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Abstract
Objective: To investigate the cross-sectional association between dietary intakes of
antioxidants and fibre and depressive symptoms among Iranian adolescent girls.
Design: A cross-sectional population-based study.
Setting: Primary schools in two different cities located in northeastern Iran
(Mashhad and Sabzevar).
Participants: A total of 988 adolescent girls aged 12–18 years were included in the
study.
Results: Subjects with no or minimal depression symptoms had significantly higher
dietary intakes of α-carotene (P= 0·01), β-carotene (P= 0·006), lutein (P = 0·03)
and vitamin C (P= 0·04)when comparedwith subjects withmild-to-severe depres-
sion symptoms. Soluble dietary fibre and insoluble dietary fibre intakes were also
significantly higher in healthy adolescents compared with those with depression
symptoms (P < 0·001). In multivariate-adjusted model 2, the OR (95 % CI) of
depressive symptoms were 0·61 (95 % CI 0·37, 1·01), 0·42 (95 % CI 0·26, 0·69),
0·50 (95 % CI 0·31, 0·79), 0·71 (95 % CI 0·44, 1·15), 0·51 (95 % CI 0·32, 0·82) and
0·42 (95 % CI 0·25, 0·68) for the highest v. lowest quartile of vitamin C, β-carotene,
α-carotene, lutein, soluble dietary fibre and insoluble dietary fibre cereal intakes,
respectively.
Conclusions: Dietary intake of some antioxidants and dietary fibre intake was
inversely associated with depression symptoms among Iranian adolescent girls.
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Depression is a common and very serious medical condition
accompaniedby ahighdegree of emotional distress and func-
tional impairment(1). The two main symptoms of depression
includedepressedmood and anhedonia (i.e. loss of interest in
daily activities), which are often accompanied by a variety of
additional symptoms(2). The lifetimeprevalence of depression
varies from 11·1 % in developing countries to 14·6 % in high-
income countries(3). Moreover, depression is estimated to
count for 9·6% of years living with disability and about

4·0% of global disability-adjusted life years(4). The prevalence
of depression substantially increases during adolescence, par-
ticularly in girls, due to physical and emotional development
as well as exposure to novel stressors(5). A systematic review
and meta-analysis of twelve studies revealed that the preva-
lence of depression among Iranian children and adolescents
was 43·5 % using the Beck Depression Inventory, with a
higher prevalence among girls than boys(6). Moreover, using
the Center for Epidemiologic Studies Depression Scale, the
prevalence of severe depression among Iranian female ado-
lescents in secondary schools has been reported to be
52·6 %(7). Since depression is probably themost important riskSayyed Saeid Khayyatzadeh and Alireza Omranzadeh are co-first authors.
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factor for teenage suicide(8), the management of adolescents
with depressive disorders is of particular importance.

Inflammation and oxidative stress are linked with a
number of chronic diseases including CVD, hypertension,
diabetes, chronic kidney disease and cancer(9–12). Although
the aetiology of depression is not completely understood, it
has been shown that depression is significantly associated
with systemic inflammation up-regulation indicated by an
increased production of pro-inflammatory cytokines and
inflammatory mediators(13,14). Moreover, several studies
have reported that disturbed oxidative stress/antioxidant
equilibrium increased the generation of reactive oxygen
species and decreased antioxidant defences may be related
to pathogenesis of depression(15–17). In line with this,
Rawdin et al. observed that the homoeostatic buffering
mechanisms regulating inflammation and oxidation in
healthy subjects become dysregulated in untreated depres-
sion(18). Thus, considering the link between depressive dis-
orders and oxidative stress, it was hypothesised that higher
dietary antioxidant intake would be associated with less
severe depressive symptoms.

The most important dietary antioxidants include vitamin C
(ascorbic acid), vitamin E (tocopherols and tocotrienols), caro-
tenoids (e.g. β-carotene), flavonoids and several traceminerals.
Moreover, it should be noted that dietary fibre often serves as a
carrier for dietary antioxidants(19). We have previously found
that dietary Zn intakewas inversely associatedwith depressive
symptoms, whichwas suggested to be related to its role in anti-
oxidant enzymes(20). Several previous studies have investigated
the association between dietary antioxidants and depressive
symptoms in different population groups(21–24). Bonaccio et al.
observed that adherence to a Mediterranean dietary pattern
was associatedwithbettermental health,whichwas independ-
ently explained by dietary total antioxidant and fibre con-
tent(21). In another study, Payne et al. observed that vitamin
C, lutein and β-cryptoxanthin intakes were significantly lower
among participants with depression than in healthy individ-
uals(22). Moreover, Ye et al. observed an inverse association
between intake of total carotenoids and depression score after
adjustment for a rangeof dietary andnon-dietary potential con-
founders(23). Xu and colleagues conducted a study in 16 807
adults aged 20 years or older and observed an inverse associ-
ation between dietary intakes of total, fruit and vegetable fibre,
and depressive symptoms(24).

Despite these observations, to our knowledge, no stud-
ies to date have investigated the association between
dietary antioxidants and fibre intake and depressive symp-
toms in Iranian adolescent girls, a population known to
have a high prevalence of depression. Therefore, the pri-
mary objective of the present study was to investigate (1)
the association between dietary intake of antioxidants
and severity of depression symptoms and (2) the associa-
tion between dietary intake of fibre and severity of depres-
sion symptoms among Iranian adolescent girls.

Methods

Study population
A total of 1026 adolescent girls aged 12–18 years were ran-
domly recruited from several schools in two cities located
in northeastern Iran (Mashhad and Sabzevar), using a ran-
dom cluster sampling method. The participation rate was
96 %, and a total of 988 adolescent girls were studied.
Subjects with a history of autoimmune diseases, cancer,
metabolic bone disease, hepatic or renal failure, cardio-
vascular disorders, malabsorption or thyroid, parathyroid
or adrenal diseases were not included in our study. All
the subjects and their parents were asked to complete writ-
ten informed consent before participating in the study. This
study was approved by the ethic committee of Mashhad
University of Medical Sciences (MUMS), Mashhad, Iran
(ID: 931188).

Demographic, anthropometric and biochemical
measurements
Demographic information of the study participants including
age, supplement use, chronic diseases, smoking status,men-
struation status, psychological treatment andmedical history
were collected by trained interviewers. Anthropometric var-
iables including weight, height and waist circumference
were obtained using standard protocols. Body weight was
measured in an overnight fasting status without shoes in a
minimal clothing state by the use of a digital scale to the
nearest 0·1 kg. Height (without shoes) was assessed to the
nearest 0·1 cm using a stadiometer. Thereafter, BMI was cal-
culated by dividingweight (kg) by the square of height (m2).
Waist circumferencewasmeasured at themidpoint between
the lowest rib margin and the iliac crest during minimal res-
piration(25,26). Systolic blood pressure and diastolic blood
pressure were measured by sphygmomanometer twice in
exactly the same manner. It was measured on the left arm
when the individuals remained seated at rest for 15min.
The third measurement was taken if the first two readings
differ by more than 15mmHg in diastolic blood pressure
or more than 25mmHg in systolic blood pressure.
Physical activity information was gathered using a validated
questionnaire allowing conversion into metabolic equiva-
lent hours(27). Blood samples were collected after 12–14 h
overnight fast, and serum was separated after centrifugation
and stored at−20 °C until analysed. Biochemical parameters
including TAG, total cholesterol, LDL-cholesterol, HDL-
cholesterol and fasting blood glucose were measured for
all participants, as described previously(28). Friedewald for-
mula was used to calculate LDL-cholesterol if serum TAG
concentration was lower than 400mg/dl(29). Serum high-
sensitivity C-reactive protein concentration was estimated
using an immunoturbidimetric method, with a detection
limit of 0·06mg/l (Pars Azmun, Karaj, Iran).
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Assessment of dietary intake
A validated FFQwas used tomeasure dietary intakes(30,31). To
estimate energy andnutrient intakes, the reportedportion size
in FFQ and dietary records was converted to grams using
household measures and then entered to the Nutritionist IV
software (version 7.0; N-Squared Computing) which was
modified for Iranian food items.

Assessment of depression
In this study, the twenty-one-item Beck Depression
Inventory was used for assessing the symptoms of depres-
sion(32). Each item represents a single symptom associated
with depression including feelings of guilt, feelings of
hopelessness, sadness, crying, sleep disturbance, fear
and loss of appetite over the past 2 weeks(33). Scores are
classified as the following: 0–13 minimal or no depression,
14–19 mild depression, 20–28 moderate depression and
29–63 severe depression(33). Ghassemzadeh et al. (2005)
have validated this questionnaire in its Persian (Farsi) trans-
lation, with an acceptable internal consistency (Cronbach’s
alpha = 0·87) and test–retest reliability (r= 0·74)(34).

Statistical analysis
Data analysis was carried out using SPSS-18 software
(SPSS Inc.). The normality of data was evaluated using
Kolmogorov–Smirnov test. Descriptive statistics including
mean, frequency and SD were determined for all variables
and expressed as mean ± SD for normally distributed varia-
bles. χ2 tests were used to compare the qualitative variables.
For normally distributed variables, independent sample t test
was performed. All the analyses were two-sided, and
P-value< 0·05was considered as significant.Moreover, crude
and adjusted logistic regression analyses were conducted to
investigate the relationship between depression symptoms
and quartiles of nutrient intakes. Age and energy intake were
controlled in the first model. Further adjustments were made
for menstruation, family members, parental death, parental
divorce, physical activity and BMI in the second model.

Results

Over 25% (n 255) of the subjects were diagnosed with mild-
to-severe depression symptoms, and about 74% had no or
minimal depression symptoms. Demographic and biochemi-
cal characteristics of study participants in no or minimal and
mild-to-severe groups are presented in Table 1. There were
no significant differences in age,weight, BMI,waist circumfer-
ence, physical activity, menstruation, high-sensitivity
C-reactive protein, fasting blood glucose, HDL-cholesterol,
LDL-cholesterol, total cholesterol and TAG between subjects
with no or minimal or mild-to-severe depression symptoms.
Patientswithmild-to-severedepression symptomshad signifi-
cantly lower diastolic blood pressure compared with healthy
subjects (P= 0·03), but there was no significant difference in

the case of systolic blood pressure (P= 0·1). The percentage
of passive smokers was significantly higher in mild to severe
group as compared with no or minimal group (P= 0·006).

Dietary fibre and antioxidant intakes of participants in no
orminimal andmild-to-severe groups are reported in Table 2.
No significant difference was observed between two groups
regarding the amount of energy intake (P= 0·9). There were
no significant differences in dietary intakes of vitamin A
(P= 0·7), vitamin E (P= 0·7) and lycopene (P= 0·8) between
groups. Subjects with no or minimal depression symptoms
had significantly higher dietary intakes of α-carotene
(P= 0·01), β-carotene (P= 0·006), lutein (P= 0·03) and vita-
min C (P= 0·04) when compared with subjects with mild-
to-severe depression symptoms. Soluble dietary fibre and
insoluble dietary fibre intakes were also significantly higher
in healthy adolescents compared with those with depression
symptoms (P< 0·001, Table 2).

Crude and adjusted OR for depression symptoms across
quartiles of nutrients intakes are presented in Table 3. In all
ourmultivariate analyses, the groupwhowas in the first quar-
tile of dietary fibre and antioxidant intake served as a refer-
ence group (Q2, Q3, Q4 v. Q1). Although we observed no
significant association between depression severity and vita-
min C intake in crude model (Ptrend= 0·18), significant asso-
ciations were found after adjusting for age and energy intake
(Ptrend= 0·04) and also after further adjusting for menstrua-
tion, family members, parental death, parental divorce, physi-
cal activity andBMI (Ptrend= 0·04). Themultivariable-adjusted
(model II) OR (95% CI) for the lowest through the highest
quartiles of β-carotene intake were 1·00 (reference), 0·91
(95% CI 0·58, 1·42), 0·77 (95% CI 0·50, 1·20) and 0·42
(95% CI 0·26, 0·69) (Ptrend= 0·003). The multivariable-
adjusted (model II) OR (95% CI) for the lowest through the
highest quartiles of α-carotene intake were 1·00 (reference),
0·69 (95% CI 0·45, 1·07), 0·63 (95% CI 0·41, 0·98) and 0·50
(95% CI 0·31, 0·79) (Ptrend= 0·004). In multivariate-adjusted
model 2, the OR (95% CI) of depressive symptoms were
0·71 (95% CI 0·44, 1·15), 0·51 (95% CI 0·32, 0·82) and 0·42
(95% CI 0·25, 0·68) for the highest v. lowest quartile of lutein,
soluble dietary fibre and insoluble dietary fibre cereal intakes,
respectively (Table 3).

Discussion

Our results suggest that higher dietary intakes of vitamin C, but
not vitamin E, were associated with lower depression symp-
toms among Iranian adolescent girls. Moreover, dietary intakes
of some carotenoids (β-carotene, α-carotene and lutein) and
dietary fibre intake (both soluble and insoluble) were inversely
associated with the severity of depression symptoms. Overall,
subjects with mild-to-severe depression symptoms had signifi-
cantly lower intake of dietary antioxidants.

Several studies have investigated the association
between dietary antioxidant intakes and depressive symp-
toms in different population groups(22,35,36). In agreement

5652 SS Khayyatzadeh et al.



with our findings, Prohan et al. found that young male uni-
versity students with major depressive disorder consumed
less dietary antioxidants such as vitamin C, β -carotene,
lutein and zeaxanthin than healthy controls(35). In another
study on 278 elderly participants, Payne et al. observed
that vitamin C, lutein and β-cryptoxanthin intakes were sig-
nificantly lower among individuals with depression than in
healthy participants. Additionally, fruit and vegetable con-
sumption was lower in individuals with depression(22). Amr
et al. conducted a 6-month, double-blind, placebo-
controlled pilot trial and found vitamin C as an effective
adjuvant agent in the treatment of paediatric major depres-
sive disorder(37). Moreover, adherence to a Mediterranean
dietary pattern was found to be associated with better men-
tal health, which was independently explained by dietary
total antioxidant and fibre content(21). Furthermore, Tsai

and colleagues conducted a prospective cohort study
among a sample of free-living elderly and found that more
frequent consumption of vegetables was protective against
depressive symptoms, which was suggested to be due to
high antioxidant content(36).

We found an inverse association between dietary
intakes of β-carotene, α-carotene and lutein, but not lyco-
pene, and depression symptoms. In this regard, several
previous studies have investigated the relationship
between dietary intake and plasma status of carotenoids
and depressive symptomatology(23,38,39). In line with our
observations, Ye et al. observed an inverse association
between intake of total carotenoids and depression score
after adjustment for age, sex, education, smoking, BMI,
energy intake, plasma cholesterol, vitamin B6, vitamin C
and homocysteine. Interestingly, similar association was

Table 1 Demographic and biochemical characteristics of study population with no or minimal and mild-to-severe depression symptoms

Variables

Depression severity

P-value

No or minimal (n 733) Mild to severe (n 255)

Mean SD Mean SD

Age (years) 14·5 1·52* 14·5 1·54 0·880
Weight (kg) 52·9 11·6 52·5 12·6 0·627
BMI (kg/m2) 21·2 4·16 21·0 4·52 0·458
WC (cm) 70·3 8·9 70·3 9·5 0·914
Physical activity (MET) 45·4 3·4 45·4 3·8 0·952
SBP (mmHg) 96·9 13·9 95·5 14·6 0·110
DBP (mmHg) 63·08 13·3 61·05 13·6 0·033
Passive smoker, yes (%) 32·4 43·1 0·006
Menstruation, yes (%) 85·9 86·3 0·972
hs-CRP (mg/l) 1·52 1·73 1·53 1·9 0·911
FBG (mg/dl) 86·4 11·8 85·4 11·4 0·207
HDL-cholesterol (mg/dl) 46·9 8·7 47·3 9·5 0·546
LDL-cholesterol (mg/dl) 99·0 24·4 99·0 26·9 0·932
TC (mg/dl) 161·1 28·5 161·2 29·4 0·944
TAG (mg/dl) 83·2 36·4 86·9 44·1 0·203

WC, waist circumference;MET,metabolic equivalent; SBP, systolic blood pressure; DBP, diastolic blood pressure; hs-CRP, high-sensitivity C-reactive protein; FBG, fasting
blood glucose; TC, total cholesterol.
*Values are expressed as mean ± SD. Independent sample t test and χ2 test were used to analyse differences in demographic and biochemical characteristics.

Table 2 Dietary fibre and antioxidant intakes of participants with no or minimal and mild-to-severe depression symptoms

Variables

Depression severity

P value

No or minimal (n 733) Mild to severe (n 255)

Mean SD Mean SD

Energy (kcal) 2711 824* 2718 849 0·901
Vitamin C (mg/d) 99·1 65·9 90 53·7 0·041
Vitamin A (mcg/d) 600·7 364·2 584·6 790·9 0·723
Vitamin E (mg/d) 13·7 6·68 13·5 7·49 0·716
β-Carotene (mcg/d) 3558 2876 3024 2321 0·006
α-Carotene (mcg/d) 588·9 633 479·1 507·7 0·014
Lutein (mcg/d) 2031 1837 1763 1507 0·034
Lycopene (mcg/d) 3807 2910 3759 2849 0·804
Soluble dietary fibre (g/d) 0·42 0·36 0·34 0·25 < 0·001
Insoluble dietary fibre (g/d) 2·17 1·62 1·79 1·19 < 0·001

*Values are expressed as mean ± SD. Independent sample t test was used to analyse differences in dietary fibre and antioxidant intakes.
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observed for plasma carotenoids(23). Milaneschi et al. also
found that low plasma concentrations of carotenoids were
associated with depressive symptoms among a sample of
women andmen aged 65 years and older(38). Similarly, total
carotenoids (mainly β-carotene and lutein þ zeaxanthins)
in serum were found to be associated with less severe
depression symptoms among community-dwelling US
adults(39). Furthermore, Li and colleagues showed that, in
a group of 6680 adults aged 17–39 years, a history of
attempted suicide was associated with low levels of carote-
noids and antioxidant vitamins(40).

Similar toour findings, several studieshave foundan inverse
association between dietary intake of fibre and severity of
depressive symptoms(24,41,42). In a study on 1977 Japanese
workers between ages 19 and 69 years, Miki et al. found a sig-
nificant inverse association between dietary fibre intake from
vegetables and fruits and depressive symptoms. However,
no association was found between depressive symptoms
anddietary intakeof total, soluble, insoluble andcereal fibre(41).
The authors suggested that the stronger association for fibre
fromvegetable and fruit couldbeattributable to itsmore readily
fermentable properties compared with fibre from cereal.
However, since the participants were Japanese manufacturing
workers, care must be taken before generalising the find-
ings(41). In another study on 16 807 adults aged 20 years or
older, it was revealed that dietary intakes of total fibre, fruit fibre
and vegetable fibre were inversely associated with depressive

symptoms(24). Moreover, a Chinese study, which was con-
ducted in 3394 community-dwelling older adults showed that
total fibre intake was inversely associated with depression
score(42). The exact mechanism linking dietary intake of fibre
to depression is unclear, but several possibilities are proposed.
First, this can be partly explained by the potential involvement
of dietary fibre in the transportation of dietary antioxidants
through the gastrointestinal tract(19). Second, SCFA, which
are the products of colonic bacterial fermentation of dietary
fibre,may improve inflammation(43), anunderlyingmechanism
of depression(44). Further, another possiblemechanismmay be
related to the effects of fibre on gut microbiota and its sub-
sequent impact on gut–brain axis for which there is emerging
evidence of the importance in depression pathogenesis(45,46).

Our results revealed that adolescents with mild-to-severe
depressive symptoms had significantly lower diastolic blood
pressure compared with those with no or minimal depres-
sive symptoms. A cross-sectional population-based study
conducted in 60 799men andwomen aged 20–89 years also
showed that there is an association between low blood pres-
sure and depression across all age and sex groups(47).
Further, in the 22-year follow-up of the Nord-Trøndelag
Health Study in Norway, Hildrum et al. found that symp-
toms of depression and anxiety are associatedwith decrease
in blood pressure(48). Our results also showed that adoles-
cents with mild-to-severe depressive symptoms were more
likely to be passive smokers. Similarly, using data from the

Table 3 Crude and adjusted OR (with 95% CI) of dietary intake of antioxidants (expressed as quartiles, Q2, Q3, Q4 v. Q1) and elevated
depressive symptoms among Iranian adolescent girls

Quartiles of nutrients intake*

Ptrend

Reference group (Q1)
and Q2

Reference group (Q1)
and Q3

Reference group (Q1)
and Q4

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

Vitamin C
Crude 0·87 0·57, 1·33 0·80 0·52, 1·22 0·76 0·49, 1·16 0·182
Model I 0·80 0·52, 1·24 0·68 0·43, 1·09 0·61 0·37, 1·00 0·043
Model II 0·81 0·52, 1·26 0·68 0·42, 1·09 0·61 0·37, 1·01 0·047

β-Carotene
Crude 1·06 0·7, 1·61 0·87 0·57, 1·33 0·52 0·33, 0·80 0·010
Model I 0·96 0·62, 1·50 0·80 0·52, 1·24 0·43 0·27, 0·71 0·004
Model II 0·91 0·58, 1·42 0·77 0·50, 1·20 0·42 0·26, 0·69 0·003

α-Carotene
Crude 0·75 0·49, 1·14 0·73 0·48, 1·11 0·58 0·37, 0·88 0·013
Model I 0·72 0·46, 1·10 0·67 0·43, 1·04 0·51 0·32, 0·81 0·005
Model II 0·69 0·45, 1·07 0·63 0·41, 0·98 0·50 0·31, 0·79 0·004

Lutein
Crude 1·21 0·80, 1·84 0·71 0·46, 1·09 0·79 0·52, 1·21 0·072
Model I 1·16 0·75, 1·78 0·68 0·43, 1·07 0·71 0·44, 1·14 0·042
Model II 1·18 0·76, 1·82 0·66 0·42, 1·05 0·71 0·44, 1·15 0·031

Soluble dietary fibre
Crude 0·94 0·62, 1·42 0·78 0·51, 1·18 0·61 0·39, 0·93 0·011
Model I 0·84 0·54, 1·29 0·69 0·44, 1·08 0·52 0·33, 0·84 0·005
Model II 0·81 0·52, 1·25 0·66 0·42, 1·04 0·51 0·32, 0·82 0·004

Insoluble dietary fibre
Crude 0·89 0·59, 1·35 0·70 0·46, 1·07 0·52 0·34, 0·80 0·002
Model I 0·83 0·54, 1·28 0·61 0·39, 0·95 0·43 0·26, 0·70 < 0·001
Model II 0·80 0·52, 1·23 0·58 0·36, 0·91 0·42 0·25, 0·68 < 0·001

*ORwith 95%CI obtained frommultinomial logistic regression analysis both crude and adjusted for potential confounders. Model I: Adjusted for age and energy intake. Model
II: Additionally, adjusted for menstruation, family members, parental death, parental divorce, physical activity and BMI.
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2005–2006 National Health and Nutrition Examination
Survey, it was found that second-hand smoke exposure
was positively associated with depressive symptoms in
never-smokers aged≥ 20 years(49). Using cross-sectional
data from a series of ten population surveys, Patten et al.
reported that the pooled annual prevalence ofmajor depres-
sive disorder was 6·1 % in non-smokers with second-hand
smoke exposure comparedwith 4·0 % in non-smokers with-
out second-hand smoke exposure(50). These results provide
support for public healthmeasures aiming to reduce second-
hand smoke exposure to protect the health of non-smokers.

The strengths of our study include a relatively large
sample of adolescent girls, a group with a high prevalence
of depressive disorders, and using a standardised tool for
assessment of depression symptoms. We acknowledge
the limitations in our study including: (a) inclusion of only
female sex, (b) the use of self-administered tool instead of
more accurate face-to-face interviews and (c) the fact that
we have assessed both depression symptoms and dietary
intakes at baseline and no longitudinal assessment was
performed. Therefore, we cannot say whether having
depressive symptoms leads to lower consumption of
foods rich in antioxidants or low dietary intakes of antiox-
idants and fibre contributes to the emergence of depres-
sive symptoms.

In conclusion, this study showed a significant inverse
association between dietary intake of some antioxidants
and depression symptoms among Iranian adolescent girls.
Moreover, higher dietary intakes of both soluble and insol-
uble fibre were associated with less severe depression
symptoms.
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