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1  |  INTRODUCTION

The prevalence of adult obesity has increased worldwide,1 
and obesity is one of the main public health problems in 
the world.2 Obesity is related to many comorbid conditions, 

such as type 2 diabetes, hypertension, and cardiovascular 
disease,3 and thus has clinically important implications.

Weight loss can be achieved in numerous ways, but diet, 
exercise, and behavioral modification are the cornerstones of 
obesity treatment.4 Bariatric surgery results generally in large 
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This 36- month study aimed to determine whether exercise intervention added 
to weight loss treatment in the beginning or at 6 months is effective for weight 
loss and long- term weight maintenance. A total of 120 obese adults (body mass 
index >30) were randomly assigned to intensified behavioral modification (iBM), 
iBM+ additional exercise from 0 to 3  months (CWT1), iBM+ additional exer-
cise from 6 to 9  months (CWT2), and a control group (CON). Questionnaires 
and measurements were collected at baseline, 3, 9, 24, and 36 months. The in-
tervention consisted of an 12 months intensified weight- loss period followed 
by a 24 months weight- maintenance period. Eighty (67%) subjects (mean age 
46.0 years, BMI 36.2) completed the trial. Compared with the control group, all 
three intervention groups had significant weight loss during the 36- month in-
tervention period (p < 0.001). The achieved weight loss remained significant at 
36 months in the iBM (−6.8%, p < 0.001), the CWT1 (−5.8%, p < 0.001), and the 
CWT2 group (−3.9%, p < 0.001). The CWT1 group showed significant reduction 
in waist circumference at 9 months (−11.3 cm, p < 0.001), at 24 months (−8.8 cm, 
p < 0.001), and at 36 months (−8.7 cm, p < 0.001). Intensified behavioral modifi-
cation alone and with exercise resulted in clinically significant weight loss and 
long- term weight maintenance. The addition of exercise at the onset promoted 
greater reductions in waist circumference. In the treatment of obesity, includ-
ing severe obesity, more intensive lifestyle interventions with exercise should be 
incorporated.
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weight loss,5 but because of the costs of the surgery, it is an 
unlikely public solution in obesity treatment, and only a few 
severely obese adults are treated by bariatric surgery annu-
ally. Weight loss solely from exercise is generally modest, <3% 
of the initial body weight.6 Compared with minimal or stan-
dard care7 or diet- only treatment,8,9 lifestyle interventions 
with combined diet and exercise have proved to achieve the 
greatest weight loss also in severely obese patients. Opposite 
findings, too, have been found, stating that lifestyle interven-
tions are ineffective in treating severely obese patients.10

Physical activity has considerable positive effects on car-
diometabolic changes, such as waist circumference (WC)11 
and visceral fat,12 with or without significant weight loss.13 
Abdominal obesity is even more strongly associated with 
obesity- related comorbidities, such as type 2 diabetes and car-
diovascular diseases,14 than subcutaneous abdominal adipose 
tissue.15 Both caloric restriction and aerobic exercise training- 
induced visceral adipose tissue.16 Aerobic fitness and physi-
cal activity may counterbalance the obesity- related risks, and 
they may even be more important for cardiovascular health 
than for avoiding obesity.17,18 Physical activity may not only 
attenuate several health risks of overweight and obesity but 
also lower morbidity and mortality in obese individuals.17

Weight loss is reasonably easy to achieve but maintain-
ing the weight loss achieved is more difficult. The average 
length of time between the beginning of weight loss and 
the start of weight regain is 5 or 6 months.19,20 The major 
barrier to sustaining weight loss has been shown to be 
boredom with weight- loss techniques, even though these 
techniques were initially successful for weight loss.20,21 
Previous studies have shown that as the adherence to the 
treatment protocol declines over time,22– 24 the weight re-
gain begins. After weight loss, physical activity is the pri-
mary predictor of weight maintenance.6,25

The purpose of this 3- year controlled randomized trial 
was to evaluate whether supervised 3- month exercise inter-
vention combined with intensive behavioral modification en-
hances weight loss and weight maintenance. Furthermore, 
the aim was to study whether exercise intervention, added 
to the weight- loss treatment at 0– 3 or 6– 9  months, could 
sustain the weight loss achieved or even give an extra boost 
to weight reduction. The overall hypothesis was that added 
exercise could sustain weight loss and weight management 
better than behavioral modification alone, especially when 
applied at the critical 6 months' time point.

2  |  METHODS

2.1 | Study design and ethics

The study design was a randomized controlled trial with a 
3- year follow- up. The procedures of the study (Registration 

Clinical Trial number: NCT03861754, www.clini caltr ials.
gov) were in accordance with the Declaration of Helsinki. 
The protocol was approved by the Ethics Committee of 
the Northern Ostrobothnia Hospital District. The partici-
pants took part on a voluntary basis. All participants gave 
informed and written consent.

2.2 | Participants

The study subjects were recruited by advertising in a 
newspaper, which attracted 489 responses (Figure 1). All 
candidates were interviewed by phone with a standard-
ized scheme. The exclusion criteria included the follow-
ing: body mass index (BMI) <30, pregnancy, medication, 
or health issues that prevent from performing the exer-
cise test or participating in the exercise intervention, 
previously diagnosed diabetes, and age under 18 or over 
64 years.

A total of 120 overweight subjects were randomly as-
signed to one of three different intervention groups or a 
control group, allowing a dropout rate of 40 subjects. The 
groups were (1) intensified behavioral modification (iBM), 
(2) iBM and supervised exercise during weeks 1 through 
12 (circuit weight training group 1 [CWT1]), (3) iBM and 
supervised exercise during weeks 24 through 36 (CWT2), 
and a control group (CON). Eighty participants completed 
the entire 36- month follow- up.

2.3 | Measurements and questionnaires

All measurements and questionnaires were performed at 
the baseline and at 3, 9, 24, and 36 months.

2.3.1 | Measurements

Body weight was measured in light clothing without shoes 
to the nearest 0.1 kg using a calibrated scale (SOEHNLE S20, 
Soehnle Waagen) and height to the nearest 0.1 cm using a 
stadiometer. BMI was calculated as weight in kilograms 
divided by height in meters squared. Waist circumference 
(WC) was measured to the nearest 0.1 cm at the midpoint 
between the iliac crest and the lowest rib. Resting metabolic 
rate (RMR) was measured by using indirect calorimetry 
(Jaeger Oxycon Pro) after overnight (10 h) fast.

To determine the maximal heart rate and to ensure 
the safety of the exercise intervention, the subjects under-
went a graded maximal exercise test under a physician's 
supervision on a bicycle ergometer (Siemens Megacart- 
Ergoline 900 BP, Siemens- Elema AB, Electrocardiography 
Division). Ventilation (VE), gas exchange (Jaeger Oxycon 
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Pro, Hoechberg, Germany), and heart rate responses 
(Polar S810, Polar Electro Oy) were monitored continu-
ously during the ramp protocol, and an electrocardiogram 
(ECG) was recorded with a standard 12- lead ECG device 
(Siemens Megacart- Ergoline 900 BP, Siemens- Elema AB, 
Electrocardiography Division).

2.3.2 | Questionnaires

The subjects filled in a questionnaire including ques-
tions about demographic features, health and medication, 
obesity history, physical activity, smoking, and alcohol 
consumption.

To assess the frequency and intensity of current par-
ticipation in leisure- time physical activity, a modified 
Paffenbarger questionnaire was used.26,27 The subjects re-
ported the highest level of weekly exercise performed for 
at least 15 minutes at a time. Exercise intensity was cate-
gorized as none, mild (5 METs, MET = metabolic equiv-
alent), moderate (7.5 METs), or strenuous (10 METs). 

The alternatives were once a week, 1– 2 times a week, 3– 4 
times a week, and 5 or more times a week. If the amount 
of exercise was less than once a week, the subject was clas-
sified as physically inactive.

Alcohol consumption was calculated from a 7- day 
food diary. Previous and current smoking was asked, and 
the participants were classified as current smokers or 
nonsmokers.

2.4 | Intervention

The design and schedule of the intervention is presented 
in Figure 2.

2.4.1 | Intensified behavioral modification

All participants in the intervention groups were offered 
the same standardized basic procedure of intensified be-
havioral weight- loss treatment.

F I G U R E  1  Study flow diagram. 
CON, control group; CWT1 = circuit 
weight training group 1, which received 
behavioral modification + supervised 
exercise from the baseline to 3 months; 
CWT2, circuit weight training 
group 2, which received behavioral 
modification + supervised exercise from 6 
to 9 months.
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Behavioral modification was based on a cognitive the-
ory following the Current Finnish Care Guidelines of obe-
sity, and the personal implementation was allowed to meet 
the individual needs of the participants. The intervention 
consisted of a 12- month intensified period followed by a 
24- month follow- up period. The design and schedule of 
the intervention are shown in Figure  2. During the 1st 
year, the intervention groups were given 14 meetings of in-
dividual weight- maintenance counseling, during the 2nd 
year four meetings, and during the 3rd year two meetings. 
All meetings were individual and scheduled throughout 
the 12- month intensified intervention period. The coun-
seling focused on a healthy diet, physical activity, and risk 
situations in weight management. The participants were 
also given a guidebook based on current care guidelines of 
obesity treatment.

All participants were instructed to reduce their daily 
energy intake 500– 1000 kcal/d lower than their energy 
expenditure. The individual energy intake guidance was 
based on the measured RMR, 7- day food diary, physical 
activity diary, and interviews. The participants were also 
requested to gradually increase their moderate aerobic 
physical activity for at least 150 min a week and to de-
crease their sedentary time. The participants were also 
advised to maintain these dietary and physical activity 
recommendations throughout the study period. The food 
and physical activity diaries were used to follow the ac-
complishment of the personal diet plan and the amount 
of daily exercise. The goal was to achieve a sustained 5% 
decrease in weight.

2.4.2 | Exercise intervention

The additional exercise intervention offered for the two 
other intervention groups consisted of 12 weeks of heart- 
rate- controlled low- resistance circuit weight training 
(CWT) with air resistance fitness equipment (HUR Ltd). 
The CWT sessions were offered 3 times a week, 40 min at 
a time.

To determine the training loads for CWT and to en-
sure the safety of the training, the participants performed 
a one- repetition maximum (1- RM) estimation test. They 
performed five repetition sets with increasing loads until 
they were unable to perform the sets properly. The test 
was performed in each exercise station. 1- RM was theo-
retically calculated according to the knowledge of the per-
son's ability to perform five repetitions of 80% 1- RM, four 
repetitions of 85% 1- RM, and so on.28 Based on the results, 
the load was set at the level of 20% of 1- RM at each station. 
The target heart rate of the exercise was set to 70%– 85% of 
the measured heart rate maximum.

The training session included three resistance train-
ing circuits in 10 different stations of leg extension/curl, 
seated push- up/pull- down, seated body curl for abdomen/
seated back extension, seated body twist left/right, and leg 
abduction/adduction. The work/rest ratio was 40/20 sec-
onds. The subjects were asked to keep up with a target 
heart rate of 70%– 85% of the maximum heart rate by mod-
ifying the repetition speed, and the heart rate monitor 
(Polar Edge NV, Polar Electro Oy) was set to alarm below 
and above the target heart rate zone. The training session 

F I G U R E  2  The design and schedule of the intervention. CON, control group; CWT1, circuit weight training group 1, which received 
behavioral modification + supervised exercise from the baseline to 3 months; CWT2, circuit weight training group 2, which received 
behavioral modification + supervised exercise from 6 to 9 months.
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   | 5KAIKKONEN et al.

started with a 5- min warm- up and ended with 5 min of 
cooling down and stretching.

2.5 | Treatment of the control group

The subjects in the CON group met the trained nurse 
at the beginning of the trial and at the 24- month and 
36- month follow- up visits. They received basic weight- 
loss counseling, and they were also given a guidebook 
based on the current care guidelines of obesity treat-
ment. Otherwise, they were told to continue their nor-
mal living.

2.6 | Statistical analyses

The primary analysis was based on intention- to- treat prin-
ciples. The primary outcome of the study was the change 
in body weight over a 3- year period, and the secondary 
outcome was the change in waist circumference. The 
sample size was calculated to observe a >20% difference 
in weight change between the intervention groups and the 
control group at the end of the 36- month trial. The drop- 
out rate was assumed to be 33% during follow- up. We es-
timated that we would require 30 subjects in each group 
to give an 80% power of detecting the difference in body 
weight change at the end of the 3- year follow- up.

Student's independent samples t- test for continuous 
variables and the chi- squared test for two independent 
proportions were used to evaluate the statistical differ-
ence between the groups at baseline. The means with 95% 
confidence intervals (CIs) were calculated for the changes 
in weight and WC within each group and for the differ-
ences in changes between the groups. The significance of 
the differences in changes in weight and waist circumfer-
ence between the groups during the trial and follow- up 
was analyzed by linear mixed model analysis. In post hoc 
tests, the Bonferroni correction was used for the p- values. 
The data were analyzed using the SPSS statistical package 
(SPSS 24.0 for Windows, SPSS Inc.).

3  |  RESULTS

3.1 | Participants

The baseline characteristics of the participants (n = 120) 
are shown in Table 1. The intervention groups did not dif-
fer from the control group at baseline for any of the varia-
bles. The participants were on average 44.5 (SD 10.5) years 
old, their mean BMI was 36.8 (SD 4.8), and 78% (n = 94) 
were women. A total of 80 subjects (67%) completed the 

study. Most (n = 28) of the 40 subjects who dropped out 
did so reportedly because of a lack of interest. The comple-
tion rates were as follows: iBM 67%, CWT1 70%, CWT2 
70%, and CON 60%. The participants who withdrew from 
the study were younger (41 vs. 46 years, p  =  0.012) and 
heavier (104.6 vs. 97.3 kg, p  =  0.009) and had a higher 
proportion of physically inactive subjects (82% vs. 60%, 
p = 0.023) than the completers.

The study subjects participated in approximately 93% 
of the 20 counseling sessions during the total 3- year pe-
riod (18.6/20 [SD 1.8] times). The mean participation rate 
in exercise sessions in the CWT1 and CWT2 groups was 
23 (SD 10.9) times of the total 36 sessions. There were no 
serious adverse effects related to the study interventions.

3.2 | Weight change

The absolute values of weight at months 3, 9, 24, and 36 
are shown in Table 2, and the percentage weight loss from 
the baseline is shown in Figure 3. Of all the intervention 
groups, the iBM and CWT1 groups were most successful 
in losing weight. Compared with the control group, all 
three intervention groups experienced significant weight 
loss during the 36- month intervention period (p < 0.001). 
During the intervention, the mean reduction in body 
weight in the iBM group was −6.0% (95% CI −7.5 to −4.6, 
p < 0.001), in the CWT1 group −6.6% (95% CI −8.1 to −2.5, 
p < 0.001), and in the CWT2 group −3.9% (95% CI −5.4 to 
−2.5, p < 0.001). There was no significant change in the 
weight of the control group members (mean 0.2%, 95% CI 
−1.3 to 1.6, p = 0.54).

The average percentage weight loss from the initial 
weight for all the intervention participants was 8.3 (95% 
CI −9.5 to −7.0, p < 0.001) at 3 months, 8.3 (95% CI −9.5 
to −7.0, p < 0.001) at 9 months, 6.2 (95% CI −7.5 to −4.8, 
p < 0.001) at 24 months, and 5.0 (95% CI −6.3 to −3.6, 
p < 0.001) at 36 months (for the difference between the in-
tervention groups, p = 0.035).

The largest weight reduction in the CWT1 group occurred 
within the first 9 months (−9.6% of their initial weight, 95% 
CI −11.6 to −7.6, p < 0.001). The mean weight increased from 
9 to 36 months but remained −5,8% (95% CI −7.9 to −3.6, 
p < 0.001) lower than the initial weight. In the iBM group, the 
largest reduction in weight was observed at 3 months (9.4% 
of their initial weight, 95% CI −12.5 to −6.3, p < 0.001) and at 
36 months the weight loss was still 6.8% (95% CI −9.0 to −4.7, 
p < 0.001) from the initial weight. The mean weight change 
in the CWT2 group was −6.8% at 9 months (95% CI −8.8 to 
−4.8, p < 0.001) and at 36 months their weight was −2.4% 
(95% CI −4.5 to −0.2, ns.) lower than at baseline.

Sixty- two percent of the intervention participants 
reached clinically meaningful weight loss (>5%) at 
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9 months, and 45% at 36 months. The frequency of those 
who succeeded to lose at least 10% of their initial weight 
was highest in the CWT1 group. At 36 months, 32% of the 
completers in the CWT1 group had their weight at least 
10% lower compared with the initial weight. Twenty- five 
percent of the completers in the iBM group and 10% in 
the CWT2 group succeeded to maintain their weight ≥ 10% 
lower than their initial weight.

3.3 | Waist circumference change

The absolute values of WC at months 3, 9, 24, and 36 
are shown in Table 2, and the percentage WC reduction 
from the baseline is shown in Figure 4. Compared with 
the control group, all three intervention groups showed a 
significant decrease in WC during the entire study period 

(p < 0.001). The mean reduction in WC in all three inter-
vention groups was 6.9 cm (95% CI −8.1 to −5.6, p < 0.001) 
at 3  months, 9.5  cm (95% CI 10.8 to −8.2, p < 0.001) 
at 9  months, 6.2  cm (95% CI −7.6 to −4.9, p < 0.001) at 
24 months, and 5.0 cm (95% CI −6.4 to −3.7, p < 0.001) at 
36 months (for the difference between the intervention 
groups, p = 0.017).

Of all the intervention groups, the CWT1 group was 
most successful in WC reduction, and the mean differ-
ence from baseline was highest at 9 months (mean change 
−11.2 cm, 95% CI −13.2 to −9.2). At 36 months, the mean 
change from baseline was −8.5 cm (95% CI −10.8 to −6.1). 
At 36 months, a significant reduction in WC was observed 
also in the iBM group (mean change −5.0 cm, 95% CI −7.4 
to −2.3, p = 0.001). In the CWT2 group, the reduction in 
WC was significant at 9 (p < 0.001) and 24 (p  =  0.004) 
months.

T A B L E  1  Baseline characteristics of the study participant

Completers (n = 80)

Total 
(n = 120)iBM (n = 20)

CWT1 
(n = 21)

CWT2 
(n = 21) CON (n = 18) ALL (n = 80)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Age, year 44.5 10.8 47.7 10.2 46.4 9.4 46.1 10.0 46.2 10.0 44.5 10.5

Weight, kg 97.1 14.6 96.1 10.7 97.6 13.0 98.8 14.8 97.3 13.1 99.8 15.0

Height, cm 165 7.6 164.4 8.4 163.8 7.5 164.5 8.6 164.4 7.9 164.7 7.6

BMI, kg/m2 35.6 4.3 35.7 4.5 36.4 4.5 36.4 3.7 36.0 4.3 36.8 4.8

WC, cm 109 10.0 109.1 8.7 106.5 10.1 110.0 9.6 108.8 9.6 109.7 11.1

HIP, cm 117.5 10.1 119.6 9.2 119.7 10.3 119.1 7.6 119.0 9.3 120.7 9.9

Measured fitness, Vo2 
max (ml/kg)

23.2 5.8 23.8 5.9 22.5 7.7 21 4.8 22.7 6.2 22.0 5.5

Systolic BP (mmHg) 138.8 13.6 142 15.1 148.3 16.7 136.8 14.4 141.0 15.2 141.0 15.2

Diastolic BP (mmHg) 90.5 10.8 91.0 6.8 91.0 7.9 85.4 7.7 89.7 8.7 89.7 8.7

N % N % N % N % N % N %

Women 14 70 15 71 16 76 14 77 59 74 94 78

Current smokers 2 10 4 19 4 19 1 6 11 14 23 19

Inactive (less than one 
physical activity 
session per week)

13 65 11 52 13 62 11 61 48 60 81 68

Alcohol consumption 
more than 6 
portion/week

3 15 7 33 5 24 3 17 18 22 23 19

Medication for

Cholesterol 2 10 1 5 3 14 1 6 7 9 7 6

Blood pressure 2 10 3 14 1 5 0 0 6 8 10 8

Note: Values are means (SD) unless otherwise stated.
Abbreviations: BMI, body mass index; BP, blood pressure; CON, control group; CWT 1, circuit weight training group 1, who had behavioral 
modification + supervised exercise from baseline to 3 months; CWT 2, circuit weight training group 2, who had behavioral modification + supervised exercise 
from 6 to 9 months; HIP, hip circumference; iBM, intensified behavioral group; WC, waist circumference.
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   | 7KAIKKONEN et al.

4  |  DISCUSSION

This 3- year randomized controlled trial showed that in-
dividual intensified behavioral modification therapy 
combined with low- resistance circuit weight training was 
effective in weight and weight circumference loss in se-
verely obese subjects. The most significant long- term re-
duction in waist circumference was observed when the 

supervised exercise program was applied at the very be-
ginning of the weight management program.

To our knowledge, this is the first randomized con-
trolled trial to evaluate the importance of the timing of 
exercise in long- term weight management programs. Our 
results indicate that intensive lifestyle intervention can 
be effective in severe obesity. The addition of supervised 
exercise early in the program promoted long- term weight 

T A B L E  2  A summary of adjusted means and 95% confidence intervals (CIs) from the linear mixed models results for weight and waist 
circumference presented by group across the 36- month intervention

iBM CWT1 CWT2 CON pa

Weight (kg)

Baseline 98.9 (93.8– 104.0) 99.1 (94.0– 104.2) 102.4 (97.3– 107.5) 98.9 (93.8– 104.0) 0.746

3 months 89.1 (83.7– 94.4)*** 89.7 (84.4– 95.1)*** 95.8 (90.4– 101.2)*** 98.2 (92.8– 103.5) 0.046

9 months 90.3 (84.8– 95.7)*** 89.6 (84.2– 95.0)*** 95.2 (89.8– 100.6)*** 98.9 (93.5– 104.3) 0.056

24 months 93.3 (87.8– 98.7)*** 90.5 (85.0– 95.9)*** 97.5 (92.1– 105.1)** 100.2 (94.8– 105.7) 0.063

36 months 92.2 (86.7– 97.7)*** 93.3 (87.9– 98.8)*** 99.6 (94.2– 105.1) 98.9 (93.4– 104.4) 0.137

Waist circumference (cm)

Baseline 108.4 (104.3– 112.5) 110.5 (106.4– 114.6) 109.7 (105.6– 113.8) 110.4 (106.3– 114.5) 0.882

3 months 101.2 (97.0– 105.4)*** 103.2 (99.1– 107.3)*** 103.4 (99.3– 107.6)*** 108.2 (104.0– 112.4) 0.118

9 months 99.3 (95.1– 103.5)*** 99.2 (95.0– 103.4)*** 101.2 (96.9– 105.4)*** 108.5 (104.2– 112.8) 0.008

24 months 103.2 (99.0– 107.5)*** 101.7 (97.4– 105.4)*** 104.7 (100.4– 108.9)** 110.3 (106.0– 114.7) 0.031

36 months 103.5 (99.2– 107.8)** 101.8 (97.6– 106.1)*** 107.7 (103.5– 112.0) 109.9 (105.6– 114.3) 0.033

Note: Data are presented as mean and 95% confidence intervals (CIs).
Abbreviations: iBM, intensified behavioral modification group; CWT1; intensified behavioral modification and supervised exercise from 1 to 3 months; CWT2, 
intensified behavioral modification and supervised exercise from 6 to 9 months; CON, control group.
aDifference between the groups, linear mixed model.
*p < 0.05; **p < 0.01; ***p < 0.001. Significance for within- group difference from baseline, linear mixed model.

F I G U R E  3  Mixed model results for weight change (%) at months 0, 3, 9, 24, and 36 by group. CON, control group; CWT1, circuit 
weight training group 1, which received behavioral modification + supervised exercise from the baseline to 3 months; CWT2, circuit weight 
training group 2, which received behavioral modification + supervised exercise from 6 to 9 months; iBM = intensified behavioral group. a 
Group × time effect. b Difference between CWT2 and CON. c Difference between CWT1 and CON. d Difference between iBM and CON.

 16000838, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sm

s.14269 by D
uodecim

 M
edical Publications L

td, W
iley O

nline L
ibrary on [27/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



8 |   KAIKKONEN et al.

loss and reduction in waist circumference. Our results are 
partly consistent with a study by Goodpaster et al.9 They 
investigated the effects of 1- year intensive lifestyle inter-
vention in severely obese adults, consisting of diet and 
physical activity during the entire 12 months or diet and 
physical activity delayed for 6  months. They found that 
the addition of physical activity, regardless of whether ini-
tiated early in the program or delayed, promoted greater 
weight loss and a significant reduction in abdominal fat 
compared with diet only. Another study investigated the 
effects of a delay of 4 weeks in the start of exercise together 
with 12 weeks of a very- low- calorie diet.29 The authors re-
ported no differences between the groups in weight loss. 
In our study, the trial and the delay of exercise were lon-
ger, and the periods of the exercise program were set to 
be far enough from each other to determine whether a 
very intensive start would motivate subjects for long- term 
changes or whether an extra boost after 6  months from 
the start would bring any extra effects on long- term weight 
maintenance. Based on the results of our study, the tim-
ing of exercise seems to be important in the treatment of 
obesity.

Contradictory to our hypothesis, the 6- month delay 
in the onset of the supervised exercise program did not 
bring any extra boost to weight loss or extra effects on 
long- term weight maintenance. The CWT2 group's weight 
loss and WC reduction in absolute values were the small-
est throughout the 36- month trial. Basically, we assumed 
that after the first months of behavioral modification 
and diet- induced weight loss, there would be significant 
beneficial effects among the subjects with structured 

CWT. The initial motivation usually fades within the first 
3– 6 months, and more than 50% of the participants have 
been shown to drop out of exercise programs after that.30 
It might be that the delay of 6 months was too long and 
that the participants in the CWT2 group lost their motiva-
tion. We underestimated the power of a highly intensive 
start with face- to- face meetings in the training program 
from the very beginning.

As previously suggested, after 6  months, due to de-
creased metabolism caused by weight loss, losing weight 
may be even more difficult.31 A recent review highlights 
the role of exercise during the active 6- month treatment 
phase in supporting a greater maintenance of weight 
loss.8 Successful weight loss and feeling of ability have 
been shown to be associated with success in long- term 
adherence.32 Adherence to just two to three sessions per 
week of behaviorally supported exercise has been asso-
ciated with significant improvements in self- regulation, 
self- efficacy, and mood, which were found to be the 
most critical psychological predictors of improvements 
in eating and weight over 6 months.33 During the first 
3 months, the IBM and CWT1 groups succeeded to lose 
over 9% of their initial weight. Also, adherence to the ex-
ercise sessions was good. Our findings support the previ-
ous suggestions that an intensive start with substantial 
weight loss at the beginning seems to motivate obese 
subjects to adopt a healthy lifestyle and maintain weight 
loss in the long term.

In this study, a very intensive start with intensified 
behavioral modification and supervised exercise at the 
beginning showed the most significant long- term effects 

F I G U R E  4  Mixed model results for waist circumference change (cm) at months 0, 3, 9, 24, and 36 by groups. CON, control group; 
CWT1, circuit weight training group 1, which received behavioral modification + supervised exercise from the baseline to 3 months; 
CWT2, circuit weight training group 2, which received behavioral modification + supervised exercise from 6 to 9 months; iBM, intensified 
behavioral group. a Group x time effect. b Difference between CWT2 and CON. c Difference between iBM and CON. d Difference between 
CWT2 and CON.
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on abdominal obesity measured by WC. Our study sup-
ports the previous findings. In a review of trials using 
exercise for weight reduction, 11 of 29 studies showed 
a significant reduction in visceral fat without clini-
cally relevant weight loss.34 A meta- analysis of studies 
lasting 4– 52 weeks showed that visceral adipose tissue 
reduced by 6.1% by exercise and only by 1.1% by diet, 
while weight was held stable.16 Previously, it was sug-
gested that a 5 cm reduction in WC was associated with 
a 9% lower risk of death in healthy middle- aged adults.35 
In our study the addition of exercise at the onset pro-
moted greater and clinically significant reductions in 
waist circumference. This may have meaningful health 
outcomes. Our study supports the conclusions from the 
systematic review by Ross et colleagues,36 that decreases 
in WC are an important treatment target and clinically 
relevant reductions in WC can be achieved by moderate- 
intensity exercise and dietary interventions.

The heart rate– controlled low- resistance circuit weight 
training model was a safe and effective method, and it af-
forded a significant weight-  and WC- loss effect together 
with behavioral modification. The air- resistant equip-
ment offered the possibility of controlling the intensity; 
the mode of training was comfortable and safe, and it 
was suitable for individuals with higher BMIs. With the 
lighter resistance, even inactive subjects could go through 
the exercise. Our results support the conclusion of a re-
cent meta- analysis, which suggested that circuit training 
effectively reduces body weight and BMI in adults with 
overweight and obesity.37 In our study, we found that cir-
cuit weight training is also effective in reducing abdomi-
nal obesity. This kind of training has also been shown to 
improve muscular strength and cardiorespiratory func-
tion.38,39 The metabolic cost of circuit weight training is 
higher than that of general resistance training, and this 
offers a quicker way to achieve the goals required in the 
guidelines (450– 750 MET- min/week).40

The major strength of this study was the randomized 
controlled trial design and the long intervention of 3 years. 
The strengths of our study also include good adherence to 
the intervention. This study is the first to investigate the 
long- term effects of the timing of the exercise program on 
weight loss and maintenance. The exercise model was safe 
and comfortable even for subjects with a mean BMI of over 
35 kg/m2. The intensive behavioral modification was carried 
out individually face- to- face to meet each subject's needs.

This study has some limitations. We recruited volun-
teers through local newspaper announcements, which 
may have caused selection bias. The people who replied 
may have been more motivated to lose weight than 
obese people at the population level. Participants were 
mostly women, and we could not determine sex- specific 

responses. Daily PA— mostly aerobic exercise or its possi-
ble increase was not measured during the trial, and thus 
it could not be taken into account in the analysis, which 
may have caused some bias. Additional RCTs should be 
conducted to evaluate the effect of CWT added to the 
weight- loss period at 3 months and the effect of sustained 
exercise intervention.

5  |  PERSPECTIVE

This study demonstrated that intensified behavioral modi-
fication alone and with exercise resulted in clinically sig-
nificant weight loss and long- term weight maintenance. 
The addition of exercise right at the onset of the weight 
loss period promoted greater reduction in waist circumfer-
ence. Heart rate– controlled low- resistance circuit weight 
training was safe and effective even for physically inac-
tive and those with severe obesity. As we know from the 
previous studies, reducing waist circumference provides 
significant health benefits. In the treatment of obesity, in-
cluding severe obesity, more intensive lifestyle interven-
tions with exercise should be incorporated. An intensive 
start with substantial weight loss at the beginning seems 
to motivate obese subjects to adopt a healthy lifestyle and 
maintain weight loss in the long term. More emphasis 
should be placed on an intensive start with both diet and 
exercise in the treatment of severe obesity to achieve long- 
term effects. The effects of sustained intensive exercise in-
tervention on weight and weight maintenance should be 
studied in future RCTs.
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