and 
20% of adolescents meet these recom-
mendations. A lack of physical activity has 
led to an estimated cost of $117 billion 
per year and 10% of all mortality. Meeting 
these physical activity goals is associated 
with a 33% reduction in death.
Sitting Disease

Sitting time also is associated with 
all-cause mortality. The authors of an 
Australian study of 222,497 adults found 
that sitting increased mortality.82 Although 
exercise helped mitigate the effect, it did 
not eliminate the adverse effects of pro-
longed sitting completely.

Other investigators found that replacing 

sedentary behavior with light activity for 
30 minutes led to a 17% reduction in mor-
tality. Moderate to vigorous exercise was 
associated with a 35% reduction.83 To expe-
rience the mortality reduction, the patient 
had to reduce sedentary time (replace it) 
with physical activity, not simply increase 
exercise time.

Although most people believe the diabe-
tes and obesity epidemics have been driven 
mostly by excess calories, some data point 
to less exercise as the dominant factor. 
The percentage of people who now do no 
leisure-time physical activity has doubled 
from 1988 to 2010.84  Physical activity also 
has an epigenetic effect on obesity develop-
ment. In two subgroups of patients who 
were genetically predisposed to develop-
ing obesity, physical activity modified the 
development of obesity by up to 40%.85

Exercise and obesity are not always 
related or causal. Researchers found that 
both physical activity and obesity have 
their own relative contribution to mortality 
and, furthermore, that physical activity was 
more protective than being at ideal weight. 
Physical activity reduces the risk of death 
by 7.35% compared to non-obesity, which 
reduced death by 3.66%, a two-fold differ-
ence in effect.86 

Physical activity long has been known 
to decrease mortality. The earliest examples 
come from the cardiac rehabilitation lit-
erature, which showed that supervised 
physical activity early after MI led to 
reduced mortality. What is encouraging is 
that similar results still are seen. In a large, 
recent study in Sweden, investigators dem-
onstrated that compared to post-MI survi-
vors who were not active, those who were 
active consistently over the next year had a 
71% risk reduction in mortality. Even sub-
jects in the reduced activity group still had 
a 44% reduction. Finally, those who started 
late (increased activity group) showed an 
intermediate 59% reduction.87 

Physical activity is similar in effectiveness 
as standard blood pressure medications. 
In a large meta-analysis that included 391 
trials, exercise had a similar BP-lowering 
effect as most single pharmacologic agents 
(-2.9 to -5.0 mmHg). This held true for 
both endurance and resistance types of 
exercise.88

In the CLEVER trial, a small study 
comparing optimal medical therapy vs. 
stenting vs. physical activity, researchers 
found physical activity led to the greatest 

increase in walking distance. The caveat in 
this study is that the physical activity was 
supervised exercise therapy and was not 
patient reported.89

Patients often ask providers for guid-
ance on the minimum they need to do. The 
level of physical activity needed to affect 
mortality has been studied extensively and 
continues to fall. In a large-scale study 
from Taiwan, researchers showed that not 
only duration, but also intensity factored 
into mortality reduction.90 Performing 15 
minutes of continuous, moderate exercise 
was enough to start separating the survival 
curves. More intense exercise had an ear-
lier impact. In another study, researchers 
found that 10 minutes of continuous jog-
ging (albeit at a 10-minute per mile pace) 
reduced mortality,91 but that increased 
volume and intensity both further reduced 
mortality.

There are only a few studies that have 
shown a U-shaped relationship between 
physical activity and mortality. The most 
famous was the Copenhagen Heart Study, 
which demonstrated that both the low 
physical activity group and the vigorous 
physical activity groups had the highest 
mortality, but that there was a progressive 
decline in mortality from the lowest to 
the mild to the moderate groups, finally 
reversing the mortality trend with the more 
vigorous group.92 The highest physical 
activity group in this study had relatively 
high event rates, but since that group was 
the smallest sample size (36 total patients), 
this could represent a type II beta error 
(false positive).

The Copenhagen Heart Study included 
3,950 participants. Authors of a later 
study, which included more than 200,000 
patients and more than 57,000 in the 
vigorous group, found the expected incre-
mental decrease in mortality with increased 
physical activity.93 Some have expressed 
concern that short bursts of intermittent 
physical activity actually could be deleteri-
ous to health. Investigators demonstrated 
that such “weekend warriors” actually bene-
fit from less-than-optimal physical activity. 
Regularly active men had a 37% reduction 
in mortality, but the intermittent weekend 
warriors had a 22% reduction.94

In another study, investigators showed 
that being active and staying active resulted 
in the lowest mortality in people with 
CVD. Being inactive and staying inactive, 
as expected, had the highest mortality, and 
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active patients who became inactive had 
the second highest CV mortality. Inactive 
patients who became active were the same 
as the active-active group.95

Previous studies of endurance events, 
such as marathon running, have been 
associated with a risk of death during the 
performance.96 Several factors should be 
noted. The overall event rate was low, at 
0.67 per 100,000 persons. During the 10 
years in which the researchers collected 
data, there were only 59 cardiac arrests. 
Also, while studies have shown acute myo-
cardial performance decline, especially in 
the right ventricle on echocardiogram and 
magnetic resonance imaging, and troponin 
leaks, both were small in size, not clinically 
relevant, and not permanent. 

On the other hand, a large meta-
analysis of running studies estimated that 
runners live three years longer than non-
runners, and every hour of running added 
seven hours to the lifespan.97 

Television can harm patients acutely 
and in longevity. In an Australian study, 
researchers showed that every one hour 
of television watching increased overall 
mortality by 11% and CVD mortality 
by 18%.98 They also noted an increase in 
physical injuries caused by televisions, 
most from flat screens falling on children 
or glass cuts from shattered screens. This 
is more common than typically thought 
and resulted in an average of 17,313 emer-
gency department visits per year.99

The majority of physical activity data are 
self-reported survey data, with the excep-
tion of device measured steps. With the 
advent of wearables that measure steps, 
distance, and calories burned, there have 
been increased interest and data regarding 
the number of steps needed for optimal 
health. A large, worldwide study of more 
than 700,000 patients in 111 countries 
found the daily average steps to be 4,961. 
In the United States, the average steps 
was lower at 4,774. Step count also cor-
related with national obesity rates, but a 
stronger correlation was found in activity 
inequality, which was a measure of the 
variation in steps across the population of 
a country. The wider the activity inequality, 
the higher the obesity rate. In terms of this 
metric, the United States was the fourth 
worst country studied. Of interest, the 
researchers noted the activity inequality 
metric was mostly due to reduced steps in 
women.100

All the pitfalls related to self-reporting 
mentioned in the earlier section on 
diet also apply to physical activity. One 
approach is not to ask patients about their 
amount of physical activity, but to assess 
their degree of physical fitness, such as by 
administering a stress test. This changes 
physical activity from a soft measurement 
to a hard data point. 

Authors of a study on cardiorespiratory 
fitness (CRF), self-reported physical activ-
ity, and grip strength found that increases 
in any and all of these three areas equated 
to a reduced degree of developing CVD. 
The strongest trends were for both mea-
sured variables with the weakest trend 
being self-reported physical activity.101 
Measured CRF in middle age can predict 
not only CVD, but also overall mortality. 
Men in the Copenhagen male study were 
stratified into groups based on a bicycle 
ergometer test and followed for up to 46 
years.102 Compared to the below-normal 
group, the above-normal group lived an 
average of 4.9 years longer. 

Change in CRF is also important, as 
one can change his or her risk profile by 
becoming more fit by exercise. In a study 
with more than 23 years of follow-up, 
researchers used two separate bicycle stress 
tests to assess fitness in a group of healthy, 
middle-aged men.103 The group with the 
highest event rate was the “became unfit” 
group. Even those with high fitness at the 
start of the study had a 235% increase in 
risk of stroke and a 174% increase in risk 
of death if they became unfit. In con-
trast, those with the lowest fitness had a 
60% reduction in stroke risk and a 34% 
reduction in death if they moved into the 
“became fit” group.

Authors of another study measuring 
CRF found significant differences in over-
all, cardiovascular, and cancer mortality.104 
For each increase in MET (metabolic 
equivalent) level, there was an 11.6%, 
16.1%, and a 14.0% reduction in all-cause, 
cardiovascular, and cancer mortality. 
When compared to the most fit group, the 
least fit group had a 73% increase in all-
cause mortality and a doubling of cancer 
mortality.

Researchers evaluating patients on both 
muscular strength (based on a preset group 
of exercises) and aerobic fitness found that 
the most important factor was muscular 
strength, not aerobic fitness.105 Measured 
muscular strength also could become a 

difficult data point metric to both assess 
and track in patients.

Investigators demonstrated that 
increased fitness levels (able to do 10 
METs) significantly attenuated patients’ 
30-year CVD mortality risk across all 
groups of risk factor distribution.106 
Obtaining a standard treadmill test for 
exercise prescription may become more 
commonplace since the population is get-
ting less and less active and people tend 
to overestimate their level of physical 
activity. Treadmill tests also can be used to 
screen for CVD, measure safety of start-
ing an exercise program, and determine 
prognosis.

Summary
CVD has a significant impact on our 

patients’ quality of life and is the leading 
cause of premature morbidity and mortal-
ity in the United States and worldwide. 
The risk factors driving the rates of CVD 
are well known, and it is becoming clear 
that lifestyle decisions drive the risk 
factors. Providers should recommend 
initiating lifestyle interventions with 
an individually tailored program that 
addresses multiple risk factors and lifestyle 
habits simultaneously. Lifestyle modifi-
cation represents a highly effective and 
low-cost intervention that works syner-
gistically with pharmacotherapy to reduce 
the incidence, progression, and mortality 
associated with CVD.
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