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Abstract: Overweight and obesity, including its prevalence and consequences reflect a leading pub-
lic health problem. Studies have already shown that physical activity leads to a reduction in body 
weight in children and adults. However, the university setting has rarely been investigated. The aim 
of this review is therefore to examine and summarize the effectiveness of physical-activity-based 
interventions to reduce obesity and overweight in university students. Three databases (PubMed, 
Scopus & Web of Science) were searched for relevant studies published in English between January 
2010 and February 2022. Quantitative studies, conducting a physical-activity-based intervention 
with overweight or obese university students and reporting changes in BMI, were included. Data 
were described in a narrative synthesis. Eleven of 16 included studies reported a significant reduc-
tion in BMI. However, all studies except one were able to demonstrate some BMI improvements, 
whereas all studies reported significant changes in at least one health-related indicator. Aerobic ex-
ercises were able to demonstrate the greatest reductions in BMI. This review is the first systematic 
presentation on the effectiveness of physical-activity-based interventions on overweight and obese 
university students. Future work should reconsider BMI as the primary outcome because it is prone 
to bias. More interventions are needed to improve strategies. 

Keywords: physical-activity-based interventions; overweight; obesity; BMI; change; university stu-
dents; tertiary education; review  
 

1. Introduction 
It is already known that physical activity is an essential component of combating 

overweight and obesity. The positive effects of physical activity on physical and mental 
health have been demonstrated in numerous studies and reviews (1–3). Nonetheless, in 
2016 the WHO identified that 28 % of the adults (>18 years) worldwide are not physically 
active enough. This means that these adults are physically active for less than 150 min per 
week at moderate intensity or less than 75 min at a vigorous intensity (4). Additionally, 
the rate of overweight and obese individuals increased sharply in recent decades and has 
developed into a leading public health problem. Being overweight causes cardiovascular 
diseases, diabetes, musculoskeletal disorders, and different types of cancer (5). According 
to the WHO, the prevalence of obesity has almost tripled since 1975. In 2016, 1.9 billion 
people aged 18 years and older were overweight, of which 650 million individuals were 
considered obese. Accordingly, in 2016 39% of the adult population worldwide was over-
weight and 13% was classified as obese (6). Depending on the geographical region, the 
classification of overweight and obese differs; for more details see WHO (6, 7). 

Even though existing evidence shows that higher education levels seem to be associ-
ated with a lower probability of being overweight or obese (8), the prevalence among uni-
versity students is substantially high (9). In the ACHA-National College Health Assess-
ment (ACHA-NCHA) III by the American College Health Association (ACHA), 38,1% of 
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undergraduate students were classified as overweight or obese (10). Peltzer et al. investi-
gated the prevalence of overweight and obesity among 15.746 university students from 
22 different countries and concluded that 22% were overweight and obese (9). Addition-
ally, when compared to the general population, weight gain is five times higher among 
university students (11). Especially in the first year of college, university students tend to 
gain weight, which is referred to as the "Freshman 15" phenomenon. Freshman 15 is the 
myth that college students would gain 15 pounds (6.8kg) during their first year of univer-
sity (12). Vadeboncoeur et al. conducted a meta-analysis of 22 studies on this topic and 
concluded that 60.9% of students gained on average 7.5 pounds (3.38kg) weight during 
their first year of college (13). This meta-analysis failed to confirm the myth of the Fresh-
man 15, but weight gain in the first year of university was significant. These numbers are 
alarming given that university students tend to engage in unhealthy habits like insuffi-
cient physical activity. The ACHA-NCHA survey, for example, demonstrated that less 
than half of the US college students (42.1%) met the Guidelines for Active Adults in Spring 
2021, meaning being physically active on at least two days a week at a moderate or vigor-
ous intensity and demanding all major muscle groups (10). Similar figures have already 
been observed by Irwin in a review of 35.747 students, stating that half of the students 
were insufficiently physically active and consequently at higher risk for health problems 
(14). Furthermore, Keating et al. found in their meta-analysis that around 30 to 50% of 
college students were not physically active enough to reach any health benefits (15). Due 
to the abovementioned reasons, university as a setting should be allocated a significant 
role in public health promotion. 

Considering the high prevalence of overweight and obesity among university stu-
dents, the associated health risks, as well as insufficient physical activity, tailored inter-
ventions are needed to address this vulnerable population. The effectiveness of interven-
tions including physical activity on the overweight and obese population has already been 
investigated in different age groups such as adults and children (16–18). Even though 
Plotnikoff et al. examined the effectiveness of interventions targeting weight-related be-
haviors among university students in their meta-analysis (19), these results cannot be gen-
eralized to overweight or obese students. Thus, there exists no systematic review, which 
focuses on physical-activity-based interventions for overweight and obese students. In 
light of findings that increasing physical activity is an important approach to reducing 
weight and that current reviews and meta-analyses neglect the population of overweight 
and obese university students, this systematic review aims to investigate the effectiveness 
of physical-activity-based interventions targeting overweight and obesity among univer-
sity students. 

2. Materials and Methods  
This study was carried out in accordance with the Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analysis (PRISMA) statement guidelines (20).  

2.1. Eligibility criteria 
Eligible characteristics were based on different items of the PI(C)OC scheme (Popu-

lation, Intervention, Comparison (optional), Outcomes, and Context) (21). Overall, selec-
tion criteria were kept general at the outset to provide an overview of the topic and to 
ensure finding all relevant sources. The further specific narrowing was done in a later 
phase. 

2.2. Types of participants 
Studies that recruited overweight (> 25 kg/m²) or obese (> 30 kg/m²) university stu-

dents in terms of body mass index (BMI) as well as studies where the authors declared 
that the population was overweight/obese were included. Other characteristics such as 
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age, gender, socioeconomic, and ethnic characteristics of the students were not further 
considered or narrowed down. 

2.3. Types of intervention 
Interventions that were eligible for inclusion had to be conducted in a tertiary edu-

cational setting, where university students were recruited to perform a physical-activity-
based program. Anthropometric characteristics (height and weight) of the enrolled par-
ticipants were measured, which could be used for the calculation of the BMI. All interven-
tions encompassing any physical movement were considered for this review. Thus, inter-
ventions implementing a fitness, exercise, or sports program were equally taken into ac-
count as interventions fostering light physical activity, such as walking. Type, duration, 
guidance, and the number of sessions were not further defined to provide a comprehen-
sive overview of the current study situation. Intervention studies implementing online 
programs, using digital communication or technical devices such as activity trackers to 
foster physical activity among university students were considered and not further spec-
ified in their study design for the abovementioned reason. Interventions without any 
physical activity component, for instance, focusing solely on diet to target overweight and 
obesity in university students were not taken into consideration.  

2.4. Types of studies 
All quantitative study designs conducting an intervention (including randomized 

controlled trials [RCT], controlled clinical trials [CCT], cohort analytics, case-control, or 
cohort studies) were included in this review.  

2.5. Types of outcome measures 
To measure the change in students' BMI due to physical activity, an analysis of BMI 

was the primary outcome measure of the intervention. Changes in other anthropometric 
characteristics such as body fatness, blood counts, etc. were accepted as additional out-
come documentation. 

In order to estimate and compare the effectiveness of the interventions, effect sizes 
were calculated using Psychometrica (22). The effect size dppc2 according to Morris (23)of 
studies using an RCT or CCT design in which the control group [CG] did not change their 
behavior was calculated with formula 3. Formula 4 was used for cohort designs or RCTs 
and CCTs where the CG changed their behavior. Since none of the studies reported inter-
correlations, the effect size dav of Cumming (24) was used, a pragmatic approach often 
used in meta-analysis.  

2.6. Information sources and search  
To examine the effectiveness of physical-activity-based interventions among univer-

sity students, a structured electronic search of three databases was conducted based on 
the PRISMA guidelines (20). PubMed, Scopus, and Web of Science were specified as suit-
able databases as they comprehensively cover the fields of interest regarding the research 
question. Only articles published in peer-reviewed journals between January 2010 and 
February 2022 and written in English were considered for the review. The following key-
words and operators were used following the PI(C)OC scheme in all databases. Since the 
Population and the Context are congruent, these two terms are merged and searched as 
follows: students OR university OR college OR tertiary education. Using the NOT opera-
tor, some terms relating to the population or context were excluded to restrict the search: 
adults OR elementary OR children. Interventions were reflected with the keywords as fol-
lows: intervention OR treatment OR health promotion OR physical activity* OR exercise 
OR training OR sport OR fitness. The Outcome was searched with the help of: overweight 
OR obesity OR BMI. The search terms had to be adapted regarding title, abstract and full-
text search for the specific databases. The appendix contains the complete and final search 
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terms of all three databases. In addition, authors were contacted via ResearchGate to obtain 
eligible studies that were not publicly available. Furthermore, while processing the data 
extraction, the bibliography of each study was searched for additional potentially relevant 
studies. Searches began on the first of December 2020 and ended with the last search query 
in March 2022.  

2.7. Study selection 
A pre-selection of studies was conducted by each author individually through title 

screening, saving those which included relevant keywords of inclusion criteria in Citavi 
6.11 (Swiss Academic Software GmbH, Wädenswil, Switzerland) to avoid duplications. 
In the next step, all authors first performed abstract screenings of an equitable number of 
the pre-selected studies individually to check for inclusion and exclusion characteristics. 
Secondly, each abstract was again discussed by all authors together to avoid omitting rel-
evant studies. In consequence, studies without an intervention design, without targeting 
a university students’ population, and without reporting, BMI results were removed. In 
the last step, studies were checked for inclusion and exclusion criteria more thoroughly 
by full-text analysis in triple approval to reduce bias.  

2.8. Data collection and data details 
Data extraction was performed in a standardized manner, with each author examin-

ing an equal number of studies individually and extracting all relevant information from 
the respective studies into spreadsheet format. Based on the results of data extraction, the 
authors discussed ambiguities and jointly decided which studies should ultimately be in-
cluded for analysis in the review.  

2.9. Quality assessment 
Quality assessment for the selected studies was conducted by using the EPHPP Qual-

ity Assessment Tool for quantitative studies (Effective Public Healthcare Panacea Project, 
25). This assessment tool is an elaborated instrument for evaluating the quality of a study 
and can be used in a wide range of health-related topics to develop recommendations for 
study findings. It includes several items helping to classify a study according to its quality 
from one (strong) to three (weak). Each rating is described for: (1) selection bias (2) design 
(3) confounders (4) blinding (5) data collection methods (6) withdrawal and dropouts (25). 

Every author rated each full text individually at first. Results of the individual ratings 
were then discussed by all authors together and in case of any ambiguities, a joint decision 
for a final rating was made (26). Full-text analysis, data extraction, and quality assessment 
were completed by April 2022. 

2.10. Sythesis of results 
The synthesis of results was based on the Guidance on the Conduct of Narrative Syn-

thesis in Systematic Reviews (26). This approach by Popay et al. uses a general framework 
to describe the four elements of the narrative synthesis process which are presented as 
follows: Developing a theoretical model and preliminary syntheses, exploring relation-
ships within and between studies, and assessing the robustness of synthesis. 

Following Plotnikoff et al. (27), it was analyzed whether the selected studies based 
their intervention on a theoretical model, focusing especially on social cognitive theories 
as they can be used to explain health-related behavior, including physical activity (28). To 
develop a preliminary synthesis, the authors identified similarities and differences among 
study findings, partially using charts and tables. In the process of analyzing the results of 
each study, the authors yielded with the help of their methods further new insights. In the 
next step, these preliminary results were then discussed in detail and compiled in group 
sessions. Based on the direction and magnitude of the effects, associations and patterns 
between the interventions were identified, which needed to be explained in the third step. 
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To this end, the authors analyzed heterogeneity across studies, such as variability in out-
comes, study designs, study populations, interventions, and settings. This step of the anal-
ysis is characterized by the relationship of outcomes within and between studies. Finally, 
each outcome of the included studies was evaluated to be able to assess the strength of 
the synthesis product. As already described before, the results of the quality assessment 
were considered and could contribute to the overall assessment of the review results. With 
the help of the quality assessment, it could be identified if results can be generalized and 
transferred to other populations or contexts. 

3. Results 
A total of 3231 hits were obtained in the PubMed, Scopus, and Web of Science data-

bases using the previously defined search terms. Individual screening per database for 
matching keywords in title and abstract led to a selection of 93 studies. The exclusion of 
studies based on the selection criteria that did not include an intervention design, student 
population, or physical activity ultimately led to a large reduction in eligible studies. 

By using the literature management program Citavi 6.11 (Swiss Academic Software 
GmbH, Wädenswil, Switzerland), duplicates were immediately removed, leaving 93 stud-
ies that were subjected to a more detailed abstract screening. In particular, studies were 
excluded that did not correspond to an intervention or did not examine a student sample. 
Web-based interventions, i.e. interventions that promote physical activity via online com-
munication, were equally shortlisted, resulting in 36 studies after the abstract screening. 
In some cases, no information was available on the BMI of the group after the intervention, 
as the focus of the studies was on other dependent variables, therefore 15 studies were 
excluded. Thus, 21 studies were still available for the full-text analysis. Of these, two ad-
ditional studies were identified through the full-text analysis that used online communi-
cation to motivate physical activity but did not conduct an actual training program. Full-
text access was not available for three other studies. As no feedback was received after 
contacting the authors of these three studies via ResearchGate, none of them could be in-
cluded. The abovementioned five studies were therefore excluded, resulting in 16 studies 
that met the specified inclusion criteria. The forward and backward search of the bibliog-
raphy via the website Connected Papers did not yield any additional sources. Figure 1 
shows the literature search process.  
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Figure 1: Flow chart of study selection process 

3.1. Study characteristics 
3.1.1. Methods 

The 16 studies that were ultimately included in the review were all published in Eng-
lish between 2012 and 2021. The interventions differed in their study design in seven CCTs 
(29–35), four RCTs (36–39) and five cohort studies with a single group and pre-post design 
(40–44). The interventions were conducted in different countries around the world, in-
cluding four in the USA (30, 40, 41, 39), four in China (36, 33, 38, 34), two in Korea (32, 42) 
and one each in the United Emirates (29), Indonesia (31), South Africa (43), Iran (37), Ja-
maica (44) and in Saudi Arabia (35).  

3.1.2. Subjects 
A total of 969 students were included in the final analyses. Sample sizes varied from 

ten to 300 participants, with only three of the 16 studies having a sample size of at least 
100 (30, 33, 38). Only DiFrancisco-Donoghue et al. (30) ensured an equal gender distribu-
tion in their sample. Chen et al., (36), Pacholek et al., (35) and Sun et al. (38) studied only 
male subjects, while the other interventions involved either exclusively female or predom-
inantly female subjects. In eight studies, the main inclusion criterion was a BMI of at least 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2022                   doi:10.20944/preprints202207.0059.v1

https://doi.org/10.20944/preprints202207.0059.v1


 7 of 29 
 

 

over 25 (36, 30, 31, 40, 41, 43, 37, 38). Ha & So (32) and Wei-wei & Ling (34) used a body 
fat percentage of more than 30%, while Siqiang (33) used a bodyweight of more than 58 
kg to declare their sample as overweight. Winters-Stone et al. (39) recruited students who 
were overweight or were at risk of being obese (BMI > 22 kg/m2) and in the remaining 
studies, being overweight was not an inclusion criterion. Nonetheless, Roopchand-Martin 
et al. (44) used a BMI above 25 to divide the sample into an overweight and a normal 
weight group for analysis in addition to the total group. Pacholek et al. (35) divided the 
sample into two overweight groups to analyze the change in overweight students based 
on the two different exercise programs. Dalibalta et al. (29), in turn, used the same group 
allocation to use the overweight group as the intervention group (IG) and the normal 
weight group as the CG. Lee et al. (42) has not described its main inclusion criteria in 
detail. Nonetheless, the sample was declared inactive and had in total a BMI over 25 kg/m2 
(25.14 kg/m2).  

3.1.3. Interventions 
Subjects in all interventions received a physical-activity-based program that varied 

in type, intensity, and frequency. The training sessions for the IGs included aerobic train-
ing (40, 41, 33), a combination of aerobic and resistance training (35, 34), the combination 
of strength and aerobic training (32), high-intensity interval training (31, 37, 38), high-in-
tensity circuit training (42), a specific exercise or sport, namely dancing, Tae-Bo, Whole 
Body Vibration (WBV), volleyball (43, 44, 39, 35) or an unspecified training program (29, 
30). It should be noted that the studies by Gifari et al. (31) and Wei-wei & Ling (34) in-
cluded an additional nutrition program in their IGs, however, these were analyzed sepa-
rately. Chen et al. (36) carried out a cardio-based cycling program. The CGs mostly re-
ceived either a different exercise program (36, 29, 38) or instructions to maintain their 
usual activity level and eating behavior (32, 37, 34, 39). In half of all included interventions, 
exercise was provided three times a week (29, 31, 32, 42, 43, 37, 34, 39), while in the other 
interventions sessions ranged from two to six times a week. The majority of the interven-
tions were limited to moderate intensity or a heart rate between 50% and 85% of maximum 
heart rate (29, 31, 32, 40–43, 37, 44, 33, 38, 34). Only one intervention worked at a low 
intensity of 40 % VO2max (36) and one with a subjective feeling with maximal effort (35). 
Four of the 16 interventions successively increased the load by either increasing the train-
ing duration (44) or the intensity of the training sessions after a certain number of weeks 
(42, 43, 39). The intervention duration varied between studies from four weeks (42, 35) to 
39 weeks (30). The most common intervention duration was twelve weeks (36, 32, 40, 41, 
33, 38), followed by eight weeks (29, 31, 37).  

3.1.4. Outcomes 
All included studies provided information on the change in BMI after the interven-

tion and for this purpose collected anthropometric parameters of the subjects. These in-
cluded body weight and height for the calculation of BMI. In addition, all studies also 
examined other dependent variables such as body composition, blood pressure, blood li-
pid levels, or behavioral factors. Thus, BMI was not the sole factor of interest in any study. 
However, for this review, the necessary information on the change in BMI could be ex-
tracted from all studies. Study characteristics are summarized in detail in Table A1. 

Table A1: Study characteristics of the included studies 

3.3. Risk of bias within the studies  
Five studies were rated as strong in the Global Rating using the EPHPP tool (30, 32, 

37–39), seven received a moderate (36, 31, 40, 41, 43, 33, 34) and four weak ratings (29, 42, 
35, 44). For the Selection Bias category, only Gifari et al. (31) received a strong rating as 
they described the selection of their sample as randomized. Even though the studies by 
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Pacholek et al. (35) and Wei-wei & Ling (34) declared a randomization process in their 
study population, they had a homogenous sample in terms of sex. In addition, the remain-
ing 13 studies did not explicitly state a randomization process. Furthermore, Roopchand-
Martin et al. (44) did not report how individuals were selected and what percentage of 
selected individuals agreed to participate and were thus assigned a weak rating. Thus, all 
studies, except the study by Roopchand-Martin et al. (44) and Gifari et al. (31), received a 
moderate rating. In sum, eleven out of 16 studies did not describe what percentage of the 
selected individuals ultimately gave their consent to participate in the intervention (29, 
30, 32, 40–42, 37, 35, 44, 33, 34). Strong ratings were predominantly assigned to study de-
sign, as eleven of the included studies were either RCTs (36–39) or CCTs (29–35), which 
should receive the best rating according to the specifications of the assessment tool. The 
five cohort studies without CGs (40–44) were thus rated as moderate. Information on con-
founders differed greatly between the studies so that half of the 16 included studies were 
given the highest rating, whereas the other half received the lowest. The highest ratings 
were allocated when there were no crucial differences between groups before the inter-
vention (36, 30, 32, 37, 33, 38, 34, 39). The weak ratings were assigned when 1) group dif-
ferences existed before the intervention and it was not described if relevant confounders 
were controlled (29), 2) there was only one group due to the study design (40–44) or 3) 
control of confounders was not described (31, 35). For blinding, Chen et al. (36) and Lee et 
al. (42) received a weak rating, since either the awareness of the outcome assessors was 
not described or the participants and/or assessors were aware of the exposure. The re-
maining 14 studies received a moderate overall rating on blinding, as none but one study 
described the blinding process. Only Winters-Stone et al. (39) provided information on 
the blinding of test administrators and subjects but stated that the research question was 
communicated to the subjects, thus only a moderate ranking was assigned here as well. 
BMI was collected in all studies using the standardized methods of weight recording and 
measuring height. Consequently, the methods of data collection were all rated as strong. 
Withdrawals and drop-outs were described in detail in eight out of 16 studies, with rea-
sons and/or numbers given (36, 30, 32, 41, 43, 37, 44, 39). Moreover, eleven of the 16 studies 
had a follow-up rate of 80 % or greater (36, 30–32, 40, 41, 43, 37, 44, 38, 39), so that strong 
ratings were assigned here. Five of the 16 studies (29, 42, 35, 33, 34) did not provide any 
information in this regard and thus received a weak ranking. Table 2 shows the Global 
Rating, as well as its composition for each study 

Table 2: Assessment of study quality using the Quality Assessment Tool for quantitative Studies 
(EPHPP) 

Study 
Selection 

Bias 

Study  

Design 

Con- 

founders 
Blinding 

Data  

collection 

methods 

Withdrawals 

and  

Dropouts 

Global  

Rating 

Chen et al. (2021) 2 1 1 3 1 1 2 

Dalibalta et al. 

(2017) 
2 1 3 2 1 3 3 

DiFrancisco-

Donoghue 

et al. (2018) 

2 1 1 2 1 1 1 

Gifari et al. (2021) 1 1 3 2 1 1 2 

Ha & So (2012) 2 1 1 2 1 1 1 

Joseph et al. (2014) 2 2 3 2 1 1 2 

Joseph et al. (2016) 2 2 3 2 1 1 2 

Lee et al. (2021) 2 2 3 3 1 3 3 
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Mathunjwa et al. 

(2013) 
2 2 3 2 1 1 2 

Moravveji et al. 

(2019) 
2 1 1 2 1 1 1 

Study 
Selection 

Bias 

Study  

Design 

Con- 

founders 
Blinding 

Data  

collection 

methods 

Withdrawals 

and  

Dropouts 

Global  

Rating 

Pacholek et al. 

(2021) 
2 1 3 2 1 3 3 

Roopchand-Martin 

et al. (2015) 
3 2 3 2 1 1 3 

Siqiang (2018) 2 1 1 2 1 3 2 

Sun et al. (2020) 2 1 1 2 1 1 1 

Wei-Wie & Ling 

(2021) 
2 1 1 2 1 3 2 

Winters-Stone et al. 

(2020) 
2 1 1 2 1 1 1 

Ratings: 1= strong. 2 = moderate. 3 = weak. 

3.3. Results of the individual studies  
Eleven out of the 16 included studies reported a significant reduction in BMI within 

IGs after the intervention at a predetermined significance level of five percent (36, 29, 31, 
40, 42, 43, 38, 34, 37, 33, 39).Even though the studies by DiFrancisco-Donoghue et al. (30); 
Ha & So (32); Joseph et al. (41); Pacholek et al. (35); Roopchand-Martin et al. (44) did not 
produce significant BMI reductions, they showed some decrease in BMI ranging from -0.2 
to -0.9 as well. The IG of the study by Roopchand-Martin (44) had the smallest decrease 
with -0.2, whereas Joseph et al. (41) had the highest non-significant reduction in BMI of -
0.9. It should be noted that DiFrancisco-Donoghue et al. (30) showed a BMI reduction only 
for female participants of the Fitbit-Plus group (-0.5) and the male Fitbit-Only group (-
0.2), but did not report any p-values and therefore no conclusion can be drawn on the 
significance. Pacholek et al. (35) reported a reduction of -0.3 in BMI for the volleyball IG. 
Finally, Ha & So (32) showed a slight decrease in BMI in the IG of -0.21. 

Of the eleven included studies which used a RCT or CCT design, eight reported sig-
nificant results in terms of changes in BMI (36, 29, 31, 37, 33, 38, 34, 39). However, since 
the CGs in five studies using a RCT or CCT design, changed their behavior as well, only 
four studies could be taken into account for a comparison between the IG and CG (37, 34, 
39, 32). Here, three of four studies found significant differences between the CG and IG 
(37, 34, 39). In the five studies in which the CGs changed their behavior (36, 29, 30, 33, 38), 
three studies reported significant BMI reductions in the IG and CG (29, 33, 38). Chen et al. 
(36) only reported significant reductions in the IG but not in the CG. DiFrancisco-Do-
noghue et al. (30) gave insufficient information on significance and just reported the total 
differences in body composition for the overweight population. The studies by Gifari et 
al. (31) and Pacholek et al. (35) were declared as CCTs but did not include a CG in their 
design. Like the abovementioned studies, where the CGs changed their behavior, these 
studies used three (31) or two (35) IGs to compare the effectiveness of the intervention. 
Pacholek et al. (35) found a non-significant reduction in BMI in both groups, whereas in 
the study by Gifari et al (31) one group significantly decreased their BMI.  

In four of the seven included CCTs significant improvements in BMI were reported 
(29, 33, 34, 31). Dalibalta et al. (29) conducted the same exercise program with both the IGs 
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(n = 14, MBMI = 28.7, SD = 3.27) and the CG (n = 32, MBMI = 21.6, SD = 2.05). Groups 
differed regarding the average BMI, so there was an overweight IG with a BMI of at least 
25 and a normal weight CG with a BMI of less than 25. Both groups received an exercise 
training program that was not described in more detail. After eight weeks, BMI had de-
creased significantly in both the CG (MBMI = 21.1, SD = 2.00, dav = .247) and the IG (MBMI 
= 28.1, SD = 2.79, dav = .198). However, BMI was reduced by a greater extent in the normal 
weight group (2.31 %) than in the overweight group (2.09 %). Siqiang (33) chose aerobic 
exercise for the IG (n = 50, MBMI = 25.5, SD = 2.70), while the CG (n = 50, MBMI = 26.8, SD 
=3.40) only had to take calcium pyruvate twice a day. After twelve weeks of intervention, 
there was a great significant reduction in BMI in the overweight CG (MBMI = 24.1, SD = 
2.90, dav = .857) and an even greater reduction in the IG (MBMI = 21.6, SD = 3.10, dav = 
1.345). Wei-wei & Ling (34) combined aerobic exercises and resistance training for their 
IG (n = 20, MBMI = 22.06, SD = 0.98) and asked the CG (n = 20, MBMI = 22.54, SD = 0.71) to 
maintain their behavior. After 16 weeks, BMI within the IG was significantly reduced by 
1.9 % (MBMI = 21.64 SD = 0.85, dppc2 = .641) whereas the CG showed an increase in BMI of 
0.62 % (MBMI = 22.68, SD = 1.11). Gifari et al. (31) combined HIIT exercises with pre-meal 
water intake (PWI) for one of their IGs (n = 9, MBMI =26.6, SD = 3.6) and exclusively HIIT 
exercises for the other IG (MBMI = 25.9, SD = 2.4). The HIIT + PWI group significantly 
reduced its BMI by 1.95 % (MBMI = 25.2, SD = 3.2, dav = .152), whereas the exclusively HIIT 
group failed to significantly reduce the BMI with a decrease of 0.38% (MBMI = 25.8, SD = 
2.4, dav = .042). Small non-significant decreases can be seen for the IGs of DiFrancisco-
Donoghue et al. (30), Pacholek et al. (35), and Ha & So (32). 

All four included RCTs reported significant results (36–39). Chen et al. (36) used a 
combination of low-intensity cycling and blood flow restriction training (BFRT) by wear-
ing air pressure belts for their IG (n = 18, MBMI = 30.10, SD = 0.95). The IG was compared 
with a CG (n = 19, MBMI = 30.30, SD = 1.08) also conducting low-intensity cycling but 
without performing BFRT. After the intervention period of twelve weeks, BMI was re-
duced within both groups. The IG was able to significantly reduce their BMI by 3.65% 
(MBMI = 29.0, SD = 1.79, dav = .803), whereas the BMI in the CG was non-significantly 
reduced by 1.32% (MBMI = 29.90, SD = 1.44, dav = .317 ). Moravveji et al. (37) used the 
principle of successive weekly increases in training units. A 1200 m run was completed 
three times per week and increased by 400 m each week. Subjects were divided into 1) a 
continuous group (n = 10, MBMI = 26.77, SD = 1.53), completing the 1200 m without a 
break, 2) an interval group (n = 12, MBMI = 27.57, SD = 1.02), which ran 400 m three times 
with a two-minute break of walking between runs, and 3) a CG (n = 9, MBMI = 27.57, SD 
= 1.62). The CG was asked to maintain its normal behavior and was instructed not to par-
ticipate in any other training program during the intervention period. After eight weeks, 
BMI significantly decreased in both the continuous group (MBMI = 26.08, SD = 1.21, dppc2 
= .704) and the interval group (MBMI = 26.82, SD = 0.98, dppc2 = .896). The CG, on the other 
hand, experienced a slight increase in BMI of 1.70% (MBMI = 28.04, SD = 1.46). Sun et al. 
(38) performed high-intensity interval training with the IG (n = 150, MBMI = 30.85, SD = 
3.79) and aerobic training with the CG (n = 150, MBMI = 30.54, SD = 3.86). After twelve 
weeks of the intervention, there was a significant reduction in BMI within the IG (MBMI 
= 28.17, SD = 2.89, dav = .802) and the CG (MBMI = 28.45, SD = 2.76, dav = .631). The RCT by 
Winters-Stone et al. (39) differed somewhat from the other studies in its training program. 
Training sessions in the IG were performed using a whole-body vibration method (n = 37 
MBMI = 28.24, 95% CI [23.87; 32.60]). The degree of vibration gradually increased in the 
first six weeks and was adjusted to 50 Hz in weeks 7-24. The CG (n = 40 MBMI = 28.27, 
95% CI [26.48; 30.07]) was expected to maintain its usual eating behavior and physical 
activity level throughout the intervention period. Even though a slight increase in BMI of 
0.22 (95% CI [-0.59; 1.03]) was found at a non-significant level in the IG, when analyzing 
only participants with high adherence (MBMI = 27.02, 95% CI [22.34; 31.71]) a small sig-
nificant reduction of .04% could be found. As Winters-Stones et al. (39) provided insuffi-
cient information, no effect size could be calculated. 
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Three of the five included cohort studies declared a significant reduction in BMI (40, 
42, 43). The subjects in the study of Joseph et al. (40) (n = 15 MBMI = 33.27, SD = 6.53) 
participated in aerobic training in the form of walking and were also given the choice 
between exercising by themselves and cardiovascular group training. After the interven-
tion of twelve weeks, the average BMI was reduced by 2.10% (MBMI = 32.57, SD = 6.62, 
dav = .106). Lee et al. (42) conducted high-intensity circuit training (n = 10, MBMI = 25.14, 
SD = 2.51) for four weeks, three times per week, and could reduce the BMI of their inter-
vention population by 3.58% (MBMI = 24.24, SD = 2.60, dav = .352). The training sessions of 
Mathunjwa et al. (43) consisted of Tae-Bo lessons in which subjects participated three 
times a week for ten weeks. After five weeks of moderate-intensity, training was increased 
to high intensity in weeks six to ten. The BMI of the group (n = 60 MBMI = 32.26, SD = 5.65) 
had decreased by 6.66% (MBMI = 30.11, SD = 5.46, d = .2). Joseph et al. (41) used an internet-
enhanced approach combined with real-life physical activity interventions for twelve 
weeks on a moderate level (n = 25, MBMI = 33.80, SD = 5.70). Even though results were not 
significant, a decrease in BMI was shown after the intervention (MBMI = 32.90, SD = 6.00, 
dav = .154). Roopchand-Martin et al. (44) conducted a dance training on the XBOX Kinect 
using the program Just Dance. During the six-week intervention, dance duration was in-
creased by 15 minutes every two weeks, whereas the frequency was reduced by one ses-
sion per week, to maintain participation rates. After six weeks of moderate training the 
BMI of the subjects (n = 24, MBMI = 30.51, SD = 5.18) decreased on a non-significant level 
by 0.66% (MBMI = 30.31, SD = 5.39, dav = .038). Results of the included studies can be seen 
in more detail in Table A3. 

Table A3: Individual results of included studies (change of BMI) 

3.3. Synthesis of results  
Behavioral interventions are characterized by their complexity and variability. There-

fore, the included studies are distinguished by considerable heterogeneity in terms of 
methods, participants, intervention approaches, and other characteristics. As mentioned 
by Popay et al. (26) a primary reason for choosing a narrative approach is to investigate 
the differences in the included studies. Physical-activity-based interventions vary sub-
stantially across their intervention approaches. Thus, the focus of this systematic review 
is the presentation and description of the study characteristics, the quality, and outcomes, 
as well as a qualitative analysis of the included studies. 

Theory-based interventions have been shown to have a positive impact on physical 
activity for adolescents (27). Of the studies included in this review, only the study by Jo-
seph et al. (41) was theory-driven and based its intervention on the Social Cognitive The-
ory. Since only one study used a theoretical framework, no conclusion can be drawn on 
whether the results of the individual study can be attributed to the theoretical back-
ground. Likewise, as only two of the included studies used a web-based approach and 
did not yield any significant results (30, 41), no conclusion can be drawn about the effec-
tiveness of technological devices or web-based approaches. 

In all studies that included a CG in their study design, excluding DiFrancisco-Do-
noghue et al. (30) and Dalibalta et al. (29), the percentage of reduction in BMI was always 
higher in the IG. Although not all studies showed significant effects on BMI, all included 
interventions reported at least one significantly improved health-related indicator. Those 
health-related indicators included improvements in body fat percentage, step counts, sed-
entary behavior, maximal oxygen consumption, resting heart rate, or serum biomarkers. 

However, it is noticeable that all studies except Winter-Stone et al. (39), showed a 
decrease in BMI in at least one of their IGs, suggesting a tendency towards weight loss. Of 
note, although Winter-Stone et al. (39) found no BMI reductions when all participants in 
the IG were included in the analysis, when controlling for high adherence of at least 80% 
of intervention sessions, there was a significant improvement. This may indicate that high 
participant adherence may be an important factor in the success of an intervention.  
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Furthermore, the study by Gifari et al. (31) produced significant BMI improvements 
of 1.95% in their combination group, which included pre-meal water intake and high-in-
tensity training. Considering that the effect was lower when conducting only HIIT train-
ing (-0.38%), and there was no reduction in the group consuming only water before meals 
(0.38%), the combination of both approaches could positively influence the intervention 
effects.  

The largest percentage reductions in BMI in the IGs were achieved in the studies by 
Siqiang (33), Sun et al. (38), and Mathunjwa et al. (43), with a decrease of 15.29%, 8.69%, 
and 6.66% respectively. In comparison to the other studies, except Winters-Stone et al. (39) 
and Wei-Wei & Ling (34), these interventions had a relatively large sample size, ranging 
from 60 to 300, with all participants being overweight. Conversely, the four studies, which 
reported p-values and did not produce any significant reductions in BMI, had a sample 
size smaller than 29 (41, 35, 44, 32). This small sample size may have resulted in the studies 
being underpowered and therefore did not show significant improvements.  

The three studies that reached the largest BMI reductions (43, 33, 38) conducted only 
aerobic exercises. Since aerobic exercises tend to have a higher energy expenditure than 
resistance training, it is considered to be more effective in reducing body weight and fat 
mass (45) and could therefore explain the positive impacts on BMI changes. Conversely, 
the study by Ha & So (32) for example, implemented resistance training in their interven-
tion, resulting in a decreased body fat percentage and an increased muscle mass, which 
leads to small changes in body weight and thus no significant  improvements in BMI 
could be seen. 

It is noticeable that only one of the included studies reported effect sizes (43). It was 
possible to calculate effect sizes for another 13 studies, which should be seen as approxi-
mate values. Half of the 14 studies did not reach the recommended threshold by Cohen 
(46) for a small effect of .3 (29, 31, 32, 40, 41, 35, 44). Furthermore, although Mathunjwa 
(43) did reach one of the largest percentage BMI reductions, only a small effect can be 
reported here. One explanation could be the rather large variance of BMI in their sample 
before as well as after the intervention. For Siqiang (33) and Sun et al. (38), on the other 
hand, the calculated effect sizes show a strong effect and thus appear to be consistent with 
the reported high percentage of BMI reduction. Here, the standard deviation was substan-
tially lower in contrast to the study by Mathunjwa (43). Interestingly, although the highest 
BMI reductions do not necessarily coincide with the strongest effects, the highest effect 
sizes are also evident in those studies that implemented interventions involving aerobic 
exercise (36, 37, 33, 38).  

Taking into account the study quality only three of eleven studies with significant 
results received a strong (37–39), six a moderate (36, 31, 40, 43, 33, 34), and two a weak 
global rating (29, 42). This leads to the assumption that the results shown above should be 
interpreted cautiously and should be considered when generalizing the results. Since the 
included studies provided highly homogenous samples, only one strong rating for selec-
tion bias could be assigned (31), so generalization of the results to different populations 
should be done with caution. Significant BMI reductions were achieved in five of six stud-
ies with a strong rating in study design and that used solely aerobic exercise in their in-
tervention (36, 31, 37, 33, 38). Nevertheless, no clear patterns regarding study design, in-
tervention duration, frequency, and intensity can be identified in the totality of included 
studies 

4. Discussion 
The current review identified 16 studies that examined the effects of physical-activ-

ity-based intervention programs to reduce BMI in students within the tertiary sector. Alt-
hough only eleven studies declared significant reductions in BMI, all studies except one 
showed at least some reduction in BMI, indicating a trend toward the effectiveness of the 
intervention programs. In the majority of the studies, BMI was not the primary outcome. 
Therefore, the effectiveness of the intervention is additionally reinforced by the fact that 
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at least one health-related indicator was significantly improved in each study (e.g. body 
fat percentage, weight loss, lipid levels, resting heart rate, maximal oxygen uptake, less 
sedentary behavior or a higher step count). The greatest improvements in BMI were 
achieved in studies that performed exclusively aerobic exercises in their intervention and 
had a relatively large sample size (N > 60). This can also be supported by considering the 
effect sizes, with the strongest effects observed in studies involving aerobic exercise. No 
clear pattern regarding significant BMI reductions could be derived from study design. 
Additionally, no distinct trends in duration, frequency, and intensity of the intervention 
programs could be observed because of substantial heterogeneity among studies showing 
significant improvements in BMI. Since only three studies with significant results received 
a strong global rating and most of the studies had a highly homogenous sample, which 
consisted mostly of female participants, the results should be interpreted cautiously and 
global generalizability should be questioned. To account for innovative developments in 
intervention opportunities, studies in which no traditional training sessions were con-
ducted were explicitly included. In these studies, attempts were made to promote the par-
ticipants` physical activity with the use of websites and/or messages. However, the two 
included web-based interventions failed to report significant results in terms of BMI.  

Between 1980 and 2008, the prevalence of obesity nearly doubled (6). Overweight 
and obesity is a current topic in all different age groups. To avoid an even more over-
weight and obese population, it is important to act now. There are already many ap-
proaches to increase physical activity and reduce BMI. Positive effects of such interven-
tions have been confirmed on adults and children (47, 2, 48–53). Long-term findings on 
physical activity were highlighted by Reiner et al. (2) in their review, which included over-
weight and obesity in adolescents and adults: Over five years, weight change was exam-
ined concerning physical activity. It was found that those who reduced their daily physi-
cal activity gained considerable weight. Individuals who maintained their activity did not 
gain weight and, in turn, individuals who increased activity lost weight. Hankinson et al. 
(48) studied the change in BMI of adults older than 20 years with high habitual activity 
over 20 years. They found a smaller increase in BMI, waist circumference, and weight per 
year compared to subjects with low habitual activity. Furthermore, maintaining a higher 
level of activity in adulthood was able to reduce the subjects' weight gain over their life-
time. Morano et al. (52) also found improved physical activity with a simultaneous de-
crease in BMI in children. The review by Brown et al. (49) showed that children aged six 
to 12 years and adolescents up to 18 years have a lower risk of obesity from physical ac-
tivity alone. By adding physical activity, they could show a low to moderate reduction in 
BMI in the age from six to 18 years (49). In summary, the results of these studies and 
reviews suggest that higher levels of physical activity lead to lower weight gain or reduce 
the BMI of the subjects. This systematic review could confirm that physical activity can 
help to reduce BMI in obese and overweight students. Although not all studies of this 
systematic review show significant results, it can be concluded that physical activity can 
improve BMI in overweight and obese students in tertiary institutions. Accordingly, the 
systemic review can be integrated into the current state of research, as eleven out of 16 
studies were able to demonstrate a significant reduction in BMI among overweight and 
obese students and only one study was unable to reduce the BMI of the participants 
through physical activity. Nonetheless, the prevalence of physical inactivity has risen 
sharply in recent years (54), even in early childhood and adolescence (53). As already 
mentioned, there are numerous interventions designed to counteract the risk factors of 
physical inactivity like excessive body fat percentage, overweight and obesity, unhealthy 
lipid profile or high blood pressure etc., through physical activity. All these risk factors 
could result in cardiovascular diseases, strokes, etc. or even in an increased morbidity (54, 
55). Since physical inactivity is especially prevalent among university students, interven-
tions designed to mitigate these risk factors are necessary. Interventions and reviews have 
already demonstrated that the above mentioned risk factors could be significantly re-
duced through physical activity both in children as in adults (49, 50, 53, 52). In addition to 
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BMI, the physical-activity-based interventions in this systematic review have shown fur-
ther improvements in risk factors of physical inactivity. In line with the current literature, 
this systematic review could therefore demonstrate that physical activity is useful in re-
ducing or even eliminating the risk factors associated with physical inactivity. Relaxation 
techniques should be used as an additional tool to implement the approach of compre-
hensive health promotion. Moore & Cunningham (56) stated in their systematic review 
that exposure to higher stress was associated with poorer nutrition and additionally 
higher body weight. Conversely, a higher level of stress could be an obstacle to weight 
loss. In addition, Stults-Kolehmainen & Sinha (57) were able to demonstrate in their sys-
tematic review, that objective stress (e.g. life events), as well as subjective stress (e.g. dis-
tress), impair the efforts to be physically active. On the other hand, physical activity is 
known to be stress-buffering, as regular physical activity can buffer the negative conse-
quences of stress on health, which is postulated by the stress-buffering hypothesis (58, 59). 
Given that the target population of this systematic review was university students who 
are particularly exposed to high levels of stress (60, 61), relaxation strategies should be 
considered for a comprehensive treatment of the increasing prevalence of obesity, over-
weight and physical inactivity.  

At the level of the individual studies used for this review, some limitations can be 
identified. Particularly, the insufficient and homogeneous sample size is frequently cited, 
which may impair the informative value of the results and makes generalization to the 
general population difficult. Another limitation arises from the inadequate control over 
the intensity in some studies. Therefore, all studies which did not control the intensity 
with objective indicators (e.g., heart rate) impair generalizability in terms of highest effec-
tiveness according to the intensity. This issue could be additionally exacerbated by the 
varying adherence to the training program. Even though eleven of the included studies 
showed significant improvements after the intervention, it should be considered that the 
intervention periods of these studies lasted only up to four months. Therefore, it is not 
possible to determine any long-term effects of the conducted interventions. Concerning 
statistical analysis, only one of the included studies reported effect sizes in addition to the 
significance level (43). Since p-values always refer to the sample size in contrast to effect 
sizes (46), effect sizes should be reported more frequently to facilitate detecting patterns 
across studies and to infer the effectiveness of the included studies. Even though effect 
sizes could be computed with Psychometrica for the remaining studies, they can only be 
seen as approximate values. At the review level, it is important to note that the heteroge-
neity of the included studies in terms of sample size, gender, type and duration of physical 
activity, duration of the intervention, and BMI of subjects aggravated to identify patterns 
across the studies. Additionally only 31% of the included studies were of strong quality, 
so generalization should be taken with caution. Since there was no possibility to translate 
studies that were in a language other than English or German, the search was limited to 
the English language from the beginning. In addition, limited access to full text of nine 
potentially suitable studies made it difficult to select appropriate studies. Due to these 
organizational limitations, there is a possibility that relevant literature could not be in-
cluded in this review. The choice of BMI as the dependent variable of the intervention 
proved to be the biggest limitation and bias. Frequently, studies had to be excluded be-
cause they reported on other body characteristics than BMI, such as body fat levels. As 
the relationship between BMI and body fat mass is nonlinear, individuals having the same 
BMI may have different body compositions (e.g. varying body fat percentage or muscle 
mass; 62). Thus, with regard to the effectiveness of physical activity, the main concern is 
whether a reduction in BMI is associated with a reduced fat mass at all. Or conversely, 
especially for novice exercisers, whether an increase in muscle mass does not initially 
translate into an increased BMI. 

The present review was deliberately limited to the aspect of physical activity. But 
since a promising feature of the intervention studies by Brown et al. (49) and Martin et al. 
(53) examining children and adolescents is the implementation of a program combining 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2022                   doi:10.20944/preprints202207.0059.v1

https://doi.org/10.20944/preprints202207.0059.v1


 15 of 29 
 

 

physical activity and dietary changes, future reviews should additionally include the as-
pect of nutrition. Additionally, as the BMI is prone to bias, it should be reconsidered as an 
appropriate variable to capture the change in body characteristics of a physical activity 
intervention for future reviews. Future research should ensure larger sample sizes as well 
as representativeness of the sample to facilitate generalization. To be able to assess long-
term effects, longer intervention periods need to be conducted. Combining different train-
ing programs for future research might also be a promising approach for reaching better 
effects. Similarly, as university students are especially exposed to high levels of stress 
which in turn is known to impede weight loss, relaxation strategies should be considered 
in future interventions. Web-based approaches, using for example messaging or informa-
tive websites, and technical devices, such as activity trackers, are promising approaches 
to foster physical activity. They can not only facilitate sampling and flexibility as an or-
ganizational aspect but also help to supervise the intensity of physical activity during the 
implementation. To be able to set optimal stimuli for participants, more research and in-
terventions with a study design based on a theoretical approach are needed to identify 
key concepts and to be able to better understand the mechanisms of change behind the 
intervention effects. In general, more intervention studies of physical activity in over-
weight and obese university students are needed to gain insight into optimal types of in-
terventions, their frequency, and duration and to explore more contemporary and sus-
tainable opportunities.  

5. Conclusions 
Since all studies except one showed some reduction in BMI with eleven of 16 studies 

reporting significant improvements, a tendency toward the effectiveness of the interven-
tions was demonstrated. However, no clear patterns could be discerned in terms of study 
design, intensity, and frequency regarding the intervention methods showing significant 
results or the strongest effects. There was only an observable trend, that the type of phys-
ical activity may be critical, as aerobic exercises achieved the highest reduction in BMI. 
However, the university as a setting proves to be ideal for several reasons. Due to the 
rising number of students, a large population from different ethnic and socioeconomic 
backgrounds can be reached. Furthermore, within universities students are surrounded 
by experts, facilities, and resources that can facilitate building a healthy lifestyle. Given 
that overweight, obesity and physical inactivity is a highly relevant issue and their prev-
alence continues to increase, further high-quality, large-sample studies on this topic are 
needed to gain a comprehensive understanding of the effectiveness of weight loss inter-
ventions in students. 

Author Contributions: Conceptualization, J.P., C.R., D.W., D.J. and P.B.; methodology, J.P., C.R. 
and D.W.; validation, J.P., C.R. and D.W.; formal analysis, P.B., D.J., K.W.; investigation, P.B., D.J., 
K.W.; resources, J.P., C.R. and D.W.; data curation, T.E. and C.N.; writing—original draft prepara-
tion, C.R., D.W.; writing—review and editing, J.P., C.R., D.W.; visualization, J.P., C.R., D.W.; super-
vision, P.B., D.J., K.W.; project administration, J.P., C.R., D.W.; All authors have read and agreed to 
the published version of the manuscript. 

Funding: This research received no external funding. 

Acknowledgments: None. 

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

References 

1. Rebar, A. L.; Stanton, R.; Geard, D.; Short, C.; Duncan, M. J.; Vandelanotte, C. A meta-meta-analysis of the effect 

of physical activity on depression and anxiety in non-clinical adult populations. Health Psychology Review 2015, 9 

(3), 366–378. DOI: 10.1080/17437199.2015.1022901. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2022                   doi:10.20944/preprints202207.0059.v1

https://doi.org/10.20944/preprints202207.0059.v1


 16 of 29 
 

 

2. Reiner, M.; Niermann, C.; Jekauc, D.; Woll, A. Long-term health benefits of physical activity--a systematic review 

of longitudinal studies. BMC public health 2013, 13, 813. DOI: 10.1186/1471-2458-13-813. 

3. Warburton, D. E. R.; Nicol, C. W.; Bredin, S. S. D. Health benefits of physical activity: the evidence. CMAJ : Cana-

dian Medical Association journal = journal de l'Association medicale canadienne 2006, 174 (6), 801–809. DOI: 

10.1503/cmaj.051351. 

4. WHO. Physical activity. https://www.who.int/news-room/fact-sheets/detail/physical-activity. 

5. Chu, D.-T.; Minh Nguyet, N. T.; Dinh, T. C.; Thai Lien, N. V.; Nguyen, K.-H.; Nhu Ngoc, V. T.; Tao, Y.; Le Son, H.; 

Le, D.-H.; Nga, V. B.; Jurgoński, A.; Tran, Q.-H.; van Tu, P.; Pham, V.-H. An update on physical health and eco-

nomic consequences of overweight and obesity. Diabetes & metabolic syndrome 2018, 12 (6), 1095–1100. DOI: 

10.1016/j.dsx.2018.05.004. 

6. WHO. Obesity and overweight. https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight (ac-

cessed 2021-03-03). 

7. WHO. Appropriate body-mass index for Asian populations and its implications for policy and intervention strat-

egies. The Lancet 2004, 363 (9403), 157–163. DOI: 10.1016/S0140-6736(03)15268-3. 

8. Devaux, M.; Sassi, F.; Church, J.; Cecchini, M.; Borgonovi, F. Exploring the Relationship Between Education and 

Obesity. OECD Journal: Economic Studies 2011, 2011 (1), 1–40. DOI: 10.1787/eco_studies-2011-5kg5825v1k23. 

9. Peltzer, K.; Pengpid, S.; Samuels, T. A.; Özcan, N. K.; Mantilla, C.; Rahamefy, O. H.; Wong, M. L.; Gasparishvili, 

A. Prevalence of overweight/obesity and its associated factors among university students from 22 countries. Inter-

national journal of environmental research and public health 2014, 11 (7), 7425–7441. DOI: 10.3390/ijerph110707425. 

10. ACHA. American College Health Association - National College Health Assessment III: Undergraduate Student Reference 

Group. Executive Summary Spring 2021 (accessed 2021-08-02). 

11. Levitsky, D. A.; Halbmaier, C. A.; Mrdjenovic, G. The freshman weight gain: a model for the study of the epi-

demic of obesity. International journal of obesity and related metabolic disorders : journal of the International Association 

for the Study of Obesity 2004, 28 (11), 1435–1442. DOI: 10.1038/sj.ijo.0802776. 

12. Brown, C. The information trail of the 'Freshman 15'--a systematic review of a health myth within the research 

and popular literature. Health information and libraries journal 2008, 25 (1), 1–12. DOI: 10.1111/j.1471-

1842.2007.00762.x. 

13. Vadeboncoeur, C.; Townsend, N.; Foster, C. A meta-analysis of weight gain in first year university students: is 

freshman 15 a myth? BMC obesity 2015, 2, 22. DOI: 10.1186/s40608-015-0051-7. 

14. Irwin, J. D. Prevalence of University Students’ Sufficient Physical Activity: A Systematic Review. Perceptual and 

Motor Skills 2004, 98, 927–943. DOI: 10.2466/pms.98.3.927-943. 

15. Keating, X. D.; Guan, J.; Piñero, J. C.; Bridges, D. M. A meta-analysis of college students' physical activity behav-

iors. Journal of American college health : J of ACH 2005, 54 (2), 116–125. DOI: 10.3200/JACH.54.2.116-126. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2022                   doi:10.20944/preprints202207.0059.v1

https://doi.org/10.20944/preprints202207.0059.v1


 17 of 29 
 

 

16. Jakicic, J. M.; Rogers, R. J.; Collins, A. M.; Jackson, R. Strategies for Physical Activity Interventions in the Treat-

ment of Obesity. Endocrinology and metabolism clinics of North America 2020, 49 (2), 289–301. DOI: 

10.1016/j.ecl.2020.02.004. 

17. Samdal, G. B.; Eide, G. E.; Barth, T.; Williams, G.; Meland, E. Effective behaviour change techniques for physical 

activity and healthy eating in overweight and obese adults; systematic review and meta-regression analyses. The 

international journal of behavioral nutrition and physical activity 2017, 14 (1), 1–14. DOI: 10.1186/s12966-017-0494-y. 

18. Miguel-Etayo, P. de; Bueno, G.; Garagorri, J. M.; Moreno, L. A. Interventions for Treating Obesity in Children. 

World review of nutrition and dietetics 2013 (108), 98–106. DOI: 10.1159/000351493. 

19. Plotnikoff, R. C.; Costigan, S. A.; Williams, R. L.; Hutchesson, M. J.; Kennedy, S. G.; Robards, S. L.; Allen, J.; Col-

lins, C. E.; Callister, R.; Germov, J. Effectiveness of interventions targeting physical activity, nutrition and healthy 

weight for university and college students: a systematic review and meta-analysis. The international journal of be-

havioral nutrition and physical activity 2015, 12, 45. DOI: 10.1186/s12966-015-0203-7. 

20. Liberati, A.; Altman, D. G.; Tetzlaff, J.; Mulrow, C.; Gøtzsche, P. C.; Ioannidis, J. P. A.; Clarke, M.; Devereaux, P. J.; 

Kleijnen, J.; Moher, D. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that 

evaluate health care interventions: explanation and elaboration. PLoS medicine 2009, 6 (7), e1000100. DOI: 

10.1371/journal.pmed.1000100. 

21. Schardt, C.; Adams, M. B.; Owens, T.; Keitz, S.; Fontelo, P. Utilization of the PICO framework to improve search-

ing PubMed for clinical questions. BMC medical informatics and decision making 2007, 7, 16. DOI: 10.1186/1472-6947-

7-16. 

22. Lenhard, W.; Lenhard, A. Psychometrica: Computation of effect sizes; Lenhard, W.; Lenhard, A. https://www.psycho-

metrica.de/effect_size.html. 

23. Morris, S. B. Estimating Effect Sizes From Pretest-Posttest-Control Group Designs. Organizational Research Methods 

2008, 11 (2), 364–386. DOI: 10.1177/1094428106291059. 

24. Cumming, G. Understanding The New Statistics: Effect Sizes, Confidence Intervals, and Meta-Analysis, 1st ed.; 

Routledge, 2011. DOI: 10.4324/9780203807002. 

25. Effective Public Healthcare Panacea Project. Quality Assessment Tool for Quantitative Studies Dictionary. https://

www.ephpp.ca/PDF/QADictionary_dec2009.pdf. 

26. Popay, J.; Roberts, H.; Sowden, A.; Petticrew, M.; Arai, L.; Rodgers, M.; Britten, N.; Roen, K.; Duffy, S. Guidance on 

the Conduct of Narrative Synthesis in Systematic Reviews: A Product from the ESRC Methods Programme. https://

www.researchgate.net/publication/308362339_Guidance_on_the_conduct_of_narrative_synthesis_in_systematic_

reviews#fullTextFileContent (accessed 2021-08-16). 

27. Plotnikoff, R. C.; Costigan, S. A.; Karunamuni, N.; Lubans, D. R. Social cognitive theories used to explain physical 

activity behavior in adolescents: a systematic review and meta-analysis. Preventive medicine 2013, 56 (5), 245–253. 

DOI: 10.1016/j.ypmed.2013.01.013. 

28. Conner, M., Norman, P., Eds. Predicting health behaviour: Research and practice with social cognition models, 2. ed.; 

Open Univ. Press, 2005. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2022                   doi:10.20944/preprints202207.0059.v1

https://doi.org/10.20944/preprints202207.0059.v1


 18 of 29 
 

 

29. Dalibalta, S.; Mirshafiei, F.; Davison, G. Exercise intervention on cardiovascular disease risk factors in a university 

population in the United Arab Emirates. International journal of adolescent medicine and health 2017, 30 (6). DOI: 

10.1515/ijamh-2016-0132. 

30. DiFrancisco-Donoghue, J.; Jung, M.-K.; Stangle, A.; Werner, W. G.; Zwibel, H.; Happel, P.; Balentine, J. Utilizing 

wearable technology to increase physical activity in future physicians: A randomized trial. Preventive medicine 

reports 2018, 12, 122–127. DOI: 10.1016/j.pmedr.2018.09.004. 

31. Gifari, N.; Hardinsyah, H.; Martianto, D.; Kuswari, M. Effect of high-intensity interval training and pre-meal wa-

ter consumption on lipid profile in overweight and obese students. Mal J Nutr 2021, 27 (1), 159–168. DOI: 

10.31246/mjn-2020-0034. 

32. Ha, C. H.; So, W. Y. Effects of Combined Exercise Training on Body Composition and Metabolic Syndrome Fac-

tors. Iranian Journal of Public Health 2012, 41 (8), 20–26. DOI: 10.22334/jbhost.v6i2.217.s47. 

33. Siqiang, G. Experimental study of aerobic exercise on the weight loss effect of obese female college students. bio-

medicalresearch 2018. DOI: 10.4066/biomedicalresearch.29-17-828. 

34. Wei-wei, Z.; Ling, Y. Study on the Exercise and Nutrition Intervention on Body Composition and Fitness of Fe-

male College Students with Invisible Obesity. E3S Web Conf. 2021, 233, 2038. DOI: 10.1051/e3sconf/202123302038. 

35. Pacholek, M.; Zemková, E.; Arnolds, K.; Šagát, P. The Effects of a 4-Week Combined Aerobic and Resistance 

Training and Volleyball Training on Fitness Variables and Body Composition on STEAM Students. Applied Sci-

ences 2021, 11 (18), 8397. DOI: 10.3390/app11188397. 

36. Chen, Y.; Ma, C.; Wang, J.; Gu, Y.; Gao, Y. Effects of 40% of Maximum Oxygen Uptake Intensity Cycling Com-

bined with Blood Flow Restriction Training on Body Composition and Serum Biomarkers of Chinese College Stu-

dents with Obesity. International journal of environmental research and public health 2021, 19 (1). DOI: 

10.3390/ijerph19010168. 

37. Moravveji, A.; Sayyah, M.; Shamsnia, E.; Vakili, Z. Comparing the prolonged effect of interval versus continuous 

aerobic exercise on blood inflammatory marker of Visfatin level and body mass index of sedentary overweigh/fat 

female college students. AIMS public health 2019, 6 (4), 568–576. DOI: 10.3934/publichealth.2019.4.568. 

38. Sun, J.; Cheng, W.; Fan, Z.; Zhang, X. Influence of high-intensity intermittent training on glycolipid metabolism in 

obese male college students. Annals of palliative medicine 2020, 9 (4), 2013–2019. DOI: 10.21037/apm-20-1105. 

39. Winters-Stone, K. M.; Medysky, M. E.; Stoyles, S.; Bumgarner, L.; Witzke, K. A brief whole-body vibration inter-

vention to avoid weight gain in college students: A randomized controlled pilot trial. Journal of American college 

health : J of ACH 2020, 1–9. DOI: 10.1080/07448481.2020.1784179. 

40. Joseph, R. P.; Casazza, K.; Durant, N. H. The effect of a 3-month moderate-intensity physical activity program on 

body composition in overweight and obese African American college females. Osteoporosis international : a journal 

established as result of cooperation between the European Foundation for Osteoporosis and the National Osteoporosis Foun-

dation of the USA 2014, 25 (10), 2485–2491. DOI: 10.1007/s00198-014-2825-z. 

41. Joseph, R. P.; Pekmezi, D.; Dutton, G. R.; Cherrington, A. L.; Kim, Y.-I.; Allison, J. J.; Durant, N. H. Results of a 

Culturally Adapted Internet-Enhanced Physical Activity Pilot Intervention for Overweight and Obese Young 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2022                   doi:10.20944/preprints202207.0059.v1

https://doi.org/10.20944/preprints202207.0059.v1


 19 of 29 
 

 

Adult African American Women. Journal of transcultural nursing : official journal of the Transcultural Nursing Society 

2016, 27 (2), 136–146. DOI: 10.1177/1043659614539176. 

42. Lee, J.-S.; Yoon, E.-S.; Jung, S.-Y.; Yim, K.-T.; Kim, D.-Y. Effect of high-intensity circuit training on obesity indices, 

physical fitness, and browning factors in inactive female college students. Journal of exercise rehabilitation 2021, 17 

(3), 207–213. DOI: 10.12965/jer.2142260.130. 

43. Mathunjwa, M. L.; Semple, S.; Du Preez, C. A 10-week aerobic exercise program reduces cardiometabolic disease 

risk in overweight/obese female African university students. Ethnicity & disease 2013, 23 (2), 142–148. 

44. Roopchand-Martin, S.; Nelson, G.; Gordon, C.; Sing, S. Y. A pilot study using the XBOX Kinect for exercise condi-

tioning in sedentary female university students. Technology and health care : official journal of the European Society for 

Engineering and Medicine 2015, 23 (3), 275–283. DOI: 10.3233/THC-150899. 

45. Church, T. Exercise in obesity, metabolic syndrome, and diabetes. Progress in cardiovascular diseases 2011, 53 (6), 

412–418. DOI: 10.1016/j.pcad.2011.03.013. 

46. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Lawrence Erlbaum Associates, 1998. 

47. Goodpaster, B. H.; Delany, J. P.; Otto, A. D.; Kuller, L.; Vockley, J.; South-Paul, J. E.; Thomas, S. B.; Brown, J.; 

McTigue, K.; Hames, K. C.; Lang, W.; Jakicic, J. M. Effects of diet and physical activity interventions on weight 

loss and cardiometabolic risk factors in severely obese adults: a randomized trial. JAMA 2010, 304 (16), 1795–1802. 

DOI: 10.1001/jama.2010.1505. 

48. Hankinson, A. L.; Daviglus, M. L.; Bouchard, C.; Carnethon, M.; Lewis, C. E.; Schreiner, P. J.; Liu, K.; Sidney, S. 

Maintaining a high physical activity level over 20 years and weight gain. JAMA 2010, 304 (23), 2603–2610. DOI: 

10.1001/jama.2010.1843. 

49. Brown, T.; Moore, T. H.; Hooper, L.; Gao, Y.; Zayegh, A.; Ijaz, S.; Elwenspoek, M.; Foxen, S. C.; Magee, L.; O'Mal-

ley, C.; Waters, E.; Summerbell, C. D. Interventions for preventing obesity in children. The Cochrane database of 

systematic reviews 2019, 7, CD001871. DOI: 10.1002/14651858.CD001871.pub4. 

50. Corbett, D. B.; Fennell, C.; Peroutky, K.; Kingsley, J. D.; Glickman, E. L. The effects of a 12-week worksite physical 

activity intervention on anthropometric indices, blood pressure indices, and plasma biomarkers of cardiovascular 

disease risk among university employees. BMC research notes 2018, 11 (1), 80. DOI: 10.1186/s13104-018-3151-x. 

51. Romero-Blanco, C.; Rodríguez-Almagro, J.; Onieva-Zafra, M. D.; Parra-Fernández, M. L.; Del Prado-Laguna, M. 

C.; Hernández-Martínez, A. Physical Activity and Sedentary Lifestyle in University Students: Changes during 

Confinement Due to the COVID-19 Pandemic. International journal of environmental research and public health 2020, 

17 (18). DOI: 10.3390/ijerph17186567. 

52. Morano, M.; Robazza, C.; Bortoli, L.; Rutigliano, I.; Ruiz, M. C.; Campanozzi, A. Physical Activity and Physical 

Competence in Overweight and Obese Children: An Intervention Study. International journal of environmental re-

search and public health 2020, 17 (17). DOI: 10.3390/ijerph17176370. 

53. Martin, A.; Booth, J. N.; Laird, Y.; Sproule, J.; Reilly, J. J.; Saunders, D. H. Physical activity, diet and other behav-

ioural interventions for improving cognition and school achievement in children and adolescents with obesity or 

overweight. The Cochrane database of systematic reviews 2018, 1, CD009728. DOI: 10.1002/14651858.CD009728.pub3. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2022                   doi:10.20944/preprints202207.0059.v1

https://doi.org/10.20944/preprints202207.0059.v1


 20 of 29 
 

 

54. WHO. Physical activity. https://www.who.int/health-topics/physical-activity#tab=tab_1 (accessed 2021-11-25). 

55. Cunningham, C.; O' Sullivan, R.; Caserotti, P.; Tully, M. A. Consequences of physical inactivity in older adults: A 

systematic review of reviews and meta-analyses. Scandinavian journal of medicine & science in sports 2020, 30 (5), 

816–827. DOI: 10.1111/sms.13616. 

56. Moore, C. J.; Cunningham, S. A. Social position, psychological stress, and obesity: a systematic review. Journal of 

the Academy of Nutrition and Dietetics 2012, 112 (4), 518–526. DOI: 10.1016/j.jand.2011.12.001. 

57. Stults-Kolehmainen, M. A.; Sinha, R. The effects of stress on physical activity and exercise. Sports medicine (Auck-

land, N.Z.) 2014, 44 (1), 81–121. DOI: 10.1007/s40279-013-0090-5. 

58. Cohen, S.; Wills, T. A. Stress, social support, and the buffering hypothesis. Psychological bulletin 1985, 98 (2), 310–

357. DOI: Review. 

59. Gerber, M.; Pühse, U. Review article: do exercise and fitness protect against stress-induced health complaints? A 

review of the literature. Scandinavian journal of public health 2009, 37 (8), 801–819. DOI: 10.1177/1403494809350522. 

60. Regehr, C.; Glancy, D.; Pitts, A. Interventions to reduce stress in university students: a review and meta-analysis. 

Journal of affective disorders 2013, 148 (1), 1–11. DOI: 10.1016/j.jad.2012.11.026. 

61. Wunsch, K.; Fiedler, J.; Bachert, P.; Woll, A. The Tridirectional Relationship among Physical Activity, Stress, and 

Academic Performance in University Students: A Systematic Review and Meta-Analysis. International journal of 

environmental research and public health 2021, 18 (2). DOI: 10.3390/ijerph18020739. 

62. Rothman, K. J. BMI-related errors in the measurement of obesity. International journal of obesity (2005) 2008, 32 

Suppl 3, S56-9. DOI: 10.1038/ijo.2008.87. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2022                   doi:10.20944/preprints202207.0059.v1

https://doi.org/10.20944/preprints202207.0059.v1


 21 of 29 
 

 

Appendix A 

Table A1: Study characteristics of the included studies 

Source 
Design & Theoretical 

Framework 
Population* Intervention Duration & Frequency Intensity 

Chen et al. (2021), 

China 

Randomized Controlled 

Trial 

N = 37 

[0/37] 

IG (n=18) 

CG (n=19) 

IG: cycling combined with blood flow restriction 

training (BFRT) by wearing air pressure belts 

CG: cycling without BFRT 

12 weeks (2x per week, 3 

sessions/time with 15 

min/session) 

 

IG: low-intensity cycling (40% VO2max) with 

BFRT exercises; 1-min rest between sessions 

CG: low-intensity cycling (40% VO2max) 

without BFRT exercises; 1-min rest between 

sessions 

 

Dalibalta et al. (2017), 

United Arab Emirates 
Controlled Clinical Trial 

N = 46 

[40/14] 

IG (n=14) 

CG (n=32) 

IG (BMI ≥ 25): Exercise program (not further 

defined) 

CG (BMI ≤  25): Exercise program (not further 

defined) 

 

8 weeks (3x per week with 

60 min/session) 

moderate-high intensity (not further 

defined) 

DiFrancisco-Donoghue 

et al. (2018), USA 
Controlled Clinical Trial 

N = 113 

[60/67] 

Fitbit Plus group (n=35) 

Fitbit Only group 

(n=38) 

CG (n=40) 

Fitbit Plus group: wrist activity trackers, 

participation in weekly mentored walks/runs, 

weekly emails (Sunday) offering fitness 

challenges and feedback on step count 

Fitbit Only group: wrist activity trackers and 

instructions how to use them 

CG: No wrist activity trackers 

 

39 weeks 

Fitbit Plus group: 10.000 

steps daily (30-45 min 

walking) 

not mentioned 

Source 
Design & Theoretical 

Framework 
Population* Intervention Duration & Frequency Intensity 
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Gifari et al. (2021), 

Indonesia 
Controlled Clinical Trial 

N = 27 

[22/27] 

PWI (n=9) 

HIIT (n=9) 

PWI + HIIT (n=9) 

PWI: pre-meal water consumption (PWI); 600 

mL before each mealtime with a total water 

intake of 1.8 L/day 

HIIT: high-intensity interval training (HIIT) 

HIIT + PWI: combination of PWI and HIIT 

 

8 weeks (3x per week with 

18 min/session) 
70-85% of HR-max 

Ha & So (2012), Korea Controlled Clinical Trial 

N = 16 

 [16/16] 

IG (n=7) 

CG (n=9) 

IG: Combination of aerobic exercise (treadmill 

running) and resistance exercise (whole body) 

CG: Maintain normal sedentary activities 

 

12 weeks (3x per week 

with 80 min/session) 

Treadmill running: 60-80% of HRR 

Resistance training: 3 sets of 10-15 RM 

Joseph et al. (2014), 

USA 

Cohort study  

(1 group & Pre-Post-

Design) 

N = 15 

[15/15] 

aerobic exercise 

(1) Walking an indoor track 

(2) Option between exercise on their own or 

participate in a cardiovascular-based group 

exercise (Zumba, kickboxing, aerobics) 

 

12 weeks (4x per week 

with 30-60min/session) 

moderate 

(50-70% of HR) 

Joseph et al. (2016), 

USA 

Cohort study  

(1 group & Pre-Post-

Design) 

Social Cognitive Theory 

(SCT) 

N = 25 

[25/25] 

An Internet-enhanced physical activity program 

consisted of 1) aerobic exercise and 2) an 

Internet-based application as a promotion tool 

(1) Walking an indoor track 

(2) Option between exercise on their own or 

participate in a cardiovascular-based group 

exercise (Zumba, kickboxing, aerobics) 

 

12 weeks (4x per week 

with 30-60min/session) 

moderate 

(50-70% of HR) 

Source 
Design & Theoretical 

Framework 
Population* Intervention Duration & Frequency Intensity 
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Lee et al. (2021), Korea 

Cohort study 

 (1 group & Pre-Post-

Design) 

N = 10 

[10/not mentioned] 

high intensity Circuit Training 

40 min circuit training: 5 min warm-up, 30 min 

exercise (full body workout), 5 min cool-down 

 

4 weeks (3x per week with 

40 min/session) 

Week 1-2: 60-70 % HRR (RPE Scale = 13-14)                                              

Week 2-4: 65-80 % HRR (RPE Scale = 14-18) 

Mathunjwa et al. 

(2013), South Africa 

Cohort study  

(1 group & Pre-Post-

Design) 

N = 60 

[60/60] 

Tae-bo  

(body fitness exercises combining the moves of 

taekwondo, karate, boxing and hip-hop 

dancing) 

 

10 weeks (3x per week 

with 60min/session) 

 

Week 1-5: moderate (Borg RPE Scale = 11-

13, 135 bpm) 

Week 6-10: high (Borg RPE Scale = 14-16, 

150 bpm) 

 

Moravveji et al. (2019), 

Iran 

Randomized Controlled 

Trial 

N = 31 

[31/31]; 

continuous group 

(n=10) 

interval group (n=12) 

CG (n=9) 

 

1200m-run (each week increase by 400m) 

continuous group: 1200m without rest intervals 

interval group: 3 x 400m, interspaced with a 

walking period of 2 minutes 

CG: maintain their behavior, should not 

participate in training programs 

 

8 weeks (3x per week) 60-75% of maximum HR 

Pacholek et al. (2021), 

Saudi Arabia 
Controlled Clinical Trial 

N = 28 

[0/not mentioned] 

COM (n=14) 

VOL (n=14) 

COM: combination program (aerobic & 

resistance) 

VOL: volleyball program (isolated skill 

exercices, small-sided games & volleyball 

games) 

 

4 weeks (4x per week with 

50 min/session) 

subjective feelings with maximal effort (not 

further defined) 

Source 
Design & Theoretical 

Framework 
Population* Intervention Duration & Frequency Intensity 
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Roopchand-Martin et 

al. (2015), Jamaica 

Cohort study  

(1 group & Pre-Post-

Design) 

N = 24 

[24/13] 

Dance intervention utilizing the XBOX Kinect 

360 and Just Dance 4 

6 weeks 

(week 1-2: 5x per week 

with 30min/session; 

week 3-4: 4x per week with 

45min/session; 

week 4-6: 3x per week with 

60min/session) 

Moderate (Borg RPE Scale = 12-14) 

Siqiang (2018), China Controlled Clinical Trial 

N = 100 

[100/100] 

IG (n=50) 

CG (n=50) 

IG: aerobic exercise divided into two (i.e. rope 

skipping, swimming) 

CG: Intake of Calcium pyruvate (2x per day) 

 

12 weeks (4x per week 

with 60min/session. 

Divided into two: half an 

hour in the morning, half 

an hour in the afternoon) 

Moderate (120-150 bpm) 

Sun et al. (2020), China 
Randomized Controlled 

Trial 

N = 300 

[0/300] 

IG (n=150) 

CG (n=150) 

IG: High-intensity interval training (not further 

defined) 

CG: aerobic exercise (not further defined) 

12 weeks (5x per week) 

IG: 4 minutes with 85% VO2max/HR=174 

bpm then 2 minutes with 50% VO2max, 

followed by 5 minutes relaxation (repeated 

5x) 

CG: 40 minutes with 60% of VO2max /HF 

140=bpm 

Wei-Wei & Ling (2021), 

China 
Controlled Clinical Trial 

N = 60*** 

[60/60] 

CG (n=20) 

IG (n=20) 

IG + nutrition** (n=20) 

IG: combination of aerobic exercises and 

resistance training 

IG + nutrition: resistance training and peer 

nutrition health education method  

CG: maintain their behavior 

16 weeks (3x per week 

with 60min/session) 

aerobic exercises: 30-80% of max HR, 

according to stage of the traininig 

resistance training: 65-70% of 1-RM, 3 

rounds, repetitions not further defined 

Source 
Design & Theoretical 

Framework 
Population* Intervention Duration & Frequency Intensity 
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Winters-Stone et al. 

(2020), USA 

Randomized Controlled 

Trial 

N = 77 

[58/not mentioned] 

IG (n=37) 

CG (n=40) 

IG: Whole Body Vibration (WBV) training 

CG: Shouldn’t change their physical activity or 

dietary habits 

24 weeks (3x per week 

with 20min/session) 

week 1-3: 30 Hz 

week 4: 35 Hz 

week 5: 40 Hz 

week 6: 45 Hz 

week 7-24: 50 Hz 

Sample size contains the number of subjects included in the final analysis. IG = Intervention group. CG = Control group. HR = Heart Rate. HRR = Heart Rate Reserve. RM = Repetition Maximum. RPE = Rating of Perceived 

Exertion. VO2max = maximum oxygen uptake. bpm = beats per minute.* Population characteristics are divided into the number of female and number of overweight people [number of female/number of overweight]. ** 

The results of this group is not considered in Table A3, because of the inclusion of a nutrition intervention. *** Since no drop-outs were reported, the exact number of participants can only be assumed  
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Table A3: Individual results of the included studies (change of BMI) 

Study 

Controlgroup       Interventiongroup(s)      

Baseline Postintervention Difference 

pre-post 

(SD) 

Difference  

pre-post 

(%) 

ES / 

Significance 

Baseline Postintervention Difference 

pre-post 

(SD or CI) 

Difference 

pre-post 

(%) ES / Significance 

Mean BMI 

(SD) 

Mean BMI 

(SD) 

Mean BMI 

(SD) 

Mean BMI 

(SD) 

Chen et al. 

(2021) 
30.30 (1.08) 29.90 (1.44) -0.40 -1.32 dav = .317 30.10 (0.95) 29.0 (1.79) -1.10 -3.65 dav = .803* 

Dalibalta et 

al. (2017) 
21.60 (2.05) 21.10 (2.00) -0.50 -2.31 dav = .247* 28.70 (3.27) 28.10 (2.79) -0.60 -2.09 dav = .198* 

DiFrancisco-

Donoghue 

et al (2018) 

  

Men:  

-0.30 (0.50) 

Women: 

-0.20 (1.20) 

    

 Fitbit-Plus men: 

0.20 (1.70) 

Fitbit-Plus women:  

-0.50 (0.50) 

Fitbit-Only men: 

-0.10 (2.10) 

Fitbit-Only women: 

0.40 (2.30) 

  

Gifari et al. 

(2021) 
     

PWI: 26.6 (3.6) 

HIIT: 25.9 (2.4)  

HIIT + PWI: 25.7 

(3.4)  

PWI: 26.7 (3.6) 

HIIT: 25.8 (2.4) 

HIIT + PWI: 25.2 

(3.2) 

PWI: 0.1 

HIIT:  -0.1  

HIIT + PWI: -0.05 

PWI: 0.38 

 HIIT: -0.38 

 HIIT + PWI:  

-1.95 

PWI: dav = .028 

HIIT: dav = .042 

HIIT + PWI: dav 

= .152* 

Ha & So 

(2012) 
24.18 (1.63) 24.38 (1.66) 0.20 0.83  24.97 (2.73) 24.76 (3.01) -0.21 -0.84 dppc2 = .179 

Joseph et al. 

(2014) 
     33.27 (6.53) 32.57 (6.62) -0.70 -2.10 dav = .106* 

Study Controlgroup       Interventiongroup(s)      
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Baseline Postintervention Difference 

pre-post 

(SD) 

Difference  

pre-post 

(%) 

ES / 

Significance 

Baseline Postintervention Difference 

pre-post 

(SD or CI) 

Difference 

pre-post 

(%) ES / Significance 

Mean BMI 

(SD) 

Mean BMI 

(SD) 

Mean BMI 

(SD) 

Mean BMI 

(SD) 

Joseph et al. 

(2016) 
     33.80 (5.70) 32.90 (6.00) -0.90 -2.66 dav = .154 

Lee et al. 

(2021) 
     25.14 (2.51) 24.24 (2.60) -0.9 (0.35) -3.58 dav = .352* 

Mathunjwa 

et al. (2013) 
     32.26 (5.65) 30.11 (5.46) -2.15 -6.66 d = .2* (1) 

Moravveji et 

al. (2019) (2) 
27.57 (1.62) 28.04 (1.46) 0.47 1.70  

Continuos Group: 

26.77 (1.53) 

Interval Group: 

27.57 (1.02) 

Continuous 

Group: 26.08 (1.21) 

Interval Group: 

26.82 (0.98) 

Continuous Group: 

-0.69 

Interval Group:  

-0.75 

Continuous 

Group: -2.58 

Interval 

Group: -2.72 

Continous Group: 

dppc2 = .704* (2) 

Interval Group:  

dppc2 = .896* (2) 

Pacholek et 

al. (2021) 
    

 

COM: 31.30 (8.61) 

VOL: 26.50 (7.71) 

COM: 31.30 (8.36) 

VOL: 26.20 (7.45) 

COM: 0 

VOL: -0.3 

COM: 0 

VOL: -1.13 

COM: dav = 0 

VOL: dav = .04 

Roopchand-

Martin et al. 

(2015) 

     30.51 (5.18) 30.31 (5.39) -0.2 -0.66 dav = .038 

Siqiang 

(2018) 
26.80 (3.40) 24.10 (2.90) -2.70 -10.07 dav = .857* 25.50 (2.70) 21.60 (3.10) -3.90 -15.29 dav = 1.345* 

Study Controlgroup       Interventiongroup(s)      
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Baseline Postintervention Difference 

pre-post 

(SD) 

Difference  

pre-post 

(%) 

ES / 

Significance 

Baseline Postintervention Difference 

pre-post 

(SD or CI) 

Difference 

pre-post 

(%) ES / Significance 

Mean BMI 

(SD) 

Mean BMI 

(SD) 

Mean BMI 

(SD) 

Mean BMI 

(SD) 

Sun et al. 

(2020) 
30.54 (3.86) 28.45 (2.76) -2.09 -6.84 dav = .631* 30.85 (3.79) 28.17 (2.89) -2.68 -8.69 dav = .802* 

Wei-Wei & 

Ling (2021) 

(3) 

22.54 (0.71) 22.68 (1.11) 0.14 0.62  22.06 (0.98) 21.64 (0.85) -0.42 -1.90 dppc2 = .641* 

Winters-

Stone et al. 

(2020) 

28.27 

(26.48;30.07) 
not available (4) 

0.64 

(0.31;0.96) 
2.26  

Total: 28.24 

(23.87;32.60) 

High Adherence: 

27.02 (22.34;31.71) 

(5) 

not available (4) 

Total:  

0.22 (-0.59; 1.03) 

High Adherence: 

-0.01 (-1.63; 0.86) 

Total: 0.78 

High 

Adherence:  

-0.04 

Total: p = .094 

High Adherence:  

p = .026* 

Determined level of significance p = .05 (* p < .05). SD = Standard Deviation. ES = Effect size (dav sensu Cumming, 2012; dppc2 sensu Morris, 2008). (1) Mathunjwa et al. (2013) reported effect sizes by their own (2) Inconsistent 

reported significance in table 2 and text. (3) nutrition group is excluded. (4) Winters-Stone et al. (2020) reported only a 6-month change. (5) Participants with high adherence (≥80% of prescribed sessions). 
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