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Abstract 
Depression is a major cause of disability in adolescenis. Higher dietary fibre intake has been associated with lower depressive symptoms in 
adulrs, but there is a lack of research in adolescenrs. We examined the association between dietary fibre intake (Commonwealth Scientific 
and Industrial Research Organisation (CSIRO) FFQ) and depres.5ive symptoms (Beck Depression Inventory for Youth) in adolescenrs with pro 
spective data from the Raine Study Gen2 14 and 17 year follow ups (n 1260 and 653). Odds of moderate/ exrreme (dinically relevant) depres 
sive symptoms by quartile of fibre intake were calculated using mixed effecis logisric regression for all participanis, in a paired sample without 
moderate/ extreme depressive symptoms at 14 yerus and in a sub sample of participanis with available inflammatory data at the ages of 14 and 
17 years (n 718 and 547). Odds of moderate/ extreme depressive symptoms were lower in the fourth (highest) quartile of overall fibre intake 
(OR 0·273, 95 % CI 0·09, 0•81) compared with the first (lowest) quartile, adjusting for sex, age, energy intake, adiposity, and family and lifestyle 
factors. However, further adjustment for dietary panerns anenuated the resulrs. Associations of depressive symptoms with cereal or fruit and 
vegetable fibre intake were not significant in the final model. Adjustment for inflammation had no effect on OR The association between a higher 
dietary fibre intake and lower odds of clinically relevant depres.5ive symptoms may be more reflective of a high fibre diet with all irs accom 
panying nutrienrs than of an independent effect of fibre. 

Key words: Dietary fibre: Inflammation: Adolescence: Depressive symptoms: Raine Study 

Depression is a major cause of disability, with depressive disor 
ders thought to affect over 260 million people worldwide0 ). This 
is particularly evident in adolescents and young adults, with uni 
polar depression being the most common contributor to disabil 
icy between the ages of 10 and 24 years<2). Maintaining a healthy 
diet, including a diet high in frnit and vegetable intake , may 
reduce risk of depression and is associated with a decrease in 
depressive symptoms<3-9). Meta analysis of randomised con 
trolled tria ls consisting of whole of diet interventions has shown 
significantly reduced depressive symptoms with dietary inter 
ventionOO). Additionally, intervention studies focusing on spe 
cific food groups such as frnits, vegetables and wholegrains 
show potential to reduce severity of depressive symptoms01,12). 

These plant foods are often high in dietary fibre. 
Observational studies have shown that adults with low fibre 

diets have greater severity of depressive symptoms<13-19). This 

association is seen with total fibre along with frnit, vegetable 
and cereal fibre. However, only one study to date has focused 
on adolescence<2o) despite evidence that up to 50 % of adult 
mental health disorders first emerge during this period<21•22). 

Understanding and treating mental health concerns in a doles 
cence is particularly important due to the long term ongoing 
effects associated with depression<23). Having juvenile or a doles 
cent depression has been associated with higher odds of adult 
anxiety, depression, mania and schizophreniform disorder<22). 

Even subthreshold depressive symptoms in adolescence have 
been associated with higher rates of major depression and sui 
cidal tendencies in adulthood<24). Proximal correlates of adoles 
cent depression include impaired school performance and 
attendance, and a higher likelihood of engaging in unhealthy 
behaviours such as smoking and binge eating<25,26) . These factors 
associated with depression may have detrimental consequences 

Abbreviations: BDI Y, Beck Depression Inventory for Youth; CSIRO, Commonwealth Scientific and Industrial Research Organisation; hs CRP, high sensitivity 
C reactive protein; VIP, variance inflation factor; WHtR, waist:height ratio. 

• Corresponding author: Professor Wendy H. Oddy, email Wendy.Oddy@utas.eclu.au 
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for future employment and health. It has been suggested that 
early treatment of depression, including during adolescence, 
may improve outcomes<27,28). 

The mechanisms by which dietary fibre may impact depres 
sion are currently unclear, but adiposity may be involved. Waist 
circumference and abdominal adiposity have been linked to 
depressive symptoms<29), and increased risk of mental disorders 
in adulthood has been associated with being overweight in 
childhoodGo)_ These relationships between adiposity and 
depression are likely to be bidirectional. Depression has been 
associated with cravings for foods high in sugar and saturated 
fat which may contribute to increases in adiposity'31.32). On 
the other hand, the release of pro inflammatory cytokines with 
adiposity may play a role in the link between overweight and 
obesity and depression<33-35). Inflammation is also a potential 
mediator of the association between dietary fibre and depressive 
symptoms. Studies have linked a high dietary fibre intake with 
decreased chronic inflammationG6-3S) and the presence of 
elevated inflammation with depression<:W-43). An alternative 
explanation for a relationship between dietary fibre and depres 
sion may be the effects of other nutrients obtained from foods 
high in dietary fibre. 

The direction of the relationship between dietary fibre intake 
and depression is unclear. Higher intake of fat and sugar dense 
foods which are likely to be low in dietary fibre can be seen in 
those with depressionG1.32). However, there is evidence that 
people with previous depression may have healthier diets than 
those without previous depression<4-0_ Our hypothesis is that the 
population averaged effect is in the direction from diet to 
depression. 

Thus far, the association of dietary fibre intake with depres 
sion is an understudied area, particularly in adolescents. In our 
study, we aimed to seek evidence for the beneficial effect of 
dietary fibre intake on depressive symptoms in adolescents at 
14 and 17 years of age and to investigate the impact of adiposity 
and inflammation on that relationship. The confounding effect of 
other nutrients present in high fibre foods was considered. 

Methods 

Population 

The Raine Study recruited 2900 pregnant women (termed 
Generation 1) from King Edward Memorial Hospital in Perth, 
Western Australia. The resulting 2868 babies (Generation 2) 
have been regularly followed up from birth. Detailed cohort 
information can be found elsewhere<4 5.46:> . There were 1864 ado 
lescents participating in the 14 year follow up and 1726 in the 
17 year follow up. After excluding those with incomplete data 
on all covariates except inflammation, 1260 adolescents in the 
14 year follow up were included in principle analyses and 653 
from the 17 year follow up (Fig. 1) . Of these adolescents, 531 
had complete data at age 14 and 17 years after excluding those 
with moderate/ extreme depressive symptoms at the 14 year fol 
low up and were used in secondary analysis. A subset of panic 
ipants restricted to those with data on the inflammatory marker 
high sensitivity C reactive protein (hs CRP) included 718 adoles 
cents at the 14 year follow up and 547 at the 17 year follow up. 

Ethics 

The present study was conducted according to the guidelines 
in the Declaration of Helsinki. Ethics approval for the Raine 
Study was granted by the committees of King Edward 
Memorial Hospital for Women and Princess Margaret 
Hospital for Children, Perth, Weste rn Australia. The adoles 
cent and their primary caregiver provided informed written 
consent. 

Diet measurement 

Die tary fibre intake and other d ietary data were collected 
using the 212 item Commonwealth Scientific and Industrial 
Research Organisation (CSIRO) FFQ. The CSffiO FFQ is a 
semi quantitative self report FFQ measuring usual d iet over 
the past year. Studies have validated the CSIRO FFQ for use 
in the Australian population and in Raine Study adolescents 
specifically<47-49). Comparison of the CSIRO FFQ to a 3 d food 
record in the Rain e Study at the 14 year follow up found a 
moderate positive corre lation for dietary fibre (r 0-43 in males 
and r0·29 in females, P< 0·001 for both)(47) _ Participants were 
asked to estimate frequency and quantity of intake of foods 
based on provided standard serving size examples (e.g. one 
serve of pasta is one cup of cooked pasta). The serving size 
and frequency of consumption of each food item were used 
by the CSIRO to calculate estimated daily nutrient intakes. 
Die tary fibre is defined as fibre obtained from whole foods 
(overall fibre), from cereal and grains (ce real fibre) and from 
fruits or vegetables (fruit and vegetable fibre). Intakes of all 
fibre types were divided into quartiles for analysis as decided 
a priori. Available nutrients associated with depressive 
symptoms in the literature and in this sample include potas 
sium, Mg, Fe, Cu, Zn, thiamine, riboflavin, vitamin B6 and 
folate(16,20,50-52). Die tary patterns termed 'Healthy' and 
'Western' have been de termined previously in the Raine 
Study as described elsewhere<53)_ In brief, the 212 foods mea 
sured in the questionnaire were merged into thirty eight food 
groups which were used in factor analysis to identify data 
driven d ietary patterns. The Healthy pattern includes con 
sumption of high fibre foods such as wholegrain ce reals, fresh 
fruit, legumes and vege tables, along w ith steamed, grilled o r 
canned fish. The Western pattern includes takeaway foods, 
red and processed meats, full fat dairy products and other 
refined foods<53) (see reference for full list of components). 

Inflammation measurement 

Serum levels of hs CRP were used as a marker of inflammation. 
Participants with hs CRP concentrations over 10 mg/I were 
excluded as these concentrations represent acute inflammation 
and the present study aimed to examine the impact of chronic 
inflammation (<10 mg/I) . Twelve hour fasting blood samples 
were taken by a trained home visiting phlebotomist early in 
the morning and analysed at the PathWest Laboratory at the 
Royal Perth Hospital. hs CRP was measured on an Architect 
c16000 analyser with an intra assay CV of 15·96% and a lower 
detection threshold of 0· 15 mg/I. Values of hs CRP were log 
transformed due to skewness. 
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Missing depression: 270 

Missing diet: I 86 

Missing confounders: 148 

Complete data: 
1260 

Birth: 
2868 

Complete data: 
653 

Missing depression: 502 

Missing diec 397 

Missing confoundcrs: 174 

Fig. 1. Number of partic ipants in the Raine Study 14 and 17 year folla,v ups and number with complete data on depressive symplOms, diet and confounders included in 
the analysis. 

Adiposity measurement 

Participant height (to the nearest 0·1 cm) and waist circumfer 
ence (to the nearest 0· 1 cm) were measured by trained research 
ers at each time point and used to calculate waist:height ratio 
(WHtR, waist circumference (cm)/height (cm)). Studies have 
found that BMI is a poor indicator of body fat percentage<54), 
including in children and adolescents<55) . For this reason, we 
chose to use WHtR as a marker of adiposity, as it has been shown 
to be more effective in predicting adiposity than BMI or waist 
circumference alone in adolescents<56)_ 

Depression measurement 

Depressive symptoms were assessed with the Beck Depression 
Inventory for Youth (BDI Y) at the 14 and 17 year follow ups . 
The BDI Y is a self report scale consisting of twenty questions 
regarding negative feelings in the previous 2 weeks(57). 
Responses are scored as O 3 with the possible answers of: never 
(0), sometimes(!), often (2) and always (3). Scores are summed, 
with higher total scores indicating more severe depressive symp 
toms(58)_ The minimum valid completion of the BDI Y question 
naire defined in the handbook is eighteen out of twenty 
questions<57) _ Multiple imputation (predictive mean matching) 
was used for thirty participants who had two or fewer questions 
unfilled. Raw scores in the range of 0 60 are converted to 
T scores standardised by age and sex. The present study uses 
the T score conversion recommendations for 15 18 year olds 
for consistency<57). Possible scores for girls range from 38 to 
97 and scores for boys range from 41 to 100. Adolescents are cat 
egorised into groups of severity of depressive symptoms using 
recommended cut offs ( <55: average, 55 59: mildly elevated, 
60 69: moderately elevated and ~70: extremely elevated). The 
groups were combined to create a binary outcome variable of 
those with average or mildly elevated depressive symptoms 
( <60) and those with moderately elevated or extremely elevated 
depressive symptoms (~60), labelled as none/mild (0) and mod 
erate/extreme (1). Research using the BDI Y in adolescent girls 
indicates that this cut off is indicative of clinically meaningful 
symptoms<59)_ Additionally, known case analysis of the adult 
version of the questionnaire (BDI Il) in adolescents found that 
cut off scores approximately equivalent to moderate depressive 

symptoms had the highest clinical efficiency at identifying those 
who met diagnostic criteria for major depressive disorde/60,61)_ 

Confounders 

Confounders plausibly associated with dietary fibre intake and 
depression included sex, follow up year (as a marker of age), 
energy intake, binge drinking, leisure time physical activity, 
parental education, family income, parental history of mental 
health problems and family functioning. Energy intake was 
obtained from the CSIRO FFQ. Dietary misreporting was calcu 
lated with the Goldberg methocf 62) , using energy intake and 
BMR as described elsewhere<63)_ 

Lifestyle. At both ages, data on binge drinking and leisure time 
physical activity were measured from a self report survey. 
Adolescents were asked if they had ever drunk more than six 
standard drinks on the same day, with a 'yes' response categor 
ised as having engaged in binge drinking on one or more occa 
sions. Leisure time physical activity was defined as the average 
number of occasions per week adolescents reported spending in 
vigorous physical activity (causing out of breath and sweating) 
outside of school hours. 

Parental factors. Details offamily income were provided by the 
primary caregiver at the 14 and 17 year follow ups. Parental 
education was represented by the level of educational attain 
ment of the highest educated parent as of the 8 year follow 
up, the most proximal survey of parental education to the 
14 and 17 year follow ups. Parents were asked to report in 
the questionnaires if they had ever been treated for an emotional 
or mental health problem (other than postnatal depression, yes/ 
no). Family functioning, a measure offamily communication and 
support, was calculated from the McMaster Family Assessment 
Device general functioning subscale as completed by the pri 
mary caregivec<64:> . Scores were averaged with higher scores 
on the general functioning subscale representing poorer family 
functioning. Better family functioning has been associated with 
greater dietary fibre intake in this population previousty<65) and 
was chosen as a proxy for family environmental factors that may 
influence both diet and mental health. 



C 
0 ·p 
·c 
+-I 
::::, 

z 
'+-
0 

~ 
C s.... 
::::, 
0 ---. 

..c 
Cl) 
·p 
·c 
ca 

4 0 . G. Swann et al. 

Analysis 

Odds of moderate/ extreme depressive symptoms by quartile of 
dietary fibre intake were determined using mixed effects logistic 
regression. Although dietary fibre intake differs by sex in this 
population<65), there was no significant interaction between 
sex and fibre intake (P> 0•36) and therefore sex stratified analy 
sis was not performed. Significant interactions were found 
between sex and WHtR, exercise and follow up year. 
However, addition of these interaction terms to the model had 
no effect on the OR of depressive symptoms by fibre intake . 
Additionally, it was not the aim of the paper to examine how 
the impact of lifestyle factors differs by sex, and therefore they 
were not included in the final models. 

The principle analysis consisted of three models. Model 1 was 
adjusted for sex, energy intake and dietary misreporting. Model 2 
was adjusted for factors in model 1 p lus WHtR (per increase of 
0· 1) . Model 3 adjusted for factors included in model 2, plus follow 
up year, binge drinking, physical activity, parental education, fam 
ily income, parental history of mental health problems and family 
functioning. All variables except sex and parental education were 
included as time varying factors across the two follow ups. A sec 
ondary analysis was restricted to those with data at both the 14 and 
17 year follow ups. In this secondary analysis, adolescents who 
reported moderate/extreme depressive symptoms at the 14 year 
follow up were excluded to obtain a population with incident 
depression at age 17 years. 

Additional mixed effects logistic regression analyses were 
conducted to estimate odds of depressive symptoms by quartiles 
of dietary fibre intake in a subset of the population with hs CRP 
measurements. hs CRP was added to the final model to test for a 
mediation effect of inflammation . 

The suitability o f adjustment for alternative nutrien ts associ 
ated with depression was determined by calculating Pearson's 
correlatio n coefficie nts between the candidate nutrien ts and 
variance inflation factors (VIF) for the fibre coefficie nt. VIF 
can be used to measure multico llinearity or the le vel of corre 
latio n between variables in regressio n analysis. Research 
suggests that VIF as low as two can have an impact on 
results<66) . Nutrien ts considered were K Mg Fe Cu Zn thi 
amine, riboflavin, vitamin B<; and folate.' As ~orr~lati~n c~ ffi 
cien ts and VIF were h igh for all nutrients under 
consideration (online Supplementary Tables Sl and S2), further 
analysis adjusted for Healthy and Western dietary patte rns 
instead. Although multicollinearity exists between d ietary fibre 
and the Healthy and Western dietary patterns, it is less severe 
than for individual nutrients and therefore dietary pattern 
adjustment was the preferred method. VIF for dietary fibre , 
the Healthy pattern and the Western pattern were 3·3, 2·8 
and 1•4, respectively. Statistical analysis was performed with 
R version 3.5.0(67) and R studio version 1.2 .1335<68)_ 

Results 

Characteristics of participants overall and with and without mod 
erate/extreme depressive symptoms at ages 14 and 17 years are 
shown in Table 1. The proportion of adolescents who were 
female was higher at the 17 year follow up compared with the 

14 year follow up (54 v. 48 %). A higher percentage of those with 
moderate/extreme depressive symptoms was female at both 
ages (80 % at age 14 years and 63 % at age 17 years). Those with 
moderate/extreme depressive symptoms appeared to have 
poorer lifestyle habits, with lower physical activity and higher 
rates of binge drinking. They were more likely to have lower 
family incomes and no n formally educated pare nts with a his 
tory o f mental health problems. Mean die tary fibre intakes 
were lower in ado lescen ts with moderate/ extreme depressive 
symptoms at both 14 and 17 years (Table 1) . The subset o f the 
population with inflammatory data had characteristics similar 
to those with complete data for all variables (online 
Supple mentary Table S3) . 

Table 2 shows the proportion of adolescents with moderate/ 
extreme depressive symptoms at the 14 and 17 year follow ups 
overall and by quartile of dietary fibre intake . The proportion of 
adolescents with moderate/extreme depressive symptoms over 
all was higher at age 17 years (7%) than at age 14 years (3%). 

The proportion of adolescents who had moderate/extreme 
depressive symptoms was lowest in the fourth (highest) quartile 
of dietary fibre intake at both 14 and 17 years. 

Table 3 shows the OR of moderate/extreme depressive 
symptoms by quartile of overall fibre, cereal fibre, and fruit 
and vegetable fibre intake relative to the first quartile . In the first 
model, odds were significantly lower in the fourth quartile of 
both overall and fruit and vegetable fibre intake and in the third 
and fourth quartiles of cereal fibre intake compared with the first 
quartile . After adjusting for WHtR in model 2, there was negli 
gible change in OR for any fibre type. In model 3 (further 
adjusted for lifestyle and family factors), significantly lowe r 
odds of moderate/extre me de pressive symptoms re mained 
in the fourth quartile of overall fibre intake compared with 
the first quartile (Table 3) . The expanded results o f mode l 3 
in each fibre type are shown in online Supplementary 
Table S4. In models for overall fibre, cereal fibre, and fruit 
and vegetable fibre, male was associated with lowe r odds of 
moderate/extreme depressive symptoms. For all fibre types, 
having engaged in binge drinking one or more times and hav 
ing poorer family functioning were associated with highe r 
odds of moderate/extre me depressive symptoms (online 
Suppleme ntary Table S4) . 

OR in paired analysis restricted to those without moderate/ 
extreme depressive symptoms at the 14 year follow up are 
shown in Table 4. As in the principle analysis, odds of moderate/ 
extreme depressive symptoms were significantly lower in the fourth 
quartile of overall dietary fibre intake compared with the first quartile 
in all models (Table 4) . 

Further analysis was performed to adjust for Healthy and 
Western dietary patterns. Following adjustment for the dietary 
patterns, the associations with cereal and grain fibre and fruit 
and vegetable fibre were attenuated in all models, although 
OR remained consistently lower in the fourth fibre intake 
quartile (online Suppleme ntary Table S5) . For overall fibre, 
lowe r OR for moderate/extreme depressive symptoms 
in the fourth quartile of intake persisted but became non 
significant in model 3 (Table 5) . 

Table 6 shows the results of the repeat analysis of odds of 
moderate/extreme depressive symptoms and overall fibre 
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Table 1. Characteristics of included participants from the 14 and 17 year follow ups of the Raine Study overall and by level of depressive symptoms• 
(Numbers and percentages; mean values and standard deviations) 

14 year follow up 17 year follow up 

None/mild Moderate/ None/mild Moderate/ 
Overall (n 1260) (n 1216) extreme (n 44) Overall (n 653) (n607) extreme (n 46) 

n % n % n % n % n % n % 

Sex 
Female 611 48 576 47 35 80 354 54 325 54 29 63 
Male 649 52 640 53 9 20 299 46 282 46 17 37 

Depressive symptoms (BDI Y) 
Average 1155 92 11 55 95 542 83 542 89 
Mildly elevated 61 5 61 5 65 10 65 11 
Moderately elevated 29 2 29 66 31 5 31 67 
Extremely elevated 15 1 15 34 15 2 15 33 

Physical activity (times/week) 
None 108 9 100 8 8 18 131 20 117 19 14 30 
1 255 20 242 20 13 30 136 21 124 20 12 26 
2 3 475 38 461 38 14 32 220 34 207 34 13 28 
4 6 270 21 265 22 5 11 108 17 103 17 5 11 
7 152 12 148 12 4 9 58 9 56 9 2 4 

Binge drinkingt 
Never 1168 93 11 31 93 37 84 287 44 275 45 12 26 
Once or more 92 7 85 7 7 16 366 56 332 55 34 74 

Parental education 
None 163 13 153 13 10 23 66 10 60 10 6 13 
Year 12 126 10 119 10 7 16 55 8 53 9 2 4 
Trade/TAFE 424 24 412 34 12 27 203 31 189 31 14 30 
University 547 43 532 44 15 34 329 50 305 50 24 52 

Family income (AUD) 
::,35000 284 23 270 22 14 32 68 10 61 10 7 15 
35 001 70 000 454 36 443 36 11 25 162 25 150 25 12 26 
70 001 104 000 291 23 278 23 13 30 188 29 175 29 13 28 
> 104 000 231 18 225 19 6 14 235 36 221 36 14 30 

Parental history of mental illness 
Neither 850 67 827 68 23 52 422 65 395 65 27 59 
One 354 28 336 28 18 41 192 29 178 29 14 30 
Both 56 4 53 4 3 7 39 6 34 6 5 11 

Mean so Mean so Mean so Mean so Mean so Mean so 
WHIR 0,46 0,062 0,46 0-062 0-49 0-064 046 0-060 0,46 0-060 047 0,065 

Female 0,46 0-061 0,46 0-060 0-49 0-065 046 0-061 0,46 0,064 049 0-069 
Male 0,46 0,064 0,46 0-064 0,46 0-053 046 0-053 0,45 0,054 043 0-036 

Energy (Ml) 9.59 2-99 9.64 2-98 8-33 3-02 9-26 3-26 9-24 3-21 9-56 3-82 
Fibre (g/d) 23-7 8-77 23-8 8-71 21-1 10-0 22-3 8-86 22-5 8-90 19-8 7-88 
Healthy diet pattern 0,040 0,88 0-038 0,88 0,090 0-96 0-012 0,86 0-014 0-86 0-35 0-75 
Western diet pattern 0-0062 0,85 0-0010 0,86 0-21 0-80 0-041 0,80 0-053 0-79 0-12 0-97 

BDI Y, Beck Depression Inventory for Youth; TAFE, technical and further education; WHtR, waist:height ratio. 
• Percentages were rounded to the nearest 1 %. 
t Classified as consuming more than six drinks on one occasion. 

Table 2. Proportion of participants with none/mild and moderate/extreme depressive symptoms overall and across quartiles of dietary fibre intake at the 
14 and 17 year follow ups of the Raine Study• 
(Percentages) 

14 year follow up (n 1260) 17 year follow up (n 653) 

None/mild (%) Moderate/extreme (%) None/mild (%) Moderate/extreme (%) 

Overall 
Quartile 1 (::,17-129/d) 
Quartile 2 (17-13 to :::;21-92 g/d) 
Quartile 3 (21-93 to :::;28-10 g/d) 
Quartile 4 (>28-109/d) 

97 
95 
95 
97 
98 

3 
5 
5 
3 
2 

93 
91 
94 
90 
97 

7 
9 
6 
10 
3 

• Moderate/extreme depressive symptoms determined by a Beck Depression Inventory for Youth T score of >60. 

performed in the subset of participants with hs CRP measure 
ments. In model 3, odds of moderate/extreme depressive symp 
toms were significantly lower in the fourth quartile of dietary 

fibre in take compared with the first. The addition of hs CRP to 
the final model had little impact on the OR of moderate/extreme 
depressive symptoms. 
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Table 3. Risk of moderate/extreme depressive symptoms per quar1ile of overall, cereal, and fruit and vege1able fit:re intake relati.le b the first quartile (n 1913)' 
(Odds ratios and 95 % confidence intervals) 

Model 1 Model 2 Model 3 

OR 95%CI p OR 95%CI p OR 95%CI p 

Overall fibre 
First quartile Reference Reference Reference 
Second quartile 0-792 0-40, 1-59 0-511 0-752 0-37, 1-52 0-425 0-894 0-44, 1-82 0-757 
Third quartile 0-675 0-31, 1-45 0-315 0-669 0-31, 1-44 0-306 0-953 0-43, 2-10 0-904 
Fourth quartile 0-180 0-06, 0-54 0-002 0-178 0-06, 0-53 0-002 0-273 0-09, 0-81 0-019 

Cereal fibre 
First quartile Reference Reference Reference 
Second quartile 0-565 0-29, 1-12 0-101 0-559 0-28, 1-10 0-094 0-697 0-35, 1-39 0-304 
Third quartile 0-393 0-18, 0-86 0-020 0-387 0-18, 0-85 0-018 0-457 0-21, 1-01 0-053 
Fourth quartile 0-383 0-16, 0-94 0-036 0-397 0-16, 0-97 0-042 0-505 0-21, 1-23 0-133 

Fruit and vegetable fibre 
First quartile Reference Reference Reference 
Second quartile 1-07 0-56, 2-05 0-842 1-08 0-56, 2-07 0-815 1-23 0-64, 2-38 0-536 
Third quartile 0-648 0-32, 1-32 0-234 0-648 0-32, 1-32 0-233 0-854 0-41, 1-76 0-669 
Fourth quartile 0-328 0-14, 0-78 0-011 0-327 0-14, 0-78 0-011 0-468 0-20, 1-11 0-085 

• Comprising1260observationsfromthe 14 year follow upand653observations fromthe17 year follow up. Model 1 adjustedforsex, energy intake and dietary misreporting.Model 2 
ad;isted formodel 1 + waist height ratio. Model 3 adjusted for model 2 + binge drinking, physical activity, parental education, family n come, follow up year, parental history of mental 
health problems and famiy functioning. 

Table 4. Risk of moderate/extreme depressive symptoms per quartile of overall dietary fibre intake relative to the first quartile in paired analysis restricted to 
those without moderate/extreme depressive symptoms at age 14 years (n 1062)' 
(Odds ratios and 95 % confidence intervals) 

Model 1 Model 2 Model 3 

OR 95%CI p OR 95%CI p OR 95%CI p 

First quartile Reference Reference Reference 
Second quartile 0-320 0-10, 1-02 0-055 0-315 0-10, 1-01 0-052 0-358 0-10, 1-23 0-103 
Third quartile 0-834 0-33, 2-12 0-702 0-838 0-33, 2-13 0-710 1-18 0-41, 3-39 0-759 
Fourth quartile 0-0645 0-01, 0-37 0-002 0-0647 0-01, 0-37 0-002 0-107 0-02, 0-69 0-019 

• Comprising 531 observations from the 14 year follow up and 531 observations from the 17 year follow up. Model 1 adjusted for sex, energy intake and dietary misreporting. Model 2 
ad;isted formodel 1 + waist height ratio. Model 3 adjusted for model 2 + binge drinking, physical activity, parental education, family n come, follow up year, parental history of mental 
health problems and famiy functioning. 

Table 5. Adjusted risk of moderate/extreme depressive symptoms per quartile of overall fibre intake relative to the first quartile in all models further adjusted 
for dietary patterns (n 1913•) 
(Odds ratios and 95 % confidence intervals) 

Model 1 Model 2 Model 3 

OR 95%CI p OR 95%CI p OR 95%CI p 

Dietary fibre intake 
First quartile Reference Reference Reference 
Second quartile 0-791 0-38, 1-65 0-533 0-752 0-36, 1-58 0-453 0-916 0-43, 1-94 0-818 
Third quartile 0-681 0-27, 1-69 0-408 0-673 0-27, 1-68 0-395 0-993 0-39, 2-51 0-987 
Fourth quartile 0-187 0-04, 0-78 0-022 0-183 0-04, 0-77 0-020 0-292 0-07, 1-20 0-089 

Healthy pattern 1-02 0-64, 1-64 0-923 1-02 0-64, 1-62 0-945 0-954 0-59, 1-55 0-850 
Western pattern 1-21 0-68, 2-13 0-515 1-15 0-65, 2-03 0-641 0-938 0-52, 1-69 0-831 

• Comprising 1260 observations from the 14 yearfollow upand653observationsfromthe 17 year follow up. Model adjusted for sex, energy n take, dietary misreporting, waist height 
ratio, binge drinking, physical activity, parental education, family income, follow up year, parental history of mental health problems, family functioning, and healthy and Western 
dietary patterns. 

Discussion 

Our findings suggest that adolescents with the highest intakes of 
overall dietary fibre have significantly lower odds of clinically 
relevant moderate/extreme depressive symptoms compared to 
adolescents with the lowest fibre intakes, before adjustment 
for overall diet. Although participant numbers were low, simi 
larly lower odds of depressive symptoms were seen in analysis 
restricted to adolescents without moderate/extreme depressive 

symptoms at the 14 year follow up. However, attenuation of the 
association of dietary fibre with depressive symptoms following 
adjustment for Healthy and Western dietary patterns suggests 
that the effect of dietary fibre does not occur independent of 
other dietary nutrients. Adjusting for hs CRP in a subset of ado 
lescents with inflammatory data did not alter the results. 

Our study is novel in that it is the first to our knowledge to 
investigate the relationship of dietary fibre and depressive 
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Table 6. Risk of moderate/extreme depressive symptoms per quartile of overall dietary fibre intake relative to the first quartile in the subset with data on 
inflammatory markers (n 1265•) 
(Odds ratios and 95 % confidence intervals) 

Model 1 Model 2 Model 3 Model 3 + hs CRP 

OR 95%CI p OR 95%CI p OR 95%CI p OR 95%CI p 

First quartile 
Second quartile 0-751 0-38, 1-49 0-413 0-732 0-37, 1-46 0-374 0,856 042, 1-76 0-673 0-859 042, 1-77 0-679 
Third quartile 0-740 0-35, 1-57 0-431 0-745 0-35, 1-58 0-444 0-976 044, 2-17 0-953 0,966 043, 2-15 0-933 
Fourth quartile 0-195 0-06, 0-59 0-004 0-199 0-07, 0,60 0-004 0,264 0-08, 0,84 0-024 0,266 0-08, 0-85 0-025 

hs CRP, high sensitivity C reactive protein. 
• Comprising 718observationsfrom the 14 year follow upand547 observationsfromthe 17 yearfollow up. Model 1 adjustedforsex, energy intake and dietary misreporting. Model 2 

ad;istedformodel 1 + waist height ratio. Model 3 adjusted for model 2 + binge drinking, physical activity, parental education, family i'lcome, follow up year, parental history of mental 
health problems and famiy functioning. 

symptoms in an adolescent population including both females 
and males. Our finding that the odds of moderate/ extreme 
depressive symptoms were lower in adolescents with the highest 
dietary fibre intakes before adjustment for dietary factors is con 
sistent with previous research in adult populations<13-i9) and in 
adolescent girll 20) . However, in all such observational studies, 
there is a possibility of confounding by overall diet. Due to its 
plant food origins, consumption of dietary fibre occurs with a 
variety of other nutrients, which may confound the relationship 
between dietary fibre and depressive symptoms. To our know! 
edge, ours is only the second study to attempt to isolate the effect 
of dietary fibre through adjusting for other dietary factors, with 
the first by Miki et al. examining depressive symptoms in an adult 
Japanese population<19) _ Miki et al. adjusted for intakes of folate, 
vitamin 8<;, vitamin B12, n 3 PUFA, Mg and Zn and found that the 
association between vegetable and fruit fibre and lower odds of 
depressive symptoms remained significant after nutrient 
adjustment<19) _ 

In contrast, we chose to look at the confounding effect of pre 
viously determined dietary patterns instead of individual 
nutrients. Analysis of dietary patterns has been suggested as a 
superior method to consider the impacts of overall diet com 
pared with individual nutrient analysis<69). Dietary pattern adjust 
ment allowed us to investigate the effects of overall diet while 
minimising the complications of the high levels of collinearity 
between dietary fibre and individual nutrientsOo)_ The dietary 
patterns used in our study were developed with factor analysis 
based on the CSffiO FFQ at the 14 year follow up. The Healthy 
pattern includes consumption of high fibre foods such as whole 
grain cereals, fresh fruit, legumes and vegetabies<53) _ Therefore, 
adjusting for these patterns may underestimate the effect cf fibre. 
Even with this in mind, substantially lower odds for moderate/ 
extreme depressive symptoms remain in the fourth quartiles 
of fibre intake, though not statistically significant, suggesting that 
dietary fibre intake itself still contributes to lower odds of mod 
erate/ extreme depressive symptoms. 

These results of diet adjusted analysis suggest that the asso 
ciation between a higher dietary fibre intake and lower odds of 
moderate/ extreme depressive symptoms may be more reflective 
of a high fibre diet with all its accompanying nutrients than of an 
independent effect of fibre . Other possible pathways from 
dietary fibre intake to depressive symptoms likely occur in con 
junction with overall diet. 

Given the links between adiposity and depression<29) , it is 
plausible that the association between a diet high in fibre and 
moderate/ extreme depressive symptoms in our study is medi 
ated by a reduction in adiposity. In univariable analysis, we 
showed that a higher fibre intake was associated with a smaller 
WHtR and a smaller WHtR associated with lower OR of moder 
ate/ extreme depressive symptoms. Despite this, adjustment for 
adiposity using WHtR did not impact on the relationship 
between dietary fibre intake and depressive symptoms in a mul 
tivariable model. This suggests that in adolescents, pathways 
other than adiposity may be involved. Sensitivity analysis adjust 
ing for BMI instead of WHtR showed little difference in results. It 
may be that a more precise measure of adi posity such as fat mass 
or body fat percentage is required to fully capture the impact of 
adiposity on depressive symptoms. 

Dietary fibre may impact depressive symptoms independent 
of overall diet through the gut microbiota. Dietary fibre remains 
undigested until it reaches the intestines where it is often fer 
mented by bacteria. A high fibre intake can encourage the 
growth of beneficial bacteriao i.72) _ These bacteria can produce 
neurotransmitters like gamma amino butyric acid and serotonin, 
and serotonin's precursor tryptophan° 3•74), low concentrations 
of which have been linked to the pathophysiology of depres 
sion<75•76)_ Additionally, fermentation of dietary fibre by the 
microbiota creates SCFA on SCFA can inhibit histone deacety 
lases(78), resulting in increased gene expression, including 
brain derived neurotrophic factor09). In a previous study of ado 
lescents, concentrations of brain derived neurotrophic factor, 
along with other neurotrophins, were significantly lower in din 
ically depressed adolescents than in the controls<&>)_ In the same 
study, lower concentrations of brain derived neurotrophic factor 
in the depressed adolescents were associated with greater 
severity of depressive symptoms. Evidence suggests that SCFA 
can also activate G protein coupled receptors in the brain<81-83), 

resulting in norepinephrine reiease<84.B5) which can have anti 
depressant effects<86). 

Another potential mediator of a relationship between a high 
fibre diet and depressive symptoms is inflammation Studies have 
shown that healthy dietary r,:attems and a high dietary fibre intake 
associate with lower inflammation(36...38,87), and that high inflamma 
tion is associated with the presence of depressive symptoms(3\)-43) . 

Dietary fibre may reduce inflammation through mechanisms such 
as lowering circulating levels of inflammatory lipopolysaccharide 
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by reducing intestinal membrane peaneabilitf88) and pti<89). High 
levels of lipopolysaccharide and inflammatory cytokines can alter 
production and re uptake of neurotransmitters and the function of 
the hypothalamic pituitary adrenal axis(90·91), which may contrib 
ute to depression<92) . Despite this biological plausibility, our results 
suggest that reduced hs OW, as a marker cf inflammation, does not 
mediate the relationship between dietary fibre and depressive 
symptoms in adolescents. 

It is worth noting that the only modifiable lifestyle factor sig 
nificantly associated w ith odds of moderate/extreme depressive 
symptoms in the final model was binge drinking. This is consis 
tent with previous research linking excessive alcohol consump 
tion to an increased risk of depression in adolescents and young 
adults<93)_ Definitions of excessive, risky or binge drinking vary 
and have changed over time. Our definition of binge drinking 
(>6 standard drinks on the same day) differs from the current 
(2009) Australian National Health and Medical Research 
Council recommendation cf <4 standard drinks per d to reduce 
alcohol related health risks. Therefore, our study may under 
estimate rates of binge drinking. However, the National 
Health and Medical Research Council guidelines are designed 
for adults, with no level of alcohol consumption deemed safe 
for people under the age of 18 years, and therefore there is 
no formal definition of adolescent binge drinking. The other fac 
tors significantly associated w ith moderate/extreme depressive 
symptoms were female sex and poorer family functioning. 

Strengths and limitations 

In the present study, we used prospective data from two time 
points in adolescence which is a major strength, as adolescence 
is an age group where research has so far been lacking. The com 
prehensive range of data collected from both the adolescents 
and their parents in the Raine Study allowed adjustment for many 
potential confounders and testing cf mediators. However, the 
presence of missing data meant that some participants had to 
be excluded from the study, and the proportion of adolescents 
w ith moderate/extreme depressive symptoms was low (n 90, 
4-7 %). To investigate whether the exclusion of some participants 
biased the results, we performed a sensitivity analysis using 
inverse probability weighting. The results cf the weighted analy 
sis were consistent w ith the main analysis, providing some 
reassurance that exclusion bias did not greatly impact the results. 
Another strength of the study was the use of two time points, 
w ith the same measurements of diet (CSffiO FFQ) and depres 
sive symptoms (BDI Y) used at each age group. The CSIRO 
FFQ measures diet from the previous year while the BD I Y deter 
mines depressive symptoms over the 2 weeks prior to follow up, 
allowing the examination of the effect of habitual diet on current 
depressive symptoms. However, due to its retrospective nature 
the FFQ may be subject to recall bias. As the calculation of the 
dietary fibre content cf diet is dependent on the portion sizes 
provided by the participant, a reference standard serving size 
was given for each food item in the questionnaire . To improve 
accuracy, the primary caregiver assisted in the completion of the 
FFQ at age 14 years, while it was completed by the adolescent 
alone at age 17 years. As such, there may have been inconsisten 
cies in reporting between the two follow ups. 

The present study is observational; therefore, we could not 
confirm any biological causal mechanisms for the association 
of higher dietary fibre intake w ith lower odds of moderate/ 
extreme depressive symptoms. Additionally, we cannot entirely 
rule out an effect of reverse causality between a high fibre diet 
and depressive symptoms. However, our results of paired analy 
sis show that even after excluding participants who had moderate/ 
extreme depressive symptoms at the 14 year follow up, the highest 
dietary fibre intakes were associated with lower odds cf incident 
moderate/extreme depressive symptoms at the 17 year follow up. 
Participant numbers were low (n 531, 31 with moderate/extreme 
depressive symptoms at 17 years), however, and therefore these 
results cannot be used as strong evidence . We chose not to perform 
longitudinal analysis using dietary fibre intake at 14 years as the 
exposure and depressive symptoms at 17 years as the outcome 
because cf a lack cf biological plausibility for dietary fibre intake 
to impact depressive symptoms 3 years later. The BDI Y is a non 
diagnostic self report questionnaire and as such we cannot deter 
mine the association between dietary fibre intake and diagnosed 
clinical depression 

It is difficult if not impossible to isolate the impacts of a single 
nutrient on depressive symptoms. As dietary fibre is primarily 
sourced from fruits, vegetables and grains, there is high multicol 
linearity between fibre and vitamins and minerals that are also 
present in those foods. As such, we cannot exclude a con 
founding effect of other nutrients present in a fibre rich diet. 
Development of a high fibre dietary patte rn may be of ben 
efit for future research regarding the e ffects of die tary fibre as 
a component of healthy d ie t, rather than as an isolated 
nutrient. 

The findings of our study suggest that a good quality, high 
fibre diet, rather than a high fibre intake alone, may have 
potential to improve symptoms of depression in adolescents in 
dependent of adiposity and inflammation. However, our results 
cannot confirm causality, and further research such as rando 
mised controlled trials is required to confirm the potential cf 
dietary fibre to impact depressive symptoms. While studies exist 
on other aspects of diet and mental health in adolescents, to our 
knowledge, this is the first study to examine the association 
between dietary fibre intake and depressive symptoms in a 
sex mixed adolescent cohort. More research in adolescent age 
groups is important due to the high incidence of mental disorders 
and associated potential lifelong impacts on health and lifestyle . 
Further research to determine the utility of dietary fibre in reduc 
ing depressive symptoms should focus on a high fibre diet rather 
than simply consuming an allocated quantity cf dietary fibre 
daily. Furthermore, increasing physical activity and discouraging 
excessive alcohol consumption may be additional effective tar 

gets for reducing or preventing depressive symptoms in 
adolescents. 
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