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Will Exercise Advice Be Sufficient for Treatment of Young
Adults With Prehypertension and Hypertension?
A Systematic Review and Meta-Analysis

Wilby Williamson, Charlie Foster, Hamish Reid, Paul Kelly, Adam James Lewandowski,
Henry Boardman, Nia Roberts, David McCartney, Odaro Huckstep, Julia Newton,
Helen Dawes, Stephen Gerry, Paul Leeson

Abstract—Previous studies report benefits of exercise for blood pressure control in middle age and older adults, but longer-
term effectiveness in younger adults is not well established. We performed a systematic review and meta-analysis of
published randomized control trials with meta-regression of potential effect modifiers. An information specialist
completed a comprehensive search of available data sources, including studies published up to June 2015. Authors
applied strict inclusion and exclusion criteria to screen 9524 titles. Eligible studies recruited younger adults with a
cardiovascular risk factor (with at least 25% of cohort aged 18—40 years); the intervention had a defined physical activity
strategy and reported blood pressure as primary or secondary outcome. Meta-analysis included 14 studies randomizing
3614 participants, mean age 42.2+6.3 (SD) years. At 3 to 6 months, exercise was associated with a reduction in systolic
blood pressure of —4.40 mmHg (95% confidence interval, —5.78 to —3.01) and in diastolic blood pressure of —4.17
mmHg (95% confidence interval, —5.42 to —2.93). Intervention effect was not significantly influenced by baseline blood
pressure, body weight, or subsequent weight loss. Observed intervention effect was lost after 12 months of follow-up
with no reported benefit over control, mean difference in systolic blood pressure —1.02 mm Hg (95% confidence interval,
—2.34 t0 0.29), and in diastolic blood pressure —0.91 mm Hg (95% confidence interval, —1.85 to 0.02). Current exercise
guidance provided to reduce blood pressure in younger adults is unlikely to benefit long-term cardiovascular risk. There
is need for continued research to improve age-specific strategies and recommendations for hypertension prevention
and management in young adults. (Hypertension.2016;68:78-87. DOI: 10.1161/HYPERTENSIONAHA.116.07431.)
® Online Data Supplement
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Population studies estimate 1 in 17 adults below the age
of 40 years are hypertensive' with higher prevalence in
those with diabetes mellitus, obesity, familial predisposition,
or prenatal and other early childhood factors.”” Hypertension
in early life significantly increases the risk of stroke and car-
diovascular disease before the age of 50 years.*!' However,
rates of diagnosis are consistently lower in younger adults
and, even when identified, control is frequently subopti-
mal.>">* This may relate to an acceptance of higher blood
pressures because of a perceived lower 5-year cardiovascular

risk, particularly for those in the prehypertensive range. This
is despite epidemiological evidence of cumulative vascular
protection and lower disease burden in later life after change
in blood pressure and lifestyle during early adulthood.”!>""
Together, these observations may explain why 1 in 5 strokes
still occur in the below 55 years age group.'®

To reduce burden of early stroke and cardiovascular
disease, evidence-based guidance is required to improve
hypertension prevention and management for young adult
populations. Exploring heterogeneity in response pattern
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to exercise and linking exercise response with hyperten-
sive and cardiovascular phenotypes identifiable within
younger subgroups may be of value in future studies and
offer opportunity to deliver more personalized and targeted
intervention strategies. Current guidelines recommend spe-
cialist review of young adults with elevated blood pressure
because the risk of hypertension may be underestimated in
the below 40 years age group.'® In the absence of significan
end organ disease or secondary causes of elevated blood
pressure, young adults below 40 years of age are encour-
aged to implement lifestyle changes, in particular regular
exercise, as the first line for hypertension management.?**!
A limitation of this guidance is that it is based on data from
physical activity trials in older populations with mean ages
>50 years.?»* There are many potential modifiers of inter-
vention effect which are not consistent across age groups,
including baseline physical activity,>* barriers to participa-
tion,” and physiological training adaptations.?* Therefore,
we performed a new systematic review and meta-analysis to
evaluate the quality of the evidence base and effectiveness
of exercise intervention to reduce blood pressure in younger
adult populations.

Methods
Protocol registration: PROSPERO (www.crd.york.ac.uk/PROSPERO/)
registration number CRD42014009604.

Search Strategy and Selection Criteria

We completed a systematic review in accordance with established
methods for Cochrane reviews of physical activity interventions
(Online-only Data Supplement S1). We adhered to the Cochrane
Handbook for Intervention Reviews and PRISMA statement (Data
Supplement S2). An information specialist (N.R.) searched the fol-
lowing databases: Cochrane Central Register of Controlled Trials,
MEDLINE & MEDLINE In Process, EMBASE, CINAHL, AMED,
PsycINFO, SPORTdiscus, OpenGrey, Science Citation Index &
Conference Proceedings Citation Index-Science, ACM Digital
Library, and IEEE Xplore Digital Library. Cochrane highly sensitive
search was used to identify randomized controlled trials. No language
or date restrictions were applied. Bibliographies of review articles
and selected articles were examined for relevant trials. Literature
searches completed up to June 2015. Full description of data sources
and search summary are available in the online-only Data Supplement
(Data Supplement S1; Table S1).

Study Selection and Data Extraction

We included studies with mean population age between 18 and 40
years or within 1 SD of this range to ensure at least 25% of the
study population were <40 years of age. To be representative of
young adults who may be provided advice to manage blood pres-
sure, included studies were required to recruit participants with
21 cardiovascular risk factor, or family history of cardiometabolic
risk. Risk factors included hypertension or prehypertension (sys-
tolic blood pressure 2120 mm Hg or diastolic blood pressure >80
mmHg), overweight (mean body mass index >25 kg/m?) but not
severely obese (body mass index =35 kg/m?), diabetes mellitus,
metabolic syndrome, dyslipidaemia, smoking, and alcohol con-
sumption. The defined body mass index exclusion criteria were
based on the understanding that severely obese populations have
higher burden of comorbidities and potential functional barriers to
exercise participation that makes them a unique target audience.
Studies examined the effectiveness of interventions with define
exercise, physical activity or cardiovascular fitness components.
The comparator was a control group exposed to placebo, no or
minimal intervention. Blood pressure was reported as a primary

Exercise and Blood Pressure in Younger Adults 79

or secondary outcome after a minimum follow-up of 3 months.
Studies were required to have >80% complete follow-up data ana-
lyzing the results by intention-to-treat or, if not applying inten-
tion-to-treat, ensuring <20% study attrition. Additional details on
inclusion criteria provided in the online-only Data Supplement
(Data Supplement S1).

Titles and abstracts were screened independently by paired au-
thors (W.W., H.R., A.L., and P.K.). Two authors (W.W. and H.R.)
independently reviewed full-text articles and extracted data. Study
inclusion was agreed by consensus in discussion with other authors
(C.F. and P.L.). Missing or ambiguous data were clarified with the
corresponding author. We assessed risk of bias for studies that met
inclusion criteria for meta-analysis using the Cochrane Risk of Bias
Tool, which was expanded to include risk areas specific for physi-
cal activity and blood pressure interventions (Data Supplement S1).
Quality of included studies were summarized using the Grading
of Recommendations Assessment, Development and Evaluation
(GRADE) approach.”’

Statistical Analysis

Studies were analyzed using mean and SD of outcomes expressed in
the original papers. Clinic blood pressures, measured at rest, were
reported across all studies and used as the outcome measures. We
expressed effect size using the mean difference between the postint-
ervention values of the randomized groups. If required, we imputed
SDs from SEs and confidence intervals (Cls) using methods
described in the Cochrane handbook.?”” When studies investigated
multiple interventions arms, intervention arms inclusive of exercise
were included as individual intervention strata. Mean values were
plotted with associated error bars using forest plots. Statistically
significant results were identified as Cls excluding a null effect and
P value of <0.05. Heterogeneity was assessed through examination
of the forest plots and quantified using the I statistic. > statistics
were graded according to Cochrane interpretation (>75% consid-
erable/large heterogeneity). Reporting bias was assessed by plot-
ting a funnel plot of intervention effect on blood pressure (Data
Supplement S1).

We completed meta-analysis according to Cochrane methods,?’
using RevMan version 5.2 statistical software.”® A random-effects
model was the default to incorporate heterogeneity between studies,
the inverse variance method was used to calculate the overall effect
and SE.»

Planned subgroup analysis of included studies was completed ac-
cording to the following covariants: (1) baseline blood pressure, (2)
baseline weight, (3) delivery method, whether exercise was self-di-
rected or supervised, (4) estimated contact time between participants
and intervention, (5) target intensity of exercise, and (6) change in
weight after intervention (Data Supplement S1).

Meta-regression analysis was performed using the Wilson
(2010) SPSS macro using IBM SPSS Statistics for Windows,
version 22.0.>° Meta-regression was performed using a random-
effects model to examine whether study level covariates (potential
effect modifiers) predict intervention effect on systolic and dia-
stolic blood pressure between studies at 3 to 6 months follow-up.
A priori the following factors where agreed for inclusion in the
meta-regression model: (1) mean arterial blood pressure combin-
ing systolic and diastolic blood pressure, (2) estimated contact
time between participants and intervention, (3) target exercise
intensity during intervention, and (4) effect of intervention on
weight loss calculated as the standard mean difference between
intervention and control post intervention to allow comparison
between studies reporting change in weight and body mass index
(FigureS3a and S3b).

Results

Results of Search

We screened 9524 titles and abstracts reviewing 786 full-text
articles (Figure 1). We identified 14 randomized control tri-
als (RCTs) with 20 exercise intervention arms for inclusion,
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Records identified through
database searching
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Records screened > Records excluded
{(n=9,524) (n=8738 )
— l Full-text articles excluded
= Fulktextarticles assessed (n=772) .
= for eligibility —_— Summary Explanation
8 -
o (n=786 ) »
= Mean age of participants n=323
Study not meeting inclusion criteria for
randomized control trial n=181
Cardiovascular disease/Cardiac Rehab n=56
Follow-up lessthan 3 months n=51
. i Study Protocol/Review n=29
31;:(::1251;:33:?\?:2’5 Secondary analysis of previous study n=27
q (meta ana‘lf is) No exercise intervention n=27
(n= 14)y5 Healthy participants with no
- cardiovascularrisk factors n=25
Study Attrition >20% n=14
Drug Intervention n=10
BMI of participant> 35 kg/m? n=9
Blood pressure notreported n=7
Other chronicdisease n=6
Pregnancy/Postpartum n=6
Non-parametricdata n=1

Figure 1. PRISMA flow diagram describing the screening and selection of studies for inclusion in meta-analysis.

published between 1985 and 2015 (Table 1; Table S2). The
RCTs randomized 3614 participants with a recognized car-
diovascular risk factor, mean age 42.2 years (SD, 6.3). Over
75% of participants were white and only 35% were female
(Table 1). The studies recruited prehypertensive and stage
1 hypertensive participants. The majority of stage 1 hyper-
tensives were not medicated at time of intervention, 1 study
included participants that continued with antihypertensive
prescription (n=15).

Excluded studies, with explanation of exclusion listed
in the online-only Data Supplement (Table S3). The major
reason for study exclusion was age of population outside
inclusion criteria (n=323; Figure 1). One hundred fifty
eight of these studies reported blood pressure as a pri-
mary outcome, of these, 73 studies excluded participants
<35 years of age. None of the excluded cardiovascular
studies performed subgroup analysis separating interven-
tion effects by age. Other common explanations for study
exclusion included non-RCT design or lack of true exercise
control arms (n=181), or study objectives focused on acute
or short-term exercise response, primarily in healthy par-
ticipants (n=51).

Description of Included Studies

The majority of participants received a combined behav-
ioral intervention with a defined physical activity strategy
(Table S2). Eighteen intervention exercise arms targeted
increase in moderate to vigorous physical activity, 12
intervention arms delivered structured, supervised aerobic
exercise programs in gym and group environments with
intensity defined by baseline exercise testing. Seven trial
intervention arms promoted self-directed increase in physi-
cal activity supported by regular group and individual coun-
seling sessions. Behavioral counseling was delivered by
multidisciplinary professional groups. Contact time with the
intervention in the first 3 months ranged from 5 to 48 hours,
average 25 hours. The average in the first 3 months for stud-
ies reporting 3- to 6-month outcome was 30 hours (Table
S2). The minimum follow-up for inclusion in the present
systematic review was 3 months, 10 studies report 3 to 6
months of follow-up data (15 intervention arms, n=2716).
Five studies complete follow-up at 3 months and 6 stud-
ies report follow-up after 12 months (8 intervention arms,
n=3023, Table S2).
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Table 1. Baseline Description of Study Populations Participating in RCTs Included in Meta-Analysis
Intervention Group, BP Control Group, BP
Mean Age Weight, kg L) ko
Study (SD) Age Range, Y | Female, % (SD) BMI, kg/m? Systolic Diastolic Systolic Diastolic
Duncan, 1985 30.4 () 21-37 0 86.4 (14) 146.3 (5.9) 94.3 (4) 145 (5.5) 93.3(3.8)
Stamler, 1989 37 (3.5) 30-44 13 84.3 (11) 122.2 (6.7) 82.4(2.9) 122.9(7) 82.6 (3)
Blumenthal, 1991 45.2 (7.8) 29-59 38 82 (13) 27 141 (9) 96 (6) 142 (12) 96 (6)
Aerobic Exercise
Blumenthal, 1991 45.2 (7.8) 29-59 42 81 (15) 27.2 143 (10) 95 (5) 142 (12) 96 (6)
Strength
Stevens 1993 42.8(6.1) 30-54 32 89.7 (13) 29.5 124.3 (8.4) 83.7 (2.6) 124.6 (8.1) 84 (3)
TOPH Weight Loss
and Exercise
Whelton 1997 43.6 (6.2) 30-54 31 93.6 (14.2) 127.4 (6.5) 86 (1.9) 127.3(6.4) 85.8(1.9)
TOHP Combined
Lifestyle
Whelton 1997 43.4(6.1) 30-54 37 93.4 (14.1) 127.6 (6.1) 86 (1.9) 127.3 (6.4) 85.8 (1.9)
TOHP Weight Loss
and Exercise
Blumenthal 2000 46.6 (8.8) >29 54 95.4 (14.5) 32.8 138.1(15.4) | 93.6(7.3) 143.8 (6.9) 94.4 (3.4)
Aerobic exercise
Blumenthal 2000 48.5 (8.9) >29 62 93.3(17.7) 321 142.7 (10.4) 93.2(5.2) 143.8 (6.9) 94.4 (3.4)
Aerobic exercise
and Weight
Tsai 2002 41 (8.6) 20-60 452 23.6 134.3(12.2) |85.3(10.2) | 137.6(7.9) 91.6(7.9)
Esposito 2003 34.6 (5) 20-46 100 94.5(9.3) 34.8 124 (8.5) 85 (4.7) 123(7.9) 85 (4.9)
Olson 2006 38 (6) 24-44 30 38 (6) 27.6 119 (7.7) 67 (7.7) 119 (11.6) 68 (11.6)
Kinmonth 2008 40.6 (6) 20-50 62 78.6 (15.6) 277 122.6 (12.6) | 77.9(9.00 | 122.6(12.6) | 78.2(9.0)
In Person
Kinmonth 2008 40.6 (6) 20-50 62 79.9 (18) 27.8 124.2 (13.0) 791 122.6 (12.6) | 78.2(9.0)
Telephone (10.6)
Marquez-Celedonio 43.2(7-8) 30-55 78.1 (15) 31.2 133.0 (4.4) 87.6 132.7 (4.2) 85.6 (4.1)
2009 (2.84)
Knoepfli-Lenzin 37 (4) 20-45 0 82.1(8.7) 26 134 (7.0) 87 (4.0 134 (4.0) 86 (3)
2010 Football
Knoepfli-Lenzin 36 (5) 20-45 0 87.3(9.4) 26 136 (9.0) 87 (5.0) 134 (4.0) 86 (3)
2010 Running
Edwards 2011 45.9 (10.4) 25-65 50 30.1 140.6 (9.8) 89.8 137.6 (11.5) | 88.2(9.2
Aerabic Exercise (11.2)
Edwards 2011 45,9 (10.4) 25-65 50 31.2 139.9(10.5) | 85.1(10) | 137.6(11.5) | 88.2(9.2
Aerobic Exercise
and Weight Loss
Krustrup 2012 46 (7.3) 31-54 0 97.8 (13.6) 30 151 (10) 92 (7) 153 (8) 96 (6)

Mean values presented with SD. Sex distribution presented as percentage of females included. Missing or unreported values represented as (.). BMI indicates body

mass index, kg/m?; BP, blood pressure; RCTs, randomized control trials; and TOHP, Trials of Hypertension Prevention.

Risk of Bias and Quality Assessment

The funnel plot of intervention effect on systolic blood pres-
sure was symmetrical about the mean effect size line, sug-
gesting there was no particular study publication bias (Figure
S1). Overall quality of the included RCTs using the GRADE
approach suggests moderate quality data (Figure S2). In total,
9 studies are downgraded secondary to study design and out-
come reporting being unclear or at risk of bias with limited

reporting of participant allocation methods and lack of clari-
fication of blinding during outcome assessment. A significant
limitation of the included studies was the lack of reference
to published study protocols that adhere to the template for
intervention description and replication.?! Only the Trials of
Hypertension Prevention (TOHP) and ProActive UK stud-
ies consistently reference published study protocols (Data
Supplement S3; Table S2).
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Participant Compliance With Intervention and
Effect on Cardiovascular Fitness and Weight

The majority of studies reported >80% participant compliance
with intervention at 3 to 6 months, recorded as attendance at
supervised classes and group meetings, or achievement of
behavioral targets, such as self-reported minutes of activity.
However, compliance with behavioral targets dropped to an
estimated 40% beyond 12 months.

Eight intervention arms deliver exercise in combination
with weight management, 4 of these interventions report a
significant reduction in weight loss compared with control at
3 to 6 months (Figure S3a). Dietary assessment was under-
taken using self-report diaries during periods of 1 to 7 days.
The majority of studies use diary cards as aids to behavior
change as opposed to assessing compliance, only 3 stud-
ies report the change in dietary intake. Mean cardiovascular
fitness was reported from 14 intervention arms, the median
increase was 12% improvement in peak exercise capacity
(range, 3%-30%).

Intervention Effect on Blood Pressure

Forest plots for mean differences in systolic and diastolic
blood pressure after 3 to 6 months of intervention are pre-
sented in Figure 2 (Figure S4a and S4b). Mean difference in
systolic blood pressure was —4.40 mmHg (95% CI, —5.78 to
—3.01) and —4.17 mmHg (95% CI, —5.42 to —2.93) for dia-
stolic blood pressure when intervention was compared with
control.

There are no significant differences between intervention
and control group blood pressures when followed up at, or
beyond, 12 months (Figure 2; Data Supplement S5a and S5b).
Mean difference in systolic blood pressure —1.02 mm Hg (95%
CI, —2.34 t0 0.29) and mean difference in diastolic blood pres-
sure was —0.91 mmHg (95% CI, —1.85 to 0.02).

Subgroup Analysis

I statistic identified moderate to considerable heterogeneity
across the studies (56%—72%) at 3 to 6 months of follow-up.
Subgroup analysis did not provide a consistent explanation for
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Figure 2. Forest plot demonstrating mean difference in systolic and diastolic blood pressure (mmHg) after 3 to 6 months (A and B) and

at, or beyond 12 months (C and D) follow-up. Included studies are all randomized control trial design delivering exercise and physical
activity lifestyle intervention. Results for individual exercise intervention arms reported when available. Squares represent mean difference
between intervention and control post intervention with 95% confidence intervals (Cls), size of the square proportional to the weight of the
study; pooled estimates from meta-analysis are depicted as solid black diamonds.
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Table 2. Subgroup Analysis of Effects of Intervention on Systolic and Diastolic Blood Pressure According to Study Level

Characteristics
Group Intervention Arms n Systolic BP, mmHg Diastolic BP, mmHg
Overall Intervention effect <6 months of follow-up 15 2716 -4.40 (-5.78, -3.01) —417 (-5-42, -2-93)
1?=56%, 7=6.22 (P<0.00001) 1?=72%, Z=6-57 (P<0-00001)
Intervention effect >12 months 8 3023 —-1.02 (-2.34, 0.29) —0.91 (-1-85, 0-02)
1?=64%, Z=1.53 (P=0.13) 12=62%, Z=1.92 (P=0-06)
Baseline weight <90 kg 7 815 -3.0 (-6.04, 0.05) —3-88 (-6-13, —1-63)
1>=72%, 7Z=1.93 (P=0.05) 1>=73%, Z=3-38 (P=0-0007)
Baseline weight >90 kg 5 1806 —4.23(-5.49, —-2.98) -3-69 (—5-09, —2-30)
1>=32%, 7=6.6 (P<0.00001) 1>=69%, Z=5-2 (P<0-0001)
Baseline systolic BP <140 mm Hg and Diastolic 7 2370 -4.41 (-6.06, —2.77) —-3-87 (-5-33, —2-41)
<90 mmHg 1?=69%, Z=5.25 (P<0.00001) 1>=77%, Z=5-20 (P<0-00001)
Baseline systolic BP >140 mm Hg and or Diastolic 8 346 —4.35 (-7.26, —1.44) —4.55 (-6-91, —2-19)
>90 mm Hg 1>=42%, 7=2.93 (P=0.003) 1>=62%, Z=3-78 (P=0-0002)
Aerobic supervised exercise (follow-up <6 months) 1 475 -5.40 (-8.08, -2.72) —5-43 (-7-58, —3-28)
1>=56%, Z=3.95 (P<0.0001) 1>=67%, Z=4-95 (P<0-00001)
Self-directed physical activity (follow-up <6 3 2199 -3.81 (-4.52, -3.09) —2-64 (-3-20, —2-08)
months) 1>=0%, Z=10.39 (P<0.00001) 12=0%, Z=9-18 (P<0-00001)
Weight loss >4 kg 6 1586 -5.03 (-6.89, -3.17) —4.77 (—6-54, —2-99)
1>=65%, Z=5-31 (P<0.00001) 1>=79%, Z=5-27 (P<0-00001)
Weight loss <4 kg 6 1236 —-2.61(-5.77, 0.55) —2-95 (-4-76, -1-13)
1>=61%, Z=2.07 (P=0.11) 12=53%, Z=3-18 (P=0-001)
Moderate exercise intensity (<60%) 5 2265 —-3.40 (-4.59, -2.21) —2.58 (-3.13, -2.03)
12=50%, Z=5.60 (P<0.0001) 1?=0%, 7=9.14 (P<0.00001)
Moderate to vigorous intensity (>60%) 10 451 —6.19 (-8.64, -3.73) -5.92 (-8.09, -3.76)
1?=43%, 7=4.93 (P<0.0001) 1?=64%, 7=5.36 (P<0.00001)
Contact time <60 h 9 806 —2.83 (-5.33, -0.34) -3.91 (-6.33, -1.49)
1>=46%, 7=2.23 (P=0.03) 1>=67%, Z=3.16 (P=0.002)
Contact time, >60 h 6 1910 -5.61 (-7.55, —3.67) —4.57 (-6.22, —2.92)
1?=69%, 7=5.68 (P<0.00001) 1?=80%, Z=5.42 (P<0.00001)

Results at 3- to 6-month follow-up used unless otherwise stated. Mean differences are pooled estimates from meta-analysis with 95% confidence intervals. P values
reported as measure of heterogeneity. Z scores with associated P values reported as test for overall effect.

heterogeneity between studies for both systolic and diastolic
blood pressure. ? statistic reduced to <45% for systolic blood
pressure when analysis was restricted to hypertensive groups,
groups with baseline weight >90 kg and self-directed inter-
vention (Table 2).

Supervised aerobic exercise, higher exercise intensity,
and increased contact time with intervention were associated
with larger reductions in systolic and diastolic blood pres-
sures (Table 2). Reduction in diastolic blood pressure was sig-
nificantly greater when comparing supervised (—5.43 mmHg
[95% CI, —7.58 to —3.28]) with self-directed exercise (—2.64
mmHg [95% CI, =3.20 to —2.08]) and when intervention
targeted higher intensity compared with moderate intensity.
Blood pressure reductions appeared greater in association
with >4 kg weight loss, a weight loss threshold identified from
previous systematic review.”> However, observed differences
did not reach significance (systolic BP, —=5.03 mmHg [95%
CL —6.89 to —3.17] versus —2.61 mmHg [95% CI, —5.77
to 0.55] and diastolic BP, —4.77 mmHg, [95% CI, —6.54 to
—2.99] versus —2.95 mmHg [95% CI, —4.76 to —1.13]). There
were no significant differences in intervention effect when

groups were separated as hypertensive or prehypertensive at
baseline (Table 2).

Meta-Regression

The a priori meta-regression model explained 50% of variance
in intervention effect on systolic blood pressure. Increased
intensity of exercise and hours of contact with the interven-
tion were significantly associated with reduction in systolic
blood pressure (Table 3). Baseline mean arterial blood pres-
sure and standard mean difference in weight loss (Figure S3a)
between exercise and control groups post intervention were
not significant predictors of mean reduction in systolic bloo
pressure. The a priori model did not provide significant expla-
nation for variance in diastolic blood pressure response.

Discussion
This is the first systematic review to apply age criteria to
evaluate the RCT evidence base to promote exercise to
prevent and manage hypertension in younger adults. In the
short-term (3—-6 months), exercise and physical activity
interventions are beneficial, with between 4 and 5 mmHg
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Table 3. Meta-Regression Model Comparing Effect of Study Level Covariates on Post Intervention Systolic (1) and Diastolic (2)
Blood Pressure (mm Hg) Compared With Control

Model 1. Systolic Blood Pressure Model 2. Diastolic Blood Pressure
Variable +SE 95% Cl Z(P) +SE 95% CI Z(P)
MABP, mm Hg 0.3161+0.1625 —0.0230, 0.6346 1.95 (0.052) —0.0255+0.1966 —0.4108, 0.3599 —-0.13 (0.897)
Hours of contact —0.0718+0.0336 —-0.1376, —0.0060 —2.14(0.032) 0.0192+0.0404 —0.0601, 0.0985 0.47 (0.635)
Exercise intensity —0.1458+0.0601 —-0.2636, —0.0281 —2.43 (0.015) —-0.1275+0.0724 —-0.2695, 0.0144 -1.76 (0.078)
Weight loss —0.9610+1.6473 -4.1897, 2.2677 —0.58 (0.560) 2.1510+1.9962 -1.7615, 6.0635 1.08 (0.281)

Model statistics for systolic blood pressure R=0.50, Q=16.4, df=4.0, P=0.0025. Model statistics for diastolic blood pressure R?=0.23, @=4.95, df=4.0, P=0.293. Cl
indicates confidence intervals; MABP, mean arterial blood pressure at baseline, mmHg; and Z(p), z-score and P value.

reductions in blood pressure. This is a larger effect than
reported from a recent review reporting results from older
adult groups and prehypertension groups.?? This may be
explained by selection criteria, we excluded normotensive
cohorts with no cardiovascular risk factors. Alternatively,
the result may suggest that younger adults may be more
responsive to exercise as an intervention to lower blood
pressure. There were also comparable benefits in blood
pressure reduction for both prehypertension and hyperten-
sion groups, which have not been observed previously in
older adult groups.?> Early adulthood may be an important
life stage to target cardiovascular risk reduction. It is iden-
tified as a period where at risk groups present with hyper-
tension.” In addition, adverse cardiovascular risk profile

in early adulthood are predictive of future morbidity.'”33:3¢
Transition to early adulthood is identified as a period of
decline in physical activity,** with low fitness in early adult-
hood predictive of cardiometabolic dysfunction in middle
age.’®37 In contrast, maintained or increased cardiovascular
fitness in younger adults can change cardiovascular risk tra-
jectory.'®* However, a dominant finding is that we have not
observed any sustained effects in blood pressure reduction
from studies reporting outcomes after 12 months. This is
the first review in the blood pressure literature to explore
the sustained effects of exercise intervention and the first to
exclude studies with <3 months follow-up, which may have
previously contributed to overestimation of effect.”>** Our
reported findings are similar to patterns observed in the gen-
eral physical activity literature with a longitudinal decline in
compliance with maintaining physical activity. The current
evidence supports the need to build more detailed physical
activity recommendations for hypertension management in
younger adult populations.

Current guidelines recommend review of adults below 40
years of age with elevated blood pressure for exclusion of sec-
ondary causes of hypertension." The age inclusion criteria for
this review were defined to align with this practice. However,
a major limitation is the paucity of studies recruiting younger
adults. Hypertension in younger adults is complicated by
high rates of underdiagnosis and, when identified, suboptimal
treatment.>!>'* These deficiencies may reflect broader mis-
conception that younger age is sufficiently protective against
cardiovascular risk.>'>"'* This pattern is reflected in this review
with an observed age bias for study recruitment in favor of
older adults. The majority of excluded trials recruit cohorts

>50 years of age. In addition, >46% of studies reporting blood
pressure as a primary outcome excluded participants below 35
years of age.

Improved risk evaluation and interpretation of the ben-
efits of blood pressure reduction may facilitate discussion
on how to reform hypertension management for younger
adults. An example is clinical interpretation of the reported
4 to 5 mm Hg reduction in blood pressure, if this was sus-
tained in a younger adult cohort with prehypertension, the
estimated 5-year incidence of hypertension would reduce
from 1 in 5 to 1 in 10.*° This interpretation may be more
beneficial than prediction of 10-year risk of cardiovascular
events, which is difficult in younger adults.**> However,
long-term benefits on cardiovascular end points can be esti-
mated; a sustained 2 mmHg reduction in blood pressure
could translate to 7% to 10% reduction in stroke and isch-
emic cardiovascular event.” The major challenge is how to
achieve sustained effect. In this review, intervention effect
dropped to 1 mmHg by 12 months with no significant dif-
ference compared with control.

To provide a platform to improve future intervention
design, we present an evaluation of study level character-
istics that predict intervention effect at 3 to 6 months. With
regard to intervention strategy and delivery, both supervised
and self-directed exercise achieve reduction in blood pres-
sure, although effect was greater with supervised exercise.
This may reflect a dose effect; supervised exercise was
associated with increased exercise participation in the short-
term. This group also achieved higher exercise intensity and
increased cardiovascular fitness. However, higher volumes
of planned contact time between participant and interven-
tion, irrespective of intensity, or self-directed exercise were
also associated with greater reduction in blood pressure at
3 to 6 months. Explanation for the subgroup analyses may
relate to distinctions between physiological and behavioral
influences of intervention. The exposure to higher exercise
intensity may drive a mechanism for change in blood pres-
sure distinct from low-level activity. Self-directed and lower
intensity exercise had relatively lower effects on diastolic
blood pressure, which is consistent with previous observa-
tions that blood pressure responses differ with intervention
strategy.’>?*-32

The finding that contact time, independent of intensity is
associated with a positive influence on systolic blood pres-
sure may support a beneficial effect of increased frequency
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of low to moderate activity. However, interpretation is limited
without objective and repeated measures of physical activ-
ity behavior, which was not reported in studies with 3 to 6
months of outcomes. Alternatively, planned contact, inclusive
of telephone and remote contact may be a stimulus for sus-
tained behavior. Unfortunately, the pattern across studies is
that as contact is withdrawn intervention effect declines. This
is despite several studies implementing recommended behav-
ior strategies, such as promotion of participant self-effica vy,
activity planning, self-monitoring, and participant feed-
back.?>* Participant motivation and self-effica y are of partic-
ular relevance as, despite the low attrition rates, the included
studies report decline in scheduled attendance and compliance
with intervention targets from >80% at 3 to 6 months to 40%
at 18 months. There are currently no strategies that effectively
address the challenge of promoting sustained long-term physi-
cal activity behavioral change. A promising approach is a
personalized intervention supported by device-assisted behav-
ioral change and fl xible communication strategies to better
sustain effective intervention.* The use of wearable activity
monitors and physical activity tracking applications on mobile
devices can provide objective measures of behavior, facilitate
self-monitoring, and allow real-time feedback. However, the
resource demands of maintaining high contact time and tech-
nology supported behavior change may be a barrier to clini-
cal translation. Economic evaluation of effective interventions
with reference to delivery cost and process evaluation of
strategies to sustain participant engagement, motivation, and
compliance may help to drive innovation and overcome these
barriers.

Improvement in intervention design and delivery may also
benefit from more transparency and disclosure of the specific
methods and content of delivered communication strategies.
There were often only brief summaries available, which
described the professional team, if communication training
was provided to the team, and broad categorical descriptors
of intervention themes discussed with participants. In the cur-
rent review, several studies focused communication strategies
around weight loss, promoting exercise as a mechanism for
weight loss. However, an interesting observation from the
review which may help to guide the evolution of future stud-
ies is the patterns of intervention effect associated with weight
loss. Previous review identified that weight loss >4 kg was
required to achieve significant blood pressure reduction.®
However, in our review, short-term benefits of exercise on
blood pressure were seen even in those who did not achieve
this degree of weight loss. This observation is supported
by weight loss not being a significant effect modifier in the
regression model. The positive message is that in the short-
term, exercise is beneficial for blood pressure reduction inde-
pendent of pre- or postintervention weight. Distinguishing
between the independent benefits of exercise and weight
loss may facilitate effective communication and participant
engagement strategies, especially when participants may be
motivated by different health and well-being goals.

Limitations

Major limitations are the paucity of research studies recruit-
ing younger adult or performing subgroup analysis defined

Exercise and Blood Pressure in Younger Adults 85

by age. Included studies did not present results by age pre-
venting analysis of effect in early adulthood. Evaluation of
the available literature base would be strengthened by meta-
analysis of individual participant data, but this was outside
the scope of the review. The results would be strengthened
by using ambulatory blood pressure, only 3 studies reported
ambulatory blood pressure in addition to clinic blood pres-
sure. Identification of effective intervention components is
limited by several study level factors, including lack of objec-
tive measurement and tracking of physical activity behavior,
limited description of content and delivery of communication
strategies, and lack of disclosure of effectiveness of intermedi-
ate intervention process outputs such as strategies to maintain
participant engagement and compliance. In the majority of
studies, there is also risk of bias in relation to participant allo-
cation concealment and blinding of outcome assessors, with
methods not discussed or unclear, which may risk overestima-
tion of intervention effectiveness. However, overall the quality
of included studies were moderate and funnel plots suggest no
evidence of reporting bias, though caution in interpretation is
required because of the small number of studies.

Perspectives

This review raises concern that current clinical practice to
promote lifestyle and exercise intervention risks suboptimal
management of young adult hypertension. Although it has
been pragmatic to assume that exercise will improve blood
pressure in young adults, the available evidence suggests cur-
rent intervention strategies do not maintain long-term ben-
efit. Discussion with young adult patient and public groups
highlight that lifestyle interventions remain an attractive alter-
native to starting potential lifelong prescriptions for blood
pressure. However, short-term reduction in blood pressure
reported in this review involved multiple contacts over time
and delivery of targeted exercise prescription. These strategies
generally required supervised exercise interventions, which
are expensive and currently not widely supported.* A major
challenge for the clinical research community is to design
and evaluate interventions which target sustained increase in
physical activity behavior, accommodate potential for titration
of exercise prescription, and deliver improvement in the cost
per quality adjusted life year. Translation of research findings
into clinical practice may be improved by study design incor-
porating comparative adaptiveness evaluations and exploring
interactive effects with prescription medication. Going for-
ward there seems to be a need for strategic overhaul of the
approaches implemented in the prevention and management
of young adult blood pressure.
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Novelty and Significance

What Is New?

An age defined review of randomized trials, with long-term follow-up,
designed to assess effectiveness of exercise intervention for blood pres-
sure reduction in younger adults.

What is Relevant?

Exercise intervention is beneficial for young adults in the short-term at
3 to 6 months but has no sustained effect at, or beyond, 12 months.

Efficacy of intervention at 3 to 6 months was dependent on intensity of
exercise and contact time with intervention teams.

Summary

Current recommendations for lifestyle and exercise interventions
risk undertreating younger adults. There is a need for review of
practice and development of affordable interventions that deliver
appropriate dose of exercise and sustained behavior change.
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S$1: Methods Supplement

Data Sources

Cochrane Central Register of Controlled Trials (Cochrane Library, Wiley)[Issue 5,
2015], MEDLINE & MEDLINE In Process (OvidSP) [1946-present], EMBASE
(OvidSPO[1974- June 2015 (week 2)], CINAHL (EBSCOHost) [1982-present], AMED
(OvidSP) [1985-dJune 2015], PsycINFO (OvidSP) [1967-present], SPORTdiscus
(EBSCOHost) [17" June 2015], OpenGrey, Science Citation Index & Conference
Proceedings Citation Index-Science (Wed of Science, Thomson Reuters) [1945-
present], ACM Digital Library and IEEE Xplore Digital Library. Cochrane highly
sensitive search was used to identify randomized controlled trials. No language or date
restrictions were applied. Bibliographies of relevant review articles and selected
articles were examined for potentially relevant trials. Literature searches completed up
to June 2015

Study Inclusion Criteria and Selection

The following inclusion criteria were applied to determine if the full paper needed
further scrutiny.

Did the study:

1. Aim to examine the effectiveness of an intervention that included an
exercise/physical activity/cardiovascular fithess component on a primary outcome of
blood pressure?

2. Include a participant population with a cardiovascular risk factor including
hypertension or pre-hypertension (systolic blood pressure = 120 mmHg and/or
diastolic blood pressure 2 80 mmHg), overweight (mean BMI > 25 kg/m?) but not
severely obese (mean BMI > 35 kg/m?), diabetes, metabolic syndrome and
dyslipidaemia, family history of cardiovascular or metabolic risk, or smoking and
alcohol consumption?

3. Allocate participants to the intervention or control group using a method of
randomisation?

4. Have a control group that is exposed to placebo, no and/or minimal intervention?

5. Include adults of 18 years and older, with a mean population age below 40 years
old or within one standard deviation of this range, with aim for at least 25% of the study
population to be younger adults?

6. Recruit community dwelling adults?

7. Have a follow-up period of at least 3 months between commencing the intervention
and measuring the outcomes?

8. Have over 80% complete follow-up data analysing the results by intention-to-treat
or, if not applying intention to treat, ensuring that there is less than 20% attrition from
the study?
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Data collection and management

Data extraction was piloted by two authors (CF, WW) and subsequently adjusted to
ensure it captured the relevant data. Two authors (WW and HR) independently
extracted the data from all the selected studies using a standard template piloted in
previous Cochrane reviews."? When there was disagreement a third author reviewed
the study and a consensus was reached (PL or CF). We separately extracted data
from multiple publications of the same study and then combined them to avoid
replication. Any missing or ambiguous data was clarified with the study corresponding
author.

Assessment of risk of bias in included studies

The risk of bias was only assessed and reported for studies that met the inclusion
criteria for meta-analysis.® The Cochrane Risk of Bias assessment instrument was
expanded to include risk of bias assessment specific for physical activity and blood
pressure interventions.? Two authors (WW, HR) assessed the risk of bias. Where there
was disagreement between review authors in the risk of bias assessment, a third
author (CF or PL) was asked to independently appraise the study and discrepancies
were resolved by consensus between authors.

We assessed the studies for the five general domains of bias: selection, performance,
attrition, detection, and reporting. Risk of bias scores were allocated for:

. Allocation sequence generation;

. Allocation concealment;

. Incomplete outcome data;

. Selective outcome reporting;

. Comparable groups at baseline;

. Contamination between groups,

. Validated blood pressure measurement protocol,

o N OO o A W DN -~

. Outcome measure applied appropriately;

9. Final analysis adjusted for baseline blood pressure levels;
10. Outcome assessment that was independently and blinded;
11. Intention-to-treat analysis

Where sufficient information was available, each domain was identified as “high” or
‘low” risk of bias. Where there was a lack of information or uncertainty over the
potential for bias, we described the domain as “unclear”.? We judged the studies
overall as having a “low”, “medium”, or “high” risk of bias given consideration of the
study design and size, and the potential impact of the identified weakness noted in the
table for each study. The assessment of risk of bias and quality of included RCTs was

then summarized using the GRADE approach.*
Summary measures of treatment effect and unit of analysis

Studies were analysed using the mean and standard deviation (SD) of outcomes
expressed in the original papers. We expressed the effect size using the mean
difference between the post-intervention values of the randomized groups. We used
outcomes reported for short term follow-up between 3 and 6 months and extended
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follow-up beyond 12 months when available. When studies investigated multiple
interventions arms, the intervention arms inclusive of exercise were included as
individual intervention strata. Mean differences in blood pressure following study
intervention were presented for separate intervention arms when available. Mean
values were plotted with associated error bars using forest plots. Statistically
significant results were identified as confidence intervals excluding a null effect and an
alpha value for z<0-05.

Dealing with missing data

Missing data was identified on the data extraction template consistent with our
previous Cochrane review protocols.? We contacted the authors of potentially eligible
studies if missing data were unclear or data had not been fully reported. Imputed
standard deviations from standard errors and confidence intervals for group means
were calculated using methods described in the Cochrane handbook.*

Assessment of heterogeneity

Heterogeneity was quantified and evaluated to determine whether the observed
variation in the study results was compatible with the variation expected by chance
alone.* Heterogeneity was assessed through examination of the forest plots and
quantified using the |2 statistic according to the type of outcome utilised. 12 statistics
were graded according to Cochrane interpretation (>75% considerable/large
heterogeneity).

Assessment of reporting biases

In accordance with Cochrane guidance, reporting bias was assessed by plotting a
funnel plot of intervention effect on blood pressure.® To improve homogeneity,
outcome data for the funnel plot was used for the earliest available follow-up, which
was 3-6 months in the majority of studies.

Subgroup Analysis

Secondary objectives defined in the study protocol were to explore intervention effects
in relation to 1) Baseline cardiovascular risk of participants, 2) Intervention
components including: delivery methods, intensity of contact between participant and
intervention and exercise prescription, 3) Participant cardiovascular fitness or physical
activity, 4) Change in lipid or cholesterol status. Post study selection and data
extraction the available data facilitated analysis on the effect of the following co-
variants: 1) Baseline blood pressure, 2) Baseline weight 3) Delivery method, whether
exercise was self-directed or supervised 4) Estimated contact time between
participants and intervention, 5) Target intensity of exercise, 6) Change in weight
following intervention.
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S2. PRISMA Checklist

Section/topic # Checklist item ~EEEICE E
page #
TITLE
Title 1 | Identify the report as a systematic review, meta-analysis, or both. 1
ABSTRACT
Structured 2 | Provide a structured summary including, as applicable: background; 2,3
summary objectives; data sources; study eligibility criteria, participants, and
interventions; study appraisal and synthesis methods; results; limitations;
conclusions and implications of key findings; systematic review
registration number.
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of what is already 4
known.
Objectives 4 | Provide an explicit statement of questions being addressed with reference | 4-6
to participants, interventions, comparisons, outcomes, and study design
(PICOS). Supplement
METHODS
Protocol and 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., 5
registration Web address), and, if available, provide registration information including
registration number.
Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report | 5-6
characteristics (e.g., years considered, language, publication status) used
as criteria for eligibility, giving rationale.
Information 7 | Describe all information sources (e.g., databases with dates of coverage, 5
sources contact with study authors to identify additional studies) in the search and
date last searched. Supplement
Search 8 | Present full electronic search strategy for at least one database, including | 5,
any limits used, such that it could be repeated. Supplement
Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included | 5-6
in systematic review, and, if applicable, included in the meta-analysis). Supplement
Data collection 10 | Describe method of data extraction from reports (e.g., piloted forms, 6-7
process independently, in duplicate) and any processes for obtaining and
confirming data from investigators. Supplement
Data items 11 | List and define all variables for which data were sought (e.g., PICOS, 6-7
funding sources) and any assumptions and simplifications made. Supplement
Risk of bias in 12 | Describe methods used for assessing risk of bias of individual studies 6
individual studies (including specification of whether this was done at the study or outcome Suoblement
level), and how this information is to be used in any data synthesis. PP
Summary 13 | State the principal summary measures (e.g., risk ratio, difference in 6-7
measures means).
Synthesis of 14 | Describe the methods of handling data and combining results of studies, if | 6-7
results done, including measures of consistency (e.g., I? for each meta-analysis. Supplement
Reported on

Section/topic

# Checklist item

page #
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Risk of bias 15 | Specify any assessment of risk of bias that may affect the cumulative 6-7,
across studies evidence (e.g., publication bias, selective reporting within studies). Supplement
Additional 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup 6-7
analyses analyses, meta-regression), if done, indicating which were pre-specified. Supplement
RESULTS
Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in 8, Figure 1
the review, with reasons for exclusions at each stage, ideally with a flow
diagram.
Study 18 | For each study, present characteristics for which data were extracted (e.g., | 8-10, Table
characteristics study size, PICOS, follow-up period) and provide the citations. 1
Supplement
Risk of bias 19 | Present data on risk of bias of each study and, if available, any outcome 9
within studies level assessment (see item 12). Supplement
Results of 20 | For all outcomes considered (benefits or harms), present, for each study: Figure 2,
individual studies (a) simple summary data for each intervention group (b) effect estimates Supplement
and confidence intervals, ideally with a forest plot.
Synthesis of 21 | Present results of each meta-analysis done, including confidence intervals 9-10, Figure
results and measures of consistency. 2
Supplement
Risk of bias 22 | Present results of any assessment of risk of bias across studies (see Item 9,
across studies 15). Supplement
Additional 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup 11, Figure 3,
analysis analyses, meta-regression [see ltem 16]). Supplement
DISCUSSION
Summary of 24 | Summarize the main findings including the strength of evidence for each 14-16
evidence main outcome; consider their relevance to key groups (e.g., healthcare
providers, users, and policy makers).
Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at 17,
review-level (e.g., incomplete retrieval of identified research, reporting bias). Supplement
Conclusions 26 | Provide a general interpretation of the results in the context of other 18
evidence, and implications for future research.
FUNDING
Funding 27 | Describe sources of funding for the systematic review and other support 19

(e.g., supply of data); role of funders for the systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews
and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): €1000097. doi:10.1371/journal.pmed1000097

For more information, visit: www.prisma-statement.org.
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Table S1: Search Summary Completed June 2015

Reviews
Database Interface Coverage Date Hits
Cochrane Database of Cochrane Library, Issue 5,2015 17/06/2015 47
Systematic Reviews Wiley
Database of Abstracts of Cochrane Library, Issue 4,2015 17/06/2015 29
Reviews of Effects Wiley
Embase OvidSP 1974 to June 17/06/2015 310
2015
Ovid MEDLINE(R) In- OvidSP 1946-present  17/06/2015 276
Process & Other Non-
Indexed Citations and Ovid
MEDLINE(R)
PsycINFO OvidSP 1967-present  17/06/2015 27
Total: 689
Duplicates: 246
Excluded: 6
Final Total: 427
RCTs
Database Interface Coverage Date Hits
AMED OvidSP 1985-June 17/06/2015 54
2015
Cinahl EBSCOHost 1982-current 17/06/2015 490
Cochrane Central Register Cochrane Library, Issue 5,2015 17/06/2015 3154
of Controlled Trials Wiley
Embase OvidSP 1974 to June 17/06/2015 4790
2015
Ovid MEDLINE(R) In- OvidSP 1946-present  17/06/2015 5568
Process & Other Non-
Indexed Citations and Ovid
MEDLINE(R)
Science Citation Index Web of Science 1945-present  17/06/2015 3084
Expanded (SCI-
EXPANDED), Social
Sciences Citation Index
(SSCI) & Conference
Proceedings Citation Index-
Science (CPCI-S)
SportDiscus EBSCOHost 17/06/2015 137
PsycINFO OvidSP 1967-present  17/06/2015 296
Total: 17,573
Duplicates: 8342
Excluded: 134
Final Total: 9097
Limits:

- Methodological filters applied to limit to SRs & RCTs
- Papers excluded which mentioned older adults in title

- Animal studies excluded
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Table S2. Description of the interventions delivered in the studies included in

meta-analysis
. Estimated
Intensity (Heart rate . L.
Study N Intervention Strategies & Delivery Max) and Frequency :Juratlon_of Participant  Follow-up
. h ntervention Contact months
[f (days) x Time (mins)] (hrs)
Duncan 66 Aerobic exercise training program. Intensity 70 -80 % « Supervised exercise * Moderate to 16 weeks 72 4
19856 max heart rate determined from peak testing. « Walk-Jog programme with graduated vigorous (70-80%)
Three 60 minutes sessions per weak plus 15minutes increase in running « 3x60 mins
warm-up/cool-down
Stamler 201 Multifactorial intervention biweekly counselling. « Self-directed exercise « Moderate activity Longitudinal 40 60
19897 Nutritional hygiene. Diaries and lifestyle advice. « Individualised delivery (70%) -5 years
30 mins of exercise three times per week target heart « Physician and nutritionist lead « 3x30mins
rate 70% of max. « Social and Family members for planning
activity
Blumenthal 92 e 16 week Aerobic Exercise intervention . Su_pervised group exercises with exercise ~ *+ Moderate activity 16 weeks 40 4
19918 15 minutes warm-up trainer (70%)
35 minute walk-jog 70% heart rate from peak exercise * 3x35mins
test. Three times per week.
2. 16 weeks strength and flexibility
20 minutes flexibility
30 minutes resistance circuit exercise
Stevens 564 Lifestyle behavioural intervention targeting diet and * Self-directed exercise * Moderate walking 18 months 43 6&18
TOHP exercise. « Behaviour change counselling facilitated (40-55%)
14 weekly 90 minute group sessions followed by month by nutritionists, psychologists and * 5x45 mins
Phase 1 meeting for 18 months exercise physiologists
1993° Graduated brisk walking targeting 45 minutes 4 — 5 « Supervised group based sessions
times per week. 40 — 55% heart rate reserve « Self-management plans with activity self-
monitoring and self-efficacy training to
prevent relapse
Whelton 1788 Lifestyle behavioural intervention targeting diet and « Self-directed exercise * Moderate walking 36 months 60 6 & 36
TOHP exercise. « Behaviour change counselling facilitated (40-55%)
1. Weight Loss and Exercise by nutritionists, psychologists and * 5x45 mins
Phase 2 2. Weight Loss, Salt Restriction and exercise physiologists.
199710 Exercise » Weekly progress review and feedback
14 weekly 90 minute groups sessions followed by « Self-management plans with activity self-
month meeting for 18 months] monitoring and self-efficacy training to
Graduated brisk walking targeting 45 minutes 4 — 5 prevent relapse.
times per week. 40 — 55% heart rate reserve « 4 supervised exercise sessions discussing
intensity zones of exercise.
Blumenthal 133 1. Supervised Aerobic Exercise « Supervised exercise * Moderate to 6 months 95-120 6
2000 Subjects exercised 3 to 4 times per week 70-85% Heart « Trained Exercise Physiologist Vigorous Intensity
max from peak exercise test « Participants instructed on how to monitor (70-85%)
10 minute warm up heart rates and intensity of exercise. * 4 x35mins
35 minutes cycling or treadmill
10 minutes cool down.
2. Supervised exercise plus weight
management
As above plus 26 weekly group sessions discussing
weight management
Tsai 42 Supervised Aerobic Exercise « Supervised exercise * Moderate Intensity 3 months 30 3
20022 Treadmill Walk-Jog programme « Exercise intervention facilitated by trained (60-70%)
10 minutes warm up , 30 minutes exercise on treadmill, exercise providers. « 3x30 mins
10 minutes cool down
Esposito 120 Lifestyle behavioural intervention targeting diet and « Self-directed exercise * Moderate 24 months 241048 24
20033 exercise. Objective of 10% weight loss. « Behaviour change counselling facilitated « Daily walking
Month session for 12 months followed by bimonthly by nutritionists and exercise trainer
session for further 12 months
Olson 30 Supervised and self-directed exercise and resistance « Supervised small group exercise * Moderate to max 12 months 38 12
2006 training « Self-monitoring with training logs intensity resistance
2 sessions per week for 12 months. First 12 weeks « Feedback from exercise trainer twice exercise
supervised, monthly
Kinmonth 365 Self-directed exercise with behavioural coaching, « Self-directed, self-regulatory exercise « No defined intensity, 24 months 5t08 24
20085 1. Telephone follow-up « Behavioural counselling from trained « Individualised
1 home visit followed by 6 x 15-45 minute calls in 5 facilitators graduated increase
months followed by monthly letter. « Goal setting, action planning, self- in activity
2. In person intensive follow-up monitoring, goal review, using prompts,
4 x 1 hour visit, 2 x 15 minute calls in 5 months followed family support, prevention plans
by monthly 30 minute calls
Marquez- 81  Multifactorial intervention. Diet and low sodium advice + Supervised exercise * Moderate intensity 6 months 100 6
Celedonio with supervised exercise advice. « Group based activity (60-80)
3-5 weekly sessions of supervised aerobic exercise * 45 minute sessions * 3x45mins
20096 plus weekly group exercise (basketball, volleyball,
soccer).
Knoepfli- 47 1. Aerobic Running « Supervised exercise * Moderate intensity 3 months 36 3
Lenzin 3 x 60 minute training session per week, 75-85% peak « Coaching support (60 to 85%)
heart rate * 3x60 mins
2010" 2. Football
10 minute warm up, 50 minutes 5 aside football, Heart
rate above 65%
Edwards 52 1. Aerobic Exercise « Supervised exercise * Moderate Intensity 3 months 48 3
20118 Two supervised sessions per week and encouragement « Food diaries, (60-75%)
to exercise for 3 more sessions. » Weekly telephone call. * 3x60 mins
Moderate intensity exercise for 30 to 60 minutes.
Polar heart rate monitoring used to maintain 60-75%
peak intensity
2. Diet plus Aerobic Exercise
Target 500-1000 kcal decline in energy intake.
Krustrup 33 2 x 60 minutes sessions supervised per week « Supervised exercise * Moderate to 6 months 48 6
20121 Peer football. Exercise trainer, 5 minutes warm-up/cool * Heart rate monitoring 75-85% max vigorous intensity

down

(75-85%)
2 x 60 mins
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Table S3. Catalogue of Excluded Studies with Explanation.

AUTHOR TITLE SOURCE STUDY EXCLUSION CODING
AND YEAR DETAIL REASON
Bjernulf, A. Haemodynamic Acta Medica Recruited Cardiopulmonary C2
(1973). aspects of physical Scandinavica. POST disease

training after Sup. 548. INFARCT secondary

myocardial population prevention

infarction.
Palatsi, I. Feasibility of Acta Medica Recruited Cardiopulmonary C2
(1976). physical training Scandinavica - POST disease

after myocardial Supplementum INFARCT secondary

infarction and its 599: 7-84. population prevention

effect on return to

work, morbidity and

mortality.
Plavsic, C., The results of Giornale Established Cardiopulmonary C2
et al. (1976). exercise therapy in Italiano di cardiovascular disease

coronary prone Cardiologia disease secondary

individuals and 6(3): 422-432. prevention

coronary patients
Shephard, R. Recurrence of British Heart Recruited Cardiopulmonary C2
J. (1979). myocardial infarction Journal 42(2): POST disease

in an exercising 133-138. INFARCT secondary

population. population prevention
Patel, C. and Randomized Lancet 2, 93- 6 week Age of Cohort H age
W. R. North controlled trial of 95 intervention, 3
(1975) yoga and bio- month follow-

feedback in up. Mean age

management of 59.5 range >

hypertension. 39 years
Patel, C. and Randomized Lancet 6 week Age of Cohort H age
W.R. S. controlled trial of 2(7925): 93- intervention, 3
North (1975). yoga and bio 95. month follow-

feedback in up. Mean age

management of 59.5 range >

hypertension. 39 years
Pozenel, H. The submaximal Wiener 4 week follow-  Follow up less F<3
(1975). ergometric load test  Klinische up, dual than 3 months

in hypertensive Wochenschrift  treatment anti-

patients during 87(22): 767- hypertensive

physical training and  772. medication

treatment with
debrisoquin
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Choquette,
G.and R. J.
Ferguson
(1973).

Patel, C.
(1975).

Peterson, C.
M., et al.
(1980).

Kiens, B., et
al. (1980).

Taylor, H. L.,
et al. (1973).

Marra, S., et
al. (1985)

Blood pressure
reduction in
borderline.
hypertensives
following physical
training.

12-month follow-up
of yoga and bio-
feedback in the
management of
hypertension.

Changes in
basement
membrane
thickening and pulse
volume concomitant
with improved
glucose control and
exercise in patients
with insulin-
dependent diabetes
mellitus.

Increased plasma
HDL-cholesterol and
apo A-1 in sedentary
middle-aged men
after physical
conditioning.

Exercise in
controlled trials of
the prevention of
coronary heart
disease.

Long-term follow-up
after a controlled
randomized post-
myocardial infarction
rehabilitation
programme: effects
on morbidity and
mortality.

Canadian
Medical
Association

Journal 108(6):

699-703.

Lancet
1(7898): 62-
64.

Diabetes Care
3(5): 586-589.

European
Journal of
Clinical
Investigation
10(3): 203-
2009.

Federation
Proceedings
32(5): 1623-
1627.

European
Heart Journal
6(8): 656-663.

Not and RCT -
No control
Group

CASE
CONTROL
STUDY
DESIGN

NO CONTROL
NOT
RANDOMIZED

HEALTHY low
risk population,
Mean Age 40
SD 3.4. The
trained
subjects were
studied at 4, 8
and 12 weeks.

Review article
discussing
three US trails.
Age group 40
to 59.

Cardiac
Rehab, POST
MI

Not RCT

Not RCT

Not RCT

Demographic of
Study Population
- healthy
sedentary

Not RCT

Cardiopulmonary
disease
secondary
prevention

NCRT

NCRT

NRCT

PL BP2

NRCT

C2
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Gyntelberg,
F., etal.
(1981).

Kornitzer, M.,

et al. (1983).

Kornitzer, M.,

et al. (1983).

Project
Team.
(1982).

Andrews, G.,

et al. (1982).

Lithell, H., et
al. (1984).

Blood pressure
reduction by change
in life style. The
CVD intervention
study in Glostrup.

Belgian Heart
Disease Prevention
Project: Indicence
and mortality
results.. Lancet
1(8333): 1066-1070.

Belgian heart
disease prevention
project: incidence

and mortality results.

The Roman
coronary heart
disease prevention
program. Final
results

Hypertension:
comparison of drug
and non-drug
treatments.

The primary
preventive study in
Uppsala. Fatal and
non-fatal myocardial
infarction during a
10-year follow-up of
a middle-aged male
population with
treatment of high-
risk individuals.

Acta Medica
Scandinavica -
Supplementum
646: 10-14.

Lancet
1(8333): 1066-
1070.

Lancet
1(8333): 1066-
1070.

Giornale
Italiano di
Cardiologia
12(8): 541-
554,

British Medical
Journal
Clinical
Research Ed.
284(6328):
1523-1526.

Acta Medica
Scandinavica
215(5): 403-
4009.

Primary
prevention
intervention.
25% < 40
years old

Mean age
48.2, No
exercise
intervention

Mean age
48.2,
participants
were referred
for prescription
treatment,
subgroup had
a nutritional
intervention.
No physical
activity
intervention.

Age Group 40-
59. Primary
prevention.
Low risk
groups

Review article

Cohort study,
event rate in
cohort
compared with
general
population

Primary
prevention low
risk

No exercise
intervention

No exercise
intervention

primary
prevention low
risk

Not RCT

Not RCT

PL

NEI

NEI

PL

Protocol/Re
view

NRCT
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Menotti, A.
(1983).

Stransky, M.,
et al. (1982).

Cambien, F.,
et al. (1981).

Heath, G. W.
and C. B.
Broadhurst
(1984).

Holtz, H., et
al. (1983).

The european
multifactorial
preventive trial of
coronary heart
disease: four-year
experience.

Prevention of
coronary heart
disease. [German]

The Paris
Cardiovascular Risk
Factor Prevention
Trial. Effects of two
years of intervention
in a population of
young men.

Effects of exercise
training and dietary
behavior
modification on
weight reduction and
lipoprotein lipids in
female hospital
employees.

Effectiveness of
different intervention
measures in children
and adolescents
with hypertension
and lipid metabolism
disorders

Preventive
Medicine
12(1): 175-
180.

Sozial- und
Praventivmedi
zin 27(4): 178-
186.

Journal of
Epidemiology
& Community
Health 35(2):
91-97.

Health Values
8(6): 3-9.

Zeitschrift fur
die Gesamte
Innere Medizin
und lhre
Grenzgebiete
38(23): 644-
649.

Cross- Not RCT
sectional
sampling, no
intention to
treat or
longitudinal
follow-up of
individual
participants.
Control
represented a
population
trend sample
as opposed to
providing
effectiveness
comparison.
Mean age 48.5
range 40-59.
Population Not RCT
level

intervention.

Not an RCT

Age group 25-
35.
Cardiovascular
risk score, high
risk population
results
presented
separately.
Need to
explore
intervention
and PA advice

12 weeks of
follow-up

Mean age 14.2

Peri menapausal
-age > 40

Demographic of
study population

NRCT

NRCT

PL

PL BP2

PP
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Fortmann, S.
P., etal.
(1988)

Woods
(1988)

Rome Project
Team

(1986).

Kornitzer, M.
(1989).

Jennings, G.,
et al. (1986)

Effects of weight
loss on clinic and
ambulatory blood
pressure in
normotensive men.

Changes in plasma
lipids and
lipoproteins in
overweight men
during weight loss
through dieting as
compared with
exercise

Eight-year follow-up
results from the
Rome Project of
Coronary Heart
Disease Prevention.
Research Group of
the Rome Project of
Coronary Heart
Disease Prevention.

The Belgian project
for the prevention of
cardiovascular
diseases: a model of
multifactorial
prevention

Effects of exercise
training on BP and
haemodynamics in
patients with
essential
hypertension.

American
Journal of
Cardiology
62(1): 89-93.

N Engl J Med
1988;
319:1173-9

Preventive
Medicine
15(2): 176-191

Bulletin et
Memoires de |
Academie
Royale de
Medecine de
Belgique
144(1-2): 101-
109;
discussion
110-102.

Aust NZ J Med
Suppl 16, 574

Secondary
analysis.
Normotensive
population.
Weight loss

primary outcome.

Age 45 sd (8).
Attrition from the
study was over
25% with no
intention to treat.

BP not Primary analysis
reported of Fortmann.
Mean age 44 sd

(8)

Population age Participants
40 to 59. exclusively older
than 40.

Age 40 -59 Age of Cohort

4 weeks of Follow-up less
exercise, than 3 months
mean age 44,

healthy

participants

Attrition

BPN

H age

H age

F<3
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Jennings, G.,
et al. (1987)

Jennings, G.,
et al. (1986)

Lorinczy, J.,
et al. (1987)

Stamler, R.,
et al. (1989)

Ades, P. A,
et al. (1988).

The place of

exercise in the long-
term treatment of

hypertension.

The effects of

changes in physical
activity on major
cardiovascular risk

factors,

hemodynamics,

sympathetic
function, and

glucose utilization in
man: a controlled
study of four levels

of activity.

Effects of exercise
training and beta
blockade on blood
pressure during

submaximal
exercise in
moderately

hypertensive men.

Cardiac status after
four years in a trial

on nutritional

therapy for high
blood pressure

Ades, P. A., et al.

(1988).
.Hypertension,

exercise, and beta-

adrenergic

blockade.. Annals of
Internal Medicine
109(8): 629-634.

Nephron 47
Suppl 1: 30-
33.

Circulation
73(1): 30-40.

International
Journal of
Sports
Medicine 8,
240

Archives of
Internal
Medicine 149,
661-665

Annals of
Internal
Medicine
109(8): 629-
634.

4 weeks of
exercise, one
group of
sedentary
healthy
participants,
mean age 44,
range 25 to 62
years.

4 weeks
follow-up,
healthy
participants,
mean age 22

Drug
intervention

No defined
exercise
intervention.
Mean age 56

No non-
exercise
control

Follow-up less
than 3 months

Demographic of
study population

Drug intervention

No defined
exercise
intervention.
Mean age 56

Study design

F<3

F<3

H-

physiology
F<3 NRCT

NEI

NRCT
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Blumenthal, Exercise training in
J. A, etal healthy type A
(1988). middle-aged men:
effects on behavioral
and cardiovascular
responses.
Cleroux, J., Effects of exercise
etal. (1987). training on plasma
catecholamines and
blood pressure in
labile hypertensive
subjects.
Gilders, R. Endurance training
M., et al. and blood pressure
(1989) in normotensive and
hypertensive adults
Lasco, R. A., Participation rates,
et al. (1989). weight loss, and
blood pressure
changes among
obese women in a
nutrition-exercise
program.
Lovibond, S.  Changing coronary
H., et al. heart disease risk-
(1986) factor status: the
effects of three
behavioral programs
Roskies, E., The Montreal Type
et al. (1986). A Intervention

Project: major
findings.

Psychosomatic
Medicine
50(4): 418-
433.

European
Journal of
Applied
Physiology &
Occupational
Physiology
56(5): 550-
554,

Medicine &
Science in
Sports &
Exercise 21(6):
629-636.

Public Health
Reports
104(6): 640-
646.

Journal of
Behavioral
Medicine 9(5):
415-437.

Health
Psychology
5(1): 45-69.

12 week
follow-up,
mean age
44 4. All
participants
exercise.
Aerobic vs
strength

Study design

No control Study design

Waitlist control
and
participants
instructed to
decondition
after training,
Hypertensive
group mean
age 46 SD 2

Study design

Not Study design
randomized

less than 6

months

Mean age
46.3, lacks
true control,
Not RCT

Study design

Intervention
targeted .type
A. men mean
age 37, Not
RCT

Study design

NRCT

NRCT

NRCT

NRCT

NRCT

NRCT
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Liao, Y., et
al. (1987).

Becque, M.
D., etal
(1988).

Jalkanen, L.
(1991).

Engblom, E.,
et al. (1992).

Hedback, B.
and J. Perk
(1990).

Hedback, B.
E., etal.
(1990).

Jovanovic-
Peterson, L.
and C. M.
Peterson
(1991).

Cardiovascular
responses to
exercise of
participants in a trial
on the primary
prevention of
hypertension.

Coronary risk
incidence of obese
adolescents:
reduction by
exercise plus diet
intervention.

The effect of a
weight reduction
program on
cardiovascular risk
factors among
overweight
hypertensives in
primary health care.

Coronary heart
disease risk factors
before and after
bypass surgery:
results of a
controlled trial on
multifactorial
rehabilitation.

Can high-risk
patients after
myocardial infarction
participate in
comprehensive
cardiac
rehabilitation?

Cardiac
rehabilitation after
coronary artery
bypass grafting:
effects on exercise
performance and
risk factors.

Is exercise safe or
useful for gestational
diabetic women?

Journal of
Hypertension
5(3): 317-321.

Pediatrics
81(5): 605-
612.

Scandinavian
Journal of
Social
Medicine
19(1): 66-71.

European
Heart Journal
13(2): 232-
237.

Scandinavian
Journal of
Rehabilitation
Medicine
22(1): 15-20.

Archives of
Physical
Medicine &
Rehabilitation
71(13): 1069-
1073.

Diabetes 40
Suppl 2: 179-
181.

Response to
acute peak
exercise. No
exercise RCT

20 week
intervention,
mean age 12.7
(0.5)

H + age,
primary
objective
weightloss,
1000-1500
negative
balance

Coronary heart
disease

Recruited post
infarct
population

Coronary heart
disease

Exercise less 3
months,
pregnant
population

Acute response
to exercise

Demographic of
study population

Change in lipids

primary outcome.

Mean Age 49,
(range 35 to 59)

cardiopulmonary
disease
secondary
prevention

cardiopulmonary
disease
secondary
prevention

cardiopulmonary
disease
secondary
prevention

Exercise less 3

months, pregnant

population. F<3

NRCT

PP

H age

C2

C2

C2

D1, F<3
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Page, R. C.
L., etal.
(1992).

Eriksson, K.
F.and F.
Lindgarde
(1991).

Hanefeld, M.,
et al. (1991).

Yeater, R. A,,
et al. (1990).

Marchman,
H. B. and J.
L. Skolnick
(1992).

Kostis, J. B.,
et al. (1992).

Mascioli, S.
R., et al.
(1990).

Can life-styles of
subjects with
impaired glucose
tolerance be
changed? A
feasibility study..

Prevention of type 2
(non-insulin-
dependent) diabetes
mellitus by diet and
physical exercise.
The 6-year Malmo
feasibility study..

Diabetes
Intervention Study.
Multi-intervention
trial in newly
diagnosed NIDDM.

Coronary risk factors
in type |l diabetes:
response to low-
intensity aerobic
exercise

Blood pressure
changes in patients
with chronic
obstructive
pulmonary disease
and hypertension
completing phase Il
pulmonary
rehabilitation.

Superiority of
nonpharmacologic
therapy compared to
propranolol and
placebo in men with
mild hypertension: a
randomized,
prospective trial.

Characteristics of
participants at
baseline in the
treatment of mild
hypertension study
(TOMHS).

Diabetic
Medicine 9(6):
562-566.

Diabetologia
34(12): 891-
898.

Diabetes Care
14(4): 308-
317.

The West
Virginia

medical journal

86(7): 287-
290.

Journal of the
Kentucky
Medical
Association
90(10): 503-
505.

American
Heart Journal
123(2): 466-
474.

American
Journal of
Cardiology
66(9): 32C-
35C.

Feasibility
study. Mean
Age 39 SD 11.
Attrition
greater than
20%

MEAN AGE
48.1(0.7)

Diabetic
population.
Age 46.2 SD
7, Drug
Intervention

Mean age 56

COPD
PATIENTS

Mean age 56.5

(8.1), inclusion
age >30

Mean age 54.8

(6.4)
participant 45
to 69

Feasibility study.
Mean Age 39 SD
11. Attrition

greater than 20%

Demographic of
study population

Drug Intervention

Mean age 56

Established
chronic disease

Age of Cohort

Age of Cohort

D1, Attrition

D1, Age

D2, Drug
intervention

D2, Age

ECD

H age

H age
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Nilsson, P.
M., et al.
(1992).
Balogun, M.
O.and G. O.
Ladipo
(1990).
Katz, J. and
B. R. Wilson
(1992).
Koga, M., et
al. (1992).
Lioznova, E.
A., etal
(1991).
Martin, J. E.,
et al. (1990).
Radaelli, A.,
et al. (1992).

Life style changes
improve insulin
resistance in
hyperinsulinaemic
subjects: a one-year
intervention study of
hypertensives and
normotensives in
Dalby.

Cardiovascular
responses to
exercise in essential
hypertension.

The effects of a six-
week, low-intensity
Nautilus circuit
training program on
resting blood
pressure in females.

Mild exercise
decreases plasma
endogenous
digitalislike
substance in
hypertensive
individuals.

Characteristics of
response to
isometric exercise in
women with stable
arterial
hypertension.

Controlled trial of
aerobic exercise in
hypertension.

Effects of mild
physical activity,
atenolol and the
combination on
ambulatory blood
pressure in
hypertensive
subjects.

Journal of
Hypertension
10(9): 1071-
1078.

West African
Journal of

Medicine 9(4):

272-278.

Journal of
Sports
Medicine &
Physical
Fitness 32(3):
299-302.

Hypertension
19(2 Suppl):
[1231-236.

Kardiologiia
31(2): 61-64.

Circulation
81(5): 1560-
1567.

Journal of
Hypertension
10(10): 1279-
1282.

Age over 50
SD less than
10. Targeting
hyperinsulaemi
a

Acute exercise
response no
training

Follow up only
after 6 week
intervention

10 week
intervention
with measures
before and
after. Mean
age 49sd 2

Acute exercise
intervention

Only followed
up after
exercise
intervention
(10 weeks)

Latin square
study design.
Follow-up less
than 1 month.

Age of Cohort

Follow up less
than 3 months

Follow up less
than 3 months

Follow up less
than 3 months

Follow up less
than 3 months

Follow up less
than 3 months

Follow up less
than 3 months

D1 age

F<3

F<3

F<3

F<3

F<3

F<3
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Meredith, I.
T., etal.
(1990).

Somers, V.
K., et al.
(1991).

Stewart, K.
J.,etal.
(1990).

Kingwell, B.
A., etal
(1992).

van
Montfrans, G.
A., etal
(1990).

Jula, A., et al.
(1990).

Time-course of the
antihypertensive and
autonomic effects of
regular endurance
exercise in human
subjects.

Effects of endurance
training on
baroreflex sensitivity
and blood pressure
in borderline
hypertension..

Effects of diltiazem
or propranolol during
exercise training of
hypertensive men.

Exercise training
reduces the
sympathetic
component of the
blood pressure-heart
rate baroreflex in
man.

Relaxation therapy
and continuous
ambulatory blood
pressure in mild
hypertension: a
controlled study.

Long-term
nopharmacological
treatment for mild to
moderate
hypertension.

Journal of
Hypertension
8(9): 859-866.

Lancet
337(8754):
1363-1368.

Medicine &
Science in
Sports &

Exercise 22(2):

171-177.

Clinical
Science 82(4):
357-362.

BMJ
300(6736):
1368-1372.

Journal of
Internal
Medicine
227(6): 413-
421.

Heathy
participants.

No established

risk factors.
Study
designed to
investigate
conditions
training and
detraining. Not
RCT

NOT RCT

Drug or
placebo plus
exercise. All
groups
exercise.

Healthy and
less than 6
months

Muscle
relaxation
therapy, no
defined
aerobic or
resistance
exercise

Nutrition and
weight loss
targeted
intervention.
Participants
mean age 44
(range 31 -54)

Not RCT

NOT RCT

NOT RCT

Follow up less
than 3 months

No exercise
intervention

No defined
exercise
intervention

NRCT

NRCT

NRCT

F<3

NEI

NEI
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Kumanyika,
S. K. and J.
B. Charleston
(1992).

Ades, P. A,
et al. (1990).

Allen, D. H.,
et al. (1991).

Baglivo, H.
P., etal
(1990)

Barnard, R.
J.,etal.
(1992).

Corry, J. M.
(1990).

Lose weight and
win: a church-based
weight loss program
for blood pressure
control among black
women.

Cardiac and skeletal
muscle adaptations
to training in
systemic
hypertension and
effect of beta
blockade (metoprolol
or propranolol).

A controlled study of
the effects of aerobic
exercise on
antihypertensive
drug requirements of
essential
hypertensive
patients in the
general practice
setting.

Effect of moderate
physical training on
left ventricular mass
in mild hypertensive
persons.

Role of diet and
exercise in the
management of
hyperinsulinemia
and associated
atherosclerotic risk
factors.

MetLife's experience
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recruiting 35 to

60 age group

Exercise vs
pharma OUT
mean age 57
(10),
participants
older than 35

Mean age 54
range 42-73

H age,
participants
exclusively over
40 years.

Age of Cohort

Drug intervention,
Age of Cohort

Age of Cohort

Drug intervention,
Age of Cohort

D2, Age

H Age

H age

H age

H age

H age



ONLINE SUPPLEMENT

Liebson, P.
R., et al.
(1995).

Coulter, A.,
et al. (1995).

Cox, K. L., et
al. (1993)

Reid, C. M.,
et al. (1994).

Fuchs, Z., et
al. (1993).

Comparison of five
antihypertensive
monotherapies and
placebo for change
in left ventricular
mass in patients
receiving nutritional-
hygienic therapy in
the Treatment of
Mild Hypertension
Study (TOMHS).

Effectiveness of
health checks
conducted by nurses
in primary care:

Final results of the
OXCHECK study.

The combinated
effect of aerobic
exercise and alcohol
restriction on blood
pressure and serum
lipids: A two-way
factorial study in
sedentary men.

Interactions between
the effects of
exercise and weight
loss on risk factors,
cardiovascular
haemodynamics and
left ventricular
structure in
overweight subjects.

Comprehensive
individualised
nonpharmacological
treatment
programme for
hypertension in
physician-nurse
clinics: two year
follow-up.

Circulation
91(3): 698-
706.

British Medical
Journal
310(6987):
1099-1104.

Journal of
Hypertension
11(2): 191-
201.

Journal of
Hypertension
12(3): 291-
301.

Journal of
Human
Hypertension
7(6): 585-591.

Out mean age
55.
Participants
45-69

Mean age 49.6
(SD 8),
participants
over 35

Measures
before and
after 4 weeks

Query Age and
Lack of True
control with
described
cross over
design.

Comparative
effectiveness
of delivery
methods

Age of Cohort

H age, participant
exclusively over
35, health
screening no
defined exercise
intervention.

Follow up less
than 3 months

12 week cross
over study
design, lacks true
control, attrition
greater than 20%

Not a control trial

H age

H Age. NEI

F<3

Attrition and
NRCT

NRCT



ONLINE SUPPLEMENT

Arroll, B. and
R.
Beaglehole
(1995)

Bourn, D.
M., et al.
(1994)

Heirich, M.
A., etal.
(1993)

Luepker, R.
V., etal
(1994)

Perez-Stable,
E. J., etal.
(1995).

Gomel, M., et
al. (1993).

Salt restriction and
physical activity in
treated
hypertensives

Impaired glucose
tolerance and
NIDDM: does a
lifestyle intervention
program have an
effect

Work-site physical
fitness programs.
Comparing the
impact of different
program designs on

cardiovascular risks.

Community
education for
cardiovascular
disease prevention:
risk factor changes
in the Minnesota
Heart Health
Program

Comparison of a
lifestyle modification
program with
propranolol use in
the management of
diastolic
hypertension.

Work-site
cardiovascular risk
reduction: a
randomized trial of
health risk
assessment,
education,
counseling, and
incentives.

New Zealand
Medical
Journal
108(1003):
266-268.

Diabetes Care
17(11): 1311-
1319.

Journal of
occupational
medicine. 35,
510-517

American
Journal of
Public Health
84(9): 1383-
1393.

Journal of
General
Internal
Medicine
10(8): 419-
428.

American
Journal of
Public Health
83(9): 1231-
1238.

Participant
randomized 1.
Exercise alone
2. Salt
restriction 3.
Exercise and

salt. Lacks true

control

NO control

Cross
sectional
sampling with
pre post
measures in
work
environment.
No intention to
treat

Population
level and mass
media
intervention

Propranolol
and lifestyle
intervention

Open
selection- no
cardiac risk, 32
year old
ambulance
men

Not RCT

Not RCT

Not RCT

Not RCT

Drug intervention

Primary
prevention low
risk

NRCT

NRCT

NRCT

NRCT

Drug
intervention

PL



ONLINE SUPPLEMENT

Hanlon, P., et
al. (1995).

Oldenburg,
B., etal.
(1995).

(1993).

Dunn, A. L.,
et al. (1997).

Rogers, M.
W., et al.
(1996)

Singh, R. B.,
et al. (1996).

Health checks and
coronary risk: further
evidence from a
randomized
controlled trial.

An economic
evaluation of four
work site based
cardiovascular risk
factor interventions.

The Oslo Diet and
Exercise Study
(ODES): design and
objectives.

Reduction in
cardiovascular
disease risk factors:
6-month results from
Project Active..
Preventive Medicine
26(6): 883-892.

Differential effects of
exercise training
intensity on blood
pressure and
cardiovascular
responses to stress
in borderline
hypertensive
humans.

Effect of diet and
moderate exercise
on central obesity
and associated
disturbances,
myocardial infarction
and mortality in
patients with and
without coronary
artery disease

BMJ
311(7020):
1609-1613.

Health
Education
Quarterly
22(1): 9-19.

Controlled
Clinical Trials
14(3): 229-
243.

Preventive
Medicine
26(6): 883-
892.

Journal of
Hypertension
14(11): 1369-
1375.

Journal of the
American
College of
Nutrition 15(6):
592-601.

Not selected
on basis of
cardiac risk.
Mean age
higher than 40.

Sydney
ambulance
service (Gomel
above).
Primary
prevention.

Protocol. Mean
Age 45 (2.5)

Healthy
population.
Hypertensives
excluded 46.0
+/- 6.7 years

12 week
follow-up

CAD is not
separated from
at risk groups
in results.

Primary
prevention low
risk

Primary
prevention low
risk

Protocol

Demographic of
study population

Attrition greater
than 20%

Cardiopulmonary
disease
secondary
prevention

PL

PL

Protocol

PL-Age

Attrition

C2



ONLINE SUPPLEMENT

Dyson, P. A,,
et al. (1997).

Wing, R. R,,
et al. (1998).

Wallace, M.
B., et al.
(1997).

Perry, T. L.,
et al. (1997)

Dunstan, D.
W., et al.
(1997).

The Fasting
Hyperglycaemia
Study: Il
Randomized
controlled trial of
reinforced healthy-
living advice in
subjects with
increased but not
diabetic fasting
plasma glucose.

Lifestyle intervention
in overweight
individuals with a
family history of
diabetes

Effects of cross-
training on markers
of insulin
resistance/hyperinsu
linemia

Lifestyle intervention
in people with
insulin-dependent
diabetes mellitus
(IDDM

The independent
and combined
effects of aerobic
exercise and dietary
fish intake on serum
lipids and glycemic
control in NIDDM. A
randomized
controlled study

Metabolism:
Clinical &
Experimental
46(12 Suppl
1): 50-55.

Diabetes Care
21(3): 350-359

Medicine &
Science in
Sports &
Exercise 29(9):
1170-1175.

European
Journal of
Clinical
Nutrition
51(11): 757-
763

Diabetes Care
20(6): 913-
921.

Drug
intervention
and exercise
advice. Mean
age 50 (sd 9)

Mean age
control and
exercise 45.3
+4.9, 46.4
+4.5.
Recruitment
criteria 40 to
55. BMI >
35.Exercise
compliance <
30%

14 week
intervention,
No control
group,
participants
randomized to
endurance
only or
endurance
plus cross
training.

Mean age 42
SD 12. Insulin
dependent
diabetic
population

Diabetic. 8
week follow
up, Mean age
52.3 +8.3

Age of Cohort

D1 age, BMI >
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(3.8), targeting
postmenopaus
al women

Age of Cohort

Age of Cohort

Age of Cohort

Age of Cohort

Age of Cohort

Age of Cohort

H Age

H Age

H Age

H Age

H Age

H Age




ONLINE SUPPLEMENT

Wister, A., et
al. (2007).

Xue, F., et al.
(2008).

Obarzanek,
E., etal.
(2007).

Westhoff, T.
H., et al.
(2007)

Westhoff, T.
H., et al.
(2008)

Sohn, A. J.,
et al. (2007).

One-year follow-up

of a therapeutic

lifestyle intervention

targeting
cardiovascular
disease risk

A randomized trial of

a 5 week, manual
based, self-
management
programme for
hypertension
delivered in a

cardiac patient club

in Shanghai.

Effects of individual

components of
multiple behavior
changes: the
PREMIER trial.

Beta-blockers do not

impair the
cardiovascular
benefits of
endurance training
in hypertensives.

The cardiovascular
effects of upper-limb
aerobic exercise in

hypertensive
patients.

Impact of exercise
(walking) on blood
pressure levels in
African American
adults with newly
diagnosed
hypertension.

CMAJ
Canadian
Medical
Association
Journal 177(8):
859-865.

BMC
Cardiovascular
Disorders
8(10).

American
Journal of
Health
Behavior
31(5): 545-
560.

Journal of
Human
Hypertension
21(6): 486-
493,

Journal of
Hypertension
26, 1336-1342
DOI:
10.1097/HJH.0
b013e3282ffac
13

Ethnicity &
Disease 17(3):
503-507.

Mean age 58
(5.5), age 45
to 65

Mean age 57.5
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46.9 (5.2) BMI
32 n=8, control
age 42 (6).
BMI 37 n=10
Lack of
balance across
groups with
BMI > 35 in
control and
Age greater
than 40 for
intervention.

Age of Cohort

Age of Cohort

Age of Cohort,
Secondary
Analysis

Age of Cohort

Age of Cohort

Lacks true control
as both
intervention and
control group
provided
pedometers to
self-monitor.

H Age

H Age

H Age
Secondary
analysis

H Age

H Age

Age, BMI
and NRCT




ONLINE SUPPLEMENT

Hill, A. M., et
al. (2007).

Cubeddu, L.
X., et al.
(2008).

Davison, K.,
et al. (2008).

Okura, T., et
al. (2007)

Richter, H.,
et al. (2008)

Thompson, J.

L., etal.
(2008)

Combining fish-oll
supplements with

regular aerobic

exercise improves
body composition
and cardiovascular
disease risk factors.

Lowering the
threshold for
defining

microalbuminuria:
effects of a lifestyle-

metformin

intervention in obese
.normoalbuminuric.

non-diabetic
subjects

Effect of cocoa
flavanols and
exercise on

cardiometabolic risk
factors in overweight
and obese subjects.

Effect of weight
reduction on
concentration of
plasma total
homocysteine in
obese Japanese
men.

Effects of a
telephone
intervention in

patients with type 2

diabetes].

Reducing diabetes

risk in American
Indian women.

American
Journal of
Clinical
Nutrition 85(5):
1267-1274.

American
Journal of
Hypertension
21(1): 105-
110.

International
Journal of
Obesity 32(8):
1289-1296.

Obesity
Research &
Clinical
Practice 1,
213-221 DOI:
10.1016/j.orcp.
2007.07.003

Deutsche
Medizinische
Wochenschrift
133(43): 2203-
2208.

American
Journal of
Preventive
Medicine
34(3): 192-
201.

Nutritional
Supplements.
Triacylglycerol
primary
outcome.

Mean age 43.7
(1.7), dual

pharmallifestyl
e interventions

Nutritional
Intervention.
Lacks true
control

Lacks true
control; diet vs
exercise.
Mean age 49.5
+10.3

Not an RCT.
Matched
control.

Delayed
intervention.
Control offered
intervention at
end of trial.
mean age 29.6
(6.6) and 28.9
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Figure S1: Funnel plot of intervention effects on systolic blood pressure
exploring publication bias within reported trial intervention arms at 3 to 6
months follow-up.
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Figure S2: Risk of Bias and Quality Assessment of Included Trials
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Figure S3a: Standard mean difference intervention effects on weight loss
between control and exercise group at 3 to 6 months follow-up.

Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1985 Duncan 85.9 23 44 90.8 4 12 1.3% -1.77 [-2.49, -1.04]
1991 Blumenthal Exercise 82 13 39 81 16 11 1.5% 0.07 [-0.60, 0.74] -1
1991 Blumenthal Strength 80 16 31 81 16 11 1.4% -0.06 [-0.75, 0.63] - 1T
1993 Stevens TOHP 6 months Weight Loss & Exercise ~ 84.52 13.3 299 89.29 13 239 23.2% -0.36 [-0.53, -0.19] -
1997 Whelton TOHP 6 months Combined Lifestyle 89.5 51 562 935 32 269 29.8% -0.87 [-1.083, -0.72] -
1997 Whelton TOHP 6 months Weight & Exercise 89 52 565 935 32 269 29.3% -0.97 [-1.12, -0.81] -
2000 Blumenthal Aerobic 936 14.2 44 947 179 11 1.6% -0.07 [-0.73, 0.59] - 1T
2000 Blumenthal Aerobic and Weight 854 171 46 947 179 11 1.5% -0.53 [-1.20, 0.13] B
2002 Tsai 23.3 1 22 241 2.6 20 1.8% -0.41[-1.02, 0.21] -
2009 Marquez-Celedonio 71.97 12.35 38 78.88 14.71 43 3.5% -0.50 [-0.94, -0.06] -
2010 Knoepfli-Lenzin Football 80.5 8.9 15 881 134 9 0.9% -0.68 [-1.54, 0.17] B
2010 Knoepfli-Lenzin Running 857 89 15 88.1 134 9 1.0% -0.22[-1.04, 0.61] - 1
2011 Edwards Aerobic 29.9 34 25 31 4.4 8 1.1% -0.29 [-1.09, 0.51] - 1
2011 Edwards Aerobic and Weight 30.4 43 12 31 4.4 8 0.8% -0.13[-1.03, 0.76] - 1
2012 Krustrup 91.07 6.55 22 9129 1212 1 1.3% -0.02 [-0.75, 0.70] - 1
Total (95% CI) 1779 941 100.0% -0.70 [-0.78, -0.61] ’

1

T

Heterogeneity: Chi? = 61.14, df = 14 (P < 0.00001); I = 77%
Test for overall effect: Z = 16.55 (P < 0.00001)

T
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Figure S3b. Funnel plot of standard mean difference of weight between

intervention and control at 3 to

6 month follow-up exploring weight loss

publication bias within reported trial intervention arms.
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Figure S4a: Forest plot of mean difference in systolic blood pressure between
control and exercise group at 3 to 6 months follow-up.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1985 Duncan 1339 7.3 44 1388 7.3 12 6.0% -4.90 [-9.56, -0.24]
1991 Blumenthal Exercise 133 104 39 133 8.6 11 41% 0.00 [-6.04, 6.04] -1
1991 Blumenthal Strength 136 11.6 31 133 86 11 3.6% 3.00 [-3.52, 9.52] -1
1993 Stevens TOHP 6 months Weight Loss & Exercise  117.8 86 299 1219 77 239 15.9% -4.10[-5.48, -2.72] -
1997 Whelton TOHP 6 months Combined Lifestyle 1212 86 562 1251 8.1 269 16.5% -3.90 [-5.10, -2.70] -
1997 Whelton TOHP 6 months Weight & Exercise 1216 81 561 12511 81 269 16.6% -3.50 [-4.68, -2.32] -
2000 Blumenthal Aerobic 133.7 154 44 1429 6.8 11 41% -9.20[-15.27,-3.13] -
2000 Blumenthal Aerobic and Weight 135.3 104 46 1429 6.8 11 54% -7.60[-12.62, -2.58] -
2002 Tsai 1235 93 22 1348 153 20 2.7% -11.30[-19.05, -3.55] -
2009 Marquez-Celedonio 119 7.97 38 129.53 9.81 43 7.6% -10.53[-14.41, -6.65] -
2010 Knoepfli-Lenzin Football 124 7 15 126 6 9 5.0% -2.00 [-7.28, 3.28] - 1
2010 Knoepfli-Lenzin Running 128 9 15 126 6 9 41% 2.00 [-4.01, 8.01] -
2011 Edwards Aerobic 133.9 10.9 25 1356 9.9 8 2.5% -1.70 [-9.78, 6.38] - 1
2011 Edwards Aerobic and Weight 127.8 11.6 12 1356 9.9 8 1.9%  -7.80[-17.29, 1.69] -
2012 Krustrup 139 10 22 145 8 11 3.8% -6.00[-12.31,0.31] -
Total (95% ClI) 1775 941 100.0%  -4.40[-5.78, -3.01] ‘

1

Heterogeneity: Tau? = 2.66; Chi? = 31.80, df = 14 (P = 0.004); I* = 56%

Test for overall effect: Z = 6.22 (P < 0.00001)
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Figure S4b: Forest plot of mean difference in diastolic blood pressure between
control and exercise group at 3 to 6 months follow-up.
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Mean Difference

Mean Difference

20

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI

1985 Duncan 87.2 4 44 962 62 12 6.1% -9.00[-12.70, -5.30] -

1991 Blumenthal Exercise 89 68 39 9 62 11 52%  -1.00[-5.24,3.24] T

1991 Blumenthal Strength 89 64 31 9 62 11 51%  -1.00[-5.30,3.30] T

1993 Stevens TOHP 6 months Weight Loss & Exercise 774 6.9 299 803 62 239 120% -2.90[4.01,-1.79] -

1997 Whelton TOHP 6 months Combined Lifestyle 804 69 562 83 6.1 269 123% -2.60[-3.53,-1.67] -

1997 Whelton TOHP 6 months Weight & Exercise 805 69 561 83 61 269 123%  -2.50[-3.43,-1.57] -

2000 Blumenthal Aerobic 893 73 44 93 34 11 76% -3.70[-6.65-0.75) -

2000 Blumenthal Aerobic and Weight 876 52 46 93 34 11 86% -540[-7.91,-2.89] -

2002 Tsai 80 119 22 956 113 20 25% -15.60[-22.62,-8.58] -

2009 Marquez-Celedonio 7626 561 38 836 658 43 83% -7.34[-10.00, -4.68] -

2010 Knoepfli-Lenzin Football 78 7 15 8 5 9 44%  -4.00[-8.82,0.82] T

2010 Knoepfli-Lenzin Running 81 4 15 8 5 9 59%  -1.00[-4.84,284] /T

2011 Edwards Aerobic 856 87 25 847 85 8 27% 0.90[-5.91,7.71] -

2011 Edwards Aerobic and Weight 78 10.7 12 847 85 8 19% -6.70[-15.15,1.75] -

2012 Krustrup 84 6 22 93 6 11 51% -9.00[-13.34,-4.66] -

Total (95% CI) 1775 941 100.0%  -4.17 [-5.42, -2.93] ‘

Heterogeneity: Tau? = 3.05; Chi2 = 50.20, df = 14 (P < 0.00001); 12 = 72% ‘ ‘ ‘ ‘
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Test for overall effect: Z = 6.57 (P < 0.00001)
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S5a: Forest plot of mean difference in systolic blood pressure between control
and exercise group at extended follow-up after 12 months.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
1989 Stamler 1198 76 102 1215 89 99 141%  -1.70[-3.99,0.59 -
1993 Stevens 18 months Weight Loss & Exercise 1189 701 308 1221 8 256 201%  -3.20[-4.45,-1.95] T
1997 Whelton TOHP 36 months Combined Lifestyle 1268 93 597 127 89 298 201%  -0.20[-1.46,1.06] T
1997 Whelton TOPH 36 months Weight Loss & Exercise 1268 9 595 127 89 298 201%  -0.20[-1.44,1.04] T
2003 Esposito 21 84 60 122 78 60 112%  -1.00[-3.90, 1.90] -
2006 Qlson 104 271 15 M7 116 15 08% -13.00[-27.87,1.87]
2008 Kinmonth In Person 1196 125 103 1192 13 55 70%  040[-3.80,4.60] T
2008 Kinmonth Telephone 121 141 107 1192 13 55 6.7%  1.80[-2.55,6.15] T

Total (95% Cl) 1887 136 100.0%  -1.02[-2:34,0.29] 0‘
| | | |

Heterogeneity: Tau? = 1.84; Chi = 19.66, df = 7 (P = 0.006); I* = 64% ! ! ! ' '

Test for overall effect; Z = 153 (P = 0.13 2 40 0 10 2
sfroialefon 221552019 Favours [experimental] - Favours [control]

S5b: Forest plot of mean difference in diastolic blood pressure between
control and exercise group at extended follow-up after 12 months

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1989 Stamler 812 52 102 82563 99 143%  -1.30[-290,0.30] ™
1993 Stevens 18 months Weight Loss & Exercise 715 52 308 801 64 256 194% -2.60[-3.58,-1.62] T
1997 Whelton TOHP 36 months Combined Lifestyle 83 67 597 834 71 298 195%  -040[1.37,0.57] b
1997 Whelton TOPH 36 months Weight Loss & Exercise 827 66 59 834 7.1 298 195%  -0.70[-1.66,0.26] b
2003 Esposito 82 46 60 83245 60 141%  -1.20[-2.83,043]
2006 Olson 62 194 15 6877 15 08% -6.00[-16.56,4.56] 1
2008 Kinmonth In Person 762 97 103 751 96 55 65%  1.10[-2.05 4.25) Nl
2008 Kinmonth Telephone 774 114 107 751 96 55 59%  2.30[-1.03,563] I
Total (95% Cl) 1887 1136 100.0%  -0.91[-1.85,0.02] "
Heterogenety: Tau2 = 0.92; Chiz= 18,51, df =7 (P = 0.010): = 62% — —
20 10 0 10 2

Test for overall effect: 2= 1.92 (P = 0.06)
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