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Abstract Exercise is a robust  predictor of  long-term success with weight  loss,  and research 

based on social  cognit ive t heory suggest s t hat  exercise program-induced changes in sel f -

regulat ion, mood, and self-eff icacy t ransfer to improved eat ing. These relat ionships were tested 

in adult s wit h morbid obesit y (overal l  Mage = 43 years;  86% female;  Mbody mass index = 45 kg/ m2) 

part icipat ing in a 6-month t reatment  of cognit ive-behaviorally supported exercise paired with 

eit her standard nut rit ion educat ion (n = 87) or cognit ive-behavioral methods for cont rol led 

eat ing (n = 89). Based on mult iple mediat ion analyses, improvements in self-regulat ion and self-

ef f icacy were signif icant ly associated with increased fruit  and vegetable intake and reduced 

body mass index (BMI). The cognit ive-behavioral nut rit ion methods were associated with greater 

improvements in f ruit  and vegetable intake and BMI, however,  within both models, complete 

mediat ion was found af ter simultaneous ent ry of  changes in self -regulat ion, mood, and self -

eff icacy, and exercise volume as mediators. Only the indirect  effect  of change in self-regulat ion 

was a signif icant  (or marginally signif icant ) independent  mediator. Generalizat ion of previously 

ident if ied relat ionships bet ween exercise program-induced improvement s in psychosocial 

variables and improvements in nut rit ion and BMI were supported for individuals with morbid 

obesity. Based on these relat ionships, implicat ions for behavioral t reatments were discussed.

© 2013 Asociación Española de Psicología Conductual. Published by Elsevier España, S.L.  

All rights reserved.
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Resumen El ej ercicio es un robusto predictor a largo plazo de la pérdida de peso. La invest i-

gación basada en la teoría social-cognit iva sugiere que los cambios inducidos por programas de 

ej ercicio en auto-regulación, estado de ánimo y autoeficacia se t ransfieren en mej or alimenta-

ción. Estas relaciones fueron probadas en adultos con obesidad mórbida (M edad = 43 años; 86% 

muj eres; M índice de masa corporal = 45 Kg/ m2) que part iciparon durante seis meses en un t ratamiento 

cognit ivo-conductual apoyado por ej ercicio asociado con educación nut ricional (n = 87) o méto-

dos cognit ivo-conductuales para alimentación cont rolada (n = 89). Las mej oras en la auto-regu-
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Results of behavioral weight  loss t reatments have typically 
been disappoint ing (Mann et  al. ,  2007). This is especially 
t rue for adults with morbid obesity (i.e.,  body mass index 
[BMI] ≥ 40 kg/ m2),  for whom bariat ric surgery has evolved 
into the t reatment  of choice (Bult ,  van Dalen, & Muller, 
2008). Educat ing individuals on the need and methods for 
heal t hy eat ing pract ices has been a prominent ,  but  
uniformly ineffect ive and atheoret ical, st rategy (Mann et  
al. ,  2007). Cognit ive-behavioral methods (e.g., goal set t ing, 
cognit ive rest ruct uring) (Bandura,  1986,  1997),  and 
emphases on building self-regulatory skills and feelings of 
abilit y (i.e.,  self-eff icacy), have performed only somewhat  
bet ter (Cooper et  al. ,  2010; Powell,  Calvin, & Calvin, 2007; 
Unick et  al. ,  2011; Wing, 2006). Exercise appears to be the 
best  predictor of  maintained weight  loss (Fogelholm & 
Kukkomen-Harj ula,  2000),  alt hough mechanisms for t his 
are unknown. What  is clear is that  individuals with morbid 
obesi t y t ypical ly cannot  t olerat e exercise volumes 
corresponding to the recommended 150 min per week of 
moderat e int ensi t y act ivi t y (Garber et  al . ,  2011). 
Addit ionally,  the effect  of  exercise on increasing muscle 
mass and metabolism accounts for only a small port ion of 
lost  weight  (Donnelly et  al. ,  2009). 

Baker and Brownel l  (2000) t heorized t hat  exercise 
part icipat ion-induced changes in mood, body image, self-
ef f icacy,  sel f -est eem,  and coping leads t o increased 
mot ivat ion and psychological resources and, following from 
this, improved eat ing and weight  loss. In extensions of that  
work, research from Portugal (Mata et  al. ,  2009; Teixeira et  
al. ,  2010), Finland (Hankonen, Absetz, Haukkala, & Uutela, 
2009) and the U.S. (Annesi,  2011; Annesi & Mart i,  2011) 
suggested the value of exercise for improving mood, self-
regulatory skil ls,  and self -ef f icacy;  where such changes 
general ize or “ carry over”  t o improved eat ing.  It  was 
proposed that  even low volumes of  exercise may foster 
t hese product ive changes because exercise program 
part icipat ion, rather than physical output , is the crit ical 
factor. In two studies, it  was demonst rated that  only about  
2 days per week of moderate exercise, 15 to 30 min per 
session, was required to induce a signif icant  improvement  
in mood (depression, anxiety, and overall negat ive mood), 
which was suggested to be associated with a reduct ion in 
emot ional eat ing (Annesi,  2003, 2012). Generalizat ion of 
f indings t o persons wit h morbid obesit y is unclear - 
especial ly considering t hat  psychosocial  fact ors are 
generally more negat ive for t hem than individuals with 
lower degrees of obesity (Wadden et  al. ,  2006). Although 

longitudinal test ing of such relat ionships and outcomes are 
only in their early stages (Unick, Jakicic, & Marcus, 2010), 
it  was thought  that  long-term maintenance of weight  loss 
may also benefit  from a focus on establishing resilient  self-
regulatory skil ls t o address barriers to persistence with 
healthy eat ing behaviors (e.g., increased consumpt ion of 
fruits and vegetables). 

Alt hough great  benef it  appeared f rom the proposed 
t ransfer of exercise-related self-regulatory skil ls to self-
regulatory skills for eat ing, and exercise-related self-eff icacy 
to self-eff icacy for controlled eat ing (Annesi, 2012; Hankonen 
et  al., 2009; Mata et  al., 2009; Texeira et  al., 2010), it  was 
unclear if  addit ional ef fects could be realized from the 
addit ion of a cognit ive-behaviorally based nutrit ion treatment  
component . This is important  because as such exercise-
weight  loss research moves into pract ice, the most  reliable, 
effect ive, and efficient  methods should be sought  to address 
behaviors related to the pressing health risk of obesity in a 
large scale manner (even as related theory may cont inue to 
systemat ically progress). 

Thus,  t his invest igat ion was conduct ed t o address 
research quest ions relat ed t o t he general izabi l i t y of 
previous f indings to adult s with morbid obesit y,  and to 
ext end f indings t oward t he development  of  improved 
(behavioral) obesity t reatments. Specif ically, for individuals 
wit h morbid obesit y ini t iat ing cognit ive-behavioral ly 
support ed exercise we aimed t o det ermine:  (a) i f  
improvements in self-regulat ion, mood, and self-eff icacy 
predict  improved eat ing and BMI, (b) if  a nut rit ion t reatment  
component  t arget ing improvement s in sel f -regulat ion, 
mood,  and sel f -ef f icacy is associat ed wit h a great er 
improvement  in nut r i t ion and BMI t han a t ypical 
educat ionally based approach and, if  so, are improvements 
in self -regulat ion,  mood,  self -ef f icacy,  and volume of 
exercise mediators of these relat ionships, and (c) if  volumes 
of exercise assumed to be manageable (e.g., the equivalent  
energy expendit ure of  about  2 sessions of  moderat e-
intensity walking per week) induce signif icant  improvements 
in the aforement ioned psychosocial variables. 

Similar to previous research that  did not  address morbid 
obesit y,  we hypothesized that  changes in self -regulat ion 
and self-eff icacy for cont rolled eat ing, and mood would be 
signif icant ly associated with changes in fruit  and vegetable 
consumpt ion and BMI over 6 months. It  was thought  that  
the addit ion of a cognit ive-behavioral nut rit ion t reatment  
component  would be associated with signif icant ly greater 
improvements than that  of  inclusion of an educat ionally 

lación y auto-ef icacia se asociaron con mayor consumo de f rutas y verduras, y reducción del 

índice de masa corporal (IMC). Los métodos de nut rición cognit ivo-conductuales se asociaron a 

incremento en consumo de frutas y verduras, y al IMC; en ambos modelos la mediación comple-

ta se obtuvo después de la ent rada simultánea como mediadores de los cambios en auto-regula-

ción, estado de ánimo, autoeficacia y volumen de ej ercicio. Solo el efecto indirecto del cambio 

en auto-regulación fue un mediador independiente signif icat ivo (marginalmente signif icat ivo). 

La generalización de estas relaciones es aplicable a individuos con obesidad mórbida. Se discu-

ten las implicaciones para los t ratamientos conductuales.

© 2013 Asociación Española de Psicología Conductual. Publicado por Elsevier España, S.L.  

Todos los derechos reservados.
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based nut rit ion component ;  and changes in mood, self -
ef f icacy,  and self -regulat ion,  but  not  exercise volume, 
would signif icant ly mediate these relat ionships. Finally, in 
subsequent  analyses t hat  adj usted exercise volume t o 
est imate t ypical daily outputs (as in previous research; 
Annesi,  2003, 2012),  it  was expected that  a signif icant  
improvement  in mood would require t he equivalent  of 
approximately two 15- t o 30-min sessions of  moderate 
exercise per week;  and,  based on t he same research 
(Annesi,  2003, 2012), there would be with no signif icant  
further benefit  from greater volumes. Whether changes in 
sel f -ef f icacy and self -regulat ion would demonst rat e a 
similar pat tern was lef t  as a research quest ion, without  
hypotheses. Suggest ions by Hart ley (2012) were used in the 
report ing of f indings.

Method

Participants

Men and women responded to newspaper advert isements 
solicit ing volunteers for research incorporat ing physical 
act ivit y and nut rit ion inst ruct ion for weight  loss t o be 
completed in the southeastern U.S. Inclusion criteria were: 
(a) minimum age of 21 years, (b) BMI of 40 to 55 kg/ m2,  and 
(c) no regular exercise (less than a mean of 20 min per 
week, based on self-report ).  Exclusion criteria were current  
or soon-planned pregnancy and/ or t aking medicat ions 
prescribed for weight  loss or a psychological condit ion that  
might  af fect  survey responses (e.g. ,  maj or depression).  
A statement  of adequate physical health to part icipate was 
also required from a physician. Inst itut ional review board 
approval was obtained, and writ ten informed consent  was 
received from all part icipants. 

After minimal at t rit ion due to reported problems with 
t ransportat ion (n = 1) and not  returning phone calls or 
emails (n = 2),  t here was no signif icant  dif ference in 
proport ion of  women (overal l  86%),  age (overal l  M =  
42.7 years, SD = 9.9), BMI (overall M = 44.9 kg/ m2, SD = 3.7), 
and racial make-up (overall 46% White, 51% African American, 
and 3% of other racial/ ethnic groups) between part icipants 
randomly assigned to a t reatment  of cognit ive-behavioral 
exercise support  plus nutrit ion educat ion (n = 87) and the 
same cognit ive-behavioral exercise support  plus cognit ive-
behavioral nut rit ion methods (n = 89). The socioeconomic 
status of nearly all part icipants was middle-class. 

Measures

Self-ef f icacy for cont rolled eat ing was measured by the 
Weight  Ef f icacy Lifest yle Scale (Clark,  Abrams, Niaura, 
Eaton, & Rossi, 1991). It  has f ive subscales (i.e.,  Negat ive 
Emot ions, Availabilit y, Social Pressure, Physical Discomfort , 
and Posit ive Act ivit ies) derived f rom the hypothesized 
factors comprising self-eff icacy for cont rolled eat ing that  
are summed for a total score. Responses to it s 20 items 
(e.g., “ I can resist  eat ing even when others are pressuring 
me t o eat ” ) range f rom 0 (not  conf ident ) t o 9 (very 

conf ident ).  A higher score indicates greater self-eff icacy. 
Reliabilit y for subscale scores ranged from α = .70 to .90 
(Clark et  al. ,  1991). Subscales were shown to make up a 

global const ruct  of eat ing self-eff icacy (Clark et  al. ,  1991); 
thus, the total score of the scale is used. Reliabilit y for the 
total scale was α = .82 for the present  sample.

Mood was measured by the Total Mood Disturbance scale 
of the Prof ile of Mood States Short  Form, which is a 30-item 
aggregate measure of the subscales of Tension, Depression, 

Fat igue, Confusion, Anger, and Vigor  (McNair & Heuchert , 
2005). Because of the evidence of intercorrelat ions between 
subscales (McNair & Heuchert ,  2005, p. 8, Table 8),  the 
developers of  t he Prof ile of  Mood States suggested the 
validity of this aggregate measure. Responses to feelings 
denoted by one- to three-word items (e.g., anxious, sad) 
“ over t he past  week”  range f rom 0 (not  at  al l ) t o 4 
(ext remely).  A lower score indicates less mood disturbance. 
Scale score reliabilit y ranged from α = .84 to .95, and test -
retest  reliabilit y results over 3 weeks averaged .69 (McNair 
& Heuchert ,  2005).  For the present  sample, scale score 
reliabilit ies ranged from α = .76 to .89, and was .74 for the 
total score.

 Self-regulat ion for cont rolled eat ing was measured using 
a scale adapted from a recent ly validated inventory (Saelens 
et  al . ,  2000).  Consist ent  wit h suggest ions f rom i t s 
developers, items were adapted to ref lect  the content  of 
the t reatment  methods present ly in use (e.g., “ I say posit ive 
things to myself  about  eat ing well. ” ).  Responses to the  
10 items range from 1 (never) to 5 (of t en),  and are summed. 
A higher score indicates greater self-regulat ion. Reliabilit y 
for t he present  version was α = .81,  and t est -ret est  
reliabil it y over 2 weeks was .74 (Annesi & Mart i,  2011). 
Reliabilit y for the present  sample was α = .78.

Exercise volume was measured by the Godin-Shephard 
Leisure-Time Physical Act ivity Quest ionnaire (Godin, 2011). 
It  incorporates metabolic equivalents of tasks (METs), or 
t he physiological energy cost  based on physical act ivit y 
intensity where a MET is equivalent  to the use of 3.5 ml of 
O2/ kg/ min (Meltzer & Jena, 2010) and 1 MET corresponds 
to sit t ing quiet ly and 7 to 10 METs ref lect  st renuous exercise. 
The Godin-Shephard Leisure-Time Physical  Act ivi t y 
Quest ionnaire requires ent ry of number of weekly sessions 
of  st renuous (approximat ely 9 METs;  e.g. ,  running), 
moderate (approximately 5 METs; e.g., fast  walking), and 
light  (approximately 3 METs; e.g., easy walking) exercise 
sessions for “ more than 15 minutes”  using descriptors of 
“ heart  beats rapidly” ,  “ not  exhaust ing” ,  and “ minimal 
effort ” ,  respect ively. For adults, test -retest  reliabilit y over 
2 weeks was .74 (Godin,  2011).  Const ruct  val idit y was 
supported by signif icant  correlat ions with accelerometer 
and maximum volume of  oxygen uptake measurements 
(Jacobs,  Ainswort h,  Hart man,  & Leon,  1993;  Mi l ler, 
Freedson, & Kline, 1994). 

Quant ity of servings of fruits and vegetables (combined) 
consumed “ in a typical day”  (“ looking back over the last  
month” ) was based on t he U.S.  Food Guide Pyramid’s 
descript ions of foods and their corresponding port ion sizes. 
Responses from one item each for f ruit s and vegetables 
were summed. Research suggests that  fruit  and vegetable 
intake, alone, is a good predictor of  qualit y of  the diet  
(Rolls,  Ello-Mart in, & Tohill,  2004). Test -retest  reliabil it y 
over 2 weeks averaged .82, and concurrent  validit y was 
indicated through signif icant  correlat ions of  the present  
measure wit h lengthier food f requency quest ionnaires 
(Sharma et  al. ,  2004). 
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A recent ly calibrated digital scale was used to measure 
weight  (kg), and a stadiometer was used to measure height  
(m). BMI was calculated as kg/ m2.

Procedure

Each part icipant  reported to an assigned YMCA center in 
the southeastern U.S.,  received an orientat ion to study 
processes associated with his/ her group, and was provided 
full access to the facilit y. 

The cognit ive-behavioral exercise support  component was 
ident ical in both groups. It  consisted of a standard protocol of 
six, 1-hour meet ings with a trained wellness specialist  over  
6 months (Annesi & Johnson, 2013; Annesi, Unruh, Mart i,  
Gorjala, & Tennant, 2011). These one-on-one sessions included 
an orientat ion to exercise apparatus, but most t ime was spent  
conferring in an off ice. Long-term goals were ident if ied, 
documented, and broken down into process-oriented short-
term goals where progress was tracked graphically. Instruct ion 
in addit ional self -regulatory skil ls including cognit ive 
restructuring, st imulus control, behavioral contract ing, and 
relapse prevent ion was given during the sessions. Specif ic 
modalit ies used in exercise plans (e.g., t readmill; walking on 
an indoor t rack) were based on each part icipant ’s preference. 
Widely used exercise recommendat ions (i.e., 150 min weekly 
of moderate cardiovascular act ivity; Garber et  al., 2011) were 
described, but  it  was also stated that  any volume (i.e., 
intensity, durat ion, and frequency) of exercise may be 
beneficial.

The content  of  t he nut rit ion components of  t he two 
groups dif fered considerably, with one emphasizing nut rit ion 
educat ion and one emphasizing t he use of  cognit ive-
behavioral methods to address barriers to healthful eat ing. 
In the nut rit ion educat ion group, a standardized protocol 
(Kaiser Permanente Health Educat ion Services,  2009) of 
six, 1-hour sessions was administered by a cert if ied wellness 
specialist  in a small group format  over 3 months beginning 
4 to 6 weeks after init iat ing exercise. Examples of program 
component s were:  (a) underst anding carbohydrat es, 
protein, fats, and calories; (b) healthy recipes; (c) weekly 
menu planning; (d) low-fat  snacking; and (e) stocking a 
healthy kitchen. The cognit ive-behavioral nut rit ion group 
had the ident ical format  for meet ings, however the protocol 
included: (a) establishing caloric goals, (b) logging all food 
and calorie intake, (c) regular self-weighing, (d) cognit ive 
rest ructuring, (e) relapse prevent ion t raining, (e) cues to 
overeat ing, and (f) progressive relaxat ion. In both groups, 
increasing f ruit  and vegetable int ake was emphasized 
during each session. 

Wellness special ist s administering the protocols were 
blind to the purposes this invest igat ion. Treatment  f idelit y 
was assessed by t rained staff  and, if  deviat ions occurred, 
correct ive measures were immediately t aken by YMCA 
supervisors in cooperat ion wit h st udy administ rat ors. 
Assessments were administered in a private area at  baseline 
and Month 6, with an addit ional measurement  of exercise 
volume taken at  Month 3.

Data analysis

An intent ion-to-t reat  format  was incorporated where data 
from all part icipants init iat ing t reatment  were included in 

the analyses. The 17% of part icipants’  measure scores (that  
could not  be obtained at  Month 6) were imputed using the 
expectat ion-maximizat ion algorithm (Schafer & Graham, 
2002).  Stat ist ical signif icance was set  at  α = .05 (two-
tailed), throughout .

Change scores in self -regulat ion and self -ef f icacy for 
cont rolled eat ing, mood, fruit  and vegetable intake, and 
BMI were calculated as dif ferences between scores at  
baseline and Month 6, unadj usted for their baseline value. 
To assess relat ionships of changes in self-regulat ion, self-
eff icacy, and mood with fruit  and vegetable intake and BMI 
changes; effects of t reatment  type (inclusion of nut rit ion 
educat ion or cognit ive-behavioral nut rit ion methods) on 
changes in f ruit  and vegetable intake and BMI;  and the 
mediat ion of  changes in sel f -regulat ion,  sel f -ef f icacy, 
mood, and overall volume of exercise (the mean of exercise 
volumes at  their three measurement  t imes), two mediat ion 
models were specif ied using a bias-corrected bootst rapping 
procedure incorporat ing 10,000 re-samples (Preacher & 
Hayes,  2008).  An addit ional mediat ion model assessed 
whether fruit  and vegetable intake changes and exercise 
volume mediated the relat ionship of t reatment  type and 
BMI change. 

A subsequent  analysis was conducted so that  f indings 
related to exercise volume and associated changes in the 
psychosocial variables could be determined in a manner 
t hat  enabled cont rast s wit h previous related studies of 
individuals not  specif ically with morbid obesit y (Annesi, 
2003, 2012).  This required that  t he present  measure of 
exercise int ensit y (METs) also be convert ed t o include 
est imates of  durat ion and f requency. Thus, data f rom the 
t wo t reat ment  condit ions were f irst  aggregat ed,  t hen 
one-way ANOVAs with Bonferroni fol low-up were calculated 
t o cont rast  t he mean dif ferences in changes in sel f -
ef f icacy,  mood,  and sel f -regulat ion when less t han  
10 METs (the equivalent  of  less than 2 moderate-intensit y 
sessions of  exercise per week of  between 15 and 30 min), 
between 10 and 15 METs (the equivalent  of  between 2 and 
3 moderat e-int ensit y sessions of  exercise per week of 
between 15 and 30 min),  and greater than 15 METs (the 
equivalent  of  greater than 3 moderate-intensit y sessions 
of  exercise per week of  between 15 and 30 min) were 
completed.

Results

Descript ive stat ist ics of  study measures at  baseline and 
Month 6, mean change scores, and their associated effect  
sizes are given in Table 1.  There were no signif icant  
dif ferences between the t reatment  groups at  baseline in 
self-eff icacy for cont rolled eat ing, F(1, 174) = 0.49, p = .826; 
mood, F(1, 174) = 1.25, p = .266; self-regulat ion for cont rolled 
eat ing, F(1, 174) = 0.74, p = .392; fruit  and vegetable intake, 
F(1, 174) = 0.53, p = .466; and BMI, F(1, 174) = 0.13, p = .911. 
Change scores on t he variables demonst rat ed low t o 
moderate intercorrelat ions (Table 2). Exercise volume did 
not  signif icant ly di f fer bet ween t he t wo t reat ment  
condit ions,  F(1, 174) = 0.09, p = .767 (overall M = 16.90 METs 
[SD = 12.25] or approximately 3.38 sessions per week [SD = 
2.45] of moderate intensity exercise for between 15 and 30 
min per session).
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Table 1 Changes in study measures over 6 months.

 Baseline Month 6

 M SD M SD Mchange SD d

Self -ef f icacy for cont rol led eat ing       

Nut rit ion educat ion group 96.81 33.03 115.56 33.95 18.74 31.08 .57

Cognit ive-behavioral nut rit ion group 95.64 37.51 117.39 40.88 21.75 34.02 .58

Overall sample 96.22 35.27 116.49 37.52 20.26 32.54 .58

Mood       

Nut rit ion educat ion group 22.38 17.14 12.77 18.96 −9.61 15.56 .56

Cognit ive-behavioral nut rit ion group 19.48 17.25 9.85 18.62 −9.63 15.31 .56

Overall sample 20.91 17.21 11.30 18.80 −9.62 15.39 .56

Self -regulat ion for eat ing       

Nut rit ion educat ion group 21.37 6.24 25.45 7.08 4.08 5.49 .65

Cognit ive-behavioral nut rit ion group 22.15 5.78 27.79 7.41 5.64 6.01 .98

Overall sample 21.76 6.01 26.63 7.32 4.87 5.79 .81

Fruit  and vegetable int ake per day       

Nut rit ion educat ion group 4.40 2.17 4.87 2.14 0.47 1.14 .22

Cognit ive-behavioral nut rit ion group 4.62 1.72 5.51 1.99 0.89 1.60 .52

Overall sample 4.51 1.96 5.19 2.08 0.68 1.40 .35

Body mass index (BMI)       

Nut rit ion educat ion group 44.94 3.77 43.89 4.00 −1.06 1.57 .28

Cognit ive-behavioral nut rit ion group 44.88 3.72 43.22 4.05 −1.66 2.39 .47

Overall sample 44.91 3.73 43.55 4.03 −1.36 2.04 .36

Not e.  Nut rit ion educat ion group n = 87. Cognit ive-behavioral nut rit ion group n = 89. Overall sample N = 176. d denotes Cohen’s 

effect  size for within-group changes: MMonth 6 - Mbaseline/ SDbaseline.

Results of the mediat ion analyses are reported in Table 3. 
Changes in sel f -regulat ion and sel f -ef f icacy were 
signif icant ly associated with change in fruit  and vegetable 
intake. The total ef fect  of  t reatment  t ype on f ruit  and 
vegetable int ake change was signif icant ,  wit h greater 
increase associated with the cognit ive-behavioral nut rit ion 
t reatment  (Table 3, top panel, Path c).  This relat ionship 
was, however, no longer signif icant  after ent ry of the four 
mediators (Table 3, top panel, Path c’ ),  indicat ing complete 
mediat ion. The overall mediat ion model was signif icant ,  
R2 = .27, F(5, 170) = 12.66, p < .001. Only the indirect  effect  
of  change in self-regulat ion independent ly mediated the 
relat ionship between t reatment  type and change in fruit  
and vegetable intake (Table 3). 

Changes in self-regulat ion, self-eff icacy, and volume of 
exercise were significant ly associated with BMI change in the 
negat ive direct ion. The total effect  of t reatment  type on 
change in BMI was signif icant ,  with greater reduct ion 

associated with the cognit ive-behavioral nutrit ion treatment  
(Table 3, middle panel, Path c). This relat ionship was, however, 
no longer signif icant  after ent ry of the four mediators, 
indicat ing complete mediat ion (Table 3, middle panel, Path 
c’ ). The overall mediat ion model was significant, R2 = .34, F(5, 

170) = 17.81, p < .001. The indirect effect  of change in self-
regulat ion was a marginally significant independent mediator 
of the relat ionship between treatment type and BMI change. 

Changes in exercise volume and f ruit  and vegetable 
intake were signif icant ly associated with change in BMI. 
The overal l  mediat ion model was signif icant ,  R2 = .31,  
F(3, 172) = 25.83, p < .001.

In t he subsequent  analysis,  t here were no signif icant  
dif ferences in baseline scores on the three psychosocial 
variables based on mean volume of  exercise (ps > .20). 
Thus, after aggregat ing data, for part icipants complet ing 
weekly volumes of less than 10 METs (the equivalent  of less 
than 2 sessions weekly;  n = 58 or 33% of  t he sample), 

Table 2 Intercorrelat ions among study measures (N = 176).

 1 2 3 4 5

1. Δ Self-eff icacy for cont rolled eat ing     

2. Δ Mood −.54 ...    

3. Δ Self-regulat ion for cont rolled eat ing .62 −.56 ...   

4. Δ Fruit  and vegetable intake .45 −.35 .47 ...  

5. Δ Body mass index (BMI) −.46 .37 −.50 −.37 ...

Not e. All intercorrelat ions p < .001. 
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between 10 and 15 METs (the equivalent  of 2 to 2.9 sessions 
weekly; n = 48 or 27% of the sample), and greater than  
15 METs (the equivalent  of greater than 3 sessions weekly; 
n = 70 or 40% of the sample), mean change scores for self-
eff icacy were 9.58 (SD = 26.75), 24.56 (SD = 33.75), and 
26.16 (SD = 34.29),  respect ively;  for mood were −2.43  
(SD = 10.19), −11.08 (SD = 15.62), and −14.57 (SD = 16.70), 
respect ively; and for self-regulat ion were 2.22 (SD = 4.26), 
5.08 (SD = 6.07), and 7.01 (SD = 5.94), respect ively. Mean 
changes in mood,  F(2,  173) = 12.16,  p < .001,  η2 = .123;  
self-eff icacy, F(2, 173) = 4.90, p = .009, η2 = .054; and self-
regulat ion, F(2, 173) = 12.16, p < .001, η2 = .123, signif icant ly 
dif fered based on category of weekly exercise volume. This 
denoted large effect  sizes for mood and self-regulat ion, 
and a medium ef fect  for self -ef f icacy.  Fol low-up t est s 
indicated that , for each of the three psychosocial variables 
assessed, the MET values consistent  with 2 to 2.9, and 3  
or more sessions of  exercise per week were associated  
with signif icant ly more improvement  than MET values con-
sistent  wit h less than 2 sessions per week.  MET values 
consistent  with 2 to 2.9 and 3 or more sessions per week 
did not  signif icant ly dif fer from one another.

Discussion/conclusions

Findings suggest ed t hat  exercise program-induced 
improvement s in sel f -regulat ion and sel f -ef f icacy for 

cont rolled eat ing predicts increased f ruit  and vegetable 
consumpt ion and reduced BMI in individuals with morbid 
obesit y,  similar t o t hat  of  adul t s of  lower degrees of 
overweight  and obesit y (Annesi,  2012;  Teixeira et  al . ,  
2010).  Consist ent  wi t h previous research,  adding a 
nut r i t ion component  t hat  t arget s increases in sel f -
regulat ion,  sel f -ef f i cacy,  and improved mood t o 
behaviorally supported exercise appeared to be useful in 
the present  sample t ype – especially through the building 
of  self -regulat ion for improved eat ing where ef fect  sizes 
were medium for the more t radit ional nut rit ion educat ion 
t reatment  and large for the cognit ive behavioral nut rit ion 
t reatment  (Annesi,  2012; Annesi & Mart i,  2011; Mata et  
al. ,  2009).  The f inding that  the ef fect  size for f ruit  and 
veget able int ake increase was smal l  in t he nut ri t ion 
educat ion group,  and moderat e in t he cogni t ive 
behavioral ly t rained group,  has signif icant  impl icat ions 
f or  t he design of  weight -management  t reat ment s. 
Moreover,  it  supports the previously suggested importance 
of  self -regulat ion emanat ing f rom social cognit ive theory 
(Annesi,  2012;  Mata et  al . ,  2009;  Texeira et  al . ,  2010; 
Wing, 2006).  If  well-learned by a severely obese individual 
seeking weight  loss,  self -regulatory skil ls might  also serve 
t o faci l i t at e persist ence wit h t he long and formidable 
path toward a healthy weight ,  and maintenance of  lost  
weight  (Andrade et  al. ,  2010; Annesi,  2012; Unick et  al. ,  
2011; Wing, 2006).  Based on the present  f indings, future 
development  of  evidence-based t reatments of  supported 

Table 3 Results from mediat ion analyses (N = 176).

Predictor Mediator Outcome Path a Path b Path c Path c’ Indirect effect R2

    Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE)  

        95%CI 

Treatment   Δ Self-eff icacy Δ Fruit  & Veg. 3.01 (4.92) .01 (.00)**    03 (.06) 

       −.056, 183 

Treatment   Δ Mood  Δ Fruit  & Veg. −.02 (2.33) −.01 (.00)    .00 (.03)  

       −.055, .064 

Treatment   Δ Self-regulat ion  Δ Fruit  & Veg.  1.64 (.87)  .06 (.02)**    .10 (.07)  

       .008, .349 

Treatment   Δ Vol. of exercise  Δ Fruit  & Veg.  .55 (1.85)  .00 (.01)    .00 (.02) 

       −.025, .053 

Treatment   (all of above)  Δ Fruit  & Veg.    .42 (.21)*  .29 (.19)   .27** 

Treatment   Δ Self-eff icacy  Δ BMI  3.01 (4.92)  −.01 (.00)*    -.04 (.07)  

       −.258, .063 

Treatment   Δ Mood  Δ BMI  −.02 (2.33)  −.00 (.01)    .00 (.04)  

       −.073, .081 

Treatment   Δ Self-regulat ion  Δ BMI  1.50 (.87)  −.06 (.03)*    −.10 (.08)  

       −.343, .005 

Treatment   Δ Vol. of exercise  Δ BMI  −.86 (2.86)  −.03 (.01)**    .03 (.10)  

       −.165, .250  

Treatment   (all of above)  Δ BMI    −.61 (.31)*  −.50 (.26)   .34**

Treatment  Δ Vol. of exercise  Δ BMI  −.86 (2.86)  −.05 (.01)**     

Treatment  Δ Fruit  & Veg.  Δ BMI  .24 (.23)  −.29 (.09)**     

Treatment  (all of above)  Δ BMI    −.61 (.31)*  −.58 (.26)*   .31**

Not e.  The Delta symbol (Δ) denotes change from baseline to Month 6. Path a = predictor → mediator; 

Path b = mediator → outcome; Path c = predictor → outcome; Path c’  = predictor → outcome (cont rolling for mediators).

 * p < .05; **p < .01.
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exercise and nut ri t ion change may,  t oget her,  serve t o 
opt imize ef fects on weight  management .

The equivalent  of  only 2 moderate-intensit y exercise 
sessions per week,  for 15 t o 30 min per session,  was 
associated with as much improvement  in self-regulat ion, 
self-eff icacy, and mood as with greater volumes. Considering 
t hat  adherence t o exercise programs in general,  and 
specif ically t o volumes approaching the “ public health”  
recommendat ion of about  5 sessions per week, has been 
problemat ic for persons with severe overweight  (Annesi et  
al. ,  2011; Garber et  al. ,  2011), the aforement ioned result  
may also be important  for the architecture of weight  loss 
intervent ions through allocat ion of  manageable exercise 
volumes. The comparat ively low volume of exercise found 
necessary for improvements in self-regulat ion, self-eff icacy, 
and mood was consistent  with previous research on the 
relat ionship of exercise and mood change (Annesi,  2003, 
2012) where, after the minimal program part icipat ion of  
2 sessions per week was at t ained,  a dose-response 
relat ionship (i.e. ,  more exercise,  more improvement  in 
mood) was not  found. Thus, the f inding of signif icant  mood 
effects being associated with minimal volume was extended 
t o improvement s in sel f -regulat ion and sel f -ef f icacy. 
Knowledge of  t hese manageable volumes of  exercise 
required for beneficial effects may be especially at t ract ive 
t o persons wit h morbid obesit y who consider init iat ing 
programs, but  may not  do so because of ant icipat ion of an 
ext reme physical burden. Determinat ion of  whether the 
relat ionship of exercise volume and psychosocial change is 
related to physiological factors or, rather, exercise volume 
serves as a proxy for commitment  to behavioral change, 
requires future invest igat ion.

A st rength of this invest igat ion was its use of accepted 
theory and recent  research f indings to generate salient  
psychosocial variables for t he study of  eat ing behavior 
change in an at -risk subgroup. Addit ionally, the real-world 
set t ing, while challenging internal validity through possible 
expect at ion and social  support  ef fect s (i .e. ,  group 
int ervent ion) had t he advantage of  al lowing for rapid 
general izat ion of  f indings to pract ice.  Benef it s of  such 
pract ical research set t ings outweighing their disadvantages 
has been st rongly art iculated (Green, Glasgow, Atkins, & 
Stang,  2009).  The standardizat ion of  both t he exercise 
support  and nut rit ion t reatment  components enables their 
large-scale use in a variet y of  pract ical set t ings (e.g. , 
YMCAs, recreat ion departments). This is an improvement  
on t reat ment s t hat  require administ rat ion by highly 
credent ialed professionals in a t ime-consuming and 
expensive manner.  The design also enables fut ure 
researchers to add (or subt ract ) other psychosocial variables 
of interest  (e.g., social support ) or aspects of t reatment  
(e.g., imagery) for their comparat ive effect . 

Limitat ions included the use of change scores that  inf late 
measurement  error by combining the error linked to their 
scores at  basel ine and at  Month 6.  Also,  t here was a 
somewhat  brief 6-month design. Because long-term weight  
loss has been a great  problem, studies over mult iple years 
are great ly needed. Af ter conf irmatory analyses of  t he 
proposed relat ionships of  exercise, psychosocial change, 
and eat ing and weight  change are conducted, long-term 
invest igat ion of the emerging proposit ions across sample 
types (e.g., cancer survivors, individuals with diabetes) will 

be required. Another limitat ion was the use of a volunteer 
sample that  may have been highly mot ivated. Incorporat ion 
of individuals assert ively referred by medical professionals 
might  lessen this potent ial confound in the future. Also, a 
more comprehensive assessment  of  nut rit ion (e.g. ,  food 
diary;  ful l  food f requency quest ionnaire) may benef it  
extensions of this research. Although walking appeared to 
be t he overwhelming form of  exercise chosen by t he 
part icipant s,  t his was not  specif ical ly assessed.  Thus, 
extensions of this research might  also consider the effect  
of exercise modalit y on changes in relevant  psychosocial 
factors and diet . 

In conclusion,  it  appears t hat  support ed exercise in 
manageable dosages has great  potent ial  for improving 
psychosocial variables that  may be associated with gaining 
cont rol of  eat ing behaviors and weight  in persons with 
morbid obesity. At tending to these behavioral factors in a 
nut rit ion,  as wel l  as exercise,  cont ext  may maximize 
effects. Longitudinal test ing will be useful to evaluate the 
present  f indings over t he longer t erm, and extend the 
assessments made into a context  of maintained behavioral 
change.
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