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Abstract

Background

In class Il and Il obese individuals, lifestyle intervention is the first step to achieve weight
loss and treat obesity-related comorbidities before considering bariatric surgery. A system-
atic review, meta-analysis, and meta-regression were performed to assess the impact of
lifestyle interventions incorporating a physical activity (PA) component on health outcomes
of class Il and Ill obese individuals.

Methods

An electronic search was conducted in 4 databases (Medline, Scopus, CINAHL and Sport-
discus). Two independent investigators selected original studies assessing the impact of
lifestyle interventions with PA components on anthropometric parameters, cardiometabolic
risk factors (fat mass, blood pressure, lipid and glucose metabolism), behaviour modifica-
tion (PA and nutritional changes), and quality of life in adults with body mass index (BMI)

> 35 kg/m?. Estimates were pooled using a random-effect model (DerSimonian and Laird
method). Heterogeneity between studies was assessed by the Cochran’s chi-square test
and quantified through an estimation of the I*.

Results

Of the 3,170 identified articles, 56 met our eligibility criteria, with a large majority of uncon-
trolled studies (80%). The meta-analysis based on uncontrolled studies showed significant
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heterogeneity among all included studies. The pooled mean difference in weight loss was
8.9 kg (95% Cl, 10.2-7.7; p < 0.01) and 2.8 kg/m’ in BMI loss (95% Cl, 3.4-2.2; p < 0.01).
Long-term interventions produced superior weight loss (11.3 kg) compared to short-term
(7.2 kg) and intermediate-term (8.0 kg) interventions. A significant global effect of lifestyle in-
tervention on fat mass, waist circumference, blood pressure, total cholesterol, LDL-C, tri-
glycerides and fasting insulin was found (p<0.01), without significant effect on HDL-C and
fasting blood glucose.

Conclusions

Lifestyle interventions incorporating a PA component can improve weight and various cardi-
ometabolic risk factors in class Il and Il obese individuals. However, further high quality tri-
als are needed to confirm this evidence, especially beyond weight loss.

Introduction

Obesity is now recognized as the most prevalent metabolic disease world-wide, reaching epi-
demic proportions in both developed and developing countries [1]. In North America, the
prevalence of class II and III obesity (Body mass index (BMI) >35 kg/m?) has increased rapidly
over the last decade [2,3]. Severe obesity is associated with multiple comorbidities such as hy-
pertension, insulin resistance, type 2 diabetes, dyslipidemia, cardiovascular disease, sleep apnea
and cancer [4,5], and is often associated with musculoskeletal pain [6,7]. All these comorbidi-
ties further lead to impaired health-related quality of life [8,9]. The importance of obesity is
also obvious when looking at the considerable resources dedicated to its treatment and care,
which account for between 0.7% and 2.8% of a country's total healthcare expenditures [10].

Several strategies are recommended for the treatment of obesity, including dietary therapy,
regular physical activity (PA), behavioral therapy (BT), pharmacotherapy, and bariatric surgery
as well as combinations of these strategies [11-15]. Although, bariatric surgery remains the
most effective treatment to decrease and maintain weight loss, as well as improve comorbidities
and mortality [16,17], lifestyle intervention is recommended as the first step to achieve weight
loss and to treat obesity-related comorbidities in subjects with severe obesity [12]. In addition,
given the limited resources, lifestyle intervention remains an effective option to help more sub-
jects with severe obesity [18] and subjects could also prefer less invasive treatment than bariat-
ric surgery [19].

PA is an important component of lifestyle intervention and should be systematically includ-
ed in lifestyle management components [12]. PA, self-monitoring, and continued follow-up
contacts have been identified as key components of weight control [20]. In addition, several
studies showed that PA presents several benefits in individuals with class IT and III obesity
[21], as well as in class I: improvement of morbidities, cardiovascular diseases mortality and
quality of life [21-25]. However, non-surgical obesity programs in Canada include less PA sup-
port compared to nutritional support (73 vs. 93%) and have less PA professionals compared to
dietitians (43 vs. 74%) [26].

Previously, a review and meta-analysis of lifestyle interventions in obese and overweight in-
dividuals concluded that they can significantly reduce body weight and cardiometabolic risk
factors in the mid- to long-term [27]. However, no systematic literature review is currently
available on the effect of lifestyle interventions (dietary intervention, PA, BT) specifically in
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class IT and III obese individuals. Thus, the present systematic review aims to give an overview
of lifestyle interventions that include a PA component (counseling, recommendations, educa-
tion or exercise training) proposed to more severe obese individuals. We thus carried out a sys-
tematic review, meta-analysis and meta-regression on the effects of lifestyle interventions
incorporating a PA component among class IT and III obese on i) anthropometric parameters;
ii) cardiometabolic risk factors; iii) behaviour modification; iv) and quality of life. The second-
ary objectives were i) to investigate the impact of sex, age, severity of obesity and metabolic dis-
orders on the lifestyle interventions efficiency; ii) to compare lifestyle intervention modalities;
and iii) to assess the long-term impact of lifestyle intervention in this population.

Methods
Information sources and study selection

This systematic review followed the guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) [28]. The information sources and study selection meth-
ods were described elsewhere [21]. Briefly, the research was completed on November 16,
2012 across 4 databases (Medline, Scopus, CINAHL and Sportdiscus) using specific keywords
and Medical Subject Headings [21]. Two independent reviewers screened all records according
to titles and/or abstracts (AB and MMRF) and assessed selected full-text articles for inclusion
and exclusion criteria (AB and MA). Disagreements were resolved by a third party (MFL) and
reviewers’” agreement was calculated using Cohen’s kappa coefficient [29].

Eligibility criteria

The following inclusion criteria were applied: i) peer-reviewed original studies; ii) class II and
I obese adults (>18 years; more than 75% of the sample with BMI>35 kg/m” and no normal
weight subject); iii) lifestyle interventions, incorporating a PA component (counselling, recom-
mendations, education, or exercise training) and with at least one of these components: BT,
diet, nutritional education or recommendations or counselling; and iv) at least one of these out-
comes: anthropometric parameters (body weight, waist circumference), cardiometabolic risk
factors (% of fat mass, lipid or glucose metabolism, blood pressure), PA or nutritional behav-
iors (energy expenditure or intake, recommended healthy behaviors), and quality of life.

BT was considered as an approach focusing on modifying the perception of the environ-
ment to increase stimuli that promote healthy eating and PA behaviours while decreasing sti-
muli that make healthy eating and exercise challenging [30]. Studies with interventions
including jaw fixation, anti-obesity medication or bariatric surgery were not considered unless
they included at least one lifestyle intervention arm and only patients enrolled in the arm of in-
terest were considered. No language restriction was applied. Authors were contacted twice in
case of missing or incomplete data for the study selection or when more details on the interven-
tion effects or population were needed. When more than one publication studied the same co-
hort and had overlapping results, only the most recent was considered.

Data collection process

One reviewer (AB) extracted data for each study: country, design, sample size, baseline subject
characteristics, lifestyle intervention modalities [length (months), follow-up length (months),
attendance (%), frequency of contacts (number of contacts per month), delivery mode (group,
individual face to face or telephone), type and number of professionals involved)], lifestyle in-
tervention components [material support (documentation, website, pedometer, log. . .), exer-
cise training, unsupervised exercise program, PA recommendations, caloric restriction,
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nutritional recommendations or education, BT]. The frequency of contacts was categorized as
low (<1 session/month), moderate (1 or 2 sessions/ month), and high (>2 sessions/month) or
missing information [15]. Studies were categorized as exercise training only if a professional to-
tally or partially supervised the exercise sessions. Non-supervised exercise programs corre-
sponded to interventions with individualized exercise plans without supervision. PA
recommendations category corresponds to interventions that provide only general PA advices
or studies that did not provide enough details about the intervention. Means with standard de-
viation (SD) of baseline, different evaluation time, post-intervention and follow-up outcomes
of interest and p-values were reported. Missing baseline characteristic for subgroups or final
sample were replaced by the initial whole baseline population characteristics means. Only re-
sults from intention-to-treat analyses were extracted, when completers’ data were also avail-
able. All extracted data were double checked by another reviewer (KBV). Disagreements were
resolved by a third party (MFL).

Quality assessment in individual studies

The quality assessment of the included articles was performed (AB) using the Quality Assess-
ment Tool for Quantitative Studies developed by the Effective Public Health Practice Project
[31], as reported previously [21]. A second independent investigator (MA) conducted quality
control of one third of randomly selected articles (n = 19). We reassigned study design accord-
ing to the data used in our analysis. For example, if a study randomized subjects in lifestyle in-
tervention with or without jaw fixation, we considered the design as an uncontrolled clinical
trial since we only used data of the control group.

Statistical analyses

Although some of included studies were controlled studies, for the present meta-analysis there
were not enough “true” control groups to pool only randomized controlled trials. For this rea-
son, all study groups were included in a longitudinal meta-analysis. Studies of weak quality
were not included in the meta-analysis [32], as well as studies with only follow-up results or
missing result data [33-37]. Subgroups analyses were performed according to the intervention
lengths: short-term (<6 months), intermediate-term (6-11.9 months) and long-term (>12
months) [15]. Studies with variable length of intervention for each subject [38] and no exact
length of intervention [39] were excluded from the subgroup analysis. Baseline data and post-
intervention outcomes were reported as absolute change in mean and the standard error of
means (SEM). Associated SEM were calculated using SEMi¢r. = SEMpaseline + SEMpna 21
SEMpaseline X SEMga1. We assumed a moderately conservative coefficient of correlation r = 0.5.

Due to the heterogeneity among included studies, estimates were computed using a ran-
dom-effect model with the DerSimonian and Laird method [40] that does not assume interven-
tions to be similar and further includes inter-studies heterogeneity (Tau®) in the calculation
[41].

Results are presented as mean difference with 95% confidence interval (CI). Heterogeneity
between studies was assessed by the Cochran’s chi-square test (Q) and its extent was quantified
through an estimation of the I*. Expressed in percentage, the I” statistic describes the propor-
tion of total variance in effect estimates due to the heterogeneity. Thus, homogeneous pooled
studies should have an I? close to 0. Conventionally, 25%, 50%, and 75% respectively represent
low, medium, and high inconsistency between studies [42,43].

In the presence of heterogeneity, meta-regressions with a random-effect model were per-
formed to test different moderators available in the included studies and known to affect the
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final estimates such as sample size at inclusion, studies length in months, age of included par-
ticipants and contact frequencies [44]. Data were analyzed with Open Meta-Analyst [45].

Results
Study selection

The electronic search identified 5014 publications, among which 56 articles were included in
the review (Fig. 1). Reviewers had a moderate agreement score concerning screening title/ab-
stracts (kappa coefficient = 0.7) and an excellent score for eligible studies (kappa coefficient =
0.93) [29]. Given that one article [46] provided data from a subpopulation (normal or abnor-
mal glucose tolerance subjects) of a larger study [47], we did not consider this study in the cal-
culation of percentage in the following part (100% = 55 articles), but kept it for the part effects
of metabolic disorders on the effectiveness of lifestyle interventions.

Study characteristics

Table 1 presents the characteristics and intervention modalities.

Briefly, 4 studies (7%) with a real control group [48-51], 7 (13%) studies with multiple
groups comparing different intervention modalities [52-58] and 44 (80%) uncontrolled studies
were included. Nearly half of the studies (45%; n = 25) were published after 2010. Most studies
were conducted in the United States (40%; n = 22) and Italy (27%; n = 15). All of the 55 studies
assessed body weight, followed by cardiometabolic risk factors (51%; n = 28), PA (27%; n = 15)
and waist circumference (22%; n = 12). Nutritional behaviors (15%; n = 8) and quality of life
(4%; n = 2) were the least studied outcomes.

Population

The sample size was small in general: between 5 and 50 subjects in 22 studies (40%), 51-100 in
18 studies (33%), and >100 in 15 studies (27%). The mean age of subjects ranged between 29
and 66.5 years. In 37 studies (67%) mean age was > 40 years. Four studies (7%) were composed
of <'50% of women [33,59-61] and all others had a majority of women (76%; n = 42)(missing
data 4%, n = 2 [34,35]). In addition, 8 studies (15%) included only class I and III obese individ-
uals with specific comorbidities (i.e, obstructive sleep apnea [59], sleep-disturbance related
symptoms and disabilities [62], low back pain [63], type 2 diabetes [64], prehypertension/hy-
pertension [65-67], or advanced systolic heart failure [32]).

Intervention modalities

The intervention lengths varied from 1-3 weeks to 61.5 months. Twenty-six studies (47%) pro-
posed short-term interventions and 14 (25%) long-term interventions. A maintenance phase
was part of the intervention among 6 studies (11%) [37,38,53,63,68,69], ranging from 4 to 60
months after the end of the weight loss phase. An observational follow-up lasting between 4 to
18 months was proposed in only 4 studies (7%) [33,54,62,70]. The majority of studies (n = 32;
58%) had a high-frequency of contact, 13 (24%) a moderate [34,50,58,65,66,71-78], one (2%)
low [59], not reported in 9 (16%) [32,33,35,39,51,53,70,79,80].

Supervised or semi-supervised exercise sessions (51%; n = 28) were more frequently used
than non-supervised exercise program (33%; n = 18) and PA recommendation (20%; n = 11).
In 38 studies (69%), subjects had a caloric restriction ranging from 412 kcal/d to 2190 kcal/d.
Only 11 studies (20%) did not have BT programs [32,33,37,39,67,75,77,80-83].

Seventeen studies (31%) used material to support the interventions. Three studies (5%)
were telephone-based interventions [34,35,76]. Four studies (7%) [59,75,80,81] proposed only
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individual face to face, four (7%) only group meeting [33,36,63,84], two (4%) combined indi-
vidual, group and telephone contacts [47,55], and all others (56%; n = 31) combined individual
and group interventions (no data for 11 studies (11%)).

One to five health professionals were involved in the interventions. Dietician was the most
common health professional (62%; n = 34), followed by exercise specialist (56%; n = 31), practi-
tioner (47%; n = 26), psychologist (38%; n = 21), nurse (16%; n = 9), occupational therapist or
physiotherapist (2%, n = 1) [52], and social workers (2%; n = 1) [52].

Quality assessment

Inter-rater reliability for quality was high with a Cohen’s kappa coefficient of 0.85. Only four
studies (7%) were rated as high quality studies [52,54,55,57], one was weak (2%) [32], and all
others were of moderate quality (91%; n = 50) (S1 Table). The outcome assessors were blinded
to the intervention or exposure status of participants in only four studies [51,55,59,77]. Tools
to assess anthropometric, cardiometabolic risk factors and quality of life were shown as valid
and reliable in the vast majority of studies (93%; n = 51). In most studies assessing PA changes
(80%; n = 12/15), PA level was self-reported and only three studies used pedometer or acceler-
ometer [48,55,80]. The percentage of participants completing the study was not mentioned in
22% of the studies (n = 12) and below 60% in 7% (n = 4). Only 22% of the studies performed
an intention-to-treat analysis (n = 12) [35,50,52,55,58,59,66,71-74,78].

Effects of lifestyle interventions on weight loss, anthropometric and
cardiometabolic risk factors

Meta-analysis. The analysis showed significant moderate to high degree of heterogeneity
among all included studies. A significant global effect of lifestyle interventions was found on all
outcomes studied (p<0.001), except for HDL-C and fasting blood glucose.

Figs. 2 and 3 illustrates mean BMI and fat mass changes according to the intervention length
categories, and Fig. 4, mean systolic blood pressure, LDL-C, HDL-C and
triglycerides differences.

When studies were separated according to the length of interventions, a significant effect
was found on weight loss for short-term (-7.20 kg, 95% CI [-8.88; —5.53], p < 0.01; I* = 94%),
intermediate-term (-7.96 kg, 95% CI [-10.82; =5.09], p < 0.01; I* = 97%) and long-term
(-11.33 kg, 95% CI [-13.07; =9.59], p < 0.01; I* = 90%) studies (S1 Fig.).

A significant decrease of waist circumference over time was also found for short-term (—4.78 cmy
95% CI [-8.01; —1.55], p = 0.004), intermediate-term (—6.26 cm; 95% CI [-11.82; —0.70], p < 0.01;
I> = 90%) and long-term (-7.52 cm; 95% CI [-9.42; =5.61], p < 0.01; I* = 90%) studies (S2 Fig.).

A significant effect on total cholesterol was found only for short-term studies (—0.99; 95%
CI[-01.17; -0.81], p < 0.01) (S3 Fig.). Significant reductions of diastolic blood pressure (DBP)
were found for short-term (-4.64; 95% CI [—6.71; —=2.57], p = 0.05; I> = 61%), intermediate-
term (—5.79; 95% CI [-9.14; —2.44], p < 0.01; I> = 93%) and long-term (-3.96; —4.90; —3.03],

p = 0.04; I> = 58%) interventions (S3 Fig.). A decrease in fasting glucose was observed only for
short-term (-0.53; 95% CI [-0.83; —0.24], p < 0.01; I* = 70%) interventions (S3 Fig.). The sub-
group analysis also showed a significant effect on fasting insulin for long-term (-34.77, 95%
CI [-47.68; —21.86], p < 0.001; I* = 46%) studies (S3 Fig.).

Meta-regression. As shown by meta-regression analyses (S2 Table), intervention length
was negatively associated with mean weight loss (54 Fig.) and waist circumference changes, but
positively with SBP, total cholesterol, HDL-C, LDL-C, and fasting glucose changes (p < 0.01).
The frequency of contact was negatively associated with weight, BMI, waist circumference, and
SBP changes (p < 0.003). Age at inclusion was positively related to fat mass change and
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Fig 2. Forest plot of mean body mass index changes according to the intervention length in class Il and lll obese individuals.

doi:10.1371/journal.pone.0119017.g002

negatively with SBP, HDL-C, and fasting glucose changes (p < 0.01). Body weight was positive-

ly associated with DBP (p = 0.002).

Effects of lifestyle interventions on behaviors

Fifteen studies of high and moderate quality assessed the effect of interventions on PA level
and 8 on nutritional behavior changes. No meta-analysis was carried out given the heterogene-
ity of outcome assessment tools (questionnaire, interview, diary, pedometer) and reported data
units (kcal/week, steps/day, categorical data, minutes, METs, fruits/vegetables consumed per
day). Nine uncontrolled studies and one high quality RCT found significant positive impacts of
6 to 12-month lifestyle interventions on PA level [38,55,58,63-65,69,71,72,76], and five uncon-
trolled studies on nutritional behaviors [47,58,65,71,76]. However, one RCT showed that the
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Fig 3. Forest plot of mean fat mass changes according to the intervention length in class Il and lll obese individuals.

doi:10.1371/journal.pone.0119017.g003

increase in steps/day after 4.5 months of intervention was not significantly different between
the walking promotion group meetings and standard support groups (p = 0.46) [48]. In addi-
tion, a second RCT found no significant difference in PA level and eating behaviors between
the preoperative medically supervised weight management program and the usual care groups
[50]. Another study found no significant change in exercise level (KJ/day) and a compensatory
increase in energy intake after 4 (+1004 kJ/day) and 7 (+836 kJ/day) months of intervention
compared to the data obtained after the first month of intervention [80].

Effects of lifestyle interventions on quality of life

Only two studies of moderate quality assessed quality of life. The first study showed that a 2-
year weight loss program improved significantly 3 dimensions of quality of life: physical func-
tion (+12.8%), body pain (+7.2%), and general health scores (+11.6%) as measured with the
Short Form-36 Health Survey in 30 class I and III obese individuals with obstructive sleep
apnea [59]. The second study reported significant improvements after 1-month of interdisci-
plinary rehabilitation program in several important quality of life aspects like: sleep, dietary be-
havior, resistance to fatigue, mobility, activity, mood, emotions, participation, and self-control
(Sat-P questionnaire) among 59 class II and III obese participants with sleep-disturbance relat-
ed symptoms and disabilities [62].

Effects of sex, age, severity of obesity and metabolic disorders on the
effectiveness of lifestyle interventions
Eleven articles provided comparison between females and males. Three studies showed that

males lost higher amount of their initial body weight than females after a same short-length
lifestyle interventions [53,85,86] without differences in blood pressure change [86].
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Fig 4. Forest plot of mean systolic blood pressure, LDL cholesterol, HDL cholesterol and triglycerides differences according to the intervention
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intervention is given in Table 1

doi:10.1371/journal.pone.0119017.g004

However, over the 12-month period of lifestyle intervention, 2 studies reported better
weight loss in females than males [53,69]. Other studies found no significant sex difference in
body weight, waist circumference, and fat mass changes after interventions lasting from 3.75 to

12 months [39,54,79,81,87-89].

Five studies have looked at the effect of age on the effectiveness of lifestyle intervention.
Two studies did not identify any association between age and weight loss [39,88] and two oth-
ers found no significant age difference between the regain and the weight loss groups [68,69].
Another study suggested that older age predicted greater systolic blood pressure improvement

after 6-month of lifestyle intervention [66].

Eleven studies were interested in the impact of the severity of obesity on the effectiveness of
lifestyle interventions. Seven studies found that subjects with higher initial BMI lost significant-
ly more weight after interventions ranging from 2 to 61.5 months [35,39,55,68,74,79,87]. In
contrast, other studies found no difference or association between baseline BMI class and
weight loss. [64,69,70,88]. In addition, Unick et al. [64] showed also similar improvements in
LDL-C, triglycerides, blood pressure, fasting glucose, and HbAlc at 12 months between class IT
and IIT obese individuals. However, class III obese subjects had smaller increase in HDL-C
compared with class IT (1.8+6.0 vs. 3.3+7.2; p<0.01).

Two studied provided results in normal or abnormal glucose tolerance subjects [46], and
glucose-impaired and unimpaired subgroups [76]. Unfortunately, no statistical analyses were
performed to compare changes between groups.
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Effects of differences in lifestyle intervention modalities

Seven studies (13%) compared different intervention modalities [52-58].

Martins et al. [52] found that a residential intermittent program and a commercial weight
loss camp resulted in greater weight loss compared to a hospital outpatient program (22+13 vs.
18+12 kg vs. 7£10 kg; p < 0.001).

Goodpaster et al. [55] concluded that initial PA intervention had a more beneficial effect on
body weight (—10.9 vs. —8.2 kg; p = 0.02), waist circumference (—8.6 vs. —=5.2 cm; p = 0.01), and
body fat (-8.7 vs. 5.9 kg; p = 0.008) than the 6-month delayed PA practice without significant
additional effect on cardiometabolic risk factors.

Three studies compared different supervised exercise modalities combined with diet and BT
throughout 12 weeks of intervention. No significant weight loss difference was found between
individualized compared to non-individualized training groups [54], and endurance exercise
compared to strength and endurance exercise groups [57]. However, endurance and strength
exercise training led to greater weight loss (—5.4 vs. —4.0 kg; p < 0.05) compared to non-indi-
vidualized endurance and resistance exercise training. No significant weight loss difference was
found between endurance training and these two groups in the study of Sartorio et al. [56].

Annesi et al. [58] showed that the weight loss and waist circumference reduction was signifi-
cantly greater in the cognitive-behavioral nutrition intervention than in the nutritional educa-
tion program (-3.5£6.6 vs. —2.5+4.4 kg; —5.3£5.8 vs. =3.5£6.6 cm).

Effects of lifestyle interventions on the long-term (follow-up)

Observational follow-up without intervention was performed only in 4 studies [33,54,62,70].

The first study showed no overall significant additional weight loss (Table 1) during the 18-
month follow-up period [70]. Nevertheless, 33.6% of subjects continued to lose weight by more
than two BMI-points, 29.1% regained weight by more than two BMI-points and 37.3% main-
tained stable weight [70]. The second study also found an overall weight loss maintenance after
the 6-month follow-up period, with 46% of subjects reducing body weight (1 to 5%), 51% re-
gaining and 3% maintaining weight loss (< 1% change) [62].

Lafortuna et al. [54] reported that, after 6 months of follow-up, the individualized 3-week
lifestyle group had a higher level of PA compared to the non-individualized group (p<0.05),
displaying a trend for further decrease in body weight [54]. Another study provided results
from the “Biggest Loser” telecast, where subjects were initially housed together until voted oft
by their peers every 6-11 days until all were home at 3 months. At 7-months follow-up, the in-
tervention resulted in major reductions in body weight (-39%), body fat (~66%), serum insulin
level (—52%), glucose (—21%), and HbAlc (-11%) [33].

Quality of life improvement observed during the first month of interdisciplinary rehabilita-
tion turned down to baseline at 6 months of follow-up. However, the item scores dealing with
sleep efficiency, problem solving and social interactions were still maintained at the end of the
follow-up period [62].

Discussion
Summary of evidences

From the 56 studies included in this review, the majority used uncontrolled design, and most
of them were performed after 2010 mainly in women. The analytical part of this present review
underlined that most lifestyle interventions containing a PA component are efficacious in class
IT and IIT obese individuals. In fact, significant effects were found for body weight, BMI, fat
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mass, waist circumference, blood pressure, total cholesterol, LDL-C, triglycerides, and
fasting insulin.

The pooled mean difference in weight loss was —8.9 kg and 2.8 kg/m? in BMI. Even though
this result can seem modest compared to bariatric surgery (10-15 kg/m?, 30-50 kg, 15-30% of
weight loss)[16,17,90], a weight loss of 5-10%, which represents a reduction of 2-4 kg/m? of
BMI [91], is clearly associated with clinically relevant health benefits on glucose and lipids me-
tabolism, blood pressure and psychosocial outcomes (e.g., mood, quality of life, and body
image), as well as a reduction in weight-related comorbidities (diabetes, hypertension, hyper-
lipidemia sleep apnea, osteoarthritis . . .) in obese individuals [12,92-96].

Waist circumference, which is associated with visceral adipose tissue content [97] showed a
pooled mean decrease of —6.9 cm after lifestyle interventions in class IT and IIT obese individu-
als. This change is promising and could contribute in part to the improvement shown in the
other health factors (blood pressure, total cholesterol, LDL-C, triglycerides, fasting glucose and
fasting insulin), given the role of visceral adipose tissue in the metabolic alterations [98].

In accordance with other studies in overweight and obese subjects [99,100], anthropometric
outcomes (weight, BMI, fat mass and waist circumference) decrease over time after lifestyle in-
tervention in class II and III obese individuals. For example, the subgroup analysis showed that
the higher decrease in weight was found with long-term studies (-11.3 kg) compared to short-
term and intermediate-term studies with —7.2 kg, and —8.0 kg respectively.

In contrast, a systematic review in overweight and obese subjects found no relationship be-
tween the length of the intervention and the percentage of weight loss [101]. In addition, our
meta-regression results showed no linear association between intervention length and BMI,
and fat mass in contrast with weight and waist circumference. The number of included studies
and the absence of intervention diversity in the category intermediate length interventions (7
studies but only 3 tested interventions) could explain this discrepancy. Furthermore, because
of incomplete reporting of anthropometric parameters (weight, BMI, fat mass and waist cir-
cumference), not all studies have been included in each meta-analysis explaining varying ef-
fects. Thus, it is difficult to conclude on the impact of the intervention length on
anthropometrics parameters, probably because other factors can impact the results, as shown
in our meta-regressions for contact frequency and age. In addition, the number of other poten-
tial predictors of weight loss is large (comorbid conditions, individuals’ obesity history, socio-
economic factors like sex, employment, income, education and social status, individual’s
quality of life, psychological factors)[102].

Regarding LDL-C, our meta-regression results showed significant linear decrease over time
with short-length interventions displaying larger decreases than longer studies. Therefore, time
could be a significant moderator as identified by the meta-regression. Nonetheless, the result
from the meta-regression should be tempered because for this studied outcome, there was no
significant result for short-term studies. This absence of significant result suggests a high de-
gree of variability and heterogeneity in short-term studies and the presence of confounding
variables like the use of medications in long-term studies. This reasoning is justified by the
large confidence interval as the I*.

Concerning the lipid profile, although an overall effect was found, few studies were available
and only one study with an intermediate-length was considered. For triglycerides, although not
significant, a trend was found for body weight variation, supporting that improvements in tri-
glycerides levels were more likely due to weight variation rather than study length as it is the
case for total cholesterol. In fact, for this outcome long-term studies were associated with no
significant change. Again, confounding effects of medication use can influence results.

No significant global effect was found for HDL-C in the meta-analysis, since we observed a
significant decrease in short-term studies and a significant increase in long-term studies. In
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contrast with systolic blood pressure, fasting glucose, total cholesterol, and LDL-C, HDL-C
tends to improve over time in the meta-regression, as anthropometric outcomes, with long-
length studies having larger increases. It is possible that the different baseline comorbidities,
medications or PA intensity between studies may explain this discrepancy. Indeed, a systematic
review performed in obese adult concluded that the changes in cardiometabolic risk factors are
more likely in subjects with abnormal baseline levels [103]. They also stated that “weight loss,
irrespective of patient characteristics and intervention, does not uniformly improve cardiovas-
cular risk factors. However, there is a lack of data to correlate weight loss with effect on markers
of cardiovascular risk, as there may be weight loss thresholds” [103]. Weight loss or more ex-
actly visceral fat loss is important, however behaviour changes (physical activity and diet) are
also necessary to maintain and improve further cardiometabolic alterations on long-term
[93,94,104,105]. In addition, medications have little impact on HDL-C level, thus allowing to
better capture the effect of lifestyle modification.

Limitations

If results from the present review and meta-analysis are interesting, some limitations should be
discussed. In fact, in the meta-analysis part, a high degree of heterogeneity was detected
through the included outcomes. This heterogeneity can be explained by methodological aspects
that were not considered in the meta-regression. A second limitation is the fact that we did not
use control groups because of the limited number of controlled studies in the literature. This
absence of control groups has probably overestimated the results. Third, some papers with rele-
vant data may have been excluded because of missing BMI data, or lack of response from au-
thors to our queries. Fourth, the lack of specific lifestyle key words in our research strategy may
have introduced a selection bias. Finally, it cannot be excluded that publication bias could affect
our findings.

Implications for research

Given the small number of high quality studies (n = 4), additional high quality RCT are neces-
sary to improve the current evidence-based knowledge on the beneficial effects of lifestyle in-
terventions including a PA component in class II and III individuals. To improve clinical
interpretation, authors have to provide all data on BMI and % of weight loss.

Studies should also consider outcomes beyond weight loss, such as body composition, meta-
bolic risk factors and quality of life. Indeed, as recommended recently by the European Associ-
ation for the Study of Obesity, obesity management should more focus on ameliorating or
maintaining fat-free mass and decreasing fat mass, manage co-morbidities, and improving
quality of life and well-being rather than focus on body weight loss [106].

The assessment of health behaviors (nutrition and PA level) is important to reveal subjects’
compliance and to better understand the implication of each lifestyle change in the results of
the intervention. Studies on the effect of lifestyle intervention on health behaviors in class II
and IIT subjects are scarce (27%; n = 15) and equivocal, probably due to the different designs,
assessment tools (self-reported vs. objective method) and intervention modalities. Thus, future
studies have to report subjects” adherence to the intervention and behavior changes to improve
data quality.

Weight loss maintenance after lifestyle interventions seems to follow different patterns ac-
cording to each subject [62,70]. Additional studies are needed to follow over the long-term the
effects of lifestyle interventions on weight loss and other outcomes (body composition, quality
oflife. . .) in class I and III obese subjects, since currently only two studies provided this data
[62,70].
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Insufficient and equivocal results prevent us to summarize the effect of sex, age and obesity
severity on the effectiveness of lifestyle interventions. Comparison between gender, age catego-
ries, obesity class, metabolic status, responders and non-responders could be another avenue of
research to develop. Indeed, predictors of success have to be studied to help health profession-
als to identify non-responders and better adapt their intervention, since large weight loss differ-
ence can be observed between subjects [107].

Only 7 studies compared different intervention modalities. Thus, future researches should
investigate the impact of specific intervention modalities (deliverance, length, contact frequen-
cy) to better understand optimal intervention. In addition, the report of effective intervention
modalities, health professional types and subjects’ characteristics (age, sex, ethnic group, and
comorbidities) has to be improved in the studies to be replicated in clinical practice and im-
prove knowledge transfer.

Finally, studies should also include assessment of implementation outcomes (compliance,
adverse outcomes and satisfaction) and cost-effectiveness analyses to help health professionals,
healthcare managers and policy makers to support lifestyle intervention implementation.

Conclusions

Lifestyle intervention is effective to improve health in Class II and III obese individuals. Al-
though bariatric surgery is more effective than lifestyle interventions for the treatment of severe
obesity and its comorbidities, some individuals have striking response to lifestyle interventions
and the number of surgeries performed is insufficient to treat all severely obese individuals.
Therefore, lifestyle programs in the hospital and/or primary-care settings should be developed
and supported.
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