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Abstract

Background and To determine the comparative efficacy of resistance, aerobic, and combined resistance plus aerobic exercise on cardiovas-
Aims cular disease (CVD) risk profile.

Methods This randomized controlled trial enrolled 406 adults aged 35—70 years with overweight or obesity and elevated blood pres-
sure. Participants were randomly assigned to resistance (n = 102), aerobic (n = 101), combined resistance plus aerobic ex-
ercise (n = 101), or no-exercise control (n = 102). All exercise participants were prescribed 1 h of time-matched supervised
exercise (the combination group with 30 min of each resistance and aerobic exercise) three times per week for 1 year. The
primary outcome was the change from baseline to 1 year in the standardized composite Z-score of four well-established
CVD risk factors: systolic blood pressure, low-density lipoprotein (LDL) cholesterol, fasting glucose, and per cent body fat.

Results Among 406 participants (53% women), 381 (94%) completed 1-year follow-up. Compared with the control group, the com-
posite Z-score decreased at 1 year, which indicates improved CVD risk profile, in the aerobic {mean difference, —0.15 [95%
confidence interval (Cl): —0.27 to —0.04]; P=.01} and combination [mean difference, —0.16 (95% Cl: —0.27 to —0.04);
P =.009] groups, but not in the resistance [mean difference, —0.02 (95% CI: —0.14 to 0.09); P = .69] group. Both aerobic
and combination groups had greater reductions in the composite Z-score compared with the resistance group (both
P =.03), and there was no difference between the aerobic and combination groups (P =.96). Regarding the four individual
CVD risk factors, only per cent body fat decreased in all three exercise groups at 1 year, but systolic blood pressure, LDL
cholesterol, and fasting glucose did not decrease in any exercise groups, compared with the control group.

Conclusions In adults with overweight or obesity, aerobic exercise alone or combined resistance plus aerobic exercise, but not resistance
exercise alone, improved composite CVD risk profile compared with the control.
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Structured Graphical Abstract

Key Question

What type or combination of exercise is most effective to improve the cardiovascular disease (CVD) risk profile in overweight or obese

adults?

Key Finding

Aerobic exercise alone or combined resistance plus aerobic exercise, but not resistance exercise alone, improved CVD risk profile
(composed of systolic blood pressure, low-density lipoprotein (LDL) cholesterol, fasting glucose, and per cent body fat) compared with

the no-exercise control.

Take Home Message

This study suggests that aerobic exercise needs to be included to improve CVD risk profile in overweight or obese adults. Resistance
exercise may be considered as an addition to aerobic exercise, rather than a substitute.

Study design (1-year exercise randomized controlled trial)

Baseline study Randomization to control or
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Effects of 1-year resistance, aerobic, or combined exercise training on cardiovascular disease (CVD) risk profile: the CardioRACE trial. Aerobic ex-
ercise alone or combined aerobic plus resistance exercise, but not resistance exercise alone, improved CVD risk profile (composite Z-score) com-
pared with no-exercise control (Z-score values below 0 indicate favourable changes in CVD risk factors). BMI, body mass index; Cl, confidence
interval; CVD, cardiovascular disease; DBP, diastolic blood pressure; SBP, systolic blood pressure.

Introduction

Cardiovascular disease (CVD) is the leading cause of death, accounting
for approximately one-third of all deaths in the USA and globally.">
Physical activity, particularly aerobic exercise, has been well established
to prevent CVD.> However, few clinical trials have directly tested if
resistance or combined resistance plus aerobic exercise provides simi-
lar or stronger cardiovascular benefits compared with aerobic exercise
alone. Therefore, one of the commonly asked questions, “What type or
combination of exercise is most effective to prevent CVD?, remains
unanswered, especially in populations with overweight or obesity
who are at increased risk of CVD.®

Different exercises affect different physiological systems and func-
tions related to multiple CVD risk factors. Aerobic exercise generally
improves haemodynamics, lipid profile, and cardiorespiratory fitness,
whereas resistance exercise improves glucose metabolism, body com-
position (e.g. lean mass), and muscular strength.” Most individuals show
improvements in some, but not all, CVD risk factors in response to ex-
ercise. Thus, focusing on a single CVD risk factor, which has been the
approach in most exercise studies, may not fully capture the compre-
hensive and comparative effects of different types of exercise on overall
CVD risk profile. Individuals who develop CVD typically have a cluster
of major CVD risk factors such as hypertension, dyslipidaemia, diabetes,
and obesity, and the presence of multiple risk factors increases CVD
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risk.2? Therefore, to assess and predict future CVD, composite CVD
risk scores (e.g. Framingham or atherosclerotic CVD risk scores) are
widely used in clinical practice, yet are not usually applied in clinical
trials.'®"" Considering these factors, examining composite CVD risk
scores is clinically useful, especially when comparing the overall cardio-
vascular effects of various types of exercise.

Some trials demonstrated the superior health benefits of combined
resistance plus aerobic exercise than either exercise alone on frailty in
older adults and type 2 diabetes,’"? although limited data exist on
CVD. However, the combined exercise groups often performed twice
the exercise time than either exercise alone. Thus, it is unclear whether
the superior benefits in the combined exercise were due to extra ex-
ercise time, which is a considerable limitation given that lack of time
is the foremost barrier to exercise from a public health perspective.
Therefore, this study was designed to compare the effects of 1-year,
time-matched resistance, aerobic, and combined resistance plus aerob-
ic exercise on CVD risk profile, specifically using time to equalize the
total volume of exercise (i.e. 60 min/session) between exercise groups
for practical and direct public health implications. The CVD risk profile
was comprised of the four major traditional, yet modifiable, CVD risk
factors: systolic blood pressure, LDL cholesterol (LDL-C), fasting glu-
cose, and per cent body fat."*

Methods
Study design

Comparison of the Cardiovascular Benefits of Resistance, Aerobic, and
Combined Exercise (CardioRACE) study was a randomized controlled trial,
conducted from July 2017 through March 2020 at lowa State University.
The protocol was approved by the institutional review board, monitored
by an 1isndependent data and safety monitoring board, and published
earlier.

Participants

Participants were recruited through various strategies including advertise-
ments and mass mailings. Participants underwent initial eligibility screening
based on measured body mass index (BMI) and blood pressure and partici-
pated in a month-long run-in period to learn study procedures and ascertain
their ability to adhere to the 1-year intervention before randomization.
Participants were eligible if they were non-smokers, 35-70 years old, in-
active over the past 3 months (not meeting the current both aerobic and
resistance exercise guidelines, which are >150 min/week of moderate or
>75 min/week of vigorous aerobic exercise and >2 days/week of resistance
exercise),? overweight or obese (BMI 25-40 kg/m?), and had elevated blood
pressure (systolic/diastolic blood pressure 120-139/80-89 mmHg) without
taking antihypertensive medications. Major exclusion criteria were CVD
(e.g. myocardial infarction and stroke), cancer, and severe arthritis that pre-
cluded exercise training. Full eligibility criteria were described previously."®
All participants provided written informed consent.

Randomization

After the run-in period, participants completed baseline assessments and
then were randomly assigned by the masked study statistician to one of
four groups: resistance, aerobic, combined resistance plus aerobic, or
no-exercise control, using randomized permuted block designs stratified
by race/ethnicity (non-Hispanic white or all other races and ethnicities),
sex, age (35—44, 45-54, 55-64, or 65-70 years), and BMI (25-29, 30-34,
or 35-40 kg/m?). The study statistician was not involved in participant re-
cruitment, exercise intervention, or outcome assessments. The exercise
intervention staff were excluded from outcome assessment, and the out-
come assessment staff were excluded from the exercise intervention and

blinded to the group assignments. Participants were instructed not to reveal
their group assignment during outcome assessments.

Interventions

The exercise intervention was developed based on the American College of
Sports Medicine (ACSM) and the US and WHO Physical Activity
Guidelines®*'® as well as the exercise programmes proven to be feasible
in large trials."*'” The control group did not come to the lab to exercise
during the first year, but were offered 1 year of delayed exercise (i.e. in
Year 2) to prevent dropout. All exercise sessions were prescribed three
times per week for 60 min and consisted of 5 min of warm-up, 50 min of
resistance training for the resistance group, 50 min of aerobic training for
the aerobic group, or 25 min of resistance plus 25 min of aerobic training
for the combination group, and 5 min of cooldown. The resistance group
was prescribed three sets of 8-16 repetitions at 50%-80% of
one-repetition maximum (1RM; the maximum weight a participant can
lift in one attempt) on 12 weight-lifting machines (leg press, hamstring
curl, quadriceps extension, hip abduction, chest press, lat pulldown, shoul-
der press, biceps curl, triceps extension, abdominal crunch, lower back ex-
tension, and torso rotation) with ~1 min of rest between sets and
machines. Participants were asked to complete each set to fatigue, so
they could not lift more than their prescribed repetitions. The aerobic
group was prescribed exercise at 50%-80% of their heart rate reserve
(HRR), calculated as ‘[(maximum heart rate — resting heart rate) X %inten-
sity] + resting heart rate’ (where 0% is resting and 100% is maximal ef-
fort)>'® using treadmills, stationary bicycles, and elliptical machines. The
combination group was prescribed aerobic exercise at the same 50%-—
80% HRR and two sets of 8-16 repetitions at 50%-80% of 1RM on nine
machines (excluding hip abduction, biceps curl, and triceps extension) to
achieve half of the total sets compared with the resistance group. Each ex-
ercise session was prescribed to start at 50%—-60% of 1RM or HRR, and
then exercise intensity was increased to target at least half of exercise at
60%—65% of 1RM or HRR, although participants were allowed to exercise
up to 80% of 1RM or HRR, following the recommended moderate-to-
vigorous intensity exercise guidelines.>*'® We re-evaluated each indivi-
dual’s 1RM and HRR every 2 months to update the exercise prescription,
potentially maximize exercise benefits, prevent boredom, and motivate
participants continuously throughout 1 year.

All exercise programmes were individually prescribed considering fitness
levels, health conditions, adaptation to prior sessions, and progression; su-
pervised by trained research staff; and recorded automatically using a
computer-controlled training system (Technogym Wellness System).'®
For example, participants wore a heart rate monitor on their chest, and
each aerobic machine adjusted its intensity (e.g. treadmill speed and grade)
automatically to keep participants within the prescribed HRR. Participants
followed individually programmed sets, repetitions, and weights on each
weight-lifting machine. After each exercise, detailed exercise parameters
(e.g. heart rate and weight lifted) were automatically stored in the computer
for more accurate exercise adherence calculation.

All participants were asked to maintain their usual lifestyle physical
activity outside of exercise sessions. We measured daily steps using an
accelerometer-based pedometer (Omron HJ-321) and  weekly
muscle-strengthening activities using self-report throughout 1 year in all
participants including the control group. Although healthy diet and exercise
are commonly suggested together for CVD prevention,' diet is often un-
derappreciated in exercise trials. In this study, all participants including the
control group received the same Dietary Approaches to Stop
Hypertension (DASH) diet education (e.g. reduced sodium intake)'® during
the run-in period and counselling with a registered dietitian every 3 months
to promote a standardized, CVD prevention eating approach. The DASH
diet education focused on diet quality, but was neither a calorie reduction
nor diet intervention programme for weight loss in this study. All partici-
pants were asked to complete a 24-h food recall on three random days
per month (two weekdays and one weekend day) for 1 year using the
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Automated Self-Administered 24-Hour (ASA24) Dietary Assessment Tool,
developed by the US National Cancer Institute."”

To minimize dropout, we employed various strategies including motiv-
ational interviewing, behavioural contract signing, flexible exercise schedul-
ing, upper (e.g. rotator cuff) and lower body (e.g. knee) injury prevention
exercises, and regular exercise adherence reports. All participants received
monthly phone calls (called ‘I care calls’) to discuss their study experience
and solve any issues. Each participant was given up to $300 over 1 year
as an incentive, similar to early efficacy studies.'”?**" Participants received
$60 at each baseline, 6-month, and 1-year assessment ($180) and additional
$60 at each 6-month and 1-year assessment ($120) if they had provided
>80% of their step counts and diet recalls during the previous 6 months.

Outcome measures

The primary outcome, pre-specified and reported in the trial registration
and methods paper,'> was the change from baseline to 1 year in the com-
posite average, but not cumulative, Z-score of systolic blood pressure,
LDL-C, fasting glucose, and per cent body fat; lower scores indicate better
CVD risk profile. Each risk factor at baseline and follow-up was individually
standardized to a sex-specific Z-score with a mean of 0 and standard devi-
ation (SD) of 1 based on the formula ‘(observed value — mean)/SD’ for each
participant using the baseline means and SDs from the entire sample. These
four traditional CVD risk factors are often included in routine composite
CVD risk algorithms to predict future CVD in clinical practice.'®'"1422
Because the exact relative importance of each CVD risk factor was unclear
in this specific population, we used the unweighted average of the four CVD
risk factors, which is also common for a composite CVD risk score gener-
ation."* However, to compare the relative contributions of each CVD risk
factor to the composite CVD risk profile, we assessed the four individual
CVD risk factors separately. We further assessed other emerging CVD
risk factors (e.g. central blood pressure, waist circumference, cardiorespira-
tory fitness, and muscular strength) as secondary outcomes.

We assessed the outcomes at baseline, 6 months, and 1 year. After a min-
imum 12-h fast, morning assessments included a medical history question-
naire, peripheral and central blood pressure (the mean of three
measurements with 2 min of rest between measurements) using an auto-
mated oscillometric device (SphygmoCor XECL), anthropometrics, body
composition using a dual-energy X-ray absorptiometry (Horizon-W), and
blood chemistry (Quest Diagnostics). Separate, non-fasted afternoon as-
sessments included a physician-supervised maximal treadmill test for car-
diorespiratory fitness and 1RM chest and leg press tests for muscular
strength. The maximal treadmill test followed the Balke and Ware proto-
col,?* which is considered valid and safe for high-risk individuals, and then
average heart rate and gas exchange variables including oxygen consump-
tion (VO,), CO,, and respiratory exchange ratio (RER) were recorded
every 30 s. Ratings of perceived exertion (RPE) using the Borg 620 scale
were assessed every other minute and at volitional fatigue. Valid peak
VO3 (VOzpeak) values were determined using the ACSM criteria when par-
ticipants reached RER >1.1, plateaued in VO, or heart rate with increasing
workload, or reported RPE >17."® The 1RM tests were performed based
on the National Strength and Conditioning Association guidelines.>* In brief,
after three warm-up sets, participants performed a series of 1RM attempts
with 2—4 min of rest between trials, and then the final maximal weight lifted
successfully was considered the participant’s absolute 1RM. Detailed de-
scriptions on maximal treadmill and 1RM tests were reported previously.'®

Statistical analyses

Using a linear mixed effects model at 5% significance, our pilot study indi-
cated that 100 participants per group with 10% dropout would provide
>90% power to detect a significant group-by-time interaction for the com-
posite Z-score at 1 year (primary outcome), assuming Z-score reductions
of 0.10, 0.10, and 0.19 in the resistance, aerobic, and combination groups,
respectively, after adjusting for age, sex, and baseline composite Z-score va-
lue.?> The estimated power was also adequate (>90%) for the pre-specified

comparisons (combination Vs. resistance, combination vs. aerobic, resist-
ance vs. control, and aerobic vs. control) with 90 completers per group al-
lowing 10% dropout. We followed the intention-to-treat principle including
all randomized participants in primary analyses. Missing values were handled
by multivariate multiple imputation using Rubin’s method.?® We used linear
mixed effects models with repeated measures including both baseline and
follow-up data. When comparing the changes of the outcomes across
groups, age, sex, and baseline value of each outcome were included as cov-
ariates. In three between-group comparisons (resistance vs. control, aerob-
ic vs. control, and combination vs. control) for the primary and secondary
outcomes, we further applied the Bonferroni correction to adjust for mul-
tiple comparisons. Per-protocol analysis included adherent participants
with >80% exercise attendance who completed the study. We used SAS
(9.4) and R (4.0.3) software, and all P-values were two sided.

Results

Participants and intervention fidelity

Of 406 participants (53% women), 381 (94%) completed 1-year follow-
up (Figure 7). Study participants were mostly white (80%) and well edu-
cated (Table 7). Exercise participants attended 82% of their prescribed
exercise sessions over 1 year (84%, 77%, and 85% in the resistance, aer-
obic, and combination groups, respectively). The average exercise ses-
sion was 61 min (59, 63, and 62 min in the resistance, aerobic, and
combination groups, respectively). Participants exercised at 94% of
their prescribed exercise intensity (95%, 97%, and 90% in the resist-
ance, aerobic, and combination groups, respectively), calculated as an
average performed %HRR divided by prescribed %HRR for the aerobic
training and performed total weight divided by prescribed total weight
for the resistance training following our earlier standardized
|:>rocedure's.15'25

Primary outcome

There were decreases in the composite CVD risk Z-score [95% confi-
dence interval (Cl)] at 1 year in the aerobic vs. control [difference from
control, —0.15 (—=0.27 to —0.04); P =.01] and combination vs. control
[difference, —0.16 (—0.27 to —0.04); P =.009] in the intention-to-treat
analysis (Table 2). There was however no significant difference in the
resistance vs. control [difference, —0.02 (-0.14 to 0.09); P=.69].
Between the three time-matched exercise groups, we found greater re-
ductions in the composite Z-score at 1 year in the aerobic vs. resistance
[difference, —0.13 (—0.25 to —0.01); P = .03] and combination vs. resist-
ance [difference, —0.13 (—0.25 to —0.02); P =.03] but no difference in
the combination vs. aerobic [difference, 0.00 (—0.12 to 0.11); P =.96;
Table 3]. The magnitude of the reductions in the composite Z-score
from baseline to 1 year within the aerobic or combination group was
equal (both —0.16). We generally found similar patterns in men
(n=190), women (n = 216), younger (35-59 years; n = 322), and older
(60-70 years; n = 84) participants (Figure 2A), although the variability in
the response to the exercise appears to be larger in the older partici-
pants, partly due to the smaller sample size. There was no significant
interaction by sex or the age groups.

When the Bonferroni correction was additionally applied, the results
were the same suggesting that both aerobic (P =.03) and combination
(P=.03), but not resistance (P > .99), groups showed reductions in the
composite Z-score compared with the change in the control group at
1 year. In sensitivity analyses using the complete data after excluding
missing data, both aerobic (P =.01) and combination (P =.006) groups,
but not the resistance (P =.64) group, also showed larger decreases in
the composite Z-score compared with the control group at 1 year.
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1850 screened for eligibility

979 excluded
237 were not eligible for body-mass index

166 declined to participate
148 were too active
145 lost to follow-up

A4

115 had antihypertensive medications
64 had other medical conditions
27 were not eligible for age

871 attended orientation session

77 had other reasons

192 excluded
71 declined to participate
40 lost to follow-up
33 were not eligible for blood pressure

A4

\4

21 were not eligible for body-mass index
7 had other medical conditions
5 had antihypertensive medications
3 were too active

679 attended run-in sessions

12 had other reasons

273 excluded
181 were not eligible for blood pressure

406 randomized

\4

36 declined to participate

27 lost to follow-up

13 had other medical conditions
16 had other reasons

102 randomized to resistance
training

102 randomized to control

101 randomized to combined
training

101 randomized to aerobic
training

v v

v v

3 lost to follow-up

6 discontinued intervention
3 were no longer interested
2 had personal reasons
1 moved out of state

3 lost to follow-up

3 discontinued intervention
1 had medical reasons
1 had job reasons
1 moved out of state

4 lost to follow-up

2 discontinued intervention
1 had medical reasons
1 had personal reasons

3 lost to follow-up
1 discontinued intervention
1 moved out of state

v v

v v

93 completed trial

96 completed trial

97 completed trial

95 completed trial

v v

v v

102 included in intention-to-
treat analysis

102 included in intention-to-
treat analysis

101 included in intention-to-
treat analysis

101 included in intention-to-
treat analysis

Figure 1 Participant screening, randomization, and follow-up. All these 406 participants were analyzed in the intention-to-treat analysis

Secondary outcomes

Regarding the four individual CVD risk factors included in the compos-
ite Z-score, per cent body fat (95% Cl) decreased at 1 year in the re-
sistance vs. control [difference, —0.9% (1.4 to -0.3); P=.001],
aerobic vs. control [difference, —1.0% (—1.5 to —0.4); P <.001], and
combination vs. control [difference, —1.0% (—1.6 to —0.5); P <.001;
Table 2]. However, changes in systolic blood pressure, LDL-C, and fast-
ing glucose in the exercise groups were not statistically different com-
pared with the control. Regarding other CVD risk factors, we found
increases in HDL cholesterol (HDL-C; 95% ClI) in the resistance vs. con-
trol [difference, 1.9 mg/dL (0.1-3.7); P = .04], aerobic vs. control [differ-
ence, 2.0 mg/dL (0.2-3.9); P=.03], and combination vs. control
[difference, 2.3 mg/dL (0.5-4.1); P=.01]; decreases in body weight
in the aerobic vs. control [difference, —1.3 kg (—2.5 to —0.1);
P =.04]; decreases in waist circumference in the aerobic vs. control
[difference, —1.9 cm (=3.7 to —0.2); P=.03] and combination vs.
control [difference, —2.2 cm (—3.9 to —0.5); P=.01]; and increases
in lean body mass in the resistance vs. control [difference, 1.2 kg
(0.6-1.9);

P <.001] at 1 year (Table 2). However, no significant differences
were found between the exercise groups and the control in other
CVD risk factors.

This study further compared the standardized Z-score in all four
individual CVD risk factors (Figure 2B) and found larger Z-score re-
ductions in per cent body fat followed by LDL-C and systolic blood
pressure in the aerobic and combination groups, as the predominant
contributor to the change of the composite CVD risk profile at
1 year.

Cardiorespiratory fitness (95% Cl) increased in the resistance vs.
control [difference, 1.3 mL/kg/min (0.01-2.5); P =.048], aerobic vs.
control [difference, 3.5 mL/kg/min (2.2-4.8); P <.001], and combin-
ation vs. control [difference, 2.7 mL/kg/min (1.5-4.0); P <.001] at
1 year (Table 2). We found no difference between the aerobic and com-
bination groups (P = .24), but both aerobic (P =.001) and combination
(P =.02) groups improved cardiorespiratory fitness more than the re-
sistance group. We found similar results using the absolute value of
VOypeak in litres per minute in additional analyses. Both 1RM chest
and leg press (95% CI) increased in the resistance vs. control
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Table 1 Baseline characteristics of the study participants
Characteristics Control Resistance Aerobic Combination All participants
(n=102) (n=102) (n=101) (n=101) (n=406)
. Age (years) ..................................... 50(1 0) .................... 50 (1 0) ................... 51 . (10) .................... 50 (1 0) ...................... 50 (1 0) ........
Female 55 (54%) 53 (52%) 53 (52%) 55 (54%) 216 (53%)
Body mass index (kg/m?) 312 (4.8) 315 (5.2) 31.1 (4.8) 31.1 (5.0) 312 (4.9)
Race
White 83 (81%) 81 (79%) 81 (80%) 81 (80%) 326 (80%)
Asian 8 (8%) 15 (15%) 10 (10%) 10 (10%) 43 (11%)
Black 3 (3%) 4 (4%) 2 (2%) 5 (5%) 14 (3%)
Other 8 (8%) 2 (2%) 8 (8%) 5 (5%) 23 (6%)
Hispanic ethnic group 7 (7%) 1(1%) 3 (3%) 4 (4%) 15 (4%)
Education
High school or less 12 (12%) 12 (12%) 7 (7%) 7 (7%) 38 (9%)
College degree 44 (44%) 45 (45%) 55 (55%) 53 (53%) 197 (49%)
Graduate school 46 (46%) 45 (45%) 39 (39%) 41 (41%) 171 (42%)
Marital status
Single 10 (10%) 12 (12%) 8 (8%) 9 (9%) 39 (9%)
Married 83 (83%) 83 (83%) 85 (85%) 86 (86%) 337 (83%)
Divorced or separated 7 (7%) 6 (6%) 8 (8%) 6 (6%) 27 (7%)
Widowed 2 (2%) 1(1%) 0 (0%) 0 (0%) 3 (1%)
Employment status
Employed 83 (83%) 87 (87%) 85 (85%) 86 (86%) 341 (84%)
Retired 12 (12%) 5 (5%) 8 (8%) 7 (7%) 32 (8%)
Other 7 (7%) 10 (10%) 8 (8%) 8 (8%) 33 (8%)
Medical conditions
Diabetes mellitus 1.(1%) 2 (2%) 1.(1%) 4 (4%) 8 (2%)
Hypercholesterolaemia 25 (25%) 19 (19%) 29 (29%) 17 (17%) 90 (22%)
Parental CVD 34 (34%) 35 (35%) 38 (38%) 31 (31%) 138 (34%)
Physical activity (min/week)®
Moderate aerobic activity 95 (110) 87 (145) 93 (86) 92 (107) 92 (114)
Vigorous aerobic activity 13 (24) 20 (32) 22 (34) 18 (32) 18 (31)
Muscle-strengthening 16 (43) 10 (20) 15 (29) 12 (31) 13 (32)

activity

Data are mean (SD) or n (%). No significant group differences were found in all baseline characteristics.

CVD, cardiovascular disease.
?Calculated as weight in kilograms divided by height in metres squared.

PExamples of moderate aerobic activities include brisk walking, house cleaning, washing car, or general gardening; examples of vigorous aerobic activities include running, singles tennis, or
basketball; and examples of muscle-strengthening activities include weight training, push-ups, carrying heavy loads, or heavy gardening.

[differences, 11.3 kg (9.0-13.6); P<.001 and 20.3 kg (12.4-28.2);
P <.001, respectively] and combination vs. control [differences,
7.3 kg (5.0-9.5); P<.001 and 9.8 kg (2.1-17.5); P=.01, respectively]
at 1 year. The resistance group improved chest and leg press more
than the combination group (both P <.01). During the 1-year interven-
tion period, cardiorespiratory fitness in the aerobic group and muscular

strength in the resistance group continued to increase from baseline
through 6 months to 1 year (Figure 3).

When the Bonferroni correction was additionally applied, compared
with the change in the control group, HDL-C increased only in the
combination (P=.03), but not in the resistance (P=.12) or aerobic
(P=.09), group; waist circumference decreased only in the



1133

panunuo)
(820 ¥¥TL (8'6€) STl (£'80) €0TL (608) el (as) ueaw sujjeseg
|joJ33ss10yd> 1Q7
P/BW ‘s|pA3| [0J431s3|0YD)
7 1S 69 [T L0 4% €L aneA-4

(L'To3gL-) €0

(T10357-) 90—

(TTore'L-) ¥0

(S00361L-) L0—

#0—016T7-) 91—

(900361-) 90—

(003 €7-) 01—

(ID %S6) Jeek | e 33ueyd

(§2) €08 #0018 (€2) 908 (62) 08 (@s) uesw auieseg
D1|01SBIP [BUDD)
9T €€ g 90 L Ly X3 anea-q

(0L orze-) gL—

(CLorge-) 11—

(L'zor57-) To-

(Loorpe-)gL—

(c0010¢€-) €1—

(TLo07-) 40—

(L o1gL-) To—

(ID %56) ok | Je 28ueyD

(e0L) ¥8LL (zol) €811 (s6) s8LL (80L) LLLL (@s) uesw aujeseg

u__Oum\Am _m.b:wU
¥6 8y 88’ €T 40} [T 4 anjeA~d
(8L01/21-) 10 ('L o1 4T-) 90— (610191-) 10 (S00107-) 80—  (C0—©01/27-)SL— (§09161—) 20— (003 1T-) 80— (1D %56) Jeak | 3e 98uRyD
T ¥6L #2) 008 (TL) 86l (08) S6L (@s) uesw auijeseg

dljo3selp [edaydiiag
6L 34 €6 [0} L 4% 9 anjer

(6001 €p-) L'L—

(SLo19¢=) 0L—

FTorLT-) Lo-

Fo—o16€-) TT-

(oo ge—) gL—

(TLorgt-) 90—

L oreT-) S0—

(ID %56) JeaA | 1e 98uryD

Aerobic, resistance, or combined exercise training and CV risk profile

#1L) €821 (zov) 9zt (zol) €821 (€11) 0zeL (Qs) uesw auieseg
21|0384s [eJaydiiad
SHwuw ‘aunssaud poojg
SOWO02INO AJBPUOIDS
600 Lo 69° 100> 100> i o8 anjeA-d
(00— (800~ (£00
(#00—03£T0-) 910~  ©3 £T0-) SLO— (60003 #1'0—) 200~ (800—°1ST0-)9L0—  ©3470-) 910~  (S00031CL'0-) €00~  ©3600-) LOO— (ID %56) “eak | e 98uryD
(55°0) 000 (95°0) LO'O— (s5°0) 200 (£5°0) 000 (@s) uesw suieseg
§24025-Z sl AAD asodwor)
Q2WOd1IN0 \Cmc\_tn_
|OA3U0D °*SA joi3uod |oA3uod
uoneuiquio) *SA 9dUe)SISdY
(oL =u) (zoL =u)
(1D %56) @>usiayip dnou3-usomiog uoneuIqWIOD (101 = u) J1q040y adueIsisay (zoL =u) jo43u0>

sasAjeue jea.3-03-uoijuajul uj Jeak | Je ssawodIno Asepuodas pue Asewrid UO ISIDI9XD PaUIqUIOD PUE “DIqOJIT ‘DIUBISISAI JO 3237 T dlqel



Lee et al.

1134

panunuo)
6€ 88’ 100> LT L6 100> 143 aneA~4
(6092 +0-) €0 (021 90-) 00 (61-90 T (L0 70-) €0 (S0 +0-) 00 (L1800 T (¥0150-) 00 (ID %56) 4ea4 | 3e 33ueyD
(T11) szs (ozy) zes (1'11) §zs (1) vzs (Qs) uesw aujjeseg
3 ‘ssew Apoq uea
Lo €0’ L8 100> 100> 8l 6T anjer-d
(go—o16€-)Te—  (C0— 01 2€-) 6L~ (910161-) L0~ (L1=o11p=) 6=  W1—018€-) 97— (00107-) 80— (900161-) L0~ (ID %56) 4eak | 1e 23uey>
(L) €701 (FT1) Teol (£T1) €€ol (€T 9701 (@s) uesw aujjeseg
wD _wucwgwt.c:u.__u ISIBAA
90 b0 1T €00 100 S vl an[eA~4
(coavz-)zi—  (Lo— o ST-)€L— (0z 22 %0-) 80 (So—ag)el— (90— e)vi— (§10170-)90 (L0 01L-) L'0— (ID %56) Jea4 | 3e 33ueyD
(8'21) £06 (9°21) +'06 (1's1) L16 (S21) ¥'16 (Qs) uesw aujjeseg
3 ‘ySiom Apog
100> 100> 100" 100> 100> 100> 1S an[eA
(§0-2191-)0L= Ho-ogL-)ol-  (€0-9pL-) 60— (80— §L-)TI— (£0—91¢1-) L= (90-01¢1-)0l— (T00150-) L0~ (ID %56) 4eaA | e a3uey>
(89) 62 (Ty) vse 1) s8¢ (02) 98¢ (as) uesw sujjeseg
% J& \AUOQ JU3d J9d
uonisodwod Apog
Ly €€ oL 8v’ LV 0 66 anje-d
(6701 £1-)90 (TLorpe-) L'l Ty o1y0-) 61 (Tzor =) 90 (Soo187-) L'L- (se-€0) 61 (91 0191-) 00 (ID %56) 4eak | 12 33uey>
(sT1) 796 (8T1) 656 (6'6) 856 (€11) 856 (@s) ueaw auyjaseg
p/Bw ‘9s0on|3 Bunysey
Lo €0° ) 140} 90 60 €T aneA4
(1750 €T (6'€-T0) 0T (Le-10) 6L (8T-T0) 51 (Szor10-) T (bzorzo-) 1L (§00117-) 80— (ID %56) €24 | 3e a3ueyd
(Tvl) o8y (Tey) Lov (Ts1) osy (8v1) 88 (as) uesw sujjeseg
_O‘_wpmo_OLU 1dH
SO 9L 18 L0 80 €6 6L anjer-(
(oo e/L=) 98— (T O1OSL-) €9— (L10166-) L'L— (91-o16€L-) 8/~ (L0091 L1L—) §6—  (660169-) €0—  (0£914'5-) 80 (ID %56) 4eak | 1e 23uey>
....... _obcou?_ob:ou_ob:ou
uoneuiIquod *SA D1qO.RY *SA 9dUe)SISdYy
....................................................................................... (ol = ) o1 = )
(1D %56) @>usiayip dnoid-usomiog uoneuIqUIoD (1oL = u) J1q049y JdueIsisay (zZol = u) j043u0)

panupuoy T 9|qel



1135

Aerobic, resistance, or combined exercise training and CV risk profile

ssaud 89] 4o ssaud 359y ay3 ul 3dwaize auo ul | ued Juediiied e JySiom Wnwixew ays si (WY |) Wnwixew uonnadau-auQ,

|o3010.1d BUBAA puE djjeg dy3 Suisn 359 [|iwpea.) pape.s [ewxew e Sulinp passasse sem (anuiw Jad JySiam Apoq jo wiesSo|ny Jad sayjijjiw s paunseaw 9o A) uondwinsuod usBAXo dead,

'9|youd

Ak QAD [[B49A0 J9MO] BUIEDIPUI SI0IS JOMO| YIiM 1) ApOq Juad Jad pu ‘9s0onj8 Buiisey |olalsajoy 1] ‘24nssa4d poojq d1jo1sAs Sunsa 1510158} sk QAD PRYS!|qeIsd Unoj JO $21035-7 JY10ads-Xas ) JO UBSW DY §| 210357 sl JAD dHsodwoD,

‘syuedpiied

PaZIWOPUE. 94 |[& BUIPN|DUI SSSA[RUE 189.43-03-UOIUSIUI Y] U] SDIBLIBAOD SEB SWOINO IBS JO dN[A SUI[9Seq pUB ‘X5 ‘©3e Sulpn|pul saunseaw pajeadad Yim S|9pow s39949 paxiw Jeaul| 3uisn pajejndjed aJam saduaJaylp dnoud-usamiaq ui senjea-d,

'syuedppiied paziwopued 90f

|[e BuIpN|oUI S3SA[BUE 1B2.43-01-UOUSIUI S Ul SSIBIIBAOD SB SUWIOIINO UDBS JO SN[BA dUI9SE] PUB X35 93k uipn|oul sanjea pajsnipe sa.enbs 3sea| o) aJe Jeak | 03 auljaseq Wodj (S| %G6) S98UBYD aU3 pue sanjea paisnipeun ay3 aJe (sS) sueaw auljaseg

Lo
(S21-17) 86

100>
(§6-09) €2

100>
(0451 £T

€9
(0901 66-) 61—

145
(L o10€-) L0

100>
(840 S€

|o43u0d
*SA 21qOJdY

100>
(T8T+TL) £0C

100>
(9€L-06) €11

850’
(S7-100) €1

|oi3uod
*SA 9oUe]Ssisoy

(1D %S56) @dus.ayip dnou3-usamiog

100>
Fott6) 641
(519 £sTL

100>
(#'8-€9) 89
(£70 9%S

100>
(97-80) 2L
(£9) 59t

(oL =u)
uoneUuIqWIO)D

8T
(880157-) ¢
(5€9) £sTL

9L
(S00187-) TL—
(8€0) T€s

100>

(Se-91) T
(T9) 19t

(101 = u) 219049y

100>
(6:0£-8'61) ¥'ST
(06¥) S9TL

100>
(STL-€6) 601
(T¥0) VLS

¥
(T10190-) €0
(09) 55T

(zoL =u)
QdueISIsay

L0
(90L0150-) L'S
(6'6¥) 0TTL

9
(TLo107-) ¥0-
(o) 8cs

€0’

(Lo—o161-) 0'L—
(99) €9t

(zoL = u) jo43u0)

anfeA-4

(ID %S6) JeaA | e 38uryD

(@s) uesw suljeseg

p2 ‘ssaud 83| Ly |

anjeA-4

(ID %56) JeaA | 1e 98uryD

(@s) uesw suiaseg

2 ‘ssaud 159D Y|

anfeA-4

(ID %56) Jeak | ye a8uey>

(@s) ueaw auijpseg

ULy RIT o A

ssauyly [ed1sAyd

|O43U0d ‘SA
uopeuIquo)d

panupuo) 7 3|qel



1136

Lee et al.

Table 3 Comparisons of resistance, aerobic, and combined exercise on primary outcome at 1 year in intention-to-treat analyses

Combination (n = 101)

Aerobic (n=101)

Resistance (n = 102)

Primary outcome

Between-group difference (95% ClI)?

Aerobic vs. resistance Combination vs. resistance Combination vs. aerobic

Composite CVD risk Z-score®

0.00 (0.55)
~0.16 (—0.25 to —0.08)

—0.01 (0.56)

—0.16 (—0.24 to —0.08)

0.02 (0.55)
~0.03 (=0.12 to 0.05)

Baseline mean (SD)

—0.13 (=0.25 to —0.02) 0.00 (—0.12 to 0.11)

—0.13 (=0.25 to —0.01)

Change at 1 year (95% Cl)

.96

.03

.03

<.001

<.001

44

P-value

Baseline means (SDs) are the unadjusted values and the changes (95% Cls) from baseline to 1 year are the least squares adjusted values including age, sex, and baseline value of the outcome as covariates in the intention-to-treat analyses including all

406 randomized participants.

?P-values in between-group differences were calculated using linear mixed effects models with repeated measures including age, sex, and baseline value of the outcome as covariates in the intention-to-treat analyses including all 406 randomized

participants.

Composite CVD risk Z-score is the mean of the sex-specific Z-scores of four established CVD risk factors: resting systolic blood pressure, LDL cholesterol, fasting glucose, and per cent body fat, with lower scores indicating lower overall CVD risk

profile.

combination (P =.03), but not in the aerobic (P =.09), group; and body
weight no longer decreased in the aerobic (P =.12) group. However,
compared with the change in the control group, per cent body fat still
decreased in all resistance (P =.003), aerobic (P <.001), and combin-
ation (P <.001) groups; lean body mass increased in the resistance
(P <.001) group; cardiorespiratory fitness increased in both aerobic
(P<.001) and combination (P<.001), but not in the resistance
(P=.14), groups; and 1RM chest and leg press increased in both resist-
ance (both P < .001) and combination (P < .001 and P = .03, respective-
ly) groups. No significant changes were found on other outcomes.

In additional analyses, we estimated the changes in 10-year coronary
heart disease (CHD) risk score between baseline and 1 year using the
Framingham risk score according to age, diabetes, smoking, blood pres-
sure, LDL-C, and HDL-C, developed in a 30—74-year-old, predomin-
antly white population,?> which is similar to ours. The risk of
developing CHD over 10 years decreased by —1.1% in the combination
group (from 7.2% at baseline to 6.1% at 1 year; P <.001), although no
significant changes were found in the aerobic (—0.5% from 6.5% to
6.0%; P=.10) and resistance (0.1% from 6.3% to 6.4%; P = .76) groups.
Compared with the control group, the decreased CHD risk in the com-
bination group was larger (P =.03), but no differences were found in
the aerobic and resistance groups. However, the Framingham risk score
may underestimate the overall cardiovascular benefits of exercise be-
cause the equation does not include per cent body fat that improved
in all exercise groups in this study of adults with overweight or obesity.

In sensitivity analyses, we added HDL-C, which is included in the
Framingham risk score, into the original composite Z-score, and found
slightly improved change in the composite Z-score [95% ClI; —0.04
(—0.12 to 0.03)] at 1 year in the resistance group, yet not statistically
different from the change in the control group (P = .37), although the
improvements in the aerobic and combination groups remained signifi-
cant. When we further added four emerging CVD risk factors [central
systolic blood pressure, waist circumference, cardiorespiratory fitness,
and average muscular strength (mean 1RM chest and leg press)], we
found that the extended composite Z-score (95% Cl) was improved
in all resistance [-0.13 (-0.19 to —0.07)], aerobic [-0.18 (-0.24 to
—0.12)], and combination [-0.22 (—0.28 to —0.16)] groups than in
the control [0.00 (—0.06 to 0.06)] group at 1 year (all P < .01 compared
with the control). We used reverse score (multiplied by —1) for
HDL-C, cardiorespiratory fitness, and muscular strength, which have
inverse relationships with CVD.

At 6 months, only the combination group had a decrease in the com-
posite Z-score compared with the control group [difference, —0.13
(—0.25 to —0.02); P=.03], although the changes in the composite
Z-score within all groups, including the control group, appeared to
be slightly larger at 6 months than the changes at 1 year (see
Supplementary data online, Table ST and Figure S7). This may be, in
part, related to the relatively higher exercise adherence during the first
6 months than the second 6 months (average exercise attendance rate
in all exercise groups was 86% at first 6 months vs. 75% at second
6 months), which is typical in long-term exercise trials.'>""?’
Improvements in CVD risk factors, including the composite Z-score,
in the exercise groups tended to be larger in the per-protocol analyses
(n=313, 77%) with a higher (>80%) exercise attendance rate (see
Supplementary data online, Table S2). We found no significant differ-
ences in changes in daily steps, muscle-strengthening activity, total en-
ergy intake, the percentage of calories from macronutrients, and
DASH diet accordance score®® among the four groups over 1 year
(Figure 4). However, despite the non-significant difference, it is plausible
that there might have been some influence on the results due to more


http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad827#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad827#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad827#supplementary-data
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A Changes in composite CVD risk z-score (95% ClI)
Men
Control He—  0.05(-0.08 10 0.17)
Resistance —e -0.05 (-0.17 t0 0.07)
Aerobic 1 -0.08 (-0.21 to 0.04)
Combination —e—i -0.15 (-0.28 to -0.03)
Women
Control —e -0.06 (-0.17 to 0.06)
Resistance —e—i -0.02 (-0.13 t0 0.10)
Aerobic ——i -0.23 (-0.34 to0 -0.12)
Combination i -0.18 (-0.29 to -0.07)
Age 35-59 yr
Control e -0.05 (-0.13 to 0.04)
Resistance e -0.04 (-0.13 to 0.05)
Aerobic e -0.17 (-0.26 to -0.09)
Combination e -0.14 (-0.23 to -0.06)
Age 60-70 yr
Control ——e—— (.14 (-0.09 to 0.36)
Resistance <+ -0.01(-0.21 t0 0.20)
Aecrobic ———  -0.12(-0.35t00.12)
Combination ~ ————" -0.25 (-0.49 to -0.02)
-1‘.0 -6.5 0.0 0:5 110
z-score

Changes in individual CVD risk z-score (95% CI)
Systolic blood pressure

Control e~ -0.04(-0.21100.13)
Resistance —et—  -0.06 (-0.2210 0.11)
Aerobic —— -0.14 (-0.30 to 0.03)
Combination ——i -0.20 (-0.36 t0 -0.03)
LDL cholesterol
Control —e—  0.03 (-0.16 to 0.23)
Resistance —ae—  _0.01(-0.21 t0 0.19)
Aerobic —e— -0.17 (-0.36 to 0.03)
Combination —— -0.25 (-0.44 to -0.05)
Fasting glucose
Control —e—i 0.00 (-0.14 to 0.14)
Resistance —e— (.17 (0.03 t0 0.31)
Aerobic —e—t -0.08 (-0.22 to 0.06)
Combination i 0.07 (-0.07 to 0.21)
Per cent body fat
Control et -0.03 (-0.12 to 0.06)
Resistance et -0.23 (-0.32 to -0.15)
Aerobic i -0.26 (-0.35 t0 -0.17)
Combination e -0.28 (-0.37 to -0.19)
Composite CVD risk
Control e -0.01 (-0.09 to 0.07)
Resistance e -0.03 (-0.12 to 0.05)
Aerobic et -0.16 (-0.24 to -0.08)
Combination i -0.16 (-0.25 to -0.08)
-1.0 0.5 0.0 0.5 1.0
Z-score

Figure 2 Changes in the cardiovascular disease risk factors from baseline to 1 year. Results are from the linear mixed effects models with repeated
measures in the intention-to-treat analyses including all 406 randomized participants. The figure shows mean changes in the standardized Z-scores of
the composite cardiovascular disease risk factors by sex and age groups (A) and mean changes in the standardized Z-scores of the individual and com-
posite cardiovascular disease risk factors (B). P-values for interaction by sex were .22, .70, .09, and .78 in the control, resistance, aerobic, and combin-
ation groups, respectively. P-values for interaction by the age groups were .14, .79, .67, and .40 in the control, resistance, aerobic, and combination
groups, respectively. Z-score values below 0 indicate favourable changes in cardiovascular disease risk factors. Whiskers indicate 95% confidence inter-

vals. CVD, cardiovascular disease; LDL, Cl, confidence interval

daily steps and muscle-strengthening activity in the control group than
the other groups.

Adverse events

Four participants (1%) had study-related, non-serious adverse events
(e.g. shoulder pain) with no significant differences among groups (see
Supplementary data online, Table S3).

Discussion

Aerobic exercise alone or combined resistance plus aerobic exercise,
but not resistance exercise alone, improved composite CVD risk pro-
file relative to no-exercise control in adults with overweight or obesity
(Structured Graphical Abstract). The combination group that did half
(30 min/session) of each resistance and aerobic exercise improved
composite CVD risk profile similar to the full (60 min/session) aerobic
exercise alone. This supports the current physical activity guidelines re-
commending both resistance and aerobic exercise by the USA,
WHO,** and European Society of Cardiology (specifically for indivi-
duals with obesity).> Our finding further provides evidence-based

data that replacing half of aerobic exercise with resistance exercise,
without extra exercise time, may be an effective option to improve
CVD risk profile in adults with overweight or obesity.

There are limited prior trials directly comparing the effects of resist-
ance, aerobic, and combined exercise training on composite CVD risk
profiles. However, regarding the four individual CVD risk factors in-
cluded in the composite CVD risk profile, meta-analyses suggested
that aerobic or combined exercise is generally superior to resistance
exercise on blood pressure,29 body fat,*° glucose metabolism, and lipid
profile,®"3? although these data were mostly from small (n < 30 per
group) and short (2—6 months) exercise interventions. Observational
studies also suggest that combined exercise provides somewhat larger
(although generally not statistically different compared with either re-
sistance or aerobic exercise alone) risk reductions in developing clinical
endpoints such as metabolic syndrome,** hypercholesterolaemia,>*
obesity,>* and CVD morbidity and mortality.>*>® These data further
suggest that shorter durations of aerobic or resistance exercise (even
<1 h/week) may be sufficient to provide substantial CVD benefits,
with diminishing returns with increasing exercise time, which may ex-
plain the significant improvement in the composite CVD risk profile
with half of aerobic and resistance exercise in the combination group.


http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad827#supplementary-data

1138

Lee et al.

I
Combination

ﬁ
1

—

Resistance

Control

15 1 ,+"" -
P
.

Resistance
=

--------- i

------------------------- Combination

Control l
|

.................. =
Aerobic

Resistance

Aerobic

A s
10
S
§ 51
&
Qo
>
£
S 04
i=
©
e
o
-5 4
-10
B 0
25 A
. 20 A
*
123
123
I
o
- -
8 ’s
2 104 P
o -
=
o
£
[}
{2
c
©
=
o
-5 4
-10
C 0
25 A
20 A
S
12 4
g 15 -
a -
& 104 -~
=
o
s °]
®
2
@ 0
£
(@]
-5 4
-10
Baseline

6 months

12 months

Follow-up

Figure 3 Mean per cent changes in cardiorespiratory fitness and muscular strength from baseline to 6 and 12 months. Results are from the linear
mixed effects models with repeated measures in the intention-to-treat analyses including all 406 randomized participants. The figure shows cardio-
respiratory fitness (A) measured in the peak oxygen consumption, one-repetition maximum chest press (B), and one-repetition maximum leg press
(C) measured at baseline, 6 months, and 12 months. Error bars represent 95% confidence intervals. 1RM, one-repetition maximum (the maximum
weight a participant can lift in one attempt); VO,pcak, peak oxygen consumption

Considering the inherent limitations of observational studies such as
measurement errors (e.g. over-reported exercise), potential reverse
causation, and residual confounding factors, the current study provides
experimental data on the direction and magnitude of the effects of dif-
ferent types of exercise on CVD risk profile in a general adult popula-
tion with overweight or obesity. We found however that lean body
mass was improved at 1 year only in the resistance group compared

with the control group, which is a key to maintain a healthy weight,
thus could be considered to preserve muscle mass in weight loss
programmes that induce muscle loss in individuals with obesity."*
Resistance exercise may also be a more accessible type of exercise
for less mobile individuals with overweight or obesity who may find
aerobic exercise (e.g. running) less tolerable due to their heavy
weight.
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Daily steps

Percentage of calories Total daily energy

Percentage of calories

Muscle-strengthening
activity (days/month)

intake (kcal)

from protein (%)

from total fat (%)

DASH diet Score

32.0

30.0

3.5

6 7
Months

Months

—e— Control
— B - Resistance
--A-- Aerobic

---4---- Combination

—e— Control
— & - Resistance
--A-- Aerobic

---4---- Combination

—e— Control
— - - Resistance
--A-- Aerobic

---4---- Combination

—e— Control
— - - Resistance
--A-- Aerobic

---4---- Combination

—e— Control
— B - Resistance
--A-- Aerobic

---4---- Combination

—e— Control
— & - Resistance
--A-- Aerobic

---4---- Combination

Figure 4 Mean changes in lifestyle physical activity and diet during 12 months. The figure shows the mean changes in daily steps (A),
muscle-strengthening activity (B), total daily energy intake (C), percentage of calories from protein (D), percentage of calories from total fat (E),
and Dietary Approaches to Stop Hypertension diet score (F). Average numbers of participants across groups from Month 1 to Month 12 were 99,
95, 93, 92, 89, 87, 84, 80, 78, 76, 74, and 73, respectively, for physical activity (daily steps and muscle-strengthening activity) and 95, 88, 88, 83, 81,

Continued
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Regarding the primary outcome, the reductions of —0.16 in the com-
posite Z-score in both aerobic and combination groups at 1 year, which
were larger than the change in the control group, are meaningful. The
Healthy Ageing through Internet Counselling in the Elderly (HATICE)
trial observed a reduction of —0.09 in their composite average
Z-score, derived from systolic blood pressure, LDL-C, and BMI after
an 18-month healthy lifestyle intervention including physical activity
counselling®® This composite Z-score reduction of —0.09 was asso-
ciated with hazard ratios (95% Cls) of 0.86 (0.52-1.43) and 0.30
(0.10-0.93) for incident total CVD and stroke risk, respectively, com-
pared to the control group in 2724 older adults, although 95% Cls
were wide, and the hazard ratios were likely based on limited numbers
of events. When we used the same three components (systolic blood
pressure, LDL-C, and BMI) of the composite Z-score, we observed
composite Z-score reductions of —0.13 and —0.19 at 1 year in the aer-
obic and combination groups, respectively.

Several exercise trials combined with weight loss reported larger im-
provements in CVD risk factors.”"***! However, our study was de-
signed to induce no or negligible weight loss to investigate the
independent effects of exercise on CVD risk factors. With <—1.5 kg
lost at 1 year, the current study found improved CVD risk profile in
the aerobic and combination groups, which was consistent after further
adjustment for body weight change. However, the findings of —1%
body fat reduction, although not large, in all exercise groups may be
noteworthy because every —1% body fat reduction is associated with
—3%, —4%, and —8% lower risks of developing CVD risk factors of
hypertension, hypercholesterolaemia, and metabolic syndrome, re-
spectively, in our early study.* Considering the growing global epidem-
ic of obesity and its strong associations with CVD progression,® the
improvements in per cent body fat and CVD risk profile through exer-
cise with minimal weight loss may be important given that weight loss is
challenging, especially in individuals with overweight or obesity.

The magnitudes of the changes in the individual CVD risk factors in
this study are mostly modest, which is possibly related to the relatively
healthy participants with mildly elevated average baseline systolic blood
pressure (128 mmHg) without taking antihypertensive medications as
well as normal average LDL-C (123 mg/dL) and fasting glucose
(96 mg/dL) who might have had limited room for improvement.
Earlier studies also reported that the improvements in CVD risk factors
were generally larger in patient populations,* including greater meta-
bolic benefits in people living with diabetes,'"” which may explain
the lack of significant changes in fasting glucose in our sample mostly
without diabetes (98%). We also examined diabetes and hypercholes-
terolaemia medications. At baseline, 45 (11%) participants (resistance =9,
aerobic =15, combination =8, and control = 13) used diabetes (n =15),
hypercholesterolaemia (n=42), or both (n=2) medications. Of those
45 participants, 12 (27%) (resistance = 3, aerobic =5, combination =2,
and control = 2) either stopped or reduced their medications at 1 year.
However, the results on the primary outcome remained the same after
further adjustment for the changes in the medications in additional
analyses.

Figure 4 Continued

Another possible explanation of the modest changes in the CVD risk
factors may be related to the fact that study participants were not com-
pletely inactive at baseline (e.g. with 92 min/week of moderate aerobic
activity, shown in Table 1), although they reported not meeting the ex-
ercise guidelines. Thus, the effects of exercise could be somewhat
blunted in these participants. However, our modest results align with
other long-term (=6 months) non-weight loss exercise trials (mostly
aerobic exercise) in populations with similar BMIs (29-35 kg/m?) that
have also shown small changes in individual CVD risk factors, reporting
reductions of —1to —3 mmHg in systolic blood pressure, 0 to —6 mg/dL
in LDL-C, —1 to —2 mg/dL in fasting glucose, and —1 to —2% in per cent
body fat, /2202744

This study underscores important findings on cardiorespiratory fit-
ness and muscular strength by different types of exercise in relation
to CVD prevention. The mean increases of 1.0 and 0.8 METs, metabolic
equivalents [one MET is equal to 3.5 mL/kg/min of oxygen consumption
(VO,)], in cardiorespiratory fitness in the aerobic and combination
groups, respectively, compared with the control group may have clinical
importance since every 1 MET increase over time has been associated
with 19% lower CVD mortality risk in our early study,* supported by a
meta-analysis.*® Regarding the muscular strength improvements in the
resistance and combination groups, a large prospective study found that
every 5 kg reduction in grip strength was associated with 7%, 9%, and
17% increased risk of myocardial infarction, stroke, and CVD mortality,
respectively.47 Combined resistance plus aerobic exercise could be
considered to increase both cardiorespiratory fitness and muscular
strength that are also important to attenuate the harmful effects of
obesity on CVD prevention and longevity.>>*>*

Strengths and limitations

This is one of the longest and largest supervised exercise trials with 406
participants, 94% retention, and 82% average exercise attendance. This
study extensively monitored physical activity and diet outside the lab
and found no significant changes throughout 1 year across the groups,
which may minimize possible confounding effects because exercise
study participants are motivated to be active and follow healthy diet
that may have provided larger benefits on CVD risk factors in earlier
studies without outside activity and diet monitoring throughout their
intervention. We found that cardiorespiratory fitness and muscular
strength, potential markers of successful delivery of the aerobic and re-
sistance training, respectively, improved continuously over 1 year,
which may support the robustness of the findings. We used a commer-
cially available computer-controlled exercise training system, so the in-
terventions could be prescribed and monitored precisely, yet the
programmatic aspects of this study could be implemented broadly
(e.g. health club settings).

This study also has important limitations to consider. First, most par-
ticipants were white and well educated, so the results cannot be gener-
alized to more diverse populations. Second, this single-centre
supervised exercise trial was designed as an efficacy study; thus, the ef-
fects of exercise outside the supervised lab in real world are likely to be

79,76,74,72, 68, 66, and 46, respectively, for diet (total daily energy intake, percentage of calories from protein, percentage of calories from total fat,
and Dietary Approaches to Stop Hypertension diet score). P-values for group-by-time interactions are as follows: P = .37 for daily steps, P=.97 for
muscle-strengthening activity, P = .67 for total daily energy intake, P = .42 for percentage of calories from protein, P = .43 for percentage of calories
from total fat, and P=.53 for Dietary Approaches to Stop Hypertension diet score. DASH, Dietary Approaches to Stop Hypertension [ranges

from O (low DASH accordance) to 9 (high DASH accordance)].
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different. Third, whether an improved composite CVD risk score by
exercise training lowers the risk of developing CVD (e.g. heart attack
and stroke) in a long-term follow-up is unknown and warrants further
investigation. Fourth, this study used time (60 min/session) to equalize
the exercise delivery between groups for more direct public health im-
plications; thus, the findings may be different from other studies that
used energy expenditure to equalize the volume of exercise between
exercise groups. Fifth, like other lifestyle interventions, participants
knew what group they were in although we attempted to minimize
this potential limitation by blinding outcome assessment staff to group
allocations and excluding intervention staff from assessments. Sixth, we
excluded active individuals meeting the guidelines using self-report at
baseline; thus, some may have underreported their activity to partici-
pate in the study, or those who over-reported their activity were un-
necessarily excluded. Therefore, future studies should consider
objectively measured physical activity, if used as an eligibility criterion,
to reduce the possible confounding effects of baseline activity.
Seventh, diet was self-reported via 24-h recall; thus, possible measure-
ment errors and recall bias should be considered in the outcome vari-
ables (e.g. lipid profile and body weight). A pedometer would also not
capture all types of physical activities outside of exercise sessions (e.g.
cycling). Lastly, the average exercise attendance rate at 1 year was low-
er in the aerobic (77%) compared with resistance (84%, P=.04) or
combination (85%, P=.02) group, similar to an earlier study."”
However, in the per-protocol analysis with a minimum 80% exercise
attendance rate, the aerobic group showed a slightly larger reduction
in the composite Z-score (—0.22) than the combination group
(—0.19) at 1 year. Therefore, it is possible that aerobic exercise may
be more efficacious to improve CVD risk profile if performed at a suf-
ficient dose, but combined exercise may be more effective in the long
run, considering higher exercise adherence.

Conclusions

To improve CVD risk profile in adults with overweight or obesity, this
study suggests that aerobic exercise needs to be included. However, re-
placing half of aerobic exercise with resistance exercise may be an ef-
fective alternative that provides similar improvements in CVD risk
profile with the additional benefit of increasing muscular strength
that aerobic exercise alone does not provide. These findings may
help develop clinical and public health practices and recommendations
for the ~2 billion adults with overweight or obesity worldwide who are
at increased risk of CVD.® However, caution is needed in interpreting
the results from this single-centre efficacy trial, and large effectiveness
studies are required.
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