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Abstract 

Background:  The growing prevalence of depression has become a major public health problem. There is limited 
evidence regarding the relationship between dietary behaviors and depression. The present study was designed to 
evaluate the association between dietary behaviors and depression score.

Methods:  A total of 933 Iranian adolescent girls aged 12 to 18 years were included in this cross-sectional study. 
Depression severity score was assessed using a validated Persian version of Beck’s depression inventory. Dietary 
behaviors were pre-defined and assessed in ten domains using a standard questionnaire. To investigate the associa‑
tion between dietary behaviors and depression score, the linear regression analysis in crude and adjusted models was 
used.

Results:  67.7% of participants had no or minimal depression symptoms and 32.3% of participants were categorized 
with mild-to-severe depression symptoms. There were significant inverse relationships between main meal consump‑
tion (Beta: -0.141; 95% CI: − 3.644 to − 1.000; P = 0.001), snack consumption (Beta: -0.100; 95% CI: − 2.400 to − 0.317; 
P = 0.002), regular meal consumption (Beta: 0.23; 95% CI: 0.13–0.42; P = 0.001) and food chewing (Beta: -0.152; 95% 
CI: − 2.279 to − 0.753; P = 0.03) with depression score. These associations remained significant after adjustment for 
confounding variables. In addition, frequency of intra-meal fluid intake (Beta: 0.096; 95% CI: 0.288 to 1.535; P = 0.004) 
and spicy foods consumption (Beta: 0.076; 95% CI: 0.098 to 1.508; P = 0.02) were directly associated with depression 
score in the crude model. These significant relations were disappeared in full adjusted model. No significant associa‑
tion was found between breakfast consumption, intake of fried foods, chewing ability, and tooth loss with depression 
score (P > 0.05).

Conclusions:  Significant associations were observed between specific eating behaviors with depression score. Pro‑
spective studies are needed to confirm these findings.
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Introduction
The increased prevalence of depression is a major pub-
lic health problem that has imposed significant economic 
and health costs on governments [1, 2]. Depressed mood 

and anhedonia (loss of interest in daily activities) are two 
main symptoms of depression, and are mostly accompa-
nied by other symptoms including change in weight or 
appetite, insomnia or hypersomnia, and worthlessness or 
guilt [3]. The global prevalence of depression is between 
11.1–14.6% in the general population [4]. A meta-analy-
sis demonstrated that the prevalence of depression diag-
nosed by the Beck Depression Inventory (BDI) is 43.5% 
in Iranian children and adolescents [5]. Notably, its 
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prevalence is higher among girls [5]. Although the eti-
ology of depression is not fully clear, the evidence sug-
gested that inflammation and oxidative stress are linked 
to the pathogenesis of depression [6–9]. Investigations 
showed that depression could decrease quality of life 
[10, 11], and has reported as the most important cause 
of suicide in adolescents [12, 13]. In addition, depres-
sion increases the risk of obesity, type 2 diabetes mellitus 
(T2DM), cardiovascular disease (CVD), and infertility 
[14, 15]. Recent evidence confirmed the bidirectional link 
between depression with obesity and T2DM [16, 17]. 
Therefore, it is necessary to identify the factors related to 
depression as well as determine practical strategies for its 
management.

Recent evidence suggested that diet has an impor-
tant association with mental health like depression, 
stress, and anxiety [18, 19]. Previous animal studies have 
established that high-fat diet combined with mild stress 
showed the most severe depression-like behavior in rats 
[20]; as well, it was confirmed that the high-fat diet could 
induce obesity through alteration of leptin levels and 
increasing appetite in rats under mild stress condition 
[21]. Healthy eating patterns are related to better mental 
health and the effects of certain foods on metabolic sys-
tems can play a role in the association between food and 
mood [22]. Adherence to the unhealthy dietary patterns, 
which are often high in red and processed meats, full-fat 
dairy products, saturated fatty acids (SFAs) and refined 
sugars, is directly associated with the risk of depression, 
low mood, and anxiety among adolescents, and adher-
ence to the healthy dietary patterns can decrease the risk 
of depressive symptoms [23–26]. In addition, dietary 
behaviors are considered important factors in mental 
health [27]. Some unhealthy dietary behaviors like inad-
equate consumption of fruits, and vegetables as well as 
skipping meals are associated with feeling sad or hope-
less, suicide ideation, and suicide attempts in adoles-
cents [28–31]. A longitudinal research has reported an 
association between greater dietary glycemic index and 
the incidence of depressive symptoms [32]. Moreover, 
further strong value evidence has showed that avoiding 
processed foods and adherence to healthy diets can pre-
vent depression [33]. As a result, it is hypothesized that 
many unhealthy dietary behaviors are related to the risk 
of depression. Generally, there are few investigations in 
this regard, and the relationship between dietary behav-
iors and depression is not fully elucidated. It seems fur-
ther investigations are required to determine what extent 
unhealthy dietary behaviors are linked to the adolescent 
mental disorders. Accordingly, the present study was 
designed to investigate the relationship between depres-
sion and dietary behaviors in Iranian adolescent girls.

Materials and methods
Study population
Using a random cluster sampling method, a total of 
1024 adolescent girls (12–18 years old) were randomly 
recruited from several schools of Mashhad and Sabzevar 
cities in northeastern Iran. The girls with any cardiovas-
cular disorders, renal or hepatic failure, cancer, malab-
sorption, thyroid, adrenal or parathyroid diseases, eating 
disorders, metabolic bone disease, eating disorders and 
autoimmune diseases were excluded. In addition, we 
excluded subjects who were taking anti-inflammatory, 
antidiabetic or antiobesity drugs, antidepressants, vita-
min D or calcium supplement use, and hormone therapy 
within the last 6 months. Finally, a total of 933 adolescent 
girls were included in statistical analysis.

Depression assessment
Assessment of depression was performed using the 
21-item BDI [34]. According to the BDI, symptoms 
including feelings of guilt, feelings of hopelessness, sad-
ness, crying, sleep disturbance, fear and loss of appetite 
over the past 2 weeks are the items evaluating depression. 
Severity of depression is classified as follows: scores 0–13 
refer to minimal or no depression, 14–19 illustrate mild 
depression, 20–28 indicate moderate depression, and 
29–63 demonstrate severe depression [34]. The valid-
ity of the Persian (Farsi) questionnaire was evaluated by 
Ghassemzadeh et  al. [35], which showed an acceptable 
internal consistency (Cronbach’s alpha = 0.87) and test-
retest reliability (r = 0.74).

Dietary intake assessment
To evaluate usual dietary intake, a validated food fre-
quency questionnaire (FFQ) with 147 food items was 
utilized [36, 37]. Participants were interviewed face-to-
face, and all questionnaires were completed by a trained 
dietitian interviewer. The frequency of food items intake 
during the last year was recorded by asking participants 
about their daily, weekly, monthly and yearly intake. 
Thereafter, the frequency of each food intake was con-
verted to daily. A household-scale was utilized to convert 
portion sizes of consumed foods to grams. Finally, using 
Nutritionist IV (N-Squared Computing, Salem, OR, 
USA) modified for Iranian foods, the content of energy 
and nutrients of all coded foods and beverages were 
analyzed.

Assessment of dietary behaviors
Dietary behaviors were assessed using a validated self-
administered questionnaire with several domains includ-
ing main meal patterns, breakfast consumption, snack 
consumption, meal regularity, intra-meal fluid intake, 
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fried foods intake, spicy foods intake, ability to chewing, 
chewing insufficiency, and lack of teeth [38–40].

To examine the frequency of meals, participants 
answered the following questions: “How many main 
meals do you consume each day?” (one, two, or three), 
and “How many snacks do you consume each day?” 
(none, one to two, three, or more than three). To evalu-
ate meal pattern regularity, subjects answered the fol-
lowing question “Do you consume your meals regularly?” 
(never, sometimes, almost, or always). In this regard, sub-
jects were asked about the regularity of having breakfast 
with different choices as follows: never or 1 day/week, 
2–4 days/week, 5–6 days/week, daily. Assessment of 
intra-meal fluid drinking was performed by asking ques-
tions about drinking water or fluids with meals or imme-
diately before and after meals with choices including 
never, sometimes, often and always.

In addition, to assess the spicy foods intake, partici-
pants answered the following question: “How often do 
you have spicy foods during a week?” (never, 1–3 times, 
4–6 times, 7 or more than 7 times per week). Assessment 
of the fried foods intake was performed based on par-
ticipant’s answer to the following question: “How often 
do you have fried foods?” (never, 1–3 times/week, 4–6 
times/week, every day). Evaluation of chewing quality 
was performed using the following question: How thor-
oughly do you chew food? (no problem, just soft foods, 
no food). Finally, tooth loss was evaluated by the follow-
ing question: “How many teeth have you lost?” (≤ one 
tooth loss,” “2-4 teeth loss” and “five teeth loss”).

Anthropometric measurements
Measuring anthropometric indices including weight, 
height, and waist circumference (WC) was performed 
using standard methods. Weight was measured using a 
digital scale with an accuracy of 100 g, while participants 
were without shoes in a minimal clothing state. Height 
(without shoes) was measured using a stadiometer with 
an accuracy of 0.1 cm. Body mass index (BMI) was cal-
culated by the following formula: weight (kg)/height 
squared (m2). In addition, WC was measured at the nar-
rowest level between the costal margin and iliac crest 
during minimal respiration in a standing position.

Assessment of other variables
Using a demographic questionnaire, variables includ-
ing age, educational level of parents, medical history, 
and using medications were assessed. Physical activity 
information was obtained by using the validated Modi-
fiable Activity Questionnaire (MAQ). Physical activity 
levels were computed based on metabolic equivalent task 
(MET) hours per week, (MET- h/week) [41].

Statistical analyses
Kolmogorov-Smirnov test was used to evaluate the nor-
mal distribution of variables. Data were expressed as 
mean ± standard deviation (SD) for normal variables. 
Chi-square test was used to compare the qualitative vari-
ables, and an independent t-test was utilized to compare 
the means of normal variables. In addition, crude and 
adjusted linear regression analyses were conducted to 
investigate the relationship between dietary behaviors 
and depression score. In the first model, age and energy 
intake were considered confounding variables. Addi-
tional adjustments were performed in the second model 
by controlling physical activity, menstruation, and aca-
demic degrees of parents. Moreover, additional adjust-
ment was done for BMI in the third model. Also, in last 
model, the association between each dietary behavior 
with depression score was adjusted for other dietary 
behavior. The Bonferroni correction was applied to all 
models to adjust for multiple comparisons. The signifi-
cant level was assessed in two steps: traditional cutoff 
of P-values < 0.05 and Bonferroni correction of p-value 
< 0.005 (alpha = 0.05/10 comparisons). Data were ana-
lyzed using SPSS-18 software (SPSS Inc., IL, USA).

Results
Demographic profile of the study population
A total of 933 participants were included in analyses and 
the mean ± SD for age of participants was 14.56 ± 1.52. 
67.7% (n  = 632) of participants had no or minimal 
depression symptoms, and 32.3% (n  = 301) of partici-
pants were categorized with mild-to-severe depression 
symptoms. General characteristics of subjects across 
depression score categories are represented in Table  1. 
There was no significant difference across the categories 
of depression for age, menstruation, BMI, physical activ-
ity, energy intake, and parents’ education level (P > 0.05).

There was a significant difference across categories 
of depression score regarding the consumption of main 
meal (P < 0.001), regular meal consumption (P < 0.001), 
breakfast consumption (P = 0.007), intra-meal fluid 
intake (P = 0.003), and tooth loss (P = 0.04); however, 
no significant difference was found for snack consump-
tion, fried or spicy foods consumption, and the ability of 
chewing (P > 0.05) (Table 2).

Dietary behaviors and depression
Crude and multivariate-adjusted linear associations for 
depression score across categories of diet-related behav-
iors are demonstrated in Table 3. There were significant 
inverse relationships between main meal consumption 
(Beta: -0.141; 95% CI: − 3.644 to − 1.000; P = 0.001), 
snack consumption (Beta: -0.100; 95% CI: − 2.400 to 
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− 0.317; P = 0.002), regular meal consumption (Beta: 
0.23; 95% CI: 0.13–0.42; P = 0.001) and food chewing 
(Beta: -0.152; 95% CI: − 2.279 to − 0.753; P = 0.03) with 
depression score. These associations remained significant 
after adjustment for confounding variables. In addition, 
frequency of intra-meal fluid intake (Beta: 0.096; 95% 
CI: 0.288 to 1.535; P = 0.004) and spicy foods consump-
tion (Beta: 0.076; 95% CI: 0.098 to 1.508; P = 0.02) were 
directly associated with depression score in the crude 
model and some adjusted models, but not in the fully 
adjusted model. These significant relations were disap-
peared in full adjusted model. No significant association 
was found between fried foods consumption, chewing 
ability, and tooth loss with depression score (P > 0.05) in 
crude and adjusted models. After applying the Bonfer-
roni correction, the inverse associations between main 
meal intake and regular meal consumption with depres-
sion were significant in crude and adjusted models, while 
the relations between intra-meal fluid intake and snack 
consumption with depression score were only remained 
significant in crude model (P < 0.005).

Discussion
Depression as a common mental disorder and an impor-
tant cause of suicide among adolescents, has become 
a major problem [1, 2, 13]. Recent evidence suggested 
that lifestyle (smoking, drinking, using drugs, seden-
tary, and less healthy dietary behaviors) can be associ-
ated with depression and other indicators of mental 
health status [27, 42, 43]. Clarifying these potentially 
modifiable factors can increase the knowledge and abil-
ity of public health officials, clinicians and patients to 
manage/improve depression. Therefore, we conducted a 

large cross-sectional study to investigate the association 
between adherence to dietary behaviors and depression 
score.

The present cross-sectional study showed that the fre-
quency of main meal consumption, snack consumption, 
regular meal consumption and rate of food chewing were 
inversely associated with depression score in Iranian 
adolescent girls. There were direct significant relations 
between Intra-meal fluid intake and spicy food consump-
tion with depression score in crude and some adjusted 
models, but not in the fully adjusted model. However, 
there was no significant relationship between breakfast 
consumption, fried food intake, ability of chewing and 
tooth loss with depression score in crude or adjusted 
models.

We mentioned that there was an inverse relationship 
between the frequency of main meal consumption, snack 
consumption, and regularity in meal consumption with 
depression score. People who feel depressed, hopeless, or 
other mental health disorders may skip main meals and 
snacks because of their poor appetite; on the other hand, 
skipping meals reduces calorie intake, which can increase 
depressed mood and anhedonia [44]. There are few inves-
tigations in this field. In line with our findings, a case-
control study showed that the average dietary behavior 
scores of “eating meals at regular times” and “eating an 
adequate amount of meals” are significantly lower in stu-
dents with depression compared to the healthy controls 
[45].

Our study was not found a significant relationship 
between breakfast consumption and depression score in 
adolescents, while some previous studies have reported 
that adolescents may not consume their breakfast due 

Table 1  General characteristics of study participants among different categories of Beck depression score

† Independent samples t-test for continuous variables and chi-squared test for categorical variables

Variables Depression P-value†

No depression/ Minimal Mild Moderate Severe

Age (year) 14.57 ± 1.53 14.54 ± 1.49 14.61 ± 1.61 14.43 ± 1.44 0.926

Menstruation, yes (%) 90.7 89.7 92.1 97.5 0.452

BMI (kg/m2) 21.36 ± 4.33 20.77 ± 3.87 21.10 ± 5.02 20.63 ± 2.93 0.386

Physical activity (MET.h/week) 45.53 ± 3.41 45.23 ± 3.59 45.78 ± 4.34 46.17 ± 4.03 0.419

Energy intake (Kcal) 2707.43 ± 824.25 2678.64 ± 844.90 2719.93 ± 879.48 2873.27 ± 844.48 0.680

Academic degree of father (%)

  Illiterate 39.4 43 49.1 37.5 0.114

  Under diploma 52 51.4 45.6 45

  Academic education 8.6 15.7 5.3 17.5

Academic degree of mother (%)

  Illiterate 48.5 49.7 53 52.5 0.203

  Under diploma 44.8 46.9 44.3 35

  Academic education 6.6 3.5 2.6 12.5
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Table 2  Dietary behavior distribution of study participants 
among different categories of Beck depression score

†  Obtain from chi-squared test

Variables Depression P-value †

No 
depression/ 
Minimal

Mild Moderate Severe

Consumption of main meal (%)

  1 time 2.1 4.9 11.3 5.1 < 0.001

  2 times 25.1 31.9 32.2 35.9

  3 times 72.8 63.2 56.5 59

Snack consumption (%)

  None 4.4 8.3 7.3 11.1 0.213

  1–2 56.7 60.4 58.2 58.3

  3–5 33.3 25 31.8 22.2

  > 5 5.6 6.2 2.7 8.3

Regular meal consumption (%)

  never 7.4 18.8 11.6 20 < 0.001

  Sometimes 38.1 36.1 53.6 42.5

  Most 31.5 31.9 22.3 25

  Always 22.9 13.2 12.5 12.5

Rate of food chewing (%)

  Low 10.1 16.6 15.7 22.5 0.091

  Average 78.9 73.8 76.5 70

  High 10.9 9.7 7.8 7.5

Breakfast consumption (%)

  Never or 1 day 13.4 18.8 20.4 23.1 0.007

  2–4 days 24.9 27.1 34.5 33.3

  5–6 days 15.1 19.4 15 17.9

  Every day 46.6 34.7 30.1 25.6

Intra-meal fluid intake (%)

  Never 6.3 3.5 6.2 5.1 0.003

  Sometimes 35 30.6 36.3 30.8

  Most 31.2 31.9 18.6 10.3

  Always 27.5 34 38.9 53.8

Consumption of fried foods (%)

  Never 3.1 2.1 2.7 5 0.795

  1–3 times 66.8 62.9 62.8 60

  4–6 times 25.7 30.1 28.3 25

  Every day 4.4 4.9 6.2 10

Consumption of spicy foods (%)

  Never 2.7 2.8 1.8 2.6 0.075

  1–3 28.4 30.6 18.6 28

  4–6 40.4 32.6 38.9 38.3

  ≥7 28.4 34 40.7 31.1

Ability of chewing (%)

  Yes 96.6 96.5 93 94.9 0.073

  Only soft foods 3.1 3.5 4.3 5.1

  No 0.3 0.0 2.6 0.0

Tooth loss (%)

  ≤2 61.9 16.9 18 3.2 0.044

  > 2 69.1 15.3 11 4.6

Table 3  The association between dietary behavior and 
depression score

Model I: adjusted for age and energy intake; Model II: additionally, adjusted 
for physical activity, menstruation and academic degrees of parents. Model III: 
further adjustments for BMI and other dietary behaviour
#  obtained from logistic regression

* Significant after Bonferroni correction

Dietary habits Beta 95%confidence interval P-value#

Consumption of main meal

  Crude −0.120 −3.054 to −0.808 0.001*

  Model I −0.127 −3.344 to − 0.797 0.001*

  Model II −0.139 −3.600 to − 0.976 0.001*

  Model III −0.141 −3.644 to −1.000 0.001*

Snack consumption

  Crude −0.103 −2.211 to − 0.485 0.002*

  Model I −0.096 −2.302 to − 0.292 0.011

  Model II −0.098 −2.371 to − 0.297 0.012

  Model III −0.100 −2.400 to − 0.317 0.011

Regular meal consumption

  Crude −0.117 − 1.773 to − 0.482 0.001*

  Model I −0.150 −2.221 to − 0.748 < 0.001*

  Model II − 0.151 − 2.261 to − 0.743 < 0.001*

  Model III − 0.152 − 2.279 to − 0.753 < 0.001*

Rate of food chewing

  Crude − 0.071 − 2.570 to − 0.109 0.033

  Model I − 0.080 −2.979 to − 0.137 0.032

  Model II − 0.076 − 2.911 to − 0.030 0.045

  Model III − 0.081 −3.035 to − 0.125 0.033

Breakfast consumption

  Crude − 0.061 − 1.011 to 0.071 0.088

  Model I − 0.073 −1.216 to 0.043 0.068

  Model II −0.066 −1.185 to 0.108 0.102

  Model III −0.065 −1.179 to 0.125 0.113

Intra-meal fluid intake

  Crude 0.096 0.288 to 1.535 0.004*

  Model I 0.079 0.059 to 1.491 0.034

  Model II 0.078 0.030 to 1.494 0.041

  Model III 0.070 −0.048 to1.433 0.067

Consumption of fried foods

  Crude 0.018 −0.715 to1.219 0.609

  Model I 0.023 −0.786 to 1.487 0.545

  Model II 0.017 −0.906 to 1.423 0.663

  Model III 0.020 −0.876 to 1.472 0.619

Consumption of spicy foods

  Crude 0.076 0.098 to 1.508 0.026

  Model I 0.066 −0.095 to 1.538 0.083

  Model II 0.068 −0.089 to 1.580 0.080

  Model III 0.066 −0.120 to 1.567 0.093

Ability of chewing

  Crude 0.047 −0.726 to 4.502 0.157

  Model I 0.029 −1.736 to 4.019 0.436

  Model II 0.029 −1.777 to 4.039 0.445

  Model III 0.032 −1.693 to 4.151 0.409

Tooth loss

  Crude 0.037 −0.305 to 1.103 0.266

  Model I 0.011 −0.683 to 0.928 0.766

  Model II 0.009 −0.716 to 0.921 0.806

  Model III 0.003 −0.802 to 0.863 0.943
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to their irregular sleep pattern [45]. Fulkerson et al. [28] 
and Arbour-Nicitopoulos et al. [31] showed the associa-
tion between inadequate intake of breakfast with risk of 
depressive symptoms in adolescents. Moreover, the study 
of Michael et  al. [27] demonstrated that there is a rela-
tionship between skipping breakfast and elevated risk of 
mental disorders in high school students. On the other 
hand, irregular meals or skipping breakfast may lead to 
obesity in children and adolescents; and obesity known 
as a risk factor for depressive symptoms in adolescence 
[46]. Correcting this issue requires multilevel efforts, and 
the family (by regulating sleep time and planning meal-
times of adolescents) and school (codification of a school 
breakfast program) can play a critical role.

In addition, an inverse relationship was obtained 
between the rate of food chewing and depression score; 
but not chewing ability as well as tooth loss. A study 
conducted by Aljameel et al. [47] showed that there is 
an association between depression and chewing dif-
ficulty in adults, independent of demographic and 
socio-economic characteristics. The study of Kimora 
et  al. [48] illustrated a significant association between 
low chewing ability (assessment of chewing ability 
using color-changeable chewing gum) and depression 
in elderly people. The logical reasons for these minor 
discrepancies can be the differences in design, age of 
subjects and methodology of studies. Oral health can 
negatively impact the daily life activities and psycho-
logical wellbeing of individuals [49]. Interestingly, a 
study evaluating the emotional effects of tooth loss and 
its association with depression indicated that the group 
which had difficulties accepting tooth loss showed 
more depressive symptoms than the group with no dif-
ficulties [50]. On the other hand, depression can reduce 
oral health and chewing ability by decreasing the moti-
vation towards oral health-related behaviors, like oral 
hygiene and healthy dietary habits [51, 52], as well as 
reducing the amount of saliva or the immune response 
system dysregulation [53].

The present study revealed that there is a direct associa-
tion between consumption of spicy foods and depression 
score in crude model. Based on our finding, consumption 
of spicy foods less than 7 times per week has no associa-
tion with depression. Therefore, this result must be inter-
preted with caution. There are very few studies evaluating 
the association between spicy food consumption and 
depression. A case-control study showed that the average 
dietary habit score of “avoiding eating spicy foods” was 
significantly lower in patients with depression compared 
with the healthy female adolescents [46]. The exact rela-
tionship and mechanisms in this field are still unclear.

No significant relationship between fried foods con-
sumption and depression score was found. Contrary to 

our results, a cross-sectional study demonstrated a direct 
association between frequency of fried food consump-
tion and depression score in women [54]. The differences 
of the studies in methodology, and race as well as the age 
of participants, may explain the discrepancy in the find-
ings. Early evidence showed that fried foods consump-
tion, which is a part of the western dietary pattern, can 
increase the risk of obesity, inflammation and oxidative 
stress [55–58], that these are linked to the risk of depres-
sive symptoms and other mental disorders [6, 7, 9, 15].

Finally, we found a significant association between 
intra-meal fluid intake and depression in crude and 
some adjusted models, but not in the fully adjusted 
model. Based on our knowledge, there was no similar 
study evaluating the association between intra-meal 
fluid intake and depression. We mentioned that obe-
sity could contribute to the development of depressive 
symptoms [15, 16]. A cross-sectional study demon-
strated that consuming 1–2 glasses of fluids between 
meals increased the chance of general obesity [59]. It 
should be noted that we don’t ask subjects about their 
type of beverages. Water is the main beverage con-
sumed with the meal in the Iranian culture [60]. Studies 
showed a positive association between sugar-sweet-
ened beverages intake and obesity [61, 62]. Moreover, 
the replacement of sugar-sweetened beverages with 
water can decrease weight gain [63, 64].

Another issue may be related to depression in female 
adolescents is their body weight and self-esteem [33]. 
It has demonstrated that male gender and lower BMI 
were associated with better body esteem in adolescents 
[65]. On the other hand, body dissatisfaction can lead 
to adverse mental problems like bulimic and depressive 
symptoms in girl adolescents [66].

Our study has some important strength points. This 
study was conducted in a large sample and is one of the 
first studies to examine the relationship between dietary 
behavior and depression score in adolescent girls. To 
avoid misleading conclusions in analysis and interpre-
tation of data, we conducted several adjustment mod-
els for confounding factors to depression. Nevertheless, 
our findings should be interpreted in the light of some 
potential limitations. Cross-sectional design should be 
considered as the major limitation of the present study; 
and cannot therefore assume a causal relationship. 
Dietary intake data was collected using an FFQ which 
may lead to misclassification and over/underestima-
tion. Moreover, depression score was obtained by Beck’s 
Depression Inventory; while the depression diagnosis 
based on clinical procedures could result in more reli-
able results. In addition, this study included only ado-
lescent females; therefore, In future studies male gender 
should be also included.
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Conclusions
In conclusion, frequency of main meal consumption, 
snack consumption, regular meal consumption, and rate 
of food chewing were inversely associated with depres-
sion score. We were unable to confirm significant associ-
ation between breakfast consumption, fried food intake, 
ability of chewing and tooth loss with depression score. 
Prospective studies are necessary to clarify the relation-
ship between specific dietary behaviors and the risk of 
depression.

Abbreviations
BDI: Beck depression inventory; BMI: Body mass index; CVD: Cardiovascular 
disease; FFQ: Food frequency questionnaire; MET: The metabolic equivalent of 
task; OR: Odds ratio; SD: Standard deviation; SFA: Saturated fatty acid; T2DM: 
Type 2 diabetes mellitus; WC: Waist circumference.

Acknowledgments
We acknowledge the contribution of the co-researchers. We also thank the 
participants for their cooperation throughout recruitment and data collection 
processes.

Authors’ contributions
S.Kh. G. F and M.G-M. designed and conducted the study. A.S. and E. Y. wrote 
the manuscript. S. B and A.SA. critically revised the manuscript. S.Kh. super‑
vised the study. Sh. A. and S.B. performed the study analyses. The final version 
of the manuscript was approved by all authors.\.

Funding
The present study was supported by a grant provided by Shahid Sadoughi 
University of Medical Sciences, Yazd, Iran.

Availability of data and materials
The data of the present study is available from the corresponding author on 
reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted according to the guidelines laid down in the 
Declaration of Helsinki and all procedures involving research study partici‑
pants were approved by the ethical committee of Shahid Sadoughi University 
of Medical Sciences in Yazd, Iran (IR.SSU.SPH.REC.1400.125). Written informed 
consent was obtained from all participants and their parents before the data 
collection.

Consent for publication
Not applicable.

Competing interests
All authors have declared no conflict of interest.

Author details
1 Nutrition and Food Security Research Center, Shahid Sadoughi University 
of Medical Sciences, Yazd, Iran. 2 Department of Nutrition, School of Public 
Health, Shahid Sadoughi University of Medical Sciences, Yazd 8914715645, 
Iran. 3 International UNESCO center for health related basic sciences 
and human nutrition, department of nutrition, faculty of medicine, 
37552Mashhad University of medical sciences, Mashhad, Iran. 4 Department 
of Agricultural, Food and Nutritional Sciences, University of Alberta, Edmon‑
ton, Alberta, Canada. 5 Brighton & Sussex Medical School, Division of Medical 
Education, Falmer, Brighton, Sussex BN1 9PH, UK. 

Received: 19 January 2022   Accepted: 6 June 2022

References
	1.	 Kessler RC, Angermeyer M, Anthony JC, De Graaf R, et al. Lifetime preva‑

lence and age-of-onset distributions of mental disorders in the World 
Health Organization’ s. World Psychiatry. 2007;6:168–76.

	2.	 Collins PY, Patel V, Joestl SS, et al. Grand challenges in global mental 
health. Nature. 2011;475(7354):27–30.

	3.	 Uher R, Payne JL, Pavlova B, et al. Major depressive disorder in DSM-5: 
implications for clinical practice and research of changes from DSM-IV. 
Depress Anxiety. 2014;31(6):459–71.

	4.	 Bromet E, Andrade LH, Hwang I, et al. Cross-national epidemiology of 
DSM-IV major depressive episode. BMC Med. 2011;9:90.

	5.	 Sajjadi H, Mohaqeqi Kamal SH, Rafiey H, et al. A systematic review of the 
prevalence and risk factors of depression among iranian adolescents. 
Glob J Health Sci. 2013;5(3):16–27.

	6.	 Shafiee M, Ahmadnezhad M, Tayefi M, et al. Depression and anxi‑
ety symptoms are associated with prooxidant-antioxidant balance: a 
population-based study. J Affect Disord. 2018;238:491–8.

	7.	 Shafiee M, Tayefi M, Hassanian SM, et al. Depression and anxiety symp‑
toms are associated with white blood cell count and red cell distribution 
width: a sex-stratified analysis in a population-based study. Psychoneu‑
roendocrinology. 2017;84:101–8.

	8.	 Barton C, Sklenicka J, Sayegh P, et al. A double-blind trial of bupro‑
pion versus desipramine for bipolar depression. J Clin Psychiatry. 
2003;55(2):391–3.

	9.	 Tayefi M, Shafiee M, Kazemi-Bajestani SMR, et al. Depression and anxiety 
both associate with serum level of hs-CRP: a gender-stratified analysis in 
a population-based study. Psychoneuroendocrinology. 2017;81:63–9.

	10.	 Gao K, Su M, Sweet J, et al. Correlation between depression/anxiety 
symptom severity and quality of life in patients with major depressive 
disorder or bipolar disorder. J Affect Disord. 2019;244:9–15.

	11.	 Teles F, Amorim de Albuquerque AL, Freitas Guedes Lins IK, et al. Quality 
of life and depression in haemodialysis patients. Psychol Heal Med. 
2018;23(9):1069–78.

	12.	 Bilsen J. Suicide and youth: risk factors. Front Psychiatry. 2018;9:540.
	13.	 Turecki G, Brent DA. Suicide and suicidal behaviour. Lancet. 

2016;387(10024):1227–39.
	14.	 Katon WJ. Epidemiology and treatment of depression in patients with 

chronic medical illness. Dialogues Clin Neurosci. 2011;13(1):7–24.
	15.	 Anderson SE, Cohen P, Naumova EN, et al. Adolescent obesity and risk for 

subsequent major depressive disorder and anxiety disorder: prospective 
evidence. Psychosom Med. 2007;69(8):740–7.

	16.	 Bergantin LB. The clinical link between depression and obesity: role of 
Ca2+/cAMP signalling. Psychiatry Res. 2020;291:113167.

	17.	 Bergantin LB. Debating the “bidirectional link” between diabetes and 
depression through the ca 2+ /cAMP signalling: off-label effects of ca 2+ 
channel blockers. Pharmacol Res. 2019;141:298–302.

	18.	 Seon-Joo P, Myung-Sunny K, Hae-Jeung L. The association between 
dietary pattern and depression in middle-aged korean adults. Nutr Res 
Pract. 2019;13(4):316–22.

	19.	 Oddy WH, Allen KL, Trapp GSA, et al. Dietary patterns, body mass index 
and inflammation: pathways to depression and mental health problems 
in adolescents. Brain Behav Immun. 2018;69:428–39.

	20.	 Wang W, Yang J, Xu J, Yu H, Liu Y, Wang R, et al. Effects of high-fat diet and 
chronic mild stress on depression-like behaviors and levels of inflam‑
matory cytokines in the Hippocampus and prefrontal cortex of rats. 
Neuroscience. 2022;480:178–93.

	21.	 Yang JL, Liu DX, Jiang H, Pan F, Ho CS, Ho R. The effects of high-fat-diet 
combined with chronic unpredictable mild stress on depression-like 
behavior and leptin/leprb in male rats. Sci Rep. 2016;6(1):1–12.

	22.	 Firth J, Gangwisch JE, Borsini A, Wootton RE, Mayer EA. Food and 
mood: how do diet and nutrition affect mental wellbeing? BMJ. 
2020;369:m2382.

	23.	 Hoare E, Skouteris H, Fuller-Tyszkiewicz M, et al. Associations between 
obesogenic risk factors and depression among adolescents: a systematic 
review. Obes Rev. 2014;15(1):40–51.

	24.	 Khalid S, Williams CM, Reynolds SA. Is there an association between diet 
and depression in children and adolescents? A systematic review. Br J 
Nutr. 2016;116(12):2097–108.

	25.	 O’Neil A, Quirk SE, Housden S, et al. Relationship between diet and men‑
tal health in children and adolescents: a systematic review. Am J Public 
Health. 2014;104(10):e31–42.



Page 8 of 8Sangouni et al. BMC Public Health         (2022) 22:1169 

	26.	 Adjibade M, Assmann KE, Andreeva VA, et al. Prospective asso‑
ciation between adherence to the Mediterranean diet and risk of 
depressive symptoms in the French SU.VI.MAX cohort. Eur J Nutr. 
2018;57(3):1225–35.

	27.	 Michael SL, Lowry R, Merlo C, et al. Physical activity, sedentary, and dietary 
behaviors associated with indicators of mental health and suicide risk. 
Prev Med Reports. 2020;19:101153.

	28.	 Fulkerson JA, Sherwood NE, Perry CL, et al. Depressive symptoms 
and adolescent eating and health behaviors: a multifaceted view in a 
population-based sample. Prev Med (Baltim). 2004;38(6):865–75.

	29.	 Solnick SJ, Hemenway D. Soft drinks, aggression and suicidal behaviour in 
US high school students. Int J Inj Control Saf Promot. 2014;21(3):266–73.

	30.	 Neumark-Sztainer D, Story M, Resnick MD, Blum RW. Correlates of inad‑
equate fruit and vegetable consumption among adolescents. Prev Med 
(Baltim). 1996;25(5):497–505.

	31.	 Arbour-Nicitopoulos KP, Faulkner GE, Irving HM. Multiple health-risk 
behaviour and psychological distress in adolescence. J Can Acad Child 
Adolesc Psychiatry. 2012;21(3):171–8.

	32.	 Gangwisch JE, Hale L, Garcia L, Malaspina D, Opler MG, Payne ME, et al. 
High glycemic index diet as a risk factor for depression: analyses from the 
Women’s health initiative. Am J Clin Nutr. 2015;102(2):454–63.

	33.	 Ljungberg T, Bondza E, Lethin C. Evidence of the importance of dietary 
habits regarding depressive symptoms and depression. Int J Environ Res 
Public Health. 2020;17(5):1616.

	34.	 Beck AT, Steer RA, Carbin MG. Psychometric properties of the Beck 
depression inventory: twenty-five years of evaluation. Clin Psychol Rev. 
1988;8(1):77–100.

	35.	 Ghassemzadeh H, Mojtabai R, Karamghadiri N, et al. Psychometric prop‑
erties of a Persian-language version of the Beck depression inventory-
second edition: BDI-II-Persian. Depress Anxiety. 2005;21(4):185–92.

	36.	 Asghari G, Rezazadeh A, Hosseini-Esfahani F, et al. Reliability, comparative 
validity and stability of dietary patterns derived from an FFQ in the Tehran 
lipid and glucose study. Br J Nutr. 2012;108(6):1109–17.

	37.	 Esfahani FH, Asghari G, Mirmiran P, et al. Reproducibility and relative valid‑
ity of food group intake in a food frequency questionnaire developed for 
the Tehran lipid and glucose study. J Epidemiol. 2010;20(2):150–8.

	38.	 Galhardo J, Hunt LP, Lightman SL, et al. Normalizing eating behavior 
reduces body weight and improves gastrointestinal hormonal secretion 
in obese adolescents. J Clin Endocrinol Metab. 2012;97(2):193–201.

	39.	 Brewer EA, Kolotkin RL, Baird DD. The relationship between eating behav‑
iors and obesity in African American and Caucasian women. Eat Behav. 
2003;4(2):159–71.

	40.	 Ohkuma T, Fujii H, Iwase M, et al. Impact of eating rate on obesity 
and cardiovascular risk factors according to glucose tolerance status: 
the Fukuoka diabetes registry and the Hisayama study. Diabetologia. 
2013;56(1):70–7.

	41.	 Delshad M, Ghanbarian A, Ghaleh N, Amirshekari G, Askari S, Azizi F. Reli‑
ability and validity of the modifiable activity questionnaire for an Iranian 
urban adolescent population. Int J Prev Med. 2015;6(1):3–7.

	42.	 Dowdy E, Furlong MJ, Sharkey JD. Using surveillance of mental health to 
increase understanding of youth involvement in high-risk behaviors: a 
value-added analysis. J Emot Behav Disord. 2013;21(1):33–44.

	43.	 Lowry R, Crosby AE, Brener ND, et al. Suicidal thoughts and attempts 
among U.S. high school students: Trends and associated health-risk 
behaviors, 1991-2011. J Adolesc Health. 2014;54(1):100–8.

	44.	 Crowley SJ, Acebo C, Carskadon MA. Sleep, circadian rhythms, and 
delayed phase in adolescence. Sleep Med. 2007;8(6):602–12.

	45.	 Park JY, You JS, Chang KJ. Dietary taurine intake, nutrients intake, dietary 
habits and life stress by depression in Korean female college students: a 
case-control study. J Biomed Sci. 2010;17(SUPPL. 1):2–6.

	46.	 Quek YH, Tam WW, Zhang MW, Ho RC. Exploring the association between 
childhood and adolescent obesity and depression: a meta-analysis. Obes 
Rev. 2017;18(7):742–54.

	47.	 Aljameel AH, Watt RG, Brunner EJ, et al. Earlier depression and later-life 
self-reported chewing difficulties: results from the Whitehall II study. J 
Oral Rehabil. 2015;42(2):98–104.

	48.	 Kimura Y, Ogawa H, Yoshihara A, et al. Evaluation of chewing ability and 
its relationship with activities of daily living, depression, cognitive status 
and food intake in the community-dwelling elderly. Geriatr Gerontol Int. 
2013;13(3):718–25.

	49.	 Locker D, Clarke M, Payne B. Self-perceived oral health status, psychologi‑
cal well-being, and life satisfaction in an older adult population. J Dent 
Res. 2000;79(4):970–5.

	50.	 Shah RJ, Diwan FJ, Diwan MJ, et al. A study of the emotional effects of 
tooth loss in an edentulous Gujarati population and its association with 
depression. J Indian Prosthodont Soc. 2015;15(3):237–43.

	51.	 Christensen L, Somers S. Comparison of nutrient intake among depressed 
and nondepressed individuals. Int J Eat Disord. 1996;20(1):105–9.

	52.	 Anttila SS, Knuuttila MLE, Sakki TK. Relationship of depressive symptoms 
to edentulousness, dental health, and dental health behavior. Acta Odon‑
tol Scand. 2001;59(6):406–12.

	53.	 Thomson WM, Slade GD, Spencer AJ. Dental caries experience and use 
of prescription medications among people aged 60+ in South Australia. 
Gerodontology. 1995;12(2):104–10.

	54.	 Lazarevich I, Irigoyen Camacho ME, Velázquez-Alva MC, et al. Depres‑
sion and food consumption in mexican college students. Nutr Hosp. 
2018;35(3):620–6.

	55.	 Biobaku F, Ghanim H, Batra M, et al. Macronutrient-mediated inflamma‑
tion and oxidative stress: relevance to insulin resistance, obesity, and 
Atherogenesis. J Clin Endocrinol Metab. 2019;104(12):6118–28.

	56.	 Guallar-Castillón P, Rodríguez-Artalejo F, Fornés NS, et al. Intake of fried 
foods is associated with obesity in the cohort of Spanish adults from the 
European prospective investigation into Cancer and nutrition. Am J Clin 
Nutr. 2007;86(1):198–205.

	57.	 Siracusa F, Schaltenberg N, Villablanca EJ, et al. Dietary habits and 
intestinal immunity: from food intake to CD4+TH cells. Front Immunol. 
2019;9:3177.

	58.	 Lang UE, Beglinger C, Schweinfurth N, et al. Nutritional aspects of depres‑
sion. Cell Physiol Biochem. 2015;37(3):1029–43.

	59.	 Salari-Moghaddam A, Aslani N, Saneei P, et al. Water intake and intra-meal 
fluid consumption in relation to general and abdominal obesity of Iranian 
adults. Nutr J. 2020;19(1):1–8.

	60.	 Matthee R. Patterns of food consumption in early modern Iran; 2020. p. 
1–26. Available at www.​oxfor​dhand​books.​com

	61.	 Duffey KJ, Gordon-Larsen P, Steffen LM, et al. Drinking caloric beverages 
increases the risk of adverse cardiometabolic outcomes in the coronary 
artery risk development in young adults (CARDIA) study. Am J Clin Nutr. 
2010;92(4):954–9.

	62.	 Schulze M, Manson J, Ludwig D, et al. Sugar-sweetened beverages, 
weight gain, and incidence of type 2 diabetes in young and middle-aged 
women. JAMA. 2004;292(8):927–34.

	63.	 Pan A, Malik VS, Hao T, et al. Changes in water and beverage intake and 
long-term weight changes: results from three prospective cohort studies. 
Int J Obes. 2013;37(10):1378–85.

	64.	 Stookey JD, Constant F, Popkin BM, et al. Drinking water is associated with 
weight loss in overweight dieting women independent of diet and activ‑
ity. Obesity. 2008;16(11):2481–8.

	65.	 Mak KK, Pang JS, Lai CM, Ho RC. Body esteem in Chinese adolescents: 
effect of gender, age, and weight. J Health Psychol. 2013;18(1):46–54.

	66.	 Fung SS, Stewart SM, Ho SY, Wong JP, Lam TH. Body dissatisfaction, mater‑
nal appraisal, and depressive symptoms in Hong Kong adolescents. Int J 
Psychol. 2010;45(6):453–60.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

http://www.oxfordhandbooks.com

	Association between dietary behaviors and depression in adolescent girls
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Study population
	Depression assessment
	Dietary intake assessment
	Assessment of dietary behaviors
	Anthropometric measurements
	Assessment of other variables
	Statistical analyses

	Results
	Demographic profile of the study population
	Dietary behaviors and depression

	Discussion
	Conclusions
	Acknowledgments
	References


