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Abstract

The burden of noncommunicable chronic diseases has relevant and negative consequences to persons,
health care systems, and economies worldwide. Chronic diseases are the leading cause of disability and
mortality and are responsible for 90% of health care expenditure. The most common chronic diseases are
diabetes mellitus (DM), cardiovascular disease, and cerebrovascular disease (stroke and vascular cognitive
impairment). Modifiable risk factors (MRFs) for these conditions include hypertension, hyperlipidemia,
smoking, poor diet, and low-physical activity; with hypertension being the most prevalent MRF. Most
MRFs can be successfully targeted through lifestyle medicine (LSM), which is a medical specialty that
addresses the root causes of chronic diseases through its primary, secondary, and tertiary preventative
approaches. Lifestyle medicine comprises 6 pillars (nutrition, physical activity, sleep health, stress
reduction, social connections, and substance use) which through various behavioral approaches, focus on
regular physical activity, healthy eating, good quality and quantity sleep, and meaningful social connec-
tions coupled with the reduction of stress and substance use. This paper will briefly review the evidence
and promise of individual LSM pillars in addressing the underlying MRFs of DM, cardiovascular and
cerebrovascular disease (specifically stroke and vascular cognitive impairment). Lifestyle medicine holds a
great promise for comprehensive and much improved population health. However, the adoption of LSM
at the societal scale requires a multifaceted approach and widespread integration would galvanize a
paradigm shift to prevent, treat or reverse chronic diseases from the root causes and achieve health equity.
ª 2024 THEAUTHORS. PublishedbyElsevier Inc onbehalf ofMayoFoundation forMedical Education andResearch. This is anopenaccessarticle under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) n Mayo Clin Proc Inn Qual Out 2024;8(2):151-165
From the Department of
GLOBAL BURDEN OF CHRONIC DISEASE

Medicine, Division of
Neurology, University of
Toronto, Ontario, Canada
(A.P.); Jay and Sari Son-
shine Centre for Stroke
Prevention and Cerebro-
vascular Brain Health,
Univeristy Health
Network, Toronto West-
ern Hospital, Toronto,
Ontario, Canada (A.P.);
Krembil Brain Institute,
Toronto, Ontario, Canada
(A.P.); Department of
Medical Sciences, Frank H.
Netter School of Medi-
cine, Quinnipiac Univer-
sity, North Haven,
Connecticut (M.G.); Palo

Affiliations continued at
the end of this article.
T he epidemiologic burden of chronic
diseases has important implications on
persons, health care systems, and econ-

omies worldwide, making it a global challenge1

and its prevention and management is a global
priority.2 Chronic diseases are the leading cause
of disability and mortality, accounting for 74%
of deaths worldwide (equivalent to 41 million
deaths per year) and projections of this rising
to 52 million by 2030.3 Chronic diseases are
responsible for 90%of annual health care expen-
diture4 and by 2030, will account for an accu-
mulated global economic loss of $47 trillion.3

The most common chronic diseases are diabetes
mellitus (DM), cardiovascular diseases (CVDs),
and cerebrovascular disease (stroke and vascular
Mayo Clin Proc Inn Qual Out n April 2024;8(2):151-165 n https://d
www.mcpiqojournal.org n ª 2024 THE AUTHORS. Published by Else
access article under the CC BY-NC-ND license (http://creativecommons
cognitive impairment (VCI)5; with one in 3
adults livingwithmore than 1 chronic condition
worldwide.6 In 2021, there were 529 million
persons living with DM (96% of this being
type 2 diabetes [T2D]), with projections of this
doubling to >1.31 billion globally by 2050
(T2D accounting for 1.27 billion of this).7 All
CVD (eg, coronary artery disease [CAD], periph-
eral arterial disease, and rheumatic heart dis-
ease), nearly doubled from 271 million in
1990 to 523 million in 2019.8 Ischemic heart
disease (IHD) comprises most of CVD; with
197 million persons living with IHD in 2019
and global trends of mortality increasing (from
1990) to 9.14 million in 2019.8

In parallel to this, stroke and VCI are
emerging as major global public health
oi.org/10.1016/j.mayocpiqo.2023.11.005
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ARTICLE HIGHLIGHTS

d Noncommunicable chronic diseases (specifically diabetes melli-

tus, cardiovascular disease, and cerebrovascular disease- stroke

and vascular cognitive impairment) have significant and negative

consequences to persons, health care systems, and economies

worldwide. Noncommunicable chronic diseases share common

modifiable risk factors (MRFs), including hypertension, hyper-

lipidemia, smoking, poor diet, and low-physical activity; with

hypertension being the most prevalent MRF.

d The majority of MRFs can be successfully targeted through

lifestyle medicine, which is a medical, evidence-based specialty

that addresses the underlying root causes of chronic diseases

through its primary, secondary, and tertiary preventative

approach.

d Lifestyle medicine comprises 6 pillars: nutrition, physical activity,

sleep health, stress reduction, social connections, and substance

use. Addressing lifestyle habits and factors through these pillars

has the potential to address and reduce MRFs, which may

moderate the global burden of disease.

d It is imperative for clinicians to account for the unique cir-

cumstances and the inextricably interrelated aspects of lifestyle

and social determinants of health at the micro, macro, and meso

levels.

d Lifestyle medicine has the potential to contribute to the

restoration of health by modifying the behaviors that have

contributed to the global burden of disease. The adoption of

lifestyle medicine requires a multifaceted approach to support

this paradigm shift and achieve health equity.
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challenges; with stroke accounting for >40%
of the global burden of all neurological dis-
eases (w101 million prevalent strokes), with
12.2 million new stroke cases per year; equiv-
alent to 1 stroke every 3 seconds.9 This is in
conjunction with a dramatic rise of stroke
among younger adults; w40% of strokes
occurring among the working and middle-
aged population (<65 years of age).10,11

More importantly, w 50% of persons with
stroke develop some cognitive impairment
and meet clinical and radiographic definitions
of VCI (accounting for w30% of all dementia
diagnoses).12 Presence of VCI affects at least 1
cognitive domain and comprises an entire
spectrum of vascular brain pathologies (not
Mayo Clin Proc Inn Qual Out n April 2024
only stroke) that contribute to any cognitive
deficit-from mild cognitive impairment to de-
mentia.12 As illustrated, the burden of all
chronic diseases mentioned above is on a steep
rise, likely owing to a current lifestyle in the
modern society or the lack of access to care
in the developing world.

The global burden of diseases (GBD), spe-
cifically for DM, CVD and cerebrovascular dis-
ease (stroke and VCI) are attributed to
modifiable risk factors (MRFs).8,13 Approxi-
mately 90% of stroke,14 w70% of CVD or
T2D, and w40% of dementia have been
linked to shared MRFs.15 Common MRFs for
all, include hypertension (HTN), hyperlipid-
emia, hyperglycemia, alcohol consumption,
smoking, poor diet, and low-physical activity
(PA); with HTN being the most significant of
all (40%-60%).15 Currently, HTN as a MRF
and an independent chronic disease affects 1
billion persons worldwide with 1 in 3
middle-aged adults living with HTN and
worldwide projections of this increasing by
w60% (1.56 billion) by 2025.16 As illustrated,
the risks for DM, CVD, stroke, and VCI are
shared through MRFs, many of which can be
targeted through comparable lifestyle medi-
cine (LSM) approaches.17
Lifestyle Medicine
Lifestyle medicine, as defined by the American
College of Lifestyle Medicine (ACLM), is a med-
ical specialty that applies behavioral, motiva-
tional, environmental, and clinical principles
to prevent, treat or manage chronic diseases.17

It addresses the underlying root causes of
chronic diseases through its primary, second-
ary, and tertiary preventative approach; with
direct and indirect multiscale effects on overall
health, quality of life, well-being, and health
care expenditure.18 It comprises 6 pillars: nutri-
tion, PA, sleep health, stress reduction, social
connections, and substance use. In the
following sections, we will illustrate the impor-
tance and promises of individual LSM pillars in
addressing the underlying MRFs of DM, cardio-
vascular and cerebrovascular disease (specif-
ically stroke and VCI) (Figure 1).

Nutrition. Nutrition is a fundamental compo-
nent of lifestyle habits that affect DM, CVD,
stroke, and VCI. Suboptimal diet is estimated
;8(2):151-165 n https://doi.org/10.1016/j.mayocpiqo.2023.11.005
www.mcpiqojournal.org
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Predominantly whole-food, plant-
based diet (WFPB), that is fiber-filled,
nutrient-dense and that include a
variety of fruits, whole grains,
vegetables, nuts, seeds & legumes are
associated with reduced risk for all;
DM, CVD & stroke/VCI.

Sleep is important for health. Lack of
and/or poor-quality sleep may lead to
depressed mood, decreased caloric
burn, poor performance, mood, and
ability to recover from illness, as well
as compromises the immune system.
Sleep health is associated with
reduced risk for all; DM, CVD &
Stroke/VCI.

Nutrition Physical activity
Lifestyle medicine for all (DM, CVD, stroke/VCI)

Lifestyle
medicine

pillars

Stress management

Substance use

Sleep health

Social connections

z zz

Social connectedness and positive
relationships affect emotional, mental
and physical health. Strong social
connections is an important predictor
of health-related outcomes and are
associated with reduced risk for all;
DM, CVD & Stroke/VCI.

Consistent and regular physical
activity including
(e.g., running, swimming) and
       (e.g.,
weightlifting, body weight exercises)
can reduce the risk for DM, CVD, and
CVA

Stress has the potential to impact
health and productivity. Stress can
result in anxiety, depression, high
blood pressure, and compromise one's
immune system. Stress reduction
techniques may lead to improved
health and wellbeing, can reduce risk
for all; DM, CVD & stroke/VCI.

Substance use and misuse can be
detrimental to overall health.
Avoiding substance use reduces the
risk of all chronic diseases, including
DM, CVD, stroke/VCI.

aerobic exercise

strength/resistance exercise

CVD: Cardiovascular disease
DM: Diabetes mellitus
VCI : Vascular cognitive impairment

FIGURE 1. Lifestyle medicine pillars for all DM, CVD, Stroke/VCI.
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to be responsible for 1 in 5 premature deaths
worldwide.19

Diabetes. One of the most essential compo-
nents of T2D lifestyle therapy is supporting
persons to adopt a healthful and wholesome
diet (with adequate calorie restrictions). There
is objective importance of >10%-15% body
weight loss and implementing a weight-
centric approach in treating T2D to reverse
the underlying metabolic abnormalities, to
improve glycemic control, and CVD risk fac-
tors,20 with the goal to achieve T2D remis-
sion.21 The T2D remission is defined as a
return of hemoglobin A1C (HbA1c) to <6.5%
(<48 mmoL/moL) spontaneously or after an
intervention; lasting 3 months in the absence of
usual glucose-lowering pharmacotherapy. In
the event of A1c inaccuracy or unreliability,
remission can be defined as fasting plasma
glucose <126 mg/dL (<7.0 mmoL/L) or
Mayo Clin Proc Inn Qual Out n April 2024;8(2):151-165 n https://d
www.mcpiqojournal.org
estimated HbA1c <6.5% calculated from
continuous glucose monitor values.22 The
landmark Diabetes Remission Clinical Trial22

examined the effect of a structured, intensive,
weight management program in comparison to
usual DM and obesity management delivered in
primary care settings to achieve T2D remission.
At the end of the 2 years, 36% of the partici-
pants (n¼194) in the intervention arm stayed
in remission, reported a 50% reduction in the
use of T2D medications, and higher weight loss
with higher rates of T2D remission; with 86%
of those patients with T2D who lost �15 kg
body weight going into remission (OR/kg
weight loss 1.25).22 The Diabetes Remission
Clinical Trial trial extension data also found
that the proportion of participants in T2D
remission after 5years were > 3 times to that of
the control arm, and still in remission with an
average weight loss of 8.9 kg (ie, 20 pounds) at
5 years.23 Lifestyle medicine for DM
oi.org/10.1016/j.mayocpiqo.2023.11.005 153
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management emphasizes the incorporation of
more nutrient and fiber dense food sources
such as nonstarchy vegetables, whole grains,
legumes, nuts, seeds and limiting calorie dense,
hyperpalatable, nutrient-poor food groups such
as ultraprocessed foods (UPF), and red and
processed meats.24

CVD or Stroke. Based on the 2022 Global
Burden of CVD and the NHLBI-Risks Collabo-
ration study, IHD comprises most of CVD with
poor dietary habits (eg, higher dietary sodium,
low-whole grains, and fruits intake) accounting
for the most associated disease risk.25-27 In the
Framingham Cohort study, every additional
serving of UPFs was associated with a 5% (95%
CI, 1.02-1.08) and 9% (95% CI, 1.02-1.16) in-
crease in overall CVD risk and CVD mortality,
respectively.28 Among all MRFs, HTN is the
most prevalent vascular risk for all CVD and all
cerebrovascular disease.29 Healthy dietary pat-
terns, such as the Dietary Approaches to Stop-
ping Hypertension diet, the Mediterranean Diet
(MeDi), and other plant-predominant diets,
hold the most effective promise in reducing that
risk, with several randomized control trials
(RCTs) confirming the effectiveness of dietary
interventions for reduction of blood pressure
(BP) and HTN management. The general rec-
ommendations for these dietary patterns also
include a higher intake ofwhole grains, legumes,
fruits, vegetables, fish, vegetable (olive) oils,
seeds, and nuts, and a lower intake of low-fat
dairy products and poultry; all resulting in
optimal content of fibers, but also macro and
micronutrients (specifically low sodium per
potassium ratio).30-36

In a meta-analysis of 30 RCTs, the DASH
diet (low sodium, high potassium, predomi-
nantly whole food plant-based [WFPB])
considerably lowered BP with the net effect
on both systolic (SBP) and diastolic blood pres-
sure (DBP), 5.5 and 3.0 mm Hg, respectively,30

which was achieved by the second week of the
diet introduction.31 When combined with
additional sodium lowering (1500 mg/day vs
2300 mg [a teaspoon]), the DASH diet had a
more powerful SBP lowering effect (w20 mm
Hg).32 Although the DASH study did not
include CVD outcomes, other studies showed
that lowering BP can dramatically reduce
congestive heart disease (CHD) risk and
stroke.33 Such findings are consistent with a
Mayo Clin Proc Inn Qual Out n April 2024
large meta-analysis (147 RCTs) that also found
BP reduction of only 10 mm Hg SBP and 5 mm
Hg DBP associated with a 41% stroke reduction
for all trials (46% in primary, 44% in secondary
prevention, and by 35% in trials including par-
ticipants with a history of CAD).34

Although the effect of low sodium per po-
tassium ratio may explain some of the DASH
diet effects on lowering BP, other studies
explored these associations through consump-
tion and measurements of different food items.
In the Danish diet, cancer, and health study,
after a 23-year follow-up of 53,150 individ-
uals, the participants who consumed the high-
est intake of vegetable nitrate (141 mg/d) were
associated with lower SBP and DBP, whereas
even a modest intake of 60 mg/d (1 cup of
green leafy vegetables) was associated with a
15% and 17% lower CVD and ischemic stroke
risk, respectively.35 In the PREDIMED trial,
the MeDi (predominantly WFPB, higher fish
and low-meat intake) when supplemented
with extra virgin olive oil or mixed nuts vs
controls (low-fat diet) was associated with
w40% of relative stroke risk reduction,36

whereas the provegetarian food pattern con-
sumption when compared with diet, including
animal, egg, dairy, or meat products, reported
w 40% all-cause mortality rate reduction.37

VCI. Although there are no specific studies
around the effects of dietary patterns on VCI
specifically, the most compelling evidence on
the dietary effect on vascular mediation of de-
mentia risk comes from studies related to
increased consumption of food items rich in
vitamin E (nuts), acting as an antioxidant, fish,
polyunsaturated fats, B12 vitamin, and folates,
as parts of the MeDi; showing dementia risk
reduction of 20%-40% in higher quartiles of
MeDi consumption.38 However, in a system-
atic review of 56 studies (population per RCT),
higher adherence to all predominantly WFPB
dietary patterns, such as the DASH, MeDi, and
Mediterranean-DASH Intervention for Neuro-
degenerative Delay (MIND) diet, was associated
with significantly lower dementia risk (w50%),
and even moderate adherence to the MIND diet
reduced dementia risk by 35%.39

Key Message on LSM and Nutri-
tion. Currently, a predominantlyWFPB dietary
pattern is supported by several clinical practice
;8(2):151-165 n https://doi.org/10.1016/j.mayocpiqo.2023.11.005
www.mcpiqojournal.org
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TABLE 1. Population Attributable Risk of Physical
Inactivity on Cardiovascular Disease and All-Cause
Mortality in Low-Income and High-Income
Countries46

Adapted from
Katzmarzyk, et al46

Population
Attributable

Risk
Low-Income
Country

Population
Attributable

Risk
High-Income
Country

Cardiovascular
Mortality

4.6% 9.9%

Coronary Heart
Disease

3.0% 6.5%

Stroke 3.0% 6.5%

Hypertension 1.0% 2.2%

Type 2 Diabetes 2.7% 5.9%

All-Cause Mortality 4.3% 9.3%

LIFESTYLE MEDICINE IN DM, CVD, STROKE OR VCI
guidelines (the American Diabetes Associa-
tion,40 the American heart association (AHA)/
ACC, and the AHA/American stroke associa-
tion)41,42 and a low-sodium intake (<2400 mg/
d) for CVD and stroke prevention.42 However,
minimizing UPF consumption globally is easier
said than done without vigorous policy, public
health, and cross-sectoral synergized efforts.
Health promotion experts advocated for broader
evidence-informed policies, making clearer di-
etary guidelines, unambiguous food labeling,
taxation, restriction of fast-food outlets near
schools, and reducing the size and appeal of
food portions and packages, coupled with fresh
food prescriptions for all.41 Simple and cost-
effective lifestyle strategies with implementa-
tion of whole food, predominantly WFPB di-
etary patterns is the most effective tool in
combating GBD, including DM, CVD, and
stroke or VCI. Effective counseling with LSM
specialists or nutritionists on dietary behavior
change and WFPB dietary food items is crucial
to address the root causes of lifestyle-related
chronic diseases.

Physical Activity
Physical activity is critical for overall health and
quality of life in conjunction with its substantial
effect across multiple organ systems and on the
risk of developing DM, CVD, and stroke or
VCI. The direct and indirect effects of PA are
broad, complex, and poorly understood at a
molecular level.43 However, numerous
exercise-related signaling pathways and mole-
cules, called exerkines, have been identified.
The immune, nervous, and cardiometabolic
systems produce and are influenced by exer-
kines, contributing to the PA response.43 The
biological effects of PA vary and include
improved energy utilization, angiogenesis, neu-
rogenesis, endothelial and immune function,
increased skeletal muscle mass and mitochon-
dria, and inflammation mediation.43 The bene-
fits of PA on primary and secondary prevention
of DM, CVD, stroke, and cognitive function are
undeniable.42,44

DM and CVD. Worldwide, 7.2% of CVD
deaths are attributed to physical inactivity.45

Physical inactivity also substantially affects
the risk of developing CAD, stroke, HTN, and
T2D, in both low-income and high-income
countries (Table 1).46 The benefits of both
Mayo Clin Proc Inn Qual Out n April 2024;8(2):151-165 n https://d
www.mcpiqojournal.org
aerobic and resistance exercise on lowering BP
and improving lipids (Table 2).45,47 Exercise
interventions are comparable with medication
in mortality benefits in the secondary pre-
vention of heart disease, rehabilitation after
stroke, treatment of heart failure, and pre-
vention of DM.33 These findings are consistent
with a meta-epidemiologic study of 305 RCTs
that found PA interventions to be more effec-
tive in reducing mortality than drug inter-
vention among patients with stroke (odds
ratio [OR], 0.09-0.10 exercise vs anticoagu-
lants and antiplatelets, respectively),33

although such an effect was not significant
for CHD or prediabetes. Shifting from medi-
cation to medical procedures, PA has been
shown to be superior to percutaneous coro-
nary intervention (PCI) in patients with stable
CAD. A 12-month RCT (n¼101) that
compared an exercise training program (20
minutes of bicycle ergometry daily) to PCI
among patients with stable CAD found a
significantly higher event-free survival (88% vs
70% in the PCI group), increased maximal
oxygen uptake, and lowered cost ($3429 vs
$6956) among those in the exercise training
program when compared with PCI.48

Stroke or VCI. Engagement in any type of PA
has been shown not only to reduce stroke risk
but also the progression of cognitive decline
and dementia, including VCI.46 Physical activ-
ity can enhance neuronal connections,
oi.org/10.1016/j.mayocpiqo.2023.11.005 155
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TABLE 2. Blood Pressure and Lipid Effects of
Regular Aerobic and Resistance Exercisea

Adapted from
Eckel et al47

Aerobic
Exerciseb

Resistance
Exercisec

Systolic blood
pressure

�2-5 mm Hg Small

Systolic blood
pressure (patients
with HTN)

�8.69 mm Hg �7.23 mm Hg

Diastolic blood
pressure

�1-4 mm Hg Slight

HDL-C No change No change

LDL-C �3-6 mg/dL �6-9 mg/dL

Non-HDL-C �6 mg/dL �6-9 mg/dL

Triglycerides No change �6-9 mg/dL

aAbbreviations: HDL-C, high-density lipoprotein cholesterol;
HTN, hypertension; LDL-C, low-density lipoprotein choles-
terol; Non-HDL-C, non-high- density lipoprotein cholesterol.
bEffective aerobic BP and lipid lower interventions involve
moderate-intensity to vigorous-intensity physical activity and
are an average of 12-week duration, with 3-4 sessions per
week, lasting 40 minutes per session.
cEffective resistance training interventions for lipid lowering
effects last for an average of 24 weeks, including 3 or more
sessions per week, 9 exercises per session, for 3 sets of 11
repetitions at 70% of 1 repetition maximum.
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maintain neuronal plasticity and improve the
release of neurotrophic factors.49 Although the
RCTs have not yet been performed, a meta-
analysis of 18 cohort and 5 case-control
studies, showed lower stroke incidence and
mortality (w30%) with moderate to high PA,50

whereas high levels of occupational PA reduced
stroke risk by 43%, and high levels of leisure-
time PA reduced stroke risk by 20%-25%
when compared with inactivity.51 Similar
findings were noted in a systematic review on
PA and VCI,52 in which the overall effect of PA
on VCI reduction was w30% (hazard ratio
[HR], 0.68; 95% CI, 0.54-0.86; I2 6.8%); with
higher levels of PA associated with lower VCI
risk overtime; together supporting the AHA
recommendations for prevention of stroke and
VCI.45,53

Key Message on LSM and PA. Physical ac-
tivity is a highly beneficial lifestyle approach
in the long-term prevention, management or
treatment of chronic diseases such as DM,
CVD, and stroke or VCI. The dose (frequency,
intensity, duration, and activity type) of PA to
achieve specific health outcomes varies.
Mayo Clin Proc Inn Qual Out n April 2024
Currently, the PA and clinical guidelines
recommend adults with or without chronic
disease, obtain �150-300 min/wk of
moderate-intensity or 75-150 minutes of
vigorous-intensity aerobic activity, coupled
with �2 resistance training sessions per week.
Older adults should also incorporate PA that
includes a balance component.54,55 Physical
activity prescription should be encouraged
during each clinic visit through general
counseling on PA guidelines with referral to
rehabilitation or exercise specialists within the
community, when appropriate.

Sleep Health
Sleep is an integral contributor to cardiometa-
bolic and brain health. Sleep is also a foundation
for overall improvement in other lifestyle pil-
lars.56 The evidence on sleep health and DM,
CVD, stroke, and VCI is growing, and most of
existing research are from observational
studies.57

DM, CVD, Stroke, or VCI. Poor sleep has been
consistently identified as a risk factor for poor
glycemic control in T2D. In a cross-sectional
study,58 total sleep duration and subjective
sleep quality (measured by Pittsburgh Sleep
Quality Index with scores �6 indicating poor
sleep) were significantly associated with higher
HbA1c; explaining 10.3% of the HbA1c variance.
A review of studies published between 2015 and
2020 also showed a consistent association of
sleep variability with increased risk for adiposity,
glucose dysregulation, and T2D.59 Sleep per-
turbations also has a negative effect on CVD and
cardiometabolic health.60 In a systematic review
and meta-analysis of 15 prospective studies60

among 474,684 participants, short sleep dura-
tion was associated with a greater risk of devel-
oping or dying of CHD (risk reduction [RR],
1.48; 95% CI, 1.22-1.80; P<.0001) and stroke
(RR, 1.15; 95% CI, 1.00-1.31; P¼.047). Simi-
larly, long sleep duration was also associated
with a greater risk of CHD (1.38, 95% CI, 1.15-
1.66; P¼.0005), stroke (1.65, 95% CI, 1.45-
1.87; P<.0001), and total CVD (1.41, 95% CI,
1.19-1.68;P<.0001). Thefindings regarding the
negative effect of sleep on VCI risk are also
consistent with a population-based study, in
which persons who slept <6 hours reported a
higher risk for possible VCI61 and 30% increased
risk of dementia later in life, respectively.62
;8(2):151-165 n https://doi.org/10.1016/j.mayocpiqo.2023.11.005
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Key Message on LSM and Sleep. Compro-
mised sleep health has deleterious conse-
quences on DM, CVD, and stroke or VCI;
highlighting the importance of LSM interven-
tions and preventative approaches (eg, sleep
hygiene, sleep education, relaxation techniques,
and cognitive behavior therapy) to promote
healthy sleep, specifically sleep duration and
quality to improve cardiovascular and neuro-
cognitive outcomes. Sleep health should be
assessed during clinical visits and a referral to
LSM, or a sleep specialist should be encouraged
if indicated.
Stress Reduction
Stress, which is considered to be the health
epidemic of the 21st century,63 is undeniably
linked with increased risk of DM, CVD, stroke,
and cognitive impairment.64 Stress contributes
to hormonal dysregulation, maladaptation of
the neuroendocrine pathways, increased sheer
stress, and plaque vulnerability, disrupts the im-
mune system function, causes chronic inflam-
mation,65 increases sugar and fat levels in the
blood, and perpetuates unhealthy lifestyle habits
such as overeating, smoking, and drinking.64

DM or CVD. It is well documented that envi-
ronmental stress from social determinants of
health (SDOH) (eg, socioeconomic status, edu-
cation level, access to health care, living in food
deserts, lack of safe outdoor space for exercise,
race, ethnicity, gender, or other minority status,
and adverse childhood experiences) contribute
to higher T2D risk.20 Chronic stress and
burnout, such as job strain, marital discord,
important adverse life events, caregiving duties,
and perceived discrimination have also been
found to contribute to obesity, HTN, atrial
fibrillation, strokes, myocardial infarction, and
sudden death.66 Chronic stress and burnout
also lead to poor coping mechanisms and
adverse behaviors, such as smoking, increased
alcohol intake, poor sleep habits, and un-
healthy dietary choices (eg, eating higher sugar
or fat foods); further increasing the rate of
adverse cardiovascular and cerebrovascular
outcomes and aggravating dysglycemia.

Various studies highlight the beneficial DM
and CVD (including stroke) outcomes associ-
ated with stress reduction techniques (eg, medi-
tation, yoga, tai-chi, visualizations, modified
Mayo Clin Proc Inn Qual Out n April 2024;8(2):151-165 n https://d
www.mcpiqojournal.org
slow breathing, and progressive muscle relaxa-
tion techniques). For example, in a meta-anal-
ysis67 of 28 RCTs on mind-and-body based
interventions (eg, meditation, yoga, qigong,
mindfulness-based stress reduction) in conjunc-
tion with standard DM treatment for persons
with T2D, an average HbA1c reduction of
0.84% (compared with standard treatment
alone) was noted; an impressive finding particu-
larly given that many of these studies were con-
ducted in lower middle-income countries, such
as India where there are numerous and addi-
tional SDOH-related stressors. Similarly, in a
study of the Transcendental Meditation pro-
gram, improvements in CVD risk factors, surro-
gate end points, and lower mortality among
African Americans and other populations were
noted. More specifically, the program was asso-
ciated with a 48% RR in the composite of mor-
tality, nonfatal MI, and nonfatal stroke in
African American men and women with CHD,
with a mean of 5.4 years follow-up.68 Compara-
ble results of a RCT in which a 12-week slow
breathing exercise training intervention signifi-
cantly decreased (P<.05), heart rate, SBP, and
DBP for participants compared with the control
arm.69 Of note, the exact effect of many stress-
reducing techniques on important CVD end-
points still requires further investigation, mostly
because all stress and burnout studies rely on
self-reporting and objective measures are
lacking.

Stroke or VCI. There is limited research on
the role of psychosocial risk factors, including
stress, on the risk of stroke and VCI. It has
been proposed that stress-related changes in
hormones and immune system may lead to
neural degeneration and the development of
cognitive impairment.65 This was to some de-
gree illustrated in a 35-year longitudinal pop-
ulation study70 that observed an association
between psychological stress in middle-aged
women and the development of dementia,
specifically AD, later in life. In parallel, high-
stress intensity doubled the risk of fatal stroke
compared with persons who were stress-free
(RR, 1.89; 95% CI,1.11-3.21), among partici-
pants in the 13-year Copenhagen City Heart
Study. However, there are no specific in-
terventions that have been studied for stress
reduction in primary prevention of stroke or
VCI other than those mentioned above.
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Key Message on LSM and Stress Reduc-
tion. It is undeniable that stress has negative
consequences on DM, CVD, and stroke or
VCI; highlighting the importance for more
studies on stress and burnout pathophysi-
ology, but also on management techniques as
one of the components of LSM to normalize
stress management; hence, improve sleep
habits, alcohol craving coupled with reducing
CVD events, both acute and long-term, and
improving cardiovascular and neurocognitive
outcomes. An assessment of stress level, even
in the most simplified forms during clinical
visits is suggested, and appropriate referrals to
LSM specialists or health coaches and when
appropriate, psychologists are encouraged.
Social Connections
Our core fundamental existence as a human
species is to be socially connected. Social con-
nections are a web of relations that enable per-
sons to experience a sense of belonging, being
loved, cared for, esteemed, and part of mutual
obligations. Social connections, which are
important for physical, emotional, and mental
health transform one’s whole health and well-
being.71 This was articulated by the US Sur-
geon General: “What if there is something in
our everyday lives that can transform our
whole health and well-being? . That some-
thing is called Social Connection.”71 Unfortu-
nately, in a recent study exploring human
connections across diverse regions around
the world, only 39% of adults in the United
States, felt connected to others.72 This is in
conjunction with a postpandemic look at the
state of loneliness in America with alarming
trends of w 60% reporting being lonely;
with the prevalence of loneliness among se-
niors being 44% and w 80% among young
adults.73 The complex interaction between
these various components and their effect on
health and disease are often underappreciated
and yet, Medicare is spending an estimated
$6.7 billons annually on persons with poor so-
cial connections.74

DM and CVD. There is strong evidence75-78 in
support of poor social connections and
increased T2D and CVD risk. The risk of pre-
mature death from loneliness and social isola-
tion was estimated to be similar to that of
Mayo Clin Proc Inn Qual Out n April 2024
smoking 15 cigarettes per day.76 Specific to
T2D, a large, 20-year longitudinal Norwegian
population study found that persons who self-
reported the loneliest score had a 2-fold higher
risk of developing T2D relative to those who
did not feel lonely (adjusted OR 2.19 [1.16-
4.15]).75 Conversely, a systematic review of 17
studies (9 cross-sectional and 8 interventional)
on social support (studied in 4 categories:
emotional, tangible, informational, and
companionship), noted improved DM-related
clinical outcomes (HbA1c, BP, and lipids) with
higher social support levels.77 More impor-
tantly, in 2 studies the relationship between
social support and mortality was investigated;
higher social support levels decreased mortality
rates in patients with T2D.77 Specific to car-
diovascular risk, for CAD, the data are mixed.
In a systematic review and meta-analysis of
longitudinal observational studies, it was noted
that poor social relationships were associated
with a 29% increased CHD risk (pooled RR,
1.29; 95% CI, 1.04-1.59) and a 32% increase
in stroke risk (pooled RR, 1.32, 95% CI, 1.04-
1.68).78 In parallel, a population-based cohort
study (n¼119,894; 20 countries per 5 conti-
nents) showed increased stroke risk (HR,1.23;
95% CI, 1.07-1.40) and CVD (HR,1.15; 95%
CI, 1.05-1.25) with social isolation.79

Stroke or VCI. Empirical evidence on the asso-
ciation between social connections with stroke
and VCI are sparse but emerging.12,80 Social
isolation and loneliness have been found to be
an independent risk factor for cardiovascular
and brain health.80 In a meta-analysis of lon-
gitudinal observational studies, loneliness and
social isolation were found to increase stroke
risk incidences among persons by 32% after
adjustments to sex, age, and socioeconomic
status.78 Such findings are consistent with
several prospective cohort studies in which
persistent loneliness in midlife and older age,
was significantly associated with a decrease in
cognitive function,81 dementia and AD,
whereas recovery from loneliness suggested
resilience to dementia risk.82

Key Message on LSM and Social Con-
nections. As detailed above, social connec-
tions have negative consequences on DM,
CVD, and stroke or cognitive function. This
highlights the importance of social
;8(2):151-165 n https://doi.org/10.1016/j.mayocpiqo.2023.11.005
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connectedness (eg, connecting with family and
friends, and participating in a peer or social
network) as one of the components of LSM
to improve cardiovascular and neurocognitive
outcomes. During clinical visits, health care
providers (HCPs) are highly encouraged to pro-
mote social connections as a health promotion
tool to all patients.

Substance Use
Substance use (eg, smoking, vaping, illicit
drug use, and alcohol drinking) has become
prevalent in developed and developing coun-
tries, and all imposing considerable, and nega-
tive effects on T2D, CVD and stroke or
cognitive impairment.

DM and CVD. Substance use (smoking, alcohol
misuse, and illicit drug use) has a negative effect
on T2D and is associatedwith early onset cardiac
and cerebrovascular events.40-42 This is largely
because of the effect of substances on the
following: (a) glucose metabolism; (b) transient
increase in BP (particularly with binge drinking);
and (c) cells and endothelial cell function,
arterial-vascular function, and hormone imbal-
ance.83 Among young adults (>35year old),
irrespective of gender, being ever smokers was
associated with higher prevalence of DM.84

Chronic, heavy alcohol consumption (�14
drinks/wk for man and �7drinks/wk for
woman) were also found to increase the risk of
HTN, DM complications, but also the risk of
CVD and all stroke42 and VCI.53 Similarly, in a
population-based study, young persons who
used cannabis had a higher prevalence of car-
diovascular risk factors, specifically HTN, CAD,
dyslipidemia, DM, and obesity in conjunction
with greater predilection for substance abuse
(including tobacco, cocaine, and alcohol).85

Stroke or VCI. Substance use changes the
brain chemistry and circuitry and affects or dis-
rupts multiple regions of the brain (eg, brain
stem, cerebral cortex, and limbic system).86

Chronic alcohol use may increase cytokines,
prostaglandins, toll-like receptor activation,
microglia activation, and inducible nitric oxide
synthase; all of which lead to neuro-
degeneration and neuronal loss.49 The negative
effect of substance use on the brain health was
observed in the Honolulu-Asia Aging Study,
that found middle-aged smoking resulted in
Mayo Clin Proc Inn Qual Out n April 2024;8(2):151-165 n https://d
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higher risk of cognitive impairment later in
life.87 Similarly, in a nationwide retrospective
cohort study,88 alcohol use disorder was found
to be the strongest MRF for dementia onset for
all (P<.0001), highlighting the importance of
cessation-related efforts through lifestyle. It is
important to note that because of the hetero-
geneity of the definition of alcohol consump-
tion, the findings on the effect of alcohol use on
cognition are inconsistent.53

Key Message on LSM and Substance
Use. As detailed above, substance use, which is
by itself an MRF, has negative consequences on
DM, CVD, and stroke or VCI. Using robust pil-
lars of LSM, such as prevention andmitigation of
stress and burnout, and responsible alcohol con-
sumption or abstinence, can considerably
improve cardiovascular, cerebrovascular, and
neurocognitive outcomes. Evidence-based
counseling around substance use, with a
trauma-informed and nonjudgmental approach
in conjunction with appropriate referrals to
specialized programs, is encouraged during
clinical visits for all patients to support overall
health and prevention of chronic diseases.

DISCUSSION
As illustrated, the wealth of clinical and observa-
tional evidence (Table 3) reports that addressing
lifestyle factorsdregular PA, healthy eating,
good quality and quantity sleep, meaningful so-
cial connections coupled with the reduction of
stress and substance usedthrough the 6 LSM
pillars has the potential to address and reduce
these MRFs and in turn, moderate the GBD
(including but not limited to DM, CVD, and
stroke or VCI). Lifestyle medicine, through its
holistic, person-centered and root-cause
approach, is also the most fundamental and
promising approach to achieving health equity
in conjunction with optimizing health and
well-being.89 For the effective implementation
of the 6 LSM pillars (Table 4), it is imperative
for HCPs to account for the unique circum-
stances and the inextricably interrelated aspects
of lifestyle and SDOH, at the micro, macro,
andmeso level.90 This is because recommending
lifestyle changes (eg, a predominantly WFPB
eating pattern and reducing stress) without un-
derstanding circumstances (eg, income and
work status), access to necessary resources (eg,
grocery store) and the SDOH that support or
oi.org/10.1016/j.mayocpiqo.2023.11.005 159
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TABLE 3. LSM Pillars Effect on Each Conditiona,b,c

Chronic Condition Diabetes (ADA) CVD (AHA/ACC) Stroke (AHA/ASA) VCI (ASA)

Lifestyle Pillar

Nutrition

Physical activity

Sleep

Stress

Social connections

Substance use

Smoking

Alcohol

Existing Evidence

Emerging Evidence
aAbbreviations: ADA, American diabetes association; AHA, American heart association; ASA, American stroke association; VCI, vascular
cognitive impairment
bEvidence for LSM Pillars effect on each condition
cAdapted from(41-43,54)
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impede the lifestyle changes (eg, cultural, social,
and economic constructs), poses a risk of unin-
tentionally perpetuating health disparity for
structurally marginalized persons and popula-
tions, without achieving desirable behavior
changes and addressing the MRFs91 (Figure 2).
TABLE 4. General Recommendations Through LSM Pill
Stroke/VCI

LSM Pillar Recomm

Nutrition d DASH Diet
d MeDI Diet
d MIND Diet
General recommendations for these dieta
fruits, vegetables (green leafy), fish, veget
fat dairy products and poultry; all resultin
micronutrients (specifically low sodium/p

Physical Activity d �150-300 min/week of moderate inte
activity

d � 2 resistance training sessions per we
d For older adults, incorporate PA that i

Sleep Health d Healthy sleep-quality & sleep duration
d Cognitive Behaviour Therapy
d Sleep Hygiene

Stress
Management

d Mind and-body interventions such as m
slow breathing, and progressive muscle

Social
Connections

d Connections with friends and family
d Part of a broader social network such

Substance Use d Smoking cessation
d Responsible alcohol consumption or a

DASH: Dietary Approaches to Stopping Hypertension

MeDI: Mediterranean Diet

MIND: Mediterranean-DASH Intervention for Neurodegenerative De
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Building health equity is within the scope
and mission of LSM and can be achieved
through collaborative, organized, multilevel,
person-centered, disease prevention and
economically feasible innovations and efforts
at local, national, and global levels.92
ars for Prevention/Management of MRFs, DM, CVD,

endations (Key messages)

ry patterns include the higher intake of whole grains, legumes,
able (olive) oils, seeds, and nuts, and the lower intake of low-
g in optimal content of fibers, but also macro and
otassium ratio).

nsity and/or 75-150 min of vigorous intensity of aerobic

ek
ncludes a balance component

(7-9h/night)

editation, yoga, tai-chi, qigong, visualizations, modified
relaxation techniques

as volunteering, group-activities, etc.

bstinence

lay

;8(2):151-165 n https://doi.org/10.1016/j.mayocpiqo.2023.11.005
www.mcpiqojournal.org

https://doi.org/10.1016/j.mayocpiqo.2023.11.005
http://www.mcpiqojournal.org


Global environment

Economics/policy

Macro (Government)
policies/funding

Micro (Community)
Patients/family/PCP

MESO (Public organizations)
Population/education/health care/science

Needs/effect

Culture/social

PCP: Primary care providers
SDOH: Social determinants of health

Local
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Lifestyle
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S
D
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FIGURE 2. Lifestyle medicine at the micro, macro, and meso level.

LIFESTYLE MEDICINE IN DM, CVD, STROKE OR VCI
Innovations and efforts to address health ineq-
uity through LSM and in turn, include but are
not limited to (a) Community-engaged Life-
style Medicine (CELM); (b) clinicians and
HCP’s education to improve health equity in
practice; (c) innovating care delivery; (d) using
community-based participatory research; and
(e) advocating for public policy change (eg,
food access and environmental health).
Community-Engaged Lifestyle Medicine
Community-engaged Lifestyle Medicine is an
evidence-based framework for promoting
health equity through multistakeholder, multi-
level, collaborative, community-engaged,
culturally responsive and intersectoral ap-
proaches for structurally marginalized popula-
tions.92 Through CELM, partnering with the
community of interest supports the develop-
ment of culturally appropriate, tailored, accept-
able, and meaningful LSM interventions. In
conjunction, intersectoral partnerships,
through CELM, supports the coordination of
services and resources from social, environ-
mental, and political sectors to advance and
Mayo Clin Proc Inn Qual Out n April 2024;8(2):151-165 n https://d
www.mcpiqojournal.org
sustain community-driven LSM interventions
and initiatives.92

Clinician and HCP’s Education to Improve
Health Equity in Practice
There is limited LSM curriculum and training
in medical education.89,91 Addressing this lim-
itation in medical and health care education is
to enhance HCPs’ knowledge and understand-
ing of LSM particularly as a recommended
first-line of prevention and treatment based
on many chronic disease guidelines. For
example, the ACLM has various free resources
for HCPs to enhance their knowledge, skills,
and confidence in delivering LSM interven-
tions. In addition, the ACLM offers online
continued medical education courses in
conjunction with in-person and virtual confer-
ences to educate and guide HCPs in integrating
LSM into their respective practice.89 In parallel
with LSM-related education, educating HCPs
about the history and current state of health
disparities among structurally marginalized
populations is integral to inform their LSM
practice in a trauma-informed, meaningful,
and person-centered manner.
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https://doi.org/10.1016/j.mayocpiqo.2023.11.005
http://www.mcpiqojournal.org


MAYO CLINIC PROCEEDINGS: INNOVATIONS, QUALITY & OUTCOMES

162
Innovating Care Delivery
Shared medical appointments (SMAs), defined
as multiple patients collectively seen in a group
visit for the treatment or management of a
shared medical condition, is an emergent model
of care to offset the noted challenges of the cur-
rent care delivery processes and structure for
chronic disease.93 Delivering LSM through a
group visit model (such as SMAs) has shown im-
provements in patient clinical outcomes (eg, BP
and weight management), resource utilization,
provider-patient interaction, and patient self-
efficacy, satisfaction and trust.94 This is in
conjunction with the SMA providing social sup-
port for persons that may encourage, motivate,
and sustain lifestyle changes.89 Teaching
kitchens are another innovative care delivery
model in which communities, clinics, organiza-
tions and patients can learn about healthy foods
and how to prepare the food through practical
and hands-on learning; shifting away from the
passive and abstract learning.89

Using Community-Based Participatory
Research
The community-based participatory research
uses research and social activist practices
through the engagement and equal collaboration
of community members, persons with lived
experience, organizational representatives, and
researchers throughout the research process.95

The community-based participatory research
approach is driven by the 3 con-
ceptsdparticipation, action, and community95

with the goals of: (1) producing ameaningful so-
cial change to reduce health disparities and
improve health; and (2) developing innovative,
meaningful, and sustainable initiatives such as
LSM interventions, based on the community’s
unique circumstances, needs and social and
health goals.95

Advocating for Public Policy Change
It is imperative to leverage public policy levers
at local and national levels to advance and
support the adoption of LSM. Policies ought
to focus on (a) government subsidies to
healthier foods; (b) supporting access to food
and nutrition services (appropriate sourcing);
(c) improving the physical and social condi-
tions of underdeveloped and under-
resourced neighborhoods and communities;
Mayo Clin Proc Inn Qual Out n April 2024
(d) the provision of more reimbursement op-
tions for LSM activities (eg, gym and parks
for PA); (e) integrating LSM in medical educa-
tion (eg, all HCPs); and (f) integrating SDOH
within guidelines and recommendations on
lifestyle and behavior change.89,91

In summary, LSM has the potential to
address most of MRFs for DM, CVD, stroke
or VCI; contributing to the restoration of health
by modifying the behaviors that have contrib-
uted to the GBD. Lifestyle medicine adoption
requires a multifaceted approach and wide-
spread integration would galvanize a paradigm
shift to prevent, treat or reverse chronic dis-
eases from the root causes, by focusing on the
MRFs, and achieving health equity. Lifestyle
medicine as a health promoting and evidence-
based discipline is here to empower policy-
makers and stakeholders to actively work
with HCPs and communities on developing
economically sustainable, person-centered,
and innovative health care models that are scal-
able to achieve health equity.
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