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IMPORTANCE Epicardial and pericardial adipose tissues are emerging as important risk factors
for cardiovascular disease, and there is a growing interest in discovering strategies to reduce
the accumulation of fat in these depots.

OBJECTIVE To investigate whether a 12-week endurance or resistance training intervention
regulates epicardial and pericardial adipose tissue mass.

DESIGN, SETTING, AND PARTICIPANTS Secondary analysis of a randomized, assessor-blinded
clinical trial initiated on August 2016 and completed April 2018. This single-center,
community-based study included 50 physically inactive participants with abdominal obesity.

INTERVENTIONS Participants were randomized to a supervised high-intensity interval
endurance training (3 times a week for 45 minutes), resistance training (3 times a week
for 45 minutes), or no exercise (control group).

MAIN OUTCOMES AND MEASURES Change in epicardial and pericardial adipose tissue mass
assessed by magnetic resonance imaging, based on a prespecified secondary analysis plan
including 3 of 5 parallel groups.

RESULTS Of 50 participants (mean [SD] age, 41 [14] years, 10 men [26%]; mean [SD] body
mass index [calculated as weight in kilograms divided by height in meters squared], 32 [5]),
39 [78%] completed the study. Endurance training and resistance training reduced epicardial
adipose tissue mass by 32% (95% CI, 10%-53%) and 24% (95% CI, 1%-46%), respectively,
compared with the no exercise control group (56% [95% CI, 24%-88%]; P = .001 and 48%
[95% CI, 15%-81%]; P < .001, respectively). While there was a nonsignificant reduction in
pericardial adipose tissue mass after endurance training (11% [95% CI, −5% to 27%]; P = .17),
resistance training significantly reduced pericardial adipose tissue mass by 31% (95% CI,
16%-47%; P < .001) when compared with the no exercise control group. Compared with the
no exercise control group, there was an increase in left ventricular mass by endurance
(20 g [95% CI, 11%-30%]; P < .001) and resistance training (18 g [95% CI, 8%-28%];
P < .001). Other cardiometabolic outcomes remained unchanged after the 12-week trial
period.

CONCLUSIONS AND RELEVANCE In individuals with abdominal obesity, both endurance and
resistance training reduced epicardial adipose tissue mass, while only resistance training
reduced pericardial adipose tissue mass. These data highlight the potential preventive
importance of different exercise modalities as means to reduce cardiac fat in individuals
with abdominal obesity.
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C ardiovascular disease is the leading cause of death
globally.1 Among the risk factors for developing cardio-
vascular disease is obesity,2,3 in particular obesity as-

sociated with visceral adipose tissue accumulation.4 As fol-
lows, excessive amounts of cardiac adipose tissue is reported
to be associated with cardiovascular disease.5-9

Cardiac adipose tissue consists of 2 distinct depots, the epi-
cardial depot located immediately next to the myocardium and
the pericardial and outermost depot located within and on the
pericardium.4 Epicardial adipose tissue is proposed to play a
cardioprotective role owing to its ability to take up and me-
tabolize large amounts of fatty acids and thereby preventing
the formation of atherosclerotic plaques.10,11 However, in-
creased release of inflammatory adipokines accompanying a
pathophysiological expansion of epicardial adipose tissue is
proposed to provoke atherosclerosis.5 The pericardial adi-
pose depot is less well studied and although its effects on myo-
cardial function are not fully clarified,12 pericardial adipose
tissue is exclusively associated with cardiovascular risk fac-
tors, coronary calcification, and incident of coronary heart
disease.7,12,13

Pharmaceutical drugs, such as the glucagon-like peptide
1 analogs,14 sodium-glucose transporter 2 inhibitors,15,16 and
lipid-lowering drugs,17 successfully reduce epicardial adi-
pose tissue mass and the risk of developing cardiovascular
disease.10 Also, bariatric surgery promotes loss of epicardial
adipose tissue.18,19 In contrast to these invasive approaches,
exercise training may serve as a noninvasive strategy to re-
duce excessive cardiac adipose tissue. Until now, few studies
have investigated the effect of exercise on epicardial and peri-
cardial adipose tissue mass and the existing literature is in-
consistent, to our knowledge.20-24 For instance, it is unclear
whether exercise training, both endurance and resistance train-
ing, facilitates changes in both epicardial and pericardial adi-
pose tissue.

Based on the evidence that exercise targets visceral adi-
pose tissue and lowers cardiovascular risk,3,25-27 we set out to
investigate the effects of a 12-week endurance exercise and re-
sistance exercise intervention on epicardial and pericardial adi-
pose tissue mass in physically inactive individuals with ab-
dominal obesity. We hypothesized that both endurance and
resistance training would reduce epicardial and pericardial fat
compared with an inactive control group. This study is explor-
ative as the analysis is based on data from a larger study ex-
ploring a different objective.26,28

Methods
This study was part of a larger randomized exercise interven-
tion clinical trial26,28 performed between August 2016 to April
2018 at the Centre for Physical Activity Research in Copenha-
gen, Denmark. The study was approved by the ethical com-
mittee of the Capital Region of Denmark (H-16018062) and
reported to the Danish Data Protection Agency (2012-58-
0004). The study was conducted in accordance with the Dec-
laration of Helsinki.29 All participants provided written in-
formed consent.

Participants, Randomization, and Blinding
The complete study protocol has been previously published.28

Briefly, participants were eligible if they were inactive and had
abdominal obesity (waist to height ratio was ≥0.5 and/or waist
circumference was ≥88 cm for women and ≥102 cm for men)
and older than 18 years. Exclusion criteria were ischemic heart
disease, diabetes, atrial fibrillation, pregnancy, treatment with
immunotherapy or other biological rheumatic drugs, and
health conditions that prevented magnetic resonance imaging
(MRI) scans and exercise to be performed. Eligible partici-
pants were block randomized (1:1:1:1:1) into 5 groups. The ran-
domized sequence was generated by 1 of us (K.K.) using com-
puter-generated block randomization and concealed from all
other researchers. To maintain blinding, the randomized se-
quence number was delivered concealed to a training instruc-
tor. The training instructor informed the participant and if as-
signed to the training intervention, the instructor organized
the subsequent training sessions with the participant. The prin-
cipal investigators thus remained blinded to the training mo-
dality. The 5 randomized groups were (1) no exercise plus pla-
cebo, (2) no exercise plus tocilizumab, (3) exercise plus placebo,
(4) exercise plus tocilizumab, or (5) resistance exercise plus pla-
cebo. As described in the protocol,28 participants allocated to
no exercise plus placebo, exercise plus placebo, and resis-
tance training plus placebo groups were included in this sec-
ondary analysis of this particular study. The no exercise
plus placebo and exercise plus placebo groups were also in-
cluded in the primary study.26

Baseline and Postintervention Measurements
Cardiorespiratory Measurements
To determine the maximal oxygen consumption rate (VO2 max),
a graded exercise test on a bicycle ergometer was performed
at baseline and after the 12-week intervention as previously
described.28 At baseline, 2 VO2 max tests were performed to
allow familiarization. A 1–repetition maximum (RM) test was
used to assess muscle strength during knee extensions (right
and left leg separately) and chest press.

Anthropometric Measurements and Blood Samples
Body weight, height, and body mass index (calculated as
weight in kilograms divided by height in meters squared)

Key Points
Question Are epicardial and pericardial adipose tissues regulated
by both endurance and resistance training?

Findings In this secondary analysis of a randomized clinical trial
including 50 individuals with abdominal obesity, endurance and
resistance training significantly reduced epicardial adipose tissue
mass by 32% and 24%, respectively. While resistance training
reduced pericardial adipose tissue mass by 32%, there was no
effect of endurance training on pericardial adipose tissue.

Meaning Endurance and resistance training have the potential to
reduce cardiac adipose tissue mass and may have clinical potential
given that excessive cardiac adipose tissue is associated with an
increased incidence of cardiovascular disease.
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were determined as previously described.26 Dual-energy
x-ray absorptiometry (version 8.8; Lunar Prodigy, GE Medi-
cal Systems) was performed to evaluate changes in body
composition, including total fat mass, android and gynoid
fat mass, and lean body mass. Fasting blood samples were
analyzed for cardiometabolic and inflammatory markers as
previously described.26

Cardiac Adipose Tissue Mass and Function by MRI
The MRI scan was performed on a 1.5-T whole-body MRI
scanner (Ingenia; Philips). The cardiac MRI was supervised
by a senior cardiologist (J.B.R.).28 Steady-state free preces-
sion cine images were obtained during repeated breath
holds in 2 long axes and in a stack of short axes covering
the left ventricle (LV) to rule out wall motion abnormalities
and allow for cardiac chamber and mass quantification.
Sagittal, axial, and horizontal planes were obtained from 5
retrospective cardiac cycles with a slice thickness of 8 mm
(interslice gap 2 mm for the short axis stack), with temporal
resolution 30 to 50 milliseconds depending on heart rate
(25 acquired phases). The number of short-axis cines
acquired was participant specific, depending on ventricular
size using retrospective gating in all participants when pos-
sible.

We also performed short-TI Inversion Recovery se-
quences, which are used to null the signal from fat to distin-
guish water (pericardial effusion) from cardiac fat. These im-
ages were compared with the cine images to rule out water.
Semiautomatic calculations using cardiovascular imaging
software cvi42, version 5.2, were applied for postprocessing
using endocardial and epicardial contours to calculate LV
ejection fraction, stroke volume, end-diastolic volume,
end-systolic volume, and myocardial mass. Epicardial and
pericardial adipose tissue volumes were quantified from
cine images in the end-diastolic short axis by drawing
contours around the epicardial and pericardial fat layers
of the entire right ventricle and LV on each slice. Fat areas
were generated automatically by the cvi42 software. Each
slice area was multiplied by the slice thickness to yield a
volume. The total mass of epicardial and pericardial adipose
tissue was obtained by summation of all slice volumes and
conversion to mass by the specific weight of fat (0.92 g/cm3).30

The MRI scans were analyzed by the same investigator in
a blinded manner. A cardiologist (J.B.R.) reanalyzed a subset
of the cardiac MRI slices (n = 10) to assess accuracy and inter-
reader variability. The degree of agreement between the 2
assessors (intraclass correlation) was found to be 0.87 (95% CI,
0.30-0.97) for epicardial adipose tissue and 0.98 (95% CI,
0.86-0.99) for pericardial adipose tissue.31

Exercise Training
Educated personnel supervised all exercise sessions. Partici-
pants performed 3 weekly training sessions of 45 minutes dur-
ing a 12-week period.28 The endurance exercise was high-
intensive interval exercise performed on an ergometer bicycle.
The resistance exercise was designed as a 45-minute interval-
type, medium-load, high-repetition, time-based training. Par-
ticipants performed 3 to 5 sets of 10 exercises. The resistance

exercise load was 60% of 1 RM and increased throughout the
12 weeks to 80%.28

Lifestyle Monitoring
Participants were instructed to maintain their habitual life-
style during the study. On a monthly basis, self-reported
3-day dietary intake was recorded and during a 4-day period
free-living physical activity levels were monitored using
accelerometry (AX3; sampling frequency 100 Hz). Postpro-
cessing was conducted as described previously.26,32

Analysis Population
The study was designed to focus on the per-protocol popula-
tion, where participants were included in the analysis if they
completed the trial with a satisfactory training adherence. Com-
pleting a minimum of 29 of 36 training sessions (80%) was sat-
isfactory.

Statistical Analyses
A prespecified sample size of 14 individuals in each group
was obtained from a power calculation based on the primary
study outcome.26,28 Because the training effects on cardiac
adipose tissue were exploratory, no power calculation was
performed related to this outcome.

Statistical analyses were performed using SAS software,
version 9.3 (SAS Institute) and GraphPad Prism, version
7.02 (GraphPad Software). A 2-sided P < .05 was considered
statistically significant and reported with 2-sided 95% CIs,
with no default adjustment for multiplicity. Baseline charac-
teristics with normal or nonnormal distribution were re-
ported as mean and SD or median and interquartile range.
Postintervention levels of continuous variables adjusted
for baseline levels were compared using analysis of covari-
ance performed with postmeasure or absolute or relative
change from baseline measure as the dependent outcome, with
a fixed factor for group (3 levels) and using the baseline value
as a covariate; for each continuous outcome group, means were
adjusted for baseline (least squares means). Independent of the
result of the overall analysis of covariance model, contrasts
between groups were performed. Intervention-induced
changes in epicardial and pericardial adipose within groups was
evaluated by Wilcoxon matched pairs signed-rank test.

Results
Of the 50 randomized participants, 11 participants discontin-
ued or were excluded from the study. Eight of them discon-
tinued without providing a reason (n = 6) or owing to lack of
time (n = 2). Three participants were excluded from the analy-
sis. The reasons for exclusion were initiation of medical anti-
contraceptive/anti-inflammatory treatment during the study
(n = 2) and the lack of cardiac MRI follow-up scan (n = 1)
(Figure 1). The final study population comprised 39 partici-
pants distributed across 3 groups: no exercise control (n = 12),
endurance training (n = 14), and resistance training (n = 13)
(Figure 1). No individuals were lost to follow-up. Baseline char-
acteristics appeared to be similar between groups (Table 1).
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Epicardial and Pericardial Adipose Tissue
and Exercise Training
Changes in epicardial adipose tissue mass differed across the
groups after the training intervention (P = .005) (Table 2 and
eFigure in the Supplement). Whereas epicardial adipose tis-
sue mass remained unchanged in the no exercise control group
(2 g [95% CI, −2 to 6]), endurance training reduced epicardial
adipose tissue mass by 8 g (95% CI, 4-11) (Figure 2A). Compar-
ing the changes between groups showed that endurance ex-
ercise reduced epicardial adipose tissue more than the no ex-
ercise control group (9 g [95% CI, 4-15], P = .002) (Table 2). The
resistance training group also reduced epicardial adipose tis-
sue mass more than the control group (8 g [95% CI, 2-13],
P = .009) (Table 2). The effect of resistance vs endurance train-
ing on epicardial adipose tissue mass were not different (1 g
[95% CI, −4 to 7], P = .58).

Changes in the pericardial adipose tissue mass differed be-
tween groups (P = .005) (Table 2). Endurance training re-
duced pericardial adipose tissue by 15 g (95% CI, 1-30)

(Figure 2B), but the reduction did not differ significantly from
the no exercise control group (6 g [95% CI, −15 to 27], P = .58)
(Table 2). In contrast and compared with the no exercise con-
trol group, resistance training reduced pericardial adipose tis-
sue mass by 34 g (95% CI, 12-55; P = .003) (Table 2). More-
over, comparing the changes in pericardial adipose tissue
induced by endurance vs resistance training revealed a more
pronounced effect of resistance training (28 g [95% CI, 7-49],
P = .01). Other anthropometric measures changed nonsignifi-
cantly in response to training (Table 2). An intention-to-treat
analysis using baseline carried forward imputation showed that
the per-protocol findings were robust (eTable 1 in the Supple-
ment).

Cardiorespiratory Fitness and Muscle Strength
Changes in VO2 max differed between groups (P = .003)
(Table 2); VO2 max increased 219 mL/min (95% CI, 104-334)
in the endurance training group and remained unchanged in
the no exercise control group (−92 mL/min [95% CI, −229
to 44]). Comparing the changes between these 2 groups
showed a significant improvement in the VO2 max after
endurance training vs no exercise (312 mL/min [95% CI, 134-
489], P = .001). VO2 max also increased in response to resis-
tance training compared with the no exercise control group
(271 mL/min [95% CI, 84-460], P = .006). Improvements in
VO2 max did not differ between the endurance and resis-
tance training groups (40 mL/min [95% CI, −132 to 212],
P = .64).

Training modality affected muscle strength (Table 2). There
was no change in the 1-RM chest press in the no training con-
trol group (1 kg [95% CI, −4 to 3]); in contrast, resistance train-
ing increased 1-RM chest press by 12 kg (95% CI, 8-16), which
was significantly different from the no training control group
(11 kg [95% CI, 6-17], P < .001) (Table 2). One-RM chest press
was unaffected by endurance training (−1 kg [95% CI, −4 to 3])
and not different from the no training control group (−1 kg
[95% CI, −7 to 4], P = .64). Changes in left and right quadri-
ceps strength (knee extension) in the 2 training groups were
comparable with those observed during chest press (Table 2).

Cardiac Function and Cardiometabolic Parameters
All participants had normal cardiac function at baseline with
a mean (SD) LV ejection fraction of 69% (7.2%). While mea-
sures of systolic function and LV volumes did not change be-
tween the 3 groups after the intervention, LV mass changed
across groups (P < .001) (Table 3). Compared with the no train-
ing control, there was an increase in LV mass by both endur-
ance (20 g [95% CI, 11-30], P < .001) and resistance training
(18 g [95% CI, 8-28], P < .001). There was no difference in the
effect of resistance vs endurance training on LV mass in-
crease (2 g [95% CI, −7 to 12], P = .63).

There were no changes between the groups in systolic
blood pressure, heart rate (Table 3), or plasma levels of total
cholesterol, low-density lipoprotein and high-density lipopro-
tein cholesterol, triglyceride level, glucose, hemoglobin A1c,
C-reactive protein, tumor necrosis factor α, interleukins 6, 1β,
8, and 10, and adiponectin after the intervention (eTable 2 in
the Supplement).

Figure 1. CONSORT Flow Diagram
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264 Excluded (did not meet
inclusion criteria)
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a Eighty-three participants were randomized in the primary analysis.
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Compliance, Training Intensity, and Energy Expenditure
The compliance to training was comparable between the 2
groups: 89% vs 93% in the endurance and resistance training
groups, respectively (P = .07) (eTable 3 in the Supplement).
Average energy intake or free-living physical activity, as-
sessed monthly, did not differ between groups nor did it change
during the intervention (eTable 4 in the Supplement).

Discussion
This study showed that endurance and resistance training re-
duced epicardial adipose tissue mass in physically inactive
people with abdominal obesity and moreover that pericar-
dial adipose tissue mass was only reduced by resistance train-
ing. Because epicardial and pericardial adipose tissues are
emerging as risk factors for cardiovascular disease, there is a

growing interest in preventive strategies to reduce fat accu-
mulation in these depots.10 Here we demonstrate that 2 train-
ing modalities are capable of reducing cardiac adipose tissue
mass. Most studies20,21 but not all33 report reduced epicardial
adipose tissue after endurance training. Our study contrib-
utes by demonstrating that not only endurance, but also re-
sistance training, can reduce epicardial adipose tissue.

Three months of resistance and endurance training were as-
sociated with reduced epicardial adipose tissue by 24% and 32%,
respectively. These effects represent the isolated effect of train-
ingbecausefoodintakeremainedunchanged.Dietaryrestrictions
are reported to reduce epicardial adipose tissue by 32%,19 so it
is possible that combining training and dietary restriction may
have a greater effect on epicardial adipose tissue mass than ex-
ercise alone. Furthermore, in comparison, treatment with
sodium-glucose transporter 2 inhibitors for 6 months16 and treat-
mentwithglucagon-likepeptide1analogsfor3months14 resulted

Table 1. Baseline Characteristics of Study Population

Characteristic

No. (%)

Total (N = 39) Endurance (n = 14) Resistance (n = 13) Control (n = 12)
Male 10 (26) 3 (21) 5 (38) 2 (17)

Age, y 41 (14) 39 (14) 38 (14) 47 (12)

Current and previous smokers 16 (41) 6 (43) 6 (46) 4 (33)

Fitness

VO2 max, mL/min 2655 (641) 2550 (566) 2871 (791) 2543 (524)

1-RM chest press, kg 38 (15) 38 (15) 40 (20) 35 (10)

1-RM knee extension right, kg 32 (11) 31 (10) 33 (13) 31 (10)

Body composition

Waist circumference, cm 104 (12) 104 (14) 102 (9) 108 (12)

Hip circumference, cm 116 (11) 115 (11) 114 (8) 119 (13)

Waist:height ratio 0.6 (0.07) 0.6 (0.08) 0.6 (0.04) 0.6 (0.08)

Body weight, kg 95 (16) 92 (14) 94 (17) 97 (18)

BMI 32 (5) 33 (5) 30 (4) 34 (6)

Whole body fat, % 45.8 (7.4) 48.0 (6.6) 42.6 (6.7) 46.6 (8.2)

Android, kg 4.2 (1.3) 4.2 (1.3) 3.8 (1.0) 4.6 (1.5)

Gynoid, kg 7.3 (1.9) 7.5 (1.7) 6.8 (1.7) 7.4 (2.4)

Whole body lean mass, kg 48.7 (9.8) 45.4 (7.4) 51.8 (12.4) 49.0 (8.6)

Cardiac adipose tissue,
median (IQR), g

166 (125-228) 153 (137-174) 164 (125-228) 193 (122-253)

Epicardial adipose tissue,
median (IQR), g

23 (13-29) 23 (13-26) 22 (15-29) 26 (16-34)

Pericardial adipose tissue,
median (IQR), g

148 (101-184) 140 (113-160) 154 (101-195) 167 (91-227)

Blood pressure

Systolic, mm Hg 124 (26) 128 (21) 127 (16) 124 (20)

Diastolic, mm Hg 84 (9) 87 (10) 81 (9) 85 (9)

Resting heart rate, bpm 69 (11) 68 (7) 68 (12) 71 (13)

Cardiometabolic profile

Total cholesterol, mg/dL 189.5 (30.9) 185.6 (34.8) 185.6 (30.9) 197.2 (30.9)

LDL, mg/dL 123.7 (27.1) 119.9 (23.2) 119.9 (27.1) 127.6 (30.9)

HDL, mg/dL 50.3 (11.6) 54.1 (11.6) 50.3 (7.7) 46.4 (11.6)

Atherogenic indexa 3.9 (1.0) 3.6 (0.9) 3.9 (0.9) 4.4 (1.1)

HbA1c, % of total hemoglobin 5.9 (0.5) 5.8 (0.4) 5.7 (0.5) 6.2 (0.6)

HbA1c, mmol/mol 34.5 (3.6) 33.6 (3.0) 33.5 (3.6) 36.6 (3.7)

Fasting glucose, mg/dL 88.2 (9.0) 91.8 (9.0) 84.6 (7.2) 91.8 (9.0)

Pro-BNP, median (IQR), pg/mL 50 (50-60) 50 (50-81) 50 (50-50) 50 (50-50)

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
bpm, beats per minute;
IQR, interquartile range;
HbA1c, hemoglobin A1c;
HDL, high-density lipoprotein;
LDL, low-density lipoprotein;
pro-BNP, pro-B-type natriuretic
peptide; RM, repetition maximum;
VO2 max, maximal oxygen
consumption.

SI conversion factor: To convert
cholesterol to millimoles per liter,
multiply values by 0.0259; glucose to
millimoles per liter, multiply by
0.0555; pro-BNP to nanograms per
liter, multiply by 1.
a Total cholesterol divided by HDL.
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Table 2. Summary of Anthropometric and Fitness Outcome Measures

Characteristic

Least Square Means (95% CI)a

Endurance Resistance Control
Difference Control
vs Endurance

Difference Control
vs Resistance

Epicardial Fat Mass, g

Total No. 14 13 12 NA NA

Postintervention 17 (13 to 30)b 18 (14 to 22)b 26 (22 to 30) −9 (−15 to −4) −8 (−13 to −2)

Change −8 (−11 to −4)b −6 (−10 to −2)b 2 (−2 to 6) −9 (−15 to −4) −8 (−13 to −2)

Relative change, % −32 (−53 to −10)b −24 (−46 to −1)b 24 (1 to 24) −56 (−88 to −24) −48 (−81 to −15)

Pericardial Fat Mass, g

12 wk 135 (121 to 150)c 107 (92 to 122)b,d 141 (126 to 156) −6 (−27 to 15) −34 (−55 to −12)

Change −15 (−30 to −1)c −43 (−58 to −29)b,d −10 (−25 to 6) −6 (−27 to 15) −34 (−55 to −12)

Relative change, % −12 (−22 to −1)c −32 (−43 to −21)b,d −1 (−12 to 11) −11 (−27 to 5) −31 (−47 to −16)

Fat Mass, g

12 wk 40 719 (39 917 to 41 520) 40 575 (39 728 to 41 422) 41 666 (40 749 to 42 583) −948 (−2162 to 267) −1091 (−2359 to 177)

Change −1053 (−1854 to −251) −1196 (−2043 to −350) −105 (−1022 to 812) −948 (−2162 to 267) −1091 (−2359 to 177)

Relative change, % −3 (−5 to 0) −4 (−6 to −1) 0 (−3 to 2) −2 (−6 to 1) −3 (−7 to 0)

Android Fat Mass, g

12 wk 4108 (3979 to 4237) 4049 (3913 to 4186) 4210 (4061 to 4360) −103 (−300 to 95) −161 (−367 to 45)

Change −115 (−244 to 14) −174 (−310 to −37) −12 (−161 to 137) −103 (−300 to 95) −161 (−367 to 45)

Relative change, % −3 (−7 to 1) −5 (−9 to −1) 0 (−4 to 4) −3 (−9 to 3) −5 (−11 to 1)

Gynoid Fat Mass, g

12 wk 7257 (7066 to 7448) 7200 (7000 to 7401) 7251 (7034 to 7467) 6 (−282 to 291) −50 (−347 to 247)

Change −76 (−268 to 115) −133 (−333 to 68) −83 (−299 to 134) 6 (−282 to 291) −50 (−347 to 247)

Relative change, % −1 (−5 to 3) −2 (−5 to 1) −1 (−4 to 2) 0 (−4 to 4) −1 (−5 to 3)

Lean Body Mass, g

12 wk 49 532 (486 08 to 50 456) 49 989 (49 028 to 50 950) 49 132 (48 109 to 50 155) 400 (−978 to 1778) 857 (−546 to 2261)

Change 1070 (145 to 1994) 1527 (566 to 2488) 669 (−353 to 1692) 400 (−978 to 1778) 857 (−546 to 2261)

Relative change, % 2 (0 to 4) 4 (2 to 6) 1 (−1 to 3) −1 (3 to 1) 0 (−2 to 2)

Body Weight, kg

12 wk 94.1 (92.9 to 95.2) 95.0 (93.8 to 96.2) 95.0 (93.8 to 96.2) −1 (−3 to 1) 0 (−2 to 2)

Change −0.6 (−1.7 to 0.6) 0.4 (−0.8 to 1.5) 0.4 (−0.9 to 1.6) −1 (−3 to 1) 0 (−2 to 2)

Relative change, % −0.6 (−1.9 to 0.7) 0.3 (−1.1 to 1.6) 0.4 (−1.1 to 1.8) −1 (−3 to 1) 0 (−2 to 2)

BMI

12 wk 32.2 (31.8 to 32.6) 32.6 (32.1 to 33.0) 32.5 (32.0 to 33.0) −0.3 (−0.9 to 0.3) 0.1 (−0.6 to 0.7)

Change −0.2 (−0.6 to 0.2) 0.2 (−0.3 to 0.6) 0.1 (−0.4 to 0.6) −0.3 (−0.9 to 0.3) 0.1 (−0.6 to 0.7)

Relative change, % −0.7 (−2.0 to 0.6) 0.4 (−1.0 to 1.8) 0.3 (−1.2 to 1.8) −0.9 (−2.9 to 1.0) 0.1 (−2.0 to 2.2)

Waist

12 wk, cm 102 (100 to 105) 100 (97 to 103)b 105 (102 to 108) −2 (−6 to 2) −5 (−9 to −1)

Change, kg/m2 −1 (−4 to 1) −4 (−7 to −1)b 1 (−2 to 4) −2 (−6 to 2) −5 (−9 to −1)

Relative change, % −1 (−4 to 1) −4 (−7 to −1)b 1 (−2 to 4) −2 (−6 to 2) −5 (−9 to −1)

VO2 max, mL/min

12 wk 2859 (2744 to 2974)b 2819 (2693 to 2945)b 2547 (2411 to 2683) 312 (134 to 489) 271 (84 to 460)

Change 219 (104 to 334)b 179 (53 to 305)b −92 (−229 to 44) 312 (134 to 489) 271 (84 to 460)

Relative change, % 9 (4 to 13) 8 (3 to 12) −4 (−9 to 2) 12 (6 to 19) 11 (4 to 18)

RM Chest, kg

12 wk 37 (33 to 40) 49 (46 to 53)b,d 38 (34 to 42) −1 (−7 to 4) 11 (6 to 17)

Change −1 (−4 to 3) 12 (8 to 16)b,d 1 (−4 to 5) −1 (−7 to 4) 11 (6 to 17)

Relative change, % 1 (−12 to 14) 42 (28 to 55)b,d −4 (−19 to 11) 5 (−15 to 25) 46 (25 to 66)

RM Left Knee Extension, kg

12 wk 32 (29 to 36) 42 (37 to 46)b,d 29 (25 to 33) 3 (−2 to 9) 12 (6 to 18)

Change 1 (−3 to 4) 10 (6 to 14)b,d −3 (−7 to 2) 3 (−2 to 9) 12 (6 to 18)

Relative change, % 2 (−9 to 13) 36 (24 to 49)b,d −9 (−23 to 4) 11 (−6 to 29) 45 (27 to 64)

(continued)
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in 14% and 29% reductions in epicardial adipose tissue, respec-
tively. Considering that pharmacologic treatment can be asso-
ciated with adverse effects and is associated with increased eco-
nomic costs compared with training-based treatment strategies,
our study highlights the importance of exercise training as a
means to reduce cardiac adipose tissues.

Although pericardial adipose tissue has been suggested to
be a stronger cardiovascular risk marker than epicardial adi-
pose tissue,12 the effect of exercise training on pericardial adi-
pose tissue has largely been neglected. Our study showed that
pericardial adipose tissue mass was reduced by resistance train-
ing but not endurance training. Overall, our results suggest that
resistance training may be superior to endurance training as
resistance training reduced pericardial adipose tissue and im-
proved fitness and strength, while endurance training only
improved fitness. Nevertheless, both exercise modalities were
associated with reduced epicardial adipose tissue, suggest-
ing that people with specific training preferences or require-
ments can benefit from both training modalities.

Both training modalities increased LV mass. Exercise is
known to stimulate cardiac remodeling including mild cardiac
hypertrophy; hence, these results were expected.34,35 Given the
healthy study population without heart disease and the relative

short training duration (12 weeks), we did not expect to find al-
terations in systolic cardiac function. Previous studies primar-
ily report increased diastolic function or a small increase in stroke
volume after 6 months of exercise training.36,37 Moreover, pre-
vious studies have shown that antidiabetic drugs, such as
glucagon-likepeptide1analogs14 andsodium-glucosetransporter
2 inhibitors,16 reduced epicardial adipose tissue volume and non-
fatal and fatal cardiac events.38 Whether the reduction in epicar-
dial adipose tissue directly improves cardiac function and pro-
tects against cardiovascular disease, or is merely a biomarker,
remains unclear. Further studies are needed to clarify whether
training interventions can improve cardiac function via a reduc-
tion in epicardial and pericardial adipose tissue mass in a cardio-
vascular disease population.

Given that excessive epicardial and pericardial adipose tis-
sue are risk factors of cardiovascular disease,6,7 our results may
have clinical potential as a means to reduce cardiac adipose
tissue mass. The beneficial cardiovascular-lowering risk of
current antidiabetic therapeutics has been hypothesized to
be in part driven by a reduction in epicardial and pericardial
volume.14,16,39,40 Hence, this study shows that both endurance
and resistance training may have the potential as preventive
strategies.

Table 2. Summary of Anthropometric and Fitness Outcome Measures (continued)

Characteristic

Least Square Means (95% CI)a

Endurance Resistance Control
Difference Control
vs Endurance

Difference Control
vs Resistance

RM Right Knee Extension, kg

12 wk 32 (28 to 37) 41 (37 to 46)b,d 29 (24 to 33) 4 (−2 to 10) 13 (6 to 19)

Change 1 (−3 to 5) 10 (6 to 14)b,d −3 (−7 to 2) 4 (−2 to 10) 13 (6 to 19)

Relative change, % 7 (−7 to 20) 33 (18 to 48)b,d −10 (−26 to 5) 17 (−4 to 38) 43 (22 to 65)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); NA, not applicable; RM, repetition maximum;
VO2 max, maximal oxygen consumption.
a Values are presented as least square means (means adjusted for baseline) with

95% CI by treatment group.

b P < .05 compared with control group.
c P < .05 compared with resistance training.
d P < .05 compared with endurance training.

Figure 2. Epicardial and Pericardial Adipose Tissue Before and After 12 Weeks of Exercise
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Epicardial (A) and pericardial (B)
adipose tissue mass assessed by
magnetic resonance imaging before
and after 12 weeks of exercise.
Within-group assessments by
Wilcoxon matched pairs signed-rank
test.
a P = .005.
b P = .04.
cP<.001.
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Strengths and Limitations
Strengths of this study include the randomized, placebo-
controlled clinical study design, the fact that every exercise
session was supervised, and that MRI was used to determine
epicardial and pericardial adipose tissue mass. Epicardial and
pericardial adipose tissues covering the ventricles and not the
entire heart were measured, which may underestimate the
true amount of these fat depots. The study followed a per-
protocol design and replaced dropouts, and this may intro-
duce a bias (attrition bias) and limit the conclusion to only ap-
ply to people who performed exactly the prescribed amount
of exercise. The small group sizes, which fell below the num-
bers prespecified by the power calculation, limit the interpre-
tations of the findings and introduce a risk of type 2 errors.
However, an intention-to-treat analysis using baseline car-
ried forward imputation showed that the per-protocol find-

ings were robust (eTable 1 in the Supplement). Importantly, the
training effect on epicardial and pericardial adipose tissue was
not the primary objective of the main study26,28 rendering this
analysis exploratory, and thus the findings in this study need
replication. We did not combine resistance and endurance
training, which would have been interesting to reveal their po-
tential additive effects.

Conclusions
In this secondary analysis of a 12-week randomized clinical trial,
including physically inactive people with abdominal obesity,
supervised high-intensity interval endurance training and re-
sistance training reduced epicardial adipose tissue, while only
resistance training reduced pericardial adipose tissue mass.

Table 3. Summary of Cardiac Measures

Characteristic

Least Square Means (95% CI)a

Endurance Resistance Control
Difference Control
vs Endurance

Difference Control
vs Resistance

LVEF

Total No. 14 13 12 NA NA

Postintervention 69 (66 to 72) 70 (67 to 73) 71 (68 to 75) −2 (−7 to 2) −1 (−7 to 4)

Change 1 (−2 to 4) 2 (−1 to 5) 3 (−0.2 to 7) −2 (−7 to 2) −1 (−7 to 4)

Relative change, % 2 (−3 to 7) 4 (−1 to 9) 6 (0 to 12) −4 (−11 to 4) −2 (−11 to 6)

LVEDM, g

12 wk 133 (127 to 140) 131 (124 to 138) 113 (106 to 120) 20 (11 to 30) 18 (8 to 28)

Change 12 (5 to 18) 9 (2 to 16) −9 (−15 to −2) 20 (11 to 30) 18 (8 to 28)

Relative change, % 10 (5 to 15) 8 (3 to 13) −7 (−12 to −1) 16 (9 to 24) 15 (7 to 22)

LVESV, mL

12 wk 44 (35 to 54) 45 (34 to 56) 38 (27 to 49) 6 (−9 to 21) 7 (−9 to 23)

Change 1 (−9 to 11) 2 (−9 to 13) −5 (−16 to 6) 6 (−9 to 21) 7 (−9 to 23)

Relative change, % 4 (−20 to 27) 7 (−19 to 33) −4 (−31 to 33) 8 (−27 to 43) 11 (−28 to 50)

LVEDV, mL

12 wk 141 (133 to 150) 135 (126 to 144) 133 (124 to 142) 14 (0 to 28) 3 (−12 to 18)

Change 8 (−2 to 18) −3 (−13 to 8) −6 (−16 to 4) 14 (0 to 28) 3 (−12 to 18)

Relative change, % 7 (−2 to 15) 5 (−0.2 to −9) −4 (−13 to 5) 11 (−1 to 22) 4 (−9 to 16)

LV Stroke Volume, mL

12 wk 97 (89 to 106) 94 (86 to 103) 90 (80 to 99) 7 (−5 to 20) 5 (−8 to 17)

Change 6 (−2 to 14) 3 (−5 to 12) −1 (−10 to 8) 7 (−5 to 20) 5 (−8 to 17)

Relative change, % 9 (−1 to 18) 6 (−4 to 15) 1 (−9 to 11) 8 (−6 to 21) 5 (−9 to 19)

Cardiac Index, L/min/m2

12 wk 3.0 (2.7 to 3.4) 2.8 (2.4 to 3.2) 2.7 (2.3 to 3.1) 0.3 (−0.3 to 0.8) 0.1 (−0.5 to 0.6)

Change 0.1 (−0.2 to 0.4) −0.1 (−0.5 to 0.3) −0.2 (−0.6 to 0.2) 0.3 (−0.3 to 0.8) 0.1 (−0.5 to 0.6)

Relative change, % 8 (−6 to 24) −1 (−17 to 15) −2 (−18 to 15)

SBP, mm HG

12 wk 127 (120 to 134) 124 (116 to 131) 125 (117 to 133) −2 (−12 to 9) −1 (−12 to 10)

Change 0 (−7 to 7) −3 (−10 to 4) −2 (−10 to 6) 2 (−9 to 12) −1 (−12 to 10)

Relative change, % 2 (−4 to 8) −3 (−9 to 3) 0 (−6 to 7) 2 (−7 to 11) −3 (−12 to 6)

Heart Rate, bpm

12 wk 67 (62 to 71) 70 (65 to 75) 66 (61 to 71) 1 (−6 to 7) 4 (−3 to 11)

Change −2 (−7 to 2) 1 (−3 to 6) −3 (−8 to 2) 1 (−6 to 7) 4 (−3 to 11)

Relative change, % −3 (−10 to 4) 3 (−4 to 10) −3 (−10 to 4) 0 (−10 to 10) 6 (−4 to 16)

Abbreviations: bpm, beats per minute; EF, ejection fraction; EDM, end-diastolic
mass; EDV, end-diastolic volume; ESV, end-systolic volume; HR, heart rate;
LV, Left ventricular; NA, not applicable; SBP, systolic blood pressure.

a Values are presented as least square means (means adjusted for baseline) with
95% CI by treatment group.
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