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Abstract

Objective: Dietary fibre is essential for a healthy diet; however, intake is often
inadequate. Understanding of sources of dietary fibre and familial factors associ-
ated with intake in adolescents is limited, hampering efforts to increase intake. We
aimed to determine adequacy of dietary fibre intake in adolescents, examine how
intake changes from mid to late adolescence, identify major food sources and
explore associations with familial factors.

Design: Dietary fibre intake measured with semi-quantitative FFQ and sources
calculated with the AUSNUT database. Familial factors determined by questionnaire.
Setting: Western Australian Pregnancy Cohort (Raine) Study.

Participants: Generation 2 adolescents from the 14- (12 1626) and 17-year (12835)
follow-ups.

Results: Mean intake of dietary fibre did not meet national dietary guidelines other than
for females aged 14 years. Mean intake of both sexes was lower at 17 years
(23:0(sp 10:0) g/d) than at 14 years (24-3(sD 9-0) g/d, P<0-001). The quantity of
dietary fibre consumed per megajoule also decreased (2:6 (sp 0-7) g/MJ at 14 years,
2:5(sp 09 g/MJ at 17 years, P=0-007). The greatest source of dietary fibre
was cereals and grains, followed by fruits, then vegetables. In multivariable
mixed-model analysis, female sex, Caucasian race, age 14 years, good family
functioning, high level of parental education and high energy intake were inde-
pendently associated with higher dietary fibre intake.

Conclusions: Our study highlights an age range and characteristics of adolescents
lacking in dietary fibre, thereby identifying target populations for interventions
to improve dietary fibre intake across adolescence, which would lead to better
health.
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Dietary fibre has beneficial effects on gastrointestinal,
cardiovascular and metabolic conditions"* and is con-
sidered a key component of a healthy diet. Adolescents’
dietary fibre intake is inadequate in most of the Western
world, including Australia®® . This is despite establishment
of minimum intake guidelines in most developed regions
and countries, including Canada, the USA, Australia, New
Zealand, Europe, Ireland and the UK®7?. Worldwide
dietary consumption trends away from fibre-containing
foods towards highly processed ‘fast foods’ likely contrib-
ute to the high prevalence of inadequate intake of dietary
fibre1?,

While there are data to show how intake changes
between adolescence and adulthood®, how dietary fibre

*Corresponding autbor: Email Wendy.Oddy@utas.edu.au

intake changes from mid to late adolescence within the
same group is unknown. The dietary fibre intake of adoles-
cents may have long-term implications, as dietary patterns
track from adolescence to adulthood-13,

Previous data from Australian surveys suggest that the
largest food group contributor to dietary fibre in all age
groups is breads and cereals, followed by vegetables"'?.
However, the current contribution of these food groups
to Australian adolescents’ dietary fibre intake is unknown.

While adolescence is a time when young people tend to
gain independent access to food and greater control of their
diet!, parenting styles, the strength of family relationships
(family functioning) and how strictly parents enforce
diet have a considerable impact on food intake in children
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and adolescents'*”. Additionally, factors such as being
in a two-parent family and having more highly educated
parents have been associated with a healthy dietary
pattern®. These studies demonstrate the influence of
parents over their children’s diet and that this influence
may persist through to young adulthood, highlighting
the potential of familial factors to target interventions
where they may be most effective to encourage healthy
eating behaviours.

Previous research has focused largely on overall diet or
fruit and vegetable intake/®!? with no known studies
examining the associations between familial factors and
dietary fibre intake specifically. Additionally, the impact
of parental influence has not been studied in relation to
the transition of adolescents from a more controlled home
diet to increasingly available self-chosen alternatives,
although there is evidence that parental control and rela-
tionships with food can influence the diet of adolescents
after they move out of home®".

The present study in a large, longitudinal adolescent
population provided an opportunity to examine food
sources and intake of dietary fibre and associated familial
factors. The aims were to:

1. determine the adequacy of dietary fibre intakes in a
representative sample of Australian adolescents based
on dietary guidelines;

2. compare dietary fibre intakes in mid and late adoles-
cence overall and by sex;
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3. identify which food groups provide the major sources
of dietary fibre during adolescence and how they differ
with age and sex; and

4. examine associations between dietary fibre intake and
sex and familial factors, and how these associations
differ from mid to late adolescence.

Methods

Participants

Participant data for the present study were taken from the
Western Australian Pregnancy Cohort (Raine) Study. In the
study, 2900 pregnant women were recruited between 1989
and 1991, with 2868 live births. The children (Generation 2)
and their families were followed up at multiple time points
from birth to young adulthood. Detailed cohort information
has been published elsewhere?>?®. Data for the 14- and
17-year follow-ups were collected between 2003 and
2009. Initial participant numbers were 1864 at the 14-year
follow-up and 1726 at the 17-year follow-up, with 1632 and
1009 individuals respectively with complete dietary data
(Fig. D. After exclusion for those without complete dietary
data and variables of interest, 1626 participants remained
from the 14-year follow-up and 836 from the 17-year
follow-up. Further exclusion of one participant with
missing data on sex left 835 participants with data on all
variables at both the 14- and 17-year follow-ups.

Birth 2868 |

A 4
Deaths 32

Withdrawn 412
Lost to follow-up or deferred 560

Y

Age 14 years

Y

Deaths 36
Withdrawn 480
Lost to follow-up or deferred 626

Y

Age 17 years

1864 1726
Y A 4
Completed Complete dietary data at Complete
dietary data » ages 14and 17 years |« dietary data
1632 883 1009

Y

Complete data
1626

v

Complete data at
ages 14 and 17 years
835

Complete data

835

Fig. 1 Number of participants in the Western Australian Pregnancy Cohort (Raine) Study at 14- and 17-year follow-ups and number
with complete variables at each age. ‘Complete dietary data’ includes FFQ items, dietary fibre intake and energy intake. ‘Complete
data’ includes dietary data and all familial factors examined in the present study
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Sociodemograpbic and familial variables

Sociodemographic information, including family status,
parental employment, financial benefits and household
income, was obtained from questionnaires completed
by the primary caregiver of the participant at the 14- and
17-year follow-ups. Family status was ‘single parent’ if only
one parent lived at home, or ‘two parents’ if either both
parents or one parent and their partner lived at home.
Parental education was surveyed at the 8-year follow-up
and the level of educational attainment of the most
well-educated parent was selected. Parental race was
recorded during pregnancy and the participant’s race
was categorised as ‘Caucasian’ if both parents were
Caucasian or ‘non-Caucasian’ if one or both parents were
non-Caucasian (Aboriginal, Asian or Polynesian). This is
due to interest in cultural differences which may be present
even when only one parent is of non-Caucasian race. Family
functioning was calculated from the general functioning
subscale of the McMaster Family Assessment Device, com-
pleted by the primary caregiver at the 14- and 17-year
follow-ups®®. The McMaster Family Assessment Device
general functioning subscale comprises twelve questions
designed to measure family communication and support.
Responses are scored between 1 (‘strongly agree”) and 4
(‘strongly disagree”), except for negatively worded questions
which are reverse scored. The scores for each of the twelve
questions are averaged, with possible total scores ranging
between 1 and 4. Scores of >2 are classed as poor family

functioning®?.

Dietary variables
All dietary intake data were obtained from the 212-item
Commonwealth Scientific and Industrial Research Organi-
sation (CSIRO) semi-quantitative FFQ. The questionnaire
was completed by the primary caregiver together with
the adolescent at age 14 years and by the adolescent alone
atage 17 years, and measures usual diet over the previous
12 months. Daily intakes of dietary fibre and energy intake
per person were provided from the FFQ data, using the
Nutrient Tables for use in Australia (NUTTAB) dietary com-
position database. Dietary fibre intake per megajoule was
calculated from those values. The CSIRO FFQ has been
shown to be valid and reliable for use in adolescents in
the Raine Study and the Australian population®=27. In
the Raine Study population, comparison of the CSIRO
FFQ with a 3d food record at age 14 years showed
a weak to moderate positive correlation for dietary fibre
(r=0-29 in females and r=0-43 in males, P<0-001
for both)®®. Similarly, comparison of the CSIRO FFQ
with two 4 d weighed food records in Australian women
found no evidence of fixed or proportional bias for dietary
fibre with weak to moderate correlation (r=0-310,
P<0:05)47.

The Australian Food and Nutrient Database (AUSNUT)
dietary composition database lists the quantity of dietary
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fibre in 100 g of each food item (see online supplementary
material, Supplemental Table S1). Items representative of
the foods included in the CSIRO FFQ were selected and
averages calculated when there was more than one entry
for a food item. Dietary fibre concentrations (g/100 g)
were combined with the grams of food consumed per
day as determined by the FFQ, resulting in an estimated
value of dietary fibre obtained per person from each food
item. The foods were grouped into cereals and grains,
fruits, vegetables, legumes, nuts and discretionary foods.
Discretionary foods are prepared foods with added fat
or sugar and are unnecessary for a healthy diet. Foods clas-
sified as discretionary include biscuits, pizza and cakes.
Foods were assigned in the vegetable category based on
judgement rather than botanical classification; this allowed
the inclusion of fruits such as capsicum, pumpkin and
green peas in the vegetable category, as these are widely
considered to be vegetables.

The Australian National Health and Medical Research
Council has established adequate daily intake levels of
dietary fibre for males and females over a range of ages®®.
These adequate intake cut-offs are based on the amount of
dietary fibre needed for adequate gastrointestinal function
and are calculated from median dietary fibre intake in
populations where laxation problems are uncommon.
Participants in our study were categorised into dietary fibre
intake groups based on the Australian guidelines, with
an adequate intake of dietary fibre for adolescents at both
ages defined as 28 g/d for males and 22 g/d for females
regardless of energy intake®.

Analytical methods

Comparison of characteristics of participants in the 14- and
17-year follow-ups was determined by y? tests. Comparison
of the Raine Study adolescents’ daily dietary fibre intake
with the Australian guidelines was achieved with one-
sample ¢ tests. For the purpose of comparison, dietary fibre
intakes were not energy adjusted to maintain consistency
with intake guidelines. Daily dietary fibre intake, energy
intake and dietary fibre intake per megajoule were com-
pared at the 14- and 17-year follow-ups using paired ¢ tests,
both overall and stratified by sex. The proportions of
participants in the adequate and inadequate intake catego-
ries were examined with y? tests.

Linear mixed-effects models were used to determine
associations between familial factors and continuous
dietary fibre intake at ages 14 and 17 years, including inter-
action terms to test for differences in associations at the two
time points. Familial factors to be included in the model
were chosen based on factors identified in the existing
literature. The final model was determined with backward
stepwise regression and the linear mixed-effects model
carried out using random intercepts. Random slopes were
tested and not used as they did not significantly add to the
model fit. As an interaction between energy intake and
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follow-up age was observed, average marginal effects were
calculated using 7 and 11 MJ/d as examples of low and high
energy intakes as they approximately represent the 25th
and 75th percentiles. Statistical analysis was performed
with R version 3.5.0%” and R studio version 1.1.4533%,

Results

The majority of the Raine Study participants were
Caucasian (88 %). At ages 14 and 17 years, most partici-
pants came from a two-parent family that did not receive
financial benefits. However, the proportion with parents
receiving financial benefits was significantly higher in those
attending the 17-year follow-up compared with the 14-year
follow-up (31 and 26 %, respectively, P=0-01). At both
follow-ups, their parents were likely to be employed, with
at least one parent educated past Year 12 (Table D).
Parental employment and family income were both signifi-
cantly higher at the 17-year follow-up (P < 0-001 for both).

Table 1 Characteristics of adolescents and their families who
participated in the 14- and 17-year follow-ups of Western
Australian Pregnancy Cohort (Raine) Study

Age 14 years Age 17 years
(n1626) (n835)

n Vald% n Valid% Pvalue

Sex
Female 791 487 430 515 0-19
Family status
Two-parent 1268 781 662 805 0-18
Single-parent 356 219 160 195
Receive benefits
Yes 419 259 258 309 0-01

Highest level of parental education*
No formal qualification 191  12.7 80 10.0 0-06

Year 12 150 10.0 74 9-3
TAFE/tradet 505 336 253 317
University 658 43-8 392 491

Primary caregiver employment status
Unemployed 388 239 130 156 <0-001
Employed 1233 761 705 844

Annual family income ($AU)
<35000 380 238 107 13-0 <0-001
35001-70 000 566 354 201 245
70001-104 000 358 2244 235 286
>104 000 294 184 278 33

Family functioningt
<2 1048 647 512 617 0-15
>2 571 35:3 318 383

Race
Caucasian 1406 883 723 882 1-00
Non-Caucasian§ 187 11.7 97 118

Dietary fibre intake ||
Adequate 678 41.7 300 359 0-01

Valid % excludes those with not stated responses.

*Highest level of education of either parent.

TTAFE, Technical and Further Education.

fFamily functioning <2 indicates good family relationships while >2 indicates
potential problematic relationships.

§Race category ‘non-Caucasian’ includes Aboriginal, Asian and Polynesian.

| Adequate intake based on recommended adequate intake of 22 g/d for adolescent
females and 28 g/d for adolescent males(®®),
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Most participants had a low family functioning score, indi-
cating good family relationships. The proportion of all par-
ticipants with adequate dietary fibre intake was
significantly lower at the 17-year follow-up than at the
14-year follow-up (36 and 42 %, respectively, P=0-01;
Table 1).

Mean dietary fibre intake in males at ages 14 and 17
years (P<0-001 for both) and females at age 17 years
(P=0:006) was significantly lower than the Australian
adequate intake guidelines, while mean intake in females
at age 14 years was greater than adequate (P<0-00D).
The proportion of females with adequate dietary fibre
intake (>22 g/d) was significantly lower at age 17 years
(40 %) than at age 14 years (49%) in paired analysis
(P=0-02). The same was seen in males, with the propor-
tion with adequate intake (>28 g/d) higher at age 14 years
(35 %) than at 17 years (32 %, P < 0-001; Table 2).

In paired analysis (Table 2), overall mean intake of
dietary fibre was significantly lower at age 17 years com-
pared with age 14 years (P <0-001), as was the quantity
of dietary fibre consumed per megajoule (P=0-007).
However, energy intake did not differ significantly
between ages 14 and 17 years (P =0-87). In females, there
was a significant reduction in mean daily intake of dietary
fibre (P<0-001) and energy intake (P <0-001) at age 17
years compared with age 14 years. As a result, the intake
per megajoule in females from age 14 to age 17 years
was relatively unchanged (P=0-37). In males the mean
daily dietary fibre intake remained steady between ages
14 and 17 years (P= 0-63), while energy intake was signifi-
cantly higher at age 17 years (P < 0-001). Consequentially,
intake of dietary fibre per megajoule was significantly lower
at age 17 years than at age 14 years in males (P < 0-001).

Sources of dietary fibre differed from age 14 to 17 years
(see online supplementary material, Supplemental Table S1
for detailed information regarding sources of dietary fibre).
Overall, adolescents aged 17 years gained more dietary fibre
from cereals and grains, less from fruits, and more from
vegetables than at age 14 years (Fig. 2(a)). Females obtained
less dietary fibre from fruits and discretionary foods and
more from vegetables at age 17 years than at age 14 years
(Fig. 2(b)), and males consumed more from cereals and
grains and less from fruits (Fig. 2(c)). Males consumed more
dietary fibre from cereals and grains and discretionary foods
than females at ages 14 and 17 years, along with lower
intakes from fruits and vegetables (see Supplemental
Table S2 for exact proportions and quantities). Sources of
dietary fibre also differed between those with adequate
and inadequate intakes. Those with adequate intake
obtained more dietary fibre from fruits, while those with
inadequate intake had a higher intake from cereals and
grains, vegetables and discretionary foods (Supplemental
Table S3).

In general, the greatest sources of dietary fibre were not
foods rich in fibre, but rather foods eaten in the largest
quantities. Bran and wheat germ were by far the most
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Table2 Mean dietary fibre intake at age 14 years and 17 years, overall and by sex (paired), in adolescents participating in the 14- and 17-year
follow-ups of the Western Australian Pregnancy Cohort (Raine) Study

Overall Female Male
Age 14 years Age 17 years Age 14 years Age 17 years Age 14 years Age 17 years
Mean sb  Mean sSD vall:;e Mean sb  Mean SD vallaue Mean sb  Mean SD vaﬁje
n 880 880 466 466 414 414
Tﬁ:g:’gi(egt/adr)y 243 9.0 23.0 100 <0-001 234 91 211 86 <0001 254 88 251 110 0-63

Total energy 9.56 3-15 9.58 4.07 0-87 8.80 2.96 8.00 2.75 <0-001 1041 314 11.35 4.57 <0-001
(MJ/d)
Total dietary 2.6 0.7 2.5 0-9 0-007 2.7 07 2.7 1.0 0-37 2:5 07 2-3 0-8 <0-001
fibre (g/MJ)
P P P
n % n % value n % n %  value n % n % value

Intake level*
Adequate 372 42 318 36 <0001 229 49 185 40 0-02 143 35 133 32 <0-001

Three participants with inconsistent sex categorisation were excluded from the analysis.
*Adequate intake based on recommended adequate intake of 22 g/d for adolescent females and 28 g/d for adolescent males®®).

—
[Y)
=

Dietary fibre (%)

| U1

Cereals and Fruits Vegetables Discretionary Legumes Nuts
grains foods
Food grou

(b) group
60 -
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50 -
9 45
by 40
= 35}
i 30}
251
5 20
o 15+
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5 -

0 1 1 1
Cereals and Fruits ~ Vegetables Discretionary Legumes Nuts
grains foods
Food grou
(C) group

Dietary fibre (%)

| B 1 1

Cereals and Fruits Vegetables Discretionary Legumes Nuts
grains foods
Food group

Fig. 2 Percentage of dietary fibre intake obtained from each group of foods at age 14 years (n 1626; m) and age 17 years (n835; ),
overall (a) and in females (b) and males (c) separately, in adolescents participating in the 14- and 17-year follow-ups of the Western
Australian Pregnancy Cohort (Raine) Study. Values are means with their standard deviations represented by vertical bars.
Discretionary foods include biscuits, pizza and cakes (full food group contents are listed in the online supplementary material,
Supplemental Table S1)
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fibre-rich foods at 28 and 19 % fibre content, respectively;
however, they were consumed in such small amounts
that they contributed very little to dietary fibre intake at
ages 14 and 17 years (<1 % of daily dietary fibre intake).
Conversely, the highest contributor at age 14 years was
apples/pears (9-3% of daily dietary fibre intake), not
because they are particularly high in dietary fibre (2-6 %),
but because they were eaten in the largest quantities.
The highest contributor at age 17 years was wholemeal
bread (12-1 % of daily dietary fibre intake), with a compa-
ratively higher fibre content of 7-1 % (see online supple-
mentary material, Supplemental Table S1 for full list of
food contributions to daily intake).

In mixed-model analysis in which models of fibre intake
and familial factors were adjusted only for energy intake
(Table 3), low dietary fibre intake was associated with male
sex, a high (poor) family functioning score, being aged
17 years and non-Caucasian race. Compared with those
adolescents whose parents had no formal qualifications,
having at least one parent with a Year 12 education or
a university education was associated with higher dietary

Table 3 Mixed-model analysis of associations of familial factors with
dietary fibre intake, adjusted only for energy intake, in adolescents
participating in the 14- and 17-year follow-ups of the Western
Australian Pregnancy Cohort (Raine) Study

B 95% ClI P value

n 2461
Sex

Female Reference

Male -1.64 -2:30, -0-99  <0.-001
Family status

Two-parent Reference

Single-parent -0-64 -1.37, 0-09 0-088
Receive benefits

No Reference

Yes -0-62 —1.25, 0-00 0-052
Parental education

No formal qualification =~ Reference

Year 12 2.22 0-86, 3-58 0-001

TAFE/tradet 1-05 -0-01, 2-11 0-054

University education 3.57 2.54, 4.60 <0-001
Primary caregiver employment status

Employed Reference

Unemployed 0-31 -0-39, 1-02 0-382
Annual family income ($AU)

<35000 Reference

35001-70 000 0-11 -0-70, 0-92 0-787

70001-104 000 0-37 —-0-50, 1-23 0-408

>104 000 1.02 0-11,1-92 0-027
Family functioningt -1.74 -2-39, —1-09 <0-001
Age of assessment

14-year follow-up Reference

17-year follow-up -117 -1.65, -0-68  <0-001
Race

Caucasian Reference

Non-Caucasian -1.01 —2.00, —0-03 0-045
Energy intake (MJ) 1.89 1.81,1.97 <0-001

*1626 observations from the 14-year follow-up and 835 from the 17-year follow-up
contributed to the model.

+TAFE, Technical and Further Education.

1A measure of family relationships, with higher scores indicating poorer family
functioning.
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Table 4 Multivariable mixed-model analysis of associations of
familial factors with dietary fibre intake in adolescents participating
in the 14- and 17-year follow-ups of the Western Australian
Pregnancy Cohort (Raine) Study

p 95 % ClI P value

n* 2461
Sex

Female Reference

Male —1.54 -2-20, —0-88  <0-001
Parental education

No formal qualification Reference

Year 12 2.45 1.10, 3-.79 <0-001

TAFE/tradet 113 0-08, 2-18 0-035

University education 3.66 2.65, 4-68 <0-001
Family functioningt -1.75 -2:40,-1-09  <0-001
Age of assessment, 17-year v. 14-year

7MJd -0-36 -0-97, 0-24 0-240

11 MJ/d -1.59 -2-11, -1.07  <0-001
Race

Caucasian Reference

Non-Caucasian -1-17 -2-15, —-0-19 0-020
Energy intake

1 MJ increase (14-year) 2.02 1.92,2.12 <0-001

1 MJ increase (17-year) 1.71 1.60, 1-83 <0-001

*1626 observations from the 14-year follow-up and 835 from the 17-year follow-up
contributed to the model.

TTAFE, Technical and Further Education.

}A measure of family relationships, with higher scores indicating poorer family
functioning.

fibre intake, as was having an annual family income
of >$AU 104 000 and a higher energy intake.

In adjusted analysis (Table 4), associations of male sex, a
high (poor) family functioning score and non-Caucasian
race with a low dietary fibre intake remained significant.
Having at least one parent with a Technical and Further
Education/trade education, a Year 12 education or a uni-
versity education, and having a higher energy intake, were
associated with greater dietary fibre intake. A significant
negative interaction between energy intake and follow-
up age was observed. Average marginal effects for age
for 7 and 11 MJ/d are reported in Table 4. This interaction
has two consequences for interpretation. One is that being
aged 17 years was associated with a lower dietary fibre
intake, but the effect was only large enough to be signifi-
cant in those with higher energy intake. The other is that
diets were significantly less fibre-dense at age 17 years
compared with age 14 years.

Discussion

In the present study of Australian adolescents, we aimed to
examine dietary fibre intake including sources and associ-
ated familial factors. We found that average daily dietary
fibre intake was inadequate for males at ages 14 and
17 years, and for females at age 17 years. Mean intakes
were lower at age 17 years than at age 14 years in all ado-
lescents combined, and in females specifically. However,
dietary fibre intake remained unchanged in males. The
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greatest contributor to fibre consumption in the Raine
Study adolescents at all ages and genders was cereals
and grains, followed by fruits, vegetables, discretionary
foods (e.g. biscuits, pizza, cakes), and finally legumes
and nuts as the lowest contributors. Poor family function-
ing, non-Caucasian race, being aged 17 years and male
sex were associated with lower dietary fibre intake, while
a high intake was associated with increasing levels of
parental education and high energy consumption.

The inadequate dietary fibre intake seen in the majority
of 14- and 17-year-old adolescents in the present study
is consistent with what is observed in the Australian
population and much of the Western world®>®. Other
research analysing 2011-2012 national survey data of
the Australian population showed that less than 30 %
of adolescents aged 14-18 years met the dietary fibre
intake guidelines®. While the proportion of Raine Study
adolescents meeting the guidelines (between 33 and 50 %
depending on age and sex) was higher than was seen in
the national survey data, this may be due to potential over-
estimation of dietary fibre intake by the FFQ as seen in val-
idation studies®>?”. It is worth noting that these Australian
adequate intake quantities are based solely on gastrointesti-
nal function. Thus, adequacy as determined by these guide-
lines may not be sufficient to provide the other benefits
associated with dietary fibre such as reduced blood choles-
terol. Additionally, these dietary fibre intake recommenda-
tions were not published until 2006. Although 2006 was
the start of the 17-year follow-up, the FFQ is retrospective
and therefore the impact of recommendations on dietary
fibre intake was not measured in our study.

In the present study, diets became less fibre-dense from
mid to late adolescence, as both dietary fibre intake and
dietary fibre intake per megajoule were lower at age 17 years
than at age 14 years. In females the lower dietary fibre intake
atage 17 years can be explained by a concurrent reduction
in energy intake. Conversely, due to an increase in energy
intake between the ages of 14 and 17 years, the daily dietary
fibre intake for males did not change. These results suggest a
need for different strategies to address dietary fibre intake in
males and females, as the underlying reason for the inad-
equate intake may differ.

Australian data from 1995 show that in adolescents aged
12-18 years, approximately 45 % of dietary fibre intake
came from breads and cereals, 10 % from fruit, 25 % from
vegetables and 2% from legumes'?. In our study, the
contribution of cereals and grains to fibre intake was rela-
tively unchanged (41-45%); however, the contribution
from vegetables was lower (14—-18 %) than in the data from
1995 and intake from fruits more than doubled (22-29 %).
On the whole, adolescents in our study gained more dietary
fibre from low-fibre foods than from high-fibre foods,
mostly due to the higher quantities of low-fibre foods
consumed.

The finding that poor family functioning, representing a
lack of family communication and support, was associated

7

with lower dietary fibre intake in this sample of adolescents
is supported by research in children showing that poor
family functioning was associated with lower consumption
of fruits and vegetables'. As we have shown, fruits and
vegetables are important sources of dietary fibre for our
participants, contributing between 37 and 47 % of daily
dietary fibre intake dependent on age and sex. Poor family
functioning has been associated with a deficiency or
overabundance of independence, and strict or unstruc-
tured discipline, among other factors®". The association
between poor family functioning and a lower dietary fibre
intake found in our study could be due to a lack of super-
vision, as it has been shown that the presence of parents at
meals is associated with higher fibre intake and lower risk
of reduced fruit and vegetable intakes®?33. Additionally,
overly strict parenting could play a role, as a restrictive diet
can result in overeating and poor self-regulation of intake in
children®17,

Other factors associated with fibre intake were race, sex
and parental education. Non-Caucasian race was associ-
ated with lower intake of dietary fibre, potentially because
of differences in diet related to cultural heritage®?. The
association between male sex and lower intake of dietary
fibre was in contrast to the observation that dietary fibre
intake was higher in males than in females at both ages.
However, this difference can be explained by the adjust-
ment for energy intake, consistent with our results and
the literature showing that females ate more dietary fibre
per megajoule than males®3>. The finding that high
dietary fibre intake was associated with increasing levels
of parental education is consistent with previous research
showing that adolescents with more highly educated
parents were more likely to have a nutritious diet®?.

There are a number of strengths and limitations to our
study. A major strength is the use of a large population-
based study with comprehensive participant data. The
14- and 17-year follow-ups allowed us to track dietary fibre
intakes within matched samples to analyse the changes to
intake over time. The use of the FFQ is advantageous as it is
not affected by transient changes in diet and reflects normal
intake over the past 12 months. However, there remains
potential for errors in the calculation of nutrient quantity
due to incorrect estimation of portion size and the question-
naire may be subject to recall bias. The FFQ was completed
in conjunction with the primary caregiver at age 14 years, to
improve accuracy of reporting, and by the participant
only at age 17 years. This may have led to differences in
reporting, as it is possible that the jointly filled-out 14-year
follow-up questionnaire was subject to social desirability
bias from the adolescent or parent®®. As such, the 17-year
FFQ may be a more accurate representation of diet.
Additionally, the dietary fibre quantification method
used in the FFQ (AOAC enzymatic-gravimetric method
985.29)%” may underestimate dietary fibre intake com-
pared with the methods used in the development
of the adequate intake recommendations. Conversely,
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validation studies against other methods of diet measure-
ment suggest that the CSIRO FFQ may overestimate dietary
fibre intake?>27.

There were limitations in the determination of dietary
fibre sources in the present study. The food composition
database used to determine the dietary fibre content of
foods (AUSNUT) was not the same as that used by the
CSIRO (NUTTAB), and therefore estimations of dietary
fibre content may vary slightly from those used by the
CSIRO when calculating daily dietary fibre intakes.
However, both the AUSNUT and NUTTAB used the same
analytical techniques and contain composition data from a
wide range of food items, allowing means to be obtained
from multiple entries to accurately estimate dietary fibre
content. There also may have been slight differences in
the classification of foods. Fruits and vegetables can be
somewhat fluid in categorisation, with some fruits such
as capsicum, pumpkin and green peas commonly consid-
ered vegetables. Additionally, the type of breakfast cereal
consumed was not considered when calculating a mean
dietary fibre content of breakfast cereal, which may have
led to inaccuracies in the contribution of breakfast cereal
to dietary fibre intake. However, estimation of dietary fibre
content based on the most frequently eaten cereals sug-
gests that any inaccuracies would be minor.

The data from the 14- and 17-year follow-ups of Raine
Study adolescents were collected between 2003 and
2009, and therefore may not represent diets of adolescents
today. However, research in America has shown that
while childhood and adolescent dietary fibre intakes have
been slowly increasing over the last 50 years, they have
remained consistently inadequate®®3”. Furthermore, data
from the most recent Australian national nutrition survey
(2011-2012) show inadequate adolescent dietary fibre
intakes, with mean intakes lower than those observed in
the present study‘®.

By identifying an age range and characteristics of ado-
lescents who are lacking in dietary fibre, our study provides
information to help guide interventions to improve dietary
fibre intake. Understanding of current intakes can be used
to build strategies to increase them, leading to improved
health. For example, our findings suggest that additional
exposure to the benefits of dietary fibre may be advanta-
geous for older male adolescents, as their diets are the least
fibre-dense. Furthermore, encouraging older adolescents
to maintain a higher intake of fruits may be an effective
method of increasing fibre intake, as it was the food group
which had the largest reduction in intake at age 17 years
compared with age 14 years. Additionally, the finding that
most dietary fibre comes from low-fibre foods, and that
high-fibre foods are not eaten in great quantities in this
age group, suggests a general preference for low-fibre
foods. Therefore, research into methods to increase the
fibre content of already commonly eaten foods without
reducing their palatability may be an alternative method
to increase dietary fibre intake.

OG Swann et al.
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