
 

NOVA  
University of Newcastle Research Online 

nova.newcastle.edu.au 
 

 
Young, Myles D.;  Lubans, David R.;  Collins, Clare E.;  Callister, Robin;  Plotnikoff, Ronald C.;  
Morgan, Philip J. “Behavioral mediators of weight loss in the SHED-IT community randomized 
controlled trial for overweight and obese men”. Published in Annals of Behavioral Medicine Vol. 
49, Issue 2, p. 286-292 (2015) 

 

Available from: http://dx.doi.org/10.1007/s12160-014-9657-0 

 
 

 
 

The final publication is available at Springer via http://dx.doi.org/10.1007/s12160-014-9657-0 
 
 

Accessed from: http://hdl.handle.net/1959.13/1314021 
 
 
 
 
 
 
 
 

http://dx.doi.org/10.1007/s12160-014-9657-0
http://dx.doi.org/10.1007/s12160-014-9657-0
http://hdl.handle.net/1959.13/1314021


Mediators of weight loss in overweight men 

1 

 

 

Behavioral mediators of weight loss in the SHED-IT community randomized controlled 

trial for overweight and obese men 

 

Myles D. Young
1,2

, David R. Lubans
1,2

, Clare E. Collins
1,3

, Robin Callister
1,4

, Ronald C. 

Plotnikoff
1,2

, & Philip J. Morgan
1,2

 

 

1 
Priority Research Centre in Physical Activity and Nutrition, University of Newcastle, 

Callaghan Campus, Australia  

2 
School of Education, Faculty of Education and Arts, University of Newcastle, Callaghan 

Campus, Australia 

3 
School of Health Sciences, Faculty of Health and Medicine, University of Newcastle, 

Callaghan Campus, Australia 

4 
School of Biomedical Sciences and Pharmacy, Faculty of Health and Medicine, University 

of Newcastle, Callaghan Campus, Australia  

 

Address for correspondence: Myles D. Young, School of Education, University of Newcastle, 

University Drive, Callaghan NSW 2308, Australia. 

Email: myles.young@newcastle.edu.au 

 

mailto:myles.young@newcastle.edu.au


Mediators of weight loss in overweight men 

2 

 

ABSTRACT 

Background: Little is known about which behavioral strategies are most important to target in 

weight loss interventions for men. Purpose: To identify behavioral mediators of weight loss 

in the male-only SHED-IT community weight loss study. Methods: A randomized controlled 

trial with 159 overweight/obese men [mean (SD) age = 47.5(11.0) years; Body Mass Index = 

32.7(3.5) kg/m
2
] assessed at baseline, three months (post-test) and six months (follow-up). 

Results: In an intention-to-treat, multiple-mediator model, the significant intervention effect 

on weight at 6 months (−3.70 kg; p<0.001) was mediated by increases in physical activity 

(steps/day) and decreases in take-away meals (kJ/day) and portion size at 3 months. The 

largest mediation effect was for physical activity (-0.6 kg; 95% confidence interval -1.4,-0.1). 

Overall, the targeted mediators accounted for 47.0% of the intervention’s effect on weight. 

Conclusion: Step counts, takeaway food, and portion size may be key areas to target in future 

weight loss programs for men (ACTRN12610000699066). 

 

Keywords: mediation, weight loss, male, obesity, intervention 
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Obesity is a chronic health condition with many physical and psychological co-morbidities 
1
. 

Although behavioral interventions can effectively generate modest weight loss 
2
, these 

programs may not necessarily work for men, who are significantly under-represented in 

weight loss research 
3
. This is concerning, as men generally store excess fat abdominally, 

which increases their risk of obesity-related illness 
4
. Further, while much research has 

investigated the efficacy of various weight loss approaches, less is known about which 

program components are most important, particularly in male-only samples 
5
. 

Mediation analysis is an important statistical technique to identify possible 

mechanisms for success in behavioral interventions. In theory, a mediator variable is situated 

between an independent variable (e.g. treatment) and a dependent variable (i.e. study 

outcome) on a causal chain 
6
. While the best evidence to isolate causal effects of different 

weight loss strategies would be obtained by randomizing participants to interventions that 

focus on a single strategy (e.g. increasing daily steps), identifying substantive mediators of 

multi-component programs can provide useful information to inform future research and 

more targeted interventions, as important components can be emphasized and less important 

components removed. Although many studies have investigated mediation effects in physical 

activity and nutrition interventions (e.g. 
7,8

), fewer have considered mediators of weight loss 

(e.g. 
9,10

). Further, although sustainable behavior change is essential for success, most weight 

loss mediation studies have not examined behavioral mediators (e.g. 
11

). As noted above, 

these studies generally include an over-representation of women 
3
 and often obscure sex-

specific effects by statistically adjusting for sex instead of presenting results for men and 

women separately 
4
. As such, little evidence exists to illuminate which health behaviors are 

most important to target in weight loss programs specifically for men. 

The SHED-IT community randomized controlled trial 
12,13

 investigated the 

effectiveness of two versions of a gender-tailored weight loss program for men (online self-
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monitoring vs. paper-based self-monitoring), compared to a control. In addition to recruiting 

men only, the programs were designed to appeal specifically to men with a series of 

evidence-based, gender-tailored weight loss messages. At 3 months (post-test) and 6 months 

(follow-up), significant treatment effects were observed for weight in both the Online group 

and paper-based (Resources) group compared to the control 
13

. The aim of the current study 

was to investigate which of the weight loss behaviors specifically targeted in the intervention 

also served as mediators of the intervention effect on weight at 6 months. 

Methods 

Participants 

In August 2010, 159 men (18-65 years; Body Mass Index (BMI) 25-40 kg/m
2
) were recruited 

from Newcastle, Australia. All men passed an eligibility screener 
12

 and provided consent. 

Design and Interventions 

The SHED-IT community trial was an assessor-blinded randomized controlled trial 

that evaluated the effectiveness of two gender-tailored weight loss interventions for men. 

Extensive details on the methods 
12

 and results 
13,14

 of this study can be found elsewhere. 

Briefly, men were randomized to one of the three study arms: (i) Resources (i.e. the SHED-IT 

Program with paper-based self-monitoring), (ii) Online (i.e. the SHED-IT Program with 

online self-monitoring), or (iii) no intervention for 6 months (wait-list control). The two 

programs differed only in terms of self-monitoring modality (i.e. online vs. paper-based) and 

e-feedback, with the Online group also receiving seven dietary and physical activity feedback 

emails. The study received institutional ethics approval and was registered with the Australia 

New Zealand Clinical Trials Registry (ACTRN12610000699066).  

Both SHED-IT programs were theoretically-based and operationalized Bandura’s 

Social Cognitive Theory, targeting key cognitions such as self-efficacy, self-regulation, 

perceived barriers, and social support. Men were provided with a weight loss resource 
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package, which consisted of: 1) a 25-minute DVD on weight loss for men; 2) the Weight Loss 

Handbook for Blokes and the Weight Loss Support Book for Blokes; 3) a pedometer, tape 

measure for waist circumference and a kilojoule (kJ) counter book. Rather than a strict 

dietary regime, men were taught the ‘mathematics of weight loss’ and advised to achieve a 

negative energy balance by setting a daily kJ intake target and implementing key dietary 

messages, which targeted specific behaviors of particular concern for Australian men (i.e. 

portion sizes, energy-dense nutrient-poor snacks, take-away foods (i.e. fast-foods) and sugar-

sweetened beverages) 
15

. Of interest, other male-only weight loss programs internationally 

have also focused on these areas 
16

, which may indicate some global commonalities in men’s 

poor dietary habits. Importantly, men were not required to completely avoid all energy-dense 

foods and drinks (e.g. alcohol), but were encouraged to plan these extras into their daily kJ 

allowance. The SHED-IT program resources were ‘masculinized’ using anecdotes, statistics 

and strategies that men could relate to. This process was guided by formative work with 

overweight and obese men 
15

, and the men’s health literature 
12

. 

Sample size 

The primary study 
13

 was designed to detect a between-group difference of 4 kg (SD 5 kg) at 

6 months. Thus, for 80% power (p = 0.015, two-sided) a sample of 150 men was required to 

allow for a predicted attrition rate of 28%. This sample size also powered the current analysis 

to detect medium-to-large effects with the bias-corrected bootstrap procedure 
17

. 

Assessments 

Measures were obtained from all men at baseline and follow up data were collected from 

82% of the sample at 3 months (post-test) and 81% at 6 months (follow-up), with no 

significant difference in retention between groups. Measures were taken by trained, blinded 

research assistants who adhered to standardized procedures. The primary outcome was 

weight (kg), measured to 0.01 kg on a digital scale (CH-150kp, A&D Mercury Pty Ltd, 
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Australia). A participant flowchart for this trial is provided elsewhere 
13

. 

All hypothesized behavioral mediators of the treatment effect on weight were 

assessed with validated measures 
12

. Physical activity was objectively measured for seven 

consecutive days using Yamax SW-200 pedometers, which are reliable and valid (Yamax 

Corporation, Kumamoto City, Japan). Sitting time was assessed using the Sitting 

Questionnaire, which has been shown to be both a valid and reliable measure of sedentary 

time 
18

. Energy from sugar-sweetened drinks, kJ-dense snacks and take-away meals were 

assessed with the Australian Eating Survey, which is a validated, semi-quantitative food 

frequency questionnaire 
19

. Portion size was assessed with a validated subscale from the 

Dietary Questionnaire for Epidemiological Studies Version 2 
20

. The time referent for the 

mediator measures matched the time difference between assessments (i.e. the previous 3 

months) with the exception of step count data, which were collected in the week prior to 

baseline assessments and the week after post-test and follow-up assessments. Importantly, 

each mediator was targeted during the intervention and was represented as a key weight loss 

message for men. Additional detail on mediator measures is available elsewhere 
12

. 

Statistical analyses 

In the randomized controlled trial, significantly intervention effects were observed at 6 

months. Compared to the control, the Online group lost an additional 4.2 kg (95% CI 2.5, 5.9) 

and Resources group lost an additional 3.2 kg (95% CI 1.5, 4.9). However, the difference 

between intervention groups was not significant (p>0.05). Therefore, to maximize power, 

both intervention groups were combined and compared to the control in the current analyses. 

The mediation analyses were conducted in SPSS Statistics Version 21 (SPSS Inc, 

Chicago, Illinois, USA) using the INDIRECT Macro 
21

. This macro was used to: i) calculate 

the regression coefficients for the effect of the intervention on the hypothesized mediators 

(Pathway A), ii) examine the association between the mediator variable at 3 months and the 
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outcome variable at 6-months, independent of group assignment (Pathway B), and iii) 

estimate the total (Pathway C), direct (Pathway C’) and indirect (Pathway AB) intervention 

effects. All analyses were adjusted for baseline values. This approach is preferred to using 

change score variables, which are affected by regression to the mean 
22

. The macro also 

generated bias-corrected bootstrapped 95% asymmetrical confidence intervals around the 

indirect effect 
21

. Significant mediation was established if these confidence intervals did not 

include zero. Finally, the proportion of the intervention effect attributed to each mediator was 

calculated by dividing the indirect effect (Pathway AB) by the total effect (Pathway C’ + 

Pathway AB).  

As recommended in the literature 
23

, an appropriate temporal sequence was employed 

to strengthen the evidence for mediation in the current analysis, which investigated whether 

weight loss at follow-up (6 months) was mediated by post-treatment scores for each 

hypothesized behavioral mediator at 3 months (Electronic Supplementary Material (ESM) 

Supplementary Figure S1). To adjust for pre-treatment effects, baseline values for weight and 

all mediator variables were included as covariates in the model. The multiple-mediator model 

followed an intention-to-treat approach, where missing data were imputed using the 

expectation maximization procedure in SPSS. This was deemed appropriate as Little’s test 

did not reject the assumption that the data were missing completely at random (χ
2
 = 161.6, df 

= 144, p = 0.15).  The amount of missing data for each variable was: weight (baseline: 0%; 6 

months: 19%), step counts (baseline: 10%; 3 months: 27%), sitting time (baseline: 1%, 3 

months: 18%), portion size, sweetened drinks, kJ-dense snacks, and takeaway food (baseline: 

0%; 3 months: 18%). As noted above, the majority of missing data was due to drop-out at 3 

months (18%) and 6 months (19%). For sensitivity purposes, a multiple-mediator model was 

also conducted with the completer’s sample. As the INDIRECT macro only includes 

participants with complete data for every variable, the completers sample included 68% of 
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the participants and the intention-to-treat analyses included 100%. Finally, simple mediation 

models were conducted for each mediator (ESM Table S1). While not discussed here, these 

results will allow for comparisons with previous research and for the inclusion of single 

mediators in future meta-analyses, as recommended in the literature 
23

. 

Results 

Details of the study sample are provided elsewhere 
13

. Briefly, the mean (SD) weight of the 

study sample was 103.4 (14.0) kg and the mean (SD) age was 47.5 (11.0) years.  The 

majority of the sample was born in Australia (91%) and had a waist circumference greater 

than 102 cm (91%). Table 1 presents summary data for weight and each mediator during the 

trial. The total effect of the intervention on weight at 6 months was significant (p<0.001) in 

both the intention-to-treat (−3.70 kg) and completers (-4.56 kg) analyses. 

After controlling for baseline values, significant intervention effects were observed at 

3 months for physical activity (A = +1726 steps/day, p < 0.001), takeaway food (A = -201 

kJ/day, p <0.01), portion size (-0.11 units, p <0.001) and kJ-dense snacks (-512 kJ/day, 

p<0.001) (Table 2). The intervention did not significantly influence sitting time (p = 0.65), 

but a marginal effect was observed for sweetened drink intake (p = 0.06). The completers-

only, sensitivity analysis reflected the same pattern of significant effects. In addition, 

significant associations were observed between weight and physical activity (B = -0.0004, p 

= 0.01), kJs from takeaway food (B = 0.0028, p <0.001), and portion size (B = 5.0212, p 

<0.01), with the completers model only identifying an association between weight and energy 

from takeaway meals (p <0.001). 

As seen in Table 2, the multiple mediator model identified that 47% of the total 

intervention effect on weight at follow-up (6 months) could be attributed to changes in the 

hypothesized mediators during the intervention (Combined AB = -1.74 kg; 95%CI -2.78, -

0.81). The largest mediated effect was observed through increases in physical activity, which 
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explained 16.5% of the intervention effect on weight (AB = -0.61 kg; 95%CI -1.37, -0.08). 

Significant mediated effects were also observed for kJ from takeaway food (15.4%; AB = -

0.57, -1.49, -0.16) and portion size (14.3%; AB = -0.53 kg; 95%CI -1.11, -0.12). Although 

each variable mediated a similar proportion of the intervention effect on weight in both the 

intention-to-treat and completers-only populations, mediation was only established for 

physical activity and takeaway food intake in the completers-only, sensitivity analysis. 

Discussion 

The aim of this study was to investigate whether any of the specifically-targeted behavioral 

strategies in the SHED-IT Weight Loss Program for men significantly mediated the 

intervention effect on weight at follow-up. At 6 months, the SHED-IT intervention had a 

significant total effect on weight (−3.70kg; p<0.001). Of the included variables, increased 

physical activity (steps) represented the largest mediation effect. Mediation was also 

established for reduced portion size, and reduced kJs from take-away meals. Overall, the 

targeted mediators accounted for 47% of the total intervention effect on weight. 

To date, men have been greatly under-represented in weight loss research 
3
 and male-

only weight loss studies are limited in quality and quantity 
5
. As such, relatively little is 

known about successful strategies to enhance weight loss in men. In line with recent 

behavioral mediation analyses of the male-only ‘Healthy Dads, Healthy Kids’ trial 
9
 and 

female-only ’40-Something’ trial 
24

, increasing men’s daily step counts mediated the largest 

proportion of the SHED-IT Program’s effect on weight. Strong evidence from randomized 

trials shows that physical activity has a unique and clinically important influence on weight 

loss 
25

. However, as these studies often examine the impact of physical activity via closely 

supervised exercise programs 
25

, the current results provide novel and important findings as 

the SHED-IT Program involved no face-to-face contact. Of interest, a process evaluation of 

SHED-IT revealed that the majority of the physical activity goals men set related to 
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increasing walking, rather than other higher-intensity exercises 
26

. Although increasing 

moderate-to-vigorous physical activity is a strongly supported weight loss strategy 
2
, these 

results provide good evidence for the role of targeting improvements in incidental physical 

activity during weight loss. In the SHED-IT Program, men were encouraged to increase their 

incidental activity and provided with a pedometer to self-monitor their step counts and 

encouraged to set goals and graph their weekly step average 
26

. Given the important 

mediation effect established for steps in the current study, future weight loss programs for 

men may benefit by including these self-monitoring strategies. 

In addition to the physical activity effects, this study revealed that intervention effects 

on kJs from take-away meals mediated 15% of the SHED-IT interventions effect on weight at 

follow-up. While the benefit of diet plus physical activity interventions compared to physical 

activity interventions is well established 
25

, these results are novel given that, to the authors’ 

knowledge, no studies have specifically isolated the influence of fast-food consumption on 

weight loss. In a systematic review examining the association between fast food access and 

obesity, White 
27

 noted that longitudinal, experimental data are urgently required to provide 

insight into the causal influence of this obesogenic factor. Of interest, Coughlin et al. recently 

identified that reducing take-away food consumption significantly mediated long-term weight 

loss maintenance in a sample of 1032 overweight/obese men and women 
28

. In contrast, 

results from the recent female-only ‘40-something’ weight control study 
24

 indicated that the 

intervention effect on ‘meals eaten outside of the home’ was not a significant mediator of the 

treatment effect. Although this may indicate a potential sex difference in the importance of 

targeting take-away/fast food consumption during weight loss, this hypothesis requires 

further validation in future research. Of note, the SHED-IT Program was also successfully 

tested in a pilot study with the associated mediation analysis finding no significant mediation 

effects for any dietary variables 
29

, in contrast to the current study. However, the pilot did not 
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include a true control and the effect of the minimal intervention may have confounded the 

results. Further, the current SHED-IT program was improved with additional components and 

extensive theoretical- and gender-tailoring 
12

. 

The current results suggest that targeting portion size may be an effective strategy in 

future weight loss studies for men. In the multiple-mediator model, intervention effects on 

portion size in the first three months mediated 14% of the weight loss effect at follow-up. 

Portion size was also noted as a significant mediator of long-term weight loss maintenance in 

a mediation analysis from a recent study 
28

. This is a noteworthy finding, given that a recent 

systematic review identified no randomized controlled trials specifically examining the role 

of portion size in weight loss 
30

. The authors also recommended that portion size intervention 

studies are urgently required to determine which types of strategies work for various target 

groups 
30

. In the context of the current findings, studies examining the utility of targeting 

portion size for weight loss certainly appear warranted, particularly in men. 

Despite the intervention effect on sugar-sweetened drinks approaching significance, 

changes in this variable did not mediate the intervention’s effect on weight at follow-up. 

However, it is important to note that floor effects in this mediator may have affected the 

results, with great variation observed at baseline between men in the lowest consumption 

quartile (0 – 51 kJ/day) compared to men in the highest quartile (657 – 4445 kJ/day). While 

beyond the scope and power-limitations of the current study, future research could investigate 

whether pre-treatment sugar sweetened beverage consumption acts as a moderator of this 

mediation effect. Similarly, although reducing sedentary time was specifically targeted during 

the intervention, participants did not significantly reduce sitting time compared to the control 

group. As such, more research is required to identify effective ways to target this variable.  

 This study contained several strengths including use of data from a methodologically-

rigorous randomized controlled trial with a true control and validated measures, a multiple-
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mediator, intention-to-treat analysis with adjustment for baseline values, high retention, 

blinded assessors, and objectively measured weight and physical activity. By examining the 

effect of mediators at post-test on weight loss at follow-up, this analysis also included 

appropriate temporal sequencing, which is an essential, but often overlooked, criteria to 

establish mediation 
6
. The study also had some limitations. As the study did not include 

measures to capture three SHED-IT weight loss messages (read food labels, keep a healthy 

lifestyle diary, and surf the urge (i.e. resisting unnecessary snacking)) 
13

, the importance of 

these tips could not be established. In addition, although the dietary mediators were measured 

with a validated questionnaire 
19

, they may have included more measurement error than the 

physical activity mediator, which was measured objectively. As such the model may have 

implicitly favored physical activity. 

In conclusion, this study provides important evidence to inform the design of future 

weight loss programs for men. Intervention effects on reducing portion sizes, increasing daily 

step counts and reducing intake of take-away/fast food in the first three months accounted for 

just under half of the intervention effect on weight at follow-up. These findings have 

important implications for future research and practice. Initially, the current findings could be 

tested in replication studies with men from varied cultures. Future research could also 

investigate moderated-mediation effects, given that indirect effects may vary according to 

different levels of an additional variable (e.g. baseline BMI category). The inclusion of other 

variables (e.g. fruit and vegetable intake, resistance training) may strengthen the mediation 

effect in future trials. Finally, given that the strongest causal evidence is generated through 

randomization, future studies could consider randomizing men to interventions targeting each 

mediator in isolation. In a practical sense, this study presents good evidence that male-only 

weight loss studies may benefit by including an explicit focus on increasing men’s daily step 

counts, and reducing portion sizes and consumption of take-away/fast food.
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Table 1 

Participants’ values for weight (baseline and follow-up [6 months]) and hypothesized mediators (baseline and post-test [3 months]). 

Model outcome Analysis SHED-IT Control 

Baseline 6-month Baseline 6-month 

Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Weight (kg) Intention-to-treat 
a
 103.2 (13.5) 98.4 (14.6) 103.8 (15.0) 102.9 (14.8) 

Completers 
b
 103.3 (14.1) 98.0 (15.6) 102.4 (13.2) 101.9 (13.2) 

Hypothesized mediator 

   [SHED-IT tip] 

Analysis SHED-IT Control 

Baseline 3-month Baseline 3-month 

Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Physical activity (steps/day) 

   [Every step counts] 

Intention-to-treat 6951.0 (2830.9) 9312.1 (3043.7) 6776.3 (2712.5) 7334.7 (2675.8) 

Completers 7207.1 (2760.2) 9573.3 (3414.2) 7133.5 (2745.2) 7360.3 (2913.0) 

Sitting time (minutes/day) 
c
 

   [Reduce your sitting time] 

Intention-to-treat 492.7 (199.3) 456.0 (192.7) 551.2 (196.1) 503.3 (211.7) 

Completers 499.6 (208.5) 459.0 (209.6) 538.8 (211.5) 514.5 (238.8) 

Portion size (portion size factor) 
d
 

   [Reduce portion sizes] 

Intention-to-treat 1.2 (0.3) 1.1 (0.3) 1.2 (0.3) 1.1 (0.2) 

Completers 1.1 (0.3) 1.0 (0.3) 1.1 (0.3) 1.2 (0.2) 

kJ-dense snacks (kJs/day) 

   [Reduce kJ-dense snacks] 

Intention-to-treat 1746.6 (1406.2) 894.9 (675.7) 1626.5 (1117.5) 1355.8 (1177.4) 

Completers 1766.6 (1478.6) 844.3 (704.0) 1720.4 (1250.0) 1504.3 (1339.3) 

Sugar-sweetened drinks (kJs/day) 

   [Don’t drink your kJs] 

Intention-to-treat 518.8 (798.7) 350.9 (475.7) 492.9 (590.0) 449.1 (595.1) 

Completers 425.4 (562.3) 305.2 (432.0) 485.0 (596.0) 485.7 (666.2) 

Take-away food (kJs/day) 

   [Be prepared] 

Intention-to-treat 1093.5 (654.1) 756.0 (617.7) 1123.1 (830.7) 1005.7 (778.0) 

Completers 1025.7 (554.9) 732.9 (668.6) 1101.9 (843.3) 1033.2 (803.6) 

a
 Intention-to-treat sample using all randomized participants (expectation maximization technique used to impute missing data) (n = 159 [107 

intervention, 52 control]). 
b
 Completers = completers sample from multiple mediator model (i.e. complete outcome data for all mediators in 

model required) (n = 108 [70 intervention, 38 control]). 
c
 Non-work day sitting time. 

d
 Participants were shown a set of three portion size 

photographs of varying serving size for a number of foods. By indicating whether they ate less than, equivalent to, between, or more than the 

serving sizes shown, seven serving size options were available for each food. Using portion size distribution data from 810 adults, the first photo 

represented the 25th percentile, the second photo represented the median, and the third photo represented the 75th percentile. Participant 

responses to the foods were then averaged to create a portion size factor indicating whether on average a person ate median size serves (= 1), 

more than the median (> 1), or less than the median (< 1) for main meals. 
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Table 2 
Results of the multiple mediator model examining effect of the intervention on the potential mediators at post-test (3 months), and the association between changes in mediators 

at post-test and changes in weight at follow-up (6 months). 

Hypothesized 

Mediator 
a
 

Analysis 
b
 C’ (SE) 

c
 A (SE) 

d
 B (SE) 

e
 AB (SE) [95% CI] 

f
 

AB [mediated effect] 

(C’+ AB) [total effect] 
g
 

Physical activity 

(steps/day) 

Intention-to-treat - 1725.6 (391.0)*** -0.0004 (0.0001)* -0.6 (0.3) [-1.4, -0.1] 16.5% 

Completers - 2130.3 (545.3)*** -0.0003 (0.0002) -0.7 (0.4) [-1.9, -0.1] 15.3% 

Takeaway food 

(kJs/day) 

Intention-to-treat - -200.8 (71.1)** 0.0028 (0.0008)*** -0.6 (0.3) [-1.5, -0.2] 15.4% 

Completers - -216.4 (97.8)* 0.0031 (0.0010)** -0.7 (0.5) [-1.9, -0.1] 14.9% 

Portion size 
h
 

(portion size factor) 

Intention-to-treat - -0.1 (0.0)*** 5.0212 (1.8445)** -0.5 (0.3) [-1.1, -0.1] 14.3% 

Completers - -0.2 (0.0)*** 3.8201 (2.4611) -0.6 (0.5) [-1.7, 0.2] 13.6% 

Sitting time 

(minutes/day) 
i
 

Intention-to-treat - -13.3 (29.3) 0.0026 (0.0018) -0.0 (0.1) [-0.3, 0.1] 1.1% 

Completers - -32.6 (39.0) 0.0034 (0.0023) -0.1 (0.2) [-0.7, 0.1] 2.4% 

kJ-dense snacks 

(kJs/day) 

Intention-to-treat - -512.3 (117.1)*** 0.0000 (0.0005) -0.0 (0.3) [-0.6, 0.7] 0.3% 

Completers - -651.8 (161.6)*** -0.0002 (0.0006) 0.1 (0.5) [-0.8, 1.1] -3.1% 

Sweetened drinks 

(kJs/day) 

Intention-to-treat - -122.9 (64.9) -0.0001 (0.0008) 0.0 (0.2) [-0.3, 0.3] -0.5% 

Completers - -145.9 (81.5) -0.0005 (0.0011) 0.1 (0.2) [-0.3, 0.6] -1.5% 

Total effects Intention-to-treat -2.0 (0.7)** - - -1.7 (0.5) [-2.8, -0.8] 47.0% 

Completers -2.7 (1.1)* - - -1.9 (0.8) [-3.4, -0.4] 41.8% 

* p <0.05; ** p < 0.01; *** p <0.001; bold denotes significant effect 

SE, standard error; CI, confidence interval; kJ, kilojoule; ITT, intention-to-treat (expectation maximization imputation) 

a
 Mediators presented in relation to magnitude of unique mediated effect on weight (largest to smallest; intention-to-treat analysis). 

b
 Completers sample from multiple mediator 

model (i.e. complete outcome data for all mediators in model required) (n = 108 [70 intervention, 38 control]); Intention-to-treat sample used all randomized participants 

(expectation maximization technique used to impute missing data) (n = 159 [107 intervention, 52 control]). 
c
 C’ = Direct effect of the intervention on weight. 

d
 A = Intervention 

effect on mediators. 
e
 B = Association between mediators and weight. 

f
 AB = Indirect or ‘mediated’ effect (product of coefficients estimate). 

g
 Unique proportion of intervention 

effect on weight that was mediated (calculated from non-rounded results). 
h
 Participants were shown a set of three portion size photographs of varying serving size for a number 

of foods. By indicating whether they ate less than, equivalent to, between, or more than the serving sizes shown, seven serving size options were available for each food. Using 

portion size distribution data from 810 adults, the first photo represented the 25th percentile, the second photo represented the median, and the third photo represented the 75th 

percentile. Participant responses to the foods were then averaged to create a portion size factor indicating whether on average a person ate median size serves (=1), more than 

the median (> 1), or less than the median (< 1) for main meals. 
i
 Non-work-day sitting time. 



Mediators of weight loss in overweight men 

15 

 

References 

1. Guh DP, Zhang W, Bansback N, Amarsi Z, Birmingham CL, Anis AH. The incidence 

of co-morbidities related to obesity and overweight: A systematic review and meta-

analysis. BMC Public Health. 2009;9:88. 

2. National Health and Medical Research Council. Clinical practice guidelines for the 

management of overweight and obesity in adults, adolescents and children in 

Australia. Melbourne: National Health and Medical Research Council;2013. 

3. Pagoto SL, Schneider KL, Oleski JL, Luciani JM, Bodenlos JS, Whited MC. Male 

Inclusion in Randomized Controlled Trials of Lifestyle Weight Loss Interventions. 

Obesity. 2012;20(6):1234-1239. 

4. Lovejoy JC, Sainsbury A. Sex differences in obesity and the regulation of energy 

homeostasis. Obes. Rev. 2009;10(2):154-167. 

5. Young MD, Morgan PJ, Plotnikoff RC, Callister R, Collins CE. Effectiveness of 

male-only weight loss and weight loss maintenance interventions: A systematic 

review with meta-analysis. Obes. Rev. 2012;13(5):393-408. 

6. Kraemer HC, Stice E, Kazdin A, Offord D, Kupfer D. How do risk factors work 

together? Mediators, moderators, and independent, overlapping, and proxy risk 

factors. Am. J. Psychiatry. 2001;158(6):848-856. 

7. Lubans DR, Foster C, Biddle SJ. A review of mediators of behavior in interventions 

to promote physical activity among children and adolescents. Prev. Med. 

2008;47(5):463-470. 

8. Cerin E, Barnett A, Baranowski T. Testing theories of dietary behavior change in 

youth using the mediating variable model with intervention programs. J. Nutr. Educ. 

Behav. 2009;41(5):309-318. 

9. Lubans DR, Morgan PJ, Collins CE, Okely AD, Burrows T, Callister R. Mediators of 

weight loss in the 'Healthy Dads, Healthy Kids' pilot study for overweight fathers. Int. 

J. Behav. Nutr. Phys. Act. 2012;9. 

10. Turk MW, Elci OU, Wang J, et al. Self-Monitoring as a Mediator of Weight Loss in 

the SMART Randomized Clinical Trial. Int. J. Behav. Med. 2013;20(4):556-561. 

11. Teixeira PJ, Silva MN, Coutinho SR, et al. Mediators of weight loss and weight loss 

maintenance in middle-aged women. Obesity. 2010;18(4):725-735. 

12. Morgan PJ, Collins CE, Plotnikoff RC, et al. The SHED-IT community trial study 

protocol: a randomised controlled trial of weight loss programs for overweight and 

obese men. BMC Public Health. 2010;10(701). 

13. Morgan PJ, Callister R, Collins CE, et al. The SHED-IT community trial: A 

randomized controlled trial of Internet- and paper-based weight loss programs tailored 

for overweight and obese men. Ann. Behav. Med. 2013;45:139-152. 



Mediators of weight loss in overweight men 

16 

 

14. Blomfield RL, Collins CE, Hutchesson MJ, Young MD, Callister R, Morgan PJ. 

Impact of self-help weight loss resources with or without online support on the dietary 

intake of overweight and obese men: The SHED-IT randomised controlled trial. Obes. 

Res. Clin. Pract. in press. 

15. Morgan PJ, Warren JM, Lubans DR, Collins CE, Callister R. Engaging men in weight 

loss: Experiences of men who participated in the male only SHED-IT pilot study. 

Obes. Res. Clin. Pract. 2011;5(3):e239-e248. 

16. Gray CM, Hunt K, Mutrie N, et al. Football Fans in Training: the development and 

optimization of an intervention delivered through professional sports clubs to help 

men lose weight, become more active and adopt healthier eating habits. BMC Public 

Health. 2013;13. 

17. Fritz MS, MacKinnon DP. Required sample size to detect the mediated effect. 

Psychol. Sci. 2007;18(3):233-239. 

18. Marshall AL, Miller YD, Burton NW, Brown WJ. Measuring total and domain-

specific sitting: a study of reliability and validity. Med. Sci. Sports Exerc. 

2010;42(6):1094-1102. 

19. Collins CE, Watson JF, Guest M, et al. Reproducability and comparative validity of a 

food frequency questionnaire for adults. Clin. Nutr. 2013;33(5):906-914. 

20. Giles GG, Ireland PD. Dietary Questionnaire for Epidemiological Studies (Version 2). 

Melbourne: The Cancer Council Victoria; 1996. 

21. Preacher KJ, Hayes AF. Asymptotic and resampling strategies for assessing and 

comparing indirect effects in multiple mediator models. Behav. Res. Methods. 

2008;40(3):879-891. 

22. Bland JM, Altman DG. Regression towards the mean. Br. Med. J. 

1984;308(6942):1499. 

23. Cerin E, Mackinnon DP. A commentary on current practice in mediating variable 

analyses in behavioural nutrition and physical activity. Public Health Nutr. 

2009;12(8):1182-1188. 

24. Hollis JL, Williams LT, Young MD, Pollard KT, Collins CE, Morgan PJ. Compliance 

to step count and vegetable serve recommendations mediates weight gain prevention 

in mid-age, premenopausal women: findings of the 40-something RCT. Appetite. in 

press. 

25. Avenell A, Brown TJ, McGee MA, et al. What interventions should we add to weight 

reducing diets in adults with obesity? A systematic review of randomized controlled 

trials of adding drug therapy, exercise, behavior therapy or combinations of these 

interventions. J. Hum. Nutr. Diet. 2004;17:293-316. 

26. Morgan PJ, Scott HA, Young MD, Plotnikoff RC, Collins CE, Callister R. 

Associations between program outcomes and adherence to Social Cognitive Theory 



Mediators of weight loss in overweight men 

17 

 

tasks: Process evaluation of the SHED-IT community weight loss trial for men. Int. J. 

Behav. Nutr. Phys. Act. 2014;11:89. 

27. White M. Food access and obesity. Obes. Rev. 2007;8 (Suppl. 1):99-107. 

28. Coughlin JW, Gullion CM, Brantley PJ, et al. Behavioral mediators of treatment 

effects in the weight loss maintenance trial. Ann. Behav. Med. 2013;46(3):369-381. 

29. Lubans DR, Morgan PJ, Collins CE, Warren JM, Callister R. Exploring the 

mechanisms of weight loss in the SHED-IT intervention for overweight men: a 

mediation analysis. Int. J. Behav. Nutr. Phys. Act. 2009;6(76). 

30. Steenhuis IHM, Vermeer WM. Portion size: Review and framework for interventions. 

Int. J. Behav. Nutr. Phys. Act. 2009;6:58. 

 


