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Abstract

Objective: To investigate the reciprocal relationship between unhealthy eating
behaviours and depressive symptoms from childhood to adolescence.

Design: Unhealthy eating behaviours were measured by the frequencies of eating
foods with excess salt, sugar or fat in the past week. Depressive symptoms in the
past two weeks were measured using a seven-item scale. Hierarchical linear
growth models were used to analyse longitudinal associations between unhealthy
eating behaviours and depressive symptoms. Time-fixed variables (sex, parents’
education level and household monthly income) and time-varying variables
(parents’ marital status, family activities, body weight, vegetable or fruit
consumption, exercising and smoking) were controlled for.

Setting: The Child and Adolescent Behaviors in Long-Term Evolution study, which
commenced in 2001 and has annual follow-up.

Subjects: Students (n 2630) followed from 2nd grade (8 years old in 2002) to
11th grade.

Results: The frequency of unhealthy eating behaviours in the previous year and
the difference between the frequency in the previous and successive year
were positively associated with the initiation and growth rate of depressive
symptoms. Depressive symptoms in the previous year and the difference in
depressive symptoms between the previous and successive year were positively

associated with the initial state and growth rate of unhealthy eating behaviours. Depressiv:( :yyn‘::)(l,;:;
Conclusions: Our results suggest a reciprocal relationship between depressive Unhealthy eating hehaviours
symptoms and unhealthy eating behaviours. This relationship should be Childhood and adolescence
considered when developing programmes targeting depressive symptoms and Longitudinal analysis
unhealthy diet in children and adolescents. Reciprocal relationship

Depressive disorders are a leading cause of disability-adjusted and of 5-6 % in those aged 13-18 years®. A Taiwanese study
life years that occur throughout the world”. Depressive reported a prevalence of 12:3 % in adolescents aged 13-18
disorders commence in childhood. A meta-analysis of years, demonstrating the importance of this issue in Taiwan.
predominantly Western studies found a prevalence of major Diet is one of the many factors associated with

depressive disorder of 2-8 % in those aged less than 13 years depression” and the dietary habits of children and
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Unbhealthy eating behaviours and depressive symptoms

adolescents have changed over time™. In the USA both
the proportion of sweetened drinks and the amount of
beverages consumed by 6-11-year-olds have increased
significantly between 1989 and 2008. Additionally, the
consumption of caloric nutritional beverages has
decreased®. In China between 1991 and 2009, the pre-
valence of snack foods, the frequency of daily snack food
consumption and the percentage of total daily energy
intake from snacks have also all demonstrated significant
annual increases, particularly in children'”. Although
snack foods in China include low-energy-density fruits and
grains, the proportion of snacks that are sweetened drinks
or fast foods has continued to increase. In Taiwan, the
2001-2002 Nutrition and Health Survey of 6-12-year-olds
found that intakes of protein-rich foods, salts/sauces and
fats/oils were higher than Taiwanese daily recommended
intakes whereas intakes of fruit, vegetables, cereals/grains
and dairy products were lower than recommended® .

A large body of research has already examined the
relationship between unhealthy eating behaviours and
depression®™”. In such research, unhealthy eating beha-
viours refer to the behaviour that results in high intakes of
energy, refined sugar, animal protein, saturated fat and sal,
and low intake of fibre. Such diets tend to be energy dense
or full of empty energy. The majority of studies have found
a positive relationship between unhealthy eating
behaviours and depression® %71 with only a small
number finding no support for this relationship(m). In
cross-sectional studies of Australian adult women™® or
adolescents aged 10-14 years'"| Jacka et al. found that a
higher Western diet score was associated with greater
depressive symptoms. A cross-sectional survey of adults in
Norway found that a healthy diet (a dietary pattern char-
acterized by vegetables, fruit, meat, fish and whole grains)
was associated with fewer depressive symptoms and an
unhealthy diet (i.e. a Western diet) was associated with
more anxiety symptoms"'®. Asian cross-sectional research
on adolescents in China’” and Korea"® has found a
significant positive association between depression and
consumption of fast foods and processed foods. However,
longitudinal research on this association is limited. In
longitudinal research by Jacka et al., in those aged 60-64
years at baseline a lower healthy diet score and a higher
unhealthy diet score were both predictive of depressive
symptoms. However, this relationship was not observed in
the younger age groups'?.

Unhealthy eating could lead to depressive symptoms
through a number of potential physiological mechanisms.
Depressive emotions are associated with the dysregulation
of neurotransmitter (e.g. serotonin) production and the
synthesis of adequate amounts of neurotransmitters is
associated with the availability of the nutrient tryptophan
from dietary sources'**”. Tryptophan, an essential amino
acid, is a precursor of serotonin and can be found in
protein-rich foods*". In addition, several types of dietary
lipid are important for brain membrane function and could
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be related to the aetiology of depression-related symp-
toms. This could explain why a diet low in 7-3 PUFA may
induce depression/anxiety-related behaviour through the
role of n-3 on cell membrane fluidity or membrane lipid
composition in the brain®?. A high-fat, high-refined-sugar
diet could also impair levels of brain-derived neurotrophic
factor in the hippocampus, which could be another
indirect underlying mechanism®*%. Having a behaviour
of taking unhealthy food frequently might lead to high
intakes of fat and refined sugar and reduce the intakes of
other nutrients.

In contrast to the perspective that poor diet leads to
depression, research also points to the potential for
depressive symptoms to lead to unhealthy eating. Empirical
research has shown that middle-aged women with depres-
sive symptoms consume more fast foods®”, saturated fat
and total sugars@(” . Adolescents with depressive symptoms
perceive more barriers to eating a healthy diet®” and
adolescent girls may use snacks and junk food to regulate
depressive symptoms®. A study of children aged 5-11
years found that children with poorer psychological health
were more likely to consume soda/sweetened drinks,
French fries/fried potatoes and fast foods®. However, a
more recent retrospective study in adults found that prior
depression history was significantly associated with a better-
quality diet at a later time point, while current depressive
symptoms were associated with poorer dietary habits®”.
This finding demonstrates that the influence of depression
on dietary habits may differ in longitudinal studies and
emphasizes the importance of longitudinal research when
investigating the relationship between depression and diet.

Depressive symptoms may lead to more unhealthy
choices through emotional eating behaviour, where food
is used as a way of regulating negative emotions?®313?,
Different foods can result in different emotional
responses®”. Most sweet foods make people feel happy
whereas bitter or sour foods have the opposite effect.
Sweet and fatty foods make people feel good and alleviate
stress via opioidergic and dopaminergic neurotransmitters
and enhanced function of the serotonergic system®?.
Therefore, when people suffering from depression
perceive stress they prefer to eat sugar- or fat-rich
foods®®. Depression can also lead to decreased motiva-
tion to perform healthy behaviours, leading to increased
consumption of high-energy foods”*%.

The above-mentioned studies suggest that the relation-
ship between depressive symptoms and unhealthy eating
behaviours is reciprocal. Although some studies have
mentioned the possibility of reciprocal causation®*3> no
studies have been able to confirm this. The establishment
of a bidirectional relationship would have important
implications for the development of educational strategies
and health policy aimed at reducing unhealthy eating and
preventing depression.

In summary, past studies in this area have the following
limitations. (i) They have examined only a unidirectional
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relationship: either the impact of diet on depression or the
impact of depression on diet. (ii) They have been mostly
of cross-sectional design. (iii) Research participants have
been adolescents or adults rather than children. However,
since the relationship between depressive symptoms
and unhealthy eating behaviours can develop during
childhood®®, from a prevention perspective it is essential
to examine this relationship from childhood.

Therefore, the present study aimed to investigate the
bidirectional relationship between unhealthy eating
behaviours and depressive symptoms from childhood to
adolescence. We used longitudinal data from Taiwan that
followed students annually from the 2nd grade (8 years
old) to the 11th grade (17 years old). We investigated how
the frequency of unhealthy eating behaviours in a given
year and the change in frequency between that year and
the subsequent year influenced the level of depressive
symptoms in the subsequent year and vice versa.

Methods

Data for the present study were drawn from the Child and
Adolescent Behaviors in Long-Term Evolution (CABLE)
study. CABLE commenced in 2001 and has annual follow-
up assessments”®*®. CABLE aims to monitor develop-
ments in children’s health behaviours and their associated
factors on the basis of an ecological model that considers
intrapersonal, interpersonal and organizational aspects.
The clustered sampling frame comprised all public
elementary schools in two areas in Taiwan: Taipei city and
Hsinchu County. Nine schools were randomly selected
from each area. The 1st graders (cohort 1) and 4th graders
(cohort 2) in each school were enrolled as the baseline
cohorts. Details about sampling procedure, sample size
determination and instrument development of the CABLE
study have been published elsewhere®®.
Self-administered student-version questionnaires were
provided to students. Until the 9th grade, data collection

Followed up annually
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was conducted in classrooms by trained interviewers.
From the 10th grade onwards, data collection was
conducted by the Fieldwork Operation Center of the
Health Survey and Health Promotion Administration,
Ministry of Health and Welfare, Taiwan. Participants were
interviewed individually by trained interviewers. All par-
ents of participants provided signed informed consent.
Parental information, including education level, family
income and marital status, were obtained from parental-
version questionnaires completed by the primary
caregiver from the first wave to the fourth wave of the
survey. The project was approved by the Human Research
Medical Ethics Commiittee of the National Health Research
Institutes (approval code EC9009003).

The present study analyses data from cohort 1 of
CABLE. Because questions about unhealthy eating beha-
viours were first included in 2002, the study includes the
students of cohort 1 who were 2nd graders in 2002
(8 years old) and who were followed until the 11th grade
in 2011 (17 years old) and had participated in at least two
survey waves. Follow-up rates of cohort 1 ranged from
9809 % in 2002 to 85-14 % in 2011°”. Reasons for loss to
follow-up included moving, refusing to participate, poor
health and loss of contact. Altogether, 2630 students had
complete data for the study variables (Fig. 1.

There were no differences between the analytic sample
and the sample with missing data in terms of sex, household
monthly income, family activity score, depressive symptoms
and unhealthy eating behaviours. However, those with
missing data were significantly more likely to have parents
who were not married (13-69 % v. 8:39 %) or parents with
low education (10-08 % v. 5-54 %; both P < 0-05).

Dependent variables

The depressive symptom scale was based on Kovacs’ Chil-
dren’s Depression Inventory (CDD“**" and the Center for
Epidemiological Studies Depression Scale for Children@%4®,

The scale was reviewed by ten experts in psychology,

2002 survey, n 2853

|

» 2011 survey, n 2360

Original sample, n 2853 (25677 records)

l

Participated in at least two waves of the survey, n 2782 (25038 records)

A

Sample with missing
values,
n 152 (7623 records)

Analytic sample, n 2630 (17 415 records)

Fig. 1 Flow diagram showing selection of the analytic sample
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behavioural science and health education®. The scale

contains seven items: (i) loss of appetite; (i) feeling sad,;
(i) crying for no reason; (iv) getting upset over nothing;
(v) feeling scared; (vi) difficulty sleeping; and (viD) lack of
motivation to do anything in the previous two weeks.
Possible responses were never (score=1), once or twice
(score=2) or many times (score =3). Scores for each item
were summed to provide a depressive symptoms score.
Scores ranged from 7 to 21, with a higher score indicating a
greater number of depressive symptoms. Cronbach’s
a values ranged from 0-66 to 0-81 across the ten waves,
indicating an acceptable level of internal consistency.
This scale has been used in previous studies®”*44.

Unhealthy eating behaviours were measured with three
questions: (i) How often did you eat fast foods (such as
hamburgers, French fries, fried chicken, instant noodles
and pizza) during the past week? (i) How often did you
eat snacks (such as potato chips, cookies, candy, cakes
and chocolate) during the past week? and (iii) How often
did you drink sweetened beverages (such as soft drinks,
sweetened juice, sweetened tea, ice pop and ice cream)
during the past week? A four-point scale was used: never
(score=1), once or twice (score=2), many times
(score =3) or almost every day (score=4). Scores from
each question were added to give a total score for each
year that ranged from 3 to 12. Cronbach’s a values ranged
from 0-53 to 0-65 across the ten waves. The Spearman
correlation coefficients for these three questions showed a
significant (< 0-0001) positive association across the ten
waves. Factor analysis showed that these three items
loaded onto a single factor in each survey year with a
cumulative explained variance of 52-59 %.

Potential confounding variables

Potential confounding variables were included as either time-
fixed variables or time-varying variables. The conceptual
framework is illustrated in Fig. 2. All time-fixed variables
Gee. sex*"7 parental education level ™ and monthly
household income®>”) were based on data collected in
2002. As the nature of these variables was relatively stable,
missing values were imputed from available information in
the successive year. Parents’ highest education level and
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monthly household income were obtained from the parent-
version questionnaires. Parents’ highest education level (i.e.
the highest level of education between the father and
mother) was categorized as: () low (junior high school or
lowen); (i) medium (senior high school or vocational
school); or (i) high (university or above). Monthly house-
hold income was divided into the following categories:
(1) low (ess than 59 999 new Taiwan dollars (NTD; 1 NTD
~0-03 $USY); (i) medium (60 000-119 999 NTD); or (iii) high
(more than 120 000 NTD).

Time-varying variables included parents marital
status™1? family activity score®*, body weight®*>?
consumption of fruit or vegetables" >, exercise participa-
tion®>*® and smoking®>*”. Parents’ marital status was
categorized as married or not married (i.e. separated,
widowed or divorced). This variable was obtained from the
parent-version questionnaire from 2002 to 2004 and from the
student-version questionnaire from 2005 to 2010. Family
activity, an aspect of the CABLE Family Interactions Scale™®
includes activities that children did with their parents in the
previous week. These include talking, eating, doing
housework, doing homework and going out somewhere.
Responses ranged from 1 to 4 (1=never, 2=one or two
days, 3=many days, 4=every day). The sum of these five
activities (5 to 20) was used. The Cronbach’s « for this scale
was 0-63 in 2002.

Body weight, fruit or vegetable consumption, exercise
participation and smoking were included as time-varying
variables from 2002 to 2010. Body weight and height were
measured between 2002 and 2006. However, from the
7th grade (2007) to the 11th grade (2011), body weight and
height were provided by student self-report. We included an
indicator variable in the models to control for this difference in
measurement approach. There were two years of overlap of
these measurement techniques where both approaches were
used. This allowed us to evaluate the agreement between
the self-reported and measured values. The correlation
coefficients were 0-85 for year 2002 and 0-84 for year 2000,
indicating good agreement. BMI was calculated as [weight
(kg)/lheight (m)]*. Participants were grouped into four
categories (underweight, normal, overweight and obese)
according to the age- and sex- specific BMI criteria published

Time-fixed confounding Depressive symptoms Depressive symptoms
factors: (year t-1) (year t)
 Student’s sex
* Parental edycatlon Unhealthy eating Unhealthy eating
* Household income . 1 .
behaviours (year t-1) behaviours (year t)

Time-varying confounding factors (year t—1):

* BMI

* Parent’s marital status * Family activity score

* Exercise participation ¢ Smoking

» Consumption of fruit or vegetables

Fig. 2 Conceptual framework (year t=2003-2011)
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by the Ministry of Health and Welfare, Taiwan®®. Fruit or
vegetable consumption was defined as eating at least some
fruit or vegetables more than three days per week. Partici-
pating in exercise was defined as exercising more than three
days per week in addition to attending physical education
classes. Smoking was defined as any smoking (including one
puff) during the past month.

Statistical analysis
Descriptive statistics for categorical variables are given as
numbers and percentages. Continuous variables are given as
means and standard deviations. The statistical software pack-
age SAS version 9-2 was used to generate descriptive statistics.
Hierarchical linear growth modelling in MLwiN 2-27 was
used to investigate reciprocal causation between the two
variables®”%?. The units of the study sample lay at two
hierarchical levels: time and individuals. The statistical
model was as follows:

Yzj = ﬁ()l:/' + ﬂlj X Timezj
ﬁOl’j = ﬂO + Z/l()]‘ + e(),‘j

By =P+ uy

Uoj
~ N(0,Q,): Q,
Uy

2
%0 :|
2
0uol Oy

[e(){]'] ~ N(Ov Qé’) : Qe [650]

where i denotes a time point, j denotes an individual, ¥
denotes the level of the variables of individual j at time i, f, is
the mean score at i=0, and /3, is the slope of the growth rate.
Random effects are represented by ug, uy; and ey and
fixed effects by f, and p;. The intercepts have variances
02y =var(ug), the slopes have variances oZ, =var(uy;)
and the intercept-slope covariance is o, =COV(L£oj,Z/L1j>.
The variation within individuals is represented by e; and has
a variance of ¢°.

The time-varying variables and the baseline variables
were added to the models:

! n
Yiy =By + oy x Timey+ ) anZiiry Y ¥ Wy
k=1

m=1
:B()lj = ﬂ() + U, + €pjj

Py =P+ uy

Uo;
~ N(0,Q,): Q,
Uy

2
00 :|
2
Ouol Oy

[eog] ~ N(0,Q): Q[o7)]

where Z;_1; denotes a time-varying independent
variable, i—1 denotes a time-lag effect, a, is the coefficient,
W,,; denotes a time-fixed variable and y,,, is the coefficient.
Likelihood ratio tests were used to compare models.
Independent variable values from the previous year were
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used to predict the dependent variable in the subsequent
year. Therefore, time=0 for the dependent variable is
2003. Continuous variables included in models were
centred at the group mean. Therefore, the initial state in
the present study refers to the mean value obtained when
continuous variables are centred using the group mean,
categorical variables are set at 0 (the referent group) and
the year is set at 2003.

Results

The distribution of time-fixed variables is shown in
Table 1. There were equal numbers of boys and girls in the
study. A medium level of education in parents was the
most common. About 40 % of families had a medium level
of household monthly income and 35% had a low level.

The distribution of time-varying variables is shown in
Table 2 and Fig. 3. The mean depressive symptoms score
increased over time, as did the mean unhealthy diet score.
The family activities score increased annually until the
Sth grade, after which it gradually declined. Over 90%
of parents were married to each other. About 20% of
participants were underweight. The proportion of
participants who were overweight was highest in grade 6
and obesity was highest in grade 7. The proportion of
participants who ate fruit or vegetables was highest in
2007 (7th grade) and then decreased. The trend for the
proportion of participants who exercised demonstrated an
inverted U-shaped curve, with a peak in 2007 (7th grade).
The proportion of smokers increased over time.

The results of growth curve models are shown in
Table 3. In models al to a3, depressive symptoms score
was the dependent variable; in models b1 to b3, unhealthy
eating behaviour was the dependent variable. We carried
out modelling in three stages. First, we used model al to
demonstrate the trajectory of depressive symptoms,
including the initial state and growth rate, during a given
year (#). Second, we added the frequency of unhealthy
eating behaviour in the previous year (#;—1) and the dif-
ference in frequency between the given year and the
previous year (f;—f;—1) to examine the relationship
between unhealthy eating and depressive symptoms

Table 1 Distribution of time-fixed variables in 2002 (n 2259). Child
and Adolescent Behaviors in Long-Term Evolution (CABLE) study

Variable n %
Sex
Male 1130 50-02
Female 1129 49.98
Parents’ education level
Low 121 5.36
Medium 1349 59.72
High 789 34.93
Household monthly income
Low 786 34.79
Medium 981 43-43
High 492 21.78
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Table 2 Distribution of dependent variables and time-varying covariates. Child and Adolescent Behaviors in Long-Term Evolution (CABLE) study

Survey year 2003 2004 2005 2006 2007 2008 2009 2010 2011
Grade 4 5 6 7 8 9 10 11
Age (years) 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17
Time (t) 1 2 3 4 5 6 7 8
Complete sample size 2259 1913 1955 1955 1988 2011 1948 1739 1647
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Dependent variables
Depressive symptoms (t)) 1027 052 1048 006 1042 006 1036 0-06 1050 006 1075 0.07 1094 007 1091 007 1125 0.07
Unhealthy eating behaviours (t) 538 003 537 004 572 004 589 004 6:14 0-04 6:19 0-03 6-42 0-04 622 0-04 6:07 0-04
Time-varying variables
Depressive symptoms (ti—ti) 012  0-06 017 006 -009 0.06 -0-02 0-06 022 0-06 020 0-06 013 006 -0-11 0.07 035 0-.07
Unhealthy eating behaviours (t—t_4) -0-12 004 -0-01 0-04 0-37 004 020 0-04 022 0-04 0-07 0-03 021 004 -0-18 004 -015 0-04
Family activities (t_1) 1291 007 1339 008 1360 008 1342 0-08 1320 008 1211 008 1145 008 1065 007 1064 0.07
n % n % n % n % n % n % n % n % n %
Parents’ marital status (t_4): married 2084 9225 1769 9247 1779 91.00 1767 9038 1777 89-39 1824 9070 1755 9009 1564 8994 1482 8998
Not married 175 775 144 753 176 9-00 188 962 211 10-61 187 930 193 9.91 175 10-06 165 10-02
BMI category (f4): underweight 516 22.84 378 1976 396 2026 385 1969 386 19442 441 2193 469 24.08 414 2381 374 2271
Normal 1369 6060 1096 5729 1075 54.99 1041 5325 1040 52.31 1100 5470 1064 5462 982 5647 911 5531
Overweight 220 974 250 13.07 274  14.02 278 14.22 280 14.08 238 11.83 211 10-83 166 9-55 172 1044
Obese 154  6-82 189 988 210 1074 251 1284 282 1419 232 1154 204 1047 177 1018 190 11.54
Fruit or vegetables (_4): no 609 2696 385 2013 315 16-11 206 10-54 198 996 219 1089 218 1119 218 1254 226 13.72
Yes 1650 73.04 1528 79-87 1640 83.89 1749 8946 1790 90-04 1792 8911 1730 8881 1521 8746 1421 86-28
Exercise participation (t_4): no 926 4099 748 3910 655 3350 673 3442 625 3144 855 4252 917 47.07 913 5250 966 58-65
Yes 1333 5901 1165 6090 1300 6650 1282 6558 1363 6856 1156 5748 1031 5293 826 4750 681 41.35
Smoking (t-1): no 2248 9951 1890 9880 1937 9908 1936 99-03 1961 9864 1959 9741 1870 9600 1648 9477 1537 93-32
Yes 11 049 23 1-20 18 0-92 19 097 27 1.36 52 2.59 78 4.00 91 523 110 6-68

Score range of depressive symptoms: 7-21.

Score range of unhealthy eating: 3—-12.

swoldwiAs aarssardop pue sinoraeyaq Sunea Ayreaqun

6591


https://www.cambridge.org/core

1660 W-C Wu et al.

(a) (b)
210 - s
@ 8 12:0 -
: :
190 |- g
3 9-:0 5
£ S
S 170 ]
o <
£ 3 90t
@ 150 - )
2 g
2 | g
g 130 2
[*% = 60,
8 1o 7__’_/’ § f
c
I3 E
Q .0 -
g 90 c
O
70 . . . . . . . . . = 30 . . . . . . . . .
S O X O O A& & O 0 N S O X O O A @ © 0N
SESEE S S S ST S S S S S
Year Year
(c) 200 (d)
~r 100-0
o
3
? 80-0 |
3
$ 1s0r 3
'g 5 60-0 -
g ,.X =
E 2 400h
£ 100 ®
c
3
2 20-0 -
50 n " " " \/\ L L L i 00 I I I L L L L 1
Y O > » O ® @ .0 A IO > OO D@L N
S &S S S S S S S S SESES S S S S
Year Year
() 1000
1000
8 800
> 800 kS
2 ©
g 9
© > 600 -
S 600 f~. > 5
s e S e - p=
@ 3
a £
S 400 =) cVp
o 5
£ (o]
£ R
200 | SN —— 200 |
TN ey i,
00 " " " " \/\ " " " J 00 " " " " " " " " J
PP FFSL LR PP LFL SO
P P P P P P P P OSSOSO SIS SIS
Year Year
(9) (h)
1000 - 1000 ~
800 |- 800 -
(=2}
£ 600 2 600
— x
° <]
& 5
2 400| ® 400 |
200 |- 20-0 |-
0-0 A A A L L L L L , 00 4‘/‘_/
S T PF P O TP P PO
PP PP PP P P PP
Year Year

Fig. 3 Trends of time-varying variables, 2002—-2011: (a) mean scores of depressive symptoms (score range =7-21); (b) mean
scores of unhealthy eating behaviours (score range=3-12); (c) mean scores of family activities (score range=5-20);
(d) percentage not married; (e) percentage in each BMI category (———, underweight; — — — — — , overweight; - - - - - , obese;
————— , normal); (f) percentage eating fruit or vegetables; (g) percentage exercising; (h) percentage smoking. Child and Adolescent
Behaviors in Long-Term Evolution (CABLE) study
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(model a2). Third, baseline variables and time-varying
variables were added (model a3). Models b1l to b3 were
conducted in the same way, except that the dependent
variable was unhealthy eating.

The initial score of depressive symptoms in the sample
was 10-250 with a variance of 0-048, and the growth rate
was 0-102 per year with a variance of 0-009 (Table 3,
model al). Model a2 demonstrated that unhealthy eating
in the previous year (B=0-192, se=0-019) and the change
in unhealthy eating between these two years (B=0-141,
se=0-013) were positively associated with depressive
symptoms in the given year. Model a3 showed that the
associations between unhealthy eating in the previous
year and depressive symptoms remained significant
(B=0-190, se=0-019) after controlling for covariates. Girls
had a higher level of depressive symptoms than boys.
Participants who had higher scores for family activities
(B=-0-019, se=0-007), ate more fruit or vegetables
(B=-0-199, se=0-056) and exercised (B=-0-221,
se=0-040) more in the previous year were less likely to
have depressive symptoms in the given year.

Model bl showed that unhealthy eating behaviours
increased with time. The growth rate was 0-123 with a
variance of 0-005. Model b2 showed that depressive
symptoms in the previous year (B=0-066, se=0-007) and
the change in depressive symptoms between the two
years (B=0-053, se=0-005) were positively related to
unhealthy eating behaviours in the subsequent year.
Model b3 showed that the association between depressive
symptoms (B =0-005, se=0-007) in the previous year and
unhealthy eating behaviours remained after controlling for
other factors. Boys were more likely to have unhealthy
eating behaviours than girls (B=-0-199, se=0-041).
Participants who were underweight (B=0-122, se=0-035)
in the previous year ate more unhealthily in the
subsequent year.

Discussion

The present study utilized a cohort to examine the
reciprocal  relationship between unhealthy eating
behaviour and depressive symptoms. After controlling for
confounders, we found that depressive symptoms
significantly increased unhealthy eating behaviours and
unhealthy eating behaviours significantly increased
depressive symptoms, demonstrating a longitudinal
reciprocal relationship. This is the first study trying to
establish the relationship.

Both depressive symptoms and unhealthy eating
behaviours increased slightly from childhood to adoles-
cence. The finding that depressive symptoms increased
slightly over time is in agreement with the results of a
previous prospective longitudinal study((’l), in which the
CDI was used to measure depressive symptoms in chil-
dren in grade 4 to grade 11 and a small mean annual score
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increase of 0-031 was observed. This increase over time
could be because adolescence is a period in which many
new life challenges are confronted, resulting in more
conflict and pressure compared with childhood, and
leading to psychological problems such as depressive
symptoms©?.

The increase in unhealthy eating habits over time is also
in agreement with previous research. A recent review"”’
reported increased consumption of snacks (including
high-salt snacks), sweetened beverages and takeaway
foods by children and adolescents in the USA and Europe.
This increase in unhealthy food consumption could
be related to a nutritional transition influenced by
urbanization, economic development and changes in food
technology and culture®®. The unhealthy eating
behaviours measured in our study showed only a slight
increase over time, suggesting that these behaviours do
not change greatly from childhood to adolescence.
This agrees with findings from Kelder et al. in a 7-year
longitudinal study of 6th graders that reported early
consolidation of food preferences(64).

Our finding that unhealthy eating behaviours can lead
to depressive symptoms from childhood to adolescence is
in agreement with previous research in adults""*'® and
adolescents'7'®_ We also found a time-lag effect in the
impact of diet on depressive symptoms in that eating
habits in the previous year predicted depressive symptoms
in the subsequent year. This finding supports that reported
by Akbaraly et al” and Jacka et al'®. Balanced nutri-
tional intake is an important factor in the synthesis of
mood-related neurotransmitters. Consumption of junk
food, which is energy dense but lacks micronutrients, may
result in excess intake of sugar, salt or fat and may cause
reduced synthesis of neurotransmitters''”.

We also found that depressive symptoms influence
unhealthy eating behaviours during childhood and
adolescence. This could be because of the self-regulatory
attempt to relieve depressive symptoms by eating comfort
foods, which are usually high in fat and carbohydrates®"3?.
Our findings support past research showing that children can
also display emotional eating behaviour when confronting
stress and are more likely to choose high-sugar and high-fat
foods®®. Although children are not in control of the family
finances they can still influence their parents’ food
purchases®, which is why food manufacturers target
children in their advertising®”. This also means that when
children are facing depressive symptoms, it is possible for
them to obtain the comfort foods they want to eat regardless
of their lack of financial independence.

We found that depressive symptoms in the previous year
were predictive of unhealthy eating behaviours in the sub-
sequent year, thus demonstrating a time-lag effect. This
finding differs from that of Jacka et al*” who found that
prior depression was associated with better-quality diets
at a later time point, while current depressive symptoms
were associated with poorer dietary habits. The present
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Table 3 Sequential models for depressive symptoms and unhealthy eating behaviors among 2630 Taiwanese students followed from the 2nd grade (8 years old in 2002) to the 11th grade
(17 415 records). Child and Adolescent Behaviors in Long-Term Evolution (CABLE) study

Depressive symptoms 2003-2011

Unhealthy eating behaviours 2003-2011

Model a1l Model a2 Model a3 Model b1 Model b2 Model b3
Dependent variable B SE B SE B SE B SE B SE B SE
Intercept and slope
Intercept 10-250 0-048 10-340 0-048 10470 0-189 5-460 0-028 5483 0-027 6243 0-106
Time slope 0-102 0-009 0-079 0-010 0-068 0-014 0123 0-005 0117 0-005 0143 0-023
Time-fixed variables
Sex: female/male 0-654 0-076 —-0-199 0-041
Parents’ education level: medium/low -0-108 0170 -0-211 0-092
High/low —-0-094 0-185 —-0-360 0-100
Household monthly income: medium/low -0-010 0-090 -0-013 0-049
High/low —-0-084 0-120 —0-090 0-065
Time-varying variables
Unhealthy eating behaviours (1) 0192 0-019 0190 0-019
Unhealthy eating behaviours (t—t_4) 0141 0-013 0141 0-013
Depressive symptoms (1) 0-066 0-007 0-065 0-007
Depressive symptoms (t—t;_1) 0-053 0-005 0-053 0-005
Parents’ marital status: not married/married 0-057 0-094 0144 0-054
Family activity score 2002 —-0-019 0-007 0-000 0-004
BMI (—4): underweight/normal -0-010 0-060 0-122 0-035
Overweight/normal 0-055 0-066 -0-107 0-039
Obese/normal 0-006 0-088 -0-170 0-051
Fruit or vegetable consumption (f_4): yes/no —-0-199 0-056 —0-069 0-034
Exercise participation (#i_1): yes/no -0-221 0-040 0.033 0-024
Smoking (t—1): yes/no 0-082 0-128 0-119 0-076
Random effects
Intercept variance 3-602 0-162 3516 0-159 3517 0-160 1100 0-054 1.065 0-053 1.037 0-052
Intercept—slope covariance —-0-257 0-026 -0-234 0-025 —0-259 0-026 -0-079 0-008 -0.071 0-008 -0-073 0-008
Slope variance 0-108 0-006 0-102 0-006 0-099 0-006 0-023 0-002 0-021 0-002 0-021 0-002
Level-1 residual 4166 0-052 4147 0-052 4156 0-052 1.616 0-020 1.609 0-020 1.605 0-020

B, estimated parameter.
Significant estimates (P< 0-05) are indicated in bold font.
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study differs from that of Jacka et al. in the timing of
measurements. In our study depressive symptoms were
measured annually and were used to predict eating habits
in the subsequent one year. However, in the study by
Jacka et al. any history of depression at a non-specified
point in the past was used to predict dietary habits
throughout the survey period. In addition, in the present
study we began measurements during childhood whereas
in Jacka et al. the study participants were aged 20 years
and over. These points could explain the difference in
findings.

Strengtbhs and limitations

An important strength of the present study is the use of
longitudinal data with ten years of follow-up. Moreover,
follow-up commenced when participants were children,
and unhealthy eating habits and depressive symptoms
were measured the same way each year. A further strength
is the adjustment for many confounders including time-
fixed and time-varying variables. The study extends pre-
vious investigations by confirming that the association
between unhealthy eating behaviours and depressive
symptoms remains after adjustment for several con-
founders and that there are time-lag effects.

However, our study also has several limitations. (i) The
CABLE questionnaire measured the frequency of unheal-
thy diet behaviours with only three questions. Never-
theless, these three questions were sufficient to measure
the consumption of high-fat, high-sugar and high-salt
foods and this approach has been used previously in other
studies”*”. (i) Some potential confounders were not
adjusted for such as stress, which is associated with both
depression and unhealthy diet. Previous research has
shown that high-pressure situations are associated with
greater intake of unhealthy foods (high-energy or high-fat
foods)®” and a greater likelihood of developing depres-
sion and experiencing negative emotions"". Therefore, it
is possible that there are residual confounding effects!”’
and we recommend that future research adjusts for such
variables. (iil) We found that children with parents who
were not married or had low education were more likely
to be lost to follow-up and this should be taken into
consideration when interpreting the study results. As
having parents who are not married or have low education
increases the risk of an unhealthy diet or depressive
symptoms, it is possible that our study has underestimated
the association between unhealthy eating and depressive
symptoms. (iv) Finally, as the study was a longitudinal one
some data sources changed during follow-up. The two
main changes were: the source of parents’ marital status
changed from the parent-version to the student-version
questionnaire; and the source of height and weight
changed from the physical examination to be self-reported
in the student-version questionnaire. Although statistical
methods were used to control for these changes, it is still
possible that this change in data source resulted in bias.
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Conclusion

We confirmed that there is a reciprocal relationship between
depressive symptoms and unhealthy diet using a set of
longitudinal data. The study’s findings are of use in the design
of healthy diet and psychological health interventions for
children and adolescents. We recommend that future
interventions be aimed at both healthy eating habits and
depression. Such programmes could emphasize daily eating
habits and the impact of diet on emotions particularly during
depression, where it is important not to use high-fat, high-salt
and high-sugar foods to manage emotions. We also
recommend that when designing future school health
strategies, children are encouraged to record both their eating
habits and emotions to help them understand the relationship
between dietary behaviour and emotions. Future longitudinal
research should use more detailed dietary measurement
approaches such as dietary recall that are consistently
used throughout follow-up to explore in more detail the
relationship between eating habits and depressive symptoms.
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