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Abstract
Objectives To quantify the mediating role of leisure time physical activity (LTPA) and five dietary behaviours on edu-

cational differences in 13-year body mass index (BMI) gain across adulthood.

Methods Participants from the Melbourne Collaborative Cohort Study (4791 women; 3103 men) who maintained or

gained BMI over 1990–1994 to 2003–2007 and met our inclusion criteria were selected. Education, potential mediators and

confounders (age, alcohol, and smoking) were measured at baseline. We conducted sex-specific multiple mediation

analyses using MacKinnon’s product of coefficients method.

Results A higher educational attainment was associated with a 0.27 kg m-2 (95% CI 0.14, 0.39) lesser 13-year BMI gain

among women only. We observed significant indirect effects of educational attainment on 13-year BMI gain through LTPA

and nutrient-rich foods (each associated with a higher educational attainment and lesser 13-year BMI gain) and diet soft

drink (associated with a lower educational attainment and greater 13-year BMI gain), which mediated 10, 15 and 20% of

this relationship, respectively (45% in total).

Conclusions Nutrient-rich foods, LTPA and diet soft drink may represent effective public health targets to reduce

inequities in excess weight across adulthood.

Keywords Mediation analysis � Socioeconomic factors � Diet, food, and nutrition � Physical activity � Obesity �
Longitudinal studies

Introduction

Obesity and its sequelae are leading contributors to the global

burden of disease (Forouzanfar et al. 2016), with direct costs

in excess of $3.8 billion per year in Australia (PwC 2015). As

such, the prevention and treatment of obesity is a public health

priority. Action to prevent and treat excess weight gain is

important across the lifespan. In particular, maintaining a

healthy weight across adulthood has been shown to reduce the

risk of disability (Backholer et al. 2012b), dementia (Tolp-

panen et al. 2014) and cardio-metabolic outcomes (Xian et al.

2017; Zheng et al. 2017) later in life.

For adults in high income countries, those of a lower

socioeconomic position (SEP) are more likely to be obese

compared to their counterparts of a higher SEP (Backholer

et al. 2012a; Ball and Crawford 2005; Gearon et al. 2015).

These socioeconomic inequalities in obesity are likely to

contribute to socioeconomic inequalities in morbidity and

mortality (Peeters and Backholer 2015).
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Diet and physical activity are potentially modifiable

energy balance behaviours, and are key risk factors for

weight gain and obesity (Government Office for Science

2007; Mozaffarian et al. 2011). Furthermore, adults with a

lower SEP are more likely to engage in lower levels of

leisure time physical activity (LTPA) and consume greater

amounts of foods and beverages associated with weight

gain, compared to their counterparts with a higher SEP

(Beenackers et al. 2012; Darmon and Drewnowski 2008;

Turrell et al. 2009).

The extent to which socioeconomic inequalities in

weight across adulthood can be attributed to specific health

behaviours has been examined in a limited number of

cross-sectional studies (Compernolle et al. 2016; Gearon

et al. 2013; Kavanagh et al. 2010; Miura and Turrell 2014;

Molarius 2003; Wamala et al. 1997; Ward et al. 2007).

These studies have demonstrated that the combined influ-

ence of (a limited number of) health behaviours on the

relationship between SEP and weight outcomes mediates

12% to 51% of this relationship for women (Compernolle

et al. 2016; Gearon et al. 2013; Kavanagh et al. 2010;

Molarius 2003; Wamala et al. 1997; Ward et al. 2007), and,

where a significant relationship between SEP and weight

outcomes was observed, 22–27% of this relationship for

men (Gearon et al. 2013; Kavanagh et al. 2010; Molarius

2003). However, these studies tend to rely on self-reported

measures of weight outcomes, few have decomposed and

quantified the different elements of energy balance beha-

viours, and all studies are limited by the cross-sectional

nature and thus the possibility of reverse causation between

mediators and weight outcomes. To inform public policies

that can effectively and equitably reduce obesity, potential

leverage points for intervention that contribute to the

observed socioeconomic differences in weight gain must

be identified (Peeters and Backholer 2015). To the best of

our knowledge, no study to date has examined the extent to

which socioeconomic differences in weight gain across

adulthood can be attributed to specific energy balance

behaviours.

The aim of this study was to identify the extent to which

energy balance behaviours mediate the relationship

between educational attainment and 13-year gain in body

mass index (BMI) among Australian adult women and men

who participated in the Melbourne Collaborative Cohort

Study (MCCS).

Method

Data source

The MCCS is a prospective cohort study of 41 513 adults

aged 27–80 who were recruited from Melbourne between

1990 and 1994 using telephone books and electoral rolls, as

well as community announcements and advertisements.

While there was no exclusion criteria at baseline, efforts

focused on recruiting healthy volunteers aged 40–69 years.

An arm of the recruitment drive specifically focused on

migrants from Southern Europe in an attempt to explore a

wide range of genetic and lifestyle factors, and individuals

born in Italy and Greece comprised 24% of the baseline

population (Milne 2017). All participants who had not died

or withdrawn from the study were encouraged to attend a

face-to-face follow-up in 2003–2007, and 26,984 (68%

follow-up) (Milne 2017) attended the follow-up clinic. At

baseline, all participants were interviewed face-to-face and

administered a 121-item food frequency questionnaire

(FFQ) which was designed for the study and based on data

from a group with similar demographic characteristics to

the MCCS (Ireland et al. 1994). At both baseline and fol-

low-up, a practitioner measured weight using Soehnle tele-

terminal digital electronic scales (to the nearest 0.1 kg) and

waist circumference (WC) using a two metre anthropo-

metric tape (to the nearest mm) (Cancer Epidemiology

Centre 2008; Lohman et al. 1988). Height was measured at

baseline only using a wall-mounted stadiometer (to the

nearest mm) (Cancer Epidemiology Centre 2008; Lohman

et al. 1988). Subjects removed shoes and outer clothing for

all measurements.

Variables

All outcome variables used information from baseline and

follow-up, and all exposures, mediating and confounding

variables were measured at baseline only. All continuous

variables were visually examined for normality, and cate-

gorised where appropriate.

Continuous measures of 13-year gain in BMI (kg m-2;

outcome variable) and WC (cm; outcome variable in sec-

ondary analysis) were calculated by subtracting baseline

measurements from follow-up measurements. In line with a

number of previous studies (Ball and Crawford 2005; Feng

and Wilson 2015), we examined gain in BMI rather than

using weight, as any gain in weight will be differently

important depending on the height.

Highest educational attainment (exposure variable),

dichotomised at completion of secondary school, was used

to indicate higher and lower SEP.

Six mediators (five dietary mediators and one physical

activity mediator) of interest were examined at baseline

and are defined for our analysis in Table 1. All mediators

were selected based on variables known to be both

socioeconomically patterned (Darmon and Drewnowski

2008) and associated with weight change (Mozaffarian

et al. 2011), and grouped in a manner reflecting potential

public health intervention targets (Table 1). The dietary
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mediators included: frequency of intake of diet soft drink,

soft drink, nutrient-rich foods, fruits and vegetables, and

discretionary foods. LTPA was measured using a score

based on participant’s average weekly frequency and

intensity of participation in LTPA and frequency of

walking (MacInnis et al. 2004), where a higher score

reflected higher levels of LTPA. All mediators were

approximately normally distributed and used as continuous

variables, with the exception of soft drink and diet soft

drink. Because a large proportion of participants (73%)

reported consuming diet soft drinks ‘never or less than

once per month’, we dichotomised this variable at this

consumption frequency. The resulting diet soft drink

variable was thus categorised as ‘never or less than once

per month’ (\monthly) or ‘once per month or more’

(C monthly). Average soft drink consumption was more

Table 1 Definition of all mediating variables for analyses, Melbourne Collaborative Cohort Study, Australia, 1990–1994

Mediator Unit Composition

Leisure time physical activity Score Participant’s average weekly frequency over the prior

6 months of participating in vigorous and less-vigorous

leisure time physical activity and walking for at least 20 min

was converted into a continuous score from zero to sixteen,

where frequency of vigorous leisure time physical activity

was given double the weighting of frequency of less-vigorous

leisure time physical activity or walking

A higher score reflects a higher frequency and intensity of

leisure time physical activity

Diet soft drink 0 ‘‘\monthly’’

1 ‘‘C monthly’’

Participant’s monthly frequency of consuming diet soft drink,

dichotomised as ‘‘never or less than once per month’’ or

‘‘once per month or more’’

Soft drink 0 ‘‘\weekly’’

1 ‘‘C weekly’’

Participant’s weekly frequency of consuming soft drink,

dichotomised as ‘‘never or less than once per week’’ or ‘‘once

per week or more’’

Nutrient-rich foods Times per week Continuous sum of the following foods, measured in weekly

frequency:

Yoghurt

Nuts

Wholemeal bread, rolls, toast

Wheat germ

Muesli

Chicken, boiled or steamed

Fish, boiled or steamed

Fruit and vegetables Times per day Daily frequency of consuming of all fresh fruits and

vegetables, with the exception of potato

Discretionary foods Times per week Continuous sum of the following foods, measured in weekly

frequency:

Cakes and sweet pastries

Confectionary

Chocolate

Sweet biscuits

White bread

Pies and savoury pastries

Dim sims and spring rolls

Pizza

Corn and potato chips

Fried chicken

Fried potatoes

Sausages or frankfurters

Salami or continental sausage

Manufactured luncheon meats

Corned beef
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frequent, and we categorised this variable as ‘never or less

than once per week’ (\weekly) or ‘once per week or

more’ (C weekly).

Potential confounders of exposure–outcome, exposure–

mediator, and mediator–outcome relationships included:

smoking status at baseline (categorised as never, former

and current), baseline alcohol intake [dichotomised at

meeting current Australian guidelines (20 g per day for

women and men (National Health and Medical Research

Council 2009))] and age (continuous years). Confounders

were identified based on existing literature (Darmon and

Drewnowski 2008; Mozaffarian et al. 2011), and through

use of directed acyclic graphs created using DAGitty

software (Textor et al. 2011) (Online Resource 1).

Exclusion criteria

Participants were ineligible for this analysis, if they did not

attend the follow-up clinic (n = 14,529), had a southern

European country of birth (n = 5171; due to intentional

oversampling of participants of southern European eth-

nicity (Milne 2017) and strong correlation between edu-

cational attainment and country of birth (Gearon et al.

2013), if they were aged[ 65 years at follow-up

(n = 11,280; to account for the inaccuracy of BMI at older

age as a measure of body fat (Prentice and Jebb 2001), if

they reported having cancer or cardio-metabolic diseases or

conditions at baseline (n = 1762; defined as defined as all

cancers, hypertension, angina, diabetes, heart attack or

stroke, to account for possible moderating role of diseases

and conditions on socioeconomic differences in weight), or

if they lost weight over time [n = 687; defined as a 5% or

greater BMI loss from baseline, to account for the unknown

aetiology of weight loss in this population (Mozaffarian

et al. 2011)].

Participants were additionally excluded from analyses,

if they had extreme energy intakes [n = 98; defined as

being in the 1st or 99th percentile of energy intake (Hodge

et al. 2011)] or were missing information on variables of

interest (n = 92). Our final analytical population comprised

4791 women and 3103 men.

Statistical analyses

All analyses were stratified by sex. Descriptive statistics

(means or proportions) were calculated for BMI, and all

potential mediators and confounders, stratified by educa-

tional attainment.

We used the product of coefficients mediation method to

assess six mediating pathways of the relationship between

educational attainment and 13-year BMI gain. This method

utilises a series of regression analyses, all of which are

adjusted for potential confounders (age, smoking status and

alcohol intake), to yield the total effect of educational

attainment on 13-year BMI gain, the 6 indirect effects of

educational attainment on 13-year BMI gain through each

potential mediator, and the total indirect effect of educa-

tional attainment on 13-year BMI gain through all signifi-

cant mediators. Because the significance of the indirect

effect does not depend on the significance of the total effect

(MacKinnon 2008), all indirect effects were tested. Stata’s

binary_mediation command was used to estimate the total

effect, indirect effects and total indirect effects, as it

accounts for the differing scales of the linear and logit

models by standardising all beta-coefficients using the

standard deviation of the predictor and outcome

(MacKinnon 2008; Winship and Mare 1983). All estimates

were bootstrapped with 5000 replications to attain their

respective 95% confidence intervals (95% CI’s).

Significant mediators were identified as being (1) sig-

nificantly associated with educational attainment (signifi-

cant exposure–mediator relationship), calculated using

linear regression (continuous mediators) or logit regression

(dichotomous mediators, presented as odds ratios in text for

ease of interpretation), and (2) significantly associated with

13-year BMI gain, independent of educational attainment

and the other potential mediators (significant mediator–

outcome relationship), calculated using linear regression.

Where a significant total effect was observed, we then

calculated the standardised indirect effect for each signif-

icant mediator as the product of the standardised beta-co-

efficients from the exposure–mediator and the mediator–

outcome relationships. The standardised total indirect

effect was calculated as the sum of all significant indirect

effects. The proportion of the standardised total effect

which was mediated by each significant mediator (or all

significant mediators) was calculated by dividing the

standardised indirect effect (or the standardised total indi-

rect effect) by the standardised total effect. All proportions

were calculated by bootstrapping standardised values, and

are reported to one decimal place. So, that each of the

relationships that we examined can be interpreted, we

present non-standardised coefficients and odds ratios in

tables and text but use standardised coefficients to calculate

the proportion mediated by each significant mediator. All

significant standardised effects are reported (Online

Resource 2).

All assumptions of the product of coefficients mediation

method were tested and met: a linear relationship between

exposure and outcome, exposure and all continuous

mediators, and all continuous mediators and outcome; no

exposure–mediator interactions; and no correlation

between the predictor variable and residuals for any rela-

tionship tested.

Five sensitivity analyses were performed: (1) incident

obesity as an outcome, (2) adjusting for changes in
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smoking status, (3) restricting analyses to never smokers,

(4) restricting analyses to those free from chronic diseases

at follow-up, (5) 13-year waist circumference gain as an

outcome. The details of these analyses are described in

Online Resource 3.

Ethics approval for the current study was obtained

through the Monash University Human Research Ethics

Committee; CF15/21–2015000018, and through Deakin

University Human Research Ethics Committee;

2016-0141.

Results

Summary statistics

For women and men, the mean (SD) BMI at baseline was

24.7 kg m-2 (4.0) and 26.1 kg m-2 (3.2), respectively.

The corresponding mean (SD) gain in BMI over the

13-year of follow-up was 2.0 kg m-2 (2.2) and 1.3 kg m-2

(1.6).

Compared to their counterparts with a higher educa-

tional attainment, women and men with a lower educa-

tional attainment had a higher BMI at baseline and follow-

up, a greater gain in BMI over 13-year (women only), and

at baseline: a higher proportion meeting alcohol con-

sumption guidelines (women only), a lower proportion of

never smokers, a lower LTPA score (men only), a lower

reported frequency of consuming nutrient-rich foods, fruits

and vegetables, and a higher reported frequency of con-

suming diet soft drink C monthly, soft drink C weekly

and discretionary foods (Table 2).

Total effect of educational attainment on 13-year
BMI gain

For women, a higher educational attainment was signifi-

cantly associated with 0.27 kg m-2 (95% CI 0.14, 0.39)

lesser BMI gain over 13 years compared to a lower edu-

cational attainment. For men, there was no significant

relationship between educational attainment and 13-year

gain in BMI [0.06 kg m-2 (95% CI - 0.08, 0.20)].

Exposure–mediator relationship

For both women and men, educational attainment was

significantly associated with all potential mediators

(Table 3). For women, compared to those with a lower

educational attainment, women with a higher educational

attainment had a higher frequency and intensity of LTPA, a

higher frequency of consuming nutrient-rich foods and

fruits and vegetables, and a lower frequency of consuming

discretionary foods. Furthermore, women with a higher

educational attainment were less likely to consume diet soft

drink C monthly or soft drink C weekly. For men, we

observed the same direction of association and a similar

magnitude of association between educational attainment

and each mediator.

Mediator–outcome relationship

For women, a higher LTPA score and higher frequency of

consuming nutrient-rich foods was significantly associated

with a lesser 13-year BMI gain [- 0.04 kg m-2 (95% CI

- 0.05, - 0.02) and - 0.01 kg m-2 (95% CI - 0.02,

- 0.01)], respectively, and consuming diet soft drink C

monthly was significantly associated with a greater 13-year

BMI gain [0.52 kg m-2 (95% CI 0.38, 0.67)] (Table 3).

Consuming soft drink C weekly, and frequency of con-

suming fruits and vegetables and discretionary foods were

not significantly associated with 13-year BMI gain for

women, independent of educational attainment, all other

mediators, and potential confounders.

For men, consuming diet soft drink C monthly was

significantly associated with 13-year BMI gain

[0.28 kg m-2 (95% CI 0.15, 0.43)] (Table 3). LTPA score,

consuming soft drink C weekly, and frequency of nutrient-

rich foods, fruits and vegetables and discretionary foods

were not significantly associated with 13-year BMI gain for

men, independent of educational attainment, all other

mediators, and potential confounders.

Indirect effect of educational attainment on 13-
year BMI gain through significant mediators

For women, we observed a significant indirect effect of

educational attainment on 13-year BMI gain through LTPA

score, consuming diet soft drink C monthly, and frequency

of consuming nutrient-rich foods, which mediated 10.2,

20.1 and 14.7% of this relationship, respectively. Com-

bined, LTPA score, consuming diet soft drink C monthly,

and frequency of consuming nutrient-rich foods mediated

45.0% of the relationship between educational attainment

and 13-year BMI gain (Table 3).

For men, we observed significant exposure–mediator

and mediator–outcome relationships for consuming diet

soft drink C monthly, however, because the total effect

was not significant, the indirect effect and proportion

mediated were not calculated.

Sensitivity analyses

Results for all sensitivity analyses are presented in Table 4

and in Online Resource 4.
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Discussion

Three potentially modifiable energy balance behaviours

mediated almost half of the differences in 13-year BMI

gain between women with a higher and lower educational

attainment who participated in the MCCS. More frequent

and intense LTPA (as indicated through a higher LTPA

score) and more frequent consumption of nutrient-rich

foods were both more common among women with a

higher educational attainment and associated with a lesser

BMI gain. Consuming diet soft drink once per month or

more was both more common among women with a lower

educational attainment and associated with a greater BMI

gain. These three behaviours accounted for 10, 15 and 20%

of the educational differences in 13-year BMI gain,

respectively. The strength and direction of this mediation

remained relatively consistent in sensitivity analyses. For

men, whilst we observed no relationship between educa-

tional attainment and BMI gain in the primary analysis, we

did observe significant educational differences in incident

obesity, which were also mediated by LTPA (5%), intake

of nutrient-rich foods (12%) and diet soft drink consump-

tion (7%).

We observed educational differences in BMI at baseline

for both men and women; however, differences in BMI

gain across the 13-year study period were only observed

for women. This is consistent with the literature (Ball and

Crawford 2005; Feng and Wilson 2015). For example, an

analysis of[ 20,000 Australian adults demonstrated

socioeconomic differences in BMI widened across adult-

hood for women but not men (Feng and Wilson 2015). For

men, socioeconomic differences in BMI were established

prior to adulthood (Feng and Wilson 2015). However, we

did observe socioeconomic differences in 13-year BMI

gain for men who were never smokers, and socioeconomic

differences in incident obesity for men.

The relationships identified in this study demonstrating a

higher frequency and intensity of LTPA and higher con-

sumption of nutrient-rich foods with a lesser BMI gain, and

higher frequency of these behaviours among those of a

higher SEP, are well established in the literature

(Beenackers et al. 2012; Darmon and Drewnowski 2008;

Government Office for Science 2007; Mozaffarian et al.

2011). Similarly, the positive relationship between SEP

and the prevalence of diet soft drink consumption identified

in this study is consistent with the most recent national

nutrition survey in Australia (Australian Bureau of Statis-

tics 2011–2012). The literature examining the relationship

between consuming diet soft drink and a greater BMI gain,

however, is somewhat inconsistent. Consumption of non-

caloric sweetened beverages has been found to be associ-

ated with both weight gain and weight loss across a number

of prospective cohort studies (Rogers et al. 2016). The

association between diet soft drink consumption and

weight gain is frequently attributed to reverse causation

(Fowler et al. 2008), as diet soft drink consumption may

Table 2 Summary characteristics of the Melbourne Collaborative Cohort Study analytic population by sex and educational attainment, Australia,

1990–1994 to 2003–2007

Women Men

Lower education Higher education Lower education Higher education

Mean (SD), N (%)

or median (IQR)

Mean (SD), N (%)

or median (IQR)

Mean (SD), N (%)

or median (IQR)

Mean (SD), N (%)

or median (IQR)

Analytic population (N) 1864 2927 721 2382

Baseline BMI (kg m-2) 25.3 (4.2) 24.4 (3.8) 27 (3.4) 25.8 (3.1)

Follow-up BMI (kg m-2) 27.4 (5.0) 26.2 (4.7) 28.4 (4) 27.1 (3.6)

13-year gain in BMI (kg m-2) 2.1 (2.2) 1.9 (2.1) 1.4 (1.8) 1.3 (1.6)

Baseline age (years) 47.0 (4.0) 46.1 (4.0) 46.7 (3.9) 46.2 (4.1)

Alcohol (% meeting guidelines) 1671 (90) 2444 (84) 497 (69) 1618 (68)

Never smoker 1138 (61) 1869 (64) 328 (45) 1407 (59)

Former smoker 494 (27) 843 (29) 289 (40) 752 (32)

Current smoker 232 (12) 215 (7) 104 (14) 223 (9)

Leisure time physical activity (score) 4.0 (1.5, 5.5) 4.0 (1.5, 7.0) 4.0 (1.5, 8.0) 4.5 (1.5, 8.0)

Diet soft drink (% C monthly) 626 (34) 737 (25) 206 (29) 580 (24)

Soft drink (% C weekly) 542 (29) 622 (21) 382 (53) 1000 (42)

Nutrient-rich foods (times per week) 8.5 (4.0, 18.0) 12.5 (7.5, 21.0) 7.0 (2.0, 13.5) 9.5 (4.5, 18.5)

Fruits and vegetables (times per day) 7.4 (5.1, 10.0) 8.3 (6.0, 11.1) 5.4 (3.4, 7.6) 6.5 (4.5, 8.9)

Discretionary foods (times per week) 16.0 (9.5, 25.5) 12.5 (7.5, 21.0) 21.5 (13.0, 33.0) 16.5 (11.0, 26.0)

BMI body mass index (kg m-2)
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represent either dieting behaviour, which has been associ-

ated with weight gain (Lowe 2015), or a clustering of

unhealthy behaviours. Alternatively, non-caloric sweeten-

ers may directly cause weight gain by driving subsequent

food intake and metabolic changes (Fowler 2016; Murray

et al. 2016; Shearer and Swithers 2016), increasing pref-

erence for other sweet products (Burke and Small 2015), or

by causing imbalances in the composition of microbiota

within the gut which increase the risk of obesity (Burke and

Small 2015; Suez et al. 2014). Our finding that consuming

diet soft drink once per month or more mediates the rela-

tionship between educational attainment and 13-year BMI

gain is robust to all our included sensitivity analyses, and

further studies will be required to disentangle the causality

of the relationship between diet soft drink consumption and

weight gain.

In contrast to a number of other high quality studies (Hu

2013; Mozaffarian 2016; World Cancer Research Fund/

American Institute for Cancer Research 2007; World

Health Organization 2003), we did not observe an associ-

ation between consumption of soft drink (once per week or

more) or discretionary food intake (continuous weekly

frequency) with a greater BMI gain in our analyses. The

lack of relationship between these diet variables and

13-year BMI gain may relate to insufficient variation

across the population to identify a relationship. Alterna-

tively, as the dietary behaviours in our study were exam-

ined at baseline and BMI gain was measured 13 years later,

it is possible that participants had changed their dietary

behaviours over this time period (Prynne et al. 2005),

particularly for consumption of soft drinks which have

been found to be decreasing in the Australian population

(Australian Bureau of Statistics 2014).

To the best of our knowledge, this is the first longitu-

dinal analysis of the mediating role of potentially modifi-

able energy balance behaviours on the relationship between

SEP and BMI gain across adulthood. Whilst a number of

cross-sectional studies have examined the contribution of

health behaviours to the relationship between SEP and

weight outcomes (Compernolle et al. 2016; Gearon et al.

2013; Kavanagh et al. 2010; Miura and Turrell 2014;

Molarius 2003; Wamala et al. 1997; Ward et al. 2007), few

have decomposed and quantified the different elements of

energy balance behaviours. Nonetheless, these cross-sec-

tional studies have found that combinations of energy

balance behaviours, such as takeaway foods (Miura and

Table 3 Relationships between educational attainment (exposure)

and all potential mediators, and all potential mediators and 13-year

gain in body mass index (outcome), and the proportion of the total

effect of educational attainment on 13-year body mass index gain

mediated by each significant mediator, Melbourne Collaborative

Cohort Study, Australia, 1990–1994 to 2003–2007

Mediator Sex Exposure–mediator

relationshipa
Mediator–outcome

relationship

Proportion

mediated

Beta-coefficient

(95% CI)

Beta-coefficient

(95% CI)

Continuous mediating variables

Leisure time physical activity (score) W 0.77 (0.54, 0.98)* - 0.04 (- 0.05, - 0.02)* 10.2 (4.6, 21.6)

M 0.72 (0.36, 1.05)* - 0.01 (- 0.02, 0.00)

Nutrient-rich foods (times per week) W 3.50 (2.91, 4.09)* - 0.01 (- 0.02, - 0.01)* 14.7 (6.2, 31.1)

M 2.92 (2.09, 3.76)* 0.00 (- 0.01, 0.00)

Fruits and vegetables (times per day) W 1.05 (0.77, 1.33)* - 0.01 (- 0.02, 0.01)

M 1.22 (0.91, 1.53)* 0.00 (- 0.02, 0.01)

Discretionary foods (times per week) W - 3.49 (- 4.27, - - 2.72)* 0.00 (0.00, 0.01)

M - 5.21 (- 6.56, - 3.83)* 0.00 (0.00, 0.00)

Odds ratio (95% CI) Beta-coefficient (95% CI)

Dichotomous mediating variables

Diet soft drink (\monthly/C monthly) W 0.65 (0.57, 0.74)* 0.52 (0.38, 0.67)* 20.1 (11.1, 40.3)

M 0.80 (0.66, 0.96)* 0.28 (0.15, 0.43)*

Soft drink (\weekly/C weekly) W 0.64 (0.56, 0.73)* 0.01 (- 0.14, 0.16)

M 0.63 (0.53, 0.75)* - 0.02 (- 0.14, 0.10)

We present non-standardised beta-coefficients and odds ratios, and the proportion mediated as calculated from the product of standardised

coefficients

W women, M men

*Denotes significant relationship (p\ 0.05)
aA lower educational attainment is the reference category
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Turrell 2014), fruit and vegetable consumption (Comper-

nolle et al. 2016; Gearon et al. 2013; Ward et al. 2007),

macronutrient (Molarius 2003; Wamala et al. 1997) or total

energy (Kavanagh et al. 2010; Wamala et al. 1997) intake,

LTPA (Compernolle et al. 2016; Gearon et al. 2013;

Kavanagh et al. 2010; Molarius 2003; Wamala et al. 1997;

Ward et al. 2007), transport-related physical activity

(Compernolle et al. 2016) and sedentary time (Comper-

nolle et al. 2016; Proper et al. 2007) mediate between 12

and 51% of this relationship for women, and where a sig-

nificant relationship between SEP and weight outcomes

was observed, 22–27% of this relationship for men (Gearon

et al. 2013; Kavanagh et al. 2010; Molarius 2003).

We found that the energy balance behaviours in our

analysis accounted for 45% of the difference in 13-year

BMI gain among women with lower and higher educa-

tional attainment. The remaining 55% may be

attributable to other factors known to be both socioeco-

nomically patterned and associated with BMI that were not

included in this study. These include individual-level fac-

tors such as sedentary time (Compernolle et al. 2016;

Proper et al. 2007), sleep duration (Zimberg et al. 2012),

and reproductive factors (Wamala et al. 1997), social fac-

tors such as psychosocial stress (Moore and Cunningham

2012) and social capital, and environmental level factors

such as street connectivity, requirement for a car (Turrell

et al. 2013) and green spaces (Sanders et al. 2015). It is also

possible that error in our measures of dietary factors and

LTPA are limited by measurement bias, whereby survey

questions only assessed the frequency of a given behaviour

(and not quantity) and were only measured at one point in

time (baseline).

The measurement of dietary and LTPA behaviours at

baseline only (the frequency of these variables were not

measured at follow-up, thus precluding inclusion for this

analysis), with 13 years of follow-up, is a major limitation

of this study. Smith et al. (2015) demonstrate that while

average change over time in dietary and LTPA behaviours

is small, the most biologically plausible, robust and con-

sistent results are observed, when dietary change and

weight change are examined concurrently. Conversely, this

small average change in dietary and LTPA behaviours over

time may present a challenge to identify significant expo-

sure–mediator and mediator–outcome relationships.

In addition this study is also limited by the following:

first, baseline data for the MCCS, collected in 1990–1994,

is now relatively dated and the prevalence of diet and

physical activity behaviours in this study may not reflect

current population trends; however. the internal relation-

ships are likely to remain valid. Second, the voluntary

nature of the MCCS and cohort attrition over time (Milne

2017) increases the possibility of self-selection bias, which

may limit the generalisability of the findings. Third, our

grouping of dietary variables was informed by the litera-

ture, but it is possible that the individual dietary compo-

nents within each group may be differentially associated

with 13-year BMI gain, which would reduce the strength of

associations. Fourth, our dietary variables were limited to

what could be derived from the FFQ in the MCCS, and

there may be other important components of the diet which

have not been examined in this analysis. Fifth, although we

accounted for key confounders and mediators in our anal-

ysis (age, smoking and alcohol) residual confounding by

other unknown and unmeasured risk factors may influence

our results. One way that the impact of unmeasured con-

founders is quantified in the literature is through calculat-

ing a bias correction factor (Ding and Vanderweele 2016).

Unfortunately, we were unable find an appropriate method

to calculate a bias correction factor for standardised coef-

ficients, and were therefore unable to evaluate the impact

of residual confounding on the mediation results. Six, our

use of the binary_mediation Stata command necessitated

dichotomising our exposure variable, educational attain-

ment, and we are unable to disentangle drivers of socioe-

conomic differences in 13-year BMI gain across the

socioeconomic spectrum. Finally, we excluded participants

with a Southern European country of birth from our anal-

ysis, because of the intentional oversampling of these

participants in the MCCS cohort and strong correlation

between Southern European country of birth and educa-

tional attainment. It is possible that the drivers of socioe-

conomic inequalities in BMI gain may differ across ethnic

groups as a result of differences in cultural norms around

dietary intake and physical activity.

The primary strength of this study is the prospective

nature, which allows an examination of the mediators of

socioeconomic inequalities in BMI gain, and reduces the

likelihood of reverse causation. Further strengths of the

study, which improve the reliability and internal validity of

results, include the objective measurement of height and

weight by trained interviewers, and the reporting of dietary

variables using an extensive and validated FFQ specifically

designed for the study. Dietary mediators examined were

additionally grouped to reflect potential public health

intervention targets, and as such, findings are relevant to

current discourse on where to intervene to effectively and

equitably reduce obesity. Further, SEP was measured using

educational attainment, which is less susceptible to reverse

causality compared to other individual-level markers, and

is considered a reliable marker of SEP for both women and

men (Galobardes et al. 2006).

This study quantified the mediating role of diet and

physical activity behaviours on socioeconomic inequalities

in 13-year weight gain. Our findings indicate that encour-

aging LTPA and consumption of nutrient-rich foods may

reduce socioeconomic differences in BMI gain across
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adulthood. Additionally, our findings suggest that diet soft

drink consumption may also be a driver of socioeconomic

differences in BMI gain across adulthood. Further evidence

incorporating, long-term dietary change, in contemporary

cohorts is required to elucidate these relationships further.

If our results are confirmed, interventions and policies to

address these individual-level behaviours will need to be

multifaceted and include a variety of strategies across the

individual, social and environmental level (Peeters and

Blake 2016).
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