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Summary

Lifestyle interventions can reduce body weight, but weight regain is common and
may particularly occur with higher initial weight loss. If so, one may argue
whether the 10% weight loss in clinical guidelines is preferable above a lower
weight loss. This systematic review explores the relation between weight loss
during an intervention and weight maintenance after at least 1 year of unsuper-
vised follow-up. Twenty-two interventions (during at least 1 month) in healthy
overweight Caucasians were selected and the mean percentages of weight loss
and maintenance were calculated in a standardized way. In addition, within four
intervention groups (7 >80) maintenance was calculated stratified by initial
weight loss (0-5%, 5-10%, >10%). Overall, mean percentage maintenance was
54%. Weight loss during the intervention was not significantly associated with
percentage maintenance (7 =—0.26; P =0.13). Percentage maintenance also not
differed significantly between interventions with a weight loss of 5-10% vs.
>10%. Consequently, net weight loss after follow-up differed between these
categories (3.7 vs. 7.0%, respectively; P < 0.01). The analyses within the four
interventions confirmed these findings. In conclusion, percentage maintenance
does not clearly depend on initial weight loss. From this perspective, 10% or more
weight loss can indeed be encouraged and favoured above lower weight loss goals.

Keywords: Initial weight loss, long-term weight loss, maintenance, weight
maintenance.
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Introduction

therefore the weight loss achieved during the intervention
may not be fully maintained.

A recent review of Wu et al. (1) showed that (lifestyle)
interventions with a dietary component result in weight
loss, but interventions with both a dietary and a physical
activity component result in more weight loss. Other
reviews also showed that lifestyle interventions are effective
(2-4) and that weight can be reduced at reasonable costs
(5). Despite the short-term effectiveness of lifestyle inter-
ventions, long-term weight loss seems to be more difficult
(1). After an intervention weight regain may occur and
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Insight into the relationship between weight loss during
an intervention and subsequent maintenance of this weight
loss could provide valuable information to set weight loss
targets focused on optimal long-term weight loss. Current
guidelines prescribe a weight loss of 5-10% for overweight
or obese persons (6,7), because a weight loss of 5% has a
beneficial effect on cardiovascular risk factors associated
with obesity (8-10) and reduces the risk for diabetes (11).
However, this guideline does not take into account possible
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weight regain after an intervention. Weiss efal. (12)
showed in a survey that a higher percentage weight loss
was significantly associated with a higher percentage
weight regain. Participants who lost more than 20% of
their weight had 2.8 times the risk of weight regain com-
pared with participants who lost 10-15% of their weight.
Therefore, it could be hypothesized that people who lose
more weight during an intervention will on average main-
tain less of this weight reduction. In that case, one may
argue about the 10% weight loss goal (as compared with
5%) as weight cycling may have adverse health effects.
Previous reviews focused on the effect of exercise on
maintenance (2,13,14) or long-term weight loss (4,15,16).
However, these reviews have not focused on the relation-
ship between short-term weight loss (the amount of weight
loss during an intervention) and the maintenance of this
weight loss during an unsupervised follow-up. Therefore,
the aim of this systematic review was to investigate the

Identification

relationship between weight loss during a lifestyle interven-
tion (with a dietary and physical activity component) and
the maintenance of this weight loss after an unsupervised
follow-up period of at least 1 year.

Methods

Search

The literature search for this study is described previously
(5). Briefly, two search strategies were used to select rel-
evant articles: (i) recent reviews about interventions aiming
at weight loss and (ii) the MEDLINE database. For the
present study, the search was extended to February 2009;
the results of the present search are shown in Fig. 1.
Eligible studies for this review had to meet the following
inclusion criteria: overweight or obese adults (mean body
mass index <40 kg m2); mainly Caucasian population; at

62 records were identifled
through a MEDLINE -search

238 records were identified in 5
recent reviews (4,17-20)

Screening

R

300 records were screened by title and (ifnecessary) abstract

Eligibility

—'I 290 records excluded
A

10 full texts were assessed for elighbility

7 records excluded:

Included

- No unsupervised follow-up (4)

- No Physical Activity component (1)
- No overweight population (1)

- Self-reported weight (1)

¥

3 studies were included from the extended search

research 5

9 studies were selected from previous

X

Intotal, 12 studies were mcluded

Figure 1 Flow chart of the present search.

© 2010 The Authors
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least one intervention group with a dietary and a physical
activity component (only this group was included in the
analyses); an intervention duration of at least 1 month; a
measured mean weight (or body mass index) reduction of
at least 2% at the end of the intervention; an unsupervised
follow-up after the intervention of at least 1 year; at least
20 participants randomized per intervention group; pub-
lished after 1 January 1990 in English; and having the
possibility to calculate the percentage weight maintenance.
Exclusion criteria were: studies that included only partici-
pants with diabetes, impaired glucose tolerance or another
serious disease; weight loss medication; or surgery.

Outcome measure

The primary outcome measure of this study was the per-
centage of weight loss immediately after the intervention
that remained after an unsupervised follow-up. This per-
centage maintenance was calculated for every intervention
group as follows:

Weight loss from
baseline to the end of
the unsupervised
follow-up

*100

Percentage maintenance = - -
Weight loss during

the intervention

The percentage maintenance was corrected for differences
in the duration of the unsupervised follow-up period. With
the assumption that the percentage maintenance declined
linearly during the unsupervised follow-up, the percentage
maintenance after 1-year unsupervised follow-up was
calculated. In formula, the percentage maintenance
after 1 year was calculated as follows: 100% — ((100 — %
maintenance)/years of unsupervised follow-up). This
adjusted percentage maintenance was used to calculate
weight loss after 1-year unsupervised follow-up.

Because data reported in articles can reflect all partici-
pants in an intervention group, participants who completed
the intervention and/or participants who completed the
unsupervised follow-up, three methods were developed to
manage the different data and to calculate weight losses
(and thereby the percentage maintenance). For every inter-
vention group one of the following methods (depending on
the available data) was used to calculate the percentage
maintenance:

e Method 1: weight losses during the intervention and
from baseline to the end of the unsupervised follow-up
were calculated for the completers of the follow-up.

e Method 2: weight losses during the intervention and
from baseline to the end of the unsupervised follow-up
were calculated for the completers of the intervention.
Therefore, weight at the follow-up was calculated for the
completers of the intervention using an intention-to-treat
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analysis under the conservative assumption that partici-
pants who dropped out during the unsupervised follow-up
regained all their weight.

e Method 3: weight losses during the intervention and
from baseline to the end of the unsupervised follow-up
were calculated for all participants who started the inter-
vention. Weight at the end of the intervention was calcu-
lated under the assumption that dropouts during the
intervention lost the same amount of weight as completers
of the intervention (the assumption that dropouts during
the intervention lost no weight was not used, because this
underestimates weight loss during an intervention resulting
in an overestimation of the maintenance percentage).
Weight at the follow-up was calculated with an intention-
to-treat analysis as described in method 2.

As the intention-to-treat analyses in methods 2 and 3
probably result in a (slightly) underestimated percentage
weight maintenance, the first calculation method was the
preferred method of choice; otherwise calculation method
2 was used and if data for this method were also unavail-
able calculation method 3 was used. Authors were con-
tacted by email to provide the best possible data if
calculation method 1 was not possible. Author response
(with useful information) to email contact about informa-
tion or data of the study was 67%.

In addition to the analyses between intervention groups,
we also investigated weight maintenance within the inter-
vention groups with more than 75 participants at baseline
(n=4). Within these intervention groups, the percentage
maintenance after 1 year of unsupervised follow-up was
calculated for participants with 0-5%, 5-10% and more
than 10% weight loss during the intervention. To obtain
the necessary data for this analysis, the authors of the four
intervention groups were contacted (100% response).

Statistical analyses

The relationship between weight loss during the interven-
tion and the percentage maintenance was investigated by a
one-sided Pearson correlation. Differences in the percent-
age maintenance between categories of <5%, 5-10% and
>10% weight loss during the intervention were tested using
ANOVA. In these analyses the results were weighted by the
square root of the study size (as an approximation of the
inverse of the variance of the weight change, which was not
always reported). A P-value below 0.05 was considered
statistically significant. spss version 17.0 was used to
perform the statistical analyses.

Results

Twenty-two intervention groups of 12 studies met our
inclusion criteria and were selected for this review (21-42).
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Nine studies were selected from the search previously
described in an article (5) and three studies were selected
from the extended search (see Fig. 1). Four studies from the
previously described search were not included in the pre-
vious article (because of the use of meal replacements
(27,28,41,42) or the lack of results at 1 year after the start
of the intervention (31,32,40)), but are selected in the
present study.

Despite the fact that all interventions contain a dietary
and a physical activity component, the content of the inter-
ventions differed between the studies (see Appendix S1). In
general, interventions contained an energy-restricted diet
and participants received (behavioural) group sessions. The
physical activity component existed mostly of an exercise
goal or supervised exercise. The characteristics of the
selected intervention groups are shown in the Appendix S1.
The mean duration of these interventions was 0.8 years
(range 0.2-1.5) and the unsupervised follow-up had a mean
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Figure 2 Scatter plot of the percentage maintenance and weight loss
during the intervention.

duration of 1.1 years (range 1.0-2.0). The most distant
measurement of weight was 3.3 years after the start of an
intervention.

Of the 22 intervention groups the mean (SD) number of
participants was 45 (27), the mean dropout during the
interventions was 18% (11) and the mean dropout during
The
mean baseline weight of these intervention groups was
95 kg (6) and on average 9.5% (4.1) of baseline weight was
lost during the interventions. The percentage of the weight

the unsupervised follow-up period was 13% (11).

loss during an intervention that was maintained after 1 year
of unsupervised follow-up ranged from 25% to 88%. On
average the percentage maintenance was 54% (18).

Figure 2 shows a scatter plot of the weight loss during an
intervention and the percentage maintenance. Weight loss
during the intervention and the percentage maintenance
were not significantly correlated (r=-0.26, P=0.13). In
Table 1 percentage maintenance is shown for intervention
groups with 5-10% and intervention groups with >10%
weight loss during the intervention. Only one intervention
group (88% maintenance) had less than 5% weight loss
and therefore this category is not shown. Intervention
groups with 5-10% weight loss during the intervention
(n=13) maintained on average 55% and intervention
groups with more than 10% weight loss during an inter-
vention (7 = 8) maintained on average 49% (P = 0.39). The
weight loss after 1 year of unsupervised follow-up differed
significantly between these categories, 3.7% and 7.0%,
respectively (P < 0.01).

In Table 2 weight maintenance is shown within the four
intervention groups. In one intervention group participants
with a relatively low weight loss maintained more weight
loss (they even continued losing weight during the unsu-

5-10% weight loss during
intervention (n=13)

Table 1 Percentage maintenance and
percentage weight loss after unsupervised
follow-up for interventions with 5-10% and

>10% weight loss during
intervention (n=8)

Mean (SD) % weight loss during intervention 6.8 (1.5)
Range % weight loss during intervention 5.1-9.6
Mean (SD) % maintenance 55 (20)
Range % maintenance 25-80
Mean (SD) % weight loss after 1-year 3.7 (1.5)

unsupervised follow-up

>10% weight loss during the intervention
14.1 (2.5)

10.2-17.8
49 (11)
37-69
7.0 (2.1)

Table 2 Percentage maintenance within four intervention groups stratified by weight loss during the intervention

0-5% weight loss
during intervention

5-10% weight loss
during intervention

>10% weight loss
during intervention

Burke et al. (21-23) 74% (n=19)
Cussler et al. (25) and Teixeira et al. (26) 63% (n=21)
Riebe et al. (35,36) and Blissmer et al. (37) 140% (n=13)
Riebe et al. (35,36) and Blissmer et al. (37) 59% (n=20)

78% (n = 20) 84% (n=14)
67% (n=21) 99% (n=12)
55% (n = 23) 63% (n=29)
75% (n=15) 71% (n=12)

© 2010 The Authors
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pervised follow-up) than participants with a relatively high
weight loss during the intervention. Conversely, in the
other three intervention groups participants with more
than 10% weight loss during the intervention had a com-
parable or higher percentage maintenance than participants
with a lower initial weight loss.

Discussion

This is the first systematic review investigating the associa-
tion between weight loss achieved during an intervention
and the percentage of this weight loss that was maintained
after an unsupervised follow-up period. The results show
that the correlation between weight loss during the inter-
vention and the percentage maintenance was not signifi-
cant. The percentage maintenance between intervention
groups with 5-10% and >10% weight loss during the
intervention showed also no significant difference, but a
greater net weight loss was observed for intervention
groups with >10% weight loss. Additional analyses within
intervention groups, stratified by the amount of weight
loss, confirmed the findings on the percentage maintenance
for three out of four intervention groups.

The results also show that an intervention group on
average lost 9.5% of their baseline weight during the inter-
vention and that 1 year after the intervention on average
54% of this weight loss was maintained. This percentage
maintenance is similar to previous reviews (2,15), which
showed 50% maintenance at 1 year after the end of the
intervention and 44% maintenance at 2-year follow-up,
respectively.

Moreover, our results show that there was considerable
variation in the percentage weight maintenance between
the intervention groups (see Fig. 2). A variety of factors can
influence weight maintenance (43), and the content of the
interventions may explain a large part of the variation in
percentage maintenance. Therefore, ‘best practices’ with a
focus on prevention of weight regain have to be developed.
On this topic no conclusions could be drawn from our
study, because of the small number of intervention groups
and the poor description of the intervention content in
different articles. Wing and Hill (44) identified three behav-
iours of patients who successfully maintained their weight
loss: a low-fat high-carbohydrate diet, regular self-
monitoring of weight and engagement in high levels of
physical activity (2500-3000 kcal week™ or about 1 h d™').
Elfhag and Rossner (43) identified a number of predictors
of long-term weight management (e.g. regular meal rhythm
including breakfast, high self-efficacy, social support and
self-monitoring of behaviour), many of which could be
promoted during treatment with potential for enhancing
weight loss maintenance. Other potential targets include
developing a flexible restrained approach to diet and lower
emotional eating (45), increasing exercise intrinsic motiva-

© 2010 The Authors

tion (46) and autonomous self-regulation for exercise and
weight control (47,48), and helping participants distinguish
between weight loss and weight maintenance skills and
behavioural targets (49). Examples of factors that may
lead to weight regain are a history of weight cycling,
poor coping strategies, dichotomous thinking, more passive
reactions to problems and an external motivation to lose
weight (e.g. pressure from others) (43). Identifying
intervention-related predictors and mediators of long-term
weight maintenance in behavioural intervention studies
with adequate control groups remains a research priority.

Our data also show that a greater weight loss during the
intervention results in greater net weight loss after the
unsupervised follow-up. This result is in accordance with
the review of Astrup and Réssner (50), which concluded
that higher initial weight loss was positively related with a
better outcome at 1-5 years thereafter. However, when
discussing outcomes of weight control programmes, it is
also important to consider additional outcomes besides
weight change as criteria for success. First, participants
with low percentage of weight maintenance may continue
their trend of greater weight regain, which would ulti-
mately result in a lower weight loss in the longer term.
Analyses examining the pattern of weight regain after inter-
ventions over longer periods of follow-up are needed to
provide sufficient insight into this relationship. Second,
participants who have a low percentage maintenance fluc-
tuate in their body weight to a higher extent, compared
with a high maintenance group, which may have detrimen-
tal consequences to health. In a longitudinal study with a
follow-up of 7 years, Vergnaud et al. (51) concluded that
weight fluctuations (adjusted for relative weight change)
are a risk factor for the metabolic syndrome. Therefore, it
may be more beneficial for the participants’ health to
achieve and maintain a lower weight loss instead of losing
more weight and regain a substantial part of it (even when
total weight loss is more). This needs to be further investi-
gated. Finally, it is suggested that regaining more weight
and weight cycling may potentially negatively impact psy-
chological factors, which may exacerbate further weight
regain (52,53). Further study is needed into the psychologi-
cal sequels of weight regain following an intervention and
its ultimate impact of future weight-related behaviours via
factors, such as reduced self-efficacy.

A limitation of (systematic) reviews on weight mainte-
nance is the many different data (e.g. data of participants
who started the intervention, data of participants who
completed the intervention and/or data of completers of the
follow-up) that are presented in weight loss articles. This
results in a lack of knowledge as to how weight loss was
calculated in the reviews and the likelihood that data of the
entire intervention group and of the completers of the
follow-up may have been merged to calculate weight loss.
Contrary to other reviews, we used three clear methods to
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manage the different data. This ensures better quality of
data for subsequent analyses because the method with the
least assumptions was chosen.

Besides the explicit methods, a strength of our review is
the fact that we were able to perform analyses between and
within intervention groups. A limitation in our study is
that we assumed in the data calculation that the percentage
maintenance diminishes linearly to correct for the duration
of the unsupervised follow-up. Additionally, only the
weight losses during intervention and weight regain during
unsupervised follow-up were known: data on the maximal
weight loss (that may have occurred at a point during an
intervention or after an intervention had ended) were not
available. Therefore, maintenance had to be calculated
relative to the weight loss at the end of the intervention.
However, after correcting the relationship between weight
loss during an intervention and percentage maintenance
during an unsupervised follow-up for the differences in the
duration of an intervention also no significant relation was
found. Moreover, the percentage maintenance is (slightly)
underestimated in some cases (calculation methods 2 and
3). However, in most of the cases method 1 was used (see
Appendix S1) and when analysing methods 2 and 3
without the intention-to-treat method or method 3 under
the assumption that dropouts during the intervention lost
no weight (and in this way probably overestimating the
percentage maintenance in calculation methods 2 and 3) a
similar pattern was observed. Finally, the results of this
study can only be generalized to a healthy adult over-
weight population, and results may vary for other
populations.

In conclusion, no relation between the percentage weight
maintenance after 1 year of unsupervised follow-up and
weight loss during an intervention was found. However, a
greater weight loss during the intervention did result in
greater net weight loss after the unsupervised follow-up.
From this perspective, 10% or more weight loss should be
encouraged and favoured above a lower weight loss. More
research is needed to further elucidate the association
between weight loss and maintenance on an individual
level, to determine optimal weight loss targets and to estab-
lish best practices for an optimal maintenance of weight
loss.
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