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Summary

Objectives

The objectives of the study are to characterize the frequency and size of small weight
gains during behavioural weight loss treatment and to evaluate the relationship between
small weight gains and weight loss outcomes.

Methods

Participants (n =281) in a year-long behavioural weight loss programme were weighed at
treatment sessions, and between-session weight gains were classified into several cate-
gories based on size. The occurrence of different gain magnitudes and their relation to
weight loss were examined during both the active weight loss (months 1-6) and weight
loss maintenance (months 7-12) phases of treatment.

Results

Weight gains were common during both phases of treatment, with smaller gains occur-
ring more frequently than larger gains. Greater frequency of all gain magnitudes was
associated with lesser weight loss during both phases. Additionally, participants who
had just one or two weight gains of the smallest size examined (1.0-1.91b) lost less
weight than those who had no gains.

Conclusions

Small gains appear to reflect true weight gain due to poor adherence to behavioural
recommendations and are associated with worse weight loss outcomes, even when
limited in number. Future research should examine how best to prevent small weight
gains from occurring and how clinicians and participants should respond when a weight
gain does occur to promote weight control success.
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Introduction

prescriptions) is believed to be a primary cause of subop-
timal outcomes (3). Empirical research on how frequently

Although behavioural weight loss (BWL) programmes are
effective in producing mean weight losses that are clini-
cally significant (i.e. 5-10% of initial body weight) (1), a
considerable subset of patients fail to meet weight loss
targets. One analysis of weight loss outcomes across
several large BWL trials revealed that 38% of participants
achieved weight losses of less than 5% 1year after
starting treatment and 26% of participants had weights
at or above their starting weight (2). Poor adherence to
behavioural recommendations (e.g. calorie and exercise
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individuals in BWL treatment experience small weight
gains and how strongly these gains relate to weight loss
outcomes is lacking. Additional research on this topic is
needed to determine whether small weight gains during
treatment are valid markers of difficulties in adherence
to behavioural recommendations, as well as to inform
clinical responses to small weight gains.

At present, many standard BWL programmes, such as
those based off of the Diabetes Prevention Programme
(4) and LEARN (5), do not provide guidance on how to

© 2016 The Authors

Obesity Science & Practice published by John Wiley & Sons Ltd, World Obesity and The Obesity Society. Obesity Science & Practice

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are

made.


http://creativecommons.org/licenses/by-nc-nd/4.0/

Obesity Science & Practice

Small weight gains L. M. Schumacher et al. 367

view or respond to small weight gains that occur during
active weight loss (vs. weight loss maintenance)
attempts. Given the absence of clinical recommendations
or empirical data on small weight gain occurrence during
active weight loss efforts, clinicians may be uncertain
about how concerned to be when a small weight gain
occurs during this phase of treatment. For example, clini-
cians may be unsure if an increase in measured weight
reflects true weight gain that is due to a failure to ade-
quately restrict caloric intake or to low activity levels, or
whether it may be due to another factor, such as fluid
retention or measurement error. Given this uncertainty,
clinicians may be apt to wait for a pattern of weight gain
to emerge before taking action. If most small gains are
due to poor adherence to weight control behaviours, this
delayed response may hinder weight loss outcomes. On
the other hand, small weight gains may be a normative
part of the weight loss process and, when limited in num-
ber, may not meaningfully impede outcomes. In fact, it is
possible that small weight gains provide opportunities for
skill building (e.g. learning how to more effectively plan for
high-risk situations) that promote greater success with
weight loss.

There is greater clinical agreement that small weight
gains are normative during weight loss maintenance
efforts. In fact, many treatment programmes teach partic-
ipants to anticipate small weight gains during this phase
of treatment, frame reversing small weight gains as an
important skill for successful long-term weight control
and teach participants specific strategies to use to
reverse weight gains during this phase (6—8). Research
on self-weighing also supports regular and frequent
(e.g. weekly and daily) self-weighing across weight man-
agement efforts (9,10), as obtaining frequent weight mea-
surements via self-weighing may allow participants to
quickly detect small gains and make necessary behaviour
changes to reverse small gains (11). These self-weighing
recommendations thus also recognize that there will be
some variability in weight measurement and emphasize
the importance of immediately identifying small gains in
order to prevent larger ones. Despite the presumed
importance of responding quickly to reverse small weight
gains, little research has investigated the rate at which
small weight gains occur or the relationship between
small weight gain frequency and weight change during
the weight loss maintenance phase of BWL programmes.

The present study aimed to address gaps in the litera-
ture about small weight gain occurrence during BWL
treatment. First, we characterized small weight gain
occurrence during both the active weight loss phase
and weight loss maintenance phase of a BWL pro-
gramme. Second, we examined the relationship between
the frequency of small weight gains of several magnitudes

© 2016 The Authors

and weight loss outcomes during the concurrent treat-
ment phase (loss or maintenance). We hypothesized that
more frequent gains of all sizes would relate to lesser
weight loss during both phases of treatment. We also
examined whether attendance moderated this relation-
ship, with the hypothesis that the inverse relationship
between weight gain frequency and weight loss would
be stronger among individuals with greater attendance
owing to an enhanced ability to capture the true relation-
ship between gains and weight loss given the greater
number of weight measurements. Finally, we compared
weight losses among individuals who experienced no
vs. a very small number of weight gains in an effort to
examine the impact of small weight gain occurrence at
the lowest threshold that they would be expected to
impact outcomes.

Methods
Participants

The current study was a secondary data analysis con-
ducted as part of a larger BWL trial (RO1 DK092374).
Adults who were overweight or obese were recruited
through radio advertisements, flyers and healthcare pro-
viders to participate in a BWL programme. Participants
were required to have a body mass index between 27
and 45kgm~2, to be between 18 and 70years of age
and to be able to engage in physical activity. Exclusion
criteria included pregnancy, recent weight loss >5%, cur-
rent or history of an eating disorder, history of bariatric
surgery and use of certain medications (e.g. insulin). The
institutional review board at the supporting institution
approved this study. A total of 281 individuals
participated in the present study. Two participants who
participated in the parent study were excluded from pres-
ent analyses owing to attending only one session, which
precluded any opportunities for experiencing small
weight gains. The sample had an average age of
53.3years (SD=9.7) and an average body mass index of
35.0kgm 2 (SD=4.8 kgm?) at treatment start.

Procedures

The first 6 months of the treatment (Phase 1) focused on
weight loss and consisted of 16 weekly and 4 biweekly
sessions. The second 6 months of treatment (Phase 2)
consisted of six monthly sessions and focused on weight
loss maintenance skills. Participants were randomized to
one of three treatment conditions, all of which were based
on standard lifestyle modification programmes (Diabetes
Prevention Programme/Look AHEAD) and focused on
the three key components of BWL (i.e. calorie restriction,
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physical activity and self-monitoring). Treatment conditions
did not differ on attendance, frequency of weight gains of
any size or percent weight loss during either Phase 1 or 2
(ps > 0.12, n2s < 0.02). Attrition at the beginning of Phase
2 also did not differ significantly between conditions (;?
(2, N=281)=0.64, p=0.73). Consequently, treatment
conditions were collapsed for all analyses; for additional
details of the treatment, refer to Kerrigan et al. (12).

Measures

Anthropometric measurements included body weight,
which was measured using a Seca® scale (Seca GmbH
& Co, Hamburg, Germany) accurate to 0.1 kg (measured
in light street clothes), and height, measured using a
stadiometer. Age was self-reported prior to treatment.

Weight was measured by a clinician in a private room
using a Seca® scale accurate to 0.1kg (in light street
clothes). Weights were measured at either a regularly
scheduled treatment session (which was held at a con-
stant time from session to session), or, in the case of a
participant absence from the regularly scheduled session,
at an individual make-up session with a clinician (which
could occur at variable times). Weight change between
each attended or make-up session was calculated, and
weight gains were categorized as follows: >1.0, 1.0-1.9,
2.0-2.9, 3.0-3.9 and >4.01b. Two sets of weight change
variables were calculated and used in analyses: (i) weight
change variables using only weights obtained at regularly
scheduled treatment sessions (which were believed to
have less potential for measurement error because of
consistent time of weight measurement) and (i) weight
change variables using weights obtained from both regu-
larly scheduled treatment sessions and make-up ses-
sions. Weight gains of <1.0lb were not examined owing
to the increased possibility that gains of this size could
be due to measurement error (e.g. due to differences in
clothing). We chose to examine gains of several magni-
tudes >1.01b given the lack of prior research in this area
and the possibility that weight gains of different sizes
would relate differentially to weight loss.

If participants had missed a previous session(s), the
most recent prior weight was used to calculate weight
change, with make-up weights being considered missing
when calculating weight change variables using only
weights from regularly scheduled treatment sessions.
Weight gains occurring across missed sessions and
between biweekly and monthly scheduled sessions were
not adjusted to account for differential time spans
between weight measurements. Rather, all weight gain
magnitudes were calculated based on differences
between subsequently measured weights. We chose not
to adjust gain magnitudes because of uncertainty about

weight trajectories during weeks where participants’
weights were not measured. Consequently, weight gains
represent changes in weight from session to session
and are not necessarily equivalent in meaning between
Phases 1 and 2.

Statistical approach

Data were analysed in spss 22.0. Participants were
required to have attended two or more treatment ses-
sions during Phase 2 to be included in Phase 2 analyses
(n=220). Last observation carried forward methods were
used to account for missing weights at the end of Phase 1
(i.e. session 21) and at the end of treatment (i.e. session
26). We selected this method of handing missing data
over other potential methods (e.g. multiple imputation)
because of the sensitivity of the present research ques-
tions to gains that may otherwise falsely result from
imputation.

We used multiple linear regression to examine the
relations between small weight gain frequency (for each
weight gain magnitude) and percent weight loss during
both Phases 1 and 2. Several weight gain frequency
variables had small ranges (i.e. less than six gains), were
extremely skewed and were not able to be transformed
to achieve normality. For example, 228 participants
experienced zero 3.0-3.91b gains during Phase 1, 46
participants experienced one 3.0-3.91b gain and only 7
participants experienced two 3.0-3.91b gains. Because
we would be unable to capture a linear relationship
between these variables and an outcome variable
(e.g. percent weight loss), we treated these variables as
categorical rather than continuous predictors in analyses.
When creating categorical gain frequency variables, we
attempted to create as many groups as possible while
also striving for as much equivalence in cell sizes as
possible. Categorical predictors with more than two
weight gain frequency groups we dummy coded for
analyses, with the zero gain group serving as the
reference category. We included attendance in all models
to account for varying numbers of measured weights (and
thus opportunities to demonstrate a gain). Attendance
during Phase 1 was In transformed to meet model
assumptions. We tested for interactions between
attendance and weight gain frequency in predicting
percent weight loss for both phases; variables were
centred prior to computing interaction terms. We used
weighted least squares regression, rather than ordinary
least squares regression, for models with non-constant
variance in errors (13).

We used ANCOVAs controlling for attendance to
compare weight loss among participants who had no or
a very limited number (i.e. one or two) of 1.0-1.91b gains
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and no gains of any other size during both Phases 1 and 2
to try to determine the lowest threshold at which small
gains may impact weight loss. We used a Bonferroni
correction for post hoc analyses. For Phase 1, only
participants who attended a certain number of sessions
(i.e. >10) were included in this specific subset of analyses
owing to the importance of participants having limited
gains despite sufficient opportunity to demonstrate gains
(vs. having limited gains largely because of attending only
a few sessions) for this particular research question.
We selected a cut-off of 10 attended sessions for inclu-
sion because attendance among the subgroup of par-
ticipants having zero, one or two 1.0-1.91b gains and
no others during Phase 1 demonstrated a bimodal
distribution with a clear separation occurring at a value
of 10. This suggested that using 10 attended sessions
as a cut-off for inclusion in analyses would likely
distinguish between participants who experienced lim-
ited gains because of poor attendance and those who
experienced limited gains while being engaged in
treatment. Using a cut-off of 10 attended sessions also
ensured that all participants included in this specific
subset of analyses attended at least half of the sessions
during Phase 1. A total of 94 participants were included
in this subset of analyses. Participants who attended
at least three sessions during Phase 2 (to ensure
opportunity for demonstrating two gains) and who had
zero, one or two 1.0-1.91lb gains and no other gains
of any other size during Phase 2 were included in Phase
2 analyses (n=107). In addition to comparing measured
percent weight loss between these groups, we also
conducted an analysis in which we artificially adjusted
percent weight loss values for participants who
experienced one or two 1.0-1.91b gains by subtracting
out the number of pounds gained during the one or two
gains. This was carried out to determine if differences in
weight loss were observed above and beyond the effect
of the gains(s) themselves.

Results

A similar pattern of results was observed when running
analyses using weights obtained only at regularly sched-
uled treatment sessions as when using weights obtained
from both regularly scheduled and make-up sessions.
Because of less potential for measurement error, we
report only on the analyses using weights from regularly
scheduled treatment sessions. During Phase 1, mean
weight loss was 9.41% (SD =5.99%, range=1.81% gain
to 27.80% loss) and mean attendance was 15.85 ses-
sions (SD=4.20, range =2 to 20). During Phase 2, mean
additional weight loss from the start of Phase 2 was
1.25% (SD=3.78%, range =8.91% gain to 10.41% loss)
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and mean attendance was 4.66 sessions (SD=1.11,
range =2 to 6). Of note, a substantial portion of partici-
pants were weighed at either the last or the last or second
to last session of both Phase 1 (67.97% and 82.21%,
respectively) and Phase 2 (80.45% and 91.36%, respec-
tively), indicating that most participants remained
engaged in treatment throughout both phases and pro-
vided weight measurements at or near the end of the
phase. Attendance was positively related to percent
weight loss during Phase 1 (r=0.53, p < 0.001) and Phase
2 (r=0.24, p <0.001). Pearson correlations (for continu-
ous gain variables) and ANOvAs (for categorical gain vari-
ables) revealed that attendance differed between gain
frequency groups for >1.0 and 1.0-1.91b gains during
Phase 2 (Fs>3.26, ps<0.05); no other significant
relations/differences for attendance and gain frequency
were observed (ps > 0.05).

Characterizing small weight gain occurrence

Table 1 presents descriptive information about the
frequency of weight gains of each magnitude for both
Phases 1 and 2.

Relations between small weight gain occurrence
and weight loss

Table 2 displays results from all regression models exam-
ining the relationship between frequency of small weight
gains of each magnitude and percent weight loss during
Phase 1. Table 1 presents the comparison groups used
for all categorical gain frequency variables. As shown in
Table 2, there was a significant main effect of weight gain
frequency, as well as a significant interaction between
gain frequency and attendance, for all models pertaining
to Phase 1. For simplicity of interpretation, we present
only values from final models. For the models where gain
frequency was examined continuously (i.e. for models
looking at frequency of >1.0 and 1.0-1.91b gains), there
was a significant interaction between gain frequency
and attendance in predicting percent weight loss, such
that the strength of the inverse relationship between gain
frequency and percent weight loss was attenuated as at-
tendance decreased and increased as attendance in-
creased (Figure 1). A similar pattern was observed for
models where gain frequency was examined categori-
cally. For example, percent weight loss increased more
among participants who had zero 3.0-3.9Ib gains during
Phase 1 as attendance increased than it did among par-
ticipants who had one or more 3.0-3.9 b gains (Figure 2).

Table 2 also displays results from regression models
examining the relations between frequency of small
weight gains of each magnitude and percent weight loss
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Table 1 Descriptive information for weight gains of each size by treatment phase

Mean (SD) Percent of participants Comparison groups
Size of weight number of gains with at least one gain used for categorical lapse
gain (Ib) per participant Range of this size (%) frequency variables
Phase 1 (n=281)
>1.0 2.08 (1.67) Oto8 80.10 —
1.0-1.9 1.13(1.17) Oto6 64.77 —
2.0-2.9 0.56 (0.85) Oto5 38.79 0,1,>2
3.0-3.9 0.21 (0.47) Oto2 18.86 0, >1
>4.0 0.17 (0.42) Oto2 15.66 0, >1
Phase 2 (n =220)
>1.0 1.10 (1.02) Oto5 65.00 0,1,2,>8
1.0-1.9 0.42 (0.62) Oto3 35.00 0,1,>2
2.0-2.9 0.20 (0.43) Oto2 18.64 0, >1
3.0-3.9 0.22 (0.47) Oto2 19.55 0, >1
>4.0 0.26 (0.55) Oto3 21.36 0, >1

Table 2 Frequency of weight gains of all sizes predicts percent weight loss during Phases 1 and 2

Model
Size of weight gain (Ib) Predictors b (SE) R? F
Phase 1
>1.0f Gain frequency —0.02 (0.001)*** 0.55 110.73***
Gain frequency x attendance —0.01 (0.002)***
1.0-1.91 Gain frequency —0.02 (0.002)*** 0.46 77.34
Gain frequency x attendance —0.02 (0.003)**
2.0-2.9" 1 gain group —0.03 (0.006)** 0.41 37.67*
>2 gains group —0.05 (0.007)***
1 gain group x attendance —0.02 (0.008)*
>2 gains group x attendance —0.02 (0.011)*
3.0-3.9" >1 gain group —0.04 (0.006)*** 0.41 65.19"*
>1 gain group x attendance —0.02 (0.008)**
>4.01Ib" >1 gain group —0.04 (0.008)*** 0.41 64.19*
>1 gain group x attendance —0.02 (0.010)
Phase 2
>1.0 1 gain group —0.03 (0.004)*** 0.60 81.26"*
2 gains group —0.05 (0.004)***
>3 gains group —0.10 (0.006)***
1.0-1.9" 1 gain group —0.02 (0.005)*** 0.16 14.16***
>2 gains group —0.04 (0.008)***
2.0-2.9" >1 gain group —0.03 (0.005)*** 0.20 27.45"
3.0-3.9" >1 gain group —0.02 (0.005)*** 0.13 15.73***
>4.01 >1 gain group —0.05 (0.005)** 0.30 46.08"**

Note. Attendance also was a significant predictor in all models at p < 0.01.
TWeighted least squares regression used.

*p < 0.05.

**p <0.01.

Hkk

P < 0.001.

during Phase 2. There were no significant interactions
between attendance and gain frequency during Phase 2.
Rather, for all small weight gain magnitudes, more
frequent gains were related to lesser percent weight loss
when controlling for attendance.

Weight loss among participants experiencing a
limited number of small gains

Table 3 displays the results of ANCOVAs comparing both
measured percent weight loss and adjusted percent

© 2016 The Authors
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weight loss (i.e. subtracting out the weight gain attribut-
able to the small weight gain(s) themselves) among par-
ticipants who had zero, one or two 1.0-1.91b gains and
no gains of any other sizes during both Phases 1 and 2.

During Phase 1, differential weight loss was observed
among individuals who had no gains, one gain or two
gains (n=94), with participants who had no gains losing
significantly more weight (16.10%) than individuals who
had one gain (13.30%) or two (11.90%) gains (Figure 3).
When percent weight loss was adjusted to remove the
weight gain attributable to the gains themselves, differ-
ences in weight loss between individuals who had zero
gain, one gain or two gains approached significance
(0 =0.06).

During Phase 2, differential weight loss also was
observed among individuals who had no gain, one gain
or two gains (n =107), with participants who had no gains
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again losing significantly more weight (4.60%) than indi-
viduals who had one gain (1.90% loss) or two (0.10%
gain) gains (Table 3; Figure 4). After adjustment, individ-
uals who had no gains lost significantly more weight
(4.60%) than those who had one gain (2.60%) or two
(1.50%) gains.

Discussion

The present study characterized small weight gain occur-
rence and examined the relations between weight gain
occurrence and overall weight loss during both the active
weight loss phase (Phase 1) and weight loss maintenance
phase (Phase 2) of a BWL programme. Results revealed
that 80.10% of participants had at least one gain of
>1.0lb during Phase 1 and that 65.00% of participants
had at least one gain of >1.0Ib during Phase 2. Gains that
were 1.0-1.91b in size were most common during both
phases of treatment, with larger gains occurring less fre-
quently, particularly during Phase 1. The finding that
1.0-1.91b gains were the most commonly experienced
gain magnitude even during Phase 2, when sessions
occurred monthly as opposed to weekly or biweekly as
in Phase 1, was somewhat surprising, as one might
expect larger gains to be more common when gains were
calculated over a longer time span between sessions. As
indicated by the maximum number of gains experienced
for each gain magnitude during Phase 2, some partici-
pants experienced gains at all or most sessions during
Phase 2. This finding is consistent with past research
indicating that many participants regain weight over
time (1). Overall, these results suggest that small weight
gains, while not ubiquitous, are quite normative during
BWL treatment.

Despite being normative, results also revealed that
more frequent small weight gains were associated with
lesser weight loss. This was true during both phases of
treatment. Additionally, during active weight loss, the
inverse relationship between the frequency of weight
gains (of all sizes) and overall weight loss was stronger
among participants who attended more sessions. This
finding may indicate that the weight change data that
were missing because of unattended sessions obscured
the true relationship between weight gain frequency and
overall weight change among individuals with poorer
attendance and that, had those individuals attended
every session, they likely would have exhibited additional
weight gains. This possibility is supported by the current
and past finding (3,14) that poorer attendance is associ-
ated with lesser overall weight loss. Attendance may not
have moderated the relationship between weight gain fre-
quency and overall weight change during Phase 2 owing
to the smaller possible difference in attendance across
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Table 3 Differences in weight loss among participants who had zero, one or two 1.0-1.91b gains and no other gains when controlling for
attendance

Estimated marginal means

Percent weight 0 gain 1 gain 2 gains Post hoc comparisons
loss variable F p R group (%) group (%) group (%) between gain groups
Phase 1
Observed 5.91 0.004 0.12 16.10 13.30 11.90 0>1*
0>2*
1=2
Adjusted 3.00 0.06 0.06 16.10 14.00 12.10 —
Phase 2
Observed 21.85 <0.001 0.30 4.60 1.90 -0.10 0>1"
0>2"
1=2
Adjusted 10.78 <0.001 0.17 4.60 2.60 1.50 0> 1
0>2"
1=2

Note. Rows labelled ‘Observed’ present results from models comparing actual percent weight loss based on measured weight. Rows labelled
‘Adjusted’ present results from models where the weight loss variable was adjusted to subtract out the weight gain experienced in the one or two
1.0-1.91b gain(s) in the specified time period. Bonferroni corrections were used for post hoc comparisons. Only participants who had zero, one or
two 1.0-1.9 Ib gains and no other gains of any other size in each phase were included in this subset of analyses (Phase 1: n = 93; Phase 2: n=107).
Positive values for estimated marginal means reflect weight loss. Phase 2 values reflect percent weight change from the start of Phase 2.

*p < 0.05.
**p <0.01.
***p < 0.001.
.- oo ew
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g 16.00 : ' 4
% S0 3 4.00
= =
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(n=43) (n=34) (n=17) (n=71) (n=28) (n=8)

Number of 1.0-1.9 1b. Gains Number of 1.0-1.9 Ib. Gains

Figure 3 Differences in percent weight loss among participants who
had zero, one or two 1.0-1.91b gains and no other gains during
Phase 1. Note. *p < 0.05, *p < 0.01.

participants during this phase because of fewer overall
sessions.

Our results also revealed that there were significant dif-
ferences in weight loss even among individuals who had
no gains, one gain or two gains of the smallest magnitude
examined (1.0—1.9 1b) and no other gains — a quite surpris-
ing finding. During Phase 1, the observed differences in
weight loss between participants who had zero gains,

Figure 4 Differences in percent weight loss among participants who
had zero, one or two 1.0-1.91b gains and no other gains during
Phase 2. Note. *p < 0.05, **p < 0.01, **p < 0.001.

one 1.0-1.91b gain or two 1.0-1.91b gains appeared to
be attributable to the gains themselves. This suggests
that individuals who have even a limited number of iso-
lated weight gains during the active weight loss phase
of treatment do not catch up to their peers who have no
weight gains. During Phase 2, however, differences in
weight loss remained between participants who had
zero gains vs. one or two 1.0-1.91b gains even when
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accounting for the weight gain(s) themselves. This sug-
gests that participants who had one or two small gains,
despite not gaining at other sessions, were less success-
ful in achieving additional weight loss at other sessions
compared with participants who had no gains.

There are several implications of the present study.
First, the consistent finding that more frequent weight
gains are associated with lesser weight loss suggests
that the vast majority of observed gains do, in fact, reflect
true weight gain that is likely due to poor adherence to
behavioural recommendations, as one would not expect
to observe differences in overall weight change if gains
were due to factors such as fluid retention. Accordingly,
session-to-session changes in weight should be viewed
as valid markers of individuals’ adherence (or lack
thereof). Second, given that more frequent weight gains
of all sizes were associated with lesser weight loss — even
when gains were limited in number — clinicians may wish
to remain cognizant of the association between small
weight gains and weight outcomes when working with
participants and making clinical decisions about whether
and when to intervene regarding a participant’s weight
trajectory. Future research is needed to determine the
most effective strategies for intervening after a small gain
to try to prevent future weight gains. However, discussion
of the relationship between small gain occurrence and
weight loss outcomes with participants may be warranted
to inform participants of the potential threat of small gains
to overall success. Although the effect of weighing fre-
quency on weight loss outcomes was not evaluated in
the present study, these findings are also consistent with
research on the potential value of regular self-weighing
for weight control (9,10) in that they suggest small weight
gains meaningfully relate to longer-term weight outcomes
and that frequent weight measurement may thus be ben-
eficial. While we did not assess daily self-weighing, the
finding that weight outcomes were poorer even among
individuals who had only one or two 1.0-1.9 Ib gains sug-
gests daily self-weighing may be most optimal for quickly
responding to small changes in weight.

This study has several limitations. One major limitation
concerns missing weight data because of unattended
sessions. Only weights measured at attended sessions
were included in analyses, and last observation carried
forward methods were used to account for missing ses-
sion weights. Although the similar pattern of results
observed when using make-up session weights in analy-
ses suggests that our decision to use only weights from
regularly scheduled treatment sessions did not meaning-
fully affect results, several possible biases remain. First,
because last observation carried forward methods were
used and weight gain magnitudes were not adjusted
when gains occurred across missed sessions, it is
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possible that some weight gains were improperly catego-
rized with regard to magnitude. For example, if someone
gained 1Ib per week but missed a session, he or she
would be incorrectly categorized as having experienced
a 2Ib gain. We decided not to adjust gain magnitudes
across missed sessions to avoid altering gain frequency
(i.e. in the aforementioned example, the person would be
reported to have two gains rather than one, despite only
having one measured weight gain), as well as because of
uncertainty about weight trajectory between missed ses-
sion (i.e. it is possible that the aforementioned individual
was weight stable during the first week and gained 21b
only in the second week). However, this decision may
have misrepresented the size of weight gains occurring
across missed sessions, particularly with regard to larger
gains. Because similar methods were used for gains oc-
curring when regularly scheduled meetings occurred less
frequently (i.e. biweekly and monthly), gains should be
considered as reflecting session-to-session vs. weekly
weight change, and future research may wish to examine
gains on a standardized, more frequent basis. Addi-
tionally, we did not use multiple imputation because we
wanted to accurately characterize weight gains based on
information that would be available to clinicians providing
treatment (i.e. session weights) and therefore increase
application of these findings. However, it is possible that
findings would differ with use of imputed data.

An additional limitation of this study concerns the
relationship between attendance and weight gain occur-
rence. Although we attempted to address the potential
confounding influence of differential attendance on the
relationship between weight gains and weight outcomes
by examining attendance as a moderator of this relation-
ship, number of gains and attendance are not truly
independent variables. Consequently, moderation results
should be interpreted cautiously. Additionally, the rela-
tionships between attendance, number of gains and
weight outcomes are likely quite complex (e.g. because
of missing data) and may not be fully captured by the sta-
tistical methods used in this study. Additional investiga-
tion of these relationships is thus warranted. Finally,
weight gains of <1.01lb were not examined.

Future research should examine whether the timing of
gains within each phase relates to weight loss (e.g. are
gains that occur later or earlier related to less weight
loss?), whether early gains predict later success in treat-
ment (e.g. because of learning opportunity) and how
weight variability or weight change trajectories relate to
weight loss outcomes. Additionally, while our findings
suggest that weight gains are likely due to poor adher-
ence, this study did not explicitly measure adherence to
behavioural recommendations (e.g. calorie prescription)
or examine how adherence relates to weight gains.
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Examination of behavioural predictors of weight gains is
essential to understand their cause and would be a next
step to further these analyses. Future studies investigat-
ing the importance of small weight gains in weight control
may benefit from using study designs in which partici-
pants self-weigh using ‘smart’ scales. These scales can
reliably translate weight data to researchers (15), and
studies that have participants weigh themselves at home
using these devices would allow for more frequent weight
measurements, in addition to reducing potential biases in
results because of missing data (e.g. because of missed
sessions).

Future research should also examine how best to pre-
vent small weight gains (e.g. by emphasizing consistency
and the potential negative impact of even limited small
gains) and how best to support participants when gains
do occur. For example, investigation of an immediate,
concerned response from a clinician at the first small
weight gain could illuminate if early intervention mitigates
future small gains. Although additional future research is
necessary to determine the most effective methods of
intervention after a small weight gain, assessing the
adequacy of caloric restriction and engaging in problem-
solving to promote renewed or enhanced restriction may
be important given the crucial role of caloric restriction in
short-term weight loss (1). Examining characteristics of
the group that had no or a limited number of gains could
elucidate potential prevention methods of small gains.

In conclusion, the present study suggests that while
normative, small weight gains of >1.01lb are associated
with lesser weight loss during both the active weight
loss-focused and weight loss maintenance-focused
phases of BWL treatment. Additionally, participants who
have even one or two small gains lose less weight than
those who have no gains. While additional research on
this topic is needed, these findings provide preliminary in-
dication that small weight gains at any point during BWL
treatment are cause for concern. Clinicians should thus
be aware of the potential long-term consequences of
small gains. With replication and further study of interven-
tions following small gains, BWL programmes may bene-
fit from framing small weight gains as important indicators
of potential difficulty with weight control and emphasize
the importance of preventing and responding quickly to
small weight gains at all points during BWL treatment.
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