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Effects of Interval Training on Visceral Adipose Tissue in Centrally
Obese 70-Year-Old Individuals: A Randomized Controlled Trial
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OBJECTIVE: To investigate the effects of 10 weeks of pro-
gressive vigorous-intensity interval training as a single inter-
vention on body composition among 70-year-old individuals
with central obesity.
DESIGN: Randomized controlled trial (ClinicalTrials.gov
registration No. NCT03450655).
SETTING: Community-dwelling 70-year-old men and
women living in the Umeå municipality in Sweden.
PARTICIPANTS: Seventy-seven 70-year-old men and women
with central obesity (greater than 1 kg visceral adipose tissue
[VAT] for women and greater than 2 kg VAT for men).
INTERVENTION: Participants allocated to the interven-
tion group were offered a 10-week progressive concurrent
exercise program performed three times per week. All par-
ticipants in both groups had received tailored lifestyle rec-
ommendations focused on diet and physical activity at one
occasion within 12 months prior to trial initiation.
MEASUREMENTS: The primary outcome was changes in
VAT, and secondary outcomes included changes in total fat
mass (FM), total lean body mass (LBM), and body mass
index.
RESULTS: Comparing the groups, there were no significant
differences in decrease of VAT mass (P = .10), although the
intervention group significantly decreased FM by 716 g
(P = .01) and gained LBM by 508 g (P = .03), compared to
the control group. Furthermore, the effects of the training
were significantly greater in the male subcohort (P < .05
for interaction), with positive effects also on VAT and FM,
where men in the intervention group decreased VAT by

175 g (P < .05) and FM by 1364 g (P = .004), compared to
the male controls.
CONCLUSIONS: The present trial demonstrates that
10 weeks of progressive vigorous interval training is suffi-
cient to significantly decrease FM in older adults with central
obesity, with positive effects also on LBM. J Am Geriatr Soc
00:1-7, 2019.
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Today, more than 650 million people are estimated to
be obese,1 and the number of older adults is expected

to double by the year 2050.2 More specifically, obesity has
increased also in older people, with more than one-third of
adults aged 65 years or older estimated to experience obe-
sity.3 Each of these trends, accompanied by the decrease in
the level of physical activity as people age, has severe
impacts on the risk of noncommunicable diseases and all-
cause mortality.4–8

Aging is known to lead to a gradual decrease in lean
body mass (LBM) and to affect total and regional fat mass
(FM) distribution.9,10 In particular, it results in an increased
amount of fat in the abdominal region, known as visceral
adipose tissue (VAT),11 also in older people.12 This factor is
of particular interest, as VAT is associated with greater risk
for cardiovascular disease (CVD) than general obesity.13

Consequently, physical activity has shown to improve markers
of obesity in overweight and obese populations,14–16 even in
the absence of a hypocaloric diet.17 However, the effects of
more intense exercise on VAT in older adults are not conclu-
sive.18,19 Therefore, research and consensus on strategies that
are likely to be plausible for obese older adults are lacking.

Given that people age differently, exercise programs for
older adults would likely have to be developed accordingly,
enabling personalized adaptation and progression, which
probably is of even greater importance for this population
compared to younger people. Therefore, the aim of this trial
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was to investigate the effects of 10 weeks of easy-to-perform,
personalized, progressive vigorous-intensity interval training
among 70-year-old individuals with central obesity on
changes in body composition, including VAT.

METHODS

Study design

This parallel, two-armed, randomized controlled trial with
an allocation ratio of 1:1 (ClinicalTrials.gov registration
No. NCT03450655) sought to investigate the effects of the
current exercise program on measures of body composition.
The design, procedures, and informed consent protocol
were approved by the regional ethical review board of
Umeå, Sweden (Dnr 2017-521-31). The trial was conducted
in accordance with the World Medical Association’s Decla-
ration of Helsinki and reported according to the Consoli-
dated Standards of Reporting Trials guidelines.20

Participants

Participants were recruited between January 2018 and
February 2018 from the Healthy Aging Initiative (HAI), an
ongoing population-based prevention study conducted in
the municipality of Umeå, in northern Sweden. In the HAI,
all 70-year-old individuals in Umeå are invited to partici-
pate in a free health survey. To date, 84% of the individ-
uals contacted, representing 68% of the eligible population,
have chosen to participate. The HAI has been described in
detail previously.21

Inclusion and exclusion criteria

While central obesity has been defined as waist circumfer-
ence (WC) greater than 88 cm for women and greater
than 102 cm for men,22 there are, to the best of our knowl-
edge, no reference values for central obesity defined by
VAT for this cohort. Thus, based on dual-energy X-ray
absorptiometry (DXA) measures from 2675 participants in
the HAI study, we determined the mean VAT mass for indi-
viduals with a WC of 88 � 2 cm (1.00 � 0.34 kg for
women; n = 203) and 102 � 2 cm (2.13 � 0.56 kg for
men; n = 240). These values were then rounded off to
1 and 2 kg for women and men, respectively, and subse-
quently used as inclusion criteria in the present trial.

Individuals with conditions that contraindicated train-
ing or affected the ability to perform the training program
were excluded. The exclusion criteria were formalized as:
physical disability affecting the ability to perform the exer-
cises within the program; heart failure or severe degenera-
tive condition; myocardial infarction or stroke in the
previous 12 months; heart condition that would worsen
with aerobic exercise (eg, angina pectoris); and systolic
blood pressure higher than 175 mm Hg and diastolic
blood pressure higher than 100 mm Hg. In addition, indi-
viduals had to pass a resting electrocardiogram (ECG;
Schiller Cardiovit CS-6/12; Schiller AG). Any uncertainty
that arose during baseline measurement regarding ECG
results or contraindicated conditions was discussed with
the physicians in charge of the trial (A.N. and P.N.).

Sample size

The sample size for the current trial was estimated to pro-
vide 80% power to detect a 20% reduction in VAT mass
during the intervention period, with the α level set to .05.
Data for the calculation were used from 1200 HAI partici-
pants (606 women and 594 men) with central obesity, as
defined above. The results showed that a total of 33 men
and 45 women would be needed, with a number within that
range needed for mixed groups. Statistical power was calcu-
lated using G*Power, version 3.0.10.23

Randomization

All individuals underwent baseline assessment and were
then randomized using 80 preprepared, opaque sealed enve-
lopes containing notes indicating “Training” and “Control”
(n = 40 each). Before each participant was given permission
to draw an envelope and learn his/her group assignment,
all envelopes were shuffled under the supervision from
M.B. or E.L.

Intervention

All individuals had previously attended the HAI study
sometime during the past 12 months, leading up to the cur-
rent trial, whereby they had received tailored health recom-
mendations at one occasion focusing on diet and physical
activity. Following randomization, individuals allocated
to the intervention group participated in a 10-week-long,
weekly progressive concurrent exercise program starting in
February 2018. The program is described in detail elsewhere
(Supplementary Text S1), but in short, supervised training
sessions were performed in a group setting three times per
week for 10 weeks. The exercises used were personalized,
dynamic body-weight exercises initially performed for
18 minutes in terms of circuit-based interval training with a
prescribed work/rest ratio of 40:20. Subsequently, there was
a gradual increment in duration to a final maximum train-
ing duration of 36 minutes. The increment in volume was
employed in terms of progressively adding the number of
sets and repetitions. Participants were instructed to reach a
vigorous intensity, based on a modified version of the Borg
CR10 scale,24 where the participants were encouraged to
reach 6 to 7. Control subjects were asked to maintain their
daily living and routines throughout the trial.

Assessments

Blinded research personnel performed baseline and outcome
assessments between 8 AM and 5 PM. The time of day of the
two tests was standardized and matched as much as possible
for each participant. All subjects were instructed not to
engage in intense physical activity or consume alcohol on the
day prior to each assessment and to fast for a minimum of
four hours prior to measurement. Outcome assessments were
performed for all participants within 10 days of the last
exercise session. Blood pressure and resting heart rate were
measured using a digital automatic blood pressure device
(Omron M6 Comfort HEM-7221-E; Omron Healthcare)
after a 15-minute rest with the subject in a supine position.
Descriptive data on daily physical activity were retrieved
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from the HAI study, where the participants, as part of their
health examination, wore a triaxial accelerometer (GT3X+;
Actigraph) for 7 consecutive days, as described previously in
detail.21

Primary outcome measure

The primary outcome measure was the change in VAT mass,
measured using a DXA device (Lunar iDXA) and the Cor-
eScan application (GE Healthcare Lunar). The CoreScan
application enables objective measurement of VAT mass by
a computerized algorithm based on the attenuation of X-ray
radiation. By using this method, VAT is distinguished from
subcutaneous adipose tissue. Research involving iDXA Cor-
eScan measurement has shown an absolute precision error
(root-mean-square SD) of 41.4 g in overweight groups.25

Secondary outcome measures

FM, body fat percentage (BFP), and LBM were derived from
total-body scans performed with the Lunar iDXA device.
The relative precision errors using iDXA have been deemed
1.8% for FM and 0.8% for LBM in overweight groups.25

Anthropometric data were obtained by measuring height
with a gauge (Holtain Limited; Crymych) and weight with a
digital scale (HL 120; Avery Berkel). The body mass index
(BMI; kg/m2) was calculated by dividing weight by height
squared.

Statistical analysis

Statistical analyses were performed using SPSS software,
version 25.0 (IBM Corp). Analyses were conducted on an
intention-to-treat basis. Normal distribution was assessed
through tests of skewness and kurtosis. For baseline compar-
ison of continuous variables, independent-sample t-tests were
performed since the data were found to be normal in distri-
bution. For categorical variables, χ2 tests were performed.
Paired t-tests were performed for within-group comparisons
of measures obtained before and after the 10-week interven-
tion period. Between-group differences for the outcomes of
interest were estimated using linear regression models, with
the follow-up value as the dependent variable, and adjusting
for the baseline value. To evaluate sex differences, a statisti-
cal interaction variable in terms of the product of sex and
group belonging (both 0 or 1) was created, which was added
together with the other covariates (sex, group belonging, and
baseline value) in a linear regression model, with the out-
comes of the trial as the dependent variable, including VAT.
The significance level was set at P ≤ .05.

RESULTS

Participant recruitment and adherence to the
intervention

Among 427 participants in the HAI study during the
12 months prior to the start of the present trial, 193 individ-
uals were identified as meeting the inclusion criterion. Of
these individuals, 103 declined participation, did not respond,
or were deemed ineligible by application of the exclusion
criteria, resulting in a total study sample of 90 individuals.

From the 90 individuals included, seven were excluded due
to absence during baseline measurements and six were
excluded due to failure to pass a resting ECG. Seventy-seven
participants completed baseline measurements and were allo-
cated to the intervention (n = 38) and control (n = 39)
groups. Two participants in the intervention group and three
participants in the control group did not complete the trial
due to voluntary termination of participation; thus, 36 partic-
ipants in each group completed the trial. The median atten-
dance rate in the intervention group was 89% (interquartile
range [IQR] = 80%-96%). For men and women separately,
the median attendance rate was 96% (IQR = 82%-100%)
and 89% (IQR = 73%-95%), respectively, with no signifi-
cant difference between them. For an outline of the recruit-
ment process and participant flow, please see Supplementary
Figure S1.

Participant characteristics

Participant characteristics at baseline are presented in Table 1.
Both groups had similar characteristics at baseline. The mean
age of the participants was 70.7 � 0.24 years, with nearly
equal proportions of men and women (52% women). At
baseline, the mean VAT mass was 2.23 � 0.92 kg and the
mean BMI was 29.2 � 3.3 kg/m2 in the total cohort.

Effects of the intervention on body composition

Comparing the groups in the total cohort, there was no
significant difference between the intervention group and
the control group on the primary outcome, VAT (P = .10).
However, there were significant differences on secondary
outcomes (Table 2, Figure 1). Participants in the interven-
tion group decreased FM by 716 g (95% confidence inter-
val [CI] = 159-1274 g; P = .01) and BFP by 0.7% (95%
CI = 0.3%-1.2%; P = .003), and gained LBM by 508 g (95%
CI = 64-951 g; P = .03), compared to the control group. No
significant difference was seen in BMI (P = .50).

Interaction analyses showed significant interactions for
sex on VAT and FM (P < .05 for both) but not on LBM or
BMI. Men in the intervention group lost 175 g of VAT
(95% CI = 3-347 g; P = .047) and 1364 g of FM (95% CI =
459-2268 g; P = .004), compared to men in the control
group (Supplementary Figure S2). In contrast, there were
no significant effects of the intervention in the female sub-
group for these outcomes (P > .05 for both).

Potential adverse events and other effects of the training

During the 10-week intervention period, five participants in
the intervention group reported adverse events, consisting
of lateral epicondylitis, swelling in the metacarpophalangeal
joint, muscle strains, knee bursitis, and Achilles tendinitis
(n = 1 each). In addition, three participants reported
adverse events unrelated to the current intervention, con-
sisting of lumbago, muscle strain, and wrist fracture (n = 1
each). However, none of these conditions lasted longer than
the intervention period or affected participants’ ability to
complete the outcome assessment.

Two participants in the intervention group were unable
to complete the trial due to discomfort following training ses-
sions and continuous illness unrelated to the intervention,
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respectively. Several participants who had osteoarthritis
preceding the start of this trial reported pain relief during
the course of the intervention.

DISCUSSION

The present trial showed that 10 weeks of vigorous-intensity
interval training effectively improved body composition in
older adults with central obesity. It decreased FM by close to

threefold relative to the control group, with positive effects
also on LBM, in absence of effect on BMI. Moreover, it was
shown that the intervention significantly decreased VAT but
only in the male participants.

A substantial body of literature shows that total exces-
sive FM and VAT, and loss of LBM, are associated strongly
with cardiometabolic risk factors and CVD.4–6,26–29 Although
previous research has systematically shown the importance of
exercise,14–17 consensus on optimal exercise intensity as well

Table 1. Participant characteristics at baseline

Characteristics Total (n = 77) Intervention (n = 38) Control (n = 39) P value

Anthropometrics
Age, y 70.7 � 0.24 70.7 � 0.25 70.7 � 0.24 .9
Women 40 (52) 18 (47) 22 (56) .6
Height, m 1.70 � 0.10 1.69 � 0.09 1.71 � 0.10 .3
Weight, kg 84.2 � 11.3 84.7 � 9.4 83.7 � 12.9 1.0

Body Composition
VAT, kg 2.23 � 0.92 2.30 � 0.82 2.16 � 1.01 .6
FM, kg 33.23 � 5.89 33.36 � 5.82 33.10 � 6.04 1.0
BFP, % 39.6 � 6.2 39.6 � 6.6 39.6 � 5.8 1.0
LBM, kg 48.18 � 9.07 48.56 � 8.73 47.81 � 9.48 1.0
BMI, kg/m2 29.2 � 3.3 29.7 � 3.1 28.7 � 3.5 .3

Daily PAa

Sedentary, % 65.9 � 9.0 66.0 � 7.9 65.9 � 10.2 1.0
Light PA, min 251.2 � 70.6 252.2 � 68.9 250.3 � 73.5 .9
Moderate PA, min 28.2 � 23.3 27.2 � 20.1 29.2 � 26.1 .7
Vigorous PA, min 0.2 � 0.7 0.2 � 0.8 0.2 � 0.7 .7
Total steps 6549 � 2889 6341 � 2450 6770 � 3318 .6
AEE, kcal 369 � 154 373 � 159 366 � 150 .9

SBP, mm Hg 140 � 15 143 � 15 137 � 15 .06
DBP, mm Hg 84 � 7 84 � 7 83 � 7 .7
Resting heart rate, bpm 67 � 9 67 � 12 66 � 7 .8
Variables and Medication

Lipid-lowering medication 32 (42) 13 (34) 19 (49) .3
Hypertension medication 47 (61) 23 (61) 24 (62) .7
Type 2 diabetes 10 (13) 4 (11) 6 (15) .5
Active smoker 2 (3) 2 (6) 0 .2

Medical History
Previous stroke 2 (3) 1 (3) 1 (3) .9
Previous cardiac infarction 6 (8) 2 (5) 4 (10) .5

Data are presented as group means � SD or number (percentage).
Abbreviations: AEE, activity energy expenditure; BFP, body fat percentage; BMI, body mass index; bpm, beats per minute; DBP, diastolic blood pressure;
FM, fat mass; LBM, lean body mass; PA, physical activity; SBP, systolic blood pressure; VAT, visceral adipose tissue.
aData from the Healthy Aging Initiative study.

Table 2. Changes in outcomes during the 10-week intervention period

Within-group differences Between-group differences

Intervention (n = 36) Control (n = 36)

Variable Baseline At 10 wk P value Baseline At 10 wk P value

Intervention
difference
(n = 36)

Control
difference
(n = 36) P value

Body Composition
VAT, g 2339 � 809 2176 � 758 <.001 2226 � 1019 2147 � 998 .028 −163 � 204 −78 � 205 .10
FM, g 33 424 � 5940 32 353 � 6004 <.001 33 475 � 6047 33 120 � 6109 .054 −1071 � 1281 −355 � 1067 .013
BFP, % 39.6 � 6.6 38.8 � 6.9 <.001 39.6 � 5.8 39.5 � 5.7 .60 −0.8 � 1.1 −0.1 � 0.8 .003
LBM, g 48 621 � 8837 48 900 � 8918 .08 48 699 � 9293 48 472 � 9607 .17 280 � 929 −227 � 969 .026
BMI, kg/m2 29.8 � 3.1 29.4 � 3.1 <.001 29.0 � 3.5 28.7 � 3.6 .006 −0.4 � 0.5 −0.3 � 0.5 .50

Data are presented as group means � SD.
P values for the between-group differences are derived from linear regression models, adjusted for baseline measurements.
Abbreviations: BFP, body fat percentage; BMI, body mass index; FM, fat mass; LBM, lean body mass; VAT, visceral adipose tissue.
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as effective and suitable strategies for decreasing VAT in older
adults is lacking.18,19 This is of importance with respect to
the observed prevalence of obesity among older people.3

A previous meta-analysis showed that exercise may
decrease VAT by 6.1% in absence of weight loss.30 Although
we found a decrease of 6.4% in VAT within the intervention
group, this was not significant compared to changes seen in
the control group. This may have been caused by a combina-
tion of lack of statistical power and the precision error for
VAT measurements, making it more difficult to detect small
changes.25 Also, it is not unlikely that the lifestyle consulta-
tion provided to the participants in the HAI study prior to
the present trial may have contributed as well, since the control
group also decreased VAT. While randomized controlled
trials on older adults have detected larger decreases in VAT,
these included either small samples or dietary interventions,
with the aim of keeping the participants in an energy deficit
and having them lose weight.18,19 This impedes evaluation
of the isolated effects from exercise.

As for the other measures of body composition, we
found a 3% decrease in FM within the intervention group.
While another trial on obese older adults found a 5%
decrease in FM,31 our findings are encouraging given that
the present intervention lasted only 10 weeks compared to
52 weeks, despite much shorter exercise sessions. Further-
more, aging is known to result in a physiological loss
of LBM,10 and weight loss in general is associated with
increased risks of adverse outcomes, including death, in older
people.32 It is therefore of importance that the training did
not only result in a net loss of FM, but the intervention
group did also gain in LBM compared to the control group.
Trials targeting muscle hypertrophy in populations of older
people have produced conflicting results,33,34 and most
endurance-focused trials have failed to produce significant
effects.35 In relation to previous research,36 an exercise-
induced energy deficit with capacity also to increase muscle
mass, appears to be preferable to a diet-only–induced energy
deficit, with resulting loss also of vital LBM.37 While the pre-
sent intervention was seemingly efficient for producing favor-
able effects in a relatively short period of time, these lifestyle

changes must be sustained for a longer period of time and
evaluated with prospective follow-up assessments to deter-
mine their clinical relevance in relation to cardiometabolic
health.

In terms of the sex-specific analyses, there were some
interesting, albeit preliminary, findings in the male sub-
cohort, where men in the intervention group decreased both
VAT and FM significantly more compared to men in the
control group. These findings corroborate those of previous
studies on overweight adults,17,38,39 and given that there was
no significant difference in adherence between men and
women, the hypothesis that there are sex differences in terms
of decreasing VAT cannot be ruled out.40 To that end, it is
of interest that we also found sex-specific effects on func-
tional strength from resistance training in a recent random-
ized study in a similar cohort as the present.32 Even so, it is
critical to note that these are merely exploratory findings,
requiring further confirmatory research based on larger study
samples before any definitive conclusions can be drawn.

Some limitations of this trial, including the sample size,
should be considered. Due to exclusions and dropouts before
and during the intervention, the sample was smaller than our
initial power calculations suggested would be appropriate.
Thus, the results with respect to VAT might have been
affected, especially for the sex-specific analyses; hence, the
statistical power of the analysis would have been greater
with a larger sample. Furthermore, the aim of this trial was
to have the participants reach vigorous intensity during exer-
cise. We cannot determine whether they actually reached this
level, as we did not objectively measure heart rate. Another
limitation is that we did not monitor the participant’s diet
during the intervention; thus, it is possible that some partici-
pants modified their diet, thereby confounding the results.

The primary strengths of the present trial lie in the ran-
domized design and in the use of DXA as an objective mea-
sure of changes in body composition. Another strength is
the design of the exercise program, which consisted pre-
dominantly of a few body weight exercises involving several
muscle groups, with feasibility evaluated by potential par-
ticipants prior to the trial. Moreover, an intriguing finding
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Figure 1. Mean percentage individual changes in body composition in the study groups following the 10-week intervention period.
Error bars represent SEMs. P values are derived from linear regression models on mean change from baseline in percentage,
adjusted for baseline values. Abbreviations: BFP, body fat percentage; BMI, body mass index; FM, fat mass; LBM, lean body
mass; NS, not significant; VAT, visceral adipose tissue.
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from the present trial is the attendance rate, which is high
compared to results from a systematic review on adherence
to exercise programs for older adults.41 Based on our expe-
rience, we propose that exercise and program design must
be considered carefully when involving older people. Also,
the exercise program may be performed in a home environ-
ment, without expensive gym equipment, which increases
its availability for the public at large. This should be noted,
since availability, convenience, and affordability have been
identified as facilitators for engaging in exercise among
older adults.42 Thus, we believe that the current interven-
tion may be applied in other settings and generalized to
other cohorts, including older people.

In conclusion, the main finding of this trial is that
10 weeks of progressive vigorous interval training decreased
total FM by almost threefold compared to the control group
while increasing muscle mass. These outcomes are previously
known to be associated with improved cardiometabolic
health and decreased risk of CVDs. The intervention was fea-
sible, with a high attendance rate; was easy to perform; and
yet was possible to personalize to help older participants with
different physical capacities reach a high intensity. Future
research should explore the relative importance of diet and
preferred intensity of exercise in terms of improving body
composition, including VAT, in older populations, specifically
with regards to potential sex differences.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article.

Supplementary Text S1. Description of the exercise
program.

Supplementary Figure S1. Study flowchart.
Supplementary Figure S2. Mean percentage individual

changes in body composition in the intervention group and
control group for men (A) and women (B) separately. Error
bars represent SEMs. P values are derived from linear
regression models on mean change from baseline in percent-
age, adjusted for baseline values. FM indicates fat mass;
VAT, visceral adipose tissue.
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