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Abstract: Studies comparing different types of exercise-based interventions have not shown a
consistent effect of training on long-term weight maintenance. The aim of this study was to compare
the effects of exercise modalities combined with diet intervention on body composition immediately
after intervention and at 3 years’ follow-up in overweight and obese adults. Two-hundred thirty-
nine people (107 men) participated in a 6-month diet and exercise-based intervention, split into
four randomly assigned groups: strength group (S), endurance group (E), combined strength and
endurance group (SE), and control group (C). The body composition measurements took place on the
first week before the start of training and after 22 weeks of training. In addition, a third measurement
took place 3 years after the intervention period. A significant interaction effect (group × time)
(p = 0.017) was observed for the fat mass percentage. It significantly decreased by 5.48 ± 0.65%,
5.30 ± 0.65%, 7.04 ± 0.72%, and 4.86 ± 0.65% at post-intervention for S, E, SE, and C, respectively.
Three years after the intervention, the fat mass percentage returned to values similar to the baseline,
except for the combined strength and endurance group, where it remained lower than the value at pre-
intervention (p < 0.05). However, no significant interaction was discovered for the rest of the studied
outcomes, neither at post-intervention nor 3 years later. The combined strength and endurance group
was the only group that achieved lower levels of fat mass (%) at both post-intervention and 3 years
after intervention, in comparison with the other groups.

Keywords: body weight; exercise; intervention study; nutrition; obesity

1. Introduction

Negative energy balance is required for weight loss and early maintenance phase [1].
Behavioral interventions, including reduction in energy intake (diet) and increase in energy
expenditure (exercise/physical activity), result in weight loss of up to 10% of initial body
weight within 6 months [2]. Results from a systematic review of 80 studies [3] showed that
weight loss tends to reach a plateau, ranging between 5.0 and 8.5 kg (5–9% initial body
weight) after 6 months’ treatment, gradually increasing to 3.0–5.0 kg (3–6% initial body
weight) after 48 months. In agreement with these results, Curioni and Lourenco compared,
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after a 1-year follow-up, a weight loss intervention based on diet and exercise with that
based on diet alone and observed a weight loss of 6.7 versus 4.5 kg, respectively [4].
Recently, a study showed that this represents a weight cycling with a consistent pattern
in which people lose weight, reaching a plateau around 6 months, and a weight gain
follows [5].

Scientific evidence suggests that a combination of dietary modification and exercise is
the most effective behavioral approach for achieving weight loss. Findings from a meta-
analysis showed an extra weight loss of about 1.3 kg achieved with exercise associated
with a diet intervention in a 24-month follow-up [6], while in another meta-analysis, the
additional effect of exercise was slightly higher, about 1.8 kg after 20 months [3]. Few
studies have compared the effects of strength and endurance training or its combination
on long-term weight regain [7,8], showing no differences between groups.

The long-term change in body weight has been widely studied. However, studies
comparing different types of exercise-based interventions have not shown a consistent
effect of training on long-term body composition maintenance. Therefore, in the present
study we determined the effect on body composition (body weight, body mass index (BMI),
fat mass (FM), and fat-free mass (FFM)) of different exercise-based interventions (strength,
endurance, combined endurance and strength, and physical activity recommendation
group (control group)) combined with diet in overweight and obese adults, both at the end
of a 6-month weight loss program and 3 years after the intervention.

2. Materials and Methods
2.1. Design

The present randomized control trial (ClinicalTrials.gov ID: NCT01116856) followed
the ethical guidelines of the Declaration of Helsinki. The Institutional Review Board of
the La Paz University Hospital (PI-643) reviewed and approved the study design and
research protocol. Details of the study’s theoretical rationale, protocol, and intervention are
described elsewhere [9].

2.2. Patient and Public Involvement

A total of 2319 potential participants (recruited through several advertisement cam-
paigns) were informed about the nature of the study, and those who were 18 to 50 years
old, had a body mass index (BMI) between 25 and 34.9 kg/m2, were nonsmokers, were
sedentary, and had glucose values <5.6 mmol/L (<100 mg/dL) were invited to participate
in this study. Women were required to have regular menstrual cycles. The 239 eligible
participants who were willing to participate provided written informed consent prior to
joining the study, and were randomly assigned to the groups through computer generation
(Figure 1).

2.3. Procedures

This study consisted of a 6-month intervention based on diet and exercise. The
participants entered the study in two waves, one of overweight participants and the other
of obese participants. Each wave was split into four randomly assigned groups, stratified
by age and sex: strength group (S), endurance group (E), combined strength and endurance
group (SE), and control group (C). During the study, the participants were examined during
three visits: at baseline (0 week), at the final of the intervention program (24 weeks), and
after 3 years of the follow-up period of the post-intervention program. During the follow-
up period, all the participants were under a free-living condition, and they were required
to report about their body weight and their nutritional and physical activity behaviors
every 6 months. In addition, a third face-to-face measurement took place 3 years after the
intervention period.

ClinicalTrials.gov
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Before the intervention started, total daily energy expenditure (TDEE) was assessed
by a SenseWear Pro3 Armband™ accelerometer (BodyMedia, Pittsburgh, PA, USA), and
the energy and nutritional contents of the food consumed were subsequently calculated
using the DIAL software (Alce Ingeniería, 2004). Then, the negative energy balance was
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calculated. Moreover, the subjects of the study were required to report the type, duration,
and intensity of any physical activity, as well as the amount of any possible food intake
during the intervention period by recording everything in a notebook daily. Adherence
to diet was calculated as the estimated kcal of the diet divided by the real kcal intake
in percentage ((estimated kcal of diet/real kcal intake) × 100), 100% being the highest
adherence to it, following a similar methodology used previously [10]. Furthermore,
adherence to exercise was calculated by the number of sessions completed against the
theoretical sessions ((sessions performed/total sessions) × 100). Adherence over 90% of
the training sessions and adherence to diet over 80% were required for inclusion in the
analysis.

2.4. Diet Intervention

Hypocaloric diets (25–30% less energy than TDEE) were prescribed individually by
expert dieticians for the 22-week intervention period. Some 29–34% of energy came from
fat, 50–55% from carbohydrates, and 20% from protein, according to the Spanish Society of
Community Nutrition’s recommendations [11], to achieve the body composition benefits
observed in different studies and examined in a meta-analysis [12].

2.5. Exercise Intervention

All exercise training groups (strength, endurance, and combined SE groups) followed
an individualized training program, which consisted of three-times-per-week exercise
sessions for 22 weeks, carefully supervised by certified personal trainers. Each training
session included a 5 min aerobic warm-up, the session routine, and a 5 min cooldown and
stretching exercise. Strength session routines consisted of eight exercises (i.e., shoulder
press, squat, barbell row, lateral split, bench press, front split, biceps curl, and French
press for triceps). Endurance session routines consisted of self-selected running, cycling,
or elliptical. For the combined strength and endurance group, a combination of cycle
ergometry, treadmill, or elliptical intercalated with squat, row machine, bench press, and
front split was carried out. The volume and intensity of the three training groups were
increased progressively. During the adaptation period (i.e., weeks 1–4), the subjects were
taught the different exercise routines. During weeks 5 to 8, the exercises were carried out
at an intensity of 50% of 15 repetition maximums (RM) and heart rate reserve (HRR), and
the subjects performed 2 laps of the circuit (51 min and 15 s in total). During weeks 9 to
14, the intensity was increased to 60% of 15RM and HRR. Finally, during weeks 15 to 24,
the volume was increased to 3 circuit laps instead of 2 (64 min in total). In addition, 5 min
recovery periods were established between the circuit laps. The S and SE participants
performed 15 repetitions (45 s) for each exercise, including a rest period of 15 s between
repetitions. Full details of the different protocols developed by the groups are described
elsewhere [9].

2.6. Control Group

The participants from the control group followed the dietary intervention and re-
spected the recommendations about physical activity from the American College of Sports
Medicine (ACSM) [13]. However, this activity was not supervised, and they were free to
do it daily.

2.7. Outcome Measures

Overweight and obesity were defined by a BMI of 25 to 29.9 kg/m2 and 30 kg/m2 or
greater, respectively. Body fat percentage was further dichotomized based on standard clin-
ical definitions for men (normal fat < 25%, overfat ≥ 25%) and women (normal fat < 30%,
overfat ≥ 30%) [14].
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2.8. Primary Outcomes

Body composition (fat mass and fat-free mass) was assessed by dual-energy X-ray
absorptiometry (DXA, GE Encore 2002, version 6.10.029) (GE Lunar Prodigy; GE Healthcare,
Madison, WI, USA). Body weight was measured in kilograms with a Tanita scale (TANITA
BC-420MA, Biológica Tecnología Médica SL, Barcelona, Spain). Height was measured
using a SECA stadiometer (80–200 cm range). The BMI was calculated as (body weight
(kg)/(height (m))2). For the evaluation of the primary outcomes, the participants were
cited, in each measurement moment, between 7 and 10 a.m., after a fasting period of 9 h,
to ensure the standardization and accuracy of the evaluations. In addition, the DXA was
calibrated every day prior to the measurement of the participants.

2.9. Secondary Outcomes

Short-term success was defined as a body weight loss equal to or greater than 10%
of the initial body weight [15], and long-term maintenance success was determined as a
maintenance equal to or greater than 5% [16].

2.10. Statistical Analyses

Data were analyzed using PASW Statistics version 18.0 for Windows (SPSS Inc.,
Chicago, IL, USA). Values of p below 0.05 were considered statistically significant, and
where possible, partial eta squared (η2) was reported for the effect size of the comparisons.
Primary analysis (per-protocol analysis) was performed in participants with complete
data on the study outcomes at the three measurement points (pre-intervention, post-
intervention, and 3 years after intervention). To make the most robust analysis, we also
conducted intention-to-treat analysis; if the outcome value was missing for the participant,
the last valid observation was carried forward assuming no change in that outcome variable.
We conducted a chi-square test to compare the prevalence of dropouts at post-intervention
and 3 years after the intervention across groups. Differences in the outcome variables
(body weight, BMI, FM, and FFM) between dropouts and participants with available data
on the study outcome 3 years after intervention were determined with an analysis of
covariance (ANCOVA), after adjusting for sex, age, and the corresponding value of the
study outcome at pre-intervention. Moreover, we conducted an ANCOVA to compare
the outcome variables (body weight, BMI, FM, and FFM) between overweight and obese
participants at post-intervention, after adjusting for sex, age, and the corresponding value
of the study outcome at pre-intervention.

We used a two-factor (group and time) ANCOVA with repeated measures to assess
the intervention effects on the outcome variables (body weight, BMI, FM, and FFM) after
adjusting for sex and age. For each variable, we reported the p-value corresponding to the
group (between subjects), time (within subjects), and interaction (group × time) effects. We
calculated the p-value for within-group differences separately by group when a significant
interaction effect was present. Moreover, we conducted an ANCOVA to compare mean
differences in the study outcome (post-intervention minus pre-intervention and 3 years
minus pre-intervention), where the variable group was inserted as a fixed factor; sex, age,
and the corresponding baseline value of the study outcome were entered as covariates, and
the outcome variables were entered as dependent variables. Multiple comparisons were
made with a Bonferroni post hoc test.

We conducted a chi-square test to compare the prevalences of normal weight, over-
weight, and obese participants, as well as the prevalence of normal fat or overfat partic-
ipants at pre-intervention, post-intervention, and 3 years after intervention among the
groups. Moreover, a chi-square test was conducted to compare the frequency of participants
who maintained, decreased, or increased their weight status (normal weight, overweight,
and obese according to BMI, and normal fat or overfat according to fat mass) after the
exercise intervention (post-intervention minus pre-intervention) and 3 years later (3 years
minus post-intervention, and 3 years minus pre-intervention) among the groups. Finally,
we determined the percentage of “successful weight maintainers.”
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3. Results

A total of 239 participants initially participated in the study, and 180 completed it
(75.3%), with 59 dropouts for different reasons: low exercise adherence, 3 (5.0%); low diet
adherence, 6 (10.2%); personal reasons, 23 (39.0%); and lost interest, 27 (45.8%). After a 3-
year follow-up period, 98 (41%) participants attended the last visit programed in the study
(Figure 1). There was no association in the prevalence of dropouts among the groups at
post-intervention (χ2 = 5.309, p = 0.150) and 3 years after intervention (χ2 = 1.468, p = 0.690).
Moreover, there were no significant associations in the study outcomes at post-intervention
between dropouts and participants who remained in the study (all p > 0.1, data not shown).

No significant interactions between groups and BMI status were observed (all p > 0.05)
for the study outcomes, showing a tendency toward significance for the variable FM
(%), the loss being greater for the combined strength and endurance group than the
others for the participants who were overweight at the beginning and not for the obese
participants (data not shown). Table 1 shows the values of the primary outcomes at pre-
assessment, post-assessment, and 3 years’ assessment by group. A significant interaction
effect (group × time) was observed for the fat mass percentage (p = 0.048). Fat mass
percentage decreased in all groups after the 6-month intervention period (all p < 0.001).
However, it was regained 3 years after the intervention period to similar values as during
pre-intervention, except for the combined strength and endurance group, who kept it
reduced (p < 0.001). No significant interaction effect (group × time) was observed in body
weight, body mass index, fat mass (kg), and fat-free mass after adjusting for multiple
comparisons.

Figure 2 shows the body composition changes between post-intervention minus pre-
intervention, 3 years minus post-intervention, and 3 years minus pre-intervention. The
combined strength and endurance group achieved greater reductions in fat mass percentage
compared with the endurance and control groups (p = 0.008 and p = 0.003, respectively)
after 3 years. This tendency was observed between the SE and S groups; however, the
statistical difference was borderline (p = 0.05). The control group had a higher reduction in
FFM compared with the training groups (p < 0.05) after the intervention period.

Table 2 shows the prevalences of normal weight, overweight, and obese participants,
as well as the prevalence of normal fat or overfat participants, at pre-intervention, post-
intervention, and 3 years after intervention by group. There was an association in BMI
categories among the groups (χ2 = 12.925, p = 0.044) at post-intervention; the combined
strength and endurance group had significantly higher percentage of normal weight
participants than expected (standardized residual: 2.4). There was an association in BMI
categories among the groups 3 years after intervention (χ2 = 16.778, p = 0.010); the combined
strength and endurance group had significantly higher percentage of normal weight
participants than expected (standardized residual: 3.0). In the fat mass categories, there
was an association 3 years after intervention among the groups (χ2 = 13.224, p = 0.004);
the combined strength and endurance group had significantly higher normal fat (%)
participants than expected (standardized residual: 2.9).

Figure 3 shows the frequency of participants who maintained, decreased, or increased
their body weight status according to their BMI and fat mass by group. There were no
differences in BMI categories among the groups at pre-intervention, post-intervention, and
3 years after intervention (all p > 0.05). However, there was a significant association among
the groups in the fat mass categories 3 years after intervention (χ2 = 13.224, p = 0.004);
the SE group had significantly higher percentage of normal fat participants than expected
(standardized residual: 2.9).
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Table 1. Values of body composition variables at pre-intervention, post-intervention, and 3 years after. Presented as mean (standard error of mean) at 95% CI.

Group Pre (95% CI) Post (95% CI) 3 Years (95% CI) p-Group η2 p-Time η2 p-Interaction η2

Body Weight (kg)

S 92.3 (2.0)
(88.3–96.3)

83.7 (2.0)
(79.8–87.65)

89.1 (2.5)
(84.1–94.1)

0.019 0.102 0.139 0.024 0.435 0.029
E 85.9 (2.0)

(81.8–89.9)
77.0 (2.0)

(73.0–80.9)
83.8 (2.5)

(78.8–88.9)

SE 83.3 (2.2)
(79.0–87.7)

74.4 (2.2)
(70.1–78.7)

78.6 (2.7)
(73.1–84.1)

C 86.8 (1.9)
(82.9–90.6)

79.0 (1.9)
(75.2–82.7)

85.5 (2.4)
(80.7–90.3)

Body Mass Index (kg/m2)

S 31.6 (0.5)
(30.6–32.6)

29.0 (0.5)
(27.9–30.0)

30.7 (0.7)
(29.3–32.1)

0.002 0.150 0.102 0.029 0.382 0.033
E 30.4 (0.5)

(29.5–31.4)
27.3 (0.5)

(26.3–28.4)
29.8 (0.7)

(28.4–31.2)

SE 29.0 (0.5)
(27.9–30.0)

25.9 (0.6)
(24.7–27.1)

27.4 (0.8)
(25.9–28.9)

C 30.7 (0.5)
(29.8–31.6)

28.1 (0.5)
(27.1–29.1)

30.4 (0.7)
(29.1–31.8)

Fat Mass (%)

S 41.5 (0.9)
(39.8–43.3)

36.1 † (1.0)
(34.0–38.1)

40.1 § (1.3)
(37.6–42.7)

0.001 0.187 0.586 0.004 0.017 0.116
E 40.5 (0.9)

(38.7–42.3)
35.2 † (1.0)
(33.1–37.2)

40.6 § (1.3)
(38.1–43.1)

SE 38.1 (1.0)
(36.1–40.0)

31.0 ¶,♦,#,† (1.1)
(28.8–33.3)

33.6 ¶,♦,#,¥ (1.4)
(30.8–36.3)

C 41.5 (0.9)
(39.7–43.2)

36.6 † (1.0)
(34.5–38.6)

40.9 § (1.3)
(38.4–43.4)

Fat Mass (kg)

S 36.3 (1.3)
(33.8–38.9)

28.7 (1.3)
(26.1–31.2)

33.9 (1.9)
(30.1–37.6)

0.005 0.144 0.282 0.015 0.238 0.047
E 33.0 (1.3)

(30.4–35.5)
26.2 (1.3)

(23.7–28.8)
33.4 (1.9)

(29.6–37.1)

SE 29.9 (1.4)
(27.1–32.7)

22.0 (1.4)
(19.2–24.9)

25.8 (2.1)
(21.7–29.9)

C 34.0 (1.3)
(31.5–36.6)

27.8 (1.3)
(25.2–30.3)

33.1 (1.9)
(29.4–36.8)
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Table 1. Cont.

Group Pre (95% CI) Post (95% CI) 3 Years (95% CI) p-Group η2 p-Time η2 p-Interaction η2

Fat-Free Mass (kg)

S 51.7 (1.1)
(49.5–53.8)

51.5 (1.1)
(49.3–53.7)

50.7 (1.2)
(48.3–53.1)

0.198 0.055 <0.001 0.144 0.205 0.054
E 48.7 (1.1)

(46.6–50.9)
48.5 (1.1)

(46.3–50.7)
48.3 (1.2)

(45.9–50.7)

SE 49.1 (1.2)
(46.7–51.5)

49.1 (1.2)
(46.6–51.5)

49.6 (1.3)
(47.0–52.3)

C 48.5 (1.1)
(46.4–50.7)

47.7 (1.1)
(45.4–49.9)

48.1 (1.2)
(45.7–50.5)

Note: S: strength training group; E: endurance training group; SE: combined strength and endurance training group; C: control group. ¶: SE–S differences; #: SE–C differences; ♦: SE–E differences; †: post–pre
differences; §: 3 years–post differences; ¥: 3 years–pre differences. Significant statistical level set at α = 0.05.
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Figure 2. Body composition changes between post-intervention and pre-intervention (6 months’ intervention) and 3 years
after intervention and post-intervention (3 years’ follow-up), adjusted by sex, age, and the corresponding baseline value of
the study outcome. Common superscripts indicate a significant difference between groups (all p ≤ 0.05). BW: body weight;
BMI: body mass index; FM: fat mass; FFM: fat-free mass.

Eighty-five out of 180 participants (47.2%) reduced their body weight after interven-
tion by higher than 10%. Considering the strength, endurance, combined strength and
endurance groups and the control, the distribution of these participants was 16 (18.8%),
28 (32.9%), 25 (29.5%), and 16 (18.8%), respectively (χ2 = 4.766, p = 0.190). After 3 years,
32 out of 98 participants (32.7%) were able to maintain their body weight at values lower
than 5%. Considering the strength, endurance, combined strength and endurance groups
and the control, the distribution of these participants was 9 (28.1%), 7 (21.9%), 10 (31.3%),
and 6 (18.7%), respectively (χ2 = 3.848, p = 0.278).



Nutrients 2021, 13, 164 10 of 13

Table 2. Prevalences of normal weight, overweight, and obese participants, as well as prevalence of normal fat or overfat
participants at pre-intervention, post-intervention, and 3 years after intervention by group.

Pre Post 3 Years

Group Freq. (%) Mean (SD) Freq. (%) Mean (SD) Freq. (%) Mean (SD)

Body Mass
Index (kg/m2)

Normal Weight
(20–24.9)

S - - 2 (7.4) 23.7 (0.3) 2 (18.2) 24.2 (0.5)
E - - 6 (22.2) 23.5 (0.8) - -

SE - - 13 (48.2) 23.9 (0.7) 7 (63.6) 23.6 (1.2)
C - - 6 (22.2) 23.6 (1.2) 2 (18.2) 24.3 (0.6)

Overweight
(25–29.9)

S 21 (23.9) 28.8 (1.1) 30 (27.3) 27.7 (1.2) 9 (23.6) 28.2 (1.1)
E 26 (29.5) 28.4 (1.3) 36 (32.7) 27.3 (1.4) 13 (34.2) 27.5 (1.1)

SE 23 (26.1) 27.8 (1.2) 20 (18.2) 27.3 (1.4) 8 (21.1) 27.3 (1.2)
C 18 (20.5) 28.3 (1.3) 24 (21.8) 27.4 (1.1) 8 (21.1) 27.9 (1.5)

Obese
(30–34.9)

S 21 (23.1) 32.5 (1.6) 9 (24.3) 31.9 (1.9) 14 (29.2) 33.2 (2.1)
E 25 (27.5) 32.4 (1.8) 9 (24.3) 31.2 (0.8) 12 (25.0) 32.5 (3.1)

SE 23 (25.3) 32.9 (2.0) 11 (29.7) 32.5 (1.9) 6 (12.5) 32.0 (1.7)
C 22 (24.1) 32.5 (1.7) 8 (21.7) 32.2 (2.3) 16 (33.3) 32.8 (2.3)

Fat Mass (%)

Normal Fat
(♂< 25%; ♀< 30%)

S - - 4 (22.2) 22.0 (1.7) 2 (22.2) 22.9 (0.9)
E - - 5 (27.8) 24.4 (0.3) - -

SE - - 7 (38.9) 21.7 (3.6) 6 (66.7) 19.2 (5.8)
C - - 2 (11.1) 22.5 (2.1) 1 (11.1) 23.9

Overfat
(♂< 25%; ♀< 30%)

S 43 (23.9) 41.2 (6.2) 39 (24.7) 37.5 (5.7) 21 (26.3) 42.1 (5.9)
E 51 (28.3) 41.3 (6.0) 44 (27.8) 37.8 (5.6) 24 (30.0) 40.0 (7.4)

SE 46 (25.6) 40.5 (7.3) 38 (24.1) 36.7 (7.2) 13 (16.3) 38.0 (7.9)
C 40 (22.2) 41.2 (5.4) 37 (23.4) 37.2 (5.8) 22 (27.4) 43.0 (6.0)

Note: S: strength training group; E: endurance training group; SE: combined strength and endurance training group; C: control group.
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Intention-to-treat analysis did not show any significant changes from the results
obtained with per-protocol analysis (data not shown).

4. Discussion

The main finding of this study was that the different exercise treatments developed
during the weight loss program, in combination with caloric restriction, obtained similar
results for body weight at post-intervention and 3 years after intervention. However,
differences were observed between groups regarding fat mass percentage. It is important
to highlight, as shown in Figure 3, that the combined strength and endurance group was
the one that showed the highest number of participants who reduced their BMI or the
percentage of fat mass 3 years after intervention.

In weight loss programs that exceed 16 weeks of intervention, a flattening occurs in
the weight loss curves [17], and if the maintenance period is not continued by a hypocaloric
diet, then body weight regain occurs. Moreover, large and persistent increases in phys-
ical activity may be required for long-term maintenance of lost weight [1,18]. A review
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concluded that weight loss tends to reach a plateau, ranging between 5.0 and 8.5 kg (5–9%
initial body weight) after 6 months’ treatment, gradually increasing to 3.0–5.0 kg (3–6%
initial body weight) after 48 months [19]. The results obtained from our study are in
accordance with previous literature, reaching losses of about 10% from the initial body
weight at the end of the intervention [19]. We observed a weight loss of about 8.6 kg (9.8%
of the initial body weight) at 6 months. Three years after intervention, we observed a
weight loss of about 2.8 kg (3.2% of the initial body weight). It is important to highlight that
no differences were discovered among the groups at the two-time points. These results are
in contrast with those of a recent study that discovered body weight regains of 52% ± 38%
and 89% ± 54% of initial body weight lost at 1 and 2 years’ follow-up, respectively [20].
Probably, the behavioral character of our intervention may have facilitated the maintenance
of body weight after completion, compared with the previous study, which included a very
low-calorie diet.

In this study, overall weight loss was similar, but body composition changes were
much better after 22 weeks of diet plus physical exercise (considering the strength, en-
durance, and combined strength and endurance groups), compared with the control
group. While the fat-free mass decreased in the control group, the rest of the groups
maintained it. Evidence of the beneficial effects of physical exercise on FFM has also been
described in another study [21], especially the combination of endurance and resistance
exercises [22]. Fat-free mass (FFM) is the main factor that accounts for the magnitude of
resting metabolism [23]. Therefore, any diet or exercise interventions that can maintain
FFM or at least attenuate its decline following weight loss could have significant effects on
the total energy balance [24].

In the present study, we compared three types of exercises, obtaining similar results
for body weight during intervention and at 3 years’ follow-up. However, similar to the
findings of a study previously published by Sillanpaa et al. [25], the combined strength
and endurance group was the one that reported better results for FM change (%) at post-
intervention and even 3 years after. Sillanpaa et al. [25] affirmed that these changes might
be due to differences in the amount and intensity of training and the specific exercises
performed. Moreover, current scientific evidence supports that the endurance and strength
exercise combination within the same training session might be assumed by the participants
to be more motivating, decreasing even the level of exertion perceived [26]. This agrees with
the results of previous studies in which exercise self-efficacy was presented as a mediator
for weight loss [27,28]. Therefore, the combination of strength and endurance exercises
within the same training session could help participants initiate a healthier lifestyle.

Wing [29] concluded that weight regain was approximately 43% across a 40-month
period following initial weight loss, and similar results were reported by Perri and Cor-
sica [30]. In this study, similar results were obtained 3 years after intervention. However,
analysis based on randomized group assignment did not indicate a favorable contribution
of exercise to weight loss maintenance as previously reported by Jakicic et al. [31]. Studies
with similar duration have shown comparable results, with physical activity initially in-
creasing before gradually decreasing over time [32]. Thus, the inability to sustain weight
loss appears to mirror the inability to sustain physical activity [31].

However, the present study has some limitations. First, the percentage of participants
who completed the follow-up study was relatively low. It is worth noting that this rate of
participation is comparable to that of other long-term studies with 3–4 years’ follow-up.
The attrition rate was 46.2%, in accordance with two previous studies with a similar follow-
up time frame, and the average attrition rates were 51.8% and 53.0%, respectively [33].
Therefore, our understanding of weight loss and regain is complicated by high attrition
rates of up to 90% in obesity treatment trials.

5. Conclusions

In conclusion, our findings indicate that the four types of treatments had similar
results in body composition changes at the end of the intervention period, with the excep-
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tion of FFM. Only the exercise groups (strength, endurance, and combined strength and
endurance groups) maintained FFM during the caloric restriction. Therefore, it is suggested
that physical exercise be included in weight loss programs based on caloric restriction,
with the objective of maintaining fat-free mass, beyond the proposed physical activity
recommendations. In addition, it is suggested that this exercise be combined (strength and
endurance) to maintain FM (%) and reduced BMI 3 years after the end of the intervention,
since only the combined strength and endurance group maintained the FM (%) reduced
3 years after the end of the intervention.

Author Contributions: All authors made substantial contributions to the conception or design of
the work (P.J.B., C.G.-C., and M.A.R.-T.), acquisition (M.A.R.-T., P.J.B., B.R.-M., J.B., L.M.B., E.A.C.,
and C.G.-C.), analysis or interpretation of data (M.A.R.-T., J.R.R., F.B.O., and P.J.B.), and drafting of
the work (M.A.R.-T.) or its critical revision for important intellectual content (M.A.R.-T., P.J.B., J.R.R.,
F.B.O., B.R.-M., J.B., L.M.B., E.A.C., and C.G.-C.). All authors agree to be accountable for all aspects
of the work to ensure that questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved, and approve the published version. All authors have read
and agreed to the published version of the manuscript.

Funding: This work received financial support from the Ministerio de Ciencia e Innovación, Convo-
catoria de Ayudas I+D 2008, Proyectos de Investigación Fundamental No Orientada, del VI Plan de
Investigación Nacional 2008–2011 (Contract: DEP2008-06354-C04-01). This study is registered at
www.clinicaltrials.gov (ID: NCT01116856).

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Review Board of La Paz University
Hospital (protocol code PI-643).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: Thanks to all the participants who made the study possible.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ostendorf, D.M.; Caldwell, A.; Creasy, S. Physical Activity Energy Expenditure and Total Daily Energy Expenditure in Successful

Weight Loss Maintainers. Obesity 2019, 27, 496–504. [CrossRef] [PubMed]
2. Leung, W.Y.; Chan, R.S.M.; Sea, M.M.M.; Woo, J. An Overview of Factors Associated with Adherence to Lifestyle Modification

Programs for Weight Management in Adults. Int. J. Environ. Res. Public Health 2017, 14, 922. [CrossRef] [PubMed]
3. Franz, M.J.; VanWormer, J.J.; Crain, A.L.; Boucher, J.L.; Histon, T.; Caplan, W.; Bowman, J.D.; Pronk, N.P. 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, 1755–1767. [CrossRef] [PubMed]

4. Curioni, C.; Lourenco, P.M. Long-term weight loss after diet and exercise: A systematic review. Int. J. Obes. 2005, 29, 1168–1174.
[CrossRef] [PubMed]

5. Quinn, D.M.; Puhl, R.M.; Reinka, M.A. Trying again (and again): Weight cycling and depressive symptoms in U.S. adults.
PLoS ONE 2020, 15, e0239004. [CrossRef]

6. Tsigos, C.; Hainer, V.; Basdevant, A.; Finer, N.; Fried, M.; Mathus-Vliegen, E.; Micic, D.; Maislos, M.; Roman, G.; Schutz, Y.; et al.
Management of obesity in adults: European clinical practice guidelines. Obes. Facts 2008, 1, 106–116. [CrossRef]

7. Clark, J.E. Diet, exercise or diet with exercise: Comparing the effectiveness of treatment options for weight-loss and changes in
fitness for adults (18–65 years old) who are overfat, or obese; systematic review and meta-analysis. J. Diabetes Metab. Disord. 2015,
14, 31. [CrossRef]

8. Hunter, G.R.; Brock, D.W.; Byrne, N.M.; Chandler-Laney, P.C.; Del Corral, P.; Gower, B.A. Exercise Training Prevents Regain of
Visceral Fat for 1 Year Following Weight Loss. Obesity 2010, 18, 690–695. [CrossRef]

9. Zapico, A.G.; Benito, P.J.; González-Gross, M.; Peinado, A.B.; Morencos, E.; Romero, B.; Rojo-Tirado, M.A.; Cupeiro, R.; Szendrei,
B.; Butragueño, J.; et al. Nutrition and physical activity programs for obesity treatment (PRONAF study): Methodological
approach of the project. BMC Public Health 2012, 12, 1100. [CrossRef]

10. Acharya, S.D.; Elci, O.U.; Sereika, S.M.; Music, E.; Styn, M.A.; Turk, M.W.; Burke, L.E. Adherence to a behavioral weight loss
treatment program enhances weight loss and improvements in biomarkers. Patient Prefer. Adherence 2009, 3, 151–160. [CrossRef]

www.clinicaltrials.gov
www.clinicaltrials.gov
http://doi.org/10.1002/oby.22373
http://www.ncbi.nlm.nih.gov/pubmed/30801984
http://doi.org/10.3390/ijerph14080922
http://www.ncbi.nlm.nih.gov/pubmed/28813030
http://doi.org/10.1016/j.jada.2007.07.017
http://www.ncbi.nlm.nih.gov/pubmed/17904936
http://doi.org/10.1038/sj.ijo.0803015
http://www.ncbi.nlm.nih.gov/pubmed/15925949
http://doi.org/10.1371/journal.pone.0239004
http://doi.org/10.1159/000126822
http://doi.org/10.1186/s40200-015-0154-1
http://doi.org/10.1038/oby.2009.316
http://doi.org/10.1186/1471-2458-12-1100
http://doi.org/10.2147/PPA.S5802


Nutrients 2021, 13, 164 13 of 13

11. Spanish Society of Community Nutrition (SENC). Healthy Nutrition Guide; Everest-SENC: Madrid, Spain, 2004.
12. Wycherley, T.P.; Moran, L.J.; Clifton, P.M.; Noakes, M.; Brinkworth, G.D. Effects of energy-restricted high-protein, low-fat

compared with standard-protein, low-fat diets: A meta-analysis of randomized controlled trials. Am. J. Clin. Nutr. 2012,
96, 1281–1298. [CrossRef] [PubMed]

13. Donnelly, J.E.; Blair, S.N.; Jakicic, J.M.; Manore, M.M.; Rankin, J.W.; Smith, B.K. Appropriate Physical Activity Intervention
Strategies for Weight Loss and Prevention of Weight Regain for Adults. Med. Sci. Sport Exerc. 2009, 41, 459–471. [CrossRef]
[PubMed]

14. Okorodudu, D.O.; Jumean, M.F.; Montori, V.M.; Romero-Corral, A.; Somers, V.K.; Erwin, P.J.; Lopez-Jimenez, F.D. Diagnostic
performance of body mass index to identify obesity as defined by body adiposity: A systematic review and meta-analysis.
Int. J. Obes. 2010, 34, 791–799. [CrossRef] [PubMed]

15. Wing, R.R.; Hill, J.O. Successful Weight Loss Maintenance. Annu. Rev. Nutr. 2001, 21, 323–341. [CrossRef] [PubMed]
16. Milsom, V.; Ross, K.; Perri, M. Successful long-term weight loss maintenance in a rural population. Clin. Interv. Aging 2011, 1, 303.

[CrossRef]
17. Rojo-Tirado, M.A.; Benito, P.J.; Atienza, D.; Rincón, E.; Calderón, F.J. Effects of age, sex, and treatment on weight-loss dynamics in

overweight people. Appl. Physiol. Nutr. Metab. 2013, 38, 967–976. [CrossRef]
18. Magkos, F. On adaptive thermogenesis: Just another weight-loss tale? Am. J. Clin. Nutr. 2020, 112, 1157–1159. [CrossRef]
19. Santarpia, L.; Contaldo, F.; Pasanisi, F. Body composition changes after weight-loss interventions for overweight and obesity.

Clin. Nutr. 2013, 32, 157–161. [CrossRef]
20. Martins, C.; Gower, B.A.; Hill, J.O.; Hunter, G.R. Metabolic adaptation is not a major barrier to weight-loss maintenance. Am. J.

Clin. Nutr. 2020, 112, 558–565. [CrossRef]
21. Melby, C.; Paris, H.; Foright, R.; Peth, J. Attenuating the Biologic Drive for Weight Regain Following Weight Loss: Must What

Goes Down Always Go Back Up? Nutrients 2017, 9, 468. [CrossRef]
22. Colleluori, G.; Aguirre, L.; Phadnis, U.; Fowler, K.; Armamento-Villareal, R.; Sun, Z.; Brunetti, L.; Hyoung Park, J.; Abraham

Kaipparettu, B.; Putluri, N.; et al. Aerobic Plus Resistance Exercise in Obese Older Adults Improves Muscle Protein Synthesis and
Preserves Myocellular Quality Despite Weight Loss. Cell Metab. 2019, 30, 1–13. [CrossRef] [PubMed]

23. Hwaung, P.; Bosy-Westphal, A.; Muller, M.J.; Geisler, C.; Heo, M.; Thomas, D.M.; Kennedy, S.; Heymsfield, S. Obesity Tissue:
Composition, Energy Expenditure, and Energy Content in Adult Humans. Obesity 2019, 27, oby.22557. [CrossRef] [PubMed]

24. Heymsfield, S.B.; Peterson, C.M.; Bourgeois, B.; Thomas, D.M.; Gallagher, D.; Strauss, B.; Müller, M.J.; Bosy-Westphal, A.S.
Human energy expenditure: Advances in organ-tissue prediction models. Obes. Rev. 2018, 19, 1177–1188. [CrossRef] [PubMed]

25. Sillanpaa, E.; Laaksonen, D.E.; Hakkinen, A.; Karavirta, L.; Jensen, B.; Kraemer, W.J.; Nyman, K.; Hakkinen, K. Body composition,
fitness, and metabolic health during strength and endurance training and their combination in middle-aged and older women.
Eur. J. Appl. Physiol. 2009, 106, 285–296. [CrossRef]

26. Benito, P.J.; Alvarez-Sanchez, M.; Diaz, V.; Morencos, E.; Peinado, A.B.; Cupeiro, R.; Maffulli, N.P. Cardiovascular Fitness and
Energy Expenditure Response during a Combined Aerobic and Circuit Weight Training Protocol. PLoS ONE 2016, 11, e0164349.
[CrossRef]

27. Reyes, N.R.; Oliver, T.L.; Klotz, A.A.; Lagrotte, C.A.; Vander Veur, S.S.; Virus, A.; Bailer, B.A.; Foster, G. Similarities and differences
between weight loss maintainers and regainers: A qualitative analysis. J. Acad. Nutr. Diet. 2012, 112, 499–505. [CrossRef]

28. Xu, S.; Zhang, J.; Dong, Y.; Chen, R.; Xu, W.; Tan, Z.; Gao, L.; Shang, L. The PROMOTE study (High-protein and resistance-training
combination in overweight and obesity) for short-term weight loss and long-term weight maintenance for Chinese people:
A protocol for a pilot randomized controlled trial. Trials 2020, 21, 47. [CrossRef]

29. Wing, R.R.; Phelan, S. Long-term weight loss maintenance. Am. J. Clin. Nutr. 2005, 82, 222S–225S. [CrossRef]
30. Perri, M.G. Effects of behavioral treatment on long-term weight loss: Lessons learned from the look AHEAD trial. Obesity 2014,

22, 3–4. [CrossRef]
31. Jakicic, J.M.; Marcus, B.H.; Lang, W.; Janney, C. Effect of exercise on 24-month weight loss maintenance in overweight women.

Arch. Intern. Med. 2008, 168, 1550–1560. [CrossRef]
32. Jakicic, J.M.; Winters, C.; Lang, W.; Wing, R.R. Effects of Intermittent Exercise and Use of Home Exercise Equipment on Adherence,

Weight Loss, and Fitness in Overweight Women. JAMA 1999, 282, 1554. [CrossRef] [PubMed]
33. Melin, I.; Reynisdottir, S.; Berglund, L.; Zamfir, M.; Karlström, B. Conservative treatment of obesity in an academic obesity unit.

Long-term outcome and drop-out. Eat. Weight Disord. Stud. Anorex. Bulim. Obes. 2006, 11, 22–30. [CrossRef] [PubMed]

http://doi.org/10.3945/ajcn.112.044321
http://www.ncbi.nlm.nih.gov/pubmed/23097268
http://doi.org/10.1249/MSS.0b013e3181949333
http://www.ncbi.nlm.nih.gov/pubmed/19127177
http://doi.org/10.1038/ijo.2010.5
http://www.ncbi.nlm.nih.gov/pubmed/20125098
http://doi.org/10.1146/annurev.nutr.21.1.323
http://www.ncbi.nlm.nih.gov/pubmed/11375440
http://doi.org/10.2147/CIA.S25389
http://doi.org/10.1139/apnm-2012-0441
http://doi.org/10.1093/ajcn/nqaa262
http://doi.org/10.1016/j.clnu.2012.08.016
http://doi.org/10.1093/ajcn/nqaa086
http://doi.org/10.3390/nu9050468
http://doi.org/10.1016/j.cmet.2019.06.008
http://www.ncbi.nlm.nih.gov/pubmed/31279675
http://doi.org/10.1002/oby.22557
http://www.ncbi.nlm.nih.gov/pubmed/31322323
http://doi.org/10.1111/obr.12718
http://www.ncbi.nlm.nih.gov/pubmed/30035381
http://doi.org/10.1007/s00421-009-1013-x
http://doi.org/10.1371/journal.pone.0164349
http://doi.org/10.1016/j.jand.2011.11.014
http://doi.org/10.1186/s13063-019-3954-7
http://doi.org/10.1093/ajcn/82.1.222S
http://doi.org/10.1002/oby.20672
http://doi.org/10.1001/archinte.168.14.1550
http://doi.org/10.1001/jama.282.16.1554
http://www.ncbi.nlm.nih.gov/pubmed/10546695
http://doi.org/10.1007/BF03327740
http://www.ncbi.nlm.nih.gov/pubmed/16801742

	Introduction 
	Materials and Methods 
	Design 
	Patient and Public Involvement 
	Procedures 
	Diet Intervention 
	Exercise Intervention 
	Control Group 
	Outcome Measures 
	Primary Outcomes 
	Secondary Outcomes 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

