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Abstract
Introduction Health behaviors are critical for weight loss maintenance after weight loss surgery (WLS), and emotional factors
often play a role in adherence. Positive psychological constructs (e.g., optimism, positive affect) have predicted health outcomes
in other medical populations but have been infrequently examined in post-WLS patients.
Methods This study measured optimism and positive affect in post-WLS patients recruited from online support groups. A
hierarchical linear regression analysis tested their association with health behavior adherence, physical activity, and weight loss,
controlling for demographic and weight-related covariates. It also tested depression and anxiety symptoms as moderators.
Results In 95 participants, positive affect was associated with better adherence (b = 0.41, p < 0.01) and greater moderate-to-
vigorous physical activity (b = 0.20, p < 0.001) controlling for demographic/weight-related covariates, and independently with
more weight loss (b = 0.24, p < 0.05). Optimismwas independently associated with better adherence (b = 0.32, p < 0.05) and with
greater moderate-to-vigorous physical activity controlling for demographic/weight-related covariates (b = 0.16, p < 0.05). These
associations no longer reached statistical significance controlling for depression and anxiety symptoms. Anxiety symptoms
moderated the relationship between positive affect and adherence (b = 0.06, p < 0.01), and depression (b = 0.15, p < 0.01) and
anxiety (b = 0.02, p < 0.05) symptoms each moderated the relationship between optimism and walking, such that there was a
stronger relationship between positive psychological constructs and health behaviors for those with higher anxiety or depression
scores.
Conclusions Positive psychological states should be included when assessing emotional factors related to health behaviors in
post-WLS patients. Interventions targeting health behaviors may be improved with inclusion of skills to boost positive psycho-
logical states.
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Introduction

While weight loss surgery (WLS) is the most effective and
sustainable treatment available for severe obesity, weight re-
gain is still common; about 25% of individuals who undergo
WLS do not maintain the expected weight loss [1–5].
Adherence to important health behaviors, including a specific

healthy diet and high levels of physical activity, is key for
long-term weight loss maintenance [6–11]. Unfortunately,
these behaviors can be difficult to maintain [12]. When objec-
tively measured with an accelerometer, 89–97% of post-WLS
patients do not meet recommended physical activity levels of
150 min of moderate-to-vigorous physical activity (MVPA)
per week [13–16]. Further, dietary adherence tends to worsen
over time after the surgery [17] which has been associated
with less weight loss [18].

For many, emotional factors play a role in health behavior
adherence. Psychological distress has predicted lower physi-
cal activity levels in post-WLS samples [19], and emotional
eating, or using food to cope with negative emotions, is prev-
alent in this population and in some cases has been associated
with poorer weight loss [12, 20, 21]. Individuals with depres-
sive symptoms who undergo WLS tend to lose less weight
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overall and show lower adherence to health behaviors [19,
22]. On the other hand, positive psychological states have
been largely excluded from research in the WLS population.
Strong links between optimism and health outcomes have
been shown in other medical populations [23–26], a relation-
ship which may be mediated by health behavior engagement
[27–32], although one study of WLS patients 15 days post-
surgery found no relationship between optimism and health
behavior adherence [33]. Additionally, positive affect seems
to be particularly important in maintaining health behaviors
[34, 35] and has been shown to increase after WLS [8].

Importantly, these positive psychological experiences are
not simply the flip-side of depression; they seem to capture a
unique construct that is not always explained by depressive
symptoms. Only a moderate correlation between optimism
and depressive symptoms has been found [36]. Further, opti-
mism has predicted future health behaviors in longitudinal
analyses controlling for depressive symptoms [31, 37–39],
and positive affect and physical activity have been associated
in cardiac patients, controlling for depressive symptoms [40].

Given the unique emotional factors that are often present in
individuals with severe obesity, such as internalized weight
stigma and shame about one’s appearance [41–43], along with
the often drastic emotional changes that patients experience
after WLS in many areas of their lives, positive emotional
states may be relevant in health behavior engagement and
weight loss after surgery. The present study had three aims:
(1) to measure positive psychological constructs, and how
they vary based on time since the surgery, in a sample of
post-WLS patients to compare those of the general popula-
tion; (2) to examine relationships of positive emotional con-
structs with health behaviors and weight loss; and (3) to mea-
sure whether these relationships held while controlling for
symptoms of depression and anxiety, and whether symptoms
of depression or anxiety moderated the relationship between
positive psychological constructs and health outcomes. A re-
lationship between positive psychological characteristics and
better health markers was hypothesized, that would weaken,
but still hold, when controlling for symptoms of depression
and anxiety. It was also hypothesized that symptoms of de-
pression and anxiety would moderate the relationship, with a
stronger relationship for those with low depression/anxiety
symptoms than those with high, given that symptoms of de-
pression and anxiety themselves are strongly related to health
behaviors.

Materials and Methods

Participants and Procedures

Participants were adults who self-reported undergoingWLS at
least 1 month in the past. They were recruited primarily

through online support groups (e.g., Facebook, Obesityhelp.
com) with permission from website moderators. A subset of
participants was recruited through a WLS clinic at an
academic medical center for a different study that included
completion of the survey. Informed consent was obtained
from all individual participants included in the study, and the
study was approved by the Institutional Review Board.

This survey was completed using the REDCap, a HIPAA-
compliant online data management tool. Participants were
asked for demographic information, surgery-related weight
history, and self-report measures which included the
following.

Psychological Measures

The Life Orientation Test–Revised (LOT-R) measures dispo-
sitional optimism, the generalized outcome expectancy that
good things, rather than bad things, will happen in the future,
using a ten-item scale including six active and four filler items
(range 6–24). Sample active items include BIn uncertain times,
I usually expect the best,^ and BIf something can go wrong for
me, it will,^ answered on a five-point Likert scale ranging
from BI agree a lot^ to BI disagree a lot.^ It has been shown
to have adequate predictive and discriminant validity and
good test-retest reliability [44] and has been studied in post-
WLS patients [33].

The Positive and Negative Affect Scale (PANAS) positive
affect subscale is a ten-itemmood scale with a range of 10–50,
which asks participants to rate their experience of ten types of
positive affect in general (e.g., interested, excited, proud, en-
thusiastic) on a five-point Likert scale ranging from Bvery
slightly or not at all^ to Bextremely.^ The scale demonstrates
high internal consistency (α = 0.86) [45, 46] and has been
used in medical populations previously [40, 47, 48], including
WLS patients [8].

The Hospital Anxiety and Depression Scale (HADS) has
been shown to be effective at measuring depression and anx-
iety in patients with medical illness. The scale consists of
seven items for depression (HADS-D) and seven items for
anxiety (HADS-A), both of which have a range of scores from
0 to 21. The HADS-D and HADS-A have both been shown to
have good internal consistency (α = 0.82 and 0.83, respective-
ly), and a score of 8 or above on either subscale reflects a
likely diagnosis of a depressive or anxiety disorder [49].

Health-Related Measures

The International Physical Activity Questionnaire (IPAQ)
Short Form includes seven questions about the individual’s
last seven days of physical activity and inactivity. Scoring
guidelines recommend truncating time spent on each level of
physical activity (walking, moderate, and vigorous) at
180min per day to avoid reporting errors. Totals are calculated
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in terms of metabolic equivalents (METs), by assigning a
multiplier to activity based on its intensity. METs were calcu-
lated for MVPA as well as walking, to capture both higher and
lower intensity activity. The IPAQ has acceptable measure-
ment properties and high reliability (α = 0.80) [50].

The Bariatric Surgery Self-Management Questionnaire
(BSSMQ) asks about adherence to seven behavioral domains
following bariatric surgery: eating behaviors (eight items),
physical activity (three items), dumping syndrome manage-
ment (four items), and intake of fluids (eight items), supple-
ments (four items), fruits/vegetables/whole grains (three
items), and protein (three items), with a total score ranging
from 0 (low adherence) to 66 (high adherence). The
BSSMQ has demonstrated high construct validity and internal
reliability (α = 0.83) [51].

Height, weight, and surgery date were self-reported.
Participants reported their weight at the start of the surgery
process, at the time of the surgery, and at the time that they
took the survey. Body mass index (BMI) change was calcu-
lated as the difference between current BMI and BMI at the
start of the surgery process.

Data Analysis

All analyses were completed with Stata 15. Spearman’s rho
analyses tested the relationship between psychological, be-
havioral, and surgery-related variables. The hierarchical linear
regression analyses tested the relationships between positive
psychological predictor variables (optimism, positive affect)
and behavioral and weight-related outcome variables (overall
adherence, MVPA, walking, BMI change). Block 1 tested the
independent relationship between the predictor and outcome.
In block 2, demographic covariates were added (age, gender);
in block 3, weight-related covariates were included (time since
surgery, BMI at the start of the surgical process); in block 4,
psychological covariates were added (depression symptoms,
anxiety symptoms); and in block 5, the interaction terms were
tested. To meet assumptions of regression analyses, natural
log-transformations were used to adjust for skew in several
variables: time since surgery, depressive symptoms, MVPA,
and walking.

Results

Descriptive Statistics

Participants were 95 adults (90.5% female, 95.8% white)
ranging in age from 24 to 73 (M = 49.9 years, SD = 11.8).
All were post-surgery, with a wide variation in time since
surgery, from 32 days to 24 years (M = 3.5 years, SD = 4.7).
On average, participants reported a current BMI in the obese
range (M = 31.2, SD = 7.3). Most participants (64.2%) were

college graduates. The majority had either gastric bypass sur-
gery (44.2%) or a sleeve gastrectomy (45.3%), with the re-
mainder reporting lap band, duodenal switch, or another sur-
gery. See Table 1 for summary statistics of all measures.

Comparing Positive Psychological Constructs
with the General Population and Testing Change
with Time Since Surgery

The present sample had a lower mean optimism score (LOT-
R; 15.1) than did two large adult general population samples
in Europe; the first was 9711 German adults who completed
the LOT-R with a mean score of 16.2 (SD = 3.8) [52]. The
second was a representative sample of 1792 Norwegian adults
with a mean score of 17.2 (SD = 3.0) [53]. As for positive
affect, in a sample of 1003 adults in the UK, the mean positive
affect score was 31.3 (SD = 7.65), which is lower than the
mean of 35.6 in the present sample [45]. Neither positive
affect nor optimism was associated with time since surgery
in the present sample. In fact, of all the variables, only BMI
change (increase over time, p < 0.001) was significantly asso-
ciated with time since surgery, while overall adherence
showed a trend toward a negative association with time since
surgery (p = 0.059; see Table 2).

Associations Between Positive Psychological
Predictors and Health-Related Measures

When tested independently (Model 1), optimism and positive
affect were each associated with better overall adherence and
higher MVPA, and positive affect was associated with a larger

Table 1 Characteristics of participants

Variable (possible range) Mean (SD)

Optimism (6–24)a 15.1 (5.58)

Positive affect (10–50)b 35.62 (6.84)

Anxiety (0–21)c 6.25 (4.62)

Depression (0–21)c 3.45 (3.94)

Adherence (0–66)d 43.86 (8.33)

MVPAe 2219.62 (2626.00)

Walkinge 1179.66 (1176.81)

BMI change 15.88 (7.43)

aMeasured with the Life Orientation Test–Revised [44]
bMeasured with the Positive and Negative Affect Scale positive affect
subscale [46]
cMeasured with the Hospital Anxiety and Depression Scale [49]
dMeasured with the Bariatric Surgery Self-Management Questionnaire
[51]
eModerate-to-vigorous physical activity and walking (METs) per week,
measured with the International Physical Activity Questionnaire Short
Form [50]. MVPA measured in met/minutes, walking time measured in
minutes
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BMI change. Positive psychological states were not associat-
ed with walking. In models controlling for demographic

covariates (Model 2) and weight-related covariates (Model
3), positive affect remained a significant predictor of

Table 3 Associations between
psychological predictors and
health-related outcomes

Outcome Model Optimismg Positive affecth

b 95% CI b 95% CI

Adherencee 1a 0.32* 0.02, 0.62 0.51*** 0.28, 0.74

2b 0.27^ − 0.02, 0.57 0.46*** 0.23, 0.69

3c 0.27^ − 0.01, 0.55 0.41** 0.18, 0.63

4d 0.06 − 0.25, 0.37 0.22 − 0.05, 0.50
MVPAf 1 0.16* 0.03, 0.29 0.21*** 0.10, 0.31

2 0.15* 0.02, 0.29 0.20*** 0.09, 0.30

3 0.16* 0.02, 0.29 0.20*** 0.09, 0.31

4 0.05 − 0.09, 0.20 0.07 − 0.06, 0.20
Walkingf 1 − 0.00 − 0.09, 0.09 0.05 − 0.02, 0.13

2 − 0.01 − 0.10, 0.08 0.04 − 0.03, 0.12
3 − 0.01 − 0.10, 0.08 0.04 − 0.03, 0.12
4 − 0.02 − 0.12, 0.09 0.00 − 0.09, 0.10

BMI change 1 0.13 − 0.14, 0.41 0.24* 0.02, 0.46

2 0.09 − 0.02, 0.24 0.21^ − 0.02, 0.43
3 − 0.03 − 0.23, 0.17 0.08 − 0.09, 0.24
4 0.02 − 0.20, 0.24 0.05 − 0.15, 0.25

a Independent relationship
bAdjustment for age and gender
c Additional adjustment for time since surgery and BMI at the start of the surgery process
d Additional adjustment for depression and anxiety
eMeasured with the Bariatric Surgery Self-Management Questionnaire [51]
fModerate-to-vigorous physical activity and walking (METs) per week, measured with the International Physical
Activity Questionnaire Short Form [50]
gMeasured with the Life Orientation Test–Revised [44]
hMeasured with the Positive and Negative Affect Scale positive affect subscale [46]

^p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001

Table 2 Spearman’s correlations
between variables 1 2 3 4 5 6 7 8

1. Optimisma

2. Positive affectb 0.48

3. Anxietyc − 0.44 − 0.42
4. Depressionc − 0.34 − 0.58 0.46

5. Adherenced 0.16 0.30 − 0.25 − 0.35
6. MVPAe 0.16 0.37 − 0.31 − 0.46 0.45

7. Walkinge − 0.04 0.18 − 0.01 − 0.23 0.40 0.19

8. BMI change 0.11 0.24 0.08 − 0.21 0.11 0.16 − 0.01
9. Time since surgery 0.14 0.09 0.02 − 0.03 − 0.19 − 0.01 − 0.05 0.55

aMeasured with the Life Orientation Test–Revised [44]
bMeasured with the Positive and Negative Affect Scale positive affect subscale [45]
cMeasured with the Hospital Anxiety and Depression Scale [49]
dMeasured with the Bariatric Surgery Self-Management Questionnaire [51]
eModerate-to-vigorous physical activity and walking (METs) per week, measured with the International Physical
Activity Questionnaire Short Form [50]
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adherence and MVPA, while optimism remained significantly
associated with MVPA, but not adherence. See Table 3 for
detailed results.

Associations Between Positive Psychological
Predictors and Health-Related Measures, Controlling
for Depression and Anxiety and with Depression
and Anxiety as Moderators

In the fully adjusted models (Model 4), optimism and positive
affect were no longer significantly associated with adherence,
MVPA, or BMI change (see Table 3). When the moderating
effects of depression and anxiety symptoms were tested, three
significant relationships were found: anxiety symptoms sig-
nificantly moderated the relationship between positive affect
and overall adherence, such that those with higher anxiety
scores showed a stronger positive relationship between

positive affect and adherence. Additionally, both depressive
and anxiety symptoms moderated the relationship between
optimism and walking in the same direction; there was a stron-
ger positive relationship between optimism and walking for
those with higher depressive and higher anxiety symptoms.
See Table 4 and Figs. 1, 2, and 3 for details.

Discussion

This study is aimed at better understanding positive psycho-
logical constructs in the post-WLS population, as these con-
structs have been shown to be important for health and well-
being in other groups but have minimally been examined
after WLS. Levels of optimism were slightly lower in the
present sample than those in the two European general pop-
ulation samples [52, 53]. The present sample showed higher

Fig. 1 The interaction between
positive affect and anxiety on
adherence

Table 4 Fully adjusted models
with interaction term Outcome Interaction Optimismc Positive affectd

b 95% CI b 95% CI

Adherencea Depression 0.17 − 0.16, 0.50 0.19^ − 0.03, 0.42
Anxiety 0.04 − 0.01, 0.10 0.06** 0.02, 0.10

MVPAb Depression 0.06 − 0.10, 0.21 0.05 − 0.06, 0.15
Anxiety 0.00 − 0.02, 0.03 0.01 − 0.01, 0.03

Walkingb Depression 0.15** 0.04, 0.26 0.06 − 0.01, 0.14
Anxiety 0.02* 0.00, 0.04 0.01 − 0.00, 0.03

BMI change Depression 0.03 − 0.20, 0.27 0.02 − 0.15, 0.18
Anxiety − 0.01 − 0.05, 0.03 − 0.01 − 0.04, 0.02

aMeasured with the Bariatric Surgery Self-Management Questionnaire [51]
bModerate-to-vigorous physical activity and walking (METs) per week, measured with the International Physical
Activity Questionnaire Short Form [50]
cMeasured with the Life Orientation Test–Revised [44]
dMeasured with the Positive and Negative Affect Scale positive affect subscale [46]

^p < 0.10, *p < 0.05, **p < 0.01
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levels of positive affect than did a large sample of adults in
the UK [45]; however, the present study asked about affect
in general, whereas the UK study asked about the past week
specifically [45]. In their original validation study of the
PANAS, Watson and colleagues found that positive affect
scores tended to increase as the time frame widened [46].
Therefore, it is possible that the question’s time frame, rather
than the sample, explains this difference. No associations
between positive psychological constructs and time since
surgery were found in this cross-sectional sample.

Regarding associations with health behaviors and
weight loss, hypotheses about the relevance of optimism
and positive affect were partially supported. Positive affect
was consistently positively associated with both overall
adherence and MVPA, even when controlling for demo-
graphic and weight-related variables. It was also indepen-
dently associated with larger BMI change. This relation-
ship did not hold for walking. Optimism was also posi-
tively associated with MVPA controlling for demographic
and weight-related variables, and independently with

adherence. However, once symptoms of depression and
anxiety were included in the models, these positive psy-
chological constructs were no longer significant predictors
of any health behaviors. These findings are inconsistent
with studies in other populations that have shown an in-
dependent relationship of optimism with physical activity
and diet, controlling for depressive symptoms [31, 37–39].
They are also inconsistent with the previously found sig-
nificant cross-sectional relationship between positive affect
and health behaviors, controlling for depressive symptoms
[40]. It may be that the smaller sample size in the present
study, especially compared with prior epidemiological
studies with more than 10,000 participants, is simply in-
sufficient to see such effects. It is also possible that a
longitudinal relationship between positive psychological
well-being and health behaviors may exist that is not cap-
tured by this cross-sectional dataset. It also could be that,
in the post-WLS population, symptoms of depression or
anxiety explain the relationship seen between positive af-
fect and optimism with health behaviors.

Fig. 3 The interaction between
optimism and anxiety on walking

Fig. 2 The interaction between
optimism and depression on
walking
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While anxiety symptoms moderated the relationship be-
tween positive affect and adherence and both depressive and
anxiety symptoms moderated the relationship between opti-
mism and walking, the direction of these interactions was
unexpected. A stronger effect of positive affect and optimism
on health behaviors was hypothesized for those with lower
symptoms of depression and anxiety, given that depression
and anxiety symptoms themselves are strong predictors of
health behaviors that may overpower the effects of positive
constructs. However, results showed the opposite trend.When
the interaction was significant, there was a stronger positive
relationship between the positive construct and health behav-
ior for those with higher symptoms of anxiety or depression.

This interaction could be unique to the context of post-
WLS patients. As opposed to the general population or those
with chronic medical conditions, those undergoingWLS have
extensive and specific recommendations for maintaining
weight loss after surgery. Perhaps in this context, for those
without a mental disorder, adherence is relatively high regard-
less of one’s affect or level of optimism. However, for those
struggling with symptoms of anxiety or depression, positive
psychological constructs may buffer the detrimental effects
that the mental condition can exert on health behaviors. This
logic is consistent with the interaction found in a prior study of
patients with acute coronary syndrome, another group in
whom intensive behavioral recommendations follow a specif-
ic event. Here, depressive symptoms only predicted poorer
health outcomes for those low in optimism, suggesting that
high optimism buffered the detrimental effects of depressive
symptoms on health [39]. Further research is needed to better
clarify how negative and positive psychological states may
interact to affect health and health behaviors.

These results suggest that emotional states are an important
factor in one’s ability to adhere to critical behavioral recom-
mendations afterWLS.While mental health symptoms related
to depression and anxiety are clearly integral to monitor and
address after surgery [19, 22], positive psychological con-
structs such as optimism and positive affect may also be useful
targets to assess. Teaching patients skills to boost these posi-
tive states may help them to adhere to health behaviors and to
achieve their desired weight loss outcomes. Positive psycho-
logical interventions have been effective in increasing opti-
mism and positive affect in healthy populations and some
medical groups [54–56]. These interventions use specific ac-
tivities (e.g., keeping a gratitude journal, identifying and using
personal strengths, clarifying one’s best possible self and the
steps needed to move toward it) designed to increase such
positive assets. Such interventions may also lead to improve-
ments in health behaviors [47, 48] and could potentially be
applied to the post-WLS population.

This study had several limitations. Participants in this study
were mainly recruited from the online support groups, which
have become an increasingly popular way for those

undergoing WLS to interact with others to share information
and support [57]. This recruitment source provided diversity
in terms of time since surgery and geographic region, although
the participants may not be representative of all WLS patients,
as not all are active on such websites. Further, the cross-
sectional nature of the data limits the ability to determine
causality in any of these relationships, and all health and be-
havioral information was collected via self-report, which can
be prone to bias. It is also possible that the present sample size
was too small to identify relationships that may exist and that
were found in much larger epidemiological datasets.

In conclusion, positive psychological states such as posi-
tive affect and optimism may be relevant in the health and
well-being of post-WLS patients, although they did not have
an impact independent of depression and anxiety symptoms
on health behaviors in the present study. Further assessment of
psychological states and their relationship to physical and
mental health outcomes after surgery is warranted. Skills to
boost positive psychological states may enhance effects of
interventions targeting improved behavioral adherence after
WLS.
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