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The aim was to establish the relative importance of multiple dietary, activity and other risk factors in determining BMI. A cross-sectional survey
was conducted with 322 adults (71 % female; aged 18—-79 years; BMI 16-5-40-9 kg/mz) using a previously developed, psychometrically tested,
seventy-three-item questionnaire covering a wide range of obesity risk factors (consisting of five dietary, five activity and seven other risk factor
subscales). Outcome was self-reported weight and height for BMI, cross-validated with items on clothes size and perceived need to lose weight.
Stepwise regression analysis predicted 25-55 % of the variance in BMI with physical activity participation, current and past dieting behaviour,
amount eaten, and age being the most important predictors. The association of lower BMI and younger age appeared to be due to higher activity
levels, as younger participants reported much less healthy eating behaviour than the older age group. Amount eaten and physical activity partici-
pation were stronger predictors of BMI than other factors including healthy eating and use of mechanised transport. Results showed that the
relationship between various risk factors and obesity may differ by both sex and age group, suggesting that different interventions may need
to be targeted at different groups. The higher-risk eating behaviour observed in younger participants is of concern and needs to be addressed,

if the current trend of rising obesity levels is to be halted.

Obesity: Dietary behaviour: Activity behaviour: Multiple risk behaviours

Obesity is now acknowledged as potentially the most important
health challenge that we face at a global level. By 2010, it is
estimated that about 30 % of UK adults will be obese, but, if
current rates continue, this is expected to rise to almost 50 %
by the year 2050, with corresponding direct and indirect costs
to the UK National Health Service reaching £10bn". In the
USA, rates are even higher, with nearly one-third of the adult
population already considered obese in 2001?. Rates of
obesity are rising even in developing countries, which have
traditionally been associated with problems of underweight
and malnutrition®. This rise in obesity levels has and will
continue to result in increases in incidence of type 2 diabetes,
hypertension, CVD, muscular-skeletal disorders, a range of
cancers and early mortality, as well as a reduction in general
wellbeing and quality of life™>.

The basic cause of overweight and obesity is an energy
imbalance, i.e. energy intake must exceed energy expenditure
on a regular and sustained basis. However, the factors leading
to this imbalance at both individual and population level are
complex and multi-faceted. Despite the fact that obesity risk
is increased in children whose parents are obese'®, genetic
factors are largely rejected as a cause of increases at population
level, due to the fact that the global dramatic rise in obesity
rates has occurred in the last 20—30 years, during which our
gene pool has remained unchanged. Changes in behaviour
and environment, affecting the energy balance equation of

individuals of all ages, therefore, must be responsible for
these population-level changes”. Nonetheless, it is likely that
certain individuals are more genetically predisposed to having
difficulties in maintaining an effective energy balance, particu-
larly in the light of the abundance of energy-dense food and the
increased opportunities to reduce energy expenditure, which are
the result of our current civilised society(s).

In an attempt to inform interventions for obesity, much
research has been carried out into specific dietary, activity and
other factors which are thought to be responsible for increased
weight in both children and adults. Eating factors which
have been found to relate to obesity include energy-dense
foods, increased snacking, especially on high-energy or
sugary foods, consuming sugary drinks, eating larger portions,
eating more convenience foods and emotional eating®~'®.
Changes in eating patterns such as greater consumption of fast
food, restaurant meals and take-aways, as well as less cooking
of meals at home and the demise of the family mealtime have
also been linked with weight gain(ls).

An overall reduction in energy expenditure through physical
activity is also a key factor in the obesity epidemic, particularly
in Westernised countries. Reduced participation in sport, exer-
cise or other regular physical activity, an increase in car
usage, greater television viewing, the mechanisation of many
daily activities including the use of labour-saving devices in
the home, fewer labour-intensive jobs and a resulting general
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decline in activity levels have all been implicated in the rise in
obesity levels"®~'?. Other factors thought to contribute to
obesity in individuals include not having been breastfed,
early maturation, dieting behaviour (especially so-called
yo-yo dieting where weight loss is followed by weight regain
when a diet is stopped) and lower amounts of sleep''®20~%2.

Whilst some studies have examined a range of eating and
activity behaviours in conjunction with BMI®®, most tend
to concentrate on a more limited number of risk factors and
often ignore psychological motivations. Psychological reasons
for behaviour are thought to be important in determining over-
all obesity levels, particularly in explaining why individuals
do not adjust their lifestyle despite repeated public health
messages regarding the dangers of being obese'".

In order to address these limitations, we have developed and
piloted a questionnaire covering a comprehensive range of
obesity risk factors, including items relating to psychological
aspects of behaviour, with the aim of enabling the examination
of their relative importance at both an individual and popu-
lation level®®. Previous factor analysis of data from over
350 adults revealed a clear factor structure, with five dietary
and five activity factors and a further seven factors represent-
ing additional risk areas including parental weight, sleep and
early maturation®.

This report presents further results from this study, as we
aim to examine age and sex differences for the seventeen
obesity risk factors identified in the final solution®”
and establish the relative importance of these factors in
determining BMI.

Method
Procedure

The study consisted of a convenience sample of volunteers
recruited either via response to posters displayed at a Scottish
university or via personal invitation. All questionnaires were
completed and returned anonymously in sealed envelopes. In
addition to the risk factor questionnaire (see below), participants
provided self-reported weight and height, for calculation of
BMI, as well as job status of self and partner for assessment
of socio-economic status (SES). Any participant indicating on
the questionnaire that they had an eating disorder was excluded.
The present study was conducted according to the guidelines
laid down in the Declaration of Helsinki and all procedures
involving human subjects were approved by the University of
Stirling, Department of Psychology Ethics Committee. Written
informed consent was obtained from all participants.

Participants

A number of participants (rn 37) in the original study(zs) had
either failed to provide sufficient information to calculate
BMI or had one or more risk factors with no completed
items (for example, the father’s weight tendency factor
because they had no father figure), and so the present report
is based on 322 adults (71 % female) residing in Scotland
(n 240), England (n 70) and Northern Ireland (n 4) (country
of residence was undetermined for eight respondents) who
completed the questionnaire between 2004 and 2007. The
age range was 18—79 (mean 29-8 (sp) 13-1) years. Just over

two-fifths (41-3 %) of the respondents (n 133) were students
based at the University of Stirling; data on social class was
available for 180 of the remaining 189 respondents, and
there was a bias towards higher SES®® in these adults,
with 23:3% (n 42) identified as SES I, 333% (n 60)
SES II, 28:3% (n 51) SES III, 89% (n 16) SES IV and
6:1% (n 11) SES V.

Questionnaire

An easy-to-complete, 100-item questionnaire was previously
developed®® by generating a number of items for a wide
range of reported risk factors for obesity, after extensive
review of pertinent factors and measures identified from
recent research®”*®. Full details of the development process
and a detailed description of the questionnaire are reported
in the pilot study®®. The adult version of the questionnaire
has a Flesch® readability score of 694, i.e. a reading age
of approximately 12 years.

Items cover an extensive range of currently proposed risk
factors for obesity, to allow comparisons between factors.
Because of measurement issues, particularly in the
overweight(m), we adopted a method of using items based
on frequency of preferred or typical, rather than actual, beha-
viour. Example of items are: ‘I would rather eat out than eat at
home: almost always; most of the time; often; sometimes;
rarely; almost never’ and ‘On a typical day I watch television,
videos or DVDs for: at least 4h; 3 or 4h; 1 or 2h; less than
1 h; not at all’.

Factor analysis was carried out for (a) items relating to diet-
ary behaviours, (b) items related to activity behaviours and
(c) other obesity risk items®. The final solution consisting
of five dietary factors, five activity factors and seven
additional factors was based on seventy-three individual
items and showed good internal reliability. The resulting
factors are described in Table 1.

In order to allow equal weighting of individual items on
each factor, factor scores were calculated as mean scores,
and were based on the means of responses to each item load-
ing on that factor (i.e. if there were four possible responses on
an item, a score of 2 on that item would be calculated as 0-5;
if there were six possible responses, a score of 2 would be
calculated as 0-33). High scores on all seventeen factors
indicate less healthy behaviour.

Results

The mean BMI of the sample (i.e. weight (kg) divided
by height® (m)) was 24-4 (sp 4-6) kg/m?. Only 363 % were
considered overweight according to the recommended
BMI cut-offs®P (264 % overweight (BMI = 25 kg/mz) and
9-:9 % obese (BMI = 30kg/m2)), 60-4 % were considered of
normal weight (25 > BMI = 18-5kg/m?) and 3-1% under-
weight (BMI < 185 kg/m2). The lower rates of overweight
and obesity in this sample compared with the national average
are almost certainly due to two factors: the predominance of
students and the bias towards higher social class. However,
although age was positively correlated with BMI (r 0-25;
P<0-001), with younger respondents having lower BMI,
there was no association of higher BMI with lower social
class in this sample (r 0-06; P=0-402).
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Table 1. Description of obesity risk factors

J. A. Chambers and V. Swanson

Factor

High scores indicate

Dietary factors
Healthy eating
Amount eaten
Convenience foods
Emotional eating
Social influences on eating

Activity factors
Physical activity
Travel to work
Mechanised transport
Television watching
Social influences on physical activity

Other factors
Dieting behaviour
Parental encouragement to be active
Alcohol consumption
Amount of sleep
Mother’s weight tendency
Father’s weight tendency
Early maturation

Less eating of healthy foodstuffs (this does not represent more eating of unhealthy foodstuffs)

Eating/choosing bigger portions, hard to stop eating a lot
More eating of fast/junk foods, less home cooking

More frequent eating when bored, anxious, not hungry
Friends/family encouraging unhealthy eating

Infrequent participation in physical activity (for example, sport, walking)
More frequent driving to work, and/or not walking/cycling to work
Using lifts not stairs, cars for short journeys

High amount of television watching/recreational computer use
Friends/family encouraging not to be active

More frequent and/or less successful weight-control behaviour

Less encouragement from both parents for child to be active when growing up
Higher amount of alcohol consumed (average week)

Less sleep (based on usual hours per night)

Mother being overweight and/or having frequent dieting behaviour

Father being overweight and/or having frequent dieting behaviour

Heavier birth weight; taller at age 7 years

Males (25-4 (sp 4-7) kg/mz) had significantly higher BMI
than females (24-0 (sp 4-5) kg/m2) (1(320) = 2-4; P=0-015;
mean difference 1-4, 95% CI 0-3, 2-4). Male participants
(mean age 33-0 (SD 14-6) years) in the current sample were
also older than females (mean age 28-5 (SD 12-3) years)
(1(320) = 2-8; P=0-009; mean difference 4-5,95% CI 1-1, 7-9),
which may account for their higher BMI.

Because of the higher number of students leading to a
skewed distribution on age, correlations on the risk factors
with the age variable would not be appropriate. Instead a
median split by age was carried out in order to create two
groups for direct comparison; this resulted in a young age
group (=24 years; 72 % students) and an older age group
(>24 years; 8% students). Young participants had signi-
ficantly lower BMI (233 (sD 4-3) kg/m?) than the older age
group (255 (sp 4-6) kg/m?) (1(320) = —4-5; P<0-001;
mean difference —22, 95% CI —3-2, —1-2). There was
also an association between age group and sex with more
males (58-5%) in the older group and more females
(557 %) in the young age group (xz(l) = 5-4; P=0-020).

Relationship of the risk factor scores by age and sex

As there were clear differences on BMI by both age and sex,
as well as an association between age and sex, differences in
scores on the obesity risk factors were examined (a) by age
group based on a median split (i.e. =24 years v. > 24
years), (b) by sex and (c) between the four categories resulting
from both age and sex split, i.e. young males (=24 years),
older males (>24 years), young females and older females.
Independent ¢ tests were used to examine (a) and (b), and
one-way ANOVA, with Scheffé for post hoc testing, was
used to examine (c).

Young males (n 39) had a mean age of 19-4 (SD 1-5) years
and a BMI of 23-4 (sp 4-4) kg/mz. Older males (n 55) had
a mean age of 427 (sb 11-6) years and a BMI of 26.7
(sp 4-5) kg/mz. Young females (n 127) had a mean age
of 199 (sp 2.0) years and a BMI of 23-3 (sp 4-3) kg/mz‘

Older females (n 101) had a mean age of 394 (sp 11-1)
years and a BMI of 24-9 (sp 4-5) kg/mz.

Table 2 shows the dietary factors split by age and sex.
Males tended to report eating less healthily than females,
although females were more likely to report eating for non-
hunger reasons and more negative social influences on
eating. Independent ¢ tests by sex confirmed that males were
significantly less likely to eat healthy foods than females
and that males reported eating higher amounts than females.
In contrast, females were significantly more likely than
males to report eating for reasons other than hunger (emotional
eating, eating when bored), and greater negative social
influences on eating.

Overall, younger participants reported less healthy dietary
behaviours than those participants aged over 24 years; only
amount eaten did not follow this pattern, but the difference
on this factor was not significant (Table 2). The younger
group were significantly less likely to eat healthy foods,
more likely to eat for emotional reasons, more likely to
report negative social influences on eating and more likely
to eat convenience foods than their older counterparts.

One-way ANOVA between the four age/sex categories
revealed significant differences between groups on all five
dietary factors (Table 2). Post hoc Scheffé tests showed that
older females reported significantly more eating of healthy
food compared with young males and females. Older males
also ate more healthy foods than young males. Both older
and young females reported eating lesser amounts than older
and young males, and older males and females ate fewer con-
venience foods than young males and females. Young females
reported more frequent eating for emotional reasons than older
males and females, and also more social influences on eating
than older males.

Table 2 also shows the five activity factors split by age
and sex. Independent ¢ tests by sex showed that there were no
differences on any of the activity factors. However, any sex
effects of travel to work are confounded by the relationship of
this factor to age group (see below), as there are more older

ssa.d Ansseniun abpriquied Aq auljuo paysiignd 209000015t L L£000S/ZL0L 0L/BIo 10p//:sdny


https://doi.org/10.1017/S0007114510000607

MS British Journal of Nutrition

Table 2. Scores on BMI and dietary, activity and other factors by age and sex
(Mean values and standard deviations)

Males Females
=24 years >24 years =24 years >24 years One-way ANOVA Independent t tests Independent t tests by age
(n39) (n55) (n127) (n101) by age and sext by sex (males v. females) group (young v. old)
Mean Mean
Mean sb Mean sb Mean sD Mean sb F(3,318) P Post hoc* #(320) P difference 95% CI 1(320) P difference 95% ClI
Dietary factors
Healthy eating 0-49 0-13 0-38 0-10 0-43 0-13 0-32 0-11 8-8 <0-001 1>24 26 0-011 0-04 0-01, 77 <0-001 0-10 0-08,
3>4 0-07 0-13
Emotional eating 0-64 0-12 0-58 0-14 0-66 0-12 0-61 0-12 252 <0-001 3>2,4 —23 0.025 —0-03 —0-06, 4.0 <0-001 0-06 0.03,
—0-01 0-08
Social influences 0-29 0-10 0-26 0-07 0-32 0-10 0-28 0-11 6-1 <0-001 3>2 -28 0-006 —-0-03 —0-06, 36 <0-001 0-04 0-02,
—0-01 0-06
Amount eaten 0-67 0-16 0-70 0-13 0-58 0-16 0-58 0-15 101 <0-001 1,2>3,4 5.4 <0-001 0-10 0.06, 0-14 -1.2 NS —0-02 —0-06, >
001 K
Convenience food 0-45 0-09 0-35 0-09 0-42 0-12 0-33 0-10 297 <0-001 1,3>2,4 11 NS 0-02 —0-01, 7-3 <0-001 0-09 0.-06, g
0-04 0-11 =
Activity factors 9
Physical activity 0-49 0-16 0-54 0-17 0-55 0-15 0-52 0-15 1.4 NS -1.0 NS —0-02 —0-06, 0-4 NS 0-01 —0-083, =N
0-02 0-04 =
Television watching 0-52 0-12 0-47 0-13 0-51 0-13 0-46 0-14 3.2 0-022 0-05 NS 0-01 —0-02, 3.0 0-003 0-04 0.02, a
and computer use 0-04 0.07 5
Travel to work 0-40 0-27 0-81 0-28 0-57 0-32 0-84 0-26 32.2 <0-001 1<2,3,4 -1.2 NS —0-05 -0-13, -92 <0-001 —-0-30 —0-36, @
or college 3<24 0.03 —0-24 %’_
Social influences 0-22 0-11 0-22 0-10 0-25 0-13 0-22 0-12 1.2 NS 11 NS —0.02 —0-05, 1.5 NS 0-02 —0.-01, =
0-01 0-05 o
Mechanised transport 0-48 0-18 0-51 0-18 0-46 0-17 0-46 0-20 1.0 NS 1.6 NS 0-04 —0-01, —0-06 NS —0-01 —0-05, %
008 0-03 =
Other factors z
Dieting behaviour 0-43 0-18 0-52 0-20 0-54 0-19 0-55 0-22 3.7 0-012 1<3,4 —24 0-020 —0-06 —0-11, -1.2 NS —0-03 —0-07, il
~0.01 002 2
Parental 0-52 0-22 0-55 0-24 0-53 0-22 0-54 0-25 0-2 NS 0-2 NS 0-00 —0-05, -0-8 NS —-0-02 -0.-07, —
encouragement 0.06 0-03
to be active
Alcohol consumption 0-58 0-21 0-60 0-25 0-50 0-19 0-54 0-25 29 0-034 26 0.010 0-07 0-02, 0-12 -1.7 NS —0-04 —0-09,
0-01
Amount of sleep 0-41 0-14 0-70 0-16 0-52 0-18 0-69 0-17 44.2 <0-001 1<2,3,4 -0-5 NS —-0-01 —-0-06, -10-7 <0-001 —-0-20 —0-24,
3<2,4 0.03 —0-16
Mother’s weight 0-63 0-15 0-62 0-18 0-64 0-16 0-59 0-20 1.4 NS 0-2 NS 0-00 —0-04, 1.8 NS 0-04 —0-003,
tendency 0-05 0-07
Father’s weight 0-54 0-16 0-51 0-14 0-56 0-15 0-48 0-14 4.9 0-002 3>4 —-01 NS —0-00 —0-04, 3-8 <0-001 0-06 0-03,
tendency 0-03 0-09
Early maturation 0-70 0-20 0-68 0-15 0-62 0-18 0-64 0-19 24 0-068 26 0-009 0-06 0-01, -05 NS —0-01 —0-05,
0-10 0-03
Overall mean score 0-50 0-05 0-53 0-05 0-51 0-06 0-51 0-06 2.8 0-040 1.0 NS 0-01 —-0-01, -18 NS —0-01 —0-02,
0-02 0-001

*Results of post hoc Scheffé tests were significantly different between the indicated groups (P<0-05).
1 Group 1, males = 24 years; group 2, males > 24 years; group 3, females = 24 years; group 4, females > 24 years.
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than young males in the sample, and more young than older
females. Post hoc Scheffé tests (Table 2) of a one-way
ANOVA by age and sex grouping did show that younger
males had healthier behaviour with regard to travel to work
compared with all other groups and younger females used heal-
thier modes of travel to work than both older males and females.

Independent 7 tests on the activity factors by age group
showed that younger participants spent significantly more
time watching television or DVDs or using a computer
for recreation than the participants aged over 24 years, and
that the younger age group had much healthier behaviour
regarding travel to work (Table 2).

Table 2 also shows the seven remaining obesity risk factors
(‘other’) split by age and sex. An overall mean score of all
seventeen factors was also calculated, and differences on
this variable by age/sex are shown in Table 2. A one-way
ANOVA revealed a significant difference on the dieting beha-
viour factor, with young males reporting less (or more suc-
cessful) dieting behaviour than older and young females.
Amount of sleep was also significant, with young males
reporting more sleep than the other three groups. Young
females reported more sleep than older males and females
and also significantly worse paternal weight behaviour (over-
weight and/or more dieting) than older females. There was an
overall significant effect on alcohol consumption and on the
mean score of all seventeen factors, with older males having
the highest scores on these two measures, although post hoc
Scheffé tests did not show any significant differences between
individual groups.

Independent ¢ tests on the other factors by sex showed that
females were more likely to participate in weight-control
behaviour than males. Males reported more alcohol consump-
tion than females and also had higher scores on the
early maturation factor, that is, they were more likely to
report being heavier at birth or taller than their peers at age
7 years (Table 2).

Younger participants were more likely to report parents as
having more weight problems (higher parental weight and/or
more weight-control behaviour), and this was significant for
fathers (Table 2). This could be a reflection of the increasingly
overweight population in recent years or that the young of
today are more tuned in to weight issues generally. Younger
participants reported much healthier sleep patterns (i.e. more
sleep) than the older age group, although this could be a
function of lifestyle or contextual factors in this age group.

Differences on factor scores by weight category

In order to examine whether any of the obesity risk factors could
differentiate between the four weight categories, one-way
ANOVA by weight category were conducted on each of the
seventeen factors. The mean BMI scores for these weight
categories were: underweight 17-8 (sp 0-5) kg/m?, normal
weight 21-9 (sp 1-6) kg/m?, overweight 27-0 (sp 1-3) kg/m?
and obese 349 (sp 3:2) kg/mz. Of the five dietary factors,
three differentiated weight categories, i.e. emotional eating,
amount eaten and social influences on eating (Table 3).
Emotional eating scores tended to be higher as weight increased,
and post hoc Scheffé tests showed that the obese were signifi-
cantly more likely to report eating for non-hunger reasons
than each of the other three weight categories. The overweight

and obese were both significantly more likely to report eating
higher amounts than the normal-weight group and the under-
weight reported eating lower amounts that each of the other
three weight categories. There was an overall significant
effect on social influences on eating, with the underweight
having the highest score (i.e. most negative influences), and
post hoc Scheffé tests showed the underweight had significantly
higher scores than the overweight group.

Of the activity factors, three were able to differentiate
between weight categories (Table 3). Post hoc Scheffé tests
showed that the obese participated in significantly lower
amounts of exercise and physical activity than each of the
other three weight groups. The overweight were less likely to
walk or cycle to work than the normal-weight category, and
the obese were much more likely than the other three groups
to use the car for short distances or use the lift rather than
the stairs.

Of the other obesity risk factors, three were able to differen-
tiate between weight categories (Table 3). Not surprisingly the
dieting factor strongly differentiated between weight groups,
with the underweight and normal-weight group participating
in significantly less (or more successful) dieting behaviour
than the overweight and obese groups. Sleep was also signifi-
cant, with the underweight and normal-weight groups reporting
having more sleep than the overweight and obese, although
post hoc Scheffé tests only showed a significant difference
between the normal and overweight categories (Table 3).

Both early maturation and parental encouragement to be
active scores rose with weight but not sufficiently to reach
significance (Table 3). Neither mother’s nor father’s weight
tendency differentiated between weight categories. Finally,
an overall mean of all factors showed a steady increase
across weight categories and post hoc Schefté tests showed
it clearly differentiated the normal-weight and underweight
from the overweight and obese weight categories (Table 3).

Regression analysis

A stepwise regression analysis of all seventeen factors plus age
on log of BMI was performed (a) for the whole sample and
(b) split into the four sex/age category groups reported above.
A log transformation of BMI was carried out, as BMI itself
was highly positively skewed, and the log transformation
notably reduced the problems inherent in the skewed data,
whilst not greatly having an impact on the results of the analysis.
Stepwise regression was chosen to clarify the solution(s), as
an Enter regression for the whole group only explained
an additional 1-5 % of the variance, indicating that the excluded
factors did not account for much additional variance in BMI.
The results of this regression are shown in Table 4.

The solution for the whole sample explained 39-2 % of the
variance in log(BMI) and nine factors reached significance:
physical activity was the first factor selected, explaining
10-:3 % of the variance in BMI, dieting behaviour explained
an additional 10-4 %, amount eaten 7-2 %, age 5-2 %, amount
of sleep 1-3 %, healthy eating 1.6 %, early maturation 1-6 %,
and alcohol consumption and social influences on eating
0-8% each. The last two factors were each related in a
negative direction, i.e. lower alcohol consumption and fewer
negative influences on eating were related to higher BMI.

ssa.d Ansseniun abpriquied Aq auljuo paysiignd 209000015t L L£000S/ZL0L 0L/BIo 10p//:sdny


https://doi.org/10.1017/S0007114510000607

MS British Journal of Nutrition

Table 3. Scores on dietary, activity and other factors by weight category
(Mean values and standard deviations)

Underweight Normal (BMI Overweight (BMI Obese
(BMI < 185 18.5-24.9 kg/m?) 25.0-29-9 kg/m?) (BMI = 300 One-way ANOVA by
kg/m?) (n 11) (n 194) (n 85) kg/m?) (n 32) weight categoryt
Mean SD Mean sD Mean SD Mean SD F(3,318) P Scheffé post hoc test* UJQ>
[¢]
Dietary factors g
Healthy eating 0-43 013 0-39 013 0-40 012 0-42 017 0-8 NS -
Emotional eating 0-56 0-11 0-62 012 0-63 0-14 0-71 0-14 5.6 <0-001 1,2,3<4 §
Social influences 0-37 0-15 0-30 0-10 0-27 0.07 0-28 0-14 3-8 0-010 1>3 o
Amount eaten 0-44 0-16 0-59 0-15 0-65 0-15 0-68 018 9.9 <0-001 1<2,8,42<3,4 ;%
Convenience food 0-39 015 0-39 0-11 0-39 0-11 0-37 012 0-3 NS a
Activity factors §
Physical activity 0-52 0-19 0-51 0-15 0-54 0-16 0-67 012 114 <0-001 1,2,3<4 :
Television watching and computer use 0-45 0-13 0-48 0-13 0-49 0-14 0-50 0-14 0-6 NS 2
Travel to work 0-53 0-31 0-62 0-33 075 0-32 0-79 0-30 5.4 0-001 2<3 ]
Social influences 0-30 0-22 0-23 0-12 0-23 0-11 0-23 0-12 1.3 NS g
Mechanised transport 0-35 013 0-46 0-18 0-47 0-19 0-58 0-19 5.6 0-001 1,2,3<4 c
Other factors g
Dieting behaviour 0-38 0-20 0-49 0-21 0-59 017 0-60 0-20 87 <0-001 1,2<3,4 =
Parental encouragement to be active 0-42 0-22 0-52 0-22 0-56 0-26 0-59 0-25 1.8 NS w
Alcohol consumption 0-48 0-18 0-54 0-22 0-58 0.22 0-47 0-26 2:2 NS %
Amount of sleep 0-54 0-23 0-55 0-19 0-65 0-16 0-66 0-21 6-6 <0-001 2<3
Mother’s weight tendency 0-67 0-17 0-61 0-17 0-63 0-18 0-62 0-19 0-6 NS
Father’s weight tendency 0-59 0-17 0-51 0-14 0-54 0-15 0-51 0-16 1.8 NS
Early maturation 0-62 0-16 0-63 0-18 0-65 0-19 0-71 0-19 1.9 NS
Overall mean score 0-47 0-04 0-50 0-05 0-53 0-05 0-55 0-06 167 <0-001 1,2<3,4

* Results of post hoc Scheffé tests were significantly different between the indicated groups (P<0-05).
1 Group 1, underweight; group 2, normal weight; group 3,overweight; group 4, obese.
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Table 4. Stepwise regression analysis of the seventeen factors plus age on log(BMI)

J. A. Chambers and V. Swanson

Whole sample Young males Older males Young females Older females
(n322) (n39) (n 55) (n127) (n101)
B P B P B P B P B P
ANOVA (all significant at P<0-001) F(8,313) = 22-4 F(4,38) = 10-5 F(3,51) =95 F(4,122) = 13.0 F(5,95) = 15-6
Multiple r 0-626 0-744 0-600 0-570 0-682
Adjusted r? 0-375 0-501 0-322 0-297 0-438
Amount of variance explained (r?) (%) 392 55-4 36-0 32:5 46-6
Significant factors
Physical activity 0-304  <0-001 0-278 0-017 0-452  <0-001 0-343  <0-001
Dieting behaviour 0283  <0-001 0-448  <0-001 0-298  0-019 0-252 0-001 0-348  <0-001
Amount eaten 0252  <0-001 0-243 0-003 0-234 0-003
Age 0-215  <0-001 0-164 0-035
Healthy eating 0-180 0-001 0-333 0-008
Amount of sleep 0-149 0-007 0-345 0.007
Early maturation 0-124 0-007 0-429 0-001
Alcohol consumption —0-100 0-034 -0-234 0-021
Social influences on eating —0-094 0-042 —0-358 0-005

Emotional eating
Mother’s weight tendency

0-337  <0-001
-0-270 0-001

For the young males, only four factors reached significance,
and the solution explained 55-4 % of the variance in log(BMI):
dieting behaviour explained 21-8 % of the variance, healthy
eating an additional 10-3 %, early maturation 12-4 % and
social influences on eating 10-9 %. For older males, the sol-
ution explained 36-0 % of the variance with only three factors
reaching significance: dieting behaviour explaining 20-2 %,
amount of sleep 8:1% and physical activity 7-7 %. For
young females, the solution explained 32-5 % of the variance,
with five factors reaching significance: physical activity
explained 156 % of the variance, amount eaten a further
69 %, dieting behaviour 4-2 %, alcohol consumption 3-2 %
and age 2-6 %. As with the whole sample, alcohol consump-
tion was associated in a negative direction with BMI. Finally
for older females, 46:6 % of the variance in log(BMI) was
explained, with five factors reaching significance, two of
which were not significant for the whole sample: emotional
eating was the most important factor explaining 20-3 % of
the variance in BMI, dieting behaviour explained an additional
7-7 %, physical activity 8-3 %, mother’s weight tendency 5-2 %
and amount eaten 5-1%. Mother’s weight tendency was
associated in a negative direction, i.e. those with higher
BMI reported their mothers as being of lower weight and/or
exhibiting less dieting behaviour.

Discussion

This previously developed comprehensive measure of obesity
risk resulted in seventeen factors which are examined in the
present report in relation to age, sex, weight category and
BMI. Of the eating factors, both emotional eating and amount
eaten clearly differentiated the weight categories, with the
obese reporting more emotional eating than any other group,
with both the overweight and obese reporting eating higher
amounts than the normal-weight group, and the underweight
reporting eating less than all other groups. Interestingly, in
this sample, there were no differences between weight groups
with respect to either the eating of healthy foods or the eating
of convenience foods, which is representative of unhealthy

eating patterns. Further, although social influences on eating
differed between weight categories, this was in an unexpected
direction, with the underweight having the highest scores, and
the overweight and obese the lowest.

It is now suggested that the abundance of easily obtainable,
energy-dense food in our society, making it easy to follow our
innate impulse to store food in times of plenty as protection
against future famine, is fuelling the obesity crisis'”. Our find-
ing that the obese reported much more eating for non-hunger-
related reasons (anxiety, depression, boredom) than the other
three groups suggests that they may be more at risk from
this abundance, and that behavioural interventions at an indi-
vidual level will need to address underlying psychological
motivations for eating, as well as actual dietary behaviours.

It is well accepted that social desirability may play a part in
the reporting of eating behaviours among the overweight,
where under-reporting is thought to be common®, so it is inter-
esting to note that the overweight and obese did report higher
amounts of food consumption in the present study. Question-
naire items which load on this factor include ‘I tend to eat every-
thing put in front of me’ and ‘I feel I’ ve eaten or drunk more than
I should’, which may be less transparent about what they are
measuring than the item ‘When ordering food or drink items
I choose the largest size’ (which also loads on this factor), and
hence led to more honest responses. Additionally it is possible
that the overweight simply perceive that they eat large amounts,
as they are aware that they have a weight problem. Nonetheless
the underweight, who might be supposed to be unworried about
reporting eating a lot, also reported much lower food consump-
tion that the other three groups and normal-weight participants
reported eating less than both the overweight and obese groups.
The results suggest that those of low or normal weight may be
better able to self-regulate food intake to energy expenditure
than the overweight and/or obese who may be more susceptible
to external cues.

The fact that healthy and unhealthy eating patterns were not
able to distinguish weight groups in this sample may be due to
the relatively healthy eating reported by this high socio-
economic group, and therefore this would need to be examined
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in a much wider demographic. Nonetheless, if healthy eating
is to be shown to be less important than psychological influ-
ences on food consumption and amount eaten, this has notable
implications for the many current initiatives promoting
healthy eating as a means of tackling the obesity crisis,
notwithstanding the need to eat healthily in the wider health
context. If individuals simply eat too much, and are motivated
by non-hunger-related reasons, the type of food eaten may be
of less importance than is perhaps generally thought.

Active participation in physical activity and exercise,
mode of travel to work and use of mechanised transport
were all able to differentiate weight categories, especially of
the obese from the other weight groups. As expected, activity
levels generally seem to be an important factor in determining
BMI. Again, with regard to participation in physical activity,
psychological motivations may be important, and activity
levels in the already overweight are likely to be reduced,
due to perceived barriers such as embarrassment as well as
physical difficulties in taking exercise. Higher scores on
amount of sleep (i.e. less sleep) and the overall mean score
of all factors were also observed in the overweight and
obese v. the underweight and normal-weight groups. Short
sleep has been associated with increased weight in children,
but the results in adults are more mixed®?. In the current
sample, the association of lower amounts of sleep with
higher BMI may be explained by the association of both
with older age, as the young age group reported better
(i.e. more) sleep. As many of this group were students,
these healthier sleep patterns may simply reflect increased
opportunities to sleep longer, though it could also be a sign
of more sleep difficulties in older adults. Nonetheless, our
findings suggest that further exploration of this area is
required, especially as sleep is generally overlooked as a
risk factor in obesity studies.

Not surprisingly, the underweight reported much less diet-
ing behaviour than the other three weight groups, and the
normal weight also reported less dieting than the overweight
and obese. Unfortunately, although the questionnaire has indi-
vidual items relating to both past and present weight-control
behaviour, all of these items loaded on just one factor,
which makes it hard to determine whether past behaviour,
such as yo-yo dieting, is a determinant of BMI in the present
study or whether the increased dieting behaviour in the over-
weight groups is a response to their weight gain.

Regression analysis for the whole group, which included all
seventeen factors plus age as predictor variables, predicted
two-fifths of the variance in BMI, with physical activity, diet-
ing behaviour, amount eaten and age being the strongest pre-
dictors. Quite different patterns in the regression analysis
emerged by age/sex group, with the greatest differences
being between the young males and the other three groups.
For young males, dieting behaviour, healthy eating and
early maturation were the strongest predictors, with social
influences on eating also being related to BMI, but in a nega-
tive direction, i.e. the fewer reported influences, the higher
the BMI. It is possible that this may be a social desirability
response.

Physical activity participation and amount eaten did not
reach significance for young males, although it should be
noted that this group had the highest levels of reported
physical activity and the second highest scores on amount

eaten overall. Sleep only reached significance as a predictor
for older males, alongside physical activity and dieting
behaviour. Physical activity, dieting behaviour and amount
eaten were significant predictors for both young and older
females. Emotional eating only reached significance for
older females.

Overall, males reported eating more than females, perhaps
explaining why amount eaten was a more important predictor
of BMI for females than males. For older males, more dieting
behaviour was associated with higher amounts eaten, which
supports the notion of yo-yo dieting, where weight loss is fol-
lowed by increased weight gain. In young males, it seems
likely that the higher amounts they reported eating still
match their overall energy expenditure, but this may become
a problem as they age and their activity levels decrease. Inter-
estingly, less eating of healthy foods was associated with
higher BMI in this group only, and this may need to be a
target area for young males, who also scored markedly
worse on this factor than the other groups.

These different patterns indicate that the relationship
between the various risk factors and obesity may be even
more complex than imagined, and may differ by both sex
and age group. Many studies do not make these distinctions,
so we have shown that it is important for future research to
take this into consideration, even to the extent that different
interventions may need to be targeted at different groups.

An important finding of the regression analysis is that, when
a comprehensive range of factors was included simul-
taneously, two of the strongest predictors of higher BMI
were lack of physical activity participation (energy out) and
higher amounts eaten (energy in). If these results replicate in
other groups, then this suggests that a key approach in solving
the obesity problem could be to provide individuals with strat-
egies required to help them regulate this basic energy
equation, rather than necessarily concentrating on the types
of food eaten, or encouraging participation in specific forms
of regular exercise, which may be difficult to sustain. Interven-
tions would particularly include examining psychological
influences on eating, and motivations for physical activity par-
ticipation, as well as providing effective means of monitoring
weight, to ensure that a positive energy balance is not allowed
to continue over a prolonged period of time. Such approaches
could be useful in preventing individuals becoming over-
weight in the first place, as well as helping maintain weight
loss and preventing further weight gain in the already
overweight.

There were also important findings regarding different
patterns by age in the present study, particularly with respect
to eating behaviour. Young participants consistently reported
less healthy eating, more emotional eating and more negative
influences on eating than their older counterparts, although the
effect of this was offset in the present study by their increased
general activity levels, which is likely to explain their lower
BMI. However, as we may expect that activity levels decrease
with age, if the potentially harmful eating patterns of this
young group are not addressed, they may well end up with
greater weight problems than the previous generation, who
here reported much healthier eating. If this pattern of
poorer eating habits is replicated in other young samples,
then this could have serious implications for the predicted
rise in obesity levels.
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Limitations

We used a self-report questionnaire, which is open to possible
reporting biases; however, the fact that the overweight did
report eating larger amounts suggests that some of these
expected biases have been negated by careful choice of item
wording. Weight and height were also self-reported in the pre-
sent study, but previously reported validation of the resulting
BMI scores/weight categories with items relating to clothes
size®® as well as high correlations with both participants’
and their families’ views of their being overweight and/or
needing to lose weight>® suggested fairly accurate reporting.

This self-selected sample was biased towards higher socio-
economic groups, younger age group, and also towards lower
BMI, meaning that the results may not generalise to the wider
population and need to be replicated in a wider demographic
sample. Also the age/sex split resulted in uneven numbers
between groups, meaning that the reported differences in the
regression analysis may also have affected the results for
the whole sample. In addition, reported levels of obesity in
the present study were higher in males than females, counter
to the national trend for Scotland(33), and this bias may
also have affected the findings. Finally, the study was cross-
sectional, and so a longitudinal study is needed to see to
what degree these obesity risk factors can predict weight
gain and/or future BMI. There was an added confound of
the dieting behaviour factor, where items relating to both
past and present behaviour loaded on this factor. This will
need to be addressed in future versions of the questionnaire.

Summary

We have developed an easy-to-use self-report questionnaire,
which has allowed us to examine the relative importance of
a wide range of obesity risk factors in determining BMI.
Physical activity and amount eaten, alongside current and
past dieting behaviour, and to a lesser extent age, were the
most important predictors of BMI. Significant predictors dif-
fered by age group and sex, with stepwise regression analysis
predicting between 25 and 55 % of the variance in BMI.
Young participants reported much less healthy eating beha-
viour than the older age group, which has important impli-
cations for future obesity levels, as activity is expected to
decline with age.
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