
INTRODUCTION

Obesity is a current important worldwide public health problem1). 
The global prevalence of obesity in adults has been alarmingly high2). In 
2016, more than 1.9 billion (39%) adults, 18 years and older, were over-
weight and 650 million of them (13%) were obese. Most of the world's 
population live in countries where overweight and obesity kills more 
people than underweight. As for childhood obesity globally, the preva-
lence of overweight and obesity among children and adolescents aged 
5-19 years old has risen dramatically from just 4% in 1975 to over 18% 
in 20163). The World Health Organization (WHO) highlights prevention 
of obesity as an important priority to reduce the impact of non-commu-
nicable diseases4). Obesity is a major risk factor for several non-commu-
nicable diseases such as diabetes mellitus, cardiovascular disease, 
hypertension, cerebrovascular accident, and certain forms of cancer 
leading to increased risk of premature death to serious chronic condi-
tions that reduce the overall quality of life5). 

Obesity interventions are often evaluated as a whole, as opposed to 
the specific elements that comprised the interventions, which hinders 
effective implementation and dissemination of evidence-based 
approaches to reduce obesity6). Therefore, the aim of this systematic 
review is to identify effective interventions and intervention elements in 
the management of obesity and to identify priorities for further interven-
tion development and research.

MATERIALS  &  METHODS

Search Strategy
The systematic review search was performed throughout August 

2021 for all the relevant titles, abstracts, and keywords in the journal 
database of PubMed for articles from September 2020 until August 
2021. This search was conducted in accordance with the Preferred 
Reporting Items for a Systematic Review and Meta-analysis (PRISMA) 
checklist. The keywords used are experiment* OR intervention* AND 
obese* AND adult*.

Selection Criteria
The inclusion criteria for the database searches were (a) 

Experimental or interventional studies that fulfil the keywords and 
terms searched, (b) Availability of full text articles, (c) Original articles, 
(d) English-language articles, and (e) Study outcome of body weight 
and/or BMI changes. The exclusion criteria in this search were (a) Case 
study articles, (b) Review articles, and (c) Study protocols. The articles 
were first identified through the title screening process. Next, the arti-
cles' abstracts were screened using the eligibility criteria. Full text arti-
cles obtained were subsequently included in qualitative analysis. The 
flow of the article search is described in Figure 1.
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Operational Definition 
Obesity intervention programmes in this context refers to any pro-

gramme or activities either conducted at health centres or community, 
that aimed to intervene the obesity problem

Data extraction tool
All researchers independently extracted the information for each 

article into an excel sheet. The data was customized into (a) Author 
(year), country (b) Study objective(s) (c) Study characteristics (design, 
duration, intervention) (d) Characteristics of participants, and (e) 
Desired outcome measure (Table 1). 

Quality Assessment Tool
By using the mixed method assessment tool (MMAT version 2018), 

the articles were critically appraised for its quality by the researchers. 
This tool has been shown to be useful in systematic review encompass-
ing different study designs7). 

RESULTS 

Study Selection 
The selection process is illustrated in the PRISMA flow chart in 

Figure 1. A total of 727 studies were identified in the initial searches in 
PubMed database. After screening of duplicates, titles and abstracts 
were screened, a total of 15 articles were short-listed. Subsequent full-
text assessment excluded 3 articles, leaving 12 articles for qualitative 
analysis.

Irrelevant studies were excluded based on screened titles and 
abstracts (n = 49); while the reason for excluding studies via full-text 
reading were inappropriate study objectives (n = 2) and supplementary 
research (n = 1). 

Study and Sample Characteristics
A total of twelve experimental studies were included in this system-

atic review. Four of the studies were done in the United States of 
America (USA), two in Spain, and one each in South Africa, Australia, 
China, Korea, Japan and Singapore. The number of participants ranged 
from 13 to 1,298 adolescents (2 studies), adults (9 studies), and elderly 
(1 study) with the mean age ranging between 12.88 to 72.9 years old. 
Eleven out of twelve studies selected the participants based on BMI, 
while only one study used waist circumference to select the participants. 
The minimum pre-intervention BMI for adults and elderly was 23 kg/
m2, while for adolescents, the BMI should be ≥ 85th percentile. As for 
the waist circumference measurement, ≥ 90 cm for men and ≥ 85 cm for 
women were considered as truncal obesity. 

Regarding the study design, there were three-armed randomized 
controlled trial (RCT) study (n = 1), two-armed RCT study (n = 4), two-
armed pilot RCT study (n = 1), quasi-experimental study with control 
group (n = 2) and pre-test --- post-test without control group (n = 4). The 
study duration was between 4 weeks and 12 months. The outcome mea-
sured in the selected studies were (a) mean or median percentage of 
body weight and BMI reduction, (b) mean body weight and BMI reduc-
tion, and (c) mean BMI (pre- and post-intervention). 

Summary of Interventions
Two of the selected studies were having nutritional intervention 

only8,9), while the other ten studies were having combination of interven-
tion elements such as nutrition, physical activities, behavioural and psy-
chosocial. Five of the studies were using the online platform to convey 
the intervention10-14). 

Intervention Effects
All the studies that were having intervention and control group 

showed that there were significantly higher body weight reduction and/
or BMI reduction among the intervention groups. There was one study 
among the expert-led group versus community volunteer-led group 
showed that those in volunteer-led group were having slightly higher 
body weight reduction and BMI reduction as compared to the expert-led 
group15). 

DISCUSSION 

In this review, all studies showed that those in the intervention 
group were having significant weight and BMI reduction as compared 
to the control group. This finding is in line with the previous study of 
intensive lifestyle intervention programme16). There were four studies in 
this review using pre-test --- post-test without control group as the 
design of the study, all of the studies showed significant weight and 
BMI reduction at post intervention. On the other hand, an experimental 
study demonstrated that in the intervention group, the mean scores of 
knowledge, perceived benefits, physical activity and nutrition behavior 
were significantly higher after the intervention than those before the 
intervention17). 

Majority of the studies included in this systematic review had 
multi-component obesity intervention such as nutrition, physical activi-
ty, educational, environmental and behavioural aspects. There is strong 
evidence that multi-component obesity interventions increased physical 
activity18), and weight loss for adolescents19,20). Multi-component inter-
ventions also modestly improved weight status among adults21), includ-
ing overweight or obese adults22). The shortest duration of intervention 
among the included studies was four weeks, which showed lower mean 
body weight reduction as compared to most other studies with longer 
duration of intervention. Two studies in this review that were using 
nutritional intervention only also showed lower mean body weight 
reduction as compared to multi-component intervention studies. In gen-
eral, multi-component interventions are more effective than single com-
ponent efforts, especially over longer durations18,19,21,22). Longer-term 
studies showed greater weight loss among participants in multi-compo-
nent interventions that address nutrition and physical activity than 
among participants in nutrition-only interventions; however, in the 
short-term, both interventions appeared to have similar benefits22). 

One of the studies in this review was among the expert-led group 
versus community volunteer-led group that showed that those in volun-
teer-led group were having slightly higher body weight and BMI reduc-
tion as compared to the expert-led group. In a previous study, the stu-
dents were encouraged to take a leading role and discuss proposals with 
their school principals and teachers, thereby taking ownership of the 
strategies to promote healthy eating and physical activity23). There is 

Figure 1: PRISMA flowchart
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Table 1: Articles included in the systematic review
Author (year),  Study objective(s) Study characteristics (design,  Characteristics of  Desired outcome 
country  duration, intervention) participants measure(s)

1. Lopez- To assess the relationship  Before---after non-randomized interventional  N = 66 adults with  Mean body weight and BMI reduction.
Hernandez et al.  between nutritional  study between October 2014 and May 2015  mean age of  Statistically significant changes were 
(2020), Spain8  knowledge and nutritional (8 months). 50.23 years old,  observed (p < 0.001) with a weight loss of 
 parameters such as dietary  Obesity intervention: 15 fortnightly nutritional  BMI > 25 kg/m2,  3% (mean pre: 87.24 kg vs mean post: 84.51
 intake, anthropometric  education workshops conducted by a nurse and and lack of regular  kg) and a significant decrease in BMI 
 parameters, and  nutritionist with more than 10 years of  physical exercise. (mean pre: 32.87 kg/m2 vs mean post: 
 biomarkers teaching and research experience in the field of   31.79 kg/m2).
  nutrition. The sessions were organized with a   
  theoretical-practical character and lasted for 60   
  minutes each.

2. Phelan et al.  To test the feasibility  Pilot randomized trial study, 4 weeks.  N = 13 adults with  Mean percentage of body weight reduction.
(2021), USA10  integrating virtual reality  Participants were randomly assigned to (1)  mean age of 43.3  The intervention and control groups both 
 (VR) into standard  Standard Behavioural Weight Loss plus Non  years old, BMI ≥  lost weight and unadjusted means (SD) 
 behavioural weight loss  Weight-Related Virtual Reality (i.e., Control  25 kg/m2. averaged 3.4% (2.7) and 2.3% (3.6), 
 treatment. Group) or (2) Standard Behavioural Weight Loss   respectively, over the 4 weeks.
  plus Weight- Related Virtual Reality (i.e.,   
  Intervention Group).  
  Obesity intervention: The Intervention Group's   
  VR scenarios complemented three weight control   
  lessons: assertiveness in restaurants (session 2),   
  modifying home eating cues (session 3), and 
  modifying home exercise cues (session 4).

2. Phelan et al.  To test the feasibility  Obesity intervention: In the Control Group, they 
(2021), USA10  integrating virtual reality  were given non-weight diet, and activity related 
 (VR) into standard  scenarios using the New York Times VR app 
 behavioural weight loss  (i.e., programs on marine life, nature, and sounds 
 treatment. from around the world).

3. Grace et al.  To determine the effect of  Quasi-experimental pre-test---post-test 10-week  N = 41 adolescents  Mean BMI reduction.
(2021), South  a combined physical  intervention study.   with mean age of  The Intervention Group showed a 
Africa37  activity and nutrition  Obesity intervention: Intervention Group  14.5 years old in  significant reduction (p < 0.01) in mean 
 education intervention  received combination of (1) Supervised physical  the Intervention  BMI from 30.8 kg/m2 (pre) to 29.8 kg/m2 
 program on body mass  activity program (20 exercise sessions, 2 days/ Group and 13.6  (post), over 10 weeks.
 index (BMI), blood  week), (2) Unsupervised physical activity  years old in the  
 pressure and selected  program (30 exercise sessions, 3 days/ week),  Control Group,  
 biochemical variables in  and (3) Nutrition education program (a registered  BMI ≥ 85th  
 overweight and obese  dietitian individually discussed information  percentile. 
 South African adolescents  surrounding food consumption habits).   
 from the KwaZulu-Natal    
 area.

4. Huang et al.  To assess the effects of a  Pre-post intervention study, 6 weeks.  N = 24 obese  Mean body weight and BMI reduction.
(2020), China38  6-week program of  Obesity intervention: Combined endurance  adolescents with  Statistically significant (p < 0.001). Mean 
 combined endurance and  (including bicycling, walking, running, dancing,  mean age of 12.88  weight (pre) 82.64 kg vs (post) 74kg. Mean 
 strength training exercise  and ball games) and strength training exercise;  years old.  BMI (pre) 31.02 vs (post) 27.78 kg/m2.
 and dietary restriction on  with dietary restriction (dietitians prepared and   
 central hemodynamic  supervised all meals).   
 parameters and gut    
 microbiome composition.

5. Batsis et al.  To evaluate the feasibility,  Single-armed, weight management intervention  N = 44 elderly  Mean percentage of body weight and BMI 
(2021), USA11  acceptability, and  study, 6 months.  with mean age of  reduction. Statistically significant (p < 
 preliminary outcomes of a  Obesity intervention: Program consisting of  72.9 years, BMI ≥  0.001). Weight reduction 4.7%, BMI 
 technology-based weight  nutrition and exercise sessions delivered using a  30 kg/m2. reduction 5.1%.
 management intervention  blend of synchronous, video conferencing   
 for rural older adults with  sessions with real-time communications and the   
 obesity.  use of remote monitoring using Fitbit and   
  enhanced by periodic face-to-face interactions.
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6. Kim et al.  To evaluate the  Single-blind, parallel-group randomized  N = 583  Mean BMI reduction.
(2020), Korea39  effectiveness of an  controlled trial study, 6 months intervention, 12  abdominally obese  Statistically significant (p < 0.001). 
 intervention focusing on  months follow up. adult (waist  Intervention Group 0.41 kg/m2 vs Control 
 dietary self-efficacy and  Obesity intervention: Intervention Group: circumference of ≥  Group 0.35 kg/m2.  
 behaviours on the  "Healthy Life Plan" that combined individual  90 cm for men and 
 improvement of  counselling with education and monitoring.   ≥ 85 cm for  
 abdominal obesity. Control Group: provided with brief information  women) with mean  
  on their health examination results and the  age of 53 years  
  necessity of lifestyle change. old.

7. Lim et al.  To compare the effects of  Parallel multicentre 2-group randomized  N = 204 adults  Mean weight and BMI reduction.
(2021),  a culturally contextualized  controlled trial study, 6 months.  with type 2  Statistically significant (p < 0.001). Mean 
Singapore12  smartphone-based  Obesity intervention: At baseline, all participants  diabetes, mean age  weight reduction (intervention) 3.6kg vs 
 intervention with usual  received a single 45- to 60-minute advisory  of 51.2 years old,  (control) 1.2kg. 
 care on weight and  session from a registered  BMI ≥ 23 kg/m2. 
 metabolic outcomes.

7. Lim et al.   research dietitian concerning diet and physical   Mean BMI reduction (intervention) 1.3 
(2021),   activity. Intervention Group additionally used a   kg/m2 vs (control) 0.4 kg/m2.
Singapore 12   smartphone app to track weight, diet, physical   
  activity, and blood glucose and then   
  communicated with dietitians for 6 months.

8. Mallorquí- To longitudinally explore Multicentre, randomized, parallel-group, primary  N = 342 adults  Mean BMI (pre and post).
Bagué et al.  through a randomized  prevention clinical trial study, 12 months.   with mean age of  Statistically significant (p < 0.001). 
(2021), Spain 40  clinical trial if overweight  Obesity intervention: Intervention Group: energy  65.24 years old,  Intervention Group (pre) 32.59 kg/m2 vs 
 and obesity could be  restricted traditional Mediterranean diet, physical  BMI of 27-40  (post) 30.03 kg/m2. Control Group (pre) 
 modified after 1 year of a  activity promotion and psychosocial  kg/m2. 32.51 kg/m2 vs (post) 31.85 kg/m2.  
 multimodal psychosocial (behavioural-motivational) support. Control 
 intervention. Group: usual healthy lifestyle recommendations, 
  without specific motivational advice for 
  increasing physical activity or losing weight.

9. Mizushima  To directly compare the  Non-randomized comparative trial study, 3  N = 145 adults  Mean weight and BMI reduction.
et al. (2021),  outcomes between expert- months.  with mean age of  Statistically insignificant. Expert-led group 
Japan15   and volunteer-led  Obesity intervention: Both groups received the  54 years old  (mean weight reduction): 6.3 kg, (BMI 
 versions of a weight-loss  same program content and intervention period.  (expert-led group)  reduction): 2.3 kg/m2.
 intervention in Japan. Community volunteers were trained in four of  and 57.2 years old 
  five 3-hour training sessions while experts were  (volunteer-led 
  highly trained and experienced professionals in  group), BMI of 
  the fields of exercise and nutrition prescription. 25-40 kg/m2.  

9. Mizushima     Volunteer-led group (mean weight 
et al. (2021),     reduction): 6.4 kg, (BMI reduction): 
Japan15     2.5 kg/m2.

10. Thomas et al. To evaluate the effects of  Randomized controlled trial study, 6 months.   N = 146 adults  Mean weight reduction.
(2020), USA13  a Web-based virtual  Obesity intervention: All participants received 6  with mean age of  Statistically significant (p < 0.05). 
 reality (VR) programme  months of no-cost access to the online weight  58.3 years old,  Intervention Group: 4.7kg vs Control 
 for enhancing behavioural  management programme offered by WW  BMI of 27-40  Group: 2.6 kg.
 skills training and weight  (formerly Weight Watchers). Intervention group  kg/m2. 
 loss when offered as an  was enhanced with the Experience Success (WW   
 adjunct to a commercial  + ES) programme, consisting of four Web-based   
 online weight  VR sessions for training in behavioural   
 management programme. weight-loss skills related to the home 
  environment, the workplace, physical activity, 
  and social situations.

11. Prasad et al.  To test the feasibility of  2 phase open label, non-randomized, prospective  N = 14 adults with  Median percentage of weight and BMI 
(2021), USA9  time restricted eating  intervention study, 3 months.  mean age of 51  reduction.
 (TRE) in adults with  Obesity intervention: Phase 1: 2-week baseline  years old, BMI of  Statistically significant (p = 0.017). Median 
 overweight and obesity. observation run-in phase to identify individuals  25-50 kg/m2.   weight reduction: 2.2kg, median BMI 
  with eating window of 14 hours or more. Phase 2:   reduction: 2.3 kg/m2.
  90-day TRE intervention phase aiming to reduce  
  the eating window to 10 hours/day, while 
  consuming their usual diet.  
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also some evidence that layperson- or peer-led approaches support posi-
tive behavioural change and improved health outcomes among adults 
living with obesity24,25), or obesity-related comorbidities26). Layperson- or 
community-led interventions have proven to be associated with low-re-
source areas or settings in which culturally tailored approaches are pre-
ferred by community members27,28). 

There were also studies in this review using behavioural elements as 
the obesity intervention such as behavioural weight loss skills related to 
the home environment, the workplace, physical activity, and social situ-
ations, and psychosocial (behavioural-motivational) support. A previous 
review paper found that physical activity, nutrition education, 
behavioural modification and family involvement are common treat-
ment components and have improved weight loss and health-related 
outcomes in adolescents with morbid obesity29). While behavioural ele-
ment for intervention of obesity have demonstrated efficacy, several fac-
tors such as target population, format used, intensity of intervention, 
duration, and setting can influence the outcomes. These contexts may be 
particularly crucial when considering implementation and integration of 
intervention into healthcare systems and clinical practice, as these 
should be maximally effective while at the same time, designed to mini-
mize costs and burden30). 

Five studies in this review were using online platform for obesity 
intervention programme and showed better body weight and/or BMI 
reduction as compared to the control group that either used printed man-
uals or unrelated online resources. A previous review paper found that 
web-based interventions for both weight loss and weight loss mainte-
nance were more effective than minimal or control conditions. 
However, when contrasted with comparable non web-based interven-
tions, results were less consistent across reviews31). There was one study 
in this review using smartphone apps to track body weight twice week-
ly, diet and physical activity daily, and to communicate regularly with 
the research dietitians. The participants could choose the weight loss 
goal between 3% to 10%, having individualized calorie and carbohy-
drate goals; and physical activity goal of 10 000 steps daily set by the 
app12). Previous studies have reported that the use of mHealth applica-
tions is effective in many contexts and across several populations. A 
pilot RCT by Ross and Wing32), showed that self-monitoring technolo-
gies such as Fitbit activity monitor, scale and mobile app combined with 
brief phone-based interventions resulted in greater adherence and 
weight loss compared with standard self-monitoring tools alone such as 
reference book, pedometer, paper-based booklet and body weight scale. 

There was one study in this review using time-restricted eating 
(TRE) as an intervention element. They chose the participants with eat-
ing duration of 14 hours or more. At the end of 3 months intervention, 
the TRE was reduced to about 11 hours. The body weight and BMI were 
significantly reduced by 2.2 kg and 2.3 kg/m2. They were consuming 
their usual diet while aiming to reduce the eating window to 10 hours 
per day. TRE is a specific intermittent fasting (IF) protocol involving 
consistent fasting and eating periods within a 24-hour cycle. Prior small 
studies in humans with overweight or obesity demonstrate that TRE can 
result in reduced calorie intake and is associated with a decrease in body 
weight and/or fat mass33,34). The TRE is attractive as a weight-loss option 
in which it does not require tedious and time-consuming methods such 
as calorie-counting or adherence to complicated diets35). 

Ten out of twelve studies in this review were combining at least two 
elements; nutrition and physical activity. Evidence continues to grow 
suggesting that physical activity should be combined with dietary ener-
gy restriction for optimal outcome in the setting of weight loss. These 
elements should complement each other as the dose of exercise neces-
sary to elicit significant weight loss is relatively large. In addition, 

caloric restriction is more efficacious for rapid weight loss than physical 
activity alone. Importantly, combining physical activity with energy 
restriction helps to counter the common harmful effects of caloric 
restriction alone, including loss of lean tissue and lowered resting meta-
bolic rate36). 

Strength and Limitation
The major strengths of this systematic literature review include the 

application of a systematic search strategy and adherence to PRISMA 
guidelines. However, as we only included peer-reviewed articles from a 
database, we cannot fully exclude the occurrence of a publication bias. 
In addition, a language bias may have affected our results as we only 
took English language articles into account. Nevertheless, this systemat-
ic literature review provides valuable insights into significant obesity 
intervention programmes worldwide.

CONCLUSION

All studies included in this review found positive obesity interven-
tion effects. Among the effective intervention elements include nutri-
tional advice and modification, physical activities, health volunteers 
among the community members, online platform such as web-based 
approach or smartphone apps, behavioural skills, and psychosocial sup-
port. However, the current evidence is inadequate to draw firm conclu-
sions about the intervention types or approaches that are more effective 
than others. Therefore, more research is urgently needed to extend the 
body of evidence.
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