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Identifying high-value lifestyle interventions for cardiovascular disease prevention

Abstract

This dissertation evaluates lifestyle strategies for the management of cardiovascular risk factors
and prevention of cardiovascular disease (CVD).

In Chapter 1, I systematically review and summarize the evidence of the effect of yoga, a popular
mind-body practice, on cardiovascular disease and metabolic syndrome risk factors. I perform a narrative
systematic review and a random-effects meta-analysis of randomized controlled trials (RCTs) of posture-
based yoga practice. I find that yoga showed significant improvement in a variety of risk factors for CVD
and metabolic syndrome, including body mass index, systolic blood pressure, and total cholesterol when
compared to no or minimal intervention control groups. When compared to active exercise controls, yoga
produced similar risk factor level reduction. Promising evidence supports yoga’s role in improving
cardio-metabolic health. Findings are limited, however, by small trial sample sizes, heterogeneity, and
moderate RCT quality.

In Chapter 2, I evaluate the comparative effectiveness of four different lifestyle strategies for
reducing 10-year CVD risk. I used published literature on risk factor reductions associated with group
therapy for smoking cessation, Mediterranean diet, aerobic exercise (walking), and yoga together with the
Pooled Cohort risk algorithms to calculate a personalized optimal strategy for risk reduction based on
different risk profiles. I find that for smokers, successful smoking cessation is an optimal strategy for
reducing risk whereas for non-smokers or for smokers who do not quit successfully, stress reduction
through yoga produces the greatest risk reductions.

In Chapter 3, I examine the cost-effectiveness of aerobic exercise and yoga compared to current
medical practice for primary prevention of CVD in US adults. I use a subset of RCTs from Chapter 1,

along with published literature on utilities, costs, and other parameters as inputs into a validated disease
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microsimulation model. I calculate the costs per quality-adjusted life year ($/QALY) of aerobic exercise
and yoga with an exercise on prescription approach from the societal and healthcare perspective as well as
if the activities were reimbursed. Results suggest that both interventions are not cost-effective using a
threshold of $100,000/QALY due to high patient time costs in the societal perspective; when the activities
are reimbursed and gains in quality of life are taken into account, then the activities can be cost-effective.

Future research can explore patient preference and adherence and utility gains from physical activity.
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DISSERTATION INTRODUCTION

Cardiovascular disease and metabolic disorders are leading causes of morbidity and mortality
worldwide and are associated with large health and financial costs.' Atherosclerotic cardiovascular
disease (CVD), a disease of the arteries that supply the heart and brain, is responsible for approximately
30% of total global mortality.2 The total direct and indirect costs of CVD and stroke in the US in 2010 are
estimated at $315.4 billion and costs are projected to grow to $804 billion by 2020 and $1208 billion by
2030."

Multiple risk factors can contribute to development of CVD and metabolic syndrome, including
hyperlipidemia and hypertension. It is estimated that about one third of adults in the US have elevated
blood cholesterol, a third have high blood pressure, and another third are pre-hypertensive or at high risk
of developing high blood pressure.” Some of the risk factors for CVD can be modified through behavior
and changes in lifestyle like increasing physical activity, eating a healthy diet, and quitting smoking.’

In a recent statement, the American Heart Association has expanded its focus from the traditional
medical model focusing on treatment of established CVD toward a public health model promoting
positive cardiovascular health.* This new model highlights healthy behaviors like healthy dietary pattern,
nonsmoking, and physical activity in all segments of the population.

Considerable research has been done on the benefits of physical activity,”™ a healthy dietary

15-18 19-22

pattern,”'* in particular the Mediterranean diet pattern, and smoking cessation on cardiovascular
disease risk factors and outcomes. Another intervention that has shown promise in promoting positive
cardiovascular health is yoga. According to the National Center for Complementary and Integrative
Health (NCCIH), yoga is a mind and body practice that combined physical postures, breathing
techniques, and meditation or relaxation.” In 2012, it is estimated that 9.5% of US adults (21 million)
practiced yoga in the previous year, up more than 6 million from the previous survey cycle in 2007.**
Studies have shown that yoga is effective against stress,”® hypertension,”” > and other cardiovascular

risk factors.>*3?



In Chapter 1 I systematically evaluate the evidence on the effectiveness of yoga for modifying
risk factors for cardiovascular disease and metabolic syndrome in adult populations using published
RCTs. I quantitatively summarize the effectiveness of yoga versus both non-active controls and active
exercise controls.

In Chapter 2 I utilize the results from Chapter 1 in combination with evidence on three other
lifestyle interventions to assess the comparative effectiveness of the strategies for reducing cardiovascular
disease risk. To align with the trend of personalized medicine and more shared decision making between
patient and provider, I calculate the potential 10-year CVD risk reduction from group therapy for smoking
cessation, Mediterranean diet, walking for aerobic exercise, and yoga for an array of patient profiles to
identify the optimal tailored intervention.

Lastly, in Chapter 3 I expand on the health and economic implications of select interventions
included in the previous chapters. I assess the cost-effectiveness of two forms of physical activity —
aerobic exercise and yoga — versus current medical practice for primary prevention of CVD in US adults.
Given the large, growing health and economic burden of CVD, the findings in this dissertation could

contribute to the renewed efforts and emphasis on CVD prevention through lifestyle change.
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ABSTRACT

Background: Yoga, a popular mind-body practice, may produce changes in cardiovascular disease

(CVD) and metabolic syndrome risk factors.

Design: This was a systematic review and random-effects meta-analysis of randomized controlled trials
(RCTs).

Methods: Electronic searches of MEDLINE, EMBASE, CINAHL, PsycINFO, and The Cochrane Central
Register of Controlled Trials were performed for systematic reviews and RCTs through December 2013.
Studies were included if they were English, peer-reviewed, focused on asana-based yoga in adults, and
reported relevant outcomes. Two reviewers independently selected articles and assessed quality using
Cochrane’s Risk of Bias tool.

Results: Out of 1404 records, 37 RCTs were included in the systematic review and 32 in the meta-
analysis. Compared to non-exercise controls, yoga showed significant improvement for body mass index
(-0.77 kg/m? [95% CI, -1.09 to -0.44]), systolic blood pressure (-5.21 mmHg [-8.01 to -2.42]), low-
density lipoprotein cholesterol (-12.14 mg/dL [-21.80 to -2.48]), and high-density lipoprotein cholesterol
(3.20 mg/dL [1.86 to 4.54]). Significant changes were seen in body weight (-2.32 kg [-4.33 to -0.37]),
diastolic blood pressure (-4.98 mmHg [-7.17 to -2.80]), total cholesterol (-18.48 mg/dl [-29.16 to -7.80]),
triglycerides (-25.89 mg/dl [-36.19 to -15.60), and heart rate (-5.27 beats/min [-9.55 to -1.00]), but not
fasting blood glucose (-5.91 mg/dL [-16.32 to 4.50]) nor glycosylated hemoglobin (-0.06% Hb [-0.24 to
0.11]). No significant difference was found between yoga and exercise. One study found an impact on
smoking abstinence.

Conclusions: There is promising evidence of yoga on improving cardio-metabolic health. Findings are

limited by small trial sample sizes, heterogeneity, and moderate quality of RCTs.

Key words: Yoga, cardiovascular disease, metabolic syndrome, systematic review, meta-analysis



INTRODUCTION
Background

Cardiovascular disease (CVD) and metabolic syndrome are major public health problems in the
United States and worldwide.'” Metabolic syndrome is defined as having at least three metabolic risk
factors — increased blood pressure, high blood sugar level, excess body fat, and abnormal cholesterol
levels — and greatly increases the chance of future cardiovascular problems.3 Lifetime risk of CVD is
substantial as estimated through risk functions like those from the Framingham Heart Study," underlining

the need for prevention and control of risk factors.

CVD and metabolic syndrome share many of the same modifiable risk factors. Several
guidelines name physical inactivity, the fourth leading risk factor of global mortality,” as an important
modifiable risk factor for CVD and metabolic syndrome.6'8 They state that regular and adequate levels of
physical activity in adults can reduce the risk of hypertension, coronary heart disease, stroke, diabetes,
and can help maintain a healthy weight. Yoga, an ancient practice from India that incorporates physical,

mental, and spiritual elements, may be an effective form of physical activity.
Yoga therapy

In recent years, clinical literature has reported cardiovascular health benefits from mind-body
therapies.”"' Yoga, one type of mind-body therapy, has been increasing in popularity in the US and in
many parts of the world. Yoga, meaning “union” in Sanskrit, incorporates physical, mental, and spiritual
elements. In the West, Hatha yoga, one style of yoga, has been most commonly practiced. Hatha yoga
consists of a series of physical exercises that focus on stretching and stimulating the spine and muscles in
coordination with breath control, thought to stabilize the hypothalamic-pituary-adrenal axis and
sympathoadrenal activity.'>'* According to the 2007 National Health Interview Survey, about 20% of the

US population used some form of mind-body practice.'”” Another study estimates that about 15 million



adults in America report having practiced yoga at least once in their life, '® seeking wellness or treatment

for specific health conditions.
Rationale

A 2005 Cochrane study reviewed the evidence of yoga for secondary prevention of coronary
heart disease on mortality, cardiovascular events, hospital admissions, and quality of life and found no
randomized controlled trials (RCTs) meeting its inclusion criteria.'” Another review done in 2005
examined CVD clinical endpoints and insulin resistance with observational studies, uncontrolled trials,
and nonrandomized controlled trials and found improvements in insulin resistance syndrome with yoga.13
Other reviews have shown yoga to be beneficial in treatment of coronary heart disease, post-myocardial
infarction rehabilitation, and hypertension.'' > '** Since this time, several new RCTs have been
published. We sought to comprehensively review recent RCT evidence of the effectiveness of yoga on

these risk factors and provide a pooled quantitative measure.
Objectives

Our objectives were a) to identify and systematically evaluate the evidence on the effectiveness of
yoga for modifying risk factors for cardiovascular disease and metabolic syndrome in adult populations
using published systematic reviews, b) to update the evidence by conducting a systematic review of recent
RCTs and c) to estimate a summary measure of effectiveness by conducting a meta-analysis of the

evidence of yoga’s effectiveness versus no-exercise and exercise controls.

METHODS
Data sources and search terms

The protocol for this review has been published on the PROSPERO website
(http://www.crd.york.ac.uk/PROSPERO) with the registration number CRD42013006375. An
amendment was added to the protocol including an exercise control group and published in an online

revision note. Articles in this review were identified by accessing the following biomedical electronic



databases with the assistance of a medical librarian: MEDLINE, CINAHL, Cochrane Central Register of
Controlled Trials (CENTRAL), Cochrane Database of Systematic Reviews, EMBASE, and PsycINFO.
Using existing published systematic reviews (SRs) as a starting point for gathering evidence, SRs and/or
meta-analyses were searched through December 2013. To collect any recent data that may have been
missed, we supplemented the search by searching for RCTs published in the last three years through
December 2013. Citations were also retrieved by manually searching reference lists of relevant articles.
The databases were searched using the keywords “yoga” and “systematic review” for published SRs and

“yoga” and “randomized controlled trials” for recent RCTs (see Appendix Table 1.2 for search strategies).
Study selection and inclusion process

Records were pooled from the various databases. Titles and abstracts of SRs that appeared to
meet the inclusion criteria were retrieved for further evaluation. Systematic reviews were defined as
articles that included an explicit and repeatable literature search method and had explicit and repeatable
inclusion and exclusion criteria for studies. RCTs included in the SRs were then retrieved. The process

was repeated for the supplementary search of RCTs.

For inclusion in our SR, the studies had to be published in English in a peer-reviewed journal, be
conducted in adults (18+ years) who were either healthy, at risk, or with a history of cardiovascular
disease or metabolic syndrome and no other major comorbidities, test an asana- (or posture-) based
intervention, and report relevant outcomes. We focused only on SRs that included at least one
randomized controlled trial with yoga therapy as a trial arm. No restrictions were placed on style of yoga
practiced, frequency, or duration. Articles were excluded if we were unable to isolate the effect of yoga
(i.e. yoga was part of a multimodal intervention whose non-yoga components were given to the active
intervention group but not to the control group), outcomes reported only psychosocial risk factors or
psychological outcomes like stress and anxiety, and the population treated focused on other conditions or
comorbidities (e.g. women with breast cancer, populations with renal disease). Two investigators (PC

and RG) independently selected studies for inclusion; disagreements were resolved by discussion.

10



Outcomes

The outcomes of interest were changes in the levels of modifiable risk factors for cardiovascular
disease and metabolic syndrome. Particularly, we were interested in measures of body composition,
blood pressure, lipid panel, glycemic control, heart rate, and smoking status. Primary outcomes include
body mass index (BMI), systolic blood pressure (SBP), low-density lipoprotein cholesterol (LDL-C), and
high-density lipoprotein cholesterol (HDL-C). Other outcomes — body weight, diastolic blood pressure
(DBP), total cholesterol (TC), triglycerides (TG), fasting blood glucose (FBG), glycosylated hemoglobin
(HbA1c), heart rate, and smoking status — were considered secondary outcomes. Outcomes were kept in

their natural units.
Data extraction and quality assessment

From each eligible study we extracted the characteristics of the participants, intervention
description (type, length of session, frequency), control group description, duration of follow-up, number
of patients randomized at baseline and number at follow-up, and effect measures (pre- and post-mean and
standard deviations in intervention and control arms, mean change scores and standard deviations if
reported). Data from the longest follow-up was extracted. Data extraction was performed by one
investigator (PC) and checked for accuracy and completeness by a second reviewer (RG). Any

discrepancies were resolved by discussion.

RCTs were appraised using the Cochrane Collaboration’s Risk of Bias (ROB) tool, a commonly
used tool to assess risk of bias.”® Trial quality was evaluated by using categories of high, low, or unclear
risk in regards to randomization method, allocation concealment, blinding of study personnel and
outcomes assessment, attrition, and reporting methods. Two reviewers (PC and RG) independently

evaluated RCT quality and resolved any discrepancies by discussion.

Statistical analysis

11



Change scores, mean differences (MDs) between treatment arms, and sample sizes reported were
on an intention-to-treat basis. MDs were calculated by subtracting the change score in the control group
from the change score in the yoga group. Where MDs and standard deviations were not reported,
standard deviations were calculated using a conservative correlation coefficient of 0.5 for within-patient
correlation from baseline to follow-up. MDs between groups and 95% confidence intervals (Cls) were

calculated for each outcome.

The magnitude of heterogeneity was evaluated using the I statistic testing the null hypothesis that
all studies are evaluating the same effect.®* F values of 25%, 50%, and 75% correspond to low, moderate,
and high heterogeneity, respectively. Because meta-analysis pools studies that are clinically and
methodologically diverse, data on MDs from trials were statistically pooled using a random effects
model.” We also categorized patients into four subgroups based on patient conditions — healthy, with
CVD risk factors, with diabetes or metabolic syndrome, and diagnosed with coronary artery disease
(CAD) — to depict heterogeneity in the populations included and their response to treatment. Healthy
patients are those free of clinical manifestations of any medical or psychiatric illness including clinically
significant cardiovascular disease and diabetes mellitus. Those with CVD risk factors included patients
with hypertension, high cholesterol levels, obesity, and current smokers. Diabetes and metabolic
syndrome were diagnosed through medical examination or history, and CAD was confirmed through

angiography.

Controls were separated into aerobic exercise (physical training, aerobic exercise, cycling,
running, brisk walking) and non-aerobic exercise groups. Yoga was compared to these two control
groups separately to obtain an estimate of its effectiveness versus active controls and versus non-active
controls (details published in protocol amendment. Reference Manager (RevMan) Version 5.2 software

from the Cochrane Collaboration was used for data analysis.26

Publication bias

12



Publication bias was assessed for each of the primary outcomes by visual inspection of funnel
plots generated using RevMan software. The MDs were plotted on the x-axis and the standard errors, a
measure of study size, on the y-axis. In the absence of bias, the scatterplot should be approximately

symmetrical; the more asymmetry, the more bias is present.

RESULTS
Literature search

We identified 643 studies from the SR search and 761 studies from the RCT search for a total of
1404 records (Figure 1.1). After removal of duplicates, a total of 880 titles and abstracts were screened.
A total of 37 RCTs (24 RCTs from 18 SRs and 13 additional RCTs) met our criteria for inclusion in the
review. Although 37 studies met criteria, five studies did not report exact numbers for our primary or
secondary outcomes and could not be included in the meta-analysis,”" leaving 32 studies for statistical

analysis.

13
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Figure 1.1. Flowchart depicting the search and screening process of systematic reviews and
randomized controlled trials (RCTs). CVD: cardiovascular disease

Study quality

Study quality and description of methodology varied amongst the included studies (Table 1.1).

Thirteen studies *>*

provided details on the specific randomization method that was used in the RCT and
four 737 described treatment assignment. Due to the nature of the intervention, all studies had high
risk of bias for blinding of participants; however, 3 studies reported blinding of the personnel, indicating

that technicians were blinded to treatment assignment of individuals.*****

Almost all studies except one
** had unclear risk for blinding of outcome assessment. However, there was generally low risk of bias for

incomplete reporting of outcomes and selective reporting of outcomes. A summary of study quality can

be seen in Appendix Figure 1.7.
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Table 1.1. Included randomized controlled trial study characteristics by population.

Sl

Total no. Study
randomized qualityb
(yoga/ Treatment Mean age+SD % Intervention Frequency Outcome No. of
Study From SR control) Time per Control . domains
group Age range female . Duration measures
Total no. at session at low/
follow-up unclear/
(yoga/control) high risk
HEALTHY ADULTS
Blumenthal Pateletal. 101 Community  Yoga 67.845.9, 50 Yoga and 1) Aerobic 2x/wk BW, SBP,  2/3/1
et al. (2012), (34/33/34) dwelling control flexibility exercise 16 weeks DBP, TC,
(1989)*™ Rolandet 97 elderly with ~ 66.5+4.3 (1), 60 min (warm up, LDL-C,
al. (34/31/32) no CAD 66.8+4.3 (2) cycle, brisk HDL-C
(2011)" Range: 60-83 walking/joggin
g, cool down)
60 min
2) Waiting list
Cusumano  Innes et 90 (45/45) Female Range: 18-20 100 Hatha Jacobsen 1x/wk HR 2/3/1
et al. al. 90 (45/45) Japanese yoga progressive 3 weeks
(1993)"* (2005)" under- 80 min muscle
graduates relaxation
Bowman et Innes et 40 (20/20) Healthy 68 38 Hatha yoga  Aerobic 2x/wk SBP, HR 0/3/3
al. (1997)*  al. 26 (12/14) sedentary Range: 62-81 90 min training (10 6 weeks
(2005)," elderly min warm up,
Patel et al. 20 min
(2012), stationary
Roland et cycling, 10
al. (2011), min warm
%1 Ross et down) 40 min
al.
(2010)*
Stachenfeld Pateletal. 17 (8/9) Healthy Yoga: 7343, 100 Yoga Aerobic 3-4x/wk BW, SBP, 1/3/2
et al. (2012),60 15 (8/7) older control 71+2 exercises training 12 weeks DBP, HR
(1998)* Yang women Range: >65 60 min (treadmill 30
(2007) min or
trampoline

walking 40-50
min)
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Table 1.1 (Continued).

Ray et al. Jayasinghe
(2001a)" (2004)"
Ray et al. Innes et al.
(20016 (2005)"
Fields etal. Innes et al.
(2002)* (2005)*
Harinath et  Abel et al.
al. 2004)”  (2012),”
Innes et al.
(2005)"

40 (20/20)
28 (17/11)

54 (28/26)

54 (28/26)

15 (6/3/6)
15 (6/3/6)

30 (15/15)
30 (15/15)

Healthy men
from Indian
army

Healthy
adults

Healthy
seniors

Healthy
army
soldiers

Yoga21.9+1.5, O
control

22.742.0

Range: 19-23

Yoga23.4+4.0, 19
control

22.2+45.1

Range: 20-25

Yoga 7446, NR
control 76+10

(1), control

777 (2)

Range: >65

29.6+4.9 0
Range: 25-35

Hatha yoga
60 min

Hatha yoga
60 min

Mabhrishi
Vedic
Medicine
(meditation,
herbal
supplement
, meetings,
yoga asana,
walking,
diet)

60 min
Hatha yoga
60 min

Physical army
training (slow
running, body
flexibility,
pull-ups)

60 min

No
intervention

1) Modern
medicine
(conventional
dietary,
exercise
(walking,
stretching),
and
multivitamin
approaches);
2) Usual care
Routine
physical army
training (slow
running, body
flexibility)

6x/wk
24 weeks

3x/wk

20 weeks

7x/wk
52 weeks

7x/wk
12 weeks

BW, HR

SBP, DBP,
HR

SBP, DBP,
TC, LDL-

C, HDL-C
TG, FBG,

HbAlc

SBP, DBP,
HR

2/2/2

2/3/1

4/1/1

3/2/1




L1

Table 1.1 (Continued).

Chen et al.
(2008)**

Vogler et al.

(2011)**

Kanojia et

al. (2013)*

Kim et al.
(2012)®

Patel et al.
(2012),”
Roland et al.
(2011)*

204
(67/65/72)
176

(57/53/66)

40 (20/20)
38 (19/19)

50 (25/25)

50 (25/25)

47 (27/20)
34 (16/18)

Seniors in a
community
activity
center

Physically
inactive
older adults

Young
healthy
females

Normal
premeno-
pausal
women

69+6.3
Range: 60-75

Yoga 76,
control 72
Range: 56-94

Yoga 18.6+1.1,
control
18.1+0.8
Range: 18-20
Yoga 45.7+5.2,
control
43.2+4.5
Range: 35-50

73

NR

100

100

1) Silver
yoga (yoga,
stretching,
meditation)
70 min

2) Silver
yoga (no
meditation)
55 min
Iyengar
yoga 90
min

Home
practice
15-20 min
Yoga

40 min

Ashtanga

yoga
60 min

Waiting list

Usual daily
routine

No

intervention

Normal daily
lifestyles

3x/wk
24 weeks

2x/wk
3x/wk
(home
practice)
8 weeks

ox/wk

2x/wk
32 weeks

BW, BMI,
SBP

SBP, DBP

BW, SBP,
DBP, HR

SBP, DBP,
HR

1/3/2

2/3/1

2/3/1

1/4/1
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Table 1.1 (Continued).

Wolever et 239 Employees Yoga 77 Viniyoga 1) Mindfulness  1x/wk SBP, DBP  2/3/1
al. (2012)% (90/96/53) of anational ~ 41.6+ 10.1, stress at Work 12 weeks
205 insurance control reduction program
(76/82/47)  carrier 44.349.4 (1), program 2) List of
42.749.7 (2) 60 min resources
Tracy et al. 32 (21/11)  Young Yoga 29+6, 52 Bikram Normal 3x/wk SBP, HR 0/3/3
(2013)*°* 21 (10/11)  healthy control 26+7 yoga 90 lifestyle 8 weeks
adults Range: 21-39 min
ADULTS WITH CVD RISK FACTORS
van Innes etal. 42 (23/19) Adults with  Yoga 40, 49 Hatha yoga Passive 1x/wk; BW, SBP, 2/3/1
Montfrans et (2005)," 35(18/17) mild un- control 43 + relaxation 2x/wk DBP, TC
al. (1990)%’ Hagins et complicated  Range: 24-60 progressive (home
al. (2013)" hypertension muscle practice)
relaxation 52 weeks
+ stress
manageme
nt 60 min
Mabhajan et Innes etal. 93 (52/41) Angina Range: 56-59 0 4d yoga Conventional 4 days + BW, TC, 1/4/1
al. (1999)*  (2005)," 93 (52/41) patients and camp + therapy (diet ~ 7x/wk LDL-C,
Jayasinghe asymptomati diet; yoga control, 14 weeks HDL-C,
(2004)," c practice +  moderate TG
Yang participants lifestyle aerobic
(2007), with CAD advice exercise as
Patel et al. risk factors 60 min prescribed) +

(2012)%®

lifestyle advice
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Table 1.1 (Continued).

Murugesan
et al.
(2000)

McCaffrey
et al.
(2005)*

Cohen et al.

(2011)"

Innes et al.
(2005),"
Jayasinghe
(2004),"
Nicolson et
al.
(2004),%*
Innes et al.
(2007),"
Patel et al.
(2012),”
Hagins et
al.
(2013),"”
Wang et al.
(2013)%”
Hagins et
al.
(2013),"”
Rioux et al.
(2013),”
Wang et al.
(2013)%”
Wang et al.
(2013),%
Hagins et
al. (2013)"

33
(11/11/11)
33
(11/11/11)

61 (32/29)
54 (27/27)

78 (46/32)
57 (26/31)

Hypertensive
patients

Adults with
diagnosed
hypertension
not currently
taking
medication

Adults with
untreated pre-
hypertension
or Stage 1
hypertension
not taking
anti-
hypertensive
medication

Range: 35-65

Yoga 56.7,
control 56.2

Yoga
48.2+1.6,
control
48.3+2.4
Range: 22-69

NR

65

50

Yoga
60 min

Yoga
practice
with
instructiona
1 booklet
and tape

63 min
Iyengar
yoga 70min
(classes all
weeks, 25
min home
practice
weeks 6-
12)

1) Daily
medical
treatment with
antihypertensi
ves

2) No
intervention

General
education
about
hypertension

Enhanced
usual care with
dietary
education

7x/wk
11 weeks

3x/wk
8 weeks

2x/wk first
6 weeks;
1x/wk next
6 weeks

12 weeks

BW, SBP,
DBP

BMI, SBP,
DBP, HR

BW, SBP,
DBP, HR

2/3/1

2/2/2

1/3/2




0¢

Table 1.1 (Continued).

Subramanian Hagins et 100 Young adults  Yoga 23, 33 Yoga 1) No Sx/wk SBP, DBP  2/3/1
et al. al. 2013)"  (25/25/25/  with pre- control 23.3 30-45min  intervention, 8 weeks
(2011)* 25) hypertension (1), 23.7 (2), 2) physical
94 and 23.7 (3) exercise (brisk
(25/25/23/  hypertension walking) 50-
21) not taking 60min, 3) Salt
anti- intake
hypertensive reduction to at
medication least half
previous
intake
Bock et al. Carim- 55(32/23) Middle age 45.6+8.3 100 Vinyasa Wellness 2x/wk 7-day 3/2/1
(2012)** Toddetal.  55(32/23) female yoga + sessions for 8 weeks point-
(2013)" smokers that CBT health prevalence
intended to education + smoking
quit smoking CBT abstinence
Lee et al. 16 (8/8) Obese Yoga No exercise 3x/wk BW,BMI, 2/3/1
(2012)7 16 (8/8) postmenopau 60 min 16 weeks  TC, LDL-
sal women C, HDL-C,
Yoga TG, FBG
54.5+2.8,
control
54.3+2.9
100%
ADULTS WITH DIABETES OR METABOLIC SYNDROME
Monro etal. Innesetal. 21 (11/10) Patients with  Yoga 53, NR Yoga + Usual care 2-4x/wk FBG, 1/3/2
(1992)* (2005)," 21 (11/10) non-insulin-  control 57 normal (continuation 12 weeks HbAlc
Aljasir et dependent medication of medication,
al. DM and diet diet)
(2010),™ controlled 90 min
Innes et al. with
(2007),"* medication or
Pilkington diet
et al.

(2007)”
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Table 1.1 (Continued).

Kerr et al. Innes et al.
(2002)*'* (2007),"
Pilkington
et al.
(2007)7
Anderson
et al.
(2011),”
Sharma et
al.
(2012),”
Hagins et
al. (2013)"
Patel et al.
(2012),”
Ross et al.
(2010),”
Sharma et
al. (2012)"

Cohen et al.
(2008)*

Gordon et
al. (2008)"

37 (17/20)
33 (17/16)

26 (14/12)
24 (12/12)

231
(77/77/77)
231

(77/77/77)

Patients with
poorly
controlled
type 1 and 2
DM
Underactive,
overweight
adult men and
women with
metabolic
syndrome not
taking
medication
Elderly
patients with
type 2 DM

Yoga NR
60.3+£7.8,

control

61.4+10.7

Yoga 5249, 85
control 52+8
Range: 30-65

Yoga 64, 81
control 63.9
(1), 63.6 (2)

Hatha yoga
+ education
+ continued
insulin

90 min
Yoga

90 min +

3 hr intro

Hatha yoga
+ continued
diet and
medication
120 min

Education +
simple
exercises +
continued
insulin
Waiting list

I§]
Conventional
physical
aerobic
exercise (180
min) +
continued diet
and
medication

2) No

intervention/co

ntinued diet
and
medication

2x/wk
16 weeks

2x/wk for 5
wks, then
1x/wk for 5
weeks;
3x/week
(home
practice)
10 weeks
1x/wk; 3-
4x/wk
(home
practice)
24 weeks

BW, BMI,
TC, LDL-

C, HDL-C,
TG, HbAlc

BW, BMI,
SBP, DBP,
TC, LDL-
C, HDL-C,
TG, FBG

TC, LDL-
C, HDL-C,
TG, FBG

1/2/3

3/2/1

3/3/0
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Table 1.1 (Continued).

Saptharishi
et al.
(2009)*

Skoro-
Kondza et
al. (2009)*’

Yang et al.
(2011)"”

Vaishali et
al. (2012)*®

Hagins et
al. (2013)"

Sharma et
al. (2012)*

Sharma et
al.
(2012),™
Patel et al.
(2012)%

120
(30/30/30/
30)
102
(21/29/27/
25)

59 (29/30)

59 (29/30)

25 (13/12)
23 (12/11)

60 (30/30)
57 (27/30)

Young adults
with
hypertension
and pre-
hypertension
not taking
anti-
hypertensive
medication

Patients with
type 2 DM
not taking
insulin
Patients with
metabolic
syndrome not
taking
cholesterol,
BP, or
glucose-
lowering
medication
Elderly
subjects with
type 2 DM
more than 15
years on
antidiabetic
drugs

Yoga: 33
22.5+1.36,

control

22.5+1.4 (1),
22.4+1.3 (2),
22.5+1.47 (3)

60+£10 61

51.7+4.9 91
Range:45-65

Yoga 37
65.8+3.2,

control

64.4+3.8

Range: >60

Yoga
30-45 min

Yoga +
advice
90 min

Vinyasa
style yoga
60 min

Yoga +
education +
medication
as in control
45-60 min

1) No
intervention
2) Brisk
walking 50-60
min

3) Salt intake
reduction to at
least half
previous
intake
Waiting list +
advice

General health
education
materials
every 2 weeks

Education +
conventional
hypoglycemic
medications

Sx/wk
8 weeks

2x/wk
12 weeks

2x/wk
12 weeks

6x/wk
12 weeks

SBP, DBP  3/2/1

HbAlc 2/2/2

BW, SBP, 2/3/1
DBP, TC,

LDL-C,

HDL-C,

TG, FBG

TC, LDL- 4/11
C, HDL-C,
TG, FBG,

HbAlc
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Table 1.1 (Continued).

Hegde et al. 29 Prediabetic Yoga 52 Yoga Waiting list 7x/wk BMI, SBP, 3/2/1
(2013)™ (14/15)  subjects 46.5+13.0, 75-90 min 12 weeks  DBP, FBG,
29 control (one wknd  HbAlc
(14/15) 44.749.6 break)
Range: 30-75
Shantakuma 100 Patients with Yoga + Oral 7x/wk BW,BMI, 2/3/1
ri et al. (50/50) type 2 DM and drugs as in hypoglycemic 12 weeks TC, LDL-
(2013)! 100 dyslipidemia, control drugs C, HDL-C,
(50/50) mean duration 60 min TG
DM 5-10 years
Yoga 45.5+8,
control
44.5+11
48%
ADULTS WITH DIAGNOSED CORONARY ARTERY DISEASE (CAD)
Manchanda  Innesetal. 42 Male patients Yoga 5149, 0 Yoga + Conventional 7x/wk BW, TC, 3/3/0
etal. (2000)  (2005)," (21/21) with CAD and  control 52+10 medication medical 4 days LDL-C,
* Jayasinghe 42 chronic stable ~ Range: 32-72 for angina as  therapy (risk training +1 HDL-C,
(2004),11 (21/21) angina in control factor control year TG
Yang et al. 90 min and AHA step  follow-up
(2007),% I diet) +
Patel et al. medication for
(2012)% angina (no
lipid-lowering
drugs)
Jatuporn et Innes etal. 44 Adults with Yoga 61.5 20 Intensive Conventional 3x/wk BMI, TC, 2/3/1
al. (2003)”>  (2005)" (22/22)  CAD without  +4.7, lifestyle treatment with 16 weeks ~ LDL-C,
44 prior control modification lipid-lowering HDL-C,
(22/22) therapeutic 56.8+7.6 without drugs TG
intervention lipid-
lowering
drugs (yoga,
support,
dietary
advice,
relaxation)

60 min
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Table 1.1 (Continued).

Ades et al. Patel et al.
(2005)* (2012)

Pal et al.
(2011)”

Pal et al.
(2013)*

51 (25/26)
42 (21/21)

160
(85/85)
154

(80/74)

258
(129/129)
208
(105/103)

Community-
dwelling
women with
established
CAD for at
least 6 months

Patients
diagnosed with
CAD

Patients
diagnosed with
CAD

Yoga: 100
71.5+4.8,

control

72.9+6.1

Range: >65

Yoga 16
58.9+9 4,

control

58.6=10.5

Yoga 20
59.1£9.9,

control

56.4£10.9

Light yoga +
continued
medication
as in control
30-40 min

Yoga +
medication
as in control
35-40 min

Yoga +
medication
as in control
35-40 min

3x/wk
24 weeks

Resistance
exercise
training +
continued
medication
(aspirin, B-
adrenergic
blockers,
nitrates,
calcium-
blockers)
Medication
only
(metoprolol/at
enolol, aspirin,
clopidopril,
atorvastatin/ro
suvastatin,
ramipril/losart
an/telmisartan)
Medication
only
(metoprolol/at
enolol, aspirin,
clopidopril,
atorvastatin/ro
suvastatin,
ramipril/losart
an/telmisartan)

Sx/wk
24 weeks

Sx/wk
72 weeks

BW, BMI

BMI, SBP,
DBP, TC,
LDL-C,
HDL-C,
TG, HR

BMI, SBP,
DBP, HR

3/2/1

4/1/1

2/3/1

* Findings only described in text, numbers not reported
P Based on the Cochrane Collaboration’s risk of bias tool, numbers correspond to number rated low risk, unclear risk, and high risk on 6 domains

Unless otherwise noted, the yoga group also received usual care in addition to the listed interventions.
Abbreviations: NR=not reported, SD=standard deviation, CAD=coronary artery disease, DM=diabetes mellitus, CBT=cognitive behavioral therapy,

AHA=American Heart Association, SBP=systolic blood pressure, DBP=diastolic blood pressure, BW=body weight, BMI=body mass index, LDL-C=low-density
lipoprotein cholesterol, HDL-C=high-density lipoprotein cholesterol, TC=total cholesterol, TG=triglycerides, FBG=fasting blood glucose, HbAlc=glycosylated

hemoglobin




Study characteristics

Characteristics of the included studies are listed in Table 1.1. The included studies comprised a
total of 2768 participants, with about an equal mix of men (47%) and women (53%). RCTs included
participants of all ages with an average age of 50. 1287 (47%) were assigned to receive the yoga
intervention and 1461 (53%) assigned to the control arm. 1094 (85%) of yoga participants completed the
study while 1301 (89%) of control participants made it to follow-up. Duration of studies varied, with
follow-up times ranging from 3 weeks to 52 weeks, with a median of 12 weeks. Dividing into subgroups,
38% (14/37) of studies were conducted in healthy populations, and 22% (8/32) of studies in populations
with CVD risk factors, 27% (10/32) in populations with diabetes or metabolic syndrome, and 13% (5/32)

in populations with CAD.

Control arms included usual care or conventional medical therapy (23%), a form of relaxation
(6%), education (11%), diet alone (4%), waiting list or no intervention (32%), cognitive-based therapy
(2%), and exercise (21%). Five two-arm RCTs,*'*****" 3 three-arm RCTs,””*** and 1 four-arm RCT **
used exercise as one of the comparator strategies. Exercise controls consisted of physical training,
cycling, running, brisk walking, or resistance training . One exercise trial 7 was excluded from the

meta-analysis due to incomplete reporting of effect measures.
Risk factor outcomes
Yoga versus non-exercise controls

Yoga showed significant improvement of risk factors versus non-exercise controls for each of the
primary outcomes: BMI (-0.77 kg/m2 [-1.09 to -0.44]), SBP (-5.21 mmHg [-8.01 to -2.42]), LDL-C (-
12.14 mg/dL [-21.80 to -2.48]), and HDL-C (3.20 mg/dL [1.86 to 4.54]) (Figures 1.2-1.5). For the
secondary outcomes, significant improvement was seen in all risk factors except FBG (-5.91 mg/dL [-

16.32 to 4.50]) and HbA1c (-0.06 %Hb [-0.43 to 0.31]) (Appendix Figure 1.8).
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Yoga Control Mean Difference Mean Difference
Study or Subgroup Mean [kg/sqm] SD [kg/sqm] Total Mean [kg/sqm] SD [kg/sqm] Total Weight IV, Random, 95% CI [kg/sqm] IV, Random, 95% CI [kg/sqm]
1.1.1 CVD risk factors
Lee etal. 2012 -0.89 1.54 8 0.82 1.66 8 3.8% -1.71[-3.28, -0.14] —
McCaffrey et al. 2005 -0.24 2.79 32 0.05 3.25 29 4.0% -0.29 [-1.82, 1.24] — T
Subtotal (95% CI) 40 37 7.9% -0.99 [-2.38, 0.40] S 3
Heterogeneity: Tau® = 0.38; Chi* = 1.62, df = 1 (P = 0.20); I’ = 38%
Test for overall effect: Z = 1.39 (P = 0.16)
1.1.2 Diabetes or metabolic syndrome
Cohen et al. 2008 -0.1 0.9 14 0.8 2.7 12 3.7% -0.90 [-2.50, 0.70] T
Hegde et al. 2013 -0.4 3.6 14 0.1 4.35 15 1.2% -0.50 [-3.40, 2.40] e p—
Shantakumari et al. 2013 -1.53 1.47 50 0.3 2.02 50 13.3% -1.83 [-2.52, -1.14] —-
Subtotal (95% CI) 78 77 18.3% -1.63 [-2.25, -1.01] <
Heterogeneity: Tau® = 0.00; Chi* = 1.71, df = 2 (P = 0.43); I = 0%
Test for overall effect: Z = 5.14 (P < 0.00001)
1.1.3 CAD
Jatuporn et al. 2003 -0.8 0.6 22 -0.2 0.5 22 25.0% -0.60 [-0.93, -0.27] -
Pal etal. 2011 -1.45 1.74 85 -0.96 1.16 85 20.6% -0.49 [-0.93, -0.05] =
Pal etal. 2013 -0.52 0.89 129 0.03 1.07 129 28.2% -0.55 [-0.79, -0.31) u
Subtotal (95% CI) 236 236 73.8% -0.56 [-0.73, -0.38] ]
Heterogeneity: Tau® = 0.00; Chi* = 0.16, df = 2 (P = 0.92); I = 0%
Test for overall effect: Z = 6.14 (P < 0.00001)
Total (95% CI) 354 350 100.0% -0.77 [-1.09, -0.44] ¢
Heterogeneity: Tau® = 0.08; Chi* = 14.47, df = 7 (P = 0.04); I’ = 52% _54 _%2 ) 2‘ ‘i

Test for overall effect: Z = 4.60 (P < 0.00001)

Test for subgroup differences: Chi’ = 10.87, df = 2 (P = 0.004), I’ = 81.6%

Favors yoga Favors control

Figure 1.2. Forest plot of body mass index results. Negative mean differences between groups favor the yoga intervention, positive mean differences

favor control.



Yoga Control Mean Difference Mean Difference

LT

Study or Subgroup Mean [mmHg] SD [mmHg] Total Mean [mmHg] SD [mmHg] Total Weight IV, Random, 95% CI [mmHg] 1V, Random, 95% CI [mmHg]
2.1.1 Healthy

Fields et al. 2002 (1) -6.3 9.2 6 -7.7 23 6 1.5% 1.40 [-18.42, 21.22) —
Fields et al. 2002 (2) -6.3 9.2 6 7.7 34 3 0.5% -14.00 [-53.17, 25.17] +

Kanojia et al. 2013 -5.2 4.75 25 2.88 6.7 25 6.0% -8.08 [-11.30, -4.86] -

Kim et al. 2012 -0.4 16.57 27 -2.6 9.8 20 4.4% 2.20 [-5.38,9.78] -T—
Ray et al. 2001b -5.64 10.77 28 -3.74 12.8 26 4.9% -1.90 [-8.23, 4.43) —
Wolever et al. 2012 (3) -0.8 13.37 90 -0.67 14.06 96 5.7% -0.13 [-4.07, 3.81) -
Wolever et al. 2012 (4) -0.8 13.37 90 -0.87 16.83 53 5.3% 0.07 [-5.24, 5.38] 1
Subtotal (95% CI) 272 229 28.2% -2.07 [-5.95, 1.82]

Heterogeneity: Tau? = 13.54; Chi* = 15.21, df = 6 (P = 0.02); I’ = 61%

Test for overall effect: Z = 1.04 (P = 0.30)

2.1.2 CVD risk factors

Cohen etal. 2011 -6 18.35 46 -4 14.93 32 4.5% -2.00 [-9.41, 5.41) — T
Lee etal. 2012 -8.25 4.89 8 2.62 3.45 8 5.7% -10.87 [-15.02, -6.72] -
McCaffrey et al. 2005 -24.85 11.89 32 1.89 15.76 29 4.6% -26.74 [-33.80, -19.68] —_—
Murugesan et al. 2000 (5) -33.36 9.71 11 -23.76 12.12 11 3.8% -9.60 (-18.78, -0.42] —
Murugesan et al. 2000 (6) -33.36 9.71 11 -4.19 10.8 11 4.0% -29.17 [-37.75, -20.59] —_—
Saptharishi et al. 2009 (7) -1.6 9.61 30 -0.1 10.61 30 5.3% -1.50 [-6.62, 3.62] -
Saptharishi et al. 2009 (8) -1.6 9.61 30 -2.3 7.5 30 5.6% 0.70 [-3.66, 5.06] -
Subramanian et al. 2011 (9) -0.4 12.02 25 -2.6 12.76 25 4.7% 2.20 [-4.67, 9.07] -1T—
Subramanian et al. 2011 (10) -0.4 12.02 25 -0.3 10.11 25 4.9% -0.10 [-6.26, 6.06) -1
van Montfrans et al. 1990 -2.2 7.7 23 -2.5 6.8 19 5.6% 0.30 [-4.09, 4.69] -
Subtotal (95% CI) 241 220 48.7% -7.36 [-13.39, -1.33] <

Heterogeneity: Tau® = 83.85; Chi* = 96.61, df = 9 (P < 0.00001); I = 91%
Test for overall effect: Z = 2.39 (P = 0.02)

2.1.3 Diabetes or metabolic syndrome

Cohen et al. 2008 -3.6 13.9 14 5.6 9.3 12 3.9% -9.20 (-18.18, -0.22] —
Hegde et al. 2013 -6.4 16.07 14 3.8 11.96 15 3.4% -10.20 [-20.57, 0.17] —
Yang etal. 2011 -5.17 12.4 13 3.6 15 12 3.3% -8.77 [-19.61, 2.07) —
Subtotal (95% CI) 41 39 10.6% -9.39 [-15.14, -3.63] <o
Heterogeneity: Tau® = 0.00; Chi* = 0.04, df = 2 (P = 0.98); I’ = 0%

Test for overall effect: Z = 3.20 (P = 0.001)

2.1.4 CAD

Paletal. 2011 -11.02 9.46 85 -7.05 6.29 85 6.2% -3.97 [-6.39, -1.55] -
Pal etal. 2013 -5.41 11.4 129 -4.71 1.54 129 6.3% -0.70 [-2.69, 1.29] -T
Subtotal (95% CI) 214 214  12.5% -2.26 [-5.46, 0.94] L
Heterogeneity: Tau® = 4.07; Chi* = 4.20, df = 1 (P = 0.04); I = 76%

Test for overall effect: Z= 1.38 (P = 0.17)

Total (95% CI) 768 702 100.0% -5.21 [-8.01, -2.42] &
Heterogeneity: Tau® = 31.32; Chi* = 127.86, df = 21 (P < 0.00001); I = 84% ot b

Test for overall effect: Z = 3.66 (P = 0.0003)
Test for subgroup differences: Chi* = 6.61, df = 3 (P = 0.09), I = 54.6%
(1) for high risk subjects versus usual care
(2) for high risk subjects versus modern medicine (exercise, diet, education)
(3) versus Mindfulness at Work program
(4) versus educational resources
(5) versus medical treatment
(6) versus no intervention
(7) versus no intervention
(8) versus salt reduction diet
(9) versus salt reduction diet
(10) versus no intervention

Favors yoga Favors control

Figure 1.3. Forest plot of systolic blood pressure (mmHg) results. Negative mean differences between groups favor the yoga
intervention, positive mean differences favor control.



Yoga Control Mean Difference Mean Difference

8¢C

Study or Subgroup Mean [mg/dl] SD [mg/dl] Total Mean [mg/dl] SD [mg/dl] Total Weight IV, Random, 95% CI [mg/dl] 1V, Random, 95% CI [mg/dl]
3.2.1 Healthy

Fields et al. 2002 (1) -10.3 38 6 11.3 22 3 4.1% -21.60 [-60.90, 17.70] —

Fields et al. 2002 (2) -10.3 38 6 6.2 34 6 3.9% -16.50 [-57.30, 24.30) —_—
Subtotal (95% CI) 12 9 8.0% -19.15 [-47.45, 9.16] ’—

Heterogeneity: Tau® = 0.00; Chi* = 0.03, df = 1 (P = 0.86); I’ = 0%
Test for overall effect: Z = 1.33 (P = 0.18)

3.2.2 CVD risk factors

Lee etal. 2012 -8.63 23.84 8 10.88 23.5 8 7.3% -19.51 (-42.71, 3.69] —_—
Mahajan et al. 1999 -22.32 34.04 52 -0.45 32.02 41 10.1% -21.87 [-35.35, -8.39] —
Subtotal (95% CI) 60 49 17.4% -21.27 [-32.93, -9.62] <

Heterogeneity: Tau® = 0.00; Chi* = 0.03, df = 1 (P = 0.86); I’ = 0%
Test for overall effect: Z = 3.58 (P = 0.0003)

3.2.3 Diabetes or metabolic syndrome

Cohen et al. 2008 -1.4 21 14 6.9 23.2 12 9.0% -8.30 [-25.43, 8.83] R
Gordon et al. 2008 (3) -3.09 47.51 77 6.57 40.72 77 10.0% -9.66 [-23.64, 4.32] ——
Shantakumari et al. 2013 -24.23 31.79 50 0.49 27.42 50 10.7% -24.72 [-36.36, -13.08] —

Vaishali et al. 2012 -21.04 11.95 30 -7.44 16.8 30 11.8% -13.60 [-20.98, -6.22] —

Yang et al. 2011 -12.41 34.57 13 -10.1 41.47 12 5.7% -2.31(-32.37, 27.75] T
Subtotal (95% CI) 184 181 47.2% -14.42 [-20.47, -8.36] L 2

Heterogeneity: Tau® = 6.91; Chi* = 4.62, df = 4 (P = 0.33); I’ = 13%
Test for overall effect: Z = 4.66 (P < 0.00001)

3.2.4 CAD

Jatuporn et al. 2003 24.7 36.3 22 -25.3 37.79 22 7.7% 50.00 [28.10, 71.90]

Manchanda et al. 2000 -38 33 21 -3.3 16.83 21 9.4% -34.70 [-50.54, -18.86) ——

Paletal. 2011 -15.1 45.23 85 -1.09 39.64 85 10.3% -14.01 (-26.80, -1.22] —

Subtotal (95% CI) 128 128 27.4% -0.36 [-41.98, 41.26] ——e
Heterogeneity: Tau® = 1276.19; Chi* = 38.56, df = 2 (P < 0.00001); I’ = 95%

Test for overall effect: Z = 0.02 (P = 0.99)

Total (95% CI) 384 367 100.0% -12.14 [-21.80, -2.48] <o
Heterogeneity: Tau® = 192.48; Chi’ = 45.66, df = 11 (P < 0.00001); I = 76% -§10 _2'5 b 2’5 5}0

Test for overall effect: Z = 2.46 (P = 0.01)

Test for subgroup differences: Chi* = 1.63, df = 3 (P = 0.65), I = 0%
(1) for high risk subjects versus modern medicine (exercise, diet, education)
(2) for high risk subjects versus usual care
(3) versus no intervention

Favors yoga Favors control

Figure 1.4. Forest plot of low-density lipoprotein cholesterol (mg/dl) results. Negative mean differences between groups favor the yoga intervention,
positive mean differences favor control.



Yoga Control Mean Difference Mean Difference

6¢

Study or Subgroup Mean [mg/dl] SD [mg/dl] Total Mean [mg/dl] SD [mg/dl] Total Weight IV, Random, 95% CI [mg/dl] 1V, Random, 95% CI [mg/dl]
3.3.1 Healthy

Fields et al. 2002 (1) -2.2 7.5 6 3.3 3.2 3 3.2% -5.50[-12.51, 1.51) —
Fields et al. 2002 (2) -2.2 7.5 6 3.5 13 6 1.2% -5.70 [-17.71, 6.31) — T
Subtotal (95% CI) 12 9 4.4% -5.55 [-11.60, 0.50] L
Heterogeneity: Tau® = 0.00; Chi* = 0.00, df = 1 (P = 0.98); I’ = 0%

Test for overall effect: Z = 1.80 (P = 0.07)

3.3.2 CVD risk factors

Lee etal. 2012 -3.5 10.7 8 2.38 9.78 8 1.7% -5.88 [-15.93, 4.17) — T
Mahajan et al. 1999 -5.75 6.09 52 -1.9 5.31 41  14.9% -3.85[-6.17, -1.53] -
Subtotal (95% CI) 60 49 16.6% -3.95 [-6.21, -1.69] )
Heterogeneity: Tau? = 0.00; Chi’* = 0.15, df = 1 (P = 0.70); I’ = 0%

Test for overall effect: Z = 3.43 (P = 0.0006)

3.3.3 Diabetes or metabolic syndrome

Cohen et al. 2008 2 9.9 14 -1.7 3.5 12 4.8% 3.70 [-1.85, 9.25] ™
Gordon et al. 2008 (3) -1.16 15.55 77 0.77 13.57 77 6.4% -1.93 [-6.54, 2.68] -T
Shantakumari et al. 2013 -2.52 8.82 50 1.1 10.72 50 8.4% -3.62 [-7.47, 0.23) -
Vaishali et al. 2012 -5.85 0.99 30 -1.24 1.45 30 25.5% -4.61 [-5.24, -3.98) u
Yang et al. 2011 3.75 11.69 13 5.6 13.88 12 1.6% -1.85[-11.95, 8.25] b
Subtotal (95% CI) 184 181 46.7% -2.45 [-5.24, 0.33] 4
Heterogeneity: Tau®? = 5.27; Chi’* = 10.11, df = 4 (P = 0.04); I’ = 60%

Test for overall effect: Z = 1.72 (P = 0.08)

3.3.4 CAD

Jatuporn et al. 2003 -2 13.76 22 0.58 10.89 22 3.0% -2.58 [-9.91, 4.75) —
Manchanda et al. 2000 -0.5 5.6 21 -0.95 4.41 21 11.2% 0.45 [-2.60, 3.50] T+
Paletal. 2011 -6.44 4.92 85 -2 6.88 85 18.1% -4.44 [-6.24, -2.64) =
Subtotal (95% CI) 128 128 32.4% -2.27 [-6.05, 1.50] 4
Heterogeneity: Tau® = 7.40; Chi’* = 7.36, df = 2 (P = 0.03); I’ = 73%

Test for overall effect: Z = 1.18 (P = 0.24)

Total (95% CI) 384 367 100.0% -3.20 [-4.54, -1.86] []
Heterogeneity: Tau® = 1.73; Chi* = 20.20, df = 11 (P = 0.04); I’ = 46% _5‘0 _2'5 b 2:5 5:0

Test for overall effect: Z = 4.69 (P < 0.00001)

Test for subgroup differences: Chi* = 1.49, df = 3 (P = 0.68), I’ = 0%
(1) for high risk subjects versus modern medicine (exercise, diet, education)
(2) for high risk subjects versus usual care
(3) versus no intervention

Favors yoga Favors control

Figure 1.5. Forest plot of high-density lipoprotein cholesterol (mg/dl) results. Note: signs are reversed so axis stay consistent with other forest plots
even though an increase in HDL-C levels reflects clinical improvement.



Improvements reported in secondary outcomes include reductions of body weight (-2.35 kg [-4.33
to -0.37]), DBP (-4.98 mmHg [-7.17 to -2.80]), TC (-18.48 [-29.16 to -7.80), TG (-25.89 mg/dL [-36.19 to

-15.60]), and heart rate (-5.27 beats/min [-9.55 to -1.00]) (Appendix Figure 1.8).

Only one trial was found which evaluated the impact of yoga on smoking status.’”> When twice-
weekly Vinyasa-style yoga was added in addition to cognitive behavioral therapy (CBT) for smoking
cessation, smokers in the intervention group had higher odds of 7-day and 24-hour abstinence compared
to a control group receiving CBT and education at the end of the 8-week study period (7-day quit OR 4.56
[95% CI 1.12 to 18.57], 24-hr quit OR 4.19 [1.16 to 15.11]. These results did not last, however, when
abstinence was measured at 6-month follow-up (7-day quit OR 1.54 [0.34 to 6.92], 24-hr quit OR 1.87

[0.43 to 8.16]).

When yoga is used in addition to medication, significant improvement was found in body
weight, BMI, *** blood pressure,”**’ lipid levels,”>***~' FBG,”®*> HbA 1¢,”*** and heart rate * in
patients with type 2 diabetes or CAD. As a substitute for medical therapy, results are less definitive.
Two RCTs found yoga more effective than drug therapy in controlling blood pressure »* and body

weight, ¢

In a three-arm trial in which yoga was directly compared to a group that received
antihypertensive treatment and a group receiving no treatment in patients at high risk for CVD, yoga
reduced SBP almost three times more than the antihypertensive therapy (MD -29.17 mmHg, [-37.75, -
20.59] and -9.60 mmHg, [-18.78, -0.42], respectively. >> When yoga was included in addition to continued
medication in CAD patients, an additional benefit, although smaller, is still observed. *>*° Among CAD
patients, yoga is less effective as a substitute for medication such as statins and lipid-lowering drugs in
lowering LDL-C;> however, as an adjunct treatment to medication, yoga provides an additional

statistically significant benefit. *>*°

Yoga versus exercise
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Body weight (kg)

Yoga Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Ades et al. 2005 -0.7 16.61 25 -1 11.88 26 6.9% 0.30 [-7.65, 8.25)

Ray et al. 2001a 0.6 3.45 20 1.2 3.72 20 88.7% -0.60([-2.82,1.62)

Stachenfeld et al. 1998 -1.9 11.61 8 0.3 9.08 9 4.4% -2.20(-12.20, 7.80]

Total (95% CI) 53 55 100.0% -0.61 [-2.70, 1.49]

P 2 _ . 2 _ _ _ 2 1 + 1 +

Heterogeneity: Tau® = 0.00; Chi* = 0.15, df = 2 (P = 0.93); I’ = 0% 1o 5 ) t 10

Test for overall effect: Z = 0.57 (P = 0.57) Favors yoga Favors control

Systolic blood pressure (mmHg)

Yoga Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Bowman et al. 1997 -4 23.52 20 -6 23 20 11.5% 2.00([-12.42, 16.42) e
Harinath et al. 2004 -9.2 7.74 15 -1.5 9.32 15 24.5% -7.70([-13.83, -1.57) —
Saptharishi et al. 2009 -1.6 9.61 30 -5.1 6.73 30 28.2% 3.50 [-0.70, 7.70]) il
Stachenfeld et al. 1998 -7 15.75 8 3 13.79 9 11.8% -10.00 [-24.15, 4.15] —_—
Subramanian et al. 2011 -0.4 12.02 25 -5.4 10.83 25 24.1% 5.00 [-1.34, 11.34) T
Total (95% CI) 98 99 100.0% -0.64 [-6.71, 5.43)

P 2 . 2 . . B T - 0 1 : : :

Heterogeneity: Tau® = 29.34; Chi* = 12.91, df = 4 (P = 0.01); I = 69% 30 % 10 20

Test for overall effect: Z = 0.21 (P = 0.84) Favors yoga Favors exercise

Diastolic blood pressure (mmHg)

Yoga Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Harinath et al. 2004 -9.6 6.72 15 -1.5 9.32 15 25.5% -8.10(-13.91, -2.29] —-
Saptharishi et al. 2009 -2 6.51 30 -5.8 4.45 30 32.3% 3.80(0.98, 6.62] el
Stachenfeld et al. 1998 -5 10.2 8 -2 15.67 9 12.8% -3.00([-15.44, 9.44) —_—
Subramanian et al. 2011  -2.44 8.45 25 -6.1 6.11 23 29.5% 3.66 [-0.49, 7.81) =

Total (95% CI) 78 77 100.0% -0.14 [-5.73, 5.44] *
Heterogeneity: Tau® = 23.08; Chi* = 14.39, df = 3 (P = 0.002); I’ = 79% _2'0 } 1:0 2:
Test for overall effect: Z = 0.05 (P = 0.96) Favors yoga Favors exercise

Heart rate (beats/min)

Yoga Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Bowman et al. 1997 -8 7.55 20 -3 8.54 20 29.2% -5.00[-10.00, -0.00] — ]
Harinath et al. 2004 -1 8.93 15 3.7 8 15  25.2% -4.70(-10.77, 1.37] e
Ray et al. 2001a -1.2 11.69 20 -1 8.44 20 24.3% -0.20 [-6.52, 6.12] D
Stachenfeld et al. 1998 2 7.48 8 -4 7.83 9 21.3% 6.00([-1.28, 13.28] I e ——
Total (95% CI) 63 64 100.0% -1.42 [-6.11, 3.27]

[Ty 2 . 2 . — 12 1 : 1 e
Heterogeneity: Tau® = 13.12; Chi* = 7.09, df = 3 (P = 0.07); I’ = 58% 0 5 ) t 0

Test for overall effect: Z = 0.59 (P = 0.55) Favors yoga Favors control

Figure 1.6. Forest plots of yoga versus physical exercise results for body weight, systolic blood pressure,
diastolic blood pressure, and heart rate.

Five out of nine trials comparing yoga to exercise were conducted in healthy populations

27,41,42,46,47,56 40,48

and the remaining were conducted in young patient populations with hypertension,” ™ an

elderly female population with CAD,* and a population with type 2 diabetes mellitus.*

Among the outcomes that were reported by more than one study, there was no significant
difference in the effectiveness of yoga versus aerobic exercise in modifying body weight (MD: -0.61kg,
95% CI [-2.70, 1.49]),"**" SBP (MD: -0.64mmHg, 95% CI [-6.71, 5.43]),******* DBP (MD: -

0.14mmHg, 95% CI [-5.73, 5.44]),******® and heart rate (MD: -1.42 beats/min, 95% CI [-6.11,
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3.27])* 4464756 (Figure 1.6). In addition, there was also no difference comparing the two strategies for

BML* LDL-C,*” HDL-C,” TC,” TG,*” or FBG.*”

When all studies were pooled together, all trends remained irrespective of controls. Mean

differences in risk factor reductions changed only slightly (Appendix Table 1.3).
Publication bias

Funnel plots assessing publication bias of the primary outcomes are shown in Appendix Figure

1.9. As the funnel plots are mostly symmetrical, we do not find evidence of strong publication bias.

DISCUSSION

The review shows that the practice of yoga may be beneficial to managing and improving risk
factors associated with cardiovascular disease and metabolic syndrome. This finding, however, should be
cautiously interpreted as the RCTs included were of limited sample size, heterogeneous, and had unclear
or high risk of bias on several domains. When trials were pooled, all but two of the outcomes examined

in this review showed improvement after a yoga intervention when compared to non-exercise controls.

Compared to traditional aerobic exercise controls, there was no significant difference in how
exercise or yoga changed risk factors, suggesting similar effectiveness of the two forms of physical
activity and possibly similar underlying mechanisms. The mechanism behind the therapeutic effect of
yoga for cardiovascular disease is still unclear; studies have suggested that yoga may modulate autonomic
function and beneficially alter markers of sympathetic and parasympathetic activity.'>'* Through
practicing yoga, the effects of stress can be reduced, leading to positive impacts on neuroendocrine status,

metabolic and cardio-vagal function, and related inflammatory responses. 1214

The similarity in
effectiveness on risk factors between the two forms of exercise suggest that there could be comparable

working mechanisms, with some possible physiological aerobic benefits occurring with yoga practice,

and some stress-reducing, relaxation effect occurring with aerobic exercise.
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This review helps strengthen the evidence base for yoga as a potentially effective therapy for
cardiovascular and metabolic health. Our results support earlier reviews on the positive benefits of yoga
on primary and secondary prevention of cardiovascular disease and metabolic syndrome,'!'?!820223037
Two systematic reviews that were recently published find that there is some evidence for yoga having
favorable effects on cardiovascular disease risk factors.”®*® One review, conducted by the Cochrane
Collaboration, included 11 trials with its more restrictive inclusion criteria and found significant
improvement in DBP, TG, and HDL.” The second review, with broad inclusion criteria and a wider list
of outcomes, included 44 trials and found that yoga improves SBP, DBP, heart rate, respiratory rate, waist
circumference, waist/hip ratio, TC, HDL, very low density lipoprotein, HbAlc, and insulin resistance.>®

All studies find that published RCTs on yoga are small, of short duration, and heterogeneous, precluding

any strong conclusions on the effectiveness of yoga.

Yoga may provide the same benefits in risk factor reduction as traditional physical activity such
as cycling or brisk walking, supporting a previous narrative review.” This finding is significant as
individuals who cannot or prefer not to perform traditional aerobic exercise might still achieve similar
benefits in cardiovascular disease risk reduction. Evidence supports yoga’s accessibility and acceptability
to patients with lower physical tolerance like those with preexisting cardiac conditions, the elderly, or

those with musculoskeletal or joint pain.”

Lastly, in addition to CVD risk factor improvements, other benefits may result from practicing
yoga. For example, yoga may provide health-related quality of life improvements such as reductions in
stress and anxiety and better coping mechanisms distinct from other forms of exercise. Yoga may also be
practiced in a variety of settings with no special equipment needed, potentially increasing the frequency
and ease of practice. These benefits may produce greater willingness to engage in a form of physical
activity, better adherence and sustainability, ultimately facilitating greater long-term individual- and

population-level CVD and metabolic risk reductions.
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Limitations

There are potential limitations of this review. First, we included only English language articles
and articles published in peer-reviewed journals. Second, several outcomes are related to cardiovascular
and metabolic health; we focused on the major risk factors and surrogate markers for these conditions, as
they are predictive of CVD risk * and concrete outcomes such as cardiac death and myocardial infarction
were not reported in the RCTs. As with all RCTs, findings are applicable to the patient population in

which the study was conducted and wide generalizations should be avoided.

There was a great deal of heterogeneity across included studies. Because part of the appeal and
feasibility of yoga is the customizability of the practice to individual practitioners, a wide variety of yoga
interventions, frequencies and lengths of practice and follow-up were included. To deal with some of this
variation, we used random effects in the meta-analysis and divided patient populations into subgroups.
Although I values did drop within subgroups compared to overall, heterogeneity was still present. As
more studies are undertaken and published, further division by yoga tradition, duration of follow-up, and

other factors can be performed.

Lastly, study quality and assessment could be improved. Many studies had small sample sizes
and did not fully report all methods and outcomes, leading to high or unclear ratings in the risk of bias on
several domains. On a related note, although the Cochrane Risk of Bias tool is widely used and
applicable, the definitions and structure of the rating system can lead to inaccurate estimation of study
quality. For example, blinding of participants is not possible in RCTs evaluating yoga, automatically
leading to a high bias rating in the ‘performance bias’ domain, which assesses blinding of participants and
personnel. Study quality could thus be underestimated in many cases. Nevertheless, more complete

reporting of methodology and outcomes by authors can help enhance the usefulness of rigor of the trials.
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Future research directions

Despite the growing evidence on the health implications of yoga, the physiological mechanisms
behind the observed clinical effects of yoga on cardiovascular risk remains unclear. Inquiries into the
minimum effective dose of yoga, and the dose-response relationship can help elucidate yoga’s potential as
a medical therapy. Research is also still lacking on the costs and economic implications; more research
can be done comparing the relative costs and benefits of yoga versus traditional methods like exercise or
medication. Yoga has the potential to be a cost-effective treatment and prevention strategy given its low
cost, lack of expensive equipment or technology, potential greater adherence and health-related quality of

life improvements, and possible accessibility to larger segments of the population.

CONCLUSION

Our review finds emerging evidence to support a role for yoga in improving common modifiable
risk factors of cardiovascular disease and metabolic syndrome. Whereas previous reviews have looked at
a single or a few risk factors, our review significantly updates the existing literature summary and
encompasses numerous CVD and metabolic risk factors that can be used to calculate overall CVD risk.
We believe that these findings have important implications for the acceptance of yoga as an effective
therapeutic intervention. Given the growing popularity of yoga in the US and around the world, there is a
need for larger randomized controlled studies that meet explicit, high quality methodological standards to
ascertain the effects of yoga. This review demonstrates the potential of yoga to have an impact on

concrete, physiological outcomes that represent some of the greatest health burdens today.
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ABSTRACT

Background: Evidence shows that healthy diet, exercise, smoking interventions, and stress reduction
reduce cardiovascular disease (CVD) risk. We aimed to compare the effectiveness of these lifestyle

interventions for individual risk profiles and determine their rank order in reducing 10-year CVD risk.

Methods and Results: We computed risks using the American College of Cardiology/American Heart
Association Pooled Cohort Equations for a variety of individual profiles. Using published literature on
risk factor reductions through diverse lifestyle interventions — group therapy for stopping smoking,
Mediterranean diet, acrobic exercise (walking), and yoga, we calculated the risk reduction through each
of these interventions to determine the strategy associated with the maximum benefit for each profile.
Sensitivity analyses were conducted to test the robustness of the results.

In the base-case analysis, yoga was associated with the largest 10-year CVD risk reductions
(maximum absolute reduction 16.7% for the highest risk individuals). Walking generally ranked second
(max 11.4%), followed by Mediterranean diet (max 9.2%) and group therapy for smoking (max 1.6%). If
the individual was a current smoker and successfully quit smoking (i.e., achieved complete smoking
cessation), then stopping smoking yielded the largest reduction. Probabilistic and one-way sensitivity
analysis confirmed the demonstrated trend.

Conclusions: This study reports the comparative effectiveness of several forms of lifestyle modifications

and found smoking cessation and yoga to be the most effective forms of CVD prevention. Future research
should focus on patient adherence to personalized therapies, cost-effectiveness of these strategies, and the
potential for enhanced benefit when interventions are performed simultaneously rather than as single

measures.

Keywords: comparative effectiveness, lifestyle modification, cardiovascular risk reduction
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INTRODUCTION

Consensus exists that lifestyle changes such as stopping smoking, higher levels of physical
activity, and certain dietary patterns can lead to lower rates of cardiovascular disease (CVD) and other
chronic diseases.” Current clinical guidelines in both the United States and Europe include such changes

in their recommendations for reducing the risk of CVD."*’

For example, the 2013 American College of
Cardiology (ACC) and American Heart Association (AHA) Guidelines to Reduce Cardiovascular Risk
give a strong, Grade A recommendation for adults who need low-density lipoprotein (LDL-C) and blood

pressure (BP) lowering to follow a dietary pattern that emphasizes intake of vegetables, fruits, and whole

grains and limit intake of sweets, sugar-sweetened beverages and red meats.'

Clinical guidelines for providers and patients rely on evidence that includes data analysis of
individual studies, data synthesis that pools results from many studies, and models that use data to project
future risk. An attractive feature of models and tools that predict risk is the ability to estimate the
effectiveness of alternative strategies for different populations and subpopulations, and for individuals
with specific characteristics. In fact, the ACC and AHA recently published a new set of equations that
can be used to estimate 10-year and lifetime risk of a first hard atherosclerotic cardiovascular disease
(CVD) event, or first occurrence of non-fatal myocardial infarction or death from coronary heart disease
or fatal or nonfatal stroke.® These equations, known as the Pooled Cohort Equations, are based on data
from diverse, community-based cohorts that represent both African-American and White men and women
in the US. Full descriptions of the CVD risk equations and their development have been published
elsewhere.*’

With the introduction of the ACC/AHA guidelines and the accompanying debates on use of statin
therapy, calls for more focus on personal lifestyle modification and behavior change have been made.'*"?
There has additionally been growing interest in using data and analytic tools to develop personalized

13-15

recommendations that consider an individual’s clinical risk profile. Personalized recommendations

utilizing comparative effectiveness research (CER) have been done previously using life expectancy gains
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based on US Preventive Services Task Force (USPSTF) guidelines 1618

with substantial gains in life
expectancy shown with greater use of preventive services.'’

The objective of this study is to estimate the risk reductions that can be expected from diverse
lifestyle modifications for patients with specified clinical characteristics and establish the comparative
effectiveness of these strategies depending on individual risk profiles. We calculated risk by inputting
individual levels of key risk factors including age, blood pressure, lipid levels, hypertension treatment and
smoking status into the Pooled Cohort Equations and then using the best available evidence on the effects
of different interventions on each of these risk factors to establish the comparative effectiveness of
interventions for individuals depending on their profiles. We considered the following lifestyle
interventions: group therapy for stopping smoking, Mediterranean diet (a diet that emphasizes high intake
of fruits, vegetables, whole grains, fatty fish, nuts, and olive oil),' aerobic exercise (specifically walking),
and yoga (a popular form of exercise focusing on the mind-body connection).

These interventions were chosen to encompass a range of strategies that may be part of a lifestyle
modification regime. For stopping smoking, already well-established as a main driver of cardiovascular
risk, we chose group therapy counseling sessions rather than nicotine replacement therapy or medication
to more closely align with the non-pharmacological nature of the other strategies. A healthy diet and
aerobic exercise are regarded as mainstays in prevention of CVD, with accumulating evidence on the
impact of the Mediterranean diet on cardiovascular risk.” 20.21 Yoga, a form of physical activity that
involves physical postures, breath work, and meditation or relaxation, is becoming more prevalent in the
US; a 2012 National Center for Health Statistics survey showing that 9.5% of adults (21 million) used
yoga in the previous 12 months.** Yoga is thought to reduce response to stress and affect the autonomic

23,24
|

nervous system through relaxation techniques and breath contro Three recent systematic reviews and

meta-analyses suggest that yoga may significantly improve risk factors for CVD like body weight, lipid

profile, and blood pressure.”>*’
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METHODS

This study uses the Pooled Cohort Equations published by Goff et al. (2013) to calculate 10-year
CVD risk separately for white and African-American individuals.® We focused on the non-diabetic white

and African-American populations.

Risk factors in the equations are age, systolic blood pressure (SBP), whether the patient is treated
for hypertension or not, total cholesterol (TC) and HDL-cholesterol (HDL-C), current smoking status, and
history of diabetes. Levels of risk factors were entered in the Pooled Cohort Equations to calculate an
individual’s absolute 10-year atherosclerotic CVD risk. The potential improvement in each risk factor that
could be achieved through the four lifestyle management strategies — group therapy for smoking (only for
current smokers), the Mediterranean dietary pattern, walking, and yoga — were obtained from published
literature (Table 1). The risk factor effect sizes were then translated into reductions in 10-year CVD risk

for each intervention.

Table 2.1. Effectiveness of lifestyle interventions on reducing CVD risk through changes in risk
factors

Impact of Lifestyle Changes on Risk Factor due to Interventions

Group therapy Mediterranean Walking Yoga
Risk factor for smoking diet
Smoking (% quitting) 9.90* -- -- --
(8.00, 12.30)
(28)
Systolic blood pressure -- -1.70 -3.80 -4.45
(mmHg) (-3.35,-0.05) (-5.90, -1.70) (-6.99, -1.90)
(29) (30) (27)
Total cholesterol (mg/dl) -- -7.35 -3.48 -17.00
(-10.32, -4.39) (-12.37, 5.80) (-27.29,-6.71)
(29) (30) (27)
HDL cholesterol (mg/dl) -- 0.94 2.32 2.87
(-1.93, 3.82) (0.46, 5.41) (1.47,4.26)
(29) (30) (27)

* Probability of quitting smoking with group therapy compared to 5% probability of quitting without intervention.
The relative proportion of quitting (relative risk) is 1.98 for group therapy versus control (95% CI: 1.60-2.46)*

Interventions
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Intervention effect sizes were obtained from meta-analyses of randomized controlled trials
(RCTs). Published literature was searched and meta-analyses were selected if they included RCTs using
intention-to-treat analysis, contained summary estimates of all relevant risk factors within a single report,
and compared the treatment to a control group of no/minimal intervention or usual care. We used an

alternate set of estimates in a sensitivity analysis.

For current smokers, group therapy for smoking cessation consisted of about 6-8 scheduled
meetings led by professional facilitators for at least six months that included information, advice, and
encouragement for quitting.”® For Mediterranean diet, data were taken from a meta-analysis of RCTs in
which patients followed a diet rich in fruit and vegetables, low in red meat, and moderate in fat from nuts
and oils for at least six months with a follow-up of 2 years.”” Evidence on change in risk factors from
walking was obtained from a meta-analysis on pedometer use as a means to increase physical activity.*
Specifically, participants were given a pedometer and encouraged to increase their daily steps (either with
or without a daily step goal). This intervention resulted in an additional 2491 steps per day, roughly
equivalent to 1 mile of walking. Walking was chosen to represent aerobic exercise as a low-impact form
of aerobic activity that is accessible and suitable for most individuals. Mean duration of the intervention
and follow-up was 18 weeks. Data on yoga came from the most recent meta-analysis of RCTs evaluating
a variety of movement-based yoga styles including Hatha, Vinyasa, and Ashtanga and excluding
breathing- or meditation-only styles.”’ Yoga was practiced 3-4 times per week on average, mean duration

of the yoga interventions and follow-up was 18 weeks.
Data analysis

Calculations for risk factor changes as a result of lifestyle interventions were based on an
intention-to-treat approach. The intervention effect estimates from Table 2.1 were added to the initial risk
factor level for an individual with specific clinical characteristics to generate a new risk factor level.

These new levels were then entered in the Pooled Cohort Equations to obtain a new CVD risk.
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We calculated CVD risk with group therapy for smoking in two steps. First we calculated the
CVD risk difference between a smoker and non-smoker, with all other risk factors unchanged to get the
pure effect of group therapy on CVD risk. Then we multiplied this number by the probability a smoker
would successfully quit with group therapy versus no group therapy to get the intention-to-treat estimate
(see Appendix Chapter 2 supplemental data for details).

We calculated the absolute risk reduction of 10-year CVD risk across the 4 different interventions
for the average patient in each risk subcategory. Base case results were displayed using heat maps, using
color shading to represent gradation of risk across subgroups and strategies. Results were stratified by

sex, smoking status and treatment for hypertension.

We included six risk factor profiles of hypothetical patients with varying levels of SBP, TC, and
HDL-C with different combinations of smoking and hypertension treatment status to represent individuals
with a wide range of CVD risk, extending from 1% to nearly 30%. The six profiles were created for both
White and African American patients for a total of 12 different profiles. For each profile, we estimated
the 10-year CVD risk in the absence of a lifestyle management intervention and with the addition of each

of the four interventions.

Sensitivity analysis

We conducted several analyses to explore the impact of parameter uncertainty and the impact of

alternative assumptions.

First, we conducted a deterministic sensitivity analysis using the published 95% confidence
interval for the effect measure for each intervention. We conducted a ‘worse case’ scenario analysis
using the smallest favorable change for all risk factors and a ‘best case’ scenario analysis using the largest
favorable change for all risk factors.

Second, we conducted an analysis that explored the impact on CVD risk for an individual smoker
who successfully quits. In contrast to the primary ‘intention-to-treat’” analysis explained above, this

secondary analysis is more akin to a per protocol type of analysis. For example, a provider who is
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considering options to recommend to a patient will discuss the relative benefits of those options based on
evidence from study results analyzed by intention-to-treat. However, a patient might be interested in
acquiring information for the ‘benefit’ they would obtain if they successfully stopped smoking.
Therefore, we conducted an analysis in which we assumed a patient successfully quits and refer to this
second analysis as ‘successful smoking cessation’.

Third, we conducted a probabilistic sensitivity analysis to determine how often a strategy would
be considered optimal for the twelve hypothetical patients. This analysis was done for both the base case
analysis and the individual patient perspective. In each analysis one thousand random draws were
performed in which we simultaneously varied the parameters in Table 2.1 — the effect size of the
interventions for each risk factor and the probability of successfully quitting smoking with group therapy
— according to its probability density function. Intervention parameters were drawn from a normal
distribution and the probability of quitting smoking drawn from a beta distribution. Probability of
successfully quitting was designated as 100% for the individual patient who successfully quits smoking.
The base case intervention effect estimates were used as means and the 95% confidence intervals that
were derived from published literature were used to inform the spread of the distribution.

Fourth, we used an alternative set of intervention effect estimates from published literature for the
twelve hypothetical patient profiles to see if the ranking was sensitive to our choice of meta-analysis. We
have presented the table of alternative estimates in the Appendix Table 2.5. For smoking cessation, we
used another non-pharmaceutical intervention, physician advice for smoking cessation, to mimic the
behavior change necessary to quit smoking.’' Another meta-analysis on the Mediterranean dietary pattern
for RCTs longer than three months from the Cochrane Database was selected for this sensitivity analysis
*2: however, only TC was pooled and reported and thus we varied only this parameter. To more broadly
represent exercise as an intervention, we widened this intervention category to include more kinds of
aerobic exercise including running, jogging, and cycling. For this, we used a recent meta-analysis of
RCTs of lipid measurements (TC and HDL)* supplemented with a meta-analysis of the effect of aerobic

. 34 .. .. . . .. .
exercise on SBP.™ Both analyses used similar definitions of aerobic exercise, had similar patient
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populations, and both had median durations of 12 weeks (range 2-3 weeks to 2 years). An alternate meta-
analysis with similar inclusion criteria was employed for the yoga estimates.”’

Lastly, we conducted a sensitivity analysis with the general Framingham risk score to examine if
and how the relative rankings of the interventions would change with this commonly used risk
algorithm.” This Framingham risk score closely matches the Pooled Cohort Equations used in the base

case, assessing all the same cardiovascular disease events plus cardiac failure.

This study does not constitute human subjects research and thus did not require Institutional

Review Board approval.

RESULTS

Figures 2.1-2.16 display heat maps of risk reductions from the 4 interventions for all hypothetical
groups of patients, dichotomized by race, sex, smoking status, and treatment for hypertension. Axes
represent the covariates — age, SBP, TC, and HDL — in the Pooled Cohort Equations. In the heatmaps, the
colors vary from red (smallest risk reduction) to green (moderate risk reduction) to blue (largest risk
reduction). Differences amongst the strategies for an individual patient can be observed by comparing the

same cell across the 4 different interventions.

51



MALE NON-SMOKERS
HDL (mg/dL)
60.

20-39 40-59 80-100 SBP (mmHg) 20-39 40-59

<50

50-59

GROUP THERAPY FOR SMOKING
(not applicable)

60-69

70+

Age

ONRO® ONRO® ONADX ONRDD ONRO® ONANX ONARDD ONADR

-

==

——

==

==

==

==

==

——

==

e e e e e e e e

e e e =

- F

1 F

-

- F

——

=1

- Tttthtftt-t————{t———

| YOGA

e e e
e e e
SEE = -_— R e ——
e = - -
Sl — - F
s - -
= ———— 1
Sos - R eSS e s Ssss
S - e ese=E=========
Ll e e e e e
S e —— e ————— e e
e e e
sEEE s e b ] 1
Ses - -
Ses ] -
Ses s = ]
= ———— 1
SeE St = e eSS e S
- ¥+ F
-} 3} ]
sooosc saoaoc aaceee aao a0 o 2ocesc maoooe a22a0e a0 a0 S
3223228382222 8g2ggeagegee 2323228332322 88232283228 ¢R8e
TI3382 533533 335382 335583353 T332 3333383 333388 33533483
seddddsasdaddezdaddasdadd ced3ddassdaddsadadd sasdadd
888838 888828 888 g8 888888 828838 S88RFE 888888888888
CE2IRB CCSRERCC2IRREESRRR CE2IBRCECSNIRE 2SS RRCCESIRE

Total cholesterol (mg/dL)

Total cholesterol (mg/dL)
Figure 2.1. Risk reduction by intervention for white males, not treated for hypertension, non-
smoker. Reductions range from smallest (red) to moderate (green) to largest (blue).
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Figure 2.2. Risk reduction by intervention for white males, not treated for hypertension, smoker.
Reductions range from smallest (red) to moderate (green) to largest (blue).
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Figure 2.3. Risk reduction by intervention for white males, treated for hypertension, non-smoker.
Reductions range from smallest (red) to moderate (green) to largest (blue).
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Figure 2.4. Risk reduction by intervention for white males, treated for hypertension, smoker.
Reductions range from smallest (red) to moderate (green) to largest (blue).
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Figure 2.5. Risk reduction by intervention for white females, not treated for hypertension, non-
smoker. Reductions range from smallest (red) to moderate (green) to largest (blue).
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Figure 2.6. Risk reduction by intervention for white females, not treated for hypertension, smoker.
Reductions range from smallest (red) to moderate (green) to largest (blue).
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Figure 2.7. Risk reduction by intervention for white females, treated for hypertension, non-smoker.
Reductions range from smallest (red) to moderate (green) to largest (blue).
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Figure 2.9. Risk reduction by intervention for African-American males, not treated for
hypertension, non-smoker. Reductions range from smallest (red) to moderate (green) to largest
(blue).
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Figure 2.10. Risk reduction by intervention for African-American males, not treated for
hypertension, smoker. Reductions range from smallest (red) to moderate (green) to largest (blue).

Key for figures:

Minimum Maximum
reduction reduction

56



HDL (mg/dL)
20-39 40-59 60:

<50

50-59

GROUP THERAPY FOR SMOKING

(not applicable)
60-69

70+

1a0-1s9. [TRITREND (0N

280-310 ||| [|[[[]]
130-159 [

Total cholesterol (mg/dL]

220249 || |||
280-310 |||
130-159 [

80-100

MALE NON-SMOKERS

280-310 ||| ||

SBP (mmHg) 20-39

SRNPEO® SNEOD SNEOP SNEIX® ONDRNIP SNEOD SNEIX SNEDR

SInaNe

13059 [N ¢

sea-tso [NIINT |
ssoars [NIINT |
oo (TN |
]
rawse (NI |
seo-tso [ IINT |
ssoars | I |
2020 (1T |
zsoare [INT |
s0at0 (LI |
rawse (NI |

250-279 |||
280-310 |||

olesterol (mg/dL)

=

Total cl

Figure 2.11. Risk reduction by intervention for African-American males, treated for hypertension,
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Figure 2.12. Risk reduction by intervention for African-American males, treated for hypertension,
smoker. Reductions range from smallest (red) to moderate (green) to largest (blue).
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Figure 2.13. Risk reduction by intervention for African-American females, not treated for
hypertension, non-smoker. Reductions range from smallest (red) to moderate (green) to largest
(blue).
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Figure 2.14. Risk reduction by intervention for African-American females, not treated for
hypertension, smoker. Reductions range from smallest (red) to moderate (green) to largest (blue).
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Figure 2.15. Risk reduction by intervention for African-American females, treated for
hypertension, non-smoker. Reductions range from smallest (red) to moderate (green) to largest
(blue).
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Base case

In general across all profiles displayed in the heatmaps, the lowest risk reductions were with
group therapy for smoking (red) and the highest reductions with yoga and walking exercise (blue).
Although the results are heterogeneous across individual patients, the largest reductions on average were
seen with yoga. The average risk reduction for all patients was 2.6% for yoga, compared to 1.9% for

walking, 1.5% for Mediterranean diet, and 0.4% for smoking cessation counseling.

For the highest risk individuals who may experience the largest absolute reductions, the
maximum reduction achieved with yoga was 16.7%. Walking typically fared second (max reduction
11.4%), followed by Mediterranean diet (max reduction 9.2%) and then group therapy for smoking if an
individual was a current smoker (max reduction 1.6%). For some — white individuals with moderately low
total cholesterol and high levels of HDL-cholesterol and elderly African-American women —
Mediterranean diet outranked walking. African-American subjects generally achieved larger absolute risk
reductions than white subjects.

Table 2.2 shows the risk reduction achieved through the various lifestyle modifications for the

risk factor profiles representing twelve hypothetical individual patients.
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Table 2.2 10-year CVD risk (%) for different risk factor profiles with and without lifestyle
interventions with 95% credible intervals. Numbers with * represent the most effective CVD risk
reduction strategy in the base case intention-to-treat analysis. Numbers with " represent the most

effective strategy assuming successful cessation of smoking.
10-year CVD risk (%) with intervention
Group therapy for

None smoking ~ MED diet Walking Yoga
Risk profile BC* sc?
1) 50-yr-old non-smokin *

) 50-y & White 0.9 0.8 0.8 0.7
woman, SBP 120 mmHg, (0.8,0.9) (0.7, 0.8) (0.6, 0.8)
not treated for N/A Lo L1 Lo¥
hypertension, TC 160 AAl 1.4 : : :
mg/dL, HDL-C 50 mg/dL (1.1, 1.3) (1.0, 1.2) 0.9, 1.1)

V- - i *
2) 55-yr-old non-smoking White 70 6.4 6.2 5.5
man, SBP 140 mmHg, N/A (6.0, 6.8) (5.8, 6.6) (5.1,6.0)
treated for hypertension, 10.0 97 9 3%
TC 170 mg/dL, HDL-C AA 12.7 : ’ ‘
45 mg/dL (9.7, 10.3) (9.5,9.9) 9.0,9.7)
3) 45-yr-old smoking White 122 11.8 5.07 11.0 10.6 9.3%
man, SBP 160 mmHg, ' (11.6, 12.0) (10.1, 12.0) (9.8, 11.5) (8.4,10.2)
treated for hypertension
’ 17.8 + 14.5 14.1 13.7%
TC 200 mg/dL, HDL-C AA 18.2 9.4
40 mg/dL (17.6,17.9) (14.1,14.9) (13.8,14.4) (13.2,13.7)
4) 70-yr-old smoking Whit 18.6 18.3 12.17 18.0 17.6 17.0%
woman, SBP 155 mmHg, ¢ ' (18.1, 18.4) (18.4,17.6) (17.2,18.0) (16.3,17.6)
not treated for
. 23.3 + 22.5 22.5 20.5%
hypertension, TC 145 AA 239 133
mg/dL, HDL-C 70 mg/dL (23.1, 23.5) (21.9,23.1) (21.3,23.6) (19.1,22.0)
-VT- - 1 *
5) 65-yr-old non-smoking White  23.2 22.1 21.7 20.5
man, SBP 180 mmHg, N/A (21.5,22.8) (21.0,22.4) (19.6,21.5)
treated for hypertension, M1 21.6 21.0%
TC 200 mg/dL, HDL-C AA 27.3 ) ) ’
60 me/dL (21.6,22.6) (21.2,22.0) (20.4,21.7)
6) 50-yr-old smoking White 282 27.5 14.47 26.2 25.3 23.2%
man, SBP 170 mmHg, ¢ ' (27.2,27.8) (24.4,28.4) (24.1,26.6) (21.7,24.8)
treated for hypertension
’ 27.5 + 22.8 22.1 21.6*
TC260 mg/dL, HDL-C  AA 281 (505 Hogy 1300 (05 934y (218,225)  (209,22.3)

35mg/dL

Abbreviations: * base-case, ¥ successful cessation, | AA: African-American, SBP: systolic blood pressure, TC: total

cholesterol, HDL-C: high-density lipoprotein cholesterol, N/A: not applicable

Sensitivity analysis

For both the best case and worse case scenarios trends were similar to those found in the base

case, with the largest risk reductions achieved with yoga for all 12 profiles.

61



Results of our secondary sensitivity analyses assuming successful smoking cessation are shown in
column “SC” in Table 2.2 with optimal strategies indicated with *. If the patient is a smoker and

successfully quits, then this lifestyle modification achieves the largest reductions in risk.
Probabilistic sensitivity analysis

Tables 2.3 & 2.4 show the results from the probabilistic sensitivity analysis based on 1,000
random draws for the base case and successful smoking cessation analyses. The highest-ranking strategy
was yoga in over 88% of the simulations in the base case, with walking being the second most frequent
optimal strategy. With successful cessation of smoking (i.e., complete smoking cessation), group therapy

becomes the dominant strategy.

Table 2.3. Percentage of simulations that the strategy was ranked first (%) in the base case, by
race-specific risk profile

Risk profile
Highest ranked strategy 1 2 3 4 5 6
White
Group therapy for smoking N/A N/A 00 00 N/A 0.0
Mediterranean diet 03 03 03 00 01 06
Walking 25 22 25 66 36 3.7
Yoga 972 97,5 972 934 963 95.7

African-American
Group therapy for smoking N/A N/A 00 00 N/A 0.0

Mediterranean diet 0.1 0.0 0.3 0.6 0.0 0.5
Walking 59 8.1 85 3.1 7.6 10.6
Yoga 939 919 912 963 924 889

Table 2.4. Percentage of simulations that the strategy was ranked first (%) in the secondary
analysis assuming successful cessation of smoking, by race-specific risk profile

. Risk profile
Highest ranked strategy 1 2 3 4 5 6
White
Group therapy for smoking N/A  N/A  100.0 100.0 N/A 100.0
Mediterranean diet 04 04 0.0 0.0 0.2 0.0
Walking 49 49 0.0 0.0 4.9 0.0
Yoga 94.7 947 0.0 0.0 949 0.0

African-American
Group therapy for smoking N/A  N/A  100.0 100.0 N/A 100.0

Mediterranean diet 0.2 0.0 0.0 0.0 0.0 0.0
Walking 7.8 103 0.0 0.0 9.6 0.0
Yoga 92.0 89.7 0.0 0.0 904 0.0
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Alternative estimates

Appendix Figure 2.17 shows the comparison of the base-case estimates and alternative estimates
for each hypothetical profile. As shown in the figure, the optimal strategy for each profile does not
change, nor do the rankings among the interventions. In fact, some absolute risk reductions are lower

with the alternate estimates compared to the base case.

When the Framingham algorithm is used (see Appendix Figure 2.18), the relative rankings among
the interventions also remains the same. The absolute 10-year risk using the Framingham risk equations is
higher in some cases, as the Framingham risk score includes both populations in a single score and also

predicts risk of heart failure in addition to the outcomes predicted in the Pooled Cohort Equations.

DISCUSSION

We assessed the comparative effectiveness of four lifestyle management strategies on 10-year
CVD risk. In the base-case intention-to-treat analysis, yoga resulted in the largest risk reduction out of the
four interventions for non-smokers and smokers alike. Walking as a form of aerobic exercise generally
placed after yoga, followed by Mediterranean diet. In both the deterministic and probabilistic sensitivity
analyses, the same trend in the base case held for our twelve hypothetical patients (yoga, walking, diet,

group therapy for smoking).

In the base case analysis, the impact of group therapy for stopping smoking on cardiac health was
based on an intention-to-treat calculation, in order to be consistent across the four interventions; thus,
only those who successfully quit realize reduced CVD risk. With the probability of successfully quitting
being low, the benefits were correspondingly minimal. However, in a secondary analysis we
demonstrated that for a current smoker, successful smoking cessation is the most effective of all lifestyle
changes.

Our results are consistent with others who assessed the effect of CVD prevention. A simulation

model by Kahn et al. (2008) that focuses specifically on cardiovascular disease interventions showed that
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the greatest benefits in life expectancy would be achieved through the treatment of hypertension and
elevated LDL-C.*' On a population level, the large, multinational INTERHEART case-control study
found that abnormal lipids was the most important risk factor with respect to population attributable risk
for acute myocardial infarction (MI) across all age groups.”® Accordingly, our study shows that yoga,
which provides the largest improvements in systolic blood pressure and lipid levels, also provides the

largest reduction in CVD risk.

In the analysis by Taksler et al. (2013), among USPSTF recommendations for preventive care,
tobacco cessation, diabetes control, weight loss, and blood pressure reduction were consistently ranked
among the top guidelines for increases in life expectancy across patients.18 Tobacco cessation ranked high
in their study as well as the INTERHEART study that demonstrated that the odds of an acute MI almost
tripled for a current smoker versus a non-smoker.”’” Our finding that successful smoking cessation is the

most effective of all lifestyle changes for current smokers is consistent with these studies.
Limitations

While risk assessment was based on recently published pooled cohort equations that allowed up-
to-date, accurate, race-specific estimation, there are several limitations of this study. First, we focused
changes in risk factors translated into CVD risk in the non-diabetic population. Although we evaluate
diverse sets of patient characteristics, results may not generalize to different populations. The ACC/AHA
report did not include any measures of adiposity in their algorithm, although the lifestyle interventions

studied could impact those measures, further altering CVD risk.

Second, insufficient data precluded subgroup-specific pooled estimates of interventions on risk
factors as well as any projections of future changes in disease outcomes. Future long-term studies could
determine the effects of these interventions on CVD outcomes rather than on risk factors and model
additional changes in risk factors and other disease processes using more complex microsimulation

models.
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Third, we chose to use the new ACC/AHA pooled cohort equations to calculate 10-year
atherosclerotic CVD risk defined as a composite endpoint of first occurrence of non-fatal myocardial
infarction, death from coronary heart disease, or fatal or nonfatal stroke. Other risk calculators — the
Framingham Heart Study Coronary Heart Disease calculator,”® the EURO-SCORE,” and the Adult
Treatment Panel (ATP) III *° to name a few — are also used to calculate risk scores for cardiovascular
outcomes. While criticism over use of the ACC/AHA risk equations exists,‘”'43 our model focuses on a
change in risk amongst strategies, so would not be affected by choice of risk algorithm.

Fourth, results may be sensitive to model inputs. Our parameters are based on the best available
published data, namely meta-analyses of controlled clinical trials. For example, data on the effectiveness
of yoga on risk factors was obtained from a meta-analysis of RCTs of moderate quality and generally
small sample size.”” Other studies have, however, corroborated the results and found improvements of
similar magnitude.”> ** Additionally, estimates for Mediterranean diet were obtained from a meta-analysis
of RCTs involving overweight and obese patients which in some cases, have access to additional advice
and counseling *’; the actual benefit may differ based on individual characteristics and participation. As
with all models, estimation is subject to the data available and results should be interpreted recognizing
the limitations of the meta-analyses used.

Next, we recognize that patients have preferences for certain approaches and doctors may have
prescribing preferences, including taking and prescribing medication, respectively. We have presented a
rank order of strategies that do not include taking any pills or medication. As such, non-adherence with
lifestyle change and other health behaviors, including pill-taking, is of concern and may dilute
intervention effects. Our calculations are based on intention-to-treat rates from the clinical trials, which
incorporate non-adherence. Additionally, personalized medicine may aid adherence to lifestyle changes.*
Nonetheless, real-world adherence and associated risk improvement may differ from what we have

presented.
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Lastly, we report risk reductions based on a single intervention. It is possible that patients may try
multiple interventions simultaneously (e.g. smoking cessation therapy and walking) and that these
interventions would reduce CVD risk in a synergistic fashion. Furthermore, walking was chosen as a
comparator intervention in this study as it is considered low-impact and widely accessible. More
vigorous exercise such as jogging may confer even greater cardiovascular and fitness benefits and may

change the rank order of strategies.

Clinical implications and policy relevance

Studies on personalized medicine for preventive care have found that some of the greatest gains

. . . . . . 18, 19, 36
in life expectancy come from services targeting cardiovascular disease. ~

Accurate, personalized
recommendations regarding cardiovascular risk reduction can lead to better health and economic
outcomes, reducing healthcare and patient time costs and increasing quality-of-life and productivity. Use
of risk estimators has been shown to have significant, modest effects on prescribing preventive therapies

and on risk factor levels.”*>*> 4

Based on this model and available data, yoga to reduce CVD risk can be considered by physicians
and patients as a preventive care strategy alongside smoking cessation, diet, and exercise. The potential
benefit of yoga in lowering lipids, blood pressure, and body weight warrant further exploration of its

health effects and dose-response relationship in future clinical trials.

The information presented in this paper has the potential to help inform clinicians and patients on
which activities could be more effective at reducing long-term CVD risk based on their personal risk and
preferences for interventions. These findings can be included in a decision aid used in the context of
shared decision-making between clinician and patient. Additionally, the lifestyle management strategies
analyzed in this study require little to no equipment, no expensive medication, and can be performed at
home or at the convenience of patients. Further research can examine whether these low-cost strategies
are cost-effective compared to other CVD management strategies and demonstrate whether tailored

therapies do improve patient adherence and health outcomes.
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CONCLUSION

This study reports the comparative effectiveness of several forms of lifestyle modifications —
from the commonly advised smoking cessation, diet and exercise strategies to a more contemporary form
of exercise, yoga, on 10-year CVD risk. For a current smoker, successfully quitting smoking is the most
effective lifestyle change. Smoking cessation is, however, difficult to achieve and group therapy for
stopping smoking has only a small probability of success. From an intention-to-treat perspective, if yoga
is as effective as reported in currently published meta-analyses, then yoga could be considered among the
strongest lifestyle interventions for reducing CVD risk. With more individualized estimates and
recommendations, providers can better predict cardiovascular disease risk and manage prevention more
effectively, particularly amongst different ethnic groups who may be at higher risk of CVD and can
benefit from early CVD risk discussion.*’ Patients themselves can become more informed and involved in

their own health and lifestyle choices.

Tailored recommendations for managing CVD risk has the potential to inform practice, improve
care, and reduce health care expenditures. Our analysis supports the findings of several large-scale studies
that CVD risk can be modified by lifestyle changes. Additional research can take into account adherence
to management strategies as well as investigate the effects of multiple interventions. As the interventions
we have included are relatively low cost, a priority for future research is to analyze the effect of these
management strategies on quality of life, costs (i.e., affordability), and cost-effectiveness (i.e., value for

money).
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ABSTRACT

Introduction: Physical inactivity is a major public health problem in the US that contributes to rising
levels of cardiovascular (CVD) morbidity, mortality, and cost. Yoga, a form of physical activity focusing
on breath, postures, and the mind-body connection may improve cardiovascular risk factors on a level
comparable to aerobic exercise. The cost-effectiveness of these therapies on cardiovascular health,
however, is unknown. The aim of this study is to assess the cost-effectiveness of aerobic exercise and
yoga therapy compared to current medicine practice alone for primary prevention of cardiovascular
disease in adult populations.

Methods: Using a validated cardiovascular disease microsimulation model, we calculated the costs and
quality-adjusted life year (QALY) gains of aerobic exercise and yoga for cardiovascular disease
prevention from the societal and healthcare perspective as an “exercise on prescription” intervention and
as a reimbursed therapy. Impact of exercise and yoga on cardiovascular risk factors, relevant costs, injury
rates, and health-related quality of life were estimated from published literature. Duration of benefit from
activity was varied from 1 year, 3 years, 5 years, and 10 years. The parameters of intervention
effectiveness and patient uptake and adherence were varied in sensitivity analyses. One-year cycle lengths
and a lifetime horizon were used. Costs and QALY's were discounted by 3%.

Results: In the societal perspective including direct and indirect costs, both interventions were not cost-
effective using a $100,000/QALY threshold in any scenario. In the healthcare perspective including only
direct medical costs and costs of injury, aerobic exercise was cost-effective and yoga was cost-saving in
all scenarios. If patients experience improvements in activity-related quality of life and have their fitness
costs reimbursed, then the activities are cost-effective (1-year incremental cost-effectiveness ratio for
exercise: $16,667/QALY, for yoga: $41,814/QALY).

Conclusion: Aerobic exercise and yoga were not cost-effective solely based on their impact on CVD

from a societal perspective. If classes are free and individuals enjoy exercise, then both activities are good
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buys for CVD prevention. Additional research can help determine longer-term benefits, activity-related

quality of life effects, and patient adherence.
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INTRODUCTION

Physical inactivity is a major public health problem in the US and worldwide. The Centers for
Disease Control and Prevention (CDC) and American College of Sports Medicine (ACSM) recommend
all healthy adults engage in at least 30 minutes of moderate-intensity aerobic physical activity five times
per week or vigorous-intensity activity at least 20 minutes three times per week, or a mix, in addition to
muscle strengthening exercises at least 2 days per week.' Data from 2011 indicates that more than half
(52%) of US adults did not meet the recommendations for aerobic exercise and 76% did not meet the

recommendations for muscle-strengthening activity.'

In the US about half (47%) of adults having at least one major risk factor for heart disease or
stroke: uncontrolled high blood pressure, uncontrolled high LDL, or being a current smoker.” Evidence is
clear on the benefits of physical activity for controlling risk factors that lead to chronic diseases like
cardiovascular disease (CVD) and diabetes.”™ Compared to sedentary counterparts and those with low
aerobic fitness, physically active or aerobically fit individuals have a 25% to 50% lower overall risk of
developing cardiovascular disease.’

Yoga, a meditative movement practice that involves physical postures, breathing exercises, and
relaxation to improve overall physical fitness, strength, and flexibility,” is a form of physical activity that
is gaining popularity in the US. According to the National Center for Health Statistics Report in 2012,
9.5% of US adults (21 million) practiced yoga in the previous year.'® A market research study that also
estimated around 20 million Americans practiced yoga in 2012 found a variety of experience with yoga
practice, with about 20% having practiced less than one year, 30% between 1 and 3 years, 30% between 3
and 5 years, and 20% over 5 years.'' A national online survey of Iyengar yoga practitioners in the US
conducted in 2011 found a longer average duration of practice of 11 years.'” In terms of risk factor
benefits, studies suggest yoga is effective against stress,”” hypertension,'*'> and other cardiovascular risk

factors.'*'®
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Physical activities, including aerobic exercise and yoga, have the potential to modify risk factors
and disease outcomes and their associated costs. Globally, physical inactivity contributes to between 1.5-
3.0% of direct healthcare costs in developed countries.'’ In the US, healthcare costs related to physical
inactivity in the US are staggering, estimated to be $8,600 per capita annually.”® A recent study based on
the National Health Interview Survey and Medical Expenditure Panel Survey estimated that physical

inactivity accounts for roughly 9% of aggregate health care expenditures.”'

With the large health and economic burden generated by physical inactivity and the limited
resources available to combat it, cardiovascular care strategies must be evaluated not only for their
effectiveness but also for their cost-effectiveness. Previous studies have focused on economic evaluations
of exercise such as walking or jogging in primary and secondary CVD prevention populations and have

2225 No studies to

found these activities to be an efficient use of resources that saves both lives and money.
date have examined the cost-effectiveness of yoga on cardiovascular health. The purpose of this study

was to evaluate the cost-effectiveness of yoga and of aerobic exercise compared to traditional risk factor

management for primary prevention of CVD in adults.
METHODS
Model

To evaluate cost-effectiveness, we used a previously validated cardiovascular disease policy
computer-based simulation model.***® We adapted the model to include the interventions of interest —
current practice, aerobic exercise, and yoga — with US-based parameter inputs. All individuals in the
model receive traditional risk factor management and optimal medical therapy as given in routine clinical
practice. Current practice is used as the reference strategy in this analysis. Full details on current clinical

practice are available elsewhere.”

The microsimulation model cycles individuals one at a time through a sequence of possible

events and tracks their health outcomes and related costs. The model population is a hypothetical group of
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one million individuals ages 40-75 whose characteristics are nationally representative of healthy US
adults without a history of CVD. The population was formed using weighted sampling with replacement
from the 2005-2006, 2007-2008, and 2009-2010 fasting data samples of the National Health and Nutrition
Examination Survey. The model projects lifetime horizons using 1-year cycle lengths.

The possible health states and transitions individuals can experience are shown in the simplified
schematic of the model in Figure 3.1. All individuals begin in the Disease Free state. From there, they
can either stay disease free or transition to another health state (Coronary Heart Disease (CHD), Stroke, or
Death). Transitions are governed by the following: Framingham risk functions for Coronary Heart
Disease and Stroke,” published literature for acute (first year) and longer-term event recurrence and
mortality,”® and age- and sex-specific life tables’' for non-CVD mortality. The Framingham risk functions
use information on patient age, sex, systolic blood pressure, smoking status, diabetes status, treatment for
hypertension, total cholesterol and high-density lipoprotein to predict CVD events. Transition

probabilities are listed in Table 3.1.
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Disease Free Disease Free
without Treatment with Treatment

CHD Event with
Revascularization Multiple
CVD Events

CVD-related or Non-CVD-related Death

Figure 3.1. Health states in the cardiovascular disease simulation model.
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Table 3.1. Disease progression inputs and health state utilities used in the cardiovascular disease
simulation model.
Parameter Value Reference

Disease progression inputs

From Disease Free State

Non-CVD death Age- and sex-specific table (32)
CHD and stroke events Risk factor-based equations (33,34)
% Cardiac Arrest Age- and sex-specific table (35)
% MI (males) 0.35 (36)
% MI (females) 0.20 (36)
Chronic mortality (i.e., post-1" year) relative risks for CVD health states' (compared to life tables)
Post-CHD, men <2 CHD events 1.6 (30)
Post-CHD, men >2 CHD events 34 (30)
Post-CHD, women <2 CHD events 2.1 (30)
Post-CHD, women >2 CHD events 2.5 (30)
Post-stroke 2.3 (37)
From Cardiac Arrest State
Acute death* 0.954 (38)
MI event (within 1 year) 0.064 Assumption: same as MI
From MI State
Immediate death (day 1-29) 0.15 39)
Acute death (days 30-365) Age- specific table (35)
Acute CABG* 0.082 (40)
Acute PCI* 0.300 (40)
% Procedure death 0.009 41)
Acute 2" MI (no PCI)* 0.060 (42)
Acute 2" MI (after PCI)* 0.052 (43)
Repeat MI (within 1 year) 0.064 (44)
From MI and CABG State
Acute podst-CABG dtzath* 0.027 (45)
Acute 2™ MI (i.e., 2"° MI within
one year after first MI) 0.051 (43)
hI‘t{epeat MI (i.e., repeat MIs post 0.039 (44)
1”-year)
From Angina State
Acute death* 0.045 (42)
Acute cardiac arrest* 0.006 (46)
Acute MI* 0.035 (47)
Acute CABG* 0.200 (48)
Acute PCI* 0.300 (48)
From Angina and CABG State
Chronic (post 1¥-year) death 0.018 (49)
MI event 0.021 47
From Stroke State
Acute death* 0.140 (50)
Repeat stroke event 0.040 (28]
MI event 0.022 (52)

" Compared to the general population

*Acute refers to a 1-year timeframe

Abbreviations: CVD: cardiovascular disease, CHD: coronary heart disease, MI: myocardial infarction, CABG:
coronary artery bypass grafting, PCI: percutaneous coronary intervention (includes percutaneous transluminal
coronary angioplasty (PTCA) and stents)
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Description of interventions

Two interventions — aerobic exercise and yoga — were compared to current practice. We defined
aerobic exercise to be physical activity that increases heart rate and respiration and included activities
such as jogging, brisk walking, and cycling. Yoga involved physical postures focusing on strengthening

muscles in conjunction with breath control, relaxation, and meditation.’

Data

Intervention inputs are based on a meta-analysis of randomized controlled trials (RCTs) of yoga
on cardiovascular and metabolic risk factors.'® We identified trials in which aerobic exercise and yoga
were compared head-to-head in populations without CVD and re-analyzed this subset of trials based on

intention-to-treat 21n.':1lysis.53'57

In these trials, participants in the randomized trials took part in 80-minute
structured exercise classes or yoga classes under the guidance of a fitness instructor three times a week.

Estimates of intervention effectiveness are shown in Table 3.2.

Table 3.2. Effectiveness of aerobic exercise and yoga interventions on major risk factors

Change from Baseline
Mean (95% CI)

Risk factor Aerobic exercise Yoga
Systolic blood pressure -4.31 (-6.91, -1.70) -4.17 (-8.20, -0.14)
Total cholesterol -1.93 (-16.41, 12.55) -2.32(-17.87, 13.23)
HDL-cholesterol 0.39 (-3.90, 4.68) 1.16 (-3.69, 6.01)

Abbreviations: HDL: high-density lipoprotein

Costs

We calculated costs due to resource use for all strategies from both a societal, health care system,

and reimbursed healthcare system perspective. Costs associated with CVD events are listed in Table 3.

We took an “exercise on prescription” approach towards estimating intervention costs, mirroring
a situation in which a clinician advises or prescribes a form of exercise in the base-case analysis. From
the societal perspective, costs included direct medical costs, direct nonmedical costs, and indirect costs,

including all out-of-pocket patient costs and patient time costs. In the health care system perspective
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analysis, only direct medical costs were included. In the reimbursed health care system perspective
analysis, costs included direct medical costs and class costs.

Intervention costs incremental to the reference current practice strategy are presented in Table
3.3. We assumed participants of all strategies — current practice, aerobic exercise, and yoga — received a
routine doctor office visit during which an exercise program could be prescribed. For the societal
perspective analysis, we included out-of-pocket costs for participating in these activities, including gym
memberships, class fees, and equipment fees. We assumed apparel, shoes, and equipment costs (mat and
props) are $100 per year for both aerobic exercise and yoga equipment.

For the societal perspective, we included time costs associated with travel and participation in the
interventions. Travel distance and costs was based on online sources and was assumed to be equivalent

3859 We assumed that individuals drove to and from their fitness classes.®® Time

for both interventions.
costs were calculated as the weighted average of hourly wage data for those 40 years and older ($22.32)
based on data from the Bureau of Labor Statistics.”’ We obtained an estimate of 10 minutes in travel time
for one-way travel to and from fitness clubs, approximately 5 miles.” Transportation costs were based on
an average price of gas per gallon of $2.29,°' and an average fuel use of 25.2 miles per gallon.®

Although in the RCTs the exercise classes were provided free of charge, we included costs of
classes in our analysis, which more realistically mimics current real-world conditions. The costs for
aerobic exercise were based on the yearly cost of a gym membership (12 x $55),% which typically
includes costs of unlimited structured group classes. Costs for yoga were estimated based on a $12 per
class fee, ® the predominant method of purchasing yoga classes. Costs for exercise memberships and
classes were estimated from online sources.”’ These class fees were shifted to the healthcare system in the
reimbursed healthcare system perspective, representing a situation in which a healthcare payer or
insurance program subsidizes or reimburses the cost of fitness for its enrollees.

Injury rates and related costs were obtained from the 2005 US Consumer Product Safety

Commission Hazard Screening Report, using the category “exercise activity and equipment” for aerobic

exercise and “low impact sports” for yoga.64 All costs are in 2015 US dollars.
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Table 3.3. Costs and utilities for model inputs (20158%)

Description Base case value Reference
CVD event-related costs
Acute costs for disease states
Cardiac arrest $19,607 (65)
MI $59,801 (65)
Angina $29,647 (65)
Stroke $13,766 (65)
Acute costs for procedures
CABG $37,515 (65)
PCI $35,347 (65)
Chronic annual costs for
disease states
All CHD states $3,257 (66,67)
Stroke $2,152 (68)
Yearly incremental activity costs
Aerobic exercise
Material/equipment* $100 Assumption
Gym membership* $660 (63)
Injuries $138 (64)
Transport (fuel, roundtrip)* $142 (58,61,62)
Transport (time, roundtrip)* $1161 (58,59)
Time spent exercising* ' (per
person, number of days and
time costs)
1 year 8.6 days/$4,643 Calculation
3 years 26.0 days/$13,130 Calculation
5 years 43.3 days/$20,628 Calculation
10 years 86.7 days/$35,587 Calculation
Yoga
Material/equipment* $100 Assumption
Classes* $1,872 (63)
Injuries $31 9)
Transport (fuel, roundtrip)* $142 (58,61,62)
Transport (time, roundtrip)* $1161 (58,59)
Time spent exercising* (per
person, number of days and
time costs)
1 year 8.6 days/$4,643 Calculation
3 years 26.0 days/$13,130 Calculation
5 years 43.3 days/$20,628 Calculation
10 years 86.7 days/$35,587 Calculation
Utilities
Disease-free utilities by age and sex
Males, ages
40-49 0.887 (69)
50-59 0.861 (69)
60-69 0.840 (69)
70-79 0.802 (69)
80-89 0.782 (69)
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Table 3.3 (Continued).

Females, ages

40-49 0.863 (69)
50-59 0.837 (69)
60-69 0.811 (69)
70-79 0.771 (69)
80-89 0.724 (69)
Disease-state utilities
Cardiac arrest 0.774 (70)
MI 0.704 (70)
Angina 0.695 (70)
Stroke 0.650 (70)
Disutilities for medication and repeat events
On medication -0.002 (71,72)
Repeat MI event -0.049 (70)
Repeat stroke event -0.052 (70)

Utilities for interventions in sensitivity analyses
Acerobic exercise

Scenario with decrease in -0.0381 (73)
utility
Scenario with increase in +0.0388 (74)
utility

Yoga +0.0307 (73)

* Cost items excluded from health system perspective
" Assuming full adherence to exercise regime and discounted at 3% annually

Abbreviations: CVD: cardiovascular disease, MI: myocardial infarction, CABG: coronary artery bypass grafting,
PCI: percutaneous coronary intervention (includes percutaneous transluminal coronary angioplasty (PTCA) and
stents), CHD: coronary heart disease

Utilities

The health-related quality of life used to describe the health states of individuals in this study are
derived from a study of nationally representative US EuroQoL-5D (EQ-5D).” The EQ-5D is a commonly
used preference-based quality of life score summarizing an individual’s health regarding mobility, self-

care, usual activities, pain, and anxiety/depression, with scores ranging from 0 (equivalent to death) to 1

(equivalent to perfect health).” Scores are stratified by age and sex and are listed in Table 3.

Intervention-specific utilities and CVD event-specific utilities are shown in Table 3. Utilities for
the disease-free state are based on US nationally representative EQ-5D scores stratified by age and sex.”
Utilities associated with events are also based on US nationally representative EQ-5D scores listed by

condition.” The time spent in each health state along with the utility of that state are used to calculate
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QALYs, or quality-adjusted life years. If in the rare case the disease-free utility was lower than the utility

associated with the disease state, the lesser of the two was used.

Quality of life changes associated with the interventions were measured within the RCTs using
the 36-item Short-Form Health Survey (SF-36). The SF-36 is a self-administered, standardized

7677 1t contains

questionnaire that is a widely used generic measure of patient health-related quality of life.
36 items grouped into 8 domains: physical functioning, physical role, bodily gain, general health, vitality,
social functioning, emotional role, and mental. Questionnaire responses were transformed into the EQ-5D

using an algorithm published by Ara and Brazier 2008 that used the regression coefficients from the main

. . 78
prediction model to convert scores.
Base-case analysis

Baseline values for costs, health state utilities, and expected cardiovascular benefit were
evaluated in the base-case analysis from the three different perspectives.

Every year, participants doing exercise and yoga face a constant probability of injury due to their
participation in the activity. If an individual is injured, they incur costs related to medical treatment for
that injury and permanently drop out of the intervention. Once classes are stopped, the costs and benefits
associated with the interventions cease. Risk factor levels of an individual in the intervention group
return to those of the control group in the following cycle based on literature on the deconditioning effects
after exercise training79 and risk factors for the remainder of an individual’s lifetime change according to
the standard assumptions of the cardiovascular disease simulation model.

We multiplied certain costs and risk of injury influenced by participation in the interventions by
an adjustment factor to account for limited compliance; this adjustment factor was the percentage of
classes attended from an RCT comparing aerobic exercise and yoga.”” The multiplier 0.69 was used for
aerobic exercise to adjust the gas cost, travel time cost, class time cost, and risk of injury and 0.78 was
used for yoga to the same costs plus the class fee costs. In sensitivity analysis we explored the effect of

varying the multiplier value.
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Due to the lack of long-term evidence, we conservatively assumed no change in quality of life

from either intervention on the base-case analysis and tested this assumption in the sensitivity analysis.

The model calculates differences in events and costs with aerobic exercise and with yoga both
compared to current practice. In this analysis the interventions are modeled not as mutually exclusive
options but rather as program alternatives (e.g. a hospital working within a specified budget may choose

to fund both activity programs for their patients to maximize health benefits).

The expected health benefit per dollar spent is indicated in the incremental cost-effectiveness
ratio (ICER), defined as the incremental cost divided by the number of QALY's saved. A
$100,000/QALY was used as a threshold for being cost-effective.*” Strategies are dominated if they have
higher incremental costs and lower QALY's than current practice, cost saving if they have lower
incremental costs and comparable QALY's than current practice, and superior if they have lower
incremental costs and higher QALY's than current practice. Costs and QALY's were discounted at 3% per

annum as recommended by the Panel on Cost-effectiveness in Health and Medicine.*'
Sensitivity analyses
We explored several alternative assumptions in the sensitivity analyses.

We ran the model under several durations of intervention effectiveness. We assumed the
following lengths of participation in exercise and yoga classes: 1, 3, 5, and 10 years based on survey data

of the duration of yoga practice.'""

We also varied the following parameters to explore the effect on the cost-effectiveness: reduced
adherence (effectiveness drops to 50% from base case of 100% of the estimates listed in Table 3.2 due to
lower compliance with the exercise program, costs decreasing accordingly) and reduced uptake (the
percentage of people initiating the intervention after prescription drops to 50% from the base case of

100%).
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In addition, two utility scenarios were analyzed: one where quality of life improves with yoga but
decreases with aerobic exercise as found in the RCT by Oken et al. 2006 and one where both

interventions increase quality of life.””*

RESULTS
Base case - Societal perspective

Base case results are shown in Table 3.4. In the base case from the societal perspective, both
aerobic exercise and yoga have extremely high ICERs compared to current medical practice (5 year
aerobic exercise ratio: $1,431,803/QALY gained, 5 year yoga ratio: $1,491,450/QALY gained),
dramatically higher than the $100,000/QALY threshold. Total costs are high due to the high patient time

costs associated with the interventions.
Base case - Healthcare perspective

From the healthcare perspective, total costs are lower compared to the societal perspective as time
costs and out-of-pocket class costs contained in the societal perspective are excluded in each
corresponding scenario. At 1 year, the ICER for aerobic exercise is $10,364; at 3 years, the ICER
becomes $10,724/QALY due to the added exposure to risk of injury as the intervention duration
increases. At 5 years, the ICER becomes $9,860 and at 10 years, $8,915 due to minor QALY gains. Yoga,
for all intervention durations, is cost-saving and more effective due to the relatively lower injury rates

(Table 3.5).
Base case analysis — Reimbursed healthcare perspective

In the case where fitness classes are reimbursed by an insurer or third-party payer, ICERs
decrease considerably in most scenarios compared with the base-case analysis (Table 3.6). Total costs are
lower than those in the societal perspective and higher than those in the healthcare perspective due to the

added cost of class fees and memberships. In the case where all individuals are taking exercise or yoga
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classes and experience the full health benefit in risk factor reduction, 5-year intervention ICERs are

$202,854/QALY for aerobic exercise and $341,942/QALY for yoga.

Sensitivity analysis - Societal perspective

ICERs improved slightly as the number of years spent doing the intervention increase due to the
increased number of QALY's from avoided CVD events despite the increased time and class costs;
however, the cost-effectiveness profile remains very unfavorable (10-year aerobic exercise ICER:
$1,320,889/QALY, 1 year yoga ICER: $1,298,805/QALY). For all intervention durations, the activities

were not cost-effective using the $100,000/QALY cost-effectiveness threshold.

When adherence and the associated costs and injury risk were halved, the total costs dropped.
Total QALY also decreased along with costs, causing the ICERs to drop slightly compared to the base
case. When percentage of participants dropped by half (only 50% of patients initiated exercise or yoga),
the same result occurred in which total costs were reduced and total QALY's dropped compared to the
base case. Similar ICERs are seen comparing the base case, reduced adherence, and reduced uptake

scenarios.

Changes in quality of life due to the interventions considerably impacted ICERs but they
remained over the $100,000/QALY cost-effectiveness threshold. The ICER for a 5-year exercise regimen
drops from $1,431,803/QALY with base case adherence and uptake to $115,932/QALY with a quality of
life improvement. The same holds true for yoga; the 5-year ICER drops from $1,491,450/QALY to
$176,607/QALY. Conversely, when quality of life decreases with an intervention (i.e., disutility from
going to the gym), the intervention becomes dominated (higher costs than current practice and less

QALYs).

Sensitivity analysis - Healthcare perspective
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Yoga remains superior in all scenarios. Aerobic exercise is cost-effective compared to current
practice in all scenarios except when the quality of life decreases. When the quality of life with exercise

increases, ICERs are below $800/QALY.
Sensitivity analysis — Reimbursed healthcare perspective

If patients experience increases in utility from physical activity, both interventions become cost-
effective compared to the $100,000/QALY threshold, with a 5-year ICER for aerobic exercise of

$16,425/QALY and a 1-year ICER for yoga of $40,490/QALY.
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Table 3.4. One-, three-, five-, and ten-year per person quality-adjusted life years (QALYSs), costs ($),
and incremental cost-effectiveness ratios ($/QALY) for various scenarios evaluated from the
societal perspective. Cost-effectiveness is color-coded with red being not cost-effective compared to
current practice, yellow cost-effective using a $100,000/QALY threshold, and green cost saving or
superior. Note: all strategies are compared to the reference strategy current practice.

Strategy Total Total ICER Strategy Total cost Total ICER
cost QALYs QALYs
(2015%)
Current $19,290 14.7467 -- Current $19,290 14.7467 --
practice practice
Base case (100% adherence and uptake, no HRQL change)
Aerobic exercise Yoga
1 year $24.155 14.7489 $2,211,273 1 year $25,419 14.7494  $2,270,111
3 years $33,333 14.7554 $1,614,149 3 years $37,032 14.7576  $1,627,752
S years $41,769 14.7624 $1,431,803 S years $47,776 14.7658  $1,491,450
10 years $59,841 14.7774 $1,320,889 10 years $71,046 14.7837  §1,398,805
With reduced adherence (base case with 50% adherence)
1 year $21,727 14.7481 $1,740,571 1 year $22.355 14.7483  §$1,915,813
3 years $26,337 14.7514 $1,499,319 3 years $28,163 14.7526  $1,503,864
S years $30,594 14.7551 $1,345,726 S years $33,545 14.7568  $1,411,436
10 years $29,774 14.7628 $1,272,311 10 years $45.214 14.7664  §$1,315,975
With quality of life changes (base case with HRQL decrease for exercise, increase for yoga)
1 year $24,155 14.7109 dominated 1 year $25,419 14.7801 $183,512
3 years $33,333 14.6461 dominated 3 years $37,032 14.8462 $178,317
5 years $41,769 14.5875 dominated 5 years $47,776 14.9080 $176,607
10 years $59,841 14.4619 dominated 10 years $71,046 15.0423 $175,087
With quality of life changes (base case with HRQL increase for both)
1 year $24.155 14.7875 $119,235 1 year $25,419 14.7801 $183,512
3 years $33,333 14.8667 $117,026 3 years $37,032 14.8462 $178,317
S years $41,769 14.9406 $115,932 S years $47,776 14.9080 $176,607
10 years $59,841 15.0988 $115,170 10 years $71,046 15.0423 $176,087
With reduced uptake (base case with 50% initiation)
1 year $21,719 14.7477 $2,429,400 1 year $22.350 14.7480  $2,354,154
3 years $26,302 14.7511 $1,593,727 3 years $28,150 14.7521  $1,640,796
S years $30,512 14.7544 $1,457,455 S years $33,513 14.7562  $1,497,179
10 years $39,534 14.7619 $1,331,875 10 years $45,129 14.7652  $1,396,730

Abbreviations: HRQL: health-related quality of life
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Table 3.5. One-, three-, five-, and ten-year per person quality-adjusted life years (QALYSs), costs ($),
and incremental cost-effectiveness ratios ($/QALY) for various scenarios evaluated from the
healthcare perspective. Cost-effectiveness is color-coded with red being not cost-effective compared to
current practice, yellow cost-effective using a $100,000/QALY threshold, and green cost saving or
superior. Note: all strategies are compared to the reference strategy current practice.

Strategy Total Total ICER Strategy Total Total ICER
cost QALYs cost QALYs
(2015%)
Current $19,290 14.7467 - Current $19,290  14.7467 --
practice practice
Base case (100% adherence and uptake, no HRQL change)
Aerobic exercise Yoga

1 year $19,228  14.7494 superior

3 years $19,139  14.7576 superior

S years $19,054  14.7658 superior

10 years $18,848  14.7837 superior

With reduced adherence (base case with 50% adherence)

1 year $19,258  14.7483 superior

3 years $19,207  14.7526 superior

S years $19,164  14.7568 superior

10 years $19,056  14.7664 superior

With quality of life changes (base case with HRQL decrease for exercise, increase for yoga)

1 year $19,313 14.7109 dominated 1 year $19,228  14.7801 superior
3 years $19,383 14.6461 dominated 3 years $19,139  14.8462 superior
S years $19,445 14.5875 dominated S years $19,054  14.9080 superior
10 years $19,563 14.4619 dominated 10 years $18,848  15.0423 superior

With quality of life changes (base case with HRQL increase for both)

1 year $19,228  14.7801 superior

3 years $19,139  14.8462 superior

S years $19,054  14.9080 superior

10 years $18,848  15.0423 superior

With reduced uptake (base case with 50% initiation)

1 year $19,258  14.7480 superior

3 years $19,215  14.7521 superior

S years $19,172  14.7562 superior

10 years $19,069  14.7652 superior

Abbreviations: HRQL: health-related quality of life
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Table 3.6. One-, three-, five-, and ten-year per person quality-adjusted life years (QALYSs), costs ($),
and incremental cost-effectiveness ratios ($/QALY) for various scenarios evaluated from the
reimbursed therapy perspective. Cost-effectiveness is color-coded with red being not cost-effective
compared to current practice, yellow cost-effective using a $100,000/QALY threshold, and green cost
saving or superior. Note: all strategies are compared to the reference strategy current practice.

Strategy  Total cost  Total ICER Strategy  Total cost Total ICER
(2015%) QALYs QALYs
Current $19,290 14.7467 -- Current $19,290 14.7467 --
practice practice
Base case (100% adherence and uptake, no HRQL change)
Aerobic exercise Yoga
1 year $19,970 14.7489 $309,091 1 year $20,686 14.7494  $517,259
3 years $21,276 14.7554 $228,356 3 years $23,354 14.7578  $372,908
5 years $22.,475 14.7624 $202,854 5 years $25,821 14.7658  $341,942
10 years $25,030 14.7774 $186,987 10 years $31,145 14.7837  $320,405
With reduced adherence (base case with 50% adherence)
1 year $19,630 14.7481 $242,857 1 year $19,987 14.7483  $436,063
3 years $20,284 14.7514 $211,468 3 years $21,317 14.7526  $343,593
5 years $20,889 14.7551 $190,333 5 years $22,552 14.7568  $322,990
10 years $22,184 14.7628 $179,776 10 years $25,218 14.7664  $300,934
With quality of life changes (base case with HRQL decrease for exercise, increase for yoga)
1 year $19,970 14.7109 dominated
3 years $21,276 14.6461 dominated
S years $25,030 14.4619 dominated

10 years $31,354 14.1536 dominated
With quality of life changes (base case with HRQL increase for both)

With reduced uptake (base case with 50% initiation)

1 year $19,629 14.7477 $339,400 1 year $19,986 14,7480  $525,923
3 years $20,282 14.7511 $225,477 3 years $21,320 14.7521 $375,944
5 years $20,878 14.7544 $206,286 5 years $22,550 14.7562 $343,200
10 years $22,155 14.7619 $188,474 10 years $25,208 14.7652 $319,930

Abbreviations: HRQL: health-related quality of life
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DISCUSSION

Whether aerobic exercise and yoga are cost-effective or not compared to current medical care
depends on both the perspective taken in the analysis and the potential quality of life improvement from
the intervention. From the societal perspective, regardless of the scenario, neither aerobic exercise nor
yoga is cost-effective using a $100,000/QALY cost-effectiveness threshold due to the high costs of
patient time. From the healthcare perspective, both strategies are cost-effective, sometimes even superior,
compared to current practice as indirect costs (class fees and time costs) are excluded. In a system where
participants are reimbursed for their fitness class fees and memberships, these physical activity
interventions are only cost-effective if uptake and adherence are good and quality of life increases.

In the base case, the individual-level QALY gains from the interventions are modest, with gains
of only a few additional days of healthy life with either exercise or yoga. Gains increase if individuals
enjoy physical activity. The similar benefits derived from either activity suggest that if individuals are
looking to improve their cardiovascular health and dislike aerobic exercise, they may consider yoga as an
alternative and vice versa.

The results of the current analysis suggest that it is worth it for an individual to exercise to protect
against CVD if classes/memberships are free or subsidized and activity improves his or her quality of life.
For these individuals, the benefit and value derived from the activity is higher than the cost of the time
spent exercising and the time spent traveling to a center or studio.

The finding that participant enjoyment is a key driver in cost-effectiveness corroborates a
previous study by Hatziandreau et al** evaluating the cost-effectiveness of jogging as an intervention to
lower CHD risk in a cohort of 35-year-old men followed for 30 years. The authors stated that the indirect
cost spent doing exercise was the most important variable in determining whether the activity was cost
saving or not. Indeed the cost/QALY gained was $11,313 (1995 USS$) including direct and indirect time

costs; while cost-effective, in a scenario in which the authors only included a subset of participants who
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enjoyed the activity or in other words valued exercise as “no cost”, results showed that exercise would be
cost-saving.22

While we examined structured, center-based physical activity interventions, in the real world
individuals may exercise at home, outside, or a variety of other settings. Garrett et al. (2011) published a
systematic review of the cost-effectiveness of physical activity interventions in primary care and the
community setting and showed that most interventions were cost-effective (ICERs ranged from $596 to
$148,708 (inflated to 2015 US$) per QALY), particularly where no direct supervision or instruction was
involved.*” In a comparison of a structured exercise intervention versus an unstructured intervention in
which individuals increased physical activity in their daily lives (e.g., taking the stairs instead of the
elevator), the unstructured intervention was more cost-effective than the supervised exercise in improving
cardiorespiratory fitness in healthy sedentary adults.” Our interventions included supervised, center-
based classes; if participants were to do these activities at home without supervision (e.g. practicing yoga

at home or doing exercise videos), it is likely that the interventions would be more cost-effective.

While we evaluated aerobic exercise and yoga for cardiovascular disease prevention, it is possible
that individuals may pursue these activities for other health or wellness reasons and could experience
other benefits beyond what we captured in the model. A qualitative study found that participants felt
peaceful and upbeat after a yoga class, which also translated into self-reported improvements in exercise
behaviors, stress management, and eating habits.*’ Similar feelings of well-being, such as “runner’s high”
or feelings of accomplishment could be achieved for some types of aerobic exercise. Such benefits could

improve the adherence and the cost-effectiveness of the physical activity interventions.
Limitations

There are limitations of this study. First, because we used data from RCTs that directly compared
yoga and aerobic exercise, the relevant number of trials was small and trials were of relatively short
duration (median 12 weeks). In order to capture lifetime costs and benefits, certain assumptions were

required for intervention duration and pattern. We assumed durations based on survey data and assumed
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that individuals participated in these interventions continuously and thus received the benefits for that
duration of time. In reality, individuals may start, stop, restart, etc. for different lengths of time. We did,
however, use intervention effectiveness numbers based on intention-to-treat in the base case, which

accounted for individual attrition and varied the intervention adherence in sensitivity analyses.

Adherence was obtained from an RCT that directly compared aerobic exercise and yoga.” Due to
lack of more specific, long-term data, we assumed a constant rate for the duration of the intervention.
Results remained robust after testing for the impact of adherence.

Next, the injuries included in the model are only those reported and medically treated, including
trips to the emergency room. These injuries may be more costly than other injuries, and are only a subset
of injuries that could afflict practitioners of these physical activities. Injuries not serious enough for

medical attention and not reported may affect practice and stopping patterns.

Last, data is limited on quality of life change due to the interventions, particularly yoga. Few
trials collect quality of life data using validated preference-based questionnaires. We used an estimate
from Oken et al. (2006) in a healthy elderly population.” These changes in quality of life, along with the
other inputs used in the model, may not be generalizable to other segments on the population. Although
we performed analyses in which both aerobic exercise and yoga increase quality of life and one in which
aerobic exercise decreases quality of life using utility estimates from another RCT,”* the quality of life
estimates are also based on a single study and the changes experienced by the study population may not

translate to other populations.
CONCLUSION

The burden of CVD is large but is also preventable through changes in lifestyle and physical
activity. This study shows that aerobic exercise and yoga were not cost-effective solely based on their
impact on CVD from a societal perspective that considers patient time costs. For healthcare payers,
aerobic exercise is cost-effective and yoga is cost-saving compared to current medical therapy. If payers

fully subsidize the direct costs of exercise and yoga classes, then these activities would remain cost-
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effective in individuals that also experience activity-related quality of life improvements. Additional
research can help determine longer-term benefits in risk factors and outcomes, activity-related quality of

life effects, and patient adherence.
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DISSERTATION CONCLUSION

CVD is a costly epidemic in the US and worldwide. Fortunately, many of the causal risk factors
that underlie its pathophysiology are modifiable and substantial evidence exists on strategies for CVD
prevention. These chapters evaluate the evidence and value of lifestyle strategies for CVD prevention.

Evidence on the beneficial effects of smoking cessation, exercise, and diet are well documented
in published literature. Less, however, has been reported about yoga. I have shown in Chapters 1, 2 & 3
that yoga can be included in a broader discussion on interventions in preventive cardiology and the
management of CVD risk factors. In Chapter 1, I presented what was known about the effectiveness of
yoga on a variety of CVD risk factors and found that yoga does improve CVD risk factors like blood
pressure and cholesterol. In Chapter 2, I showed the comparative effectiveness of four lifestyle strategies
for reducing CVD risk and found that yoga, along with successful smoking cessation, were the best
choices for reducing 10-year risk. In Chapter 3, I incorporated additional evidence on costs and changes
in quality of life to assess the interventions on a societal and population level and found that yoga and
aerobic exercise are not cost-effective from the societal perspective using a $100,00/QALY threshold but
are cost-effective if the therapy is subsidized and individuals enjoy exercise.

Findings from this dissertation that can be used in clinical medicine to aid patient-provider
discussions around CVD risk management. For the providers, knowledge of the comparative
effectiveness of a wide array of preventive therapies that includes newer mind-body therapies like yoga
can expand the clinical toolbox which they use to counsel patients. For patients, knowing they have non-
pharmacological options for CVD risk management allows for more involvement and investment in their
own medical decisions. If certain individuals are opposed to taking a pill like a statin or beta-blocker for
risk factor improvement, they may be empowered and pleased to know that they have the option of going
outside for a run or practicing yoga.

Research shows that when patients are given information and alternatives, they select strategies

that are less invasive and less expensive than their physicians.' Importantly, these strategies can be
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discussed between patient and provider at the primary care level, preventing possible costly expenditures
at the secondary and tertiary care level. Simple, affordable tools primary care physicians have in their
office like sphygmomanometers and risk charts can further promote inexpensive preventive care.

Additionally, the findings of the chapters can also be of value to healthcare providers and
policymakers to consider in population-based guidelines and programs for CVD prevention. Small but
clinically significant improvements in risk factors across the entire population can have greater impact
than strategies targeting only higher risk patients. All risk groups can benefit from positive changes in
diet, smoking status, and exercise.

While the evidence is strong and growing for these preventive interventions, barriers still exist for
translation of this research into healthcare practice and policy guidelines.

First, one of the main reasons resistance remains may be due to dearth of evidence on the
effectiveness of these strategies, particularly yoga. Although Chapter 1 synthesizes the available evidence
for the effectiveness of yoga, there is only short-term data, which limits model conclusions and the
strength with which a physician can prescribe this activity to a patient.

Yoga may not have gained as much traction as say, aerobic exercise and smoking cessation partly
because it is a relatively new area of scientific study and partly because it is relatively difficult to assess
methodologically. Trials cannot be blinded, participation can be low, and some of the psychosocial
outcomes are challenging to measure. The variability and diversity in the practice of yoga makes it also
difficult to compare across studies and generalize results.

Another barrier is that there is little data to take into account differences in patient population.
There could be differing levels of uptake and adherence according to the patient characteristics, which
could greatly impact the effectiveness. Findings from RCTs and meta-analyses may not be generalizable
to other settings and populations.

Next, costs related to smoking cessation, exercise classes or yoga classes may be a barrier to
access for patients who might benefit from such interventions. A finding from Chapter 3 was that if

individuals experience an improvement in quality of life and are able to get reimbursed for their fitness
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classes, then aerobic exercise and yoga are cost-effective options for improving cardiovascular health.
Payers and employers who are interested in elective worksite wellness programs or reimbursable fitness
policies should consider such initiatives based on the results of Chapter 3.

Lastly, incorporation of more specific parameters into cardiovascular health guidelines is needed
as better evidence becomes available. For example, clear guidelines and recommendations exist on the
proper “dosage” of exercise; the American College of Sports Medicine and the American Heart
Association recommend 150 minutes per week of moderate intensity aerobic exercise, but do not give the
recommended dosage of muscle strengthening activities, which includes yoga. Evidence is still lacking on
the right dose or minimum effective dose of yoga to achieve cardiovascular benefits, which is further
confounded by the various styles and components of yoga. These challenges, however, should not
preclude yoga and other similar therapies from clinical conversations or guidelines but rather spur further

research for better understanding of these preventive strategies.
FUTURE RESEARCH

Given limited evidence, further research is needed on the effectiveness of interventions,

especially in the long-term, impact on quality of life, and mechanisms.

While this dissertation focused on how lifestyle interventions improved measurable clinical
outcomes, more research is needed on their psychosocial outcomes and impact on quality of life.
Research as shown that exercising and practicing yoga may have adjunctive benefits for other health
behaviors and conditions such as healthy eating, better sleep quality, and better mental health measures.”
Identification and assessment of this type of data that could boost health and well-being could be essential
in the promotion of these lifestyle activities both in the public and amongst reimbursement agencies and
payers.

Additionally, future studies and surveys should include a preference-based quality of life
questionnaire to determine if the benefits of these activities do offset the associated monetary and time

costs as presented in Chapter 3. This information on quality of life can spur further studies on the cost
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effectiveness of exercise and yoga compared to other established practices. Additional evidence on cost-
effectiveness can help support the interventions as complementary or stand-alone preventive care options
and/or reimbursable expenses by third party payers.

Further research on the mechanism by which yoga conveys health benefits is needed. A recent
systematic review states that yoga reduces sympathetic tone, increases parasympathetic tone, and
improves cardiovagal function.” More research into the specific mechanisms and processes by which yoga
confers health benefits could aid in increasing acceptance of yoga as a preventive therapy for CVD.

To conclude, despite some shortcomings of data, the clinical and economic case for yoga and
other lifestyle interventions is encouraging. Clinical interventions and decisions can better align with the
emerging evidence found in these chapters and other studies on which preventive interventions are most
effective in improving cardiovascular health. The findings in this thesis support the incorporation of an

array of lifestyle approaches in the management in CVD risk factors, with yoga among them.
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CHAPTER 1

Table 1.2. Search strategy for review

Database

Search terms

FOR SEARCH OF SYSTEMATIC REVIEWS

PUBMED

(yoga[mesh] OR yoga[tiab]) AND systematic[sb]

EMBASE

('yoga'/de OR yoga:ab,ti) AND ([meta analysis]/lim OR [systematic review]/lim) OR

('yoga'/de OR yoga:ab,ti) AND (systematic OR systematically OR critical) AND (survey OR surveys OR overview OR overviews OR
review OR reviews OR search OR searches searched OR searching OR handsearch OR hand NEAR/1 search* OR analysis OR critique
OR appraisal)

CINAHL

MH "Yoga" OR AB yoga OR TI yoga

Limiters: Publication Type: Meta Analysis, Systematic Review

OR

OR AB (systematic OR systematically OR critical ) AND AB ( survey OR surveys OR overview OR overviews OR review OR reviews OR
search OR searches searched OR searching OR handsearch OR hand N1 search* OR analysis OR critique OR appraisal) AND (MH "Yoga"
OR AB yoga OR TI yoga)

PSYCINFO

DE "Yoga" OR AB yoga OR TI yoga

Methodology: systematic review

OR

TI (systematic OR systematically OR critical) AND TI (survey OR surveys OR overview OR overviews OR review OR reviews OR search
OR searches searched OR searching OR handsearch OR hand N1 search* OR analysis OR critique OR appraisal)

OR

AB (systematic OR systematically OR critical) AND AB (survey OR surveys OR overview OR overviews OR review OR reviews OR
search OR searches searched OR searching OR handsearch OR hand N1 search* OR analysis OR critique OR appraisal)

AND

DE "Yoga" OR AB yoga OR TI yoga

FOR SEARCH OF RANDOMIZED CONTROLLED TRIALS

PUBMED (yoga[mesh] OR yoga[tiab]) AND random*[tw] NOT systematic[sb] AND English[lang] AND ("2011/01/01"[PDAT] :
"2013/12/31"[PDATY))

EMBASE ('yoga'/de OR yoga:ab,ti) AND random* NOT ([meta analysis]/lim OR [systematic review]/lim) AND [english]/lim AND [embase]/lim
AND [1-1-2011]/sd

CINAHL (MH "Yoga") OR TI yoga OR AB yoga AND random* [all fields]

COCHRANE Yoga

CENTRAL Limiters: Published Date: January 2011 — December 2013, Randomized Controlled Trials

Language: English




Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

0% 25% 50% 75%  100%

[ Low risk of bias [ unclear risk of bias [l High risk of bias

Figure 1.7 Risk of bias figure summarizing review authors’ judgment of each risk of bias domain
presented as percentages across all included studies.
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Body weight (kg)

IT1

Yoga Control Mean Difference Mean Difference
Study or Subgroup Mean [kg] SD [kg] Total Mean [kg] SD [kg] Total Weight IV, Random, 95% CI [kg] 1V, Random, 95% CI [kg]
1.2.1 Healthy
Kanojia et al. 2013 -0.72 9.65 25 -0.44 7.58 25 9.2% -0.28 [-5.09, 4.53] s p—
Subtotal (95% CI) 25 25 9.2% -0.28 [-5.09, 4.53] -
Heterogeneity: Not applicable
Test for overall effect: Z= 0.11 (P = 0.91)
1.2.2 CVD risk factors
Cohen et al. 2011 1.5 23.26 46 -1.6 15.4 32 4.2% 3.10 [-5.48,11.68) I R
Lee etal. 2012 -2.3 4.5 8 1.63 4.43 8 10.2% -3.93 [-8.31, 0.45) —_—
Mahajan et al. 1999 -3.78 9.69 52 -0.57 11.47 41 10.2% -3.21(-7.60, 1.18) e
Murugesan et al. 2000 (1) -7.43 9.89 11 1.76 10.92 11 4.1% -9.19 [-17.90, -0.48) +——
Murugesan et al. 2000 (2) -7.43 9.89 11 -4.29 11.35 11 4.0% -3.14 [-12.04, 5.76] —_—
van Montfrans et al. 1990 0 2.4 23 -1.5 4 19 16.7% 1.50 [-0.55, 3.55] T
Subtotal (95% CI) 151 122 49.4% -1.95 [-5.25, 1.35] .
Heterogeneity: Tau® = 8.73; Chi* = 12.29, df = 5 (P = 0.03); I = 59%
Test for overall effect: Z = 1.16 (P = 0.25)
1.2.3 Diabetes or metabolic syndrome
Cohen et al. 2008 -0.1 2.7 14 2.2 9 12 8.3% -2.30[-7.58, 2.98) —_—T
Shantakumari et al. 2013 -2.6 4.55 50 0.86 4.9 50 17.3% -3.46 [-5.31, -1.61) —=—
Yang et al. 2011 -0.36 13.56 13 0.46 13.2 12 3.0% -0.82 [-11.31, 9.67]
Subtotal (95% CI) 77 74 28.6% -3.27 [-4.99, -1.54] L 2
Heterogeneity: Tau® = 0.00; Chi* = 0.38, df = 2 (P = 0.83); I’ = 0%
Test for overall effect: Z = 3.71 (P = 0.0002)
1.2.4 CAD
Manchanda et al. 2000 -5.6 7.2 21 -0.4 3.4 21 12.7% -5.20 [-8.61, -1.79) e
Subtotal (95% CI) 21 21 12.7% -5.20 [-8.61, -1.79] ’
Heterogeneity: Not applicable
Test for overall effect: Z = 2.99 (P = 0.003)
Total (95% CI) 274 242 100.0% -2.35[-4.33, -0.37] <o
Heterogeneity: Tau® = 4.97; Chi* = 22.62, df = 10 (P = 0.01); I’ = 56% 1

o 5 6 ¢ 10

Test for overall effect: Z = 2.33 (P = 0.02) Favors yoga Favors control

Test for subgroup differences: Chi* = 3.28, df = 3 (P = 0.35), I’ = 8.7%
(1) versus no intervention
(2) versus medical treatment, drug intake

Figure 1.8. Forest plots of results of secondary outcomes — body weight, diastolic blood pressure, total cholesterol, triglycerides,
fasting blood glucose, glycosylated hemoglobin, and heart rate.
Negative mean differences between groups favor the yoga intervention, positive mean differences favor control.



Diastolic blood pressure (mmHg)

Cll

Yoga Control Mean Difference Mean Difference
Study or Subgroup Mean [mmHg] SD [mmHg] Total Mean [mmHg] SD [mmHg] Total Weight IV, Random, 95% CI [nmHg] IV, Random, 95% CI [mmHg]
2.2.1 Healthy
Fields et al. 2002 (1) -7.5 7.8 6 -7 5.2 3 3.2% -0.50 [-9.08, 8.08] —
Fields et al. 2002 -7.5 7.8 6 -5.5 8.1 6 3.0% -2.00 [-11.00, 7.00] b
Kanojia et al. 2013 -1.44 4.7 25 6.56 5.67 25 5.6% -8.00 [-10.89, -5.11) -
Kim et al. 2012 0 10.2 27 -1 27.26 20 2.0% 1.00 [-11.55, 13.55] e —
Ray etal. 2001b -4 11.85 28 -0.58 12.32 26 4.0% -3.42 [-9.88, 3.04] T
Wolever et al. 2012 (2) -1.95 9.65 90 -1.17 9.69 96 5.6% -0.78 [-3.56, 2.00] -t
Wolever et al. 2012 (3) -1.95 9.65 90 1.03 11 53 5.3% -2.98 [-6.55, 0.59] =
Subtotal (95% CI) 272 229 28.7% -3.21[-6.13, -0.29] 9

Heterogeneity: Tau® = 7.44; Chi* = 14.13, df = 6 (P = 0.03); I = 58%
Test for overall effect: Z = 2.16 (P = 0.03)

2.2.2 CVD risk factors

Cohenetal. 2011 -5 12.23 46 -2 9.8 32 4.7% -3.00 [-7.90, 1.90] -
Lee etal. 2012 -7.75 5.79 8 1.87 3.07 8  4.9% -9.62 [-14.16, -5.08] —
McCaffrey et al. 2005 -17.51 9.5 32 2.29 8.71 29 4.9% -19.80 (-24.37, -15.23] —_
Murugesan et al. 2000 (4) -26.27 9.55 11 -1.99 9.95 11 3.3% -24.28 (-32.43, -16.13] —_—
Murugesan et al. 2000 (5) -26.27 9.55 11 -9.91 9.47 11 3.4% -16.36 [-24.31, -8.41] —_—
Saptharishi et al. 2009 (6) -2 6.51 30 -0.4 6.79 30 5.4% -1.60 [-4.97, 1.77] -1
Saptharishi et al. 2009 (7) -2 6.51 30 -3.4 6.19 30 5.4% 1.40 (-1.81, 4.61] T
Subramanian et al. 2011 (8) -2.44 8.45 25 -0.5 7.2 25 4.9% -1.94 [-6.29, 2.41] -
Subramanian et al. 2011 (9) -2.44 8.45 25 -2 9.9 25 4.6% -0.44 [-5.54, 4.66) -
van Montfrans et al. 1990 -2.4 4.7 23 -3.1 4.9 19 5.5% 0.70 [-2.22, 3.62] T
Subtotal (95% CI) 241 220 47.0% -6.97 [-11.80, -2.13] <

Heterogeneity: Tau® = 54.19; Chi* = 110.48, df = 9 (P < 0.00001); I* = 92%
Test for overall effect: Z = 2.83 (P = 0.005)

2.2.3 Diabetes or metabolic syndrome

Cohen et al. 2008 -3 6.4 14 1.6 6.9 12 4.6% -4.60 [-9.75, 0.55] —
Hegde etal. 2013 -5.4 8.07 14 3 8.7 15 4.2% -8.40 [-14.50, -2.30) —_—
Yang et al. 2011 0.58 8.67 13 3.7 8.67 12 3.9% -3.12 [-9.92, 3.68] —T
Subtotal (95% CI) 41 39 12.6% -5.41 [-8.82, -2.01] L 2
Heterogeneity: Tau® = 0.00; Chi* = 1.45, df = 2 (P = 0.48); I’ = 0%

Test for overall effect: Z = 3.11 (P = 0.002)

2.2.4 CAD

Paletal. 2011 -8.85 7.92 85 -6.01 4.98 85 5.9% -2.84 [-4.83, -0.85] -
Paletal. 2013 -3.27 8.01 129 1.51 8.69 129 5.8% -4.78 [-6.82, -2.74] -
Subtotal (95% CI) 214 214 11.7% -3.80 [-5.70, -1.90] ¢
Heterogeneity: Tau® = 0.83; Chi* = 1.78, df = 1 (P = 0.18); I’ = 44%

Test for overall effect: Z = 3.91 (P < 0.0001)

Total (95% CI) 768 702 100.0% -4.98 [-7.17, -2.80] ¢
Heterogeneity: Tau® = 20.15; Chi* = 128.72, df = 21 (P < 0.00001); I* = 84% o R RS

Test for overall effect: Z = 4.47 (P < 0.00001)
Test for subgroup differences: Chi* = 2.36, df = 3 (P = 0.50), I’ = 0%

(1) versus modern medicine

(2) versus Mindfulness at Work program

(3) versus educational resources

(4) versus no intervention

(5) versus medical treatment, drug intake

(6) versus control

(7) versus salt reduction diet

(8) versus no intervention

(9) versus salt reduction diet

Favors yoga Favors control



el

Total cholesterol (mg/dL)

Yoga Control Mean Difference Mean Difference
Study or Subgroup Mean [mg/dl] SD [mg/dl] Total Mean [mg/dl] SD [mg/dl] Total Weight IV, Random, 95% CI [mg/dl] IV, Random, 95% CI [mg/dl]
3.1.1 Healthy
Fields et al. 2002 (1) -13.5 45 6 5.3 29 6 3.9% -18.80 [-61.64, 24.04) —
Fields et al. 2002 (2) -13.5 45 6 3.3 16 3 4.2% -16.80 [-57.10, 23.50] e
Subtotal (95% CI) 12 9 82% -17.74 [-47.09, 11.61] —~all—
Heterogeneity: Tau® = 0.00; Chi* = 0.00, df = 1 (P = 0.95); I’ = 0%
Test for overall effect: Z = 1.18 (P = 0.24)
3.1.2 CVD risk factors
Lee etal. 2012 -15.37 20.81 8 9.39 15.02 8 8.3% -24.76 [-42.54, -6.98) —_—
Mahajan et al. 1999 -26.84 41.72 52 4.03 34.79 41 8.7% -30.87 [-46.43, -15.31) —_—
van Montfrans et al. 1990 7.73 27.07 23 7.73 30.94 19 8.3% 0.00 [-17.77,17.77) —
Subtotal (95% CI) 83 68 25.3% -18.85 [-37.24, -0.46] -
Heterogeneity: Tau® = 188.67; Chi* = 7.01,df = 2 (P = 0.03); P = 71%
Test for overall effect: Z = 2.01 (P = 0.04)
3.1.3 Diabetes or metabolic syndrome
Cohen et al. 2008 -5.1 32.4 14 10.2 22.2 12 7.6% -15.30 [-36.41, 5.81] I—
Gordon et al. 2008 (3) -2.32 49.29 77 28.61 44.11 77 8.9% -30.93 [-45.70, -16.16) e
Shantakumari et al. 2013 -25.32 30.25 50 9.49 33.49 50 9.3% -34.81(-47.32, -22.30) I
Vaishali et al. 2012 -34.2 22.62 30 -23.9 16.46 30 9.8% -10.30 [-20.31, -0.29] —
Yang et al. 2011 -16.5 32.88 13 -11.2 41.71 12 5.9% -5.30 [-34.90, 24.30) e m—
Subtotal (95% CI) 184 181 41.5% -20.98 [-33.23, -8.72] L 2
Heterogeneity: Tau® = 121.85; Chi* = 12.16, df = 4 (P = 0.02); I’ = 67%
Test for overall effect: Z = 3.35 (P = 0.0008)
3.1.4 CAD
Jatuporn et al. 2003 17.43 40.13 22 -23.1 40.03 22 7.0% 40.53 [16.84, 64.22] EE—
Manchanda et al. 2000 -54 36 21 -1.3 17.5 21 8.4% -52.70 [-69.82, -35.58]) —
Paletal. 2011 -28.29 30.86 85 -5.31 40.93 85 9.6% -22.98 [-33.88, -12.08) —
Subtotal (95% CI) 128 128 25.1% -12.67 [-55.08, 29.73] ————
Heterogeneity: Tau® = 1321.63; Chi* = 39.16, df = 2 (P < 0.00001); I = 95%
Test for overall effect: Z = 0.59 (P = 0.56)
Total (95% CI) 407 386 100.0% -18.48 [-29.16, -7.80] <D
Heterogeneity: Tau® = 277.13; Chi* = 58.52, df = 12 (P < 0.00001); I = 79%

Test for overall effect: Z = 3.39 (P = 0.0007)

Test for subgroup differences: Chi* = 0.17, df = 3 (P = 0.98), I’ = 0%

(1) for high risk subjects versus usual care

(2) for high risk subjects versus modern medicine (exercise, diet, education)

(3) versus no intervention

50 -25 0 25 50
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Triglycerides (mg/dL)

VIl

Yoga Control Mean Difference Mean Difference
Study or Subgroup Mean [mg/dl] SD [mg/dl] Total Mean [mg/dl] SD [mg/dl] Total Weight IV, Random, 95% CI [mg/dl] IV, Random, 95% CI [mg/dl]
3.4.1 Healthy
Fields et al. 2002 (1) -26.5 73 6 -21.7 14 6 2.7% -4.80 [-64.28, 54.68]
Fields et al. 2002 (2) -26.5 73 6 14 66 3 1.1% -40.50 [-135.31, 54.31) +
Subtotal (95% CI) 12 9  3.9% -14.88 [-65.26, 35.50] ————

Heterogeneity: Tau® = 0.00; Chi* = 0.39, df = 1 (P = 0.53); I’ = 0%
Test for overall effect: Z = 0.58 (P = 0.56)

3.4.2 CVD risk factors

Heterogeneity: Tau® = 0.00; Chi* = 1.49, df = 2 (P = 0.48); I’ = 0%
Test for overall effect: Z = 6.41 (P < 0.00001)

Lee etal. 2012 -4.5 22.79 8 9 24.33 8 11.8% -13.50 [-36.60, 9.60] —
Mahajan et al. 1999 -51.26 90.38 52 -3.96 85.94 41 6.4% -47.30 [-83.29, -11.31] e —
Subtotal (95% CI) 60 49 18.2% -27.47 [-60.09, 5.15] ’
Heterogeneity: Tau® = 333.15; Chi* = 2.40, df = 1 (P = 0.12); I’ = 58%
Test for overall effect: Z = 1.65 (P = 0.10)
3.4.3 Diabetes or metabolic syndrome
Cohen et al. 2008 -8.8 59.8 14 7.9 49.1 12 5.0% -16.70 [-58.57, 25.17] —_—
Gordon et al. 2008 (3) -9.74 878.27 77 7.97 874.41 77 0.1% -17.71[-294.53, 259.11] + >
Shantakumari et al. 2013 -21.77 38.01 50 25.17 113.37 50 7.3% -46.94 [-80.08, -13.80] _—
Vaishali et al. 2012 -18.6 14.21 30 -8.07 18.23 30 24.6% -10.53 [-18.80, -2.26] —
Yang et al. 2011 -11.5 44.19 13 16 48 12 6.3% -27.50 [-63.76, 8.76] e —
Subtotal (95% CI) 184 181 43.3% -18.61 [-32.61, -4.60] ’
Heterogeneity: Tau’ = 63.54; Chi’* = 5.00, df = 4 (P = 0.29); I’ = 20%
Test for overall effect: Z = 2.60 (P = 0.009)
3.4.4 CAD
Jatuporn et al. 2003 -38.6 93.3 22 -11.4 57.23 22 4.3% -27.20 [-72.94, 18.54] —_—
Manchanda et al. 2000 -45.7 66 21 4.8 27.3 21 8.2% -50.50 [-81.05, -19.95] e —
Paletal. 2011 -38.04 37.39 85 -7.33 34.82 85 22.1% -30.71[-41.57, -19.85] —-—
Subtotal (95% CI) 128 128 34.6% -32.66 [-42.64, -22.67] <

L 4

Total (95% CI) 384 367 100.0% -25.89 [-36.19, -15.60]

Heterogeneity: Tau® = 94.21; Chi* = 18.29, df = 11 (P = 0.07); I = 40%
Test for overall effect: Z = 4.93 (P < 0.00001)
Test for subgroup differences: Chi* = 2.82, df = 3 (P = 0.42), I’ = 0%
(1) for high risk subjects versus usual care
(2) for high risk subjects versus modern medicine (exercise, diet, education)
(3) versus no intervention

-50-25 0 25 50
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Sl

Fasting blood glucose (mg/dL)

Yoga Control Mean Difference Mean Difference
Study or Subgroup Mean [mg/dl] SD [mg/dl] Total Mean [mg/dl] SD [mg/dl] Total Weight IV, Random, 95% CI [mg/dl] 1V, Random, 95% CI [mg/dl]
4.1.2 Healthy
Fields et al. 2002 (1) 1.3 3.6 6 -5 2 6 12.9% 6.30 (3.00, 9.60] -
Fields et al. 2002 (2) 1.3 3.6 6 -2 5.2 3 12.4% 3.30 [-3.25, 9.85] T
Subtotal (95% CI) 12 9 25.3% 5.69 [2.75, 8.64] ¢
Heterogeneity: Tau® = 0.00; Chi* = 0.64, df = 1 (P = 0.42); I’ = 0%
Test for overall effect: Z = 3.79 (P = 0.0001)
4.1.3 CVD risk factors
Lee etal. 2012 -6.5 9.5 8 5.75 10.79 8 11.7% -12.25[-22.21, -2.29] —
Subtotal (95% CI) 8 8 11.7% -12.25 [-22.21, -2.29] <
Heterogeneity: Not applicable
Test for overall effect: Z= 2.41 (P = 0.02)
4.1.4 Diabetes or metabolic syndrome
Cohen et al. 2008 2.6 9.3 14 -2 9.3 12 12.3% 4.60 [-2.57, 11.77] T
Gordon et al. 2008 (3) -62.82 70.3 77 -15.84 65.9 77 8.4% -46.98 [-68.50, -25.46] +———
Hegde et al. 2013 -3.6 13.59 14 -3.6 14.73 15 11.6% 0.00 [-10.31, 10.31) s
Monroe et al. 1992 10.8 28.8 11 -21.6 32.4 10 7.1% 32.40 (6.08, 58.72) R —
Vaishali et al. 2012 -47.83 14.28 30 -10.8 20.21 30 11.9% -37.03 [-45.89, -28.17] —
Yang et al. 2011 2.7 11.6 13 4.6 12.64 12 11.8% -1.90(-11.43, 7.63) —
Subtotal (95% CI) 159 156 63.0% -8.77 [-26.77, 9.23] ‘
Heterogeneity: Tau® = 448.69; Chi* = 78.68, df = 5 (P < 0.00001); I = 94%
Test for overall effect: Z = 0.96 (P = 0.34)
Total (95% CI) 179 173 100.0% -5.91 [-16.32, 4.50]

Heterogeneity: Tau® = 216.25; Chi* = 113.74, df = 8 (P < 0.00001); I’ = 93%

Test for overall effect: Z= 1.11 (P = 0.27)

Test for subgroup differences: Chi* = 13.43, df = 2 (P = 0.001), I’ = 85.1%
(1) for high risk subjects versus usual care
(2) for high risk subjects versus modern medicine (exercise, diet, education)
(3) versus no intervention

_*r
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Glycosylated hemoglobin (HbAlc, % Hb)

Yoga Control Mean Difference Mean Difference
Study or Subgroup Mean [% Hb] SD [% Hb] Total Mean [% Hb] SD [% Hb] Total Weight IV, Random, 95% CI [% Hb] 1V, Random, 95% CI [% Hb]
4.2.1 Healthy
Fields et al. 2002 (1) 0.63 0.32 6 0.38 0.45 6 19.5% 0.25 [-0.19, 0.69] T
Fields et al. 2002 (2) 0.63 0.32 6 1.13 1.07 3 6.7% -0.50 [-1.74, 0.74) e
Subtotal (95% CI) 12 9 26.2% 0.11 [-0.47, 0.68] <
Heterogeneity: Tau® = 0.06; Chi* = 1.25, df = 1 (P = 0.26); I’ = 20%
Test for overall effect: Z = 0.36 (P = 0.72)
4.2.2 Diabetes or metabolic syndrome
Hegde etal. 2013 -0.1 0.4 14 0 0.3 15 23.8% -0.10 [-0.36, 0.16]
Monroe et al. 1992 1.56 1.8 11 -0.2 1.6 10 5.2% 1.76 [0.31, 3.21) —_—
Skoro-Kondza et al. 2009 -0.02 0.55 29 -0.07 0.3 30 24.4% 0.05 [-0.18, 0.28]
Vaishali et al. 2012 -1.16 0.75 30 -0.38 0.84 30 20.4% -0.78 [-1.18, -0.38] ——
Subtotal (95% CI) 84 85 73.8% -0.09 [-0.56, 0.38]
Heterogeneity: Tau® = 0.16; Chi* = 18.88, df = 3 (P = 0.0003); I’ = 84%
Test for overall effect: Z = 0.38 (P = 0.70)
Total (95% CI) 96 94 100.0% -0.06 [-0.43, 0.31]
Heterogeneity: Tau® = 0.13; Chi* = 21.61, df = 5 (P = 0.0006); I’ = 77% _%2 _%1 b 1‘ 2‘

Test for overall effect: Z = 0.34 (P = 0.74)
Test for subgroup differences: Chi* = 0.27, df = 1 (P = 0.60), I’ = 0%
(1) for high risk subjects versus usual care
(2) for high risk subjects versus modern medicine (exercise, diet, education)
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Heart rate (beats/min)

Yoga Control Mean Difference Mean Difference
Study or Subgroup Mean [beats/min] SD [beats/min] Total Mean [beats/min] SD [beats/min] Total Weight IV, Random, 95% CI [beats/min] IV, Random, 95% CI [beats/min]

LTI

5.1.1 Healthy

Cusumano et al. 1992 -3.22 9.6 45 -4.13 7.42 45  12.8% 0.91 [-2.64, 4.46) -+
Kanojia et al. 2013 -6.88 2.98 25 6.2 4.15 25 13.6% -13.08 (-15.08, -11.08] -

Kim et al. 2012 0 9.85 27 0.3 10.72 20 11.0% -0.30 [-6.29, 5.69] —
Ray et al. 2001b -2.39 10.07 28 -0.86 9.54 26 11.6% -1.53 [-6.76, 3.70] —
Subtotal (95% CI) 125 116 49.0% -3.66 [-12.19, 4.87] ‘

Heterogeneity: Tau® = 70.74; Chi* = 61.10, df = 3 (P < 0.00001); I’ = 95%
Test for overall effect: Z = 0.84 (P = 0.40)

5.1.2 CVD risk factors

Cohenetal. 2011 -2 12.23 46 -2 8.84 32 12.0% 0.00 [-4.68, 4.68] I
McCaffrey et al. 2005 -11.85 8.88 32 4.22 8.87 29 12.2% -16.07 (-20.53, -11.61] —
Subtotal (95% CI) 78 61 24.2% -8.05 [-23.80, 7.70] el

Heterogeneity: Tau® = 123.69; Chi* = 23.76, df = 1 (P < 0.00001); I’ = 96%
Test for overall effect: Z = 1.00 (P = 0.32)

5.1.3 CAD

Pal etal. 2011 -4.17 10.64 85 2.32 7.12 85 13.3% -6.49 [-9.21, -3.77] —
Pal etal. 2013 -2.5 8.79 129 1.78 9.13 129 13.5% -4.28 [-6.47, -2.09] -
Subtotal (95% CI) 214 214 26.8% -5.23 [-7.37, -3.09] 2 2

Heterogeneity: Tau® = 0.86; Chi* = 1.54, df = 1 (P = 0.21); I’ = 35%
Test for overall effect: Z = 4.78 (P < 0.00001)

Total (95% CI) 417 391 100.0% -5.27 [-9.55, -1.00] <

Heterogeneity: Tau® = 33.91; Chi’* = 94.11, df = 7 (P < 0.00001); I = 93% _2'0 _1'0
Test for overall effect: Z = 2.42 (P = 0.02)
Test for subgroup differences: Chi* = 0.25, df = 2 (P = 0.88), I’ = 0%

0 10 20
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Table 1.3. Mean differences by control group
Mean difference yoga v. control [95% CI]
Outcome Non-exercise controls All controls
Primary
BMI (kg/m?) -0.77 [-1.09 to -0.44] -0.75[-1.07 to -0.42]
SBP (mmHg) -5.21[-8.01 to -2.42] -4.45-6.99 to -1.90]
LDL-C (mg/dL) -12.14 [-21.80 t0 -2.48]  -11.29 [-20.29 to -2.28]
HDL-C (mg/dL) 3.20 [1.86 to 4.54] 2.87 [1.47 t0 4.26]
Secondary
Body weight (kg) -2.32[-4.33t0 -0.37] -1.98 [-3.62 to -0.34]
DBP (mmHg) -4.98 [-7.17 to -2.80] -4.31[-6.43 to -2.18]
TC (mg/dL) -18.48 [-29.16 to -7.80]  -17.00 [-27.29 t0 -6.71]
TG (mg/dL) -25.89 [-36.19 to -15.60] -25.59 [-35.50 to -15.67]
FBG (mg/dL) -5.91 [-16.32 to 4.50] -5.82 [-15.64 to0 4.00]
HbAlc (%HDb) -0.06 [-0.24 t0 0.11] -0.06 [-0.24 t0 0.11]
Heart rate (beats/min) -5.27 [-9.55 to -1.00] -4.05 [-7.56 to -0.54]
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Figure 1.9. Funnel plots assessing publication bias.



CHAPTER 2

Supplemental data. Risk equation calculation

Example of individual 10 year CVD risk calculation with and without interventions

The hypothetical profile is profile 3 in Table 3, a white 45 year-old male with total cholesterol of 200
mg/dL, HDL-C of 40 mg/dL, and a treated systolic blood pressure of 160 mmHg. Regression coefficients
are based on those published in Goff et al. (2013).

General equation without intervention for smokers:

1 — 83 * exp [12.344 In(age) + 1.797 In(SBP) + 11.853 In(TC) — 7.99 In(HDL) + 7.837y
—2.6641n(age) In(TC) + 1.7691In(age) In(HDL) — 1.795 In(age) — 61.18]

where S;g is the baseline survival rate at 10 years, or 0.9144 and y is 1 for smoking and 0 for not smoking
Plugging in numbers gives
1—0.9144 * exp[12.344 In(45) + 1.797 In(160) + 11.853 [n(200) — 7.99 In(40) + 7.837(1)
— 2.664 [n(45) In(200) + 1.769 In(45) In(40) — 1.795 In(45) — 61.18]
= 12.17% risk
This is the baseline 10-year CVD risk.

With group therapy smoking cessation:

1— S,0exp [12.344 In(age) + 1.797 In(SBP) + 11.853 In(TC) — 7.99 In(HDL) + 7.837y
—2.6641n(age) In(TC) + 1.7691In(age) In(HDL) — 1.795 In(age) — 61.18]

Plugging in numbers gives
1 — Sj0exp [12.344 In(45) + 1.797In(160) + 11.8531n(200) — 7.99In(40) + 7.837(0)
—2.6641n(45)In 200 + 1.769 In(45) In(40) — 1.795In(45) — 61.18]
= 4.64% risk

This is the baseline risk for a non-smoker with the same clinical profile. Note that the value 7.837 is
multiplied by 0 for a non-smoker and disappears in the equation.

The potential gain in risk reduction from becoming a non-smoker is 12.17% — 4.64% = 7.53%
However, not everyone who attempts to quit smoking will succeed. Based on published literature, with an
unaided quit probability of 0.050 and a relative risk of 1.98, the probability of quitting with group therapy
1s 0.099, or 9.9%.

Thus, based on intention-to-treat calculations, the risk reduction for group therapy with smoking is
(0.099 — 0.050) * 7.53% = 0.37%
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The general equation with the other interventions:

1 — Sy * exp [12.344 In(age) + 1.797 In(SBP + SBP change) + 11.853 In(TC + TC change)
—7.99In(HDL + HDL change) + 7.837y
—2.6641n(age) In(TC + TC change) + 1.769In(age) In(HDL) + HDL change
— 1.795In(age) — 61.18]

With Mediterranean diet:

1 — 0.9144 x exp[12.344 In(45) + 1.797 In(160 — 1.70) + 11.853 In(200 — 7.35)
—7.99In(40 + 0.94) + 7.837(1) — 2.664 In(45) In(200 — 7.35)
+ 1.769 In(45) In(40 + 0.94) — 1.795 In(45) — 61.18]
= 10.95% risk

With walking as aerobic exercise:

1 — 0.9144 x exp[12.344 In(45) + 1.797 In(160 — 3.80) + 11.853 In(200 — 3.48)
—7.99 In(40 + 2.32) + 7.837(1) — 2.664 In(45) In(200 — 3.48)
+ 1.769 In(45) In(40 + 2.32) — 1.795 In(45) — 61.18]
= 10.62% risk

With yoga:
1 —0.9144 * exp[12.344 [n(45) + 1.797 In(160 — 4.45) + 11.853 [n(200 — 17)
—7.991n(40 + 2.87) + 7.837(1) — 2.664 [n(45) In(200 — 17)

+ 1.769 In(45) In(40 + 2.87) — 1.795 In(45) — 61.18]
= 9.25% risk
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Table 2.5. Alternative estimates for effectiveness of lifestyle interventions on reducing CVD risk
through changes in risk factors.

Impact of Lifestyle Changes on Risk Factor due to Interventions

Physician advice Mediterranean Aerobic exercise Yoga

Risk factor for smoking diet
cessation
Smoking (% quitting) 8.30* -- -- --
(7.10, 9.70) %
Systolic blood pressure -- -1.70 -3.84 -5.85
(mmHg) (-3.35,-0.05) % (-4.97,-2.72) % (-8.81, -2.89) %
Total cholesterol (mg/dl) - -6.19* 1.16 -13.09
(-10.05,-2.32)**  (-9.28,11.99)*  (-19.60, -6.59) *°
HDL cholesterol (mg/dl) -- 0.94 2.32 2.94
(-1.93,3.82) % (1.16,3.87) > 0.57,531) %

* Probability of quitting smoking with physical advice compared to quitting without intervention. Assume same
unassisted rate as base case (5%).” The relative proportion of quitting (relative risk) is 1.66 for physician advice
versus control (95% CI: 1.42-1.94).°!

4 Only this parameter was changed due to data availability.
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Figure 2.17. Sensitivity analysis with alternate meta-analyses, shown by hypothetical profile (y-axes represent 10-year CVD risk, x-axes
represent interventions). Note that the optimal intervention with the lowest 10-year risk with the alternate estimates (red and purple bars) remains
the same as that in the base-case (blue and green bars) for each profile and race.
Abbreviations: CVD: cardiovascular disease, Med diet: Mediterranean diet, BC: base case, SA: sensitivity analysis, W: white, AA: African-

American, N/A: not applicable
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