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Summary

Background: Discerning the determinants of weight loss maintenance is impor-
tant in the planning of future interventions and policies regarding overweight
and obesity. We have therefore systematically synthesized recent literature on
determinants of weight loss maintenance for individuals with overweight and
obesity.

Methods: With the use of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses statement, prospective studies were identified from searches
in PubMed and PsycINFO from 2006 to 2016. We included articles investigating
adults with overweight and obesity undergoing weight loss without surgery or
medication. Included articles were scored on their methodological quality, and a
best-evidence synthesis was applied to summarize the results.

Results: Our search resulted in 8,222 articles of which 67 articles were
selected. In total, 124 determinants were identified of which 5 were demo-
graphic, 59 were behavioural, 51 were psychological/cognitive and 9 were social
and physical environmental determinants. We found consistent evidence that
demographic determinants were not predictive of weight loss maintenance.
Behavioural and cognitive determinants that promote a reduction in energy
intake, an increase in energy expenditure and monitoring of this balance are pre-
dictive determinants.

Conclusion: This review identifies key determinants in weight loss maintenance.
However, more research regarding cognitive and environmental determinants of
weight loss maintenance is needed to advance our knowledge on determinants of
weight loss maintenance.

Keywords: Obesity, overweight, predictors, weight loss maintenance, weight
management, weight regain.

Introduction

individuals who are overweight are successful in long-term

weight loss (4). Moreover, a systematic review b
g y y

In an effort to prevent further increase in overweight and
obesity, many studies have investigated ideal weight loss
and weight loss strategies. A 5% weight loss has shown to
improve health outcomes and is currently a standard goal
in weight loss interventions (1,2). However, diet, exercise,
behaviour and pharmacologic weight loss strategies have
indicated that maximal weight loss is achieved at 6 months
with most individuals regaining weight thereafter (3). Wing
and Phelan notably reported that roughly 20% of
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Dombrowski et al. in 2014 promisingly demonstrated that
weight loss maintenance interventions using strategies of
behaviour/lifestyle modification were moderately effective
at maintaining weight loss up to 24 months (5). These
studies illustrate that long-term weight loss can be achieved
and the importance of interventions to increase the rate of
success.

In order to improve weight loss maintenance strategies,
and failures can be

successes studied. Comparing
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individuals who are able to maintain their weight loss with
those who regain weight in studies such as the National
Weight Control Registry has identified several characteris-
tics associated with successful weight loss maintenance. A
systematic review conducted by Elfhag and Réssner in
2005 identified and summarized factors in successful
weight loss maintenance and characterized successful indi-
viduals as those who had substantial weight loss during
initial treatment, those who reach a self-determined weight
loss goal, those who lead an active lifestyle and those who
engage in leisure time activities (6). They further define
those successful in weight loss maintenance as those who
continue to monitor their weight and eating behaviour.
Further, these individuals ate healthy and low-fat diets,
ate at regular intervals and did not skip breakfast. Individ-
uals who were successful in weight loss maintenance were
also able to correct weight regain quickly, were self-
sufficient and autonomous and suffered less from psycho-
logical and emotional instability, binge eating and weight
cycling. Lastly, Elfhag and Réssner report that individuals
successful in weight loss maintenance used support from
a social context (6).

Since 2005, many studies that have measured determi-
nants of weight loss maintenance have been published.
Obesity remains a multifactorial process involving not
only behaviour but also psychology and the environment.
Investigating weight loss maintenance, therefore, requires
a synthesis of all determinants influencing an individual

Table 1 Eligibility criteria

(7). Synthesizing the newest insights with an updated
search of current literature will help to determine the level
of evidence for known determinants and will identify new
determinants in weight loss maintenance. Additionally,
previous reviews have yet to systematically evaluate the
quality of evidence for individual determinants. It is there-
fore our aim to systematically review the current evidence
on prospectively assessed demographic,
psychological/cognitive and environmental (social and

behavioural,

physical) determinants of weight loss maintenance in
adults who recently lost weight, while taking the method-
ological quality of the studies into account.

Methods

This review adheres to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines. The re-
view protocol is registered in the PROSPERO International
Prospective Register of Systematic Reviews (registration
number CRD42017058033) (8).

Search strategy

A systematic literature search of studies published between
January 2006 and October 2016 in peer-reviewed journals
was conducted in the medical database PubMed and the
psychological database PsycINFO with the eligibility
criteria presented in Table 1. The full search strategy was

Exclusion

Participants with acute or chronic disease unable to
undergo a weight loss trial.

Participants who are using medication to lose weight.
Participants who are pregnant or lactating.
Cross-sectional study.

Qualitative study.

Inclusion

Population Studies with a mean age of 18 to 65.

BMI before weight loss > 25 kg m?.

Studies using WHO definition of overweight and obesity.

Weight loss of 5% before initiation of maintenance phase.
Intervention Experimental study where long-term weight loss is followed

by >1-year post-intervention.

Experimental study where weight loss maintenance is conducted

for >1 year from baseline.

Observational study where participants have been followed up >1 year.
Outcome Determinant analysed for effect on weight.

Long-term weight loss:

Weight change (kg), percent weight change (%), BMI change (kg m72)

from end of study to follow-up.
Weight loss maintenance study:

Weight change (kg), percent weight change (%), BMI change (kg m™°)

from baseline to follow-up.
Observational study:

2

Maintenance vs. regain, where maintenance is defined as 5% weight

loss for >1 year.

Demographic, behavioural, psychological/cognitive, environmental

(social and physical) determinants.
Study Language: English.

Year: Publication year 2006-2016.

Publication type: peer-reviewed journals.

BMI, body mass index; WHO, World Health Organization.
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created by JK, RV and MS. The full search strategy is pub-
lished elsewhere (8) and includes the following search terms:
Obesity and overweight AND Weight loss AND Weight
maintenance AND observational studies, randomized con-
trolled trials, systematic reviews AND Determinant AND
Physical Activity and Eating Behaviour NOT (<18 years
old OR Animal Studies OR Pharmacological Studies OR
Bariatric Surgery OR Pregnancy, lactation OR Publication
types that are not journal articles OR Cancer OR Mental
Disorders OR Diabetes mellitus type 1).

Study inclusion criteria

Study design

We included longitudinal studies, both experimental and
observational. Experimental studies included randomized
controlled and non-controlled trials and were long-term
weight loss interventions or weight loss maintenance inter-
ventions. Long-term weight loss interventions consisted of
an initial weight loss programme with a follow-up for a
minimum of a year after weight loss. Weight loss mainte-
nance interventions included participants who had already
lost weight and were observed for a minimum of a year. Ob-
servational studies included prospective cohort studies and
follow-up studies on randomized and non-randomized con-
trolled trials.

Participation

We included studies with participants between the ages of
18 and 65. Studies where participants had overweight or
obesity, or had overweight and obesity prior to a weight loss
maintenance phase, were included. Overweight and obesity
are defined by the World Health Organization classification
(BMI) 25-29.9 kg m* and
BMI > 30 kg m 2, respectively. We selected the age range,
18-635, as evidence suggests that the current World Health
Organization cut-offs for overweight and obesity are not

body mass index

appropriate for those above the age of 65 (9).

As our population of interest are those who have over-
weight and obesity, we chose to exclude studies that had a
sole focus on acute or chronic diseases. However, if studies
had a focus on participants with overweight and obesity,
and these individuals had acute or chronic diseases without
contraindication to active weight loss or participation in
weight loss trials, these were included. Therefore, studies in-
cluding participants with type 2 diabetes, hypertension and
hypercholesterolaecmia were included. Furthermore, studies
that included pregnant or lactating participants or individ-
uals who had undergone bariatric or pharmacological
weight loss were excluded.

We further specified our inclusion criteria for studies that
define weight loss maintenance as weight loss of at least 5%
of initial body weight and remaining below 5% for the min-
imum duration of a year. We chose 5% as a cut-off as
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current guidelines on weight loss practices indicate that
5% to 10% weight loss leads to health benefits (10,11).
Although a greater reduction of >10% may be preferred
for maximal health benefits, studies have shown that a
minimum of 5% has positive effects on blood glucose level,
hypertension, cholesterol and mental health (10-12).

This review was further limited to articles published
within the last decade (2006-2016). We are interested in
the newest insights in the determinants of weight loss main-
tenance and build upon a previous narrative review by
Elfhag and Rossner entitled “Who succeeds in maintaining
weight loss?” published in 2005 (6).

Outcomes

The primary outcome is the determinant predictive of
weight loss maintenance. The determinant was included if
it was analysed between individuals who were able to main-
tain weight loss or suffered regain, or if the determinant was
analysed for change in weight (kg) from baseline, percent
weight change or BMI change (Table 1). Determinants
measured were required to have been specifically analysed
as determinant of weight loss maintenance. Studies with
demographic, behavioural, psychological/cognitive and
environmental (social and physical) determinants as out-
comes were included. We chose to include these determi-
nants as these may help detect target groups and inform
intervention content.

Study selection

One reviewer (RV) screened all titles (7 = 8,229), and two
reviewers (RV and MS) independently screened abstracts
(n = 3,858) to assess inclusion. Two reviewers (RV and
MS) conducted the full-text screening independently
(n = 380). Disagreements during abstract screening and
full-text screening were resolved through consensus discus-
sion. When disagreements could not be resolved, the third
and fourth reviewers (IS and WK) were called on to make
a final decision.

Data extraction

Study characteristics including authors, year of publication,
country of origin, study design and duration, analytic sam-
ple, mean age, mean BMI and weight measure were collected
by RV. Determinants were collected by two reviewers (RV
and MS). As study designs vary greatly, we categorized the
studies as cohort studies, follow-up studies on randomized
controlled trials or non-controlled trials. When determinants
were reported with univariate and multivariate analyses, the
result under multivariate analysis was taken.
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Quality assessment

Quality assessment was conducted using a modified quality
assessment tool formerly used by Uijtdewilligen ez al. (13).
A maximum of one point could be awarded per category
(Table 2), and a total score of six points could be awarded
per article. The categories, as previously described by
Uijtdewilligen et al., in which studies could score points,
were as follows (13):

e The representativeness of the exposed cohort. A point
was given if the participation rate at baseline was at
least 80% or if the non-response was not selective.

¢ Non-selective non-response during follow-up measure-
ments. A point is given if the response rate at follow-up
was greater than or equal to 80% or if the non-
selective dropout on key characteristics (age, gender,
determinants or weight) is reported.

e Determinants were measured with a valid and reliable
tool. If the determinant measure showed test-retest

Table 2 Quality assessment tool (13)

Representativeness of the
exposed cohort

1 point is awarded if the participation
rate is >80%.

1 point is awarded if the participation
rate is <80% and the non-response was
not selective.

0 points are awarded if the participation
rate is <80% and the non-response is
selective or not described.

1 point is awarded if attrition rate > 80%.
1 point is awarded if attrition rate < 80%
and dropout was not selective on key
study characteristics (age, gender,
determinant or weight).

0 points are awarded if attrition

rate < 80% and dropout was selective
on key study characteristics or not
described.

Each determinant measured in the
outcome is assessed and scored. Each
determinant can score either 1 (valid
and reliable) or 0 (not valid nor reliable).
The average of all determinants is taken
as the total score.

1 point is awarded if weight is measured
with a valid and reliable tool.

0 points are awarded if weight is not
measured with a valid and reliable tool.
1 point is awarded if nis 10 times the
number of measured determinants.

0 points are awarded if nis less than 10
times the number of measured
determinants.

1 point is awarded if appropriate
statistical analysis is conducted.

0 points are awarded if the statistical
analysis is not appropriate or not clearly
reported.

Non-selective non-
response

Determinants are
measured with valid and
reliable tools

Weight is measured with
a valid and reliable tool

Sample size

Appropriate statistical
model

Obesity Reviews 20, 171-211, February 2019

correlations of >0.80 or x/ICC > 0.70, one point is given
(13).If the article investigates multiple determinants, this
criterion is scored on a scale of 0-1. For example, if a
study assessed four determinants, of which one was
measured with a reliable tool, a score of 0.25 is given.

e Weight was measured with a valid and reliable tool. A
point is given only if weight was assessed with an ob-
jective measurement instrument, or questionnaire with
test—retest correlations of >0.80 or x/ICC > 0.70.

e Sample size > 10 times the number of independent
variables.

e Appropriate statistical model adjusted for relevant
confounders. In experimental studies, the findings of
a determinant analysis were included (i.e. b-path of
mediation analysis).

This was converted to a percentage by calculating the
mean and multiplying 100. A score > 75% was considered
high quality and <75% low quality.

Data synthesis

Categorization of determinants

The determinants and their predictive nature were
extracted. The quality of the determinant was determined
by the quality assessment of the study in which it was
measured. These determinants were then first categorized

into four main categories:

demographic, personal determinants;
behavioural determinants;
cognitive/psychological determinants; and

o T

social and physical environmental determinants.

After determinants and their quality were extracted, each
determinant was placed under conceptual categories (14).
Figure 1 illustrates how the determinants were placed into
these conceptual categories, and finally under the four main
determinant groups. Determinants were first listed as
shown in Fig. 1. In this figure, we give the following
examples of determinants: fruit and vegetable consumption
increase, fish consumption increase, portion control,
healthy eating increase, protein intake increase, fat intake
(baseline) and binge eating. These determinants could be
categorized under similar concepts. In Fig. 1, the concep-
tual categories were created as follows: dietary intake prod-
uct level, eating behaviour, dietary intake nutrient level and
problematic eating. These concepts were then categorized
under a general concept of dietary intake, which falls under
the main determinant category, behavioural determinants.
The placement of the determinants under concept catego-
ries was conducted by RV and MS. Reviewers WK and IS
were consulted when there were disagreements in the
creation of concepts or placement of determinants within
these concepts.

© 2018 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
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Determinants

Fruit and vegetable

consumption, increase

Portion control —

} Dietary intake, product level —
Fish consumption, increase

Main determinantcategory

—s Eating behaviour

Healthy eatingincrease —

Protein intake increase L—

Behavioural

Dietary intake | — ;
— o determinant

|| Dietaryintake, nutrientlevel | |

Fat intake (baseline) —

Binge eating

Problematic eating

Figure 1 Categorization of determinants

Best-evidence synthesis
In order to determine the level of the evidence for each
determinant, we combined the quality of the studies the
determinant was measured in with the consistency of the di-
rection of the association of each determinant. This was per-
formed using similar methods as Uijtdewilligen et al. (13).
Determinants of weight loss were categorized as signifi-
cantly positively predictive, significantly negatively predic-
tive or not significant in either direction of weight loss
maintenance. Dividing the number of times a determinant
is reported in a certain direction by the total number of
times the determinant is measured multiplied by a hundred
gave a percentage of consistency. If the determinant was
reported more than 75%, we considered this a consistent
finding in a certain direction. As previously used in
Uijtdewilligen et al., the quality of evidence was identified
as follows (13):

e Strong evidence: consistent findings in multiple (>2)
high-quality studies.

e Moderate evidence: consistent findings in one high-
quality study and one or more low-quality studies, or
in multiple (>2) low-quality studies.

e Insufficient evidence: only one study available or
inconsistent findings in multiple (>2) studies.

A determinant that was reported in a certain direction
greater than 75% with two or more of these studies being
high quality would result in the conclusion that there is
strong evidence that the determinant is positively, negatively
or not predictive of weight loss maintenance.

Results

As shown in Fig. 2, this search yielded 8,222 articles. Title
screening led to the selection of 3,851 articles. Articles

© 2018 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
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excluded at this stage were animal studies or paediatric
studies. Further screening of the abstracts led to the
selection of 373 articles for full-text screening. Through
cross referencing, seven more articles were included in the
full-text screening. Full-text manuscripts were retrieved for
380 articles and screened on the basis of the eligibility
criteria found in Table 1. A total of 49 studies, reported in
67 articles, fulfilled all inclusion criteria and are analysed
in this review.

Study characteristics are found in Table 3. Thirty of the
49 studies were conducted in the USA (15-60). Studies
were further conducted in Germany (4) (61-64), Finland
(4) (65-68), Japan (3) (69-71), Australia (2) (72,73),
Portugal (1) (74,75), Switzerland (76), Denmark (77),
Israel (78), France (79), Canada (80) and the Netherlands
(81). Twenty-nine studies were follow-up studies on
randomized controlled trials, 13 were follow-up studies on
non-controlled trials and 7 were observational cohort
studies. In total 31,741 participants were included, and the
average duration of studies was 30 months, with a range
from 12 months (45) to 10 years (32). There was a great
heterogeneity in the included studies with ages ranging from
an average of 28.9 (77) to an average age of 61.2 (80) and
baseline BMIs ranging from 27.3 (77) to 42 (71). The
average age of participants was 47.2 years with a baseline
BMI of 35.5 kg m 2, and 72% was female.

Quality

Table 4 shows the percentage of articles fulfilling each qual-
ity criterion assessed. On average, the quality of the articles
was low with 42 (63%) of the 67 articles scoring low on the
quality assessment and 25 articles (37%) scoring high. A
large percent of the articles used valid and reliable tools

Obesity Reviews 20, 171-211, February 2019
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Figure 2 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram [Colour figure can be viewed at wileyonlinelibrary.com]

for measuring weight and included an appropriate sample
size, where most articles lost points were in the representa-
tiveness of the exposed cohort, mainly due to unclear
reporting and baseline participation below 80% without
reporting the non-selective non-response. While assessing
the validity and reliability of the determinants, we found
that many articles reported the validity and reliability of
their determinant tools. Lastly, the statistical models used
for the determinants of weight loss maintenance were often
not adjusted for relevant confounders or were associative
and not longitudinal analyses.

In total, 124 determinants were identified, and 28
conceptual categories were created. The measured determi-
nants, their predictive nature on weight loss maintenance
and level of evidence can be found in Tables 5-8. The results
are summarized per main determinant category: demo-
graphic, behavioural, cognitive/psychological, and social
and physical determinants.

Demographic determinants

The five demographic determinants of, age, gender, ethnic-
ity, socioeconomic status and marital status were identified,

Obesity Reviews 20, 171-211, February 2019

and the quality and strength of evidence were synthesized
for the predictive effect on weight loss maintenance.
Consistent evidence was found that age, gender and socio-
economic status were not significantly predictive of weight
loss maintenance (Table 5). Insufficient evidence was found
to make a conclusion for marital status and ethnicity.

Behavioural determinants

Table 6 shows the 59 behavioural determinants identified in
the articles included in this review. These behavioural deter-
minants were grouped into four concepts — weight-related
determinants, monitoring determinants, determinants
related to energy expenditure and determinants related to
energy/nutritional intake — and a miscellaneous group
including determinants such as smoking or alcohol intake.

Of the weight-related determinants, weight history had
strong evidence of being non-significant in predicting
weight loss maintenance. Other determinants showed
insufficient evidence.

Self-monitoring weight and self-monitoring eating had
strong evidence to suggest they were predictive of weight

© 2018 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
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Table 4 Percentage of articles fulfilling each quality assessment criterion

Percent of articles
fulfilling the criteria

Criteria assessing quality of studies

Representativeness of the exposed cohort 254
Non-selective non-response 47.0
Determinants were measured with a valid and 64.1
reliable tool

Weight was measured with a valid and reliable tool ~ 89.6
Sample size > 10 times number of independent 91.0
variables

Appropriate statistical model adjusted for relevant 56.7
confounders

loss maintenance. Self-monitoring of exercise, on the other
hand, had moderate evidence of predicting weight loss
maintenance.

Strong evidence was found for physical activity increase
being positively predictive of weight loss maintenance,
whereas moderate evidence was found for physical activity
level at baseline being non-significant in predicting weight
loss maintenance.

Eating behaviours such as portion control, cutting
unhealthy foods and reducing energy intake were found to
be positively predictive of weight loss maintenance sup-
ported by strong evidence. Furthermore, eating out and
use of meal replacements were supported by strong evidence
to be non-significant in predicting weight loss maintenance.

At the product level, an increase in fruit and vegetable
consumption and a reduction in sugar-sweetened beverages
were positively predictive of weight loss maintenance. The
evidence supporting these results were strong. Moderate
evidence was found for fish consumption increase and
whole grain consumption as non-significant in predicting
weight loss maintenance. At the nutrient level, fat intake
decrease was found to be positively predictive of weight loss
maintenance.

Problematic eating was found to be negatively predictive
of weight loss maintenance with moderate evidence. Other
behaviours such as smoking and alcohol consumption had
insufficient evidence to draw conclusions.

Psychological/cognitive determinants

Fifty-one psychological or cognitive determinants were
found. These determinants were sorted in the concepts:
stress, mood/depression, quality of life, motivation, self-
efficacy and perceived barriers, body image, self-concept,
disinhibition/impulse control and reinforcement (Table 7).

Strong evidence found that psychological stress was non-
significant in predicting weight loss maintenance. Differ-
ently, self-efficacy for exercise and self-efficacy for weight
management were strongly supported to be positively pre-
dictive of weight loss maintenance. Moderate evidence was
found for self-efficacy of diet being predictive of weight loss
maintenance. Having high physical self-worth was found to
be positively predictive of weight loss maintenance with
moderate evidence. Disinhibition or low impulse control
was found to not be predictive of weight loss maintenance
with moderate evidence, whereas strong evidence supported
having high internal disinhibition as negatively predictive of
weight loss maintenance. A change in reinforcement was
moderately supported to be not predictive of weight loss
maintenance. None of the determinants measured in the
concept groups of depression and mood, quality of life,
motivation and self-concept had sufficient evidence to draw
conclusions.

Social and physical environmental determinants

Table 8 shows the ten social and physical environmental de-
terminants identified in the articles included in this review.
The three concepts were social support, weight-related teas-
ing and availability of unhealthy foods. None of the deter-
minants in this main determinant group had sufficient
evidence to draw conclusions for weight loss maintenance.
However, family discouragement of healthy eating and
exercise encouragement were measured in a high-quality pa-
per and were reported to be negatively predictive of weight
loss maintenance. Additionally, the use of a commercial
weight loss programme was not found to be significantly

Table 5 Demographic determinants, percentage of directional consistency and level of evidence

Conceptual category Determinant % Positively % Not significantly % Negatively Level of Number
of determinant predictive of weight predictive of weight predictive of weight evidence of studies
loss maintenance loss maintenance loss maintenance

Age (older) 18.2 81.8 0 Strong n=11
Gender (female) 0 78.5 214 Strong n=154
Ethnicity/race 28.6 71.4 0 Strong n=>5
Socioeconomic Education level, 0 100 0 Strong n=5
status (high) income,

occupational status
Marital status 0 100 0 Insufficient n=1
(married/living
together)

© 2018 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
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predictive of weight loss maintenance in one high-quality
study.

Discussion

With the findings from this review, the model in Fig. 3 was
created, illustrating the influence of the determinants on
energy balance. The determinants included in this figure
were those with moderate or strong levels of evidence and
represent their influence on weight loss maintenance.
Arrows indicate the direct and indirect influences of the
determinants on weight loss maintenance.

This review identified several energy intake-reducing
behaviours and energy expenditure-increasing behaviours
previously identified in the Elfhag and Rossner review (6).
These determinants were the most studied and reported in
this review. However self-evident, these determinants
remain key elements in weight loss maintenance.

In Fig. 3, we emphasize the indirect influence that deter-
minants can have on weight loss maintenance. Specifically,
self-monitoring determinants were found to be positively
predictive in weight loss maintenance. Previously, Michie
et al. (82) and Samdal er al. (83) reported self-monitoring
as one of the five main techniques of self-regulation, and
an effective tool in engaging healthy eating and physical ac-
tivity. Monitoring determinants are important as they influ-
ence behaviours regarding energy intake and expenditure.

In addition to self-monitoring determinants, several
cognitive/psychological determinants also indirectly influ-
ence weight loss maintenance, i.e. high self-efficacy for

| High internal disinhibition

l

Energy intake increasing behaviour
Problematic Eating

exercise and self-efficacy for weight management. A review
by Teixeira and colleagues found similar trends in
social/cognitive determinants considered to be important
for weight loss maintenance (84). Unfortunately, research
on the psychological determinants of weight loss mainte-
nance remains limited. Considering the critical influence of
self-efficacy on self-regulation techniques through its effects
on goal setting, preparation for action (85,86) and conse-
quently behaviour, it may be meaningful to conduct further
research in self-efficacy in promoting weight loss mainte-
nance. Specifically, a systematic review and meta-analyses
on changing physical activity self-efficacy and behaviour
by Olander ef al. found four behaviour change techniques
that enabled a positive change in self-efficacy. These tech-
niques are action planning, time management, prompting
of self-monitoring behaviour outcomes and planning of so-
cial support change (87). Similarly, a meta-analysis by Prest-
wich et al. reports on the increase of self-efficacy in dietary
interventions that stress management and several behaviour
change techniques including self-monitoring, providing
feedback and prompting review of behavioural goals (88).
We hypothesize that interventions that increase self-efficacy
will enable longer maintenance of weight loss.

When reviewing the existing literature, it is equally
important to establish the determinants that do not of influ-
ence weight loss maintenance. Interestingly, no demo-
graphic determinants had a predictive effect on weight loss
maintenance or, rather, lacked evidence to be conclusive
(Fig. 3). Fascinatingly, consistent evidence shows that age,
gender and socioeconomic status are not significant in

High self-efficacy for exercise
High physical self-worth

l

Energy expenditure increasing behaviour
Increase physical activity

Energy Intake |

| Energy Expenditure

Energy intake reducing behaviour

Cutting unhealthy food
Portion control
Energy intake decrease

| Determinants not significant for
| weight loss maintenance
| Age, gender, socioeconomic status

Increase fruit and vegetable intake
Decrease sugar-sweetened beverage consumption

Monitoring behaviour
Monitoring weight
Monitoring eating
Monitoring exercise

| Weight history

| Physical activity at baseline
Meal replacementusage

. Eating out, restaurant
Psychological stress

T

| Fish consumption increase
i Whole grains
! External self-regulation

Self-efficacy for diet

Self-efficacy for weight management

! Disinhibition, impulse control

i Change in reinforcement

Figure 3 Determinants of weight loss maintenance. Determinants in bold have a strong level evidence; those not bolded have moderate level of evi-
dence. The green arrows indicate positive factors for weight loss maintenance. The red arrow indicates negative determinants in weight loss maintenance.
Determinants that are not significant for weight loss maintenance are represented in the dotted box [Colour figure can be viewed at wileyonlinelibrary.com]
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predicting weight loss maintenance. This may indicate that
target groups are better selected using non-demographic-
related factors.

In addition to demographic determinants, baseline mea-
sures seem to be insignificant or inconclusive in predicting
weight loss maintenance. Measures such as baseline physi-
cal activity, energy/calorie intake, protein, fat, carbohydrate
and dietary intake do not predict weight loss maintenance
(Fig. 3). The results of this systematic review propose that
individuals can achieve weight loss maintenance despite
their baseline dietary intake and baseline physical activity
level. The most important determinants appear to be those
that involve change in behaviour.

A few articles in this review examined determinants of
weight loss maintenance at the nutrient level. With the
exception of fat intake decrease, intake of nutrients such
as calcium, protein, fibre and carbohydrates failed to show
conclusive evidence for achieving weight loss maintenance.
It has been previously suggested by Sacks et al. (89) and
Katan (90) that macronutrient composition plays a lesser
role in weight loss than previously believed. Despite our
findings being inconclusive, we hypothesize that determi-
nants at the nutrient level are less important in weight loss
maintenance than are other eating behaviours such as over-
all energy reduction.

Recommendations

On the basis of this systematic review, we recommend that
future weight loss maintenance programmes focus on
changing behaviour to reduce energy intake through cutting
unhealthy foods, decreasing sugar-sweetened beverage con-
sumption and fat intake, portion control, increasing fruit
and vegetable intake, and adhering to a diet. Additionally,
energy expenditure should be promoted through increasing
physical activity. Greater focus on behaviour change tech-
niques such as self-monitoring should be regarded as central
to future interventions. Furthermore, it is the hypothesis of
the reviewers that behaviour change can be predominantly
stimulated by helping individuals to develop self-efficacy
for diet, exercise and weight management.

We suggest future research focus on two determinant
groups with limited evidence. Firstly, despite cognitive and
psychological determinants being reported more frequently
in the last decade, there remains a limited amount of evi-
dence for several determinants. One issue we encountered
was that studies often use varying theoretical models and
different questionnaires, leading to many new determinants
being reported but with little replication (Table 3). We
cognitive/psychological
influence weight loss maintenance through their effect on

hypothesize that determinants
behaviour. Therefore, we suggest further research to
identify psychological and cognitive determinants on weight
loss maintenance.

© 2018 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
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Secondly, environmental determinants were the least
measured group of determinants with insufficient evidence
to draw any conclusions. Elfhag and Réssner previously
suggest that the environment influences opportunities and
barriers for engaging in healthy eating and regular physical
activity, and thereby weight loss maintenance (6). The most
frequently reported environmental determinants were those
pertaining to the social environment. Moreover, Elfthag and
Rossner (6) and Wing and Hill (91) have mentioned the use
of social support by individuals with successful weight loss
maintenance in their respective publications. Yet in contrast,
Brantley et al. report that friends’ encouragement of healthy
eating is negatively predictive of weight loss maintenance
(23). Evidently, more research needs to be conducted to
draw any conclusions. In addition, physical and macro-
environmental determinants for weight loss maintenance
were scarcely reported. A singular study by Neve ef al. re-
ported not keeping unhealthy food in the house as positively
predictive for weight loss maintenance (73). Previously,
studies have shown the impact of physical environment on
obesity (92). Our hypothesis is that an obesogenic environ-
ment would create barriers for weight loss maintenance and
may be an intriguing area to investigate. Lastly, the macro-
environment and factors such as gross domestic product
per capita (93) and pricing policies (94,95) have been
reported to be associated with weight and weight control
behaviours but were not identified in this review on weight
loss maintenance.

Limitations

This is the first systematic review summarizing evidence of
the determinants of weight loss maintenance while taking
methodological quality of studies into account. Moreover,
it is the first systematic review to determine the level of evi-
dence for determinants of weight loss maintenance.
Through our inclusion/exclusion criteria and quality as-
sessment, we have aimed to draw conclusions with the best
level of evidence. Consequently, our strict criteria may ac-
count for the differences to previous reviews. Elfhag and
Rossner report achieving greater initial weight loss as a
characteristic of an individual successful in weight loss
maintenance (6). In our review, we found insufficient evi-
dence to draw the same conclusions. We found initial
weight loss to be predictive of weight loss maintenance in
71.4% of the included studies. As our criteria require
>75% to draw conclusions, the level of evidence for this de-
terminant is insufficient. These cut-offs remain arbitrary
and can explain the differences we find to previous litera-
ture. Furthermore, as with any systematic review, the inclu-
sion and exclusion are based on the reviewers and are
subject to the researchers’ interpretation. We attempt to
reduce this subjectivity by having two independent

Obesity Reviews 20, 171-211, February 2019
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reviewers to include and exclude studies and the third and
fourth reviewers to be included if necessary.

We further limited studies to those published in English
and those published after 2006. This cut-off may have led
to certain determinants being underreported in this review.
Meal rhythm, meal frequency and breakfast consumption,
locus of control, personality and attitude are a few determi-
nants discussed in other reviews that either were not
reported in the studies we included or were reported less
frequently than was previous literature (6,91).

A further limitation is the great heterogeneity in the
studies included in this review. This remains an issue when
comparing behavioural determinants as study designs vary
greatly. Previous studies attempting to compare behavioural
studies have faced similar issues (82). Furthermore, there was
a general lack of detail in regard to methodology of interven-
tions. Many included studies have scored low on areas
regarding participation selection and validity/reliability of
determinant measurement, largely owing to a lack of
reporting. Additionally, a range of terminology and methods
are used when measuring determinants of weight loss main-
tenance, making comparability difficult. However, reviews
are necessary in order to develop hypotheses for more effec-
tive and innovative interventions.

Furthermore, the validity of memory-based measure-
ments of nutrition has increasingly been questioned in the
nutrition field. This may have consequences for studies that
may have scored highly in the quality assessment.

Another crucial limitation in this review is the comparison
of long-term weight loss studies to studies differentiating
those who are successful in maintenance to those who re-
gain. In long-term weight loss, the initiation of weight loss
is included, whereas studying the maintenance phase or
comparing weight maintenance and regain purely observes
the maintenance phase. The determinants in these two
phases may therefore differ. Such an example is the determi-
nant initial weight loss. In long-term weight loss trials, the
initial weight loss phase is observed in which it may give
the appearance that an individual is successful in weight loss
maintenance owing to a greater initial weight loss; however,
this says little about the actual maintenance of weight loss it-
self. In essence, the maintenance phase is observing whether
an individual can maintain their new weight. This informa-
tion is lost when observing long-term weight loss. In the
study by Nackers et al., they found that initial weight loss
was predictive of long-term weight loss maintenance,
although this was not the case for weight regain (20). Such
differences in outcome illustrate the importance of separat-
ing the weight loss phase from the maintenance phase in
long-term weight loss maintenance. This may further ex-
plain the inconclusive evidence found for some determinants
such as initial weight loss. Future studies in determinants of
weight loss maintenance need to make clear distinctions
between the weight loss phase and maintenance phase.

Obesity Reviews 20, 171-211, February 2019

Conclusion

The overweight and obesity epidemic remains a growing
public health issue. With this systematic review, we conclude
with a high level of evidence that weight loss maintenance is
not entirely reliant on the individual’s demographic back-
ground but on the behavioural determinants engaging in
energy balance and determinants promoting it. The current
literature in regard to psychological/cognitive, social,
physical and macro-environmental determinants remain
scarce or ambiguous at best. Future solutions in weight loss
maintenance likely require a greater focus on self-efficacy
to engage in behaviour change and to maintain it.
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