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Abstract
Weight loss induced by caloric restriction (CR) or aerobic exercise can reduce pericardial fat, and
these reductions may help improve cardiovascular health.

Purpose—We examined whether combining CR with aerobic exercise enhances pericardial fat
loss compared with a CR-only intervention designed to elicit equivalent reductions in body
weight. We also examined the relationship between changes in pericardial fat and changes in
maximal oxygen consumption (V̇O2max), a measure of cardiorespiratory fitness.

Methods—Thirty-two abdominally obese postmenopausal women (mean age = 58 yr; 78%
Caucasian) were randomly assigned to one of three interventions of equal energy deficit (~2800
kcal·wk−1) for 20 wk: CR only (n = 8), CR + moderate-intensity exercise (n = 15), or CR +
vigorous-intensity exercise (n = 9). The volume of pericardial fat around the coronary arteries was
measured by computed tomography.

Results—Women in the CR, CR + moderate-intensity, and CR + vigorous-intensity groups had
similar baseline characteristics. The mean ± SD value for pericardial fat before weight loss was
79.07 ± 32.90 cm3 (range = 34.04–152.74 cm3), with no difference among groups (P = 0.89). All
three interventions significantly reduced body weight (15%), waist circumference (10%), and
abdominal visceral fat (28%) to a similar degree. There was also a 17% reduction in pericardial fat
(−12.75 ± 6.29 cm3, P < 0.0001), which did not differ among groups (P = 0.84). Changes in
pericardial fat were inversely correlated with changes in V̇O2max (r = −0.37, P = 0.05), but not
after adjusting for intervention group and change in body weight.

Conclusions—Weight loss interventions of equal energy deficit have similar effects on
pericardial fat in postmenopausal women, regardless of whether the energy deficit is due to CR
alone or CR plus aerobic exercise.
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Obesity is an independent risk factor for cardiovascular disease and mortality and is strongly
associated with the development of diabetes, hypertension, and dyslipidemia (1,13,26).
Obesity is also recognized as a major determinant of structural and functional changes in the
cardiovascular system (18). In this regard, the location of body fat is often more important
than the overall amount of fat. Although the focus has largely been on abdominal obesity,
excess fat accumulation around the heart and coronary arteries (i.e., pericardial fat) may be
more detrimental for cardiovascular health given its anatomic location. Indeed, higher
pericardial fat is associated with left ventricular (LV) hypertrophy, lower stroke volume and
cardiac output, higher coronary calcium, increased carotid stiffness and intima-media
thickness, autonomic dysfunction, poor cardiorespiratory fitness, and increased risk for
coronary heart disease (4,6–8, 10,22–24). In addition, pericardial fat has been found to be a
stronger predictor of LV mass, carotid stiffness, coronary calcium, and coronary heart
disease than other indices of obesity, including body mass index (BMI), abdominal visceral
fat, and waist circumference (4,6–8).

Weight loss is advocated for the improvement and prevention of many obesity-related
cardiovascular disease risk factors, and the beneficial effects are partly related to reductions
in pericardial fat. Bariatric surgery and a very low calorie diet (900 kcal·d−1) have been
shown to significantly reduce pericardial fat in severely obese persons (mean BMI ≥ 45
kg·m−2) (9,25). Interestingly, improvements in LV size and diastolic function were better
correlated with reductions in pericardial fat than reductions in BMI and waist circumference
(9). Pericardial fat is also reduced after 12 wk of diet-or exercise-induced weight loss in men
with a lesser degree of obesity (mean BMI = 31 kg·m−2) (11,12). We previously showed that
greater improvements in maximal oxygen consumption (V̇O2max), a measure of
cardiorespiratory fitness, are associated with greater reductions in visceral fat during weight
loss (15,20). Although these studies examined visceral fat in the abdominal region,
pericardial fat is likely to have a more localized effect on the heart and its ability to pump
blood to peripheral tissues.

The current consensus is that a combination of caloric restriction (CR) and regular aerobic
exercise is the most effective treatment of both total and abdominal obesity. We and others
have shown that although combining CR with exercise leads to significant improvements in
cardiovascular and metabolic fitness compared with CR alone, it does not generally lead to
greater improvements in body composition and fat distribution when the total energy deficit
is carefully matched between groups (14,20,21). However, it is not known if this is also true
for cardiac obesity because changes in pericardial fat in response to weight loss is an area of
research that has only recently begun to be explored. It is possible that the additional
cardiovascular benefits beyond CR alone may be mediated by exercise-induced lipolysis in
pericardial fat. In addition, although a greater volume of exercise results in a greater loss of
fat, the ideal exercise intensity necessary to maximize these benefits for a given level of
caloric expenditure is not known. Thus, while prior studies show that weight loss induced by
either CR or aerobic exercise training can significantly reduce pericardial fat in men, we
sought to clarify the effects of equivalent energy deficits induced by different combinations
of CR and aerobic exercise on pericardial fat in overweight and obese postmenopausal
women. As a secondary objective, we examined whether improvements in V̇O2max are
correlated with changes in pericardial fat with weight loss.

METHODS
Participants

The present study is an ancillary study to the Diet, Exercise, and Metabolism for Older
Women Study, a randomized clinical trial of the effects of aerobic exercise intensity on
abdominal fat and cardiovascular disease risk factors under conditions of equal energy
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deficit in 95 women with abdominal obesity. This study was approved by the Wake Forest
University Institutional Review Board. The primary study results were previously published
(20). All women were recruited from the Piedmont Triad area of North Carolina and
enrolled in the study on the basis of the following inclusion criteria: overweight or obese
(BMI = 25–40 kg·m−2 and waist circumference > 88 cm), older (age = 50–70 yr),
postmenopausal (at least 1 yr without menses), nonsmoking, not on hormone replacement
therapy, sedentary (<15 min of exercise, two times per week) in the past 6 months, and
weight stable (<5% weight change) for at least 6 months before enrollment. Women with
evidence of untreated hypertension (blood pressure > 160/90 mm Hg), triglycerides > 400
mg·dL−1, insulin-dependent diabetes, active cancer, liver, renal or hematological disease, or
other medical disorders were excluded. Women with an abnormal cardiovascular response
to a graded exercise test were also excluded (2). All women provided informed consent to
participate in the study. Because pericardial fat was only measured in a subset of the study
participants, the present analysis is based on the 32 women who had preintervention and
postintervention pericardial fat measurements available. These women were similar to those
excluded from the analysis with respect to age (58.0 vs 58.4 yr, P = 0.72), race (22% vs 35%
African American, P = 0.19), BMI (33.5 vs 33.0 kg·m−2, P = 0.60), waist circumference
(97.7 vs 98.3 cm, P = 0.75), and V̇O2max (21.9 vs 20.8 mL·kg−1·min−1, P = 0.15).

Study design
Women were randomly assigned to either a CR alone (CR only), a CR plus moderate-
intensity exercise (CR + moderate-intensity), or a CR plus vigorous-intensity exercise (CR +
vigorous-intensity) intervention for 20 wk. Baseline measurements of body composition and
V̇O2max were performed after at least 2 wk of weight stability. The calorie deficits of all
women were adjusted to ~2800 kcal·wk−1. The deficits for the CR-only group resulted
totally from a reduction in dietary intake, whereas deficits for the exercise groups resulted
from reductions in dietary intake (~2400 kcal·wk−1) and increases in energy expenditure
(~400 kcal·wk−1). The CR-only group was asked not to alter their physical activity habits
during the study. As reported previously, compliance to the CR and exercise interventions
was excellent and did not differ among intervention groups (20).

Dietary interventions
During the 20-wk interventions, all women were provided food for their lunch and dinner,
which was prepared by the Wake Forest University General Clinical Research Center
metabolic kitchen staff. These meals were prepared individually after women chose from a
hypocaloric menu designed by a registered dietitian. Women purchased and prepared their
breakfast meal in consultation with the General Clinical Research Center dietitian from this
same menu. They were allowed two free days per month, during which they were given
guidelines for diet intake and asked to report all intake. They were also allowed to consume
as many noncaloric, noncaffeinated beverages as they liked. In addition, all women were
provided with a daily calcium supplement (1000 mg·d−1).

Exercise interventions
Both exercise groups walked on a treadmill 3 d·wk−1 at a target heart rate calculated from
the Karvonen equation (heart rate reserve × (intensity) + resting heart rate), where heart rate
reserve (HRR) is calculated as the maximal HR minus the resting HR obtained from each
subject’s V̇O2max test. The duration and intensity of the exercise progressed from 15 to 20
min at 45%–50% of HRR during the first week to 55 min at 45%–50% HRR for the low-
intensity group and 30 min at 70%–75% HRR for the high-intensity group by the second
month.
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Pericardial fat
The volume of pericardial fat encasing the coronary arteries was measured by computed
tomography as described previously (7). The superior extent of the left main coronary artery
was identified in a cross-sectional scan, and slices within 15 mm above and 30 mm below
this slice were included in the measurement. This region of the heart was selected because it
includes the fat located around the proximal coronary arteries (left main coronary, left
anterior descending, right coronary, and circumflex arteries). The anterior border of the
volume was defined by the chest wall and the posterior border by the aorta and the bronchus.
Volume Analysis software (GE Healthcare, Waukesha, WI) was used to discern fat from the
remaining portions of the heart with a threshold of −190 to −30 Hounsfield units. The
volume was the sum of all voxels containing pericardial fat. This measurement is highly
reproducible, with intraclass correlation coefficients for intrareader and interreader
reliability of 0.999 and 0.997, respectively (7).

Body composition and body fat distribution
BMI was calculated from measured height (cm) and weight (kg). Total fat mass, total lean
mass, and percent body fat were measured by dual-energy x-ray absorptiometry (Hologic
Delphi QDR, Bedford, MA). Waist (minimal circumference) and hip (maximal gluteal
protuberance) were measured in triplicate, and waist-to-hip ratio was calculated. Abdominal
subcutaneous and visceral fat volumes at the L4 and L5 level were measured by
multidetector computed tomography (GE Medical Systems, Milwaukee, WI) using standard
procedures (20).

Maximal aerobic capacity
V̇O2max was measured on a motor-driven treadmill (Medical Graphics Corporation,
Minneapolis, MN) using a ramp protocol during a progressive exercise test to voluntary
exhaustion (19). A valid V̇O2max was obtained when at least two of the following criteria
were achieved: 1) <200 mL·min−1 change in V̇O2max with increasing work rate, 2) heart rate
> 90% of age-predicted maximal heart rate, and 3) respiratory exchange ratio ≥ 1.10. If a
valid V̇O2max test was not achieved, then the test was repeated.

Other laboratory and clinical measurements
Blood samples were drawn into ethylenediaminetetraacetic acid tubes by venipuncture in the
morning after an overnight fast. Plasma cholesterol and triglyceride levels were measured
using standardized procedures in samples collected on duplicate testing days both
preintervention and postintervention. Plasma glucose was measured with the glucose
hexokinase method (Bayer Diagnostics, Tarrytown, NY). Plasma insulin was measured
using a chemiluminescent immunoassay on an IMMULITE® analyzer (Diagnostics Products
Corporation, Los Angeles, CA). Blood pressure was measured in the right arm, using a
conventional mercury sphygmomanometer and the appropriately sized cuff, with the
participant in a seated position after having rested quietly for 10–15 min. The values
reported are the average of two repeated measures.

Statistical analyses
Analyses were performed using SAS Version 9.1 (SAS Institute, Inc., Cary, NC). All data
were treated as continuous variables (except race) and met parametric assumptions. Chi-
square frequency tests and ANOVA were used to compare differences in categorical and
continuous variables, respectively, among intervention groups. Changes in pericardial fat,
body weight, body composition, body fat distribution, and V ̇O2max with weight loss were
examined using paired t-tests. Pearson correlation coefficients were used to examine
relationships between changes in pericardial fat and changes in body composition, body fat
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distribution, and V̇O2max. Partial correlations were also used to examine these relationships
after adjusting for potential confounders. A P value ≤ 0.05 was considered statistically
significant.

RESULTS
Baseline characteristics

Overall, the women in this analysis were 58.0 ± 5.2 yr old and 14.5 ± 10.5 yr past
menopause (mean ± SD). These women were also predominately Caucasian (78%) and
obese (BMI = 33.5 ± 4.4 kg·m−2, total body fat = 43.5% ± 3.2%), with low fitness levels
(V̇O2max = 21.9 ± 2.7 mL·kg−1·min−1). Baseline characteristics for the women by
intervention group are shown in Table 1. Women in the CR only, CR + moderate-intensity,
and CR + vigorous-intensity groups were similar at baseline with respect to age, race, total
and LDL cholesterol, triglycerides, fasting glucose, and blood pressure. Baseline body
weight, body composition, body fat distribution, and V ̇O2max were also similar among
intervention groups. On the other hand, HDL cholesterol levels were lower (P = 0.008) and
fasting insulin levels were higher (P < 0.05) in the CR + vigorous-intensity group compared
with the other groups.

Pericardial fat
Pericardial fat at baseline ranged from 34.04 to 152.74 cm3 (overall mean = 79.07 ± 32.90
cm3). As shown in Figure 1, baseline pericardial fat was similar among intervention groups
(P = 0.89): 83.44 ± 11.98 cm3 in the CR only group, 76.29 ± 8.75 cm3 in the CR +
moderate-intensity group, and 79.81 ± 11.29 cm3 in the CR + vigorous-intensity group.
Overall, there was a −12.75 ± 6.29 cm3 decrease in pericardial fat (P < 0.0001), with
significant reductions in pericardial fat in all three groups (CR only group = −13.25 ± 2.29
cm3, CR + moderate-intensity group = −12.03 ± 1.67 cm3, CR + vigorous-intensity group =
−13.50 ± 2.16 cm3; all P values < 0.0001; Fig. 1). These changes were similar among
intervention groups (P = 0.84).

Changes in body composition, fat distribution, and cardiorespiratory fitness
Table 2 shows the effect of the weight loss interventions on body composition, body fat
distribution, and V̇O2max. The average weight loss for all women combined was −13.5 ± 4.6
kg (15% ± 4%, P < 0.0001), which was not significantly different among intervention
groups (P = 0.12). There were also similar reductions in abdominal fat, visceral-to-
subcutaneous fat ratio, waist and hip circumferences, and waist-to-hip ratio among groups.
However, there was a slight difference in the change in total fat mass (P = 0.02) and percent
body fat (P = 0.04) across groups. Among all the anthropometric, body composition, and
body fat distribution measures, the percent change in abdominal visceral fat was the highest
(28%), followed by total fat mass (22%), abdominal subcutaneous fat (19%), pericardial fat
(17%), body weight (15%), BMI (14%), waist circumference (10%), hip circumference
(9%), visceral-to-subcutaneous fat ratio (8%), and waist-to-hip ratio (1%). There were also
significant improvements in V̇O2max in all three groups. These changes were not different
among groups (P = 0.13). Changes in lipid levels, fasting glucose and insulin and levels, and
blood pressure were also similar among intervention groups (data not shown).

Correlation analyses
In all women combined, reductions in pericardial fat were positively correlated with
reductions in abdominal visceral fat (r = 0.60, P = 0.0003), visceral-to-subcutaneous fat ratio
(r = 0.56, P = 0.001), total lean mass (r = 0.51, P = 0.02), waist circumference (r = 0.45, P =
0.01), hip circumference (r = 0.42, P = 0.02), and BMI (r = 0.38, P = 0.03); negatively

BRINKLEY et al. Page 5

Med Sci Sports Exerc. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



correlated with changes in abdominal subcutaneous fat (r = −0.43, P = 0.02); and unrelated
to reductions in total fat mass, percent body fat, waist-to-hip ratio, and body weight. There
were also significant correlations between increases in V̇O2max and reductions in pericardial
fat (r = −0.37, P = 0.05; Fig. 2A), abdominal visceral fat (r = −0.50, P = 0.008; Fig. 2B), and
total fat mass (r = −0.42, P = 0.03). After adjusting for intervention group and change in
body weight, these correlations were no longer significant.

DISCUSSION
Accumulating evidence indicates that higher amounts of pericardial fat have adverse effects
on the cardiovascular system, independent of total and abdominal obesity. As such,
reductions in pericardial fat may contribute more to improvements in cardiovascular health.
We compared the effects of three weight loss interventions of equal energy deficit on
changes in pericardial fat in abdominally obese postmenopausal women. The main findings
were as follows: 1) weight loss induced by CR alone, CR plus moderate-intensity aerobic
exercise, and CR plus vigorous-intensity aerobic exercise leads to similar reductions in
pericardial fat; 2) exercise intensity does not influence the magnitude of change in
pericardial fat when performed in conjunction with CR; and 3) reductions in pericardial fat
with weight loss are not independently associated with improvements in cardiorespiratory
fitness.

Despite the emerging role of pericardial fat as an independent risk factor for obesity-related
cardiovascular dysfunction, only a few studies have examined the effect of weight loss on
this local fat depot, including two studies in severely obese persons (mean BMI ≥ 45
kg·m−2). Willens et al. (25) reported that a loss of 40 kg (26%) of body weight after bariatric
surgery was accompanied by a 24% reduction in pericardial fat. Similarly, Iacobellis et al.
(9) reported that after 6 months on a very low calorie diet program (900 kcal·d−1), subjects
lost 25 kg (20%) of body weight and reduced their pericardial fat by 32%. In obese middle-
aged men, a weight loss intervention involving 12 wk of moderate-intensity exercise with no
dietary restrictions decreased body weight by 4% and pericardial fat by 8% (12), whereas a
12-wk diet-induced weight loss program (~1550 kcal·d−1, 30% caloric reduction) decreased
body weight by 11% and pericardial fat by 17% (11). These data suggest that the magnitude
of change in pericardial fat may be influenced by the type of weight loss intervention and/or
the total amount of weight loss. However, in our study of overweight and obese
postmenopausal women randomized to one of three weight loss interventions for 20 wk,
there were similar reductions in body weight and pericardial fat in all three groups, and
reductions in body weight were not correlated with reductions in pericardial fat. Moreover,
in response to equal amounts of total weight loss, pericardial fat loss was not enhanced by
adjusting the degree of CR to accommodate increases in energy expenditure due to
moderate- or vigorous-intensity exercise. Taken together, our data suggest that the type of
weight loss intervention (i.e., CR + exercise vs CR alone) does not appear to influence the
magnitude of change in pericardial fat, at least in the context of interventions of equal
caloric deficit. Given the small sample size, a larger study is warranted to confirm these
findings.

Although the combination of CR and aerobic exercise did not result in greater reductions in
pericardial fat, previous reports in this population demonstrate that compared with CR alone,
performing moderate- or vigorous-intensity exercise in conjunction with CR leads to greater
improvements in V̇O2max, significant reductions in subcutaneous abdominal adipocyte size,
and greater preservation of lean mass (20,27). In addition, it is possible that CR + exercise
could also lead to greater improvements in other risk factors that were not examined in the
present study. Furthermore, there is some evidence that the addition of aerobic exercise to a
CR intervention helps to maintain weight loss for a longer period of time (5,16).
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Weight loss appears to have variable effects on the relative change in pericardial fat
compared with changes in other obesity measures. In this regard, the results of this study are
consistent with previous studies and extend the effects of weight loss on pericardial fat to
women without severe obesity. In the previous diet- and exercise-induced weight loss
studies, the percent change in pericardial fat was greater than that for the anthropometric
measures but lower than the percent changes in body fat. We found similar results in our
population. Previous studies also show that changes in pericardial fat with weight loss are
highly correlated with changes in other measures of total and regional adiposity. Most
notably, correlations of 0.53–0.80 have been reported for changes in abdominal visceral fat
and pericardial fat (11,12). We found a similar correlation of 0.60 in our study as well as
positive associations with changes in BMI and hip and waist circumferences. In addition, we
found that changes in pericardial fat with weight loss were positively associated with
changes in lean mass and inversely associated with changes in abdominal subcutaneous fat
and visceral-to-subcutaneous fat ratio. These findings highlight the importance of body
composition and body fat distribution as correlates of the change in pericardial fat with
weight loss.

Our secondary objective was to examine the association between weight loss–induced
changes in pericardial fat and V̇O2max. Lower cardiorespiratory fitness, as assessed by
V̇O2max, has been reported in individuals with increased total and abdominal obesity (3,17).
Kim et al. (10) recently demonstrated that higher pericardial fat is also associated with a
lower V̇O2max in overweight and obese middle-aged men. This is supported by findings of
an inverse association between pericardial fat and stroke volume and cardiac output in obese
subjects (23). We previously showed that improvements in V̇O2max with weight loss are
associated with reductions in abdominal visceral fat in postmenopausal women (15,20). In
the present study, we hypothesized that reductions in pericardial fat may be more relevant
given the location of this fat depot. Although changes in pericardial fat and V ̇O2max with
weight loss were significantly correlated in univariate analysis, after adjusting for
intervention group and change in body weight, the association was no longer significant. In
addition, a stronger correlation was found between changes in abdominal visceral fat and
changes in V̇O2max in this population. These data indicate that the amount of fat in the
abdomen is more relevant to V̇O2max than fat in a small localized area, which is consistent
with the fact that V̇O2max is determined by both central (i.e., heart and lungs) and peripheral
factors (i.e., skeletal muscle). Moreover, there is some evidence that the independent effect
of pericardial fat depends on the outcome studied. In this regard, pericardial fat appears to
have a greater effect on local cardiovascular health, whereas abdominal visceral fat has more
systemic effects (22).

Our study has several strengths. First, we used a highly controlled dietary intervention and a
well-standardized exercise program that allowed us to examine the independent effects of
adding exercise to CR on pericardial fat, without the confounding effect of differences in the
total amount of weight loss. Second, we are the first study to report the effects of weight loss
on changes in the volume of pericardial fat (cm3), as opposed to the thickness (mm) of the
fat pad that covers the free wall of the right ventricle. Our measurement includes not only
the fat surrounding the right and left ventricles but also the fat around the coronary arteries,
which together may provide a more relevant assessment of fat around the heart. However,
the small sample size may have limited our ability detect differences between intervention
groups. On the basis of our estimates, the smallest difference we could detect between
intervention groups with eight participants per group, alpha ≤ 0.05, and power ≥ 0.80 is 9.72
cm3, an amount that is probably not clinically relevant on the basis of our previous studies
looking at the association of pericardial fat with clinical and subclinical cardiovascular
disease (6,7,24). In addition, because this study was designed to elicit similar reductions in
body weight across intervention groups, our results are only applicable in this context.
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Nevertheless, we found that weight loss interventions of equal energy deficit lead to similar
reductions in pericardial fat in abdominally obese postmenopausal women, regardless of
whether the energy deficit is due to CR alone or CR plus aerobic exercise. These data
contribute to the growing body of knowledge demonstrating the efficacy of weight loss
interventions on pericardial fat, an important fat depot with adverse effects on
cardiovascular health.
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FIGURE 1.
Pericardial fat before and after weight loss by intervention group; *significantly different
from baseline, P < 0.05.
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FIGURE 2.
Association of changes in V̇O2max with changes in pericardial fat (A) and abdominal
visceral fat (B) in all women combined.
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TABLE 1

Baseline characteristics of study participants randomized to weight loss interventions of equal energy deficit.

CR Only (n = 8) CR + Moderate Intensity (n = 15) CR + Vigorous Intensity (n = 9) Pa

Age (yr) 57.6 ± 4.8 57.3 ± 5.7 59.4 ± 4.9 0.63

Race, n (%) 0.10

 Caucasian 6 (75) 11 (73) 8 (89)

 African American 2 (25) 4 (27) 1 (11)

Total cholesterol (mg·dL−1) 202 ± 44 207 ± 37 221 ± 23 0.83

HDL cholesterol (mg·dL−1) 53 ± 5 64 ± 14 49 ± 10 0.008

LDL cholesterol (mg·dL−1) 124 ± 42 118 ± 24 137 ± 21 0.29

Triglycerides (mg·dL−1) 126 ± 43 125 ± 58 130 ± 45 0.97

Fasting glucose (mg·dL−1) 94.1 ± 13.0 92.9 ± 7.1 103.9 ± 21.3 0.16

Fasting insulin (mg·dL−1) 12.6 ± 5.2 9.3 ± 5.4 16.9 ± 9.9 0.05

Systolic BP (mm Hg) 122 ± 17 126 ± 18 133 ± 17 0.42

Diastolic BP (mm Hg) 80 ± 5 76 ± 8 80 ± 10 0.30

Body weight (kg) 88.9 ± 11.0 88.9 ± 10.4 94.9 ± 14.3 0.43

BMI (kg·m−2) 32.2 ± 4.0 33.6 ± 4.5 34.4 ± 4.7 0.58

Total fat mass (kg) 38.5 ± 7.8 39.5 ± 5.9 44.0 ± 7.8 0.21

Total lean mass (kg) 52.8 ± 4.0 51.2 ± 6.8 53.5 ± 7.1 0.68

Total body fat (%) 41.9 ± 3.6 43.5 ± 3.3 45.0 ± 2.0 0.13

Abdominal visceral fat (cm3) 2432 ± 823 2066 ± 784 2733 ± 791 0.16

Abdominal subcutaneous fat (cm3) 5443 ± 1835 6144 ± 1463 6047 ± 1811 0.62

Visceral-to-subcutaneous fat ratio 0.49 ± 0.21 0.37 ± 0.23 0.50 ± 0.22 0.30

Waist circumference (cm) 95.9 ± 9.7 96.1 ± 6.7 102.2 ± 8.1 0.16

Hip circumference (cm) 117.8 ± 11.5 120.2 ± 8.0 121.0 ± 11.8 0.78

Waist-to-hip ratio 0.82 ± 0.06 0.80 ± 0.05 0.85 ± 0.05 0.13

V̇O2max (mL·kg−1·min−1) 21.2 ± 1.8 22.3 ± 3.3 21.6 ± 2.3 0.63

Values are presented as mean ± SD.

a
On the basis of one-way ANOVA across intervention groups.
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TABLE 2

Changes in body composition, body fat distribution, and V̇O2max in response to weight loss interventions of
equal energy deficit.

Characteristics CR Only (n = 8) CR + Moderate Intensity (n = 15) CR + Vigorous Intensity (n = 9) Pa

Δ Body weight (kg) −11.4 ± 4.9* −13.3 ± 4.2* −15.8 ± 4.2* 0.12

Δ BMI (kg·m−2) −3.7 ± 1.3* −5.0 ± 3.1* −5.2 ± 1.4* 0.41

Δ Total fat mass (kg) −7.0 ± 3.0* −8.5 ± 3.3* −11.7 ± 3.5* 0.02

Δ Total lean mass (kg) −3.7 ± 1.9* −3.6 ± 2.2* −3.9 ± 1.8* 0.94

Δ Total body fat (%) −3.3 ± 2.2* −4.1 ± 1.6* −5.7 ± 2.7* 0.04

Δ Abdominal visceral fat (cm3) −630 ± 349* −576 ± 364* −813 ± 143* 0.22

Δ Abdominal subcutaneous fat (cm3) −1265 ± 1185* −1384 ± 897* −1211 ± 1698 0.94

Δ Visceral-to-subcutaneous fat ratio −0.04 ± 0.12 −0.05 ± 0.14 −0.10 ± 0.13* 0.53

Δ Waist circumference (cm) −7.9 ± 4.5* −10.2 ± 4.6* −11.7 ± 2.6 0.18

Δ Hip circumference (cm) −8.9 ± 3.4* −11.2 ± 4.3* −11.2 ± 4.1* 0.38

Δ Waist-to-hip ratio −0.01 ± 0.04 −0.01 ± 0.03 −0.02 ± 0.03* 0.52

Δ V̇O2max (mL·kg−1·min−1) 3.7 ± 1.4* 2.8 ± 3.1* 5.4 ± 2.4* 0.13

Values are presented as mean ± SE.

a
On the basis of one-way ANOVA across intervention groups.

*
Significant change with intervention, P ≤ 0.05.
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