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ABSTRACT

Exercise training (“exercise”) and hypocaloric diet (“diet”) are frequently prescribed for
weight loss in obesity. Whilst body weight changes are commonly used to evaluate lifestyle
interventions, visceral adiposity (VAT) is a more relevant and stronger predictor for morbidity
and mortality. We performed a meta-analysis to assess the effects of exercise training or
hypocaloric diet on VAT (quantified by radiographic imaging). Relevant databases were
searched through May 2014. 117 Studies (n=4,815) were included. We found that both
exercise and diet cause VAT loss (P<0.0001). When comparing diet versus training, diet
caused a larger weight loss (P=0.04). In contrast, a trend was observed towards a larger VAT
decrease in exercise (P=0.08). Changes in weight and VAT showed a strong correlation after
diet (R?=0.737, P<0.001), and a modest correlation after exercise (R=0.451, P<0.001). In the
absence of weight loss, exercise is related to 6.1% decrease in VAT, whilst diet showed
virtually no change (1.1%). In conclusion, both exercise and diet reduce VAT. Despite a
larger effect of diet on total body weight loss, exercise tends to have superior effects in
reducing VAT. Finally, total body weight loss does not necessarily reflect changes in VAT

and may represent a poor marker when evaluating benefits of lifestyle-interventions.
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INTRODUCTION

The worldwide prevalence of obesity, characterized by an excess in adipose tissue, has grown
to pandemic proportions.t: 2 Multiple reviews have demonstrated that accumulation of adipose
tissue in general, and in the visceral area in particular, is strongly and positively correlated
with all-cause morbidity and mortality.® Since obesity is an important, but also modifiable,
risk factor for cardiovascular and metabolic diseases * ° the WHO has recommended lifestyle

interventions to aim at 5-10% reduction in body weight as treatment for obesity.®

Caloric restriction and exercise training cause a reduction in body weight by inducing a
negative energy balance in which energy expenditure exceeds caloric intake. When
comparing hypocaloric diet and exercise training, previous meta-analyses revealed that
dietary restriction has superior effects on weight reduction.” 8 However, a growing body of
evidence shows that excess visceral adipose tissue (VAT) may result in more detrimental
obesity-related health effects than excess body weight.® Indeed, increased VAT is strongly
associated with insulin resistance, atherogenic dyslipidemia, and cardiovascular disease.? 10 11
Moreover, a reduction in VAT improves cardiovascular and metabolic risk.® 1 Hence,
changing VAT is considered to be more important than weight reduction in the management

of obesity.

In patients with obesity, physical exercise training leads to a healthier metabolic and
cardiovascular phenotype.**> Whilst exercise training does not always aim to reduce body
weight, exercise training in general and aerobic exercise training in particular, have potent
effects on reducing VAT.X®® Previous meta-analyses have evaluated only the effects of
caloric restriction and aerobic exercise on weight loss. The effects of these interventions on

VAT have not yet been compared. Therefore, we aim to conduct a systematic review and
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meta-analysis to investigate the effect of caloric restriction versus aerobic exercise training on
visceral adiposity loss in overweight and obese adults. For this purpose, we included studies
that examined VAT after: 1. Caloric restriction only, 2. Exercise training only, and 3. Aerobic
exercise training versus caloric restriction. We hypothesize that, in marked contrast to body
weight loss, caloric restriction and exercise training have comparable effects on reducing
VAT. With the use of a meta-regression analysis we aim to further explore the impact of
intervention (e.g. duration, intensity, frequency) and subject (e.g. age, sex, baseline body

weight) characteristics on the magnitude of changes in VAT.

Several international guidelines recommend lifestyle interventions aimed at a reduction in
body weight of 5-10% as treatment for obesity.® 1* 2° Previous work, however, demonstrated
that a reduction in body weight is a poor marker for VAT change.® Accordingly, changes in
VAT may occur irrespective of changes in body weight. A hypocaloric diet causes a reduction
in skeletal muscle mass, which along with a reduction in fat mass, contributes to weight
loss.?! 22 Aerobic exercise training, however, may be associated with an increase in lean body
mass and/or plasma volume.?*2> Assuming that fat mass decreases with exercise training,
training may still not lead to weight loss 2* 2 Therefore, we hypothesize that the relation
between changes in body weight and changes in VAT differs between caloric restriction and

exercise interventions.

METHODS
Data sources and searches
The systematic literature search and documentation of literature was performed with the use

of the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
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statement .2’ Databases systematically searched were Pubmed, Cochrane, Web of Science
and Embase. The following search strategy was used, with adaption for each database:
(("Energy Intake"OR"Diet Therapy"OR"(calori*AND restrict*)"OR(low AND
calori*)OR"dietary intervention*"OR"diet intervention*)"AND
("Overweight"OR"obes*")AND("Abdominal Fat"OR("Adipose Tissue"AND("intra-
abdom"*ORintraabdom*ORabdom*ORvisceral*))OR"Body Composition"OR"abdominal
adipos*ORuvisceral adipos*ORintra-abdominal fat"OR"abdominal fat"OR"total body
fat"OR"adipose tissue distribution))OR(("Overweight"OR"obes*")AND(""Motor
Activity”OR"Exercise"OR"Running"OR"Swimming"OR"Walking"OR"Warm-Up
Exercise"OR"Exercise Therapy"OR"Motion Therapy, Continuous Passive"OR"Sports”OR
"Athletic Performance”OR"Bicycling"OR"Physical Exertion"OR"running"
OR"bicycling"OR"cycling"OR"walking"OR"swimming"OR"training"OR"physical
activity"OR"exercis*"OR"cardio-training")AND("Abdominal Fat"OR("Adipose Tissue"
AND (intra-abdom*OR"intraabdom*"OR"abdom*"OR"visceral*"))OR"Body Composition"
OR"abdominal adipos"*OR"visceral adipos"*OR"intra-abdominal fat"OR"abdominal
fat"OR"total body fat"OR"adipose tissue distribution")). Randomized Controlled Trials
(RCTs), Non-randomized Controlled Trials (non-RCTs) OR Clinical Trials (CT) published in
English, German and Dutch were included from January 1th, 1987 to May 5th, 2014.
Reference lists of included articles were manually checked by RV for possible eligible studies
that were missed during the literature search (Figure 1). This represents a valid and frequently

used method to further increase the number of potentially eligible studies.

Study selection
To standardize the selection procedure by two independent reviewers, investigators received

the local review protocol previous to the selection of studies,. After the elimination of



Verheqggen et al.

duplicates, one investigator (RV) screened study titles for eligibility with use of the in- and
exclusion criteria in the review protocol, which are listed below. Two reviewers (RV, MM)
independently screened the abstracts of the remaining studies. 389 studies were assessed in
full text (Figure 1). Inter-reviewer disagreements were resolved through consensus or by
consulting a third reviewer (MH). When study characteristics or viable information was
missing, an attempt was made to request missing information from the authors by email (n=6
studies; authors of n=2 studies provided requested information). Studies were included when
the mean age at entry was >18 years and mean BMI was >25 kg/m2. Studies of HIV-infected
individuals were excluded because of the interference of anti-retroviral drugs with abdominal
adipose tissue.'® Because spinal cord injuries associated with changes in body composition,
studies conducted in spinal cord injured individuals were also excluded.?® Studies with one or
more arms assigned to an aerobic exercise intervention or a hypocaloric diet were eligible for
inclusion. For the first aim, Clinical Trials and Randomized Controlled Trials (RCTs) with
one arm assigned to exercise or caloric restriction were selected. Furthermore, in order to
directly compare duration- and energy deficit- matched exercise training with caloric
restriction, RCT’s with an exercise- and a diet-arm were included. To identify exercise and
subject characteristics that predict the magnitude of change in VAT using the meta-regression
analysis, clinical trials and RCT’s with one arm assigned to exercise or caloric restriction
were selected. Finally, diet and exercise studies that provided baseline and post-intervention
results for VAT and weight were included for the correlation analysis. Exercise training was
defined as a program including voluntary aerobic exercise at a low to vigorous intensity for at
least two times per week during a minimum period of four weeks and with a minimum
duration of 20 minutes per session. Caloric restriction was defined as a daily reduction in
energy (caloric) intake of at least 10% of the habitual intake (2000 kcal for women, 2500 kcal

for men) during a minimum period of four weeks. Interventions combining exercise and diet
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therapy or adding resistance exercise or bariatric surgery to an intervention arm were
excluded. Studies in which a pharmacological dietary supplement was used were excluded
from our analysis. Studies were eligible when VAT was measured with the use of
Computerized Tomography (CT) or Magnetic Resonance Imaging (MRI). which are both
considered to be the gold standard for the quantitative measurement of VATZ®. Studies that

used another measurement technique were excluded.

Data extraction and Quality assessment

Baseline and post-intervention mean VAT area or volume and standard deviation or standard
error was independently recorded by two authors (RV, MM). When VAT was measured at
multiple sites, the measurement at the 4" and/or 51" lumbar vertebrae was recorded for further
analysis, since this region is most strongly correlated with body adiposity.?® Based on changes
in visceral abdominal fat area or volume, percentage change in VAT for each study was
calculated by one of the authors (RV) for the correlation analysis. Percentage weight loss was
also calculated based on pre- and post-intervention values. Furthermore, publication year,
journal, study design, sample size, age, sex, weight, BMI, and intervention details (duration,
intensity and frequency (exercise studies), caloric deficit (diet studies) were extracted from all
included studies. When results were depicted in figures only (n=14 studies), data were
extracted with the use of GetData Graph Digitizer. A request by email was send to the
authors, when key information was not included in the published manuscript (n=6 studies).
Two out of six authors responded to our repeated email requests, thus the remaining 4 studies

were excluded from further analysis.

The quality of each eligible study was independently assessed by two authors (RV and MM),

with the use of a modified version of The Critical Review Form for Quantitative Studies, from
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Law et al.*®. One item (“contamination was avoided”) was not applicable for the studies
included in this meta-analysis and was therefore removed for analysis. Only studies with a

minimum score of 10 out of 14 items were eligible for inclusion (Figure 1).

Data synthesis and analysis

To account for potential heterogeneity between studies, a random-effects model (specified a
priori) was used to determine the overall effect size of the intervention (exercise training or
hypocaloric diet) on VAT. Effect sizes for RCTs and clinical trials were calculated as the
standardized mean difference (SMD) with corresponding 95%-Cl. A correlation of 0.5
between the outcomes measured in each study arm (i.e. exercise, diet, or control) was
assumed. When a study contained multiple study arms, all were included in the statistical
analysis, whereby the different intervention groups were individually compared against the
control group. Analyses to assess the following comparisons: (1) diet versus control; (2)
exercise versus control; (3) diet versus exercise were performed. The Cochrane’s Q statistic
and 12 were calculated to assess the degree of heterogeneity across studies. Publication bias
was assessed using visual analysis of the funnel plot asymmetry using the ‘trim and fill” and
the ‘Classic fail ‘n safe’ algorithms. All calculations and plots were performed in CMA-2

(Comprehensive Meta-Analysis 2nd version, Biostat, Englewood, NJ, USA).

Meta-regression analysis

To assess the effects of subject and intervention characteristics on VAT loss, random-effects
meta-regression analysis with SMD as dependent variable was calculated. The weighted
inverse variance (with correction for total n) was used as weight factor. For the purpose of
meta-regression analysis, the aerobic exercise arms (n=86) were separated from the

hypocaloric diet arms (n=87). In both study types, duration of the exercise training or diet
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intervention (weeks), measurement technique (CT or MRI), body weight at baseline, age and
sex were defined as a covariate. Duration was assessed as a categorical variable (duration <16
weeks versus duration of >16 weeks). In the exercise studies, intensity of the intervention was
examined as a covariate. Intensity was categorized in ‘vigourous intensity’ (i.e. largely
performed at 70% of maximal heart rate (maxHR) or >55% of maximal oxygen uptake
(VO2max) or 60-80% of the heart rate reserve (HRR)), ‘moderate intensity’ (60-70% of
maxHR, 45-55% of VO2max or at the lactate threshold), and ‘low intensity’ (<60% of
HRmax or <45% of VO2max) based on previous work.'® This categorization is somewhat
different from the often used and more practical categories based on METs as proposed in the
ACSM and AHA guidelines.®> 2 However, only two studies included in our meta-analysis
provided data on METs. Since translating percentages of maximum heart rate, heart rate
reserve and VO2max into METs proves difficult with the use of average data on group level,
we adopted the aforementioned strategy to divide studies based on intensity. In hypocaloric
diet studies, “intensity” was divided in ‘very low calorie diets’ (VLCDs; reduction to maximal
800 kcal/day) and ‘low calorie diets (LCDs; caloric restriction to 800-2000 kcal/day). Lastly,

frequency (times spent in training per week) was added as covariate in exercise studies.

Correlation analysis

To examine correlations between weight loss and VAT improvement a Pearson correlation
coefficient was calculated. The formula of the corresponding trend line was retrieved with the
use of linear regression. Meta-regression analyses and correlation analysis were conducted

with use of SPSS version 20.0.

RESULTS

Selection of studies for the meta-analysis
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The original search resulted in 15,964 studies. Eleven more studies were found from the
reference lists of the included full text papers. After removal of duplicates and elimination of
papers based on the eligibility criteria and quality assessment, 50 aerobic exercise studies and
59 hypocaloric diet studies were included (Figure 1). For the analysis of a direct comparison
between caloric restriction and exercise training, 8 studies were included. (Table 1) One
study, which directly compared exercise training with caloric restriction was excluded as
duration and energy deficit did not match between the two intervention arms. This study was

included for the separate analysis of diet or exercise training only.

Cohort characteristics

A total number of 4,815 individuals (2,404 in the exercise studies, 2,411 in the hypocaloric
diet studies) participated in the interventions. (Table 1) In the 8 RCT’s that directly compared
exercise training and caloric restriction, a total of 400 individuals were included (200 in the
exercise arm, 200 in the diet arm). (Table 2) 28 studies exclusively included male subjects,
whereas in 39 studies females were exclusively included. 55 studies included both sexes.
Some studies recruited specific populations, which included older (aged 50-80 years)
individuals (n=4); patients with type 2 diabetes (n=11), impaired glucose tolerance (n=3) and

metabolic syndrome (n=3). (Table 1)

Meta-analysis

The SMD of change in VAT after exercise training was -0.47 (95%ClI -0.56 to -0.39,
P<0.0001). (Figure S1) Heterogeneity analysis showed significant heterogeneity (Cochran’s
Q=265.4; 1>=68.0). Through a funnel plot of standard error by Hedge’s g and the Trim ‘n Fill
algorithm, publication bias was assessed. With the use of the Classic Fail ‘n Safe approach, it

became clear that there was no significant publication bias since 7427 missing studies would
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be required to achieve a p-value above 0.05. The SMD of change in VAT after caloric
restriction was —0.63 (95%Cl -0.71 to -0.55, P<0.0001) (Figure S2), whilst significant
heterogeneity was present (Cochran’s Q= 236.0; I>= 63.6). In these studies, no publication
bias was present since there would be 4096 studies required to achieve a p-value above 0.05.

Based on the studies that directly compared exercise training and caloric restriction, exercise
training caused a non-significantly larger decrease in VAT (-0.59, 95%CI -1.248 to 0.071;
P=0.08), whilst caloric restriction caused a significantly larger weight loss than exercise
training (SMD 0.308, 95%CI 0.02 to 0.60; P=0.04) (Figure 2). Heterogeneity analysis showed
significant heterogeneity (Cochran’s Q=51.9; 12=86.5). Publication bias was assessed with the
Trim ‘n Fill method and showed no change in SMD when adding trimmed studies, for both

the weight loss as VAT loss data.

Meta-regression analysis

No effect of measurement technique on the SMD was observed for studies that performed
exercise training or diet (data not shown). In the exercise studies, univariate analysis revealed
that the SMD for VAT improvement was significantly influenced by sex (R2=0.11; 95%CI
0.06 — 0.472; P=0.012); duration (R2=0.073; 95%CI -0.449 to -0.055; P=0.013) and frequency
(R2=0.084; 95%CI -0.157 to -0.030; P=0.004). The multivariate regression analysis, which
included the factors that revealed a significant impact in the univariate analysis, identified an
impact of male sex on SMD (R2=0.20; 95%CI 0.066 to 0.467; P=0.01). In hypocaloric diet
studies, univariate analysis showed a significant effect of male sex only (R?=0.09; 95%ClI

0.116 to 0.632; P=0.005).

Correlation analysis
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For exercise studies, a moderate correlation was found between changes in weight versus
changes in VAT after exercise training (R?=0.453, P<0.001), whilst diet-interventions showed
a strong correlation between the change in weight versus change in VAT (R?=0.737, P<0.001)
after caloric restriction. Exercise training showed a somewhat steeper slope compared to diet
(-3.04x versus -2.41x, respectively), and a larger Y-axis intercept (-6.1 versus -1.1,

respectively, Figure 3).

DISCUSSION

The present work is the first meta-analysis to compare the effect of caloric restriction and
aerobic exercise training on visceral adipose tissue (VAT) loss in overweight and obese
individuals. We present the following findings. First, our results confirm that both caloric
restriction and exercise training successfully reduce VAT. Second, in studies that provided a
direct comparison of caloric restriction and exercise training, a hypocaloric diet resulted in
significantly larger weight loss. Interestingly, these studies reveal a different story for VAT.
Exercise training tends to show a larger decrease in VAT compared to caloric restriction. The
distinct effects of both interventions on total body weight and VAT are supported by the
correlation analysis. Only a moderate correlation was found for the exercise training cohort
between changes in weight and VAT. Furthermore, in the absence of weight loss, exercise
training results in a 6.1% decrease in VAT, whilst a hypocaloric diet leads to virtually no
change (1.1%). This suggests that evaluating only total body weight changes could lead to
spurious conclusions when evaluating the efficacy of a lifestyle intervention in overweight
and obese individuals since health benefits occur independent of body weight changes.
Indeed, even in the absence of weight loss after exercise training, health benefits such as a

reduction in VAT are present.
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In line with previous meta-analyses, we found caloric restriction to have a larger effect on
weight loss than exercise training.” ® We extended this finding by a direct comparison of
studies with matched duration and energy deficit in order to more accurately compare the
impact of both interventions. In marked contrast to the superior effect of caloric restriction on
weight loss, no difference in VAT reduction was observed between caloric restriction and
exercise training. In fact, exercise training tended to have a superior effect on VAT reduction
compared to caloric restriction. A possible mechanism underlying these different effects on
weight and VAT could relate to distinct changes in body composition during these lifestyle
interventions. During caloric restriction, both muscle mass and fat mass are lost, resulting in a
marked decline in weight.?* 2 During exercise training, however, lean body mass and
circulating plasma volume increase, whilst fat mass decreases.?" 2> 25 26.33 previous work that
directly measured these factors indeed showed that an increase in lean body mass counteracts
loss of fat mass after 8 weeks of exercise training.3* These opposing effects resulted in the
absence of total body weight loss.3* Appreciating and understanding these effects are
important to acknowledge that exercise training effectively reduces VAT, despite the absence

of a reduction in body weight.

In this meta-analysis, a large number of studies were included. Multivariate meta-regression
analysis on these data showed that male sex is associated with a larger decrease in VAT, in
both exercise and diet interventions. Other subject and intervention characteristics did not
influence the magnitude of VAT loss in the multivariate model. A possible explanation that
underlies the larger effect of lifestyle interventions on VAT in men is that men typically have
larger VAT stores than women. As a result, this makes male participants more likely to lose

VAT than female partcipants.®® However, our meta-regression analysis showed no effect of
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baseline VAT area on the magnitude of VAT decrease. The exact underlying mechanisms

should be subject for future research.

The distinct effects of diet and exercise training on weight and VAT suggest the presence of a
different correlation between changes in body weight and VAT after caloric restriction in
comparison to exercise training. Indeed, whilst a strong correlation between changes in body
weight and VAT was found after caloric restriction, this correlation was only moderate for
exercise training studies. This means that a change in weight after hypocaloric diet predicts a
substantial effect on VAT, whereas changes in weight after exercise training only modestly
predict the change in VAT. Furthermore, the trend lines for these correlations show important
differences. The Y-intercept for the correlation of exercise studies is 6.1%, meaning that the
absence of weight loss after exercise training is still correlated with a significant and
meaningful reduction in VAT of 6.1%. In marked contrast, studies examining the impact of
hypocaloric diet revealed a Y-intercept of only 1.1%, which means that in the absence of
weight loss only 1.1% of VAT is lost. Furthermore, the steepness of the correlation for
exercise training is slightly higher than that observed after hypocaloric diet. Taken together,
these data strongly indicate that a change in weight, which is currently recommended by
international guidelines for the management of obesity, does not necessarily reflect changes in

VAT.

Limitations

The presence of heterogeneity of the included studies may represent a potential limitation
when interpreting the results of this review. However, to correct for this heterogeneity a
random effect approach was selected to perform the meta-analyses, which was specified a

priori. Furthermore, analysis of publication bias with use of the Classic Fail ‘n Safe method
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showed that an unrealistically large number of studies is needed to influence the significant
results obtained in our meta-analyses. Therefore, we are confident that the heterogeneity
observed in the studies included in this analysis does not impact the major conclusions of our
study. Another limitation might be that information about the ethnicity of participants in the
included studies is lacking. Often, this information was not available in the original papers.
However, we included studies that were conducted on all different continents, with exception
for the African continent. We therefore believe that this meta-analysis provides conclusions

applicable for every ethnic group.

Clinical relevance

As treatment for obesity, international guidelines including WHO and ACSM guidelines,
recommend a minimum of 5% loss of body weight loss.* & 2° Although in common clinical
practice a combination of training and hypocaloric diet is often prescribed, it is highly
relevant to understand the separate effects of these interventions. Indeed, our study reveals
that effects on weight loss and VAT loss are different in training and diet interventions. For
example, a 5% reduction in body weight after hypocaloric diet has a different effect on VAT
than a similar reduction in body weight after exercise training. Indeed, 5% loss in body weight
is associated with 21.3% reduction in VAT after exercise training, but only with 13.4%
reduction in VAT after a hypocaloric diet. To reduce VAT by 13.4% after exercise training,
weight loss of only 2.4% is needed. Moreover, the absence of a reduction in body weight after
exercise training may lead physicians to incorrectly conclude that the intervention has failed.
This is in accordance with the ACSM position statement on appropriate physical intervention
strategies for weight loss, which also emphasized that exercise training entails health benefits
in the absence of weight loss.? In fact, it is likely that a clinically relevant VAT reduction (of

6.1%) is present in the absence of weight loss after exercise training, which may lead to
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reductions in cardiovascular risk and improvement in metabolic health. Therefore, it seems

incorrect to recommend a 5% weight loss for all lifestyle interventions.

In conclusion, our systematic review and meta-analysis provide evidence that exercise
training, despite smaller effects on reducing body weight, tends to have superior effects on
reducing visceral adipose tissue compared to diet interventions in overweight and obese
subjects. This suggests that changes in body weight represent a poor marker for adaptation in
visceral adipose tissue, especially when performing exercise training. Our data therefore
strongly indicate that, in clinical practice, caution should be taken when interpreting (lack in)
changes of body weight after exercise training interventions. Incorrect conclusions can
potentially lead to recommendations or suggestions that the exercise intervention was
unsuccessful, despite the presence of a marked effect on body composition. Setting the correct

targets for evaluating the health benefits of lifestyle interventions is therefore recommended.
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Supporting Information:
Figure S1. Forest plot of the effect size (SMD) of exercise training on VAT loss. The effect
size (SMD) and 95% CI for individual studies and the pooled estimate (assessed with the use

of Random Effects Model) are depicted.

Figure S2. Forest plot of the effect size (SMD) of hypocaloric diet on VAT loss. The effect
size (SMD) and 95% CI for individual studies and the pooled estimate (assessed with the use

of Random Effects Model) are depicted.
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FIGURE LEGENDS

FIGURE 1. PRISM Flowchart of outcomes of search strategy

FIGURE 2. Forest plot of the effect size (SMD) of (A) exercise training versus caloric
restriction on weight loss and (B) exercise training versus caloric restriction on VAT loss. The
effect size (SMD) and 95%CI for individual studies and the pooled estimate (assessed with

the use of Random Effects Model) are depicted.

FIGURE 3. Correlation between % VAT improvement and %weight loss for exercise studies
(R2=0.4531, P<0.001; trendline: y = -3.03x — 6.1), and caloric restriction studies (R2=0.737,

P<0.001; trendline: y = -2.46x - 1.1).
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Table 1 Overview of the characteristics of the included Exercise training (n=50) and Hypocaloric diet (n=59) studies.

Exercise Training Studies

Reference | Groups N (M/F) Age (years) | BMI Intensity Frequency/ Dura- Assess- Results VAT Weight (kg)
(kg/m?) duration per tion ment (pre / post) (pre/post)
session (weeks) | VAT
Baria et Centre-based 10 (10/0) 521+11.4 30.8+5.1 Personal ventilatory | 3x/week / 12 CT L4-L5 |113.1+24.1/ 86.2+19.4/
al 3¢ exercise treshold 30-60min (mm) 106.6 + 22.8 86,1 + 20.7
Home-based 8 (8/0) 50.8+ 7.7 30.9+3.9 115.2+20.5/ 909+124/
exercise 107.4+17.0 89.3+11.9
Control 10 (10/0) 53.4+9.6 29.£1.9 92.1+259/ 84.8+7.8/
97.0 + 23.9 +1.5kg
Boudou et | Exercise 8 (8/0) 429+5.2 28.3+3.9 75% of VO2peak & | 2x/week / 45 8 MRI L4- 153.25+ 38.55/ 86.90 + 13.4/
al.¥ 5 x 2 min 85% of min & 1x/week L5 (cm?) | 84.20+21.30 85.00 +13.8
VO2peak /19 min
Control 8 (8/0) 47.9+8.35 30.8515.2 alternated by 3x 156.85+23.40 / 85+ 13.75/
50% of VO2peak 150.35+23.3 88.75 + 1.30
Cho et Low-intensity 15 (0/15) 42.4+7.6 25.6+ 1.7 | 40-50% of VO2max | 3/week ( 12 CT L4-L5 | 99+41/ 64.4+6.0/
al.z8 exercise 70-75% of VO2max | duration (cm?) 79+ 40 62.3+5.5
High-intensity 15 (0/15) 456 £ 4.6 251+20 depending on 90 £ 26/ 63.2+6.4/
exercise energy 83+ 30 60.4+6.4
Control 15 (0/15) 49.2 +8.7 26.1+27 expenditure) 106 £ 33/ 63.0+7.8/
103 +28 64.5+7.0
Cuff et Aerobic exercise | 9 (0/9) 59.4+1.9 325+1.4 60-75% maxHR 3x Iweek / 75 16 CT L4-L5 | 215.7 (25.8) / 81.2+3.8/
al.® min (cm2) -8.8 (5.4) -1.2 (0.7)
Control 9 (0/9) 60.0 £ 2.9 36.7+£2.0 225.8 (8.9) / 95.6 £6.5/
-0.4(12.0 +2.0 (1.2)
Davidson | Aerobic exercise | 37 (17/20) 68.846.0(m) | 29.9+3.0 60-75% of 7x/week / 30 26 MRI (kg) -11.0 (1.9)% NR/-2.7
et al.4 69.1+6.5 (f) 29.2+3.7 | VO2peak min (3.1)%
Control 28 (11/17) 67.4+3.8(m) 30.5+2.0 -0.7 (2.5)% NR/-0.1
66.7 +3.7() | 30.4+3.2 (0.7)%
Dekker et | Obese with T2D | 8 (8/0) 51.0 ( 3.0) 29.9 (1.2) 60% VO2max 5x/week / 60 12 MRI L4- 3.8(0.3)/3.1(0.4) | 93.5(2.9)/
al.4 min L5 (kg) 93.9 (3.2)
Obese 8 (8/0) 47.1 (3.1) 32.4 (0.6) 4.0(0.4)/3.4(0.4) | 97.6 (3.4)/
97.2 (0.6)
Despres et | Aerobic exercise | 13 (0/13) 38.8+5.3 345+43 55% of VO2max 4-5x/week / 12 CT L4-L5 | 124.7+48.6/ 90.0+11.8/
al.*? 90 min (cm?) 121.3+45.5 86.3+9.6
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Reference | Groups N (M/F) Age (years) | BMI Intensity Frequency/ Dura- Assess- Results VAT Weight (kg)
(kg/m?) duration per tion ment (pre / post) (pre/post)
session (weeks) | VAT
Dipietro et | Aerobic exercise | 9 (2/7) 72 (1) 27.5(2.7) 55% of maxHR Ax/week / 17 CT L4-L5 | 116 (31) /106 (24) | 65 (5)/ 64(4)
al.®® during 1 month 40-60min (cm?)
75% during 3
months
Control 7 (1/6) 73 (1) 26.8 (1.5) 136(28) /118 (27) | 69 (4) / 69(4)
Donges et | Aerobic exercise | 13 (13/0) 45.4 (1.7) 32.0(1.3) 75% of age- 3x/week / 12 CT L4 1371 (113)/ 103.1 (4.6) /
al.* predicted maxHR 40-50min (cm2) 1222 (100) -1.9 (0.7)%
during first 4
Control 8 (8/0) 49.5 (2.6) 29.6 (2.1) weeks, thereafter 1383 (164) / 92.2(6.9)/
80% of maxHR 1349 (145) + 0.1(0.6)%
Donges et | Aerobic 41 (16/25) NR 30.0+55 70-75% of max HR | 3x/week / 10 DEXA 149+ 055/ 84.8+ 186/
al.® 30-50min (kg) 1.38+ 0.58 -0.8+1.9
Control 26 (13/13) 283+4.1 1.44+0.43/ 83.2+134/
1.44 + 0.45 +0.6 + 1.3kg
Donnelly Exercise Group | 16 (16/0) 22 +4 29.7+2.9 60% of HRR with a | 5x/week / 65 CT L4-L5 | 97.9+225/ 94.0+12.6/
et al.* men gradual increase to | 20-45min (cm2) 75.5+18.3 88.8+9.5
Control Group 15 (15/0) 24 + 4 29.0+ 3.0 75% at 6 months 91.7 +29.7 / 94.1+11.4/
men 85.4 £ 39.7 93.16 £ 11.6
Exercise group 25 (25/0) 24+5 28.7+3.2 60.6 £ 25.5/ 77.0+£11.4/
women 57.4+£28.4 77.6+£12.8
Control group 18 (18/0) 21+4 29.3+23 62.9+21.8/ 79.9+8.1/
women 66.0 + 13.9 82.8 £9.2
Friedenrei | Aerobic exercise | 160 (0/160) | 61.2+5.4 29.14.5 70-80% of maxHR 3.6x/week / 52 CT 101.4+55.4/ 75.6 +13.0/
ch et al.#’ 160 (0/160) 45min umbilicus | -16.5 -2.3
Control 60.615.7 29.3+4.3 (cm?) 103.2+56/ 76.3+12.7/
-1.6 -0.5
Gan et Aerobic exercise | 18 (0/18) 37.4 (1.3) 30.9 (0.7) 55-70% VO2max 4-5x/week / 9.7 MRI 2.23(0.12)/2.11 |94.1(2.0)/
al.*® 40min L4-L5 (I) (0.12) 92.8 (2.0)
Giannopo | Aerobic exercise | 11 (0/11) 57 (entire 35.9(2.2) 70% HRR 3x/week / 12 MRI (cm3) | 5204 (598) / 929 (6) /
ulou et study) 60-75min 4675 (550) 91.2 (5.6)
al.®
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Reference | Groups N (M/F) Age (years) | BMI Intensity Frequency/ Dura- Assess- Results VAT Weight (kg)
(kg/m?) duration per tion ment (pre / post) (pre/post)
session (weeks) | VAT
Halverstad | Aerobic exercise | 83 (34/49) 57.9+0.6 36.0+1.1 50% of VO2max 3x/week / 24 CT (cm?) | 127.8 (4.5)/ 80.6+1.6/
t et al.>° (% body with a gradual 20-40min and -14.4 (2.4) -1.1 (0.3)
fat) increase to 70% of | addition of one
VO2max (for at extra low
least 14 w) intensity
exercise
session
Haus et Aerobic exercise | 16 (5/11) 65+1 331 60-65% max HR 5x/week / 50- 12 CT (cm?) |1824+215/ 95.7+4.1/
al.®t with a gradual 60min 134.5+15.9 91.9+3.8
increase to 80-85%
week 4
Heydari et | Aerobic exercise | 25 (25/0) 24.7+4.38 284+05 80-90% of max HR | 3x/week / 12 CT L4/L5 | 62.6 (6.2)/ 87.8+2.7/
al.5? during 8 sec sprint, [ 20min (9) 51.8 (5.1) 86.3+2.7
whereafter 12 sec
recovery
Control 21 (21/0) 25.1+3.9 29+0.9 69.7 (9.7) / 89+29/
67.3 (8.4) 89.4 (3.1)
Hutchison | Obese 8 (0/8) NR 36.9 (2.1) 75-85% of maxHR | 3x/week / 60 12 CT L4-L5 | 135.1 (15.7)/ 99.4 (5.4)/
et al.5® ORHIIT: 6-8 x5 min (cm?) 132.7 (18.1) 96.9 (4.5)
minutes at 95- (alternating
PCOS 14 (0/14) 100% of maxHR — | between HIIT 119.5 (16.1) / 96.9 (4.8) /
1-2 min recovery and 107.6 (15.1) 95.3 (4.8)
continuous)
Irving et Low-intensity 11 (0/11) 51+ 9 (entire | 34.7+7.5 At lactate threshold | 5x/week / 16 CT L4/L5 | 153 +51/ 97.2+22/
al.> exercise group) Midway between duration (cm?) 146 = 49 95.1+19.3
34.7+6.8 lactate threshold depended on
High-intensity 9 (0/9) and VO2max (3 energy 173+ 73/ 93.5+18.3/
exercise days) ; lactate expenditure 148 + 59 90.0 + 15.6
threshold (2 days)
Controls 7 (0/7) 32.7+3.8 157+ 71/ 89.6+11.2/
155+ 71 88.7 + 10.6
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Reference | Groups N (M/F) Age (years) | BMI Intensity Frequency/ Dura- Assess- Results VAT Weight (kg)
(kg/m?) duration per tion ment (pre / post) (pre/post)
session (weeks) | VAT
Irwin et Exercise 87 (0/87) 60.7 £ 6.7 304 +4.1 Start 40% of 5x/week / 52 CT L4-L5 | 147.6 (134.3-161) | 81.4+14.1/
al.s® maxHR with a 45min (g/cm2) /-8.5 -1.3%
gradual increase to
Control 86 (0/86) 60.6 + 6.8 30.5 3.7 60-75% by week8 147.6 (135.4- 81.7+12.1/
159.8) / +0.1 0.1%
Janssen Aerobic exercise | 84 (84/0) Not depicted | 27.0+4.8 75% of VO2max 3x/week / 50 20 CTL4-L5 | 775+£5.1/ 83.9+16.3/
et al.%® in black men for entire min (cm?) 71.9+522 -05+24
Aerobic exercise | 255 (255/0) | groups 26.7+4.9 109.5 +63.6/ 84.3+16.3/
in white men 102.4 £ 61.2 -0.3+x2.1
Aerobic exercise | 160 (0/160) 28.2+6.1 69.1+40.8/ 73.8+16.3/
in black women 65.4 + 37.9 -04+3.0
Aerobic exercise | 243 (0/243) 249+438 754527/ 67.0+13.6/
in white women 72.2+49.1 -0.1+2.1
Johnson Aerobic exercise | 12 (N.R.) 49.1 (2.3) 32.2 (0.8) Week 1: 50% of 3x/week / 4 MRI L4- 154.3 (18.3) / 94.4 (3.8) /
et al.>’ VO2p Week 2: 60% | 30-45 min L5 (cm?) 143.6 (18.7) 94.1 (4.0)
Stretching 7 (N.R.) 47.3 (3.6) 31.1(1.2) VO2p (interval:15 154.3 (21.2) / 98.8 (6.0) /
control Week 3 and 4: 70% | min training, 5 158.6 (23.9) 98.6 (6.3)
VO2p min rest)
Jung et Moderate 8 (0/8) 56.8+£8.2 255+15 Goal: intensity at 5x/week / 12 CT L4-L5 | 15784.6+4662.7/ | 63.7£5.0/
al.s® intensity 3.5-5.2 METs 60min (cm?) 13262.5 + 3217.8 | -2.9% * 2.5%
Vigorous 8 (0/8) 48.4+6.1 259+1.6 Goal: intensity at > | (moderate 13726.6+3011.8/ | 62.9+ 4.4/
intensity 5.3 METs intensity) vs. 12447.4 £ 2252.6 | -2.5% + 2.3%
Control 12 (0/12) 555+7.6 27.7+34 30min 17790.245621.7/ | 67.3+9.8/
(vigourous 17372.7 £5235.7 | -1.5% = 1.6%
intensity)
Karstoft et | Continuous 12 (8/4) 60.8 +2.2 299+1.6 >55% of peak 5x/week / 17 MR, 45+0.3/ 88.2+4.7/
al.%® walking group energy expenditure | 60min below 42+0.4 87.5+4.8
Walking at 70% of diaphrag
Interval walking | 12 (7/5) 575+2.4 29.0+1.3 peak energy m (I) 4.7+0.8/ 84.9+49/
group expenditure for 3 4.2 +£0.7 80.7+4.1
minutes, alternated
Control group 8 (5/3) 57.1+3.0 29.7+19 with 3 minutes of 4704/ 885+4.7/
slow walking 4604 89.2+5.2
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Reference | Groups N (M/F) Age (years) | BMI Intensity Frequency/ Dura- Assess- Results VAT Weight (kg)
(kg/m?) duration per tion ment (pre / post) (pre/post)
session (weeks) | VAT
Kim et Aerobic exercise | 24 (24/0) 49.4 £ 9.6 30.7+3.3 Gradual increase of | 3x/week / 12 CT L4-L5 | 197.1+61.9/ 87.7+11.2/
al.e° 50-60% of maxHR | 60min (cm2) 165.7 £ 57.0 -4.2%
to 60-70%
Ku et al.5* | Aerobic exercise | 15 (0/15) 55.7+7.0 27124 40-50% of maximal | 5x/week / 12 CT (9) 15890 * 4593/ 66.3+6.0/
exercise capacity 60min 15038 + 3369 -19+1.2
Control 16 (0/16) 57.8+8.1 274+28 17530 £ 4747/ 67675/
17362 + 4728 -0.6 +0.7
Kwon et Aerobic exercise | 13 (0/13) 555+7.5 27.0£25 Anaerobic 5x/week / 12 CT L4-L5 | 16291.5+4808/ 66.3+£6.5/
al.®? threshold 60min 14682.7+3494 NR
Control 14 (0/14) 575+ 8.6 275+3.0 17204.5+4674/ 68.0+ 7.9/
17216.3+4560 NR
Lee et al.%® | Obese 8 (8/0) 47.1+8.1 324+16 | ~60% of VO2peak | Sx/week / 13 MRI5cm [ 9.2+1.2/ 97.6+8.9/
60min below to 83zx1.1 97.2+8.9
15cm
T2D 9 (9/0) 51.0+8.0 29.9+3.2 above L4- | 75+1.3/ 935+7.6/
L5 (kg) 6.7+1.5 93.9+8.5
Liao et Aerobic exercise | 32 (9/23) 55.8 (1.8) 25.6 (0.8) 50% of HRR, with a | 3x/week / 26 CT (cm?) | 86.3(8.1)/ 66.1 (2.9) /
al.t gradual increase to | 60min -16.1 -2.7 (0.4)
Stretching 32 (17/15) | 52.2(1.8) 26.6 (0.8 70% 112.3 (9.9) / 69.7 (2.6) /
control group -14.5 -0.9 (0.3)
Malin et Aerobic exercise | 35 (16/19) 66.8+£0.8 35.1+0.7 60-65% of maxHR 5x/week / 12 CT (cm?3) 151.4 (14)/ 99.0+24/
al.%s first four weeks, 50-60min -30.6 -8.1+0.7
thereafter increase
to 80-85%
Malin et Impaired fasting | 12 (8/4) 65.1 + 0.6 33.8+1.0 60-65% of maxHR | 5x/week / 12 CT (cm?) | 139.9+16.8/ 100/ 89.9
al.es glucose (entire group) first four weeks, 50-60min 86.6 + 14.4
Impaired 9 (4/5) 32.7+1.1 thereafter increase 2159+ 76.6/ 94.5/87.3
glucose to 80-85% 140.9 £ 45.2
tolerance
Combined 22 (7/15) 35.6+1.0 187.7 £19.1/ 96.9 /90.1
glucose 172.2 £19.9
intolerance
Normal glucose | 15 (4/11) 32.3+1.2 137.4+23.9/ 90.1/84.5
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tolerant 90.5+21.2
Type 2 diabetes | 18 (7/11) 34.1+1.3 139.9 £ 23.7 / 94/90.4
109.0 £ 18.1
Reference | Groups N (M/F) Age (years) | BMI Intensity Frequency/ Dura- Assess- Results VAT Weight (kg)
(kg/m?) duration per tion ment (pre / post) (pre/post)
session (weeks) | VAT
McKenzie | Males, GG 29 (29/0) 58+1 28.7+0.7 50-70% of HRR 3-4x/week / 24 CT (cm?) | 150 (129-175)/ - | 91.1+2.7/
et al.®’ genotype 20-40min 20.1 (5.6) -1.3
Males, GT + TT | 21 (21/0) 61+1 27.3+0.8 131 (110-156) /- | 86.7 3.1/
genotype 29.9 (9.2) -2.3
Females, GG 38 (0/38) 57+1 27.7+0.7 110 (100-121)/- | 73.8+2.0/
genotype 7.9 (3.1) -0.4
Females, GT + 20 (0/20) 58+1 27.9+1.0 111 (97-127) / 76.0+2.8/
TT genotype -0.2 (5.6) -1.1
McTiernan | Women, aerobic | 49 (0/49) 544+7.1 28.9+55 60-85% of maxHR | 6x/week / 52 CT L4-L5 | 105.9+60.8/ 78 +17.8/
et al.®8 exercise 60min (cm?) 100.1 + 58.8 -1.4+-1.8%
Women, 51 (0/51) 53.7+£5.6 285+45 102.6 £55.8/ 779+128/
controls 104.2 £ 59.6 +0.7 £ 0.9%
Men, exercisers | 51 (51/0) 56.2 +6.7 29.7+3.7 161.8 £ 66.3/ 948+ 149/
149.6 £ 76.6 -1.8+-1.9%
Men, controls 51 (51/0) 56.6 + 7.6 30.1+4.8 176.7 £79.1/ 97.4+182/
170.5+73.3 +0.7 £ 0.9%
Miyatake Aerobic exercise | 25 (25/0) NR 285+23 60% of maximum 1x/week 52 CT (cm?) | 109.8 £57.2/ 81.3x7.9/
et al.%® HR and walking of | supervised 82.7+42.6 781+7.4
an extra 1000 and daily
steps/day walking /
duration NR
Moghades | Aerobic exercise | 8 (8/0) NR 303+21 Walking 2 miles on | 4x/week / 12 MRI L4- 651.1+31.8/ 86.1+4.6/
i etal 40-59% VO2max 30min L5 (cm?3) 602.2 £ 13.7 84.1+43
Control 8 (8/0) 32.0+5.3 688.4+106.2/ 90.4 +13.9/
692.2 + 108.8 90.6 + 14.1
O’Leary et | Aerobic exercise | 16 (5/11) 63 (1) 33.2(1.4) Start at 60-65% of | 5x/week / 12 CT L4- 175.6 (20.2) / 94.1 (4.3) /
al.” maxHR with a 50-60min L5(cm?) 136.2 (16.9) 90.9 (4.0)
gradual increase to
80-85%
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Reference | Groups N (M/F) Age (years) | BMI Intensity Frequency/ Dura- Assess- Results VAT Weight (kg)
(kg/m?) duration per tion ment (pre / post) (pre/post)
session (weeks) | VAT
Park et Aerobic exercise | 10 (0/10) 422 +£1.91 25.3+1.74 | 60-70% of maxHR | 6x/week / 24 CT 195.0 + 12.55/ 63.7 £ 2.58 /
al.” 60min umbilicus | 112.4+10.50 - 4.7 kg
Control 10 (0/10) 43.1 + 1.67 25.5+0.86 182.9+16.81/ 65.2 £ 1.87/
190.4+15.74 +0.6kg
Prior et Aerobic exercise | 34 (34/0) 62+1 28.9+0.7 50-70% of VO2max | 3x/week / 26 CT L4-L5 | 154 (13)/138.3 91.4+24/
al.” 20-45min (cm?) -1.6%
Pritchard Aerobic exercise | 14 (14/0) 21.0+0.8 26.2+55 50-55% of VO2max | 7x/week / 13 CT L4-L5 | 80.8+19.0/52.1 |82.1+19.9/
et al.” 57min (cm?) +22.4 77.1£19.0
Redman et | Aerobic exercise | 8 (0/8) 25+1 32016 55% of VO2max 5x/week / 16 MRI (kg) 1.3(0.9-1.9) / 84.6+5.8
al.™ 23min week 1- 1.2 (0.7-1.7) -1+ 2%
4; gradual
increase to
58min week
12-16
Reichkend | Moderate dose 18 (18/0) 302 28.6+0.4 VO2max > 70% 3x/week / 11 MRI L4- 22+0.8kg/ 93.2+1.9/
ler et al.”® | aerobic exercise VO2max 50-70% duration L5 (kg) 1.9+ 0.6 kg 89.6 +2.0
High dose 18 (18/0) 28+ 1 27.6+£0.3 depended on 20+0.7kg/ 91.3+£1.7/
aerobic exercise EE 1.6 + 0.4 kg 88.8+1.6
Control 17 (17/0) 31+1 28.0+ 0.6 dxlweek / 2.0 £ 0.6kg / 92.8+2.1/
duration 2.1+0.6 kg 929+21
depended on
EE
Sasai et Moderate intra- | 33 (33/0) 52.9+10.6 29.2+3.1 Anaerobic treshold | 3x/week / 12 CT (cm?) 149.7£35.4/ 80.9+10.1/
al.”” abdominal fat 90min 134.6 £43.1 -23+22
High intra- 24 (24/0) 53.5+95 30.3+3.1 242.4+34.4] 88.8+11.3/
abdominal fat 199.1 + 39.7 -3.2+3.0
Sasai et Low volume 19 (19/0) 49.7 + 8.2 31.0+4.1 65-80% of maxHR | 3x/week / 12 CT (cm?) | 188.1+53.9/ 89.8+ 134/
al.’ exercise 30-60min 170.3 + 46.6 -27+3.1
High volume 18 (18/0) 454 + 8.6 29.3+2.0 167.9 +44.3/ 85.7+£9.6/
exercise 137.9 + 40.6 -3.4+ 2.6
Schwartz Young men 13 (13/0) 28.2+24 26.0+ 35 50-60% of HRR 5x/week / 27 CT (cm?) | 66.3+37.1/ 85.1+15.0/
etal.” with a gradual 45min 54.8 + 33.6 84.6 + 13.4
Older men 15 (15/0) 67.5+5.8 26.2+2.7 increase to 85% 1445+49.4/ 79.6+7.9/
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109.0 £ 44.9 77.1+7.8
Reference | Groups N (M/F) Age (years) | BMI Intensity Frequency/ Dura- Assess- Results VAT Weight (kg)
(kg/m?) duration per tion ment (pre / post) (pre/post)
session (weeks) | VAT
Shojaee- Aerobic exercise | 10 (10/0) 47 £ 3 27.6 £ 0.6 60-85% of VO2max | 3x/week / 6 CT L4-L5 | 169.8 +13.1/ 87.4+28/
Moradie et >20min (cm?) 139.2 £ 10.0 87.6 £2.6
al & Control 7 (7/0) 55+ 4 27.6+0.9 197.0+£25.6/ 84.1+25/
181.4 £ 26.7 83.3+24
Sigal et Aerobic training | 60 (39/21) 53.9+6.6 35.6 + 10.1 | 60-75% of max HR [ 3x/week /15- 22 CT L4-L5 | 257161/ 103.5+£31.0
al.8t group 45min (cm?) 244 + 161 /100.9 £ 30.2
Control 63 (41/22) 548+7.2 35.0+95 252 + 147/ 101.3+£28.6
250 £+ 147 /101.0 £ 27.8
Slentz et Low Amount, 40 (22/18) 54.0+5.5 29.8+3.2 40-55% of VO2max | Duration and 34-39 CT at L4 17372/ 88.0£ 16.3/
al.® moderate in order to reach frequency pedicle +1.7 £19.7% -0.7%
intensity walking depended on
19.2km/week set goal for
65-80% of VO2max | distance/intens
Low Amount, 46 (23/23) 53.0+7.0 29.7+3.1 in order to reach ity 154 £ 55/ 85.0+ 134/
vigorous jogging +2.5+21.3% -0.8%
intensity 19.2km/week
65-80% of VO2max
in order to reach
High amount, 42 (23/19) 51.5+5.3 29.1+24 levels of jogging 168 + 64 / 85.7+12.2/
vigorous 32.0km per week -6.9 + 20.8% -2.6%
intensity
Control 47 (23/24) |[52.3+7.7 29.8+3.0 165 + 68 / 86.9+14.2/
+8.6 + 17.2% -1.0%
Solomon Aerobic exercise | 10 (2/7) 67 (2) 34.9 (1.1) ~85% of maximum | 5x/week / 12 CT (cm?) | 106.9 (12.7)/ 97.4 (3.8) /
et al.83 and low heart rate 60min 78.7 (12.1) 89.6 (3.4)
glycemic index
isocaloric diet
Aerobic exercise | 12 (5/7) 64 (1) 34.1(1.1) 117.5 (26.3) / 94.7 (4.4) /
and high 73.0 (18.5) 85.7 (4.1)
glycemic index
isocaloric diet
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Reference | Groups N (M/F) Age (years) | BMI Intensity Frequency/ Dura- Assess- Results VAT Weight (kg)
(kg/m?) duration per tion ment (pre / post) (pre/post)
session (weeks) | VAT
Yassine et | Aerobic exercise | 12 (NR) 64 + 2 35.3+5.8 Initially 60-65 of 5x/week / 12 CT (cm?) | 192.3+104.3 99.7 £ 15.7 /
al .8 maxHR with a 50-60min /158.4 + 87.0 95.9 + 14.6
gradual increase to
80-85%
Yoshimur | High liver fat 13 (5/8) NR 30.2+5.7 Lactate treshold 3/week / 12 CT L4-L5 | 213+63/ 783+17.1/
aetal.® group 60min (cm?) 187 + 66 -3.6%
14 (6/8) 255+3.2 139+59/ 66.0 £ 11.8/
Low liver fat 116 £+ 61 -3.3%
group
Reference | Groups N (M/F) Age (years) | BMI (kg/m?2) | Caloric restriction Duration | Assessment | Results VAT Weight (kg)
(weeks) VAT (pre / post) (pre/post)
Alvarez et | Obese, old 6 (6/0) 60 (2.7) 28.9 (1.1) Reduction of 500-800 13 CT (cm?) 184 (27) / 91.2 (4.2)/
al g Obese, young kcal/day 140 (31) 83.9 (4.0)
6 (10/0) 32.9 (2.3) 30.4 (1.0) 135 (17) / 97.9 (4.3)/
107 (14) 90.2 (3.8)
Banasik et | VLCD 15 (2/13) 39.6+134 36.2+6.3 Restriction to 800 kcal/day 4 CT L4-L5 139.8+82/ 104.1 + 26.8
al.®’ (cm?) 120.8+85.9 /
97.3+26.4
Bosy- LCD 30 (0/30) 31.4+6.0 35.5+4.9 Restriction to 800-1000 14.2 MRI (cm3) 1757 £ 826 / 101.0 + 18.3/
Westphal kcal/day 1530 + 755 91.2+174
et al.®
Brochu et |LCD 71 (0/71) 58.0+ 4.7 322+4.6 Reduction of 500-800 kcal of | 26 CT L4-L5 186 + 56/ 83.6+14.4/
al.® baseline resting metabolic (cm?) -23+30 -51+47
rate (determined by indirect
calorimetry)
Chan et Hypocaloric diet 20 (20/0) 46 + 8 (entire | 35+ 1.0 reduction in energy intake by | 16 MRI (kg) 7.1(0.5)/ 109 (2) /
al.® group) ~33% 5.4 (0.4) 96 (3)
Isocaloric diet 15 (15/0) 31+0.7 6.9 (0.4)/ 105 (3) /
6.7 (0.4) 109 (2)
Colles et VLCD 32 (19/13) 475+ 8.3 473+55 Restriction to 456-680 12 CT and MRI 346.3 +103.3/ | 139.8 + 11.0/
al.%t kcal/day L2-L3 (cm?) 285.1 £89.3 125.0+11.7
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Reference | Groups N (M/F) Age (years) | BMI (kg/m?) | Caloric restriction Duration | Assessment | Results VAT Weight (kg)
(weeks) VAT (pre / post) (pre/post)
Collins et | LCD 30 (3/27) 53 56.0 (1.0) Restriction to 800kcal/day 9 CT (cm?) 388.0 (31.2) / NR
al.%? 342.1 (23)
Conway et | VLCD and LCD in 8 (0/8) 348+7.2 40.0+5.0 During first twelve weeks: 24 CT L4- 105 (25) / NR
al.» black women restriction to 800 kcal/day L5(cm?) 74 (23)
During week 12-24:
VLCD and LCD in 10 (0/10) 38.6+6.3 38.2+8.1 restriction to 1200-1500 160 (70) /
white women kcal/day 105 (63)
Cooper et | LCD (2/143) 475+6.2 44.0 £ 6.6 Restriction to 1200-2100 52 CT (cm?) 186.9+62.9/ | 118.6 + 16.6/
al.% kcal/day -28.7 + 46. -8.8+5.9
Dengo et LCD 36 (15/11) | 61.2(0.8) 30.0 (0.6) Restriction to 1200-1500 12 CT (cm?) 177 (15) / 84.6 (2.6) /
al.%® (combined kcal/day 133 (12) 775 (2.2)
Control groups) 66.1(1.9) 31.8(1.4) 188 (18) / 91.0(4.8)/
186 (17) 90.4 (4.9)
Trussardi | LCD only 18 (6/12) 30.1+5.5 34.7+24 Reduction of 500-1000 11.4 CT L4-L5 136.1+64.0/ |[95.8+13.7/
Flag/eh et kcal/day (cm2) 112.5+54.0 91.5+14.2
al.
Fisher et LCD 29 (0/29) NR 28+1 Restriction to 800 kcal/day 8 CT L4-L5 93+35/ 78+8/
al.%’ (cm?) 58 + 26 66 + 7
Fujioka et | LCD in visceral fat 14 (0/14) 39.6+9.4 34.3+£3.2 Gradual decrease over 8 8 CT () 6.9+3.1/ 83.9+128/
al.® obesity weeks to 800 kcal/day 43+29 719+ 10.4
LCD in 26 (0/26) 37.1+9.9 36.0+5.7 restriction, and rise to ~1100 39+1.7/ 87.6+17.3/
subcutaneous fat kcal/day before discharge 26+1.1 75.3+15.1
obesity
Gasteyger | LCD in women 85 (0/85) Median Median Restriction to 800-1000 8 MRI L4-L5 123 (44-288) / | Only %loss:
et al.®® 43 (21-67) 37.3(314- kcal/day (cm2) -23.7% -6 + 5%
LCD in men 26 (26/0) 41 (20-61) 48.8) 162 (73-265)/ | 0+ 2%
36.6 (33.5— -38.4%
41.9)
Giannopo | LCD 11 (0/11) 57 (no SE) 35.9 (2.2) Reduction of 600 kcal/day 14 MRI (cm3) 4785 (480) / 92.4 (5.9)/
ulou et 4425 (435) 88.8 (5.7)

al.*®
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Reference | Groups N (M/F) Age (years) | BMI (kg/m?) | Caloric restriction Duration | Assessment | Results VAT Weight (kg)
(weeks) VAT (pre / post) (pre/post)
Goss et High glycemic load 29 (14/15) 346+8.1 309+45 8 weeks eucaloric diet 8 CT L4-L5 80.6 £ 48.3 / 94.3+204/
al.10 LCD 8 weeks hypocaloric diet with (cm?) 82.4 £57.9 89.4 £ 20.9
a 1000 kcal-deficit
Low glycemic load 40 (17/23) 35.6 +4.3 324+4.1 89.5+46.3/ 98.4+17.9/
LCD 81.5+494 92.9+18.1
Gray et VLCD 10 (0/10) 37+4 35.1+2.1 Restriction to 650 kcal/day 10 MRI (cm?) 96+36/ 90.6+8.1/
al 101 70 + 26 -10.6 + 3.8
Gu et al.’®2 | VLCD 46 (27/19) NR 32.6 £ 0.6 Restriction to < 800 kcal/diet | 8 MRI L4-L5 113.9 (5.8) / 96.1 (2.7) /
(cm?) 79.8 (3.7) 87.4 (2.5
Haufe et Reduced 52 (8/44) Subgroups: Subgroups: Reduction of ~30% baseline | 26 MRI (kg) 1.8+1.1/ 95.0+15.9/
al 103 carbohydrate LCD 42 + 9 and 32.0+3.3 food (to a minimum of 1200 1.4+0.9 89.5+14.9
45+ 8 and 35.6x4.7 | kcal)
Reduced fat LCD 50 (10/40) 44 + 9 and 31.9+3.9 19+1/ 93.6+17.3/
46+ 9 and 33.9+3 1.5+0.9 89.4+17.0
Ibanez et LCD 12 (0/12) 51.4+55 346+3.4 Reduction of 500 kcal/day 16 MRI (cc) 3340 £ 977 / 88.0+15.2/
al 104 2724 + 1052 82.3+14.0
Control 9 (0/9) 50.2 + 6.8 35.0 £3.6 3175+ 1122/ |88.9+11.4/
3157 £ 1073 88.8 + 10.5
Jang et LCD 177 (NR) 40.0 (1.04) 27.1 (0.22) Reduction of 300 kcal/day 12 CT L4 (cm?) | 88.3(2.81)/ 71.1(0.69) /
al 105 77.8 (2.58) 67.8 (0.58)
Janssen Men, LCD 10 (10/0) 45.6 (2.1) 31.6 (0.9) Reduction of 1000 kcal/day 16 MRI 5 cm 188 (22)/ 98.1 (3.5) /
et al.10® from baseline isocaloric diet below L4-L5 | -58 (10) -12%
Women, LCD 10 (0/10) 39.6 (2.4) 34.5 (1.4) to 15cm 142 (17) / 92.9 (5.0)/
above L4-L5 | 21 () Az
(cm?)
Kanai et LCD 26 (0/26) 50 + 13 33.7+3.1 Restriction to 1200 kcal/day 12 CT umbilicus | 168 + 12/ 81.3+121/
al.1o7 (cm?) 124 + 65 71.9+10.0
Kim et LCD in wild type 224 52.7 (1.31) 25.9 (0.29) Reduction of 300 kcal/day 12 CT L1 (cm?) |[274.1(10.4)/ |69.3(1.17)/
al 108 (144/110) 254.0 (10.6) 65.9 (1.17)
LCD in only UCP3 (entire 52.4 (1.05) 25.8 (0.29) 296.8 (10.5)/ | 69.4 (1.06) /
variant study) 276.7 (9.6) 66.1 (1.04)
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LCD in only B3-AR 55.4 (1.52) 25.9 (0.64) 281.9 (10.5)/ | 67.4(1.69)/
variant 273.2 (9.6) 63.9 (1.68)
LCD in both variants 54.3 (1.65) 25.4 (0.51) 281.0 (10.5) / 70.0 (2.13) /
272.3 (10.5) 66.7 (2.09)
Reference | Groups N (M/F) Age (years) | BMI (kg/m?) | Caloric restriction Duration | Assessment | Results VAT Weight (kg)
(weeks) VAT (pre / post) (pre/post)
Kim et LCD 27 (27/0) 45.8 (1.7) 30.5 (0.7) Average restriction to 1547 12 CT umbilicus | 195.1 (14.2) / | 89.4 (2.4)/
al.10® kcal/day (cm?) 129.4 (10.9) 79.9 (2.7)
Kockx et LCD 50 (25/25) 38.4+55 31.3+45 Reduction of 1000 kcal/day 13 MRI (cm?) 98+31/ 85.9+838/
al 110 66 + 26 74.9+8.9
Laaksone | VLCD 20 (9/11) 46.7 + 8.7 35.8+9.5 Restriction to 800 kcal/day 9 CTL4(cm?) |216+49/ 101.3+12.0
n et al.'** 148 + 31 /
86.4 £ 9.6
Langendo | VLCD in lower body 8 (0/8) 35.0 (1.7) 33.2(1.6) Restriction to 478 kcal/day 17 MRI L4-L5 303 (37)/ 93.4 (5.0)/
nk et al.**2 | obese (cm?) 155 (25) 79.2 (4.7)
VLCD in upper body 38.3(2.9) 33.9(1.1) 583 (77)/ 94.1 (3.0) /
obese 8 (0/8) 359 (47) 79.7 (2.3)
Larson- Control 11 (5/6) 37 (7) 27.8 (2.0) Reduction of -25% from 24 CT L4-L5 29(0.4)/ 81.8 (2.8) /
Meyer et baseline energy (kg) 2.8 (0.4) 81.9 (2.8)
al 113 LCD 12 (6/6) 39 (5) 27.8 (1.4) requirements 3.2(0.5)/ 81.0 (3.3)/
2.3 (0.4) 72.6 (3.1)
Lee et LCD 33 (0/33) 324+85 27.1+23 Restriction to 1200 kcal/day 12 CT L4-L5 79.6 £ 28.3/ 70.2+8.2/
al 14 (cm?) 76.9+29.1 68.2+6.4
Leenen et [ LCD in women 33 (0/33) 395 31.3+22 Reduction of 1000 kcal/day 13 MRI (cm?) 103 £ 35/ 86.9+x7.6/
al.11s -33+21 -12.4+4.3
LCD in men 27 (27/0) 40 + 6 30.7+2.2 155 + 38/ 97.4+8.0/
-61 + 26 -13.5+ 3.5
Maki et LCD with 65 (25/40) |[49.9+11.4 345+3.7 Individual diet with reduction | 24 CT L4-L5 150.4+10.7/ | NR
al 116 diacylglycerol of 500-800 kcal/day (cm?) -38+3
supplements
LCD with 62 (25/38) 48.1+11.2 33.9+3.7 160.6 £ 9.9/
triacylglycerol -17+8
supplements
Murakami | LCD 18 (10/8) 48.2 (1.9) 27.8 (0.5) Restriction to 1000-1500 12 CT (cmz 130.6 (16.1) / 725 (2.2) /
et al.t’ kcal/day (women); 1500- 97.9 (11.4) 66.4

1700 kcal/day (men)

71.5 (2.0) /
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62.9 (1.8)
Reference | Groups N (M/F) Age (years) | BMI (kg/m?) | Caloric restriction Duration | Assessment | Results VAT Weight (kg)
(weeks) VAT (pre / post) (pre/post)
Ng et al.**® | LCD 20 (20/0) NR 35.2 (1.0) Restriction to 1467 kcal/day | 14 MRI (kg) 7.1(0.5)/ 109.3 (2.3) /
5.4 (0.4) 96.0 (2.7)
Nicklas et | LCD 34 (0/100) | 58.4+6.0 33.9+4.0 Reduction of 400 kcal/day 20 CT L4-L5 2369 £ 870/ 91.8+104/
al.11e (cm3) -612 + 338 -11.8+4.1
Okhawara | LCD 9 (9/0) 50.1 £ 12.9 279+23 Restriction to 1680 kcal/day 13 CT umbilicus | 186 £41.9/ 81.1+£56/
et al.1?0 (cm2) 97 +£17.7 69.4+4.4
Okura et LCD in intra- 31 (0/31) NR 294 +32 Restriction to 1130 kcal/day 14 CT L4-L5 148 £ 41/ 71.5+88/
al.t?t abdominal fat obesity (cm?) -37+19 -7.0+24
LCDin 34 (0/34) 27.8+2.0 68 +24/ 67.5+5.9/
subcutaneous fat -23+£17 -7.9+3.6
obesity
Pierce et LCD 26 (15/11) | 49.5(2.5) 29 (1) Individualized diet with pre- 12 CT L4-L5 128 (10) / 85 (3)/ 76(2)
al.t? set weight loss goal (cm2) 84 (7)
Control 14 (9/5) 40.8 (3.3) 31 (1) (minimum calories 1200 150 (19) / 94 (3) / 95(3)
kcal/day) 154 (19)
Purnell et | LCD 21 (21/0) 65 (60-75) 31 (27-37) Restriction to 1200 kcal/day 13 CT umbilicus | 201 £51/ 96 + 11/
al.123 (cm2) 153 + 49 86 £ 11
Purnell et | LCD 13 (5/8) NR 35+4.8 Restriction to 1000 kcal/day 13 CT umbilicus | 146 £ 57/ 99 (no SD) /
al.t> for 3 months, thereafter (cm2) 77 £ 47 82
gradual transition during 2
weeks to a solid diet
Riches et LCD 12 (12/0) NR 34.1 (1.0) Restriction to 1200 kcal/day 14 MRI L3 (cm2) | 322.8 (23.4) / 106.3 (4.1) /
al.1%s 222.1 (22.1) 95.9 (4.0)
Isocaloric diet 14 (14/0) 34.6 (0.7) 309.6 (20.3) / 108.2 (2.4) /
296.7 (15.1) 109.1 (2.6)
Ross et LCD 11 (11/0) 46.8 + 7.6 31.6+2.7 Reduction of 1000 kcal/day 16 MRI (1) 47+1.6/ Only %loss
al.?s -1.5+0.8 -11.5%
Rossi et LCD 24 (13/11) | 46.7+14.3 354+45 Reduction of 500 kcal below | 13-26 MRI L4-L5 1748+94.7/ |98.4+159/
al.126 daily energy expenditure (cm2) 118.9+76.3 89.7+14.8
Ryan et LCD in NGT 29 (0/29) 60 (1) 32.8 (0.9) Reduction of 500 kcal/day 26 CT L4-L5 146.9 (12.6) / 88.3 (2.8) /
al 127 127.1 (11.1) 81.9 (2.9)
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LCDin IGT 17 (0/17) 65 (2) 32.7 (1.2) (cm2 148.7 (11.6)/ | 84.4 (3.7)/
126.5 (9.7) 77.0 (3.3)
Reference | Groups N (M/F) Age (years) | BMI (kg/m?) | Caloric restriction Duration | Assessment | Results VAT Weight (kg)
(weeks) VAT (pre / post) (pre/post)
Ryan et LCD 23 (0/23) 56 (1) Range: 25- Reduction of 250-350 26 CT L4-L5 140.4 (12.1) / 88.8 (3.8) /
al.128 48 kcal/day (cm?) 115.1 (11.5) 83.6 (3.7)
Saiki et LCD 22 (16/6) 53.6+8.4 30.4+53 Restriction to 740 or 970 4 CT L4-L5 233.1+66.5/ |852+17.0
al.t?° kcal/day (cm?) 191.0 £ 67.0 79.0+17.2
Shin et LCD in MAO 106 (0/106) | 39.8 £ 12.2 28.0+£2.6 Reduction of 300 kcal/day 12 CT L4 (cm?) |95.1+34.0/ 71.2+8.3/
al.1%0 23 (0/23) 89.5+ 334 -3.16+4.08%
LCD in MHO 36.4+11.2 27.2+1.94 69.0 £ 18.5/ 70.5+5.1/
63.6 £ 15.5 -2.83+2.74%
Snel et VLCD 14 (8/6) 53 (2) 35.2(1.1) Restriction to 450 kcal/day 16 MRI L5 (ml) 553 (47)/ 107 (4) /
al. 13t 228 (46) 83 (4)
Stallone et | LCD 11 (0/11) 52 (no SD) 37.0+45 3 months restriction 400-800 | 26 CT L4 (cm?) | 148+754/ 94.8 £10.8/
al 132 kcal/day, 2 months refeeding, -52.9 + 38.0 -18.8+ 6.9
1 month 1200-1500 kcal/day
Svendsen | VLCD 10 (0/10) Median NR(minimum | Restriction to 500-600 8 CT umbilicus | 125.9 £ 115.2/ | Only %loss:
et al.133 (range) for each kcal/day (cm?) 109.8 £ 90.3 -11%
34 (28-27) subject: 28)
Tchernof LCD 25 (0/25) 57.2+5.5 35.3+4.0 Restriction to 1200 kcal/day 13.9 CT L4-L5 202 £ 73/ 93.0+ 10.7 /
et al.13* (cm?) 128 + 57 79.5+11.0
Tiikainen Women with high 11 (0/11) 37 (1) 33 (1) Reduction of 600-800 18-19 MRI (cm3) 1665 + 141/ Only %loss:
et al.1%® liver fat kcal/day -383 + 67 -8.4 (0.2)%
Women with low liver | 12 (0/12) 37 (2) 32 (10) 1497 + 167 / -8.3 (0.2)%
fat -441 + 122
Toledo et LCD 7 (3/7) 46.1 (2.0) 33.4(1.2) Reduction of 25% of calorie 19.2 CT L4-L5 207.9 (24.7) / 95.0 (4.3)/
al 136 intake (both groups) (cm?) 172.1 (32) 84.4 (2.7)
Van Dam VLCD in ovalutory 9 (0/9) 30 (2.5) 37.5(1.6) Restriction to 470 kcal/day 8 MRI L4-L5 138 (17)/ NR
et al.*¥’ responders (cm?) 91 (18)
VLCD in ovalutory 6 (0/6) 30 (1.8) 41.9 (3.6) 166 (29) /
non-responders 114 (217)
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Reference | Groups N (M/F) Age (years) | BMI (kg/m?) | Caloric restriction Duration | Assessment | Results VAT Weight (kg)
(weeks) VAT (pre / post) (pre/post)
Van der Obese women 40 (0/40) 39+6 31.3+2.3 Reduction of 1000 kcal/day 13 MRI (cm?) 106 £ 50/ 86.5+8.7/
Kooy et -37+£29 -12.6 £3.9
al.138 Obese men 38 (38/0) 40+ 6 30.7+23 154 +40/ 98.3+7.2/
-61 + 25 -13.3+3.0
Viljanen et | VLCD 16 (4/12) 45 (2.5) 33.3(1.1) Restriction to 550 kcal/day 6 MRI L2/L3 1.6 (0.2) / 95.7 (3.3) /
al.13° (kg) 1.2 (0.1) 84.6 (2.9)
Vissers et | LCD 20 (5/15) 455+ 13.1 329+3.1 Reduction of -600 kcal/day 26 CT L4-L5 134.8+57.3/ | 921+11.1/
al 140 (for all diet groups) (cm?) -26/3 £ 29.2 -6.1+4.6
Control 21 (5/16) 448+ 11.4 30.8+3.4 111.5+47.6/ |88.6+159/
-3.6 +20.5 +0.9+3.4
Wahlroos | VLCD (n=13) 13 (0/13) 45+ 7 Restriction to 450-800 6 MRI L4-L5 22400+11300/ | 118.8 + 16.6/
et al.}#! kcal/day (mm2) 183008700 110.0 £ 17.5
Weinsier LCD in white women | 23 (0/23) 37.0x£5.9 29.0+£15 Restriction to 800 kcal/day 22 CT L4-L5 113.0+39.2/ |79.1+5.0/
et al.1*? (cm?) 67.0 + 23.8 66.0+4.8
LCD in black women | 23 (0/23) 355+5.9 287+18 67.6 £ 18.0/ 78.2+8.9/
41.8+16.9 65.6 +7.7
Zamboni VLCD and LCD 16 (0/16) 38.8+14.1 38.2+6.9 First two weeks restrictionto | 16 CT L4 (cm?) | 167 £80.3/ 104.3 +18.1
et al.143 307 kcal/day (VLCD) 93.3+61.6 88.1+11.6

LCD for a mean duration of
14 weeks with restriction to
1003 kcal/day
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Table 2. Characteristics of included studies (n=8) that directly compared exercise training with hypocaloric diet
Reference | Groups N (M/F) Age BMI Intensity (exercise Frequency/ Duration | Assess Results VAT Results
(years) (kg/m?2) studies) duration per (weeks) | ment (pre / post) weight (kg)
session (for VAT (pre / post)
Caloric restriction exercise only)
(hypocaloric diet
studies)
Christian Aerobic exercise 19 (9/10) 3727 33.3%4 70% of HRR 60-75 min per 12 MRI 3038.3+1086.1/ | 100.9/
sen et session, 3x/week -18.4% + 2.8 -3.5kg
al. 144 LCD 19 (10/9) 35.6+7 35.3+4 Restriction to 600 kcal 8 weeks 3437.5+1516.2/ | 107.8/
during 8 weeks diet, 4 -30.2% + 3.2 -12.3
weeks
weight
mainte-
nance
Coker et Aerobic exercise 6 (2/4) 55 (2) 32 (1) 50% of VO2peak Depending on 12 CT (cm?) 245 (31) / 91 (3)/91
al .14 energy 228 (24) (3)
LCD 6 (3/3) 58 (2) 30 (0) Reduction of 1000 expenditure 199 (12)/
kcal/week in week 1, (week 1: 1000 170 (11)
and a further addition kcal with a 86 (2)/81
of 500 kcal each week | gradual increase (2)
until a reduction of to 2500
2500 kcal/week was kcal/week)
Control 5 (3/2) 59 (2) 31 (1) reached 198 (17)/ 89 (4)/91
170 (11) (4)
Koo et LCD 19 (0/19) 57+8 27.1 (no Restriction 1200 12 CT L4-L5 | 157.8/151.7 67.4 (no
al 148 SD) kcal/day (cm2) SD) /
162.4/146.9 62.4
Aerobic exercise 13 (0/13) 59+4 25.5 Depending on energy 7 days/week, 120
expenditure minutes 64.0/ 62.4
Control 18 (0/18) 57+8 28.5 172.4 /163.4
66.0 / 65.8
Nordby et Aerobic training 12 (12/0) 28 (1) 28.3 (0.3) 65% HRR, alternated 7 days/week, 12 MRI T11- | 1.60 (0.12)/ 94.5(2.3)/
al. 14" with HIIT (bouts at duration L5 (L) -0.53 88.6 (2.3)
85% HRR) depended on
LCD 12 (12/0) 32 (2) 28.0 (0.4) Reduction of 600 energy 1.83(0.18) / 91.2(1.8)/
kcal/day expenditure (600 -0.25 85.9 (2.2)*
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Control 12 (12/0) 31 (2) 28.0 (0.4) kcal per session) 2.12 (0.21)/ 92.22.7)/
-0.02 92.1 (2.5)
Reference | Groups N (M/F) Age BMI Intensity (exercise Frequency/ Duration | Assess Results VAT Results
(years) (kg/m?) studies) duration per (weeks) | ment (pre / post) weight (kg)
session (for VAT (pre / post)
Caloric restriction exercise only)
(hypocaloric diet
studies)
Oh et Aerobic exercise 108 NR 29.2 (0.3) 60-85% of maxHR 3 days/week, 40- | 12 CT (cm?) 178.1 (5.5)/ 85.2 (1.0)/
al. 148 (108/0) (adults) 60 minutes 156.4 (5.0 82.6 (1.0)
LCD 104 29.4 (0.4) Restriction to 1680 159.0 (6.2) / 84.9(1.3)/
(104/0) kcal/day 123.3 (5.2) 77.7 (1.2)
Racetteet | LCD 19 (7/12) 55.6 (0.8) | 27.2(0.6) | Reduction of 16% of 7 days /week, 52 MRI (cm?3) | 824.7 +143,4/ | 78.5(2.3)/
al.149 caloric intake 3 duration 633.5 + 95.6 70.5 (2.3)
months, reduction of depending on
20% 9 months energy deficit
Aerobic exercise 19 (7/12) 58.8 (0.6) | 27.2(0.4) Depending on energy 1123.5+131.5/ | 77.5(2.4) /
deficit (same reduction 513.9 + 107.6 71.0 (2.4)
as diet groups)
Control 10 (4/6) 56.0 (0.9) | 27.9(0.4) 1159.4 +203.4/ | 81.9 (3.7) /
1004 + 155 80.0 (3.7)
Ross et LCD 15 (0/15) 43.9+4.9 | 31.9+2.8 | Reduction of 500 7 days/week, 63 14 MRI (kg) [24+1.2/ 86.6 £ 10.9/
al .10 kcal/day minutes 1.9+1.0 80.1+11.2
Aerobic exercise 17 (0/17) 43.2+5.1 | 32.8+3.9 | ~80% maxHR 23+0.8/ 86.8 + 10.9/
1.6+0.7 80.9+10.8
Control 10 (0/10) 43.7+£6.4 [ 324+2.8 23+0.9/ 88.1+82/
22+0.9 88.6+7.4
Ross et LCD 14 (14/0) 42.6+9.7 | 30.7+1.9 | Reduction of 700 7 days per week, | 14 MRI L4- 3.2+1.0/ 96.1+8.7/
al. 1%t kcal/day 60.4 minutes L5 (kg) -25.2 (2.0)% -7.7 (0.2)%
Aerobic exercise 16 (16/0) 450+7.5 | 32.3+1.9 | ~75% max HR 39+1.0/ 101.5+7.7 /
-27.5 (1.9)% -7.5(0.3)%
Control 8 (8/0) 46.0+10.9 | 30.7 £ 1.6 41+1.7/ 96.7 £ 9.0/
-1.9 (2.7)% -0.2 (0.4)%

Data depicted as: Mean * standard deviation or Mean (standard error). Post value —(x) represents absolute decrease in VAT or weight (unless stated otherwise).
Abbreviations: M=male; F=female; BMI=body mass index; NR= not reported; maxHR = maxium heart rate; HRR = heart rate reserve; min = minutes; CT = Computed Tomography; MRI = magnetic
resonance imaging; LCD=low calorie diet




Verheqggen et al.

1 Haslam DW, James WP. Obesity. Lancet. 2005; 366: 1197-209.

2 World Health Organisation. Global database on body mass index.
http.//appswhoint/bmi/indexjsp. 2014.

3 Tchernof A, Despres JP. Pathophysiology of human visceral obesity: an update. Physiol Rev.
2013; 93: 359-404.

4 Eckel RH, Krauss RM. American Heart Association call to action: obesity as a major risk factor
for coronary heart disease. AHA Nutrition Committee. Circulation. 1998; 97: 2099-100.

5 Kahn SE, Hull RL, Utzschneider KM. Mechanisms linking obesity to insulin resistance and type
2 diabetes. Nature. 2006; 444: 840-6.

6 World Health Organisation Western Pacific Region International Association for the Study

Obesity International Obesity Task Force. Redefining Obesity and its treatment.
http.//wwwwhoint/nutrition/publications/obesity/09577082 1 1/en/. 2000.

7 Franz MJ, VanWormer JJ, Crain AL, et al. Weight-loss outcomes: a systematic review and
meta-analysis of weight-loss clinical trials with a minimum 1-year follow-up. J Am Diet Assoc. 2007;
107: 1755-67.

8 Miller WC, Koceja DM, Hamilton EJ. A meta-analysis of the past 25 years of weight loss
research using diet, exercise or diet plus exercise intervention. Int J Obes Relat Metab Disord. 1997;
21:941-7.

9 Ross R, Bradshaw AJ. The future of obesity reduction: beyond weight loss. Nature reviews
Endocrinology. 2009; 5: 319-25.

10 Jensen MD. Role of body fat distribution and the metabolic complications of obesity. J Clin
Endocrinol Metab. 2008; 93: S57-63.

11 Mathieu P, Poirier P, Pibarot P, Lemieux |, Despres JP. Visceral obesity: the link among
inflammation, hypertension, and cardiovascular disease. Hypertension. 2009; 53: 577-84.

12 Despres JP, Lemieux |, Bergeron J, et al. Abdominal obesity and the metabolic syndrome:
contribution to global cardiometabolic risk. Arterioscler Thromb Vasc Biol. 2008; 28: 1039-49.

13 Farrell SW, Cheng YJ, Blair SN. Prevalence of the metabolic syndrome across

cardiorespiratory fitness levels in women. Obes Res. 2004; 12: 824-30.

14 Katzmarzyk PT, Church TS, Janssen |, Ross R, Blair SN. Metabolic syndrome, obesity, and
mortality: impact of cardiorespiratory fitness. Diabetes Care. 2005; 28: 391-7.

15 Wildman RP, Muntner P, Reynolds K, et al. The obese without cardiometabolic risk factor
clustering and the normal weight with cardiometabolic risk factor clustering: prevalence and
correlates of 2 phenotypes among the US population (NHANES 1999-2004). Arch Intern Med. 2008;
168:1617-24.

16 Ismail |, Keating SE, Baker MK, Johnson NA. A systematic review and meta-analysis of the
effect of aerobic vs. resistance exercise training on visceral fat. Obesity Reviews. 2012; 13: 68-91.

17 Kay SJ, Fiatarone Singh MA. The influence of physical activity on abdominal fat: A systematic
review of the literature. Obesity Reviews. 2006; 7: 183-200.

18 Vissers D, Hens W, Taeymans J, Baeyens JP, Poortmans J, Van Gaal L. The Effect of Exercise on
Visceral Adipose Tissue in Overweight Adults: A Systematic Review and Meta-Analysis. PLoS ONE.
2013; 8.

19 Jensen MD, Ryan DH, Apovian CM, et al. 2013 AHA/ACC/TOS guideline for the management
of overweight and obesity in adults: a report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines and The Obesity Society. Circulation. 2014; 129: S102-
38.

20 Donnelly JE, Blair SN, Jakicic JM, Manore MM, Rankin JW, Smith BK. American College of
Sports Medicine Position Stand. Appropriate physical activity intervention strategies for weight loss
and prevention of weight regain for adults. Med Sci Sports Exerc. 2009; 41: 459-71.

21 Janssen |, Fortier A, Hudson R, Ross R. Effects of an energy-restrictive diet with or without
exercise on abdominal fat, intermuscular fat, and metabolic risk factors in obese women. Diabetes
Care. 2002; 25: 431-38.


http://appswhoint/bmi/indexjsp
http://wwwwhoint/nutrition/publications/obesity/09577082_1_1/en/

Verheqggen et al.

37

22 Weiss EP, Racette SB, Villareal DT, et al. Lower extremity muscle size and strength and
aerobic capacity decrease with caloric restriction but not with exercise-induced weight loss. Journal
of applied physiology (Bethesda, Md : 1985). 2007; 102: 634-40.

23 Brooks GA. Exercise physiology: Human bioenergetics and its applications 1996.

24 Boule NG, Haddad E, Kenny GP, Wells GA, Sigal RJ. Effects of exercise on glycemic control and
body mass in type 2 diabetes mellitus: a meta-analysis of controlled clinical trials. Jama. 2001; 286:
1218-27.

25 Scholten RR, Hopman MT, Lotgering FK, Spaanderman ME. Aerobic Exercise Training in
Formerly Preeclamptic Women: Effects on Venous Reserve. Hypertension. 2015; 66: 1058-65.

26 Ross R, Rissanen J, Pedwell H, Clifford J, Shragge P. Influence of diet and exercise on skeletal
muscle and visceral adipose tissue in men. Journal of applied physiology (Bethesda, Md : 1985). 1996;
81: 2445-55.

27 Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred Reporting Items for Systematic Reviews
and Meta-Analyses: The PRISMA Statement. Annals of Internal Medicine. 2009; 151: 264-69.

28 Spungen AM, Adkins RH, Stewart CA, et al. Factors influencing body composition in persons
with spinal cord injury: a cross-sectional study. Journal of applied physiology (Bethesda, Md : 1985).
2003; 95: 2398-407.

29 Shuster A, Patlas M, Pinthus JH, Mourtzakis M. The clinical importance of visceral adiposity: a
critical review of methods for visceral adipose tissue analysis. The British journal of radiology. 2012;
85: 1-10.

30 Law M SD, Letts L, Pollock N, Bosch J, et al. Critical Review Form, Quantitative Studies.
McMaster University: 1998.

31 Ainsworth BE, Haskell WL, Whitt MC, et al. Compendium of physical activities: an update of
activity codes and MET intensities. Med Sci Sports Exerc. 2000; 32: S498-504.

32 Haskell WL, Lee IM, Pate RR, et al. Physical activity and public health: updated
recommendation for adults from the American College of Sports Medicine and the American Heart
Association. Med Sci Sports Exerc. 2007; 39: 1423-34.

33 Convertino VA. Blood volume: its adaptation to endurance training. Med Sci Sports Exerc.
1991; 23: 1338-48.
34 Watts K, Beye P, Siafarikas A, et al. Exercise training normalizes vascular dysfunction and

improves central adiposity in obese adolescents. J Am Coll Cardiol. 2004; 43: 1823-7.

35 Micklesfield LK, Goedecke JH, Punyanitya M, Wilson KE, Kelly TL. Dual-energy X-ray performs
as well as clinical computed tomography for the measurement of visceral fat. Obesity (Silver Spring).
2012; 20: 1109-14.

36 Baria F, Kamimura MA, Aoike DT, et al. Randomized controlled trial to evaluate the impact of
aerobic exercise on visceral fat in overweight chronic kidney disease patients. Nephrology, dialysis,
transplantation : official publication of the European Dialysis and Transplant Association - European
Renal Association. 2014.

37 Boudou P, Sobngwi E, Mauvais-Jarvis F, Vexiau P, Gautier JF. Absence of exercise-induced
variations in adiponectin levels despite decreased abdominal adiposity and improved insulin
sensitivity in type 2 diabetic men. European Journal of Endocrinology. 2003; 149: 421-24.

38 Cho JK, Lee SH, Lee JY, Kang HS. Randomized controlled trial of training intensity in adiposity.
International journal of sports medicine. 2011; 32: 468-75.

39 Cuff DJ, Meneilly GS, Martin A, Ignaszewski A, Tildesley HD, Frohlich JJ. Effective Exercise
Modality to Reduce Insulin Resistance in Women With Type 2 Diabetes. Diabetes Care. 2003; 26:
2977-82.

40 Davidson LE, Hudson R, Kilpatrick K, et al. Effects of exercise modality on insulin resistance
and functional limitation in older adults: a randomized controlled trial. Arch Intern Med. 2009; 169:
122-31.



Verheqggen et al.

38

41 Dekker MJ, Lee S, Hudson R, et al. An exercise intervention without weight loss decreases
circulating interleukin-6 in lean and obese men with and without type 2 diabetes mellitus.
Metabolism: Clinical and Experimental. 2007; 56: 332-38.

42 Despres JP, Pouliot MC, Moorjani S, et al. Loss of abdominal fat and metabolic response to
exercise training in obese women. American Journal of Physiology - Endocrinology and Metabolism.
1991; 261: E159-E67.

43 DiPietro L, Seeman TE, Stachenfeld NS, Katz LD, Nadel ER. Moderate-intensity aerobic
training improves glucose tolerance in aging independent of abdominal adiposity. Journal of the
American Geriatrics Society. 1998; 46: 875-79.

44 Donges CE, Duffield R, Guelfi KJ, Smith GC, Adams DR, Edge JA. Comparative effects of single-
mode vs. duration-matched concurrent exercise training on body composition, low-grade
inflammation, and glucose regulation in sedentary, overweight, middle-aged men. Appl Physiol Nutr
Metab. 2013; 38: 779-88.

45 Donges CE, Duffield R, Drinkwater EJ. Effects of resistance or aerobic exercise training on
interleukin-6, C-reactive protein, and body composition. Medicine and Science in Sports and Exercise.
2010; 42: 304-13.

46 Donnelly JE, Hill JO, Jacobsen DJ, et al. Effects of a 16-month randomized controlled exercise
trial on body weight and composition in young, overweight men and women: the Midwest Exercise
Trial. Arch Intern Med. 2003; 163: 1343-50.

47 Friedenreich CM, Woolcott CG, McTiernan A, et al. Adiposity changes after a 1-year aerobic
exercise intervention among postmenopausal women: a randomized controlled trial. International
journal of obesity (2005): 2011; 427-35.

48 Gan SK, Kriketos AD, Ellis BA, Thompson CH, Kraegen EW, Chisholm DJ. Changes in aerobic
capacity and visceral fat but not myocyte lipid levels predict increased insulin action after exercise in
overweight and obese men. Diabetes Care. 2003; 26: 1706-13.

49 Giannopoulou |, Ploutz-Snyder LL, Carhart R, et al. Exercise is required for visceral fat loss in
postmenopausal women with type 2 diabetes. Journal of Clinical Endocrinology and Metabolism.
2005; 90: 1511-18.

50 Halverstadt A, Phares DA, Ferrell RE, Wilund KR, Goldberg AP, Hagberg JM. High-density
lipoprotein-cholesterol, its subfractions, and responses to exercise training are dependent on
endothelial lipase genotype. Metabolism. 2003; 52: 1505-11.

51 Haus JM, Solomon TP, Marchetti CM, et al. Decreased visfatin after exercise training
correlates with improved glucose tolerance. Med Sci Sports Exerc. 2009; 41: 1255-60.

52 Heydari M, Freund J, Boutcher SH. The effect of high-intensity intermittent exercise on body
composition of overweight young males. Journal of Obesity. 2012; 2012.

53 Hutchison SK, Stepto NK, Harrison CL, Moran LJ, Strauss BJ, Teede HJ. Effects of exercise on
insulin resistance and body composition in overweight and obese women with and without polycystic
ovary syndrome. Journal of Clinical Endocrinology and Metabolism. 2011; 96: E48-E56.

54 Irving B, Weltman J, Davis C, et al. Effects of exercise training intensity on abdominal fat in
abdominally obese individuals with the metabolic syndrome. Diabetes. 2006; 55: A238-A38.
55 Irwin ML, Yasui Y, Ulrich CM, et al. Effect of exercise on total and intra-abdominal body fat in

postmenopausal women: A randomized controlled trial. Journal of the American Medical Association.
2003; 289: 323-30.

56 Janssen |, Katzmarzyk PT, Ross R, et al. Fitness alters the associations of BMI and waist
circumference with total and abdominal fat. Obesity Research. 2004; 12: 525-37.
57 Johnson NA, Sachinwalla T, Walton DW, et al. Aerobic exercise training reduces hepatic and

visceral lipids in obese individuals without weight loss. Hepatology (Baltimore, Md): 2009; 1105-12.
58 Jung JY, Han KA, Ahn HJ, et al. Effects of aerobic exercise intensity on abdominal and thigh
adipose tissue and skeletal muscle attenuation in overweight women with type 2 diabetes mellitus.
Diabetes & metabolism journal. 2012; 36: 211-21.



Verheqggen et al.

39

59 Karstoft K, Winding K, Knudsen SH, et al. The effects of free-living interval-walking training on
glycemic control, body composition, and physical fitness in type 2 diabetic patients: A randomized,
controlled trial. Diabetes Care. 2013; 36: 228-36.

60 Kim MK, Tomita T, Kim MJ, Sasai H, Maeda S, Tanaka K. Aerobic exercise training reduces
epicardial fat in obese men. Journal of Applied Physiology. 2009; 106: 5-11.

61 Ku Y, Kwon HR, Seok HG, et al. Effect of resistance exercise on muscular subfascial adipose
tissue and retinol-binding protein-4 concentration in individuals with diabetes. Diabetologia. 2009;
52 (S1): S270-S71.

62 Kwon HR, Min KW, Ahn HJ, et al. Effects of aerobic exercise on abdominal fat, thigh muscle
mass and muscle strength in type 2 diabetic subject. Korean diabetes journal. 2010; 34: 23-31.

63 Lee S, Kuk JL, Davidson LE, et al. Exercise without weight loss is an effective strategy for
obesity reduction in obese individuals with and without Type 2 diabetes. Journal of Applied
Physiology. 2005; 99: 1220-25.

64 Liao D, Asberry PJ, Shofer JB, et al. Improvement of BMI, body composition, and body fat
distribution with lifestyle modification in Japanese Americans with impaired glucose tolerance.
Diabetes Care. 2002; 25: 1504-10.

65 Malin SK, Solomon TPJ, Blaszczak A, Finnegan S, Filion J, Kirwan JP. Pancreatic beta-cell
function increases in a linear dose-response manner following exercise training in adults with
prediabetes. American Journal of Physiology - Endocrinology and Metabolism. 2013; 305: E1248-E54.
66 Malin SK, Kirwan JP. Fasting hyperglycaemia blunts the reversal of impaired glucose tolerance
after exercise training in obese older adults. Diabetes, Obesity and Metabolism. 2012; 14: 835-41.

67 McKenzie JA, Witkowski S, Ludlow AT, Roth SM, Hagberg JM. AKT1 G205T genotype
influences obesity-related metabolic phenotypes and their responses to aerobic exercise training in
older Caucasians. Experimental Physiology. 2011; 96: 338-47.

68 McTiernan A, Sorensen B, Irwin ML, et al. Exercise effect on weight and body fat in men and
women. Obesity (Silver Spring). 2007; 15: 1496-512.
69 Miyatake N, Nishikawa H, Morishita A, et al. Evaluation of exercise prescription for

hypertensive obese men by ventilatory threshold. Journal of the Chinese Medical Association. 2003;
66: 572-78.

70 Moghadasi M, Mohebbi H, Rahmani-Nia F, Hassan-Nia S, Noroozi H. Effects of short-term
lifestyle activity modification on adiponectin mRNA expression and plasma concentrations. European
journal of sport science. 2013; 13: 378-85.

71 O'Leary VB, Marchetti CM, Krishnan RK, Stetzer BP, Gonzalez F, Kirwan JP. Exercise-induced
reversal of insulin resistance in obese elderly is associated with reduced visceral fat. Journal of
Applied Physiology. 2006; 100: 1584-89.

72 Park SK, Park JH, Kwon YC, Kim HS, Yoon MS, Park HT. The effect of combined aerobic and
resistance exercise training on abdominal fat in obese middle-aged women. Journal of Physiological
Anthropology and Applied Human Science. 2003; 22: 129-35.

73 Prior SJ, Joseph LJ, Brandauer J, Katzel LI, Hagberg JM, Ryan AS. Reduction in midthigh low-
density muscle with aerobic exercise training and weight loss impacts glucose tolerance in older men.
Journal of Clinical Endocrinology and Metabolism. 2007; 92: 880-86.

74 Pritchard J, Despres JP, Gagnon J, et al. Plasma adrenal, gonadal, and conjugated steroids
following long-term exercise-induced negative energy balance in identical twins. Metabolism: Clinical
and Experimental. 1999; 48: 1120-27.

75 Redman LM, Elkind-Hirsch K, Ravussin E. Aerobic exercise in women with polycystic ovary
syndrome improves ovarian morphology independent of changes in body composition. Fertility and
Sterility. 2011; 95: 2696-99.

76 Reichkendler MH, Auerbach P, Rosenkilde M, et al. Exercise training favors increased insulin-
stimulated glucose uptake in skeletal muscle in contrast to adipose tissue: A randomized study using
FDG PET imaging. American Journal of Physiology - Endocrinology and Metabolism. 2013; 305: E496-
E506.



Verheqggen et al.

40

77 Sasai H, Katayama Y, Nakata Y, Ohkubo H, Tanaka K. Obesity phenotype and intra-abdominal
fat responses to regular aerobic exercise. Diabetes Research and Clinical Practice. 2009; 84: 230-38.
78 Sasai H, Katayama Y, Nakata Y, et al. The effects of vigorous physical activity on intra-
abdominal fat levels: A preliminary study of middle-aged Japanese men. Diabetes Research and
Clinical Practice. 2010; 88: 34-41.

79 Schwartz RS, Shuman WP, Larson V, et al. The effect of intensive endurance exercise training
on body fat distribution in young and older men. Metabolism: Clinical and Experimental. 1991; 40:
545-51.

80 Shojaee-Moradie F, Baynes KC, Pentecost C, et al. Exercise training reduces fatty acid
availability and improves the insulin sensitivity of glucose metabolism. Diabetologia. 2007; 50: 404-
13.

81 Sigal RJ, Kenny GP, Boule NG, et al. Effects of aerobic training, resistance training, or both on
glycemic control in type 2 diabetes: a randomized trial. Ann Intern Med. 2007; 147: 357-69.

82 Slentz CA, Aiken LB, Houmard JA, et al. Inactivity, exercise, and visceral fat. STRRIDE: A
randomized, controlled study of exercise intensity and amount. Journal of Applied Physiology. 2005;
99: 1613-18.

83 Solomon TP, Haus JM, Kelly KR, et al. A low-glycemic index diet combined with exercise
reduces insulin resistance, postprandial hyperinsulinemia, and glucose-dependent insulinotropic
polypeptide responses in obese, prediabetic humans. Am J Clin Nutr. 2010; 92: 1359-68.

84 Yassine HN, Marchetti CM, Krishnan RK, Vrobel TR, Gonzalez F, Kirwan JP. Effects of exercise
and caloric restriction on insulin resistance and cardiometabolic risk factors in older obese adults--a
randomized clinical trial. The journals of gerontology. 2009; Series A, Biological sciences and medical
sciences. 64: 90-95.

85 Yoshimura E, Kumahara H, Tobina T, et al. A 12-week aerobic exercise program without
energy restriction improves intrahepatic fat, liver function and atherosclerosis-related factors.
Obesity Research and Clinical Practice. 2011; 5: e249-e57.

86 Alvarez GE, Davy BM, Ballard TP, Beske SD, Davy KP. Weight loss increases cardiovagal
baroreflex function in obese young and older men. American Journal of Physiology - Endocrinology
and Metabolism. 2005; 289: E665-E69.

87 Banasik JL, Walker MK, Randall JM, Netjes RB, Foutz MS. Low-calorie diet induced weight loss
may alter regulatory hormones and contribute to rebound visceral adiposity in obese persons with a
family history of type-2 diabetes. Journal of the American Association of Nurse Practitioners. 2013;
25: 440-8.

88 Bosy-Westphal A, Kossel E, Goele K, et al. Association of pericardial fat with liver fat and
insulin sensitivity after diet-induced weight loss in overweight women. Obesity. 2010; 18: 2111-17.
89 Brochu M, Malita MF, Messier V, et al. Resistance training does not contribute to improving

the metabolic profile after a 6-month weight loss program in overweight and obese postmenopausal
women. J Clin Endocrinol Metab. 2009; 94: 3226-33.

90 Chan DC, Watts GF, Ng TWK, Yamashita S, Barrett PHR. Effect of weight loss on markers of
triglyceride-rich lipoprotein metabolism in the metabolic syndrome. European Journal of Clinical
Investigation. 2008; 38: 743-51.

91 Colles SL, Dixon JB, Marks P, Strauss BJ, O'Brien PE. Preoperative weight loss with a very-low-
energy diet: Quantitation of changes in liver and abdominal fat by serial imaging. American Journal of
Clinical Nutrition. 2006; 84: 304-11.

92 Collins J, McCloskey C, Titchner R, et al. Preoperative weight loss in high-risk superobese
bariatric patients: A computed tomography-based analysis. Surgery for Obesity and Related Diseases.
2011; 7: 480-85.

93 Conway JM, Yanovski SZ, Avila NA, Hubbard VS. Visceral adipose tissue differences in black
and white women. Am J Clin Nutr. 1995; 61: 765-71.

94 Cooper JN, Columbus ML, Shields KJ, et al. Effects of an intensive behavioral weight loss
intervention consisting of caloric restriction with or without physical activity on common carotid



Verheqggen et al.

41

artery remodeling in severely obese adults. Metabolism: Clinical and Experimental. 2012; 61: 1589-
97.

95 Dengo AL, Dennis EA, Orr JS, et al. Arterial destiffening with weight loss in overweight and
obese middle-aged and older adults. Hypertension: 2010; 855-61.

96 Trussardi Fayh AP, Lopes AL, Fernandes PR, Reischak-Oliveira A, Friedman R. Impact of weight
loss with or without exercise on abdominal fat and insulin resistance in obese individuals: a
randomised clinical trial. BrJ Nutr. 2013; 110: 486-92.

97 Fisher G, Hyatt TC, Hunter GR, Oster RA, Desmond RA, Gower BA. Effect of diet with and
without exercise training on markers of inflammation and fat distribution in overweight women.
Obesity. 2011; 19: 1131-36.

98 Fujioka S, Matsuzawa Y, Tokunaga K, et al. Improvement of glucose and lipid metabolism
associated with selective reduction of intra-abdominal visceral fat in premenopausal women with
visceral fat obesity. International Journal of Obesity. 1991; 15: 853-59.

99 Gasteyger C, Larsen TM, Vercruysse F, Pedersen D, Toubro S, Astrup A. Visceral fat loss
induced by a low-calorie diet: A direct comparison between women and men. Diabetes, Obesity and
Metabolism. 2009; 11: 596-602.

100 Goss AM, Goree LL, Ellis AC, et al. Effects of diet macronutrient composition on body
composition and fat distribution during weight maintenance and weight loss. Obesity. 2013; 21:
1133-38.

101 Gray DS, Fujioka K, Colletti PM, et al. Magnetic-resonance imaging used for determining fat
distribution in obesity and diabetes. Am J Clin Nutr. 1991; 54: 623-7.

102 GuY, YuH,LiYV, et al. Beneficial effects of an 8-week, very low carbohydrate diet intervention
on obese subjects. Evidence-based Complementary and Alternative Medicine. 2013; 2013.

103 Haufe S, Kast P, Engeli S, et al. The influence of a low fat versus Low carbohydrate
hypocaloric diet on intrahepatic fat content in overweight and obese human subjects. Obesity
Reviews. 2011; 12: 216.

104 Ibafiez J, Izquierdo M, Martinez-Labari C, et al. Resistance training improves cardiovascular
risk factors in obese women despite a significative decrease in serum adiponectin levels. Obesity
(Silver Spring, Md): 2010; 535-41.

105 Jang Y, Kim QOY, Lee JH, et al. Genetic variation at the perilipin locus is associated with
changes in serum free fatty acids and abdominal fat following mild weight loss. International Journal
of Obesity. 2006; 30: 1601-08.

106  Janssen I, Ross R. Effects of sex on the change in visceral, subcutaneous adipose tissue and
skeletal muscle in response to weight loss. International Journal of Obesity. 1999; 23: 1035-46.

107 Kanai H, Tokunaga K, Fujioka S, Yamashita S, Kameda-Takemura K, Matsuzawa Y. Decrease in
intra-abdominal visceral fat may reduce blood pressure in obese hypertensive women. Hypertension.
1996; 27: 125-29.

108 Kim OY, Cho EY, Park HY, Jang Y, Lee JH. Additive effect of the mutations in the beta3-
adrenoceptor gene and UCP3 gene promoter on body fat distribution and glycemic control after
weight reduction in overweight subjects with CAD or metabolic syndrome. Int J Obes Relat Metab
Disord. 2004; 28: 434-41.

109 Kim MK, Tanaka K, Kim MJ, et al. Comparison of epicardial, abdominal and regional fat
compartments in response to weight loss. Nutrition, Metabolism and Cardiovascular Diseases. 2009;
19: 760-66.

110 Kockx M, Leenen R, Seidell J, Princen HMG, Kooistra T. Relationship between visceral fat and
PAI-1 in overweight men and women before and after weight loss. Thrombosis and Haemostasis.
1999; 82: 1490-96.

111 Laaksonen DE, Kainulainen S, Rissanen A, Niskanen L. Relationships between changes in
abdominal fat distribution and insulin sensitivity during a very low calorie diet in abdominally obese
men and women. Nutrition, Metabolism and Cardiovascular Diseases. 2003; 13: 349-56.



Verheqggen et al.

42

112 Langendonk JG, Kok P, Frolich M, Pijl H, Meinders AE. Decrease in visceral fat following diet-
induced weight loss in upper body compared to lower body obese premenopausal women. European
Journal of Internal Medicine. 2006; 17: 465-69.

113 Larson-Meyer DE, Heilbronn LK, Redman LM, et al. Effect of calorie restriction with or
without exercise on insulin sensitivity, beta-cell function, fat cell size, and ectopic lipid in overweight
subjects. Diabetes Care. 2006; 29: 1337-44.

114 Lee HO, Yim JE, Lee JS, Kim YS, Choue R. The association between measurement sites of
visceral adipose tissue and cardiovascular risk factors after caloric restriction in obese Korean
women. Nutrition research and practice. 2013; 7: 43-8.

115 Leenen R, Van Der Kooy K, Seidell JC, Deurenberg P, Koppeschaar HPF. Visceral fat
accumulation in relation to sex hormones in obese men and women undergoing weight loss therapy.
Journal of Clinical Endocrinology and Metabolism. 1994; 78: 1515-20.

116 Maki KC, Davidson MH, Tsushima R, et al. Consumption of diacylglycerol oil as part of a
reduced-energy diet enhances loss of body weight and fat in comparison with consumption of a
triacylglycerol control oil. American Journal of Clinical Nutrition. 2002; 76: 1230-36.

117 Murakami T, Horigome H, Tanaka K, Nakata Y, Katayama Y, Matsui A. Effects of diet with or
without exercise on leptin and anticoagulation proteins levels in obesity. Blood Coagulation and
Fibrinolysis. 2007; 18: 389-94.

118 Ng TW, Watts GF, Barrett PH, Rye KA, Chan DC. Effect of weight loss on LDL and HDL kinetics
in the metabolic syndrome: associations with changes in plasma retinol-binding protein-4 and
adiponectin levels. Diabetes Care. 2007; 30: 2945-50.

119 Nicklas BJ, Wang X, You T, et al. Effect of exercise intensity on abdominal fat loss during
calorie restriction in overweight and obese postmenopausal women: a randomized, controlled trial.
The American journal of clinical nutrition. 2009; 89: 1043-52.

120 Ohkawara K, Nakata Y, Numao S, et al. Response of coronary heart disease risk factors to
changes in body fat during diet-induced weight reduction in Japanese obese men: A pilot study.
Annals of Nutrition and Metabolism. 2010; 56: 1-8.

121 Okura T, Nakata Y, Lee DJ, Ohkawara K, Tanaka K. Effects of aerobic exercise and obesity
phenotype on abdominal fat reduction in response to weight loss. International Journal of Obesity.
2005; 29: 1259-66.

122 Pierce GL, Beske SD, Lawson BR, et al. Weight loss alone improves conduit and resistance
artery endothelial function in young and older overweight/obese adults. Hypertension. 2008; 52: 72-
79.

123 Purnell JQ, Kahn SE, Albers JJ, Nevin DN, Brunzell JD, Schwartz RS. Effect of weight loss with
reduction of intra-abdominal fat on lipid metabolism in older men. J Clin Endocrinol Metab. 2000; 85:
977-82.

124 Purnell JQ, Cummings D, Weigle DS. Changes in 24-h area-under-the-curve ghrelin values
following diet-induced weight loss are associated with loss of fat-free mass, but not with changes in
fat mass, insulin levels or insulin sensitivity. International Journal of Obesity. 2007; 31: 385-89.

125 Riches FM, Watts GF, Hua J, Stewart GR, Naoumova RP, Barrett PH. Reduction in visceral
adipose tissue is associated with improvement in apolipoprotein B-100 metabolism in obese men. J
Clin Endocrinol Metab. 1999; 84: 2854-61.

126 Rossi AP, Fantin F, Zamboni GA, et al. Effect of moderate weight loss on hepatic, pancreatic
and visceral lipids in obese subjects. Nutrition and Diabetes. 2012; 2.

127 Ryan AS, Ortmeyer HK, Sorkin JD. Exercise with calorie restriction improves insulin sensitivity
and glycogen synthase activity in obese postmenopausal women with impaired glucose tolerance.
American Journal of Physiology - Endocrinology and Metabolism. 2012; 302: E145-E52.

128 Ryan AS, Nicklas BJ, Berman DM. Aerobic exercise is necessary to improve glucose utilization
with moderate weight loss in women. Obesity. 2006; 14: 1064-72.

129 Saiki A, Nagayama D, Ohhira M, et al. Effect of weight loss using formula diet on renal
function in obese patients with diabetic nephropathy. Int J Obes (Lond). 2005; 29: 1115-20.



Verheqggen et al.

43

130 Shin MJ, Hyun YJ, Kim QY, Kim JY, Jang Y, Lee JH. Weight loss effect on inflammation and LDL
oxidation in metabolically healthy but obese (MHO) individuals: low inflammation and LDL oxidation
in MHO women. Int J Obes (Lond). 2006; 30: 1529-34.

131 Snel M, Jonker JT, Hammer S, et al. Long-term beneficial effect of a 16-week very low calorie
diet on pericardial fat in obese type 2 diabetes mellitus patients. Obesity. 2012; 20: 1572-76.

132 Stallone DD, Stunkard AJ, Wadden TA, Foster GD, Boorstein J, Arger P. Weight loss and body
fat distribution: a feasibility study using computed tomography. Int J Obes. 1991; 15: 775-80.

133 Svendsen PF, Jensen FK, Holst JJ, Haugaard SB, Nilas L, Madsbad S. The effect of a very low
calorie diet on insulin sensitivity, beta cell function, insulin clearance, incretin hormone secretion,
androgen levels and body composition in obese young women. Scandinavian Journal of Clinical and
Laboratory Investigation. 2012; 72: 410-19.

134 Tchernof A, Nolan A, Sites CK, Ades PA, Poehlman ET. Weight loss reduces C-reactive protein
levels in obese postmenopausal women. Circulation. 2002; 105: 564-69.

135 Tiikkainen M, Bergholm R, Vehkavaara S, et al. Effects of identical weight loss on body
composition and features of insulin resistance in obese women with high and low liver fat content.
Diabetes. 2003; 52: 701-07.

136 Toledo FG, Menshikova EV, Azuma K, et al. Mitochondrial capacity in skeletal muscle is not
stimulated by weight loss despite increases in insulin action and decreases in intramyocellular lipid
content. Diabetes. 2008; 57: 987-94.

137 van Dam EW, Roelfsema F, Veldhuis JD, et al. Retention of estradiol negative feedback
relationship to LH predicts ovulation in response to caloric restriction and weight loss in obese
patients with polycystic ovary syndrome. American journal of physiology Endocrinology and
metabolism. 2004; 286: E615-20.

138 van der Kooy K, Leenen R, Seidell JC, Deurenberg P, Droop A, Bakker CJ. Waist-hip ratio is a
poor predictor of changes in visceral fat. Am J Clin Nutr. 1993; 57: 327-33.

139 Viljanen AP, Lautamaki R, Jarvisalo M, et al. Effects of weight loss on visceral and abdominal
subcutaneous adipose tissue blood-flow and insulin-mediated glucose uptake in healthy obese
subjects. Ann Med. 2009; 41: 152-60.

140  Vissers D, Verrijken A, Mertens |, et al. Effect of long-term whole body vibration training on
visceral adipose tissue: A preliminary report. Obesity Facts. 2010; 3: 93-100.

141 Wahlroos S, Phillips ML, Lewis MC, et al. Rapid significant weight loss and regional lipid
deposition: Implications for insulin sensitivity. Obesity Research and Clinical Practice. 2007; 1: 7-16.
142 Weinsier RL, Hunter GR, Gower BA, Schutz Y, Darnell BE, Zuckerman PA. Body fat distribution
in white and black women: different patterns of intraabdominal and subcutaneous abdominal
adipose tissue utilization with weight loss. Am J Clin Nutr. 2001; 74: 631-6.

143 Zamboni M, Armellini F, Turcato E, et al. Effect of weight loss on regional body fat
distribution in premenopausal women. Am J Clin Nutr. 1993; 58: 29-34.

144 Christiansen T, Paulsen SK, Bruun JM, et al. Comparable reduction of the visceral adipose
tissue depot after a diet-induced weight loss with or without aerobic exercise in obese subjects: a 12-
week randomized intervention study. European journal of endocrinology / European Federation of
Endocrine Societies. 2009; 160: 759-67.

145 Coker RH, Williams RH, Yeo SE, et al. The impact of exercise training compared to caloric
restriction on hepatic and peripheral insulin resistance in obesity. Journal of Clinical Endocrinology
and Metabolism. 2009; 94: 4258-66.

146 Koo BK, Min KW, Kim H-J, et al. Changes of Abdominal, Thigh Adipose Tissue and Skeletal
Muscle Attenuation in Response to Energy Restriction or Exercise in Overweight Type 2 Diabetes.
Obesity. 2008; 16: S228-528.

147 Nordby P, Auerbach PL, Rosenkilde M, et al. Endurance training per se increases metabolic
health in young, moderately overweight men. Obesity. 2012; 20: 2202-12.

148 Oh S, Tanaka K, Warabi E, Shoda J. Exercise reduces inflammation and oxidative stress in
obesity-related liver diseases. Med Sci Sports Exerc. 2013; 45: 2214-22.



Verheqggen et al. 44

149 Racette SB, Weiss EP, Villareal DT, et al. One year of caloric restriction in humans: feasibility
and effects on body composition and abdominal adipose tissue. The journals of gerontology Series A,
Biological sciences and medical sciences. 2006; 61: 943-50.

150 Ross R, Janssen |, Dawson J, et al. Exercise-induced reduction in obesity and insulin resistance
in women: a randomized controlled trial. Obesity Research. 2004; 12: 789-98.

151 Ross R, Dagnone D, Jones PJ, et al. Reduction in obesity and related comorbid conditions
after diet-induced weight loss or exercise-induced weight loss in men. A randomized, controlled trial.
Ann Intern Med. 2000; 133: 92-103.



