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Abstract

Background and 
Aims

To determine the comparative efficacy of resistance, aerobic, and combined resistance plus aerobic exercise on cardiovas
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 (CI): −0.27 to −0.04]; P = .01} and combination [mean difference, −0.16 (95% CI: −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

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

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.

Key Question

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
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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; CI, confidence 
interval; CVD, cardiovascular disease; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Introduction
Cardiovascular disease (CVD) is the leading cause of death, accounting 
for approximately one-third of all deaths in the USA and globally.1,2

Physical activity, particularly aerobic exercise, has been well established 
to prevent CVD.3–5 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.6

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.7 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.8,9 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.10,11 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,12,13 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.14

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 Iowa State University. 
The protocol was approved by the institutional review board, monitored 
by an independent data and safety monitoring board, and published 
earlier.15

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),3 overweight or obese (BMI 25–40 kg/m2), 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.15

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/m2). 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 
Guidelines3,4,16 as well as the exercise programmes proven to be feasible 
in large trials.13,17 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) × %inten
sity] + resting heart rate’ (where 0% is resting and 100% is maximal ef
fort)3,16 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.3,4,16 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).15

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,14 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)18 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.19

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.17,20,21 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,15 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.10,11,14,22

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.14 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,23 which is considered valid and safe for high-risk individuals, and then 
average heart rate and gas exchange variables including oxygen consump
tion (VO2), CO2, and respiratory exchange ratio (RER) were recorded 
every 30 s. Ratings of perceived exertion (RPE) using the Borg 6–20 scale 
were assessed every other minute and at volitional fatigue. Valid peak 
VO2 (VO2peak) values were determined using the ACSM criteria when par
ticipants reached RER ≥1.1, plateaued in VO2 or heart rate with increasing 
workload, or reported RPE >17.16 The 1RM tests were performed based 
on the National Strength and Conditioning Association guidelines.24 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.15

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.25 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.26 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 1). Study participants were mostly white (80%) and well edu
cated (Table 1). 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 
procedures.15,25

Primary outcome
There were decreases in the composite CVD risk Z-score [95% confi
dence interval (CI)] 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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Secondary outcomes
Regarding the four individual CVD risk factors included in the compos
ite Z-score, per cent body fat (95% CI) 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% CI) 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% CI) 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 
VO2peak in litres per minute in additional analyses. Both 1RM chest 
and leg press (95% CI) increased in the resistance vs. control 

1850 screened for eligibility
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237 were not eligible for body-mass index
166 declined to participate
148 were too active
145 lost to follow-up
115 had antihypertensive medications

64 had other medical conditions
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77 had other reasons
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71 declined to participate
40 lost to follow-up
33 were not eligible for blood pressure
21 were not eligible for body-mass index     
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406 randomized

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline characteristics of the study participants

Characteristics Control  
(n = 102)

Resistance  
(n = 102)

Aerobic  
(n = 101)

Combination  
(n = 101)

All participants  
(n = 406)

Age (years) 50 (10) 50 (10) 51 (10) 50 (10) 50 (10)

Female 55 (54%) 53 (52%) 53 (52%) 55 (54%) 216 (53%)

Body mass index (kg/m2)a 31.2 (4.8) 31.5 (5.2) 31.1 (4.8) 31.1 (5.0) 31.2 (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)b

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 
activity

16 (43) 10 (20) 15 (29) 12 (31) 13 (32)

Data are mean (SD) or n (%). No significant group differences were found in all baseline characteristics. 
CVD, cardiovascular disease. 
aCalculated as weight in kilograms divided by height in metres squared. 
bExamples 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.
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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,22 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% CI; −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% CI) 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 S1 and Figure S1). 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.12,17,27

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 score28 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 
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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,3,4 and European Society of Cardiology (specifically for indivi
duals with obesity).5 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,30 glucose metabolism, and lipid 
profile,31,32 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,33 hypercholesterolaemia,34

obesity,35 and CVD morbidity and mortality.36–38 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. 
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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, CI, confidence interval
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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.13

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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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.39 This composite Z-score reduction of −0.09 was asso
ciated with hazard ratios (95% CIs) 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% CIs 
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.21,40,41 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.42 Considering the growing global epidem
ic of obesity and its strong associations with CVD progression,6 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,43 including greater meta
bolic benefits in people living with diabetes,12,17 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 = 5), 
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.

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/m2) that 
have also shown small changes in individual CVD risk factors, reporting 
reductions of −1 to −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.12,20,27,44

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 
(VO2)], 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,45 supported by a 
meta-analysis.46 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.35,45,47

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 

Figure 4 Continued 
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 0 (low DASH accordance) to 9 (high DASH accordance)].

1140                                                                                                                                                                                                   Lee et al.



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.17

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.6 However, caution is needed in interpreting 
the results from this single-centre efficacy trial, and large effectiveness 
studies are required.
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