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ABSTRACT
Objective: To examine whether eating behavior and perceived stress predict the maintenance of self-re-
ported dietary change and adherence to dietary instructions during an intervention.
Design: A secondary analysis of the behavior maintenance stage (6−36 months) of the 3-year PREVIEW
intervention (PREVention of diabetes through lifestyle Intervention and population studies in Europe and

around the World).
Participants: Adults (n = 1,311) with overweight and prediabetes at preintervention baseline.

Variables Measured: Eating behavior (Three-Factor Eating Questionnaire), stress (Perceived Stress Scale),
and dietary intake (4-day food records on 4 occasions) were reported.
Analysis: Associations between predictors and dietary outcomes were examined with linear mixed-effects
models for repeated measurements.
Results: Eating behaviors and stress at 6 months did not predict the subsequent change in dietary out-
comes, but higher cognitive restraint predicted lower energy intake, and both higher disinhibition and hun-

ger predicted higher energy intake during the following behavior maintenance stage. In addition, higher

disinhibition predicted higher saturated fat intake and lower fiber intake, and higher hunger predicted lower

fiber intake. Stress was not associated with energy intake or dietary quality. Eating behaviors and stress were

not consistently associated with adherence to dietary instructions.
Conclusions and Implications: Higher cognitive restraint predicted lower energy intake (food quantity),
but disinhibition and hunger were also associated with dietary quality.

Key Words: Eating Inventory, eating style, behavior change, behavior maintenance, food consumption (J

Nutr Educ Behav. 2024;000:1−10.)
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INTRODUCTION

Behavioral interventions for the
treatment of obesity target changes
in diet and physical activity, but the
final goal is weight loss, and the suc-
cess of the intervention is also
defined through weight loss.
Although short/medium-term behav-
ioral interventions may be successful
in that regard,1 the long-term main-
tenance of weight loss is notoriously
difficult.2 This is a consequence of
decreased adherence to dietary (and
physical activity) changes over time.3

More information about the factors
predicting maintenance of desired
dietary changes is required to support
individuals achieving sustained
behavioral changes, which are also
essential for long-lasting weight con-
trol. Furthermore, changing the
focus from weight loss to behavioral
changes and targeting well-being
may be more motivating for partici-
pants.4 The underlying reason for
conducting weight loss interventions
is to promote health instead of just
reducing weight, and it can be at
least partly achieved by changing
behavior toward a healthier
direction.5

Eating behavior dimensions, such
as cognitive restraint of eating, disin-
hibition, and hunger, measured by
the Three-Factor Eating Question-
naire (TFEQ),6 influence choices
related to food and eating.7 These
include decisions about the amount
and type of food eaten along with
eating frequency. In the context of
behavioral interventions, eating be-
haviors have been mainly examined
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as predictors of weight change. There
is consistent evidence that in behav-
ioral interventions, an increase in
cognitive restraint, together with de-
creases in both disinhibition and
hunger, are associated with greater
weight loss and weight loss mainte-
nance.8−12

The association between eating be-
haviors and weight changes during in-
terventions might be explained by
changes in dietary intake, but to date,
this hypothesis has not been studied
extensively. Cognitive restraint, by
definition, refers to an intention to
restrict energy intake and food con-
sumption.6 Two earlier intervention
studies suggested that an increase in
cognitive restraint was associated with
decreased energy intake,13,14 and
increased contribution to energy
intake from carbohydrates and pro-
tein, and decreased contribution from
fat and sweets.13 An association
between higher cognitive restraint
and lower energy intake,15,16 as well as
higher consumption of certain
healthy food groups (eg, vegetables
and fish) and lower consumption of
sugar and confectionery17 has also
been reported in cross-sectional obser-
vational studies. Both disinhibition
and hunger, by definition, refer to ten-
dencies to overeat in response to cer-
tain stimuli (external and emotional
cues and perceived hunger, respec-
tively).6 Positive cross-sectional associ-
ations between disinhibition and
hunger and energy intake have been
reported.15

Maintenance of behavioral changes
can be considered a demanding cogni-
tive task, at least before they have
ntre for Musculoskeletal Ageing Research, Natio

United Kingdom
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turned into automatized habits.18,19

Any factor implying additional cogni-
tive demands on an individual may
thus hinder the process of mainte-
nance. Stress is one such factor, and
we have previously shown that per-
ceived stress was related to increased
disinhibition and hunger, which in
turn were associated with less success-
ful weight lossmaintenance.20 Stress is
also associated with food consump-
tion in healthy adults,21 but to our
knowledge, less is known about the
relevance of stress in the context of
dietary weight loss maintenance inter-
ventions.

This study focused on the long-
term maintenance of changed dietary
behavior. To explore this issue, we
used the data from the 3-year PRE-
VIEW intervention (PREVention of
diabetes through lifestyle Intervention
and population studies in Europe and
around the World), which was origi-
nally designed to test the effects of 2
diets differing in protein and carbohy-
drate intake and glycemic index (GI)
and 2 physical activity programs with
differing intensities on type 2 diabetes
prevention and weight loss mainte-
nance.22 In intervention studies, the
greatest behavioral and weight
changes have been reported at 6
months,23 and this was also the case in
the PREVIEW intervention.24 Hence,
in this study, we focused on the main-
tenance of dietary changes from 6
months to 3 years.

Specifically, this study examined
whether eating behaviors and per-
ceived stress at 6 months predicted
subsequent maintenance of selected
dietary outcomes. We hypothesized
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that higher cognitive restraint would
predict better maintenance of lower
energy intake and improved quality
of the diet, whereas higher disinhibi-
tion, hunger, and perceived stress
would predict relapse of these factors.
Furthermore, we analyzed whether
eating behavior and perceived stress
predicted protein and carbohydrate
intakes differently depending on the
prescribed study diet. In other words,
whether eating behaviors and stress
were associated with adherence to
the dietary instructions. For example,
we hypothesized that higher cogni-
tive restraint would be associated
with higher protein intake in the
high-protein diet and lower protein
intake in the moderate-protein diet.
METHODS

Study Design, Participants, and

Recruitment

The methods22 and main results24 of
the PREVIEW Intervention (Clinical-
Trials.gov, NCT01777893) have been
reported in detail previously. Partici-
pants were recruited using media
advertising and through health care
providers. The main inclusion criteria
were participants aged 25−70 years,
with a bodymass index (BMI) ≥ 25 kg/
m2, and prediabetes according to the
criteria of the American Diabetes Asso-
ciation.25 Potentially eligible volun-
teers were prescreened via telephone
and invited to a laboratory screening
visit to confirm eligibility on the basis
of a full list of inclusion and exclusion
criteria published previously.22 Out of
a total of 2,326 individuals confirmed
eligible for inclusion during the
screening visit, 2,223 individuals par-
ticipated in the baseline visit and
started the study between June 2013
and April 2015 (Supplementary Figure
1). Furthermore, 1,857 participants
(84% of those who started the inter-
vention) completed the weight loss
phase and were eligible to proceed to
the weight maintenance phase.
Because the focus of this study was on
long-term weight maintenance, the
analytical sample included 1,311 par-
ticipants (59%) who attended at least
1 study visit after 6 months. Data col-
lection methods were consistent in all
8 participating countries: Denmark,
Finland, the Netherlands, the United
Kingdom, Spain, Bulgaria, Australia,
and New Zealand. At each of the inter-
vention centers, the local Human
Ethics Committee approved the study
protocol, and participants provided
written informed consent before the
screening visit.

The total duration of the interven-
tion was 3 years, divided into 2
phases (Supplementary Figure 2)—a
2-month low-energy−diet period
aiming for at least 8% weight loss
and a subsequent weight mainte-
nance period for those participants
who succeeded in the weight loss
aim. The intervention diets were (1)
moderate-protein, moderate-GI diet
(MP) aiming at 15% energy from pro-
tein, 55% energy from carbohydrate,
and GI > 56; and (2) high-protein,
low-GI diet (HP) aiming at 25%
energy from protein, 45% energy
from carbohydrate, and GI < 50.
Both diets were moderate in fat (30%
of energy). Both diets were consumed
ad libitum with respect to energy, but
participants received guidance in
controlling portion sizes of specific
food types to achieve the macronutri-
ent and GI targets. In addition, the
aim was to maintain the reduced
body weight while also permitting
further weight loss. The 2 physical
activity programs targeted a similar
weekly energy expenditure, but 1
group was prescribed 75 minutes of
high-intensity exercise and the other
150 minutes of moderate-intensity
exercise weekly. However, according
to accelerometer data, there was no
difference in total physical activity
(assessed as counts per minute)
between the groups.24 Therefore,
physical activity grouping was not
considered in this analysis.

To support the behavior change, a
theory- and evidence-based PREVIEW
Behavior Modification Intervention
Toolbox was designed.26 The behav-
ioral program as part of the interven-
tion consisted of 2 phases: a 6-month
active behavior change followed by a
2.5-year behavior maintenance stage
(Supplementary Figure 2). The behav-
ioral intervention was group-based
and delivered as group sessions (17 vis-
its in total). It was assumed that the
biggest changes in behavior would be
achieved during the first 6 months
when learning new skills was sup-
ported with frequent group visits.
Toward the end of the study, the fre-
quency of the visits decreased, result-
ing in 7 group visits during the
behaviormaintenance stage.
Measures

Eating behavior and perceived stress. TaggedAPTAR-

APEating behavior dimensions and per-
ceived stress were assessed at baseline
and the beginning of the behavior
maintenance stage (at 6 months)
with widely used and validated psy-
chometric questionnaires. The self-
administered questionnaires were
completed through a computer plat-
form during the study clinic visit.

The 51-item TFEQ was used to
measure the 3 dimensions of eating
behavior: cognitive restraint of eat-
ing, disinhibition, and hunger.6 The
total score for each dimension was
calculated. Higher scores for all scales
indicated a higher tendency toward
each of the eating behaviors. Cron-
bach a was 0.74, 0.78, and 0.81 for
cognitive restraint, disinhibition,
and hunger, respectively.

The 10-item Perceived Stress Scale
was used to measure perceived
stress.27 Summary scores (higher
scores indicating higher perceived
stress) for items rated from 0 (never)
to 4 (very often) were calculated.
Cronbach awas 0.84.

Dietary intake and selected outcomes. TaggedAPTAR-

APDietary intake was assessed using 4-
day food records covering 4 consecu-
tive days, including 1 weekend day.
All foods and drinks consumed dur-
ing those 4 days were recorded in
detail using weighing scales or con-
ventional household measures. Re-
cords were completed before study
clinic visits at baseline, 6, 12, 24, and
36 months. During the study clinic
visit, a trained researcher checked
the records together with the partici-
pants to ensure completeness.

Food record data was coded at
each study site using local nutrient
analysis software (ie, Dankost Pro
[Denmark], AivoDiet [Finland], Mijn
Eetmeter [the Netherlands], Nutritics
[UK], Dial [Spain], Nutrition Calcula-
tion [Bulgaria], and Foodworks
[Australia and New Zealand]), and
nutrient and energy intakes were
calculated using national food
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composition databases. The mean of
4 days was calculated to achieve an
average daily intake at each time
point.

To limit the number of dietary
outcomes, we selected those that
were potentially associated with eat-
ing behaviors and weight control,
served as indicators of overall dietary
quality, or were related to adherence
to dietary instructions. Selected
nutrient intake outcomes were as fol-
lows: energy intake (MJ/d) as an indi-
cator of the amount of food eaten,
thus related to energy balance and
weight control. Saturated fat as a pro-
portion of total fat ([intake of satu-
rated fat/total intake of fat] £ 100%)
and intake of fiber (g/MJ) as indica-
tors of the quality of the diet. Intake
of protein and carbohydrates (as per-
centages of total energy) as markers
of adherence to dietary instructions.
Finally, total fat intake (% of total
energy) was also included because of
completeness regarding macronu-
trients.

In addition to nutrient intake, the
consumption of vegetables and sug-
ary products (g/MJ) was included, as
eating behaviors may be more
strongly linked with food choice
than nutrient intake.28 Vegetable
consumption was selected as an indi-
cator of the quality of the diet, and
sugary products were chosen because
they were hypothesized on the basis
of earlier studies to be associated
with eating behavior.13,17 Because of
constraints related to nutrient analy-
sis software used across sites, food
consumption data (grams per day)
was only available from a subset of
study centers (Finland, the United
Kingdom, Spain, and Bulgaria;
n = 655). Consumption of vegetables
included leafy vegetables, dried vege-
tables, mushrooms, pickles/chutney,
roots/tubers/bulbs, sea vegetables/
algae, vegetable dishes, other vegeta-
bles, avocado, pulses, beans, peas,
lentils, and soy foods. Consumption
of sugary products included table
sugar, sweets (candy), honey, sugar
products, chocolate, chocolate con-
fectionery, nonchocolate confection-
ery, ice creams, added sugars, sweet
pastries, sweet cakes, and other sim-
ple-sugar−rich products.

Adherence to dietary instruction
was estimated on the basis of protein
and carbohydrate intakes. Both diets
had specific intake targets, but the
protein intake target in the HP group
and both protein and carbohydrate
intake targets in the MP group were
generally not achieved during the
intervention.24 Hence, no cutoffs
were applied for too high protein
intake and too low carbohydrate
intake in the HP group or too low
protein intake and too high carbohy-
drate intake in the MP group. Adher-
ence to dietary instructions was thus
estimated on the basis of associations
with continuous variables, and lower
or higher intakes indicated better
adherence depending on the variable
and diet group in question.

The self-reported intake of energy
and macronutrients, as well as
changes during the intervention,
have been previously reported along
with the main results.24 However, for
the sake of comprehension, the
changes in all selected dietary out-
comes are included (Supplementary
Figure 3). The study diets were aimed
to be similar with respect to all
selected dietary outcomes, except
protein and carbohydrate intakes.
We wanted to confirm the success of
this aim and explore the differences
in dietary changes between the study
diets. The changes in energy, macro-
nutrients, and fiber during the whole
intervention period (baseline to 36
months) differed between the diets
(significant diet £ time interactions
in mixed models), but during the
behavior maintenance stage (6−36
months), only changes in intakes of
protein and carbohydrate differed as
intended. Hence, analyses of other
dietary outcomes were performed us-
ing the whole sample (diet groups
merged).

Food records are prone to certain
reporting errors, such as underreport-
ing and reactivity, which means that
the process of keeping the records af-
fects eating.29 Reporting errors may
also be related to eating behaviors,
especially cognitive restraint.30

Hence, we also included protein
intake, which was objectively esti-
mated via 24-hour urinary nitrogen
or urea. Urine samples were collected
during the day before each study
clinic visit at baseline, 6, 12, 24, and
36 months. The total volume of the
24-hour urine was recorded, and the
collection of < 0.5 L was regarded as
incomplete. Estimated protein intake
(grams per day) was calculated with
the following formula: 6.25 £ 24-
hour urinary nitrogen (grams per
day) £ 1.1.24,25 A multiplication fac-
tor of 1.1 was applied to correct for
nitrogen loss in feces. The conversion
factor of 0.4664 was used to convert
measured urea to nitrogen.

Data Analysis

The changes in selected dietary out-
comes were analyzed using linear
mixed-effects models with maximum
likelihood estimation. Main effects
were used to analyze whether the eat-
ing behaviors and perceived stress
(predictors) at 6 months predicted
overall levels of dietary outcomes
during the maintenance stage (6−36
months). The interaction term for
predictor £ time was added to ana-
lyze whether each predictor was asso-
ciated with subsequent changes in
dietary intake. Nonsignificant inter-
action terms were omitted from the
final reported models. The models
were adjusted for potential con-
founding factors, age at the time of
enrollment (in years), sex, interven-
tion diet, time-varying BMI (mea-
sured at 6, 12, 24, and 36 months),
and baseline (0 months) predictor
and outcome as fixed effects and par-
ticipant ID and intervention center
as random effects.

The mixed-effects models included
all available data from all participants
present at each time point, regardless
of later dropout, which is an effective
way of handling the missing data.31

The number of valid observations for
each variable and time point was re-
ported in Supplementary Table 1.
When protein and carbohydrate in-
takes were analyzed as outcomes, mod-
els were additionally adjusted for three-
way predictor£ time£ diet interaction
(including also all two-way interac-
tions). The results of mixed models are
reported as unstandardized b estimates
(B) and 95% confidence interval (CI).

Statistical analyses were conducted
using the R software (version 4.0.3, R
Core Team, 2022) with R Studio. Pack-
age lme4 was used to perform linear
mixed-effects analyses,32 and package
lmerTest was used to obtain P values
for fixed effects.33 The threshold for



Table 1. Basic Characteristics and Eating Behaviors of the PREVIEW Samplea (n = 1,311)

Variables Mean § SD or n (%) Missing Information, n (%)

Baseline
Sex 0

Women 857 (65)
Men 454 (35)

Age (y) 54 § 10 0

BMI (kg/m2) 34.4 § 5.7 0
Ethnic minoritiesb 98 (7) 33 (3)
Education 33 (3)

Up to secondary 199 (15)
Secondary vocational 224 (17)
Higher vocational 244 (19)
University 496 (38)

Other 115 (9)
Employment status 29 (2)
In paid work 802 (61)

Retired 260 (20)
Otherc 220 (17)

6 mo

Cognitive restraintd 13.8 § 3.6 152 (12)
Disinhibitiond 7.2 § 3.4 137 (10)
Hungerd 4.9 § 3.5 145 (11)

Perceived stresse 13.3 § 6.3 102 (8)

BMI indicates body mass index; PREVIEW, PREVention of diabetes through lifestyle Intervention and population studies in
Europe and around the World.
aParticipants included in the present sample attended at least 1 follow-up visit after 6 mo; bParticipant self-reported belonging to
a minority ethnic group in their resident country (Denmark, Finland, Netherlands, United Kingdom, Spain, Bulgaria, Australia, or
New Zealand); cIncludes for example full-time students, unemployed, permanently sick or disabled, and participants caring for
home/family; dMeasured with Three-Factor Eating Questionnaire; eMeasured with Perceived Stress Scale.
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statistical significance was set at P <
0.05. This threshold was corrected for
multiple comparisons according to
the Bonferroni method by dividing it
by thenumber of tests.Nutrient intake
and food consumption outcomeswere
considered as different sets of tests
because of different measurement lev-
els and sample sizes. This resulted in
adjusted significance levels, P < 0.002
for nutrient intake outcomes (24 tests)
and P< 0.006 for food consumption (8
tests). Additional analyses stratified by
diet group and considering absolute
protein intakemeasuredwithdifferent
methods were also considered as dif-
ferent sets of tests.

RESULTS

The participants (65% women)
included in the present sample
(n = 1,311) were, on average, aged 54§
10 years and had amean BMI of 34.4§
5.7 kg/m2 (Table 1). As expected, the
mean change in all selected dietary
behaviors was greatest during the first 6
months (Supplementary Figure 3). Dur-
ing the behavior maintenance stage
(after 6 months), on average, the
achieved changes were maintained in
manyparameters, or therewere gradual
relapses toward baseline levels.

Neither eating behaviors nor per-
ceived stress at 6 months predicted the
subsequent changes in dietary out-
comes (nonsignificant predictor£ time
interactions in mixedmodels, Table 2).
However, eating behaviors were associ-
ated with overall levels of nutrient
intake during the behavior mainte-
nance stage (significant main effects in
the mixed models, Table 2). Higher
cognitive restraint predicted lower
energy intake, whereas higher disinhi-
bition and higher hunger predicted
higher energy intake (all P < 0.001). In
addition, higher disinhibitionwas asso-
ciated with higher total fat intake and
saturated fat as a proportion of total fat
and lower fiber intake (all P < 0.001).
Higher hunger was associated with
higher total fat intake and lower fiber
intake (both P < 0.001). Although the
associations between total restraint and
indicators of the quality of the diet
were not significant after correcting for
multiple testing, there was still a clear
pattern toward an association between
higher cognitive restraint and better
dietary quality (lower saturated fat as a
proportion of total fat and higher fiber
intake). At a food group level, there
were no associations between eating
behaviors or perceived stress and the
outcomes (vegetable or sugary products
consumption).

Eating behavior or perceived stress
were not clearly associated with
adherence to dietary instructions, as
measured by protein and carbohy-
drate intakes. In the whole sample,
cognitive restraint predicted overall
higher protein intake during the
behavior maintenance stage (Table 3).
In contrast, higher disinhibition and
higher perceived stress predicted lower
protein intake (both P < 0.001). The



Table 2. Eating Behaviors and Stress at 6 Months as Predictors of Dietary Outcomes During the Behavior Maintenance Stage of the PREVIEW Intervention

Energy

Intakea (MJ/day)

Fat Intakea (% of

Total Energy)

Saturated Fat

Intake (% of Total Fat)a
Fiber Intakea

(g/MJ)

Vegetable

Consumptionb (g/MJ)

Sugary Products

Consumptionb (g/MJ)

Variables B (95% CI) P B (95% CI) P B (95% CI) P B (95% CI) P B (95% CI) P B (95% CI) P

Cognitive restraint �0.10 (�0.13 to �0.07) < 0.001* �0.10 (�0.19 to �0.005) 0.04 �0.12 (�0.21 to �0.03) 0.01 0.02 (0.01−0.04) 0.002 0.75 (0.19−1.31) 0.01 0.10 (�0.12 to 0.32) 0.37

Predictor £ time 0.59 0.03 0.15 0.63 0.76 0.50

Disinhibition 0.10 (0.07−0.14) < 0.001* 0.21 (0.09−0.33) < 0.001* 0.19 (0.08−0.30) < 0.001* �0.04 (�0.06 to �0.02) < 0.001* �0.30 (�1.01 to 0.41) 0.41 0.001 (�0.28 to 0.28) 0.99

Predictor £ time 0.42 0.38 0.03 0.50 0.17 0.14

Hunger 0.09 (0.06−0.12) < 0.001* 0.21 (0.10−0.32) < 0.001* 0.12 (0.01−0.22) 0.03 �0.03 (�0.04 to �0.01) < 0.001* �0.43 (�1.08 to 0.22) 0.20 0.09 (�0.17 to 0.35) 0.49

Predictor £ time 0.10 0.31 0.39 0.35 0.35 0.73

Perceived stress 0.03 (0.01−0.04) 0.01 0.02 (�0.04 to 0.08) 0.46 0.06 (�0.0004 to 0.11) 0.05 �0.01 (�0.02 to 0.001) 0.07 �0.10 (�0.49 to 0.29) 0.62 0.09 (�0.05 to 0.23) 0.23

Predictor £ time 0.17 0.13 0.37 0.68 0.67 0.73

B indicates unstandardized b estimates; BMI, body mass index; CI, confidence interval; MJ, megajoule; PREVIEW, PREVention of diabetes through lifestyle Intervention
and population studies in Europe and around the World.
aNumber of participants included in the model varies between 939 and 1,011, depending on the availability of the data; bFood consumption was available from a subset of
participants (4 study centers included Finland, United Kingdom, Spain, and Bulgaria). The number of participants included in the model varies between 421 and 479, de-
pending on the availability of the data. Consumption of vegetables included leafy vegetables, dried vegetables, mushrooms, pickles/chutney, roots/tubers/bulbs, sea vege-
tables/algae, vegetable dishes, other vegetables, avocado, pulses, beans, peas, lentils, and soy foods. Consumption of sugary products included table sugar, sweets
(candy), honey, sugar products, chocolate, chocolate confectionery, nonchocolate confectionery, ice creams, added sugars, sweet pastries, sweet cakes, and other sim-
ple-sugar-rich products.
*Indicates significant results when corrected for multiple testing according to the Bonferroni method (P < 0.002 for nutrient intakes and P < 0.006 for food consumption).
Note: B and 95% CI determined from linear mixed-effects models with maximum likelihood estimation adjusted for age, sex, diet (high-protein, low-glycemic index vs
medium-protein, medium-glycemic index), time-varying BMI, and baseline (0 mo) predictor and outcome as fixed effects; participant ID and intervention center as random
effects; and predictor £ time interaction. Because all interactions were nonsignificant, the reported main effects are from the models without an interaction term. Out-
comes were measured 4 times during the behavior maintenance stage (6−36 mo) using 4-d food records.
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Table 3. Eating Behaviors and Perceived Stress at 6 Months as Predictors of Protein and Carbohydrate Intakes Dur-
ing the Behavior Maintenance Stage of the PREVIEW Intervention

Protein Intake (% of Total Energy) Carbohydrate Intake (% of Total Energy)

Variables B (95% CI) P B (95% CI) P

Cognitive restraint 0.12 (0.06−0.18) < 0.001* 0.02 (�0.09 to 0.12) 0.75
Predictor £ time 0.13 0.07
Predictor £ diet 0.94 0.86

Predictor £ time £ diet 0.68 0.14
Disinhibition �0.16 (�0.24 to �0.08) < 0.001* �0.10 (�0.23 to 0.03) 0.12
Predictor £ time 0.59 0.18
Predictor £ diet 0.89 0.84

Predictor £ time £ diet 0.12 0.04
Hunger �0.11 (�0.18 to �0.03) 0.01 �0.07 (�0.19 to 0.05) 0.25
Predictor £ time 0.64 0.45

Predictor £ diet 0.42 0.81
Predictor £ time £ diet 0.09 0.15

Perceived stress �0.07 (�0.11 to �0.03) < 0.001* 0.02 (�0.05 to 0.09) 0.57

Predictor £ time 0.15 0.49
Predictor £ diet 0.44 0.61
Predictor £ time £ diet 0.32 0.54

B indicates unstandardized b estimates; CI, confidence interval; PREVIEW, PREVention of diabetes through lifestyle Intervention
and population studies in Europe and around the World.
*Indicates significant results when corrected for multiple testing according to the Bonferroni method (P < 0.002).
Note: B and 95% CI are from linear mixed-effects models with maximum likelihood estimation adjusted for age, sex, diet (high-
protein, low-glycemic index vs medium-protein, medium-glycemic index), time-varying BMI, and baseline (0 mo) predictor and
outcome as fixed effects; participant ID and intervention center as random effects; and predictor £ diet £ time interaction.
Because all 3-way interaction terms were nonsignificant, 2-way interactions ([predictor £ time]/[predictor £ diet]) are from the
models including only the interaction term in question. Similarly, because all 2-way interaction terms were nonsignificant, the re-
ported main effects are from the models without interaction terms. Outcomes were measured 4 times during the behavior main-
tenance stage (6−36 mo) using 4-d food records. The number of participants included in the models varies between 939 and
1,011, depending on the availability of the data.
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3-way (predictor £ diet £ time) and 2-
way ([predictor £ diet] and [predictor
£ time]) interactions were nonsignifi-
cant, indicating no differences in these
associations between the diet groups.
However, to answer our research ques-
tion, we proceeded to diet-stratified
analyses, which confirmed no notable
differences between the diet groups
(Supplementary Table 2).

In contrast to protein intake, eating
behaviors or stress were not associated
with carbohydrate intake in the whole
sample (Table 3). Similar to protein
intake, the interactions were not signif-
icant, but we proceeded to stratified
analyses, which indicated some differ-
ences between thediet groups (Table 4).
Cognitive restraint or perceived stress
did not predict carbohydrate intake in
either of the groups. However, results
for disinhibition and hunger showed
some differences. In the HP group, dis-
inhibition and hunger did not predict
carbohydrate intake, but in the MP
group, they were associated with lower
carbohydrate intake, though these as-
sociations were not significant after
correcting formultiple testing.

Results comparing self-reported
and objectively estimated protein
intake (grams per day) are presented
in Supplementary Table 3. Higher
cognitive restraint at 6 months was
associated with overall lower self-re-
ported protein intake as grams per
day during the behavior mainte-
nance stage (P < 0.001). Higher hun-
ger, in contrast, was associated with
overall higher protein intake (P <
0.001). When objectively estimated
protein intake was analyzed as an
outcome, there were no significant
associations with eating behaviors.
Stress was not associated with either
of the protein intake variables. Addi-
tional adjustments for height to con-
trol for different energy/protein
requirements did not affect the re-
sults.

DISCUSSION

This analysis within a large multina-
tional intervention study revealed
that eating behaviors measured at
the beginning of a behavior mainte-
nance stage predicted the overall lev-
els of selected dietary outcomes
during the following 2.5 years.
Higher cognitive restraint predicted
lower self-reported energy intake,
whereas higher disinhibition and
higher hunger both predicted higher
energy intake. In addition, higher
disinhibition and higher hunger pre-
dicted lower quality of the diet as
measured by saturated fat as a pro-
portion of total fat (associated with
disinhibition only) and fiber intake.
Perceived stress was not associated
with self-reported energy intake or



Table 4. Eating Behaviors and Perceived Stress at 6 Months as Predictors of Carbohydrate Intake by Study Diet
During the Behavior Maintenance Stage of the PREVIEW Intervention

Carbohydrate Intake (% of Total Energy)

High-Protein Dieta Moderate-Protein Dietb

Variables B (95% CI) P B (95% CI) P

Cognitive restraint �0.02 (�0.16 to 0.13) 0.81 0.06 (�0.10 to 0.21) 0.47
Predictor £ time 0.91 0.02

Disinhibition �0.03 (�0.20 to 0.14) 0.73 �0.22 (�0.41 to �0.02) 0.03

Predictor £ time 0.56 0.02
Hunger 0.01 (�0.15 to 0.18) 0.87 �0.21 (�0.39 to �0.03) 0.02

Predictor £ time 0.54 0.15

Perceived stress 0.02 (�0.07 to 0.11) 0.71 0.02 (�0.08 to 0.12) 0.66
Predictor £ time 0.32 0.85

B indicates unstandardized b estimates; CI, confidence interval; PREVIEW, PREVention of diabetes through lifestyle Interven-
tion and population studies in Europe and around the World.
* Indicates significant results when corrected for multiple testing according to the Bonferroni method (P < 0.006).
aNumber of participants included in the models varies between 472 and 507, depending on the availability of the data; bNumber
of participants included in the models varies between 461 and 504, depending on the availability of the data.
Note: B and 95% CI are from linear mixed-effects models with maximum likelihood estimation adjusted for age, sex, time-vary-
ing body mass index, and baseline (0 mo) predictor and outcome as fixed effects; participant ID and intervention center as ran-
dom effects; and predictor £ time interaction. Because interactions were nonsignificant, the reported main effects are from the
models without an interaction term. Outcome was measured 4 times during the behavior maintenance stage (6−36 mo).
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dietary quality. Eating behaviors and
stress did not clearly predict adher-
ence to dietary instructions. Despite
different protein and carbohydrate
intake targets in the diet groups, the
associations between eating behav-
iors and stress and these outcomes
were similar in both groups, espe-
cially regarding protein intake.

The observed association between
increased cognitive restraint and lower
energy intake is consistent with earlier
findings from both intervention13,14

and cross-sectional studies.15,16 The
positive associations betweendisinhibi-
tion, hunger, and energy intake were
also consistent with earlier cross-sec-
tional findings.15 These associations
between eating behaviors and energy
intake were expected because we have
previously shown that eating behaviors
were associated with BMI12 and weight
reduction success20 in the PREVIEW
sample.

In addition to energy intake (food
quantity), eating behaviors were also
associated with indicators of dietary
quality (fiber intake and saturated fat
as a proportion of total fat). This is rele-
vant because diet also has health ef-
fects independent of weight change.5

Higher disinhibition predicted higher
saturated fat as a proportion of total
fat, and both higher disinhibition
and higher hunger predicted lower
fiber intake. In the case of cognitive
restraint, we foundno significant asso-
ciations between indicators of the
quality of the diet. However, there was
a consistent pattern toward associa-
tions with favorable dietary outcomes,
but it should be interpreted very
cautiously.

There are likely to be several factors
that explain the lack of association
between cognitive restraint (as mea-
sured by TFEQ) and diet quality. First,
the scale was originally been created to
capture dietary restraint aiming for
weight loss and not necessarily a
healthy diet.6 Second, it is probable
that cognitive restraint is not a unidi-
mensional construct, and various
ways of dietary restraint are potentially
differently associated with dietary and
weight-related outcomes. For exam-
ple, Westenhoefer et al34 have devel-
oped subscales for rigid and flexible
dietary restraint, but their later work
demonstrated that the original TFEQ
does not differentiate these constructs
well enough, and additional items are
needed to better capture the distinc-
tive characteristics of these dimen-
sions.35 However, the benefit of
behavioral flexibility in weight
management is well established,36−38

but it may be that better instruments
for measuring different forms of
restraint are needed to capture associa-
tionswith dietary quality.

In contrast to our hypothesis, eat-
ing behaviors did not predict dietary
changes during the behavior mainte-
nance stage. This may be related to
the fact that, on average, the reported
changes in dietary outcomes during
the behavior maintenance stage were
small. That is, the reported dietary
changes were well maintained.

On the basis of earlier findings,28 it
was assumed that eating behaviors
would be more strongly associated
with food consumption than nutrient
intake. However, this assumption was
not confirmed. Neither eating behavior
nor stress was associated with the con-
sumption of vegetables or sugary prod-
ucts. The lack of association with
sugary products was somewhat surpris-
ing because stress, in particular, has
been associated with increased con-
sumption of palatable foods with high
fat and sugar content (ie, comfort
foods).21 This findingmay be related to
characteristics of our sample (ie, partici-
pants in a behavioral intervention aim-
ing for weight loss and maintenance
and type 2 diabetes prevention). The
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reported consumption of sugary prod-
ucts was overall quite low (< 3.5 g/MJ
or < 25 g/d). It may be that PREVIEW
participants avoided the consumption
of such products, restricted consump-
tion, especially when completing the
food records, or even consciously or
unconsciously did not report all con-
sumption. In addition, the definition
of sugary products in our sample was
very broad. A more detailed grouping
may have given different results. How-
ever, this was not possible because
harmonization across the 8 PREVIEW
study sites was challenging because of
the use of different nutrient analysis
software packages and food consump-
tion databases. Consequently, we only
achieved rather crudely harmonized
groupings.

In this study, stress was negatively
associated with protein intake but
not other dietary outcomes. On aver-
age, the participants of the PREVIEW
study did not have high levels of
stress, and we have previously shown
that higher stress levels predicted
withdrawal from the intervention.12

It may be that individuals having
most problems in changing their diet
and maintaining those changes
because of a stressful life situation
were also more likely to discontinue
the study.

Because higher cognitive restraint
and lower disinhibition and hunger
are generally associated with better
performance and goal achievement
in terms of weight loss and mainte-
nance,8−11 we hypothesized that
they would be associated with better
adherence to the dietary instruction.
This assumption only partially
applied to carbohydrate intake in the
MP group. Eating behaviors and
stress were similarly associated with
protein intake in both diet groups:
cognitive restraint predicted higher,
and disinhibition and perceived
stress predicted lower protein intake.
This may be explained by an overall
attitude toward protein intake
among dieters or even the general
public. Higher intake of protein is
known to be associated with sati-
ety,39 and during recent years, the
relevance of protein intake for weight
loss and maintenance may have been
overemphasized. This is a potential
reason why participants in the MP
group may have been reluctant to
lower their protein intake and that
the intake target of 15% of total
energy was not achieved. In contrast,
the HP group did not increase their
protein intake sufficiently to reach
the target (25% of total energy). It
needs to be noted that despite the
target for protein intake being differ-
ent for the diet groups, the recom-
mended protein sources were similar
and aimed to be as healthy as possi-
ble (eg, the HP group was not encour-
aged to eat more red meat).

The main limitation of this inves-
tigation was that we assessed dietary
intake using food records, which are
prone to underreporting.29 Although
our sample was likely to be quite
homogenous in terms of known fac-
tors affecting underreporting, all par-
ticipants had overweight/obesity and
aimed at active weight loss or weight
loss maintenance; we have previ-
ously demonstrated in the PREVIEW
sample that eating behaviors were
associated with misreporting.40 Cog-
nitive restraint was positively,
whereas disinhibition and hunger
were negatively associated with
underreporting of energy intake and
overreporting of protein intake. Simi-
lar findings, especially regarding cog-
nitive restraint, have been reported
by previous studies.30 To explore this
issue, we compared self-reported pro-
tein intake and objectively estimated
protein intake expressed as grams per
day and found out that eating behav-
iors were associated only with self-re-
ported protein intake. Hence, our
results may be partly explained by
the fact that eating behaviors affect
the reporting of dietary intake. How-
ever, self-reported and estimated pro-
tein intakes were not directly
comparable because estimated pro-
tein intake is based on a 1-day urine
collection only, which does not cap-
ture the day-to-day variation like 4-
day food records. Moreover, in this
sample12 as well as in others,8−11 cog-
nitive restraint has been linked con-
sistently to better weight loss and
maintenance. It is thus possible that
individuals with high restraint may
actually be successful in reducing
their dietary intake, which leads to
periods of negative energy balance.
This could at least partly explain the
underreporting of energy intake in
individuals with high restraint,
especially when reported energy
intake is compared with estimates of
energy expenditure assuming energy
balance. However, it has to be noted
that despite their limitations, food
records and multiple 24-hour recalls
are currently considered the best die-
tary assessment methods to capture
usual individual intake and analyze
the change in an individual’s dietary
intake over time.29

Some additional limitations also
need to be mentioned. The present
analysis was a secondary analysis of a
randomized intervention, and
although potential confounders were
taken into consideration in the anal-
yses, unmeasured confounding may
still exist. The intervention was bur-
densome for the participants, and
thus, it is likely that the individuals
enrolled were more interested in
health than the general population,
which may affect the generalizability
of the results. The dropout during
the intervention was larger than ex-
pected, and most of it happened dur-
ing the early stages of the study
(during the first year). This analysis
only included participants who con-
tinued the study after the 6-month
−time point; this may have led to
even more selected samples, causing
additional bias.
IMPLICATIONS FOR

RESEARCH AND PRACTICE

In this study, eating behaviors were
associated with self-reported energy
intake, quality of the diet based on
selected indicators, and, to some
extent, adherence to dietary instruc-
tions during a 2.5-year behavior
maintenance stage of an interven-
tion. This information may be used
to develop even more effective inter-
ventions. For example, eating behav-
iors could be used to identify
individuals with the greatest chal-
lenges in achieving healthy dietary
habits and provide them with extra
support and counseling to facilitate
successful behavior change and
maintenance. However, whether
tailoring the intervention on the
basis of eating behavior leads to
improved effectiveness remains to
be tested in well-designed interven-
tions.
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