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Abstract

Despite the growing attention toward the effects of dairy intake on stress and mental health,
its relationship to psychological constructs that affect mental health remains poorly under-
stood. We conducted a cross-sectional study (Study 1) and a longitudinal study (Study 2) to
examine the association between food intake and stress resilience in Japanese middle and
high school students. In Study 1, 865 participants (412 males and 453 females) completed
the questionnaires. In Study 2, 109 students (51 males and 58 females) participated each
year from 2016 to 2018. Dietary intake was assessed using a brief self-administered diet
history questionnaire. Stress resilience was evaluated using a 13-item sense of coherence
(SOC) questionnaire. Correlation coefficients were calculated in Study 1 to investigate the
relationship between food group intake and SOC. In Study 2, a cross-lagged panel model
was tested using structural equation modeling to investigate the effect of dairy product con-
sumption on SOC. Study 1 revealed that only dairy product intake positively correlated with
SOC and other food intake indicated no significant relationship. Study 2 indicated that aug-
mented dairy product intake was positively associated with SOC. Among all foods, only
dairy products were associated with SOC in adolescents. Although the association was
weak, the longitudinal study confirmed that dairy consumption was associated with SOC.
Randomized controlled trials are necessary to examine the causal relationship.

Introduction

Mental health and illness influence individual well-being and impose a large economic burden
on the society [1, 2]. Many medical studies have long focused on pathophysiology of mental ill-
nesses [3], contributing to treating mental illnesses through the development of novel drugs
and other treatments. On the other hand, few studies have attempted to develop methods for
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preventing mental illnesses before onset and progression. A prophylactic approach to maintain
and improve mental health and prevent mental illnesses is important, especially because men-
tal illness frequently progresses over time [4].

Epidemiological studies have suggested an association between dairy food intake and men-
tal health. Dairy consumption has been inversely correlated with depressive symptoms [5, 6].
Furthermore, oral administration of substances derived from milk proteins ameliorated
chronic stress-induced depressive- and anxiety-like behaviors in rodents. These findings sug-
gest that dairy product intake influences stress and mental health [7]. Other kinds of food have
been effectively associated with stress and mental health [8-12]. In contrast, “junk” [13] and
processed foods [8, 11] have been associated with poorer mental health. These findings suggest
that different types of food are either beneficial or harmful to mental health. The relationship
between dietary consumption and mental health might help researchers develop prophylactic
dietary approaches for maintaining and improving mental health.

Despite the growing attention toward the effects of dietary intake (especially dairy prod-
ucts) on stress and mental health, potential psychological effects that might impact mental
health remain poorly understood. Selye conceptualized stress as a strain of mental and physical
functions caused by adverse and demanding conditions [14]. Basic and clinical studies have
indicated that stress is an important risk factor for mental illnesses, especially depression and
posttraumatic stress disorder [15]. The salutogenesis model of health describes internal and
external resources that individuals use to cope with stress and foster well-being. Here sense of
coherence (SOC) is conceptualized as an internal resource [16].

SOC refers to maintaining health—even under stressful situations—and structuring com-
prehensibility, manageability, and meaningfulness [17]. SOC may mediate the relationship
between mental illnesses and various risk factors [18, 19]. Therefore, SOC is believed to help
maintain and improve mental health, thereby preventing mental illnesses. Some studies
reported a significant relationship between SOC and healthy dietary consumption [20, 21].
However, the relationships between dairy food consumption and SOC, well-being, and stress
responses have not been studied.

This was the first cross-sectional study to explore the association between SOC and food
group intake in Japanese middle and high school students, referring to the relationships
among mental health indices, well-being, and stress responses. Using a longitudinal model, we
subsequently investigated the relationship between dairy intake and SOC in Japanese middle
school students.

Study 1: Relationship among food intake, mental health, and soc
Methods

Participants. Questionnaires were distributed to 931 middle and high school students in
2016; of them, 865 students (412 males and 453 females) completed the questionnaires. All
participants were informed about the study and gave consent to participate. Protocols for
Study 1 were approved by the Human Ethics Committee of the Graduate School of Human
Development and Environment at Kobe University and by the Human Ethics Committee of
Kobe University Secondary School. Informed consent was obtained from a parent and/or legal
guardian according to the Kobe University Secondary School rules. The study procedures
were carried out following the guidelines approved by the Human Ethics Committees.

Measurements

Background factors. We collected data on participants’ sex, age, family size, body weight status,
self-reported health status, and stage of change for healthy eating based on the transtheoretical
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model [22]. The body weight status was assessed using body mass index (BMI), calculated
from self-reported heights and weights. The stage of change regarding healthy eating was
assessed by asking participants to indicate which of the following eating habits best represented
them: “precontemplation” for those who do not plan to start healthy eating (will not take
action within 6 months); “contemplation” for those who contemplate healthy eating (intend to
take action within 6 months); “preparation” for those who plan to change their eating habits
soon and prepare for the action (intend to take action within next months); “action” for those
who started healthy eating within 6 months; and “maintenance” for those who have been eat-
ing healthy for more than 6 months.

Dietary assessment. Dietary intake was estimated from a validated food frequency question-
naire and the brief self-administered diet history questionnaire (BDHQ) that measures dietary
history over the preceding month. The BDHQ was developed based on a comprehensive ver-
sion of a validated self-administered diet history questionnaire (DHQ) [23]. The BDHQ 15y is
arevision of the adult version of the BDHQ; its validity had been previously confirmed [24].
We used the BDHQ 15y, which lists 67 food items for older children and adolescents, consid-
ering their legibility and knowledge of food. We estimated the intake of 14 foods using a com-
puter algorithm for the BDHQ 15y.

Sense of coherence. SOC was measured using a 13-item SOC questionnaire. This scale is a
shortened version of a 29-item SOC questionnaire [16] and was translated into Japanese [25].
Participants recorded their current feelings according to a seven-point Likert scale.

Stress response. The children’s stress response (CSR) test is a self-completed questionnaire to
measure stressful situations for elementary, middle, and high school students in Japan [26]. This
scale is composed of three subscales (12 items in total): “irritability,” “lethargy,” and “depression.”
CSR asks the respondent about his or her emotions during the preceding week, corresponding to
each of the three subscales. Participants answered each item on a four-point Likert scale.

Wellbeing (IKIGAI). Well-being was estimated using the Ikigai scale [27]. “Ikigai” is a Japanese
word meaning “worth living” and indicates well-being in Japanese. The scale comprises nine
items that are divided into three subscales: “personal growth,” “life satisfaction,” and “social role.”
Participants recorded their daily feelings toward each item on a five-point Likert scale.

Statistical analyses

Correlation coefficients were calculated to examine the relationship between food group intake
and SOC, an index of stress resilience. At the same time, stress response and well-being related
to stress resilience were also examined how related to food group intake by calculating correla-
tion coefficients.

Before the primary analyses were performed, Cronbach’s alpha values were calculated to
determine the reliability of SOC, stress response, and well-being measures. Food intake was
highly influenced by BMI, age, and educational level [28]. The educational level was homoge-
nized in this study. Sex-based differences in food consumption, SOC, stress response, and
well-being were evaluated by the U-test as the data was not evenly distributed. Since sex and
BMI affect food consumption, the correlation analysis to explore the relationship among food
group intake, SOC, stress response, and well-being were adjusted by BMI and sex. All statisti-
cal analyses were performed using SPSS Version 23 software.

Results

The demographic profiles of the participants are provided in Table 1. The mean ages of the
males and females were 14.7 (SD 1.7) and 14.6 (SD 1.6) years, respectively. The mean BMI was
19.4 (SD 2.5) kg/m®.
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Table 1. Participants’ characteristics (n = 865).

Age

Male

Female

3 people
4 people
5 people
6 people
7 people
8 people

244

Health status

Very good
Good

Normal

Not good

Not very good

Stages of change for healthy eating

https://doi.org/10.1371/journal.pone.0279232.t001

Precontemplation
Contemplation
Preparation
Action

Maintenance

Analysis of food group intake, SOC, stress response, and well-being by sex are shown in
Table 2. Cronbach’s alpha values for measuring SOC, stress response, and well-being ranged

from 0.72 to 0.81. The male participants consumed more grains, beans, fish and shellfish,

meats, eggs, dairy products, fats and oils, and nonalcoholic beverages than female participants.
The depression score was higher in females, and the social role score was higher in males. The
effect size for the grain was r = 0.47. This implies that there may be a disparity in sex in grain
intake. However, the effect sizes for the other foods, SOC, stress response, and well-being were
minimal. The sex differences in other foods, SOC, stress response, and well-being were consid-

ered minor.

Correlations among food group intake, SOC, stress response, and well-being are shown in
Table 3. SOC was significantly and positively correlated with dairy products (r = 0.091,
p < 0.01). SOC was not correlated with the other foods. For stress response, the “irritability”

score was positively correlated with potatoes (r = 0.115, p < 0.01), confections (r = 0.158,

p < 0.001), and nonalcoholic beverages (r = 0.067, p < 0.05). The “lethargy” score was posi-
tively correlated with confections (r = 0.112, p < 0.01). The “depression” score was positively
correlated with green and yellow vegetables (r = 0.092, p < 0.01) and confections (r = 0.107,
p < 0.01). For well-being, the “life satisfaction” score was positively correlated with fish and
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Table 2. Means, standard deviations, and medians for variables and the results of the Mann-Whitney U-test by sex.

Total (n = 865) Male (n = 412) Female (n = 453) r (Effect size) | p-value
M SD MED M SD MED M SD MED
Food group (g/day) Grains 513.8 | 339.7 | 433.0 | 644.2 | 376.5 | 579.7 | 3952 | 249.2 | 364.6 47 <.001
Potatoes 36.5 33.2 31.0 37.5 35.1 31.6 35.6 31.3 31.0 .05 .145
Sugar and sweetener 2.5 1.6 2.2 2.4 1.6 2.2 2.5 1.6 2.2 .02 .655
Beans 50.8 43.7 39.4 53.6 44.4 39.4 48.2 42.9 36.2 .09 .011
Green and yellow vegetables | 123.3 83.9 104.7 | 120.5 85.4 104.5 | 1259 82.5 106.9 .05 188
Other vegetables 157.8 | 101.1 134.3 153.1 1044 | 127.7 162.1 98.0 140.7 .06 .066
Fruits 165.2 | 1714 | 1174 | 1693 | 182.3 117.4 161.5 | 161.0 116.6 .00 964
Fish and shellfish 73.4 57.0 58.5 83.3 65.5 65.2 64.5 46.2 51.9 .16 <.001
Meats 89.0 55.5 76.0 96.5 60.2 79.1 82.3 49.9 69.7 15 <.001
Eggs 50.4 33.4 50.7 49.2 34.9 50.7 51.5 31.9 46.5 .07 .041
Dairy products 359.2 | 309.6 | 2655 | 443.0 | 357.0 | 336.7 | 2829 | 2346 | 231.8 24 <.001
Fats and oils 16.1 8.1 14.8 17.1 8.4 16.3 15.2 7.8 13.8 .13 <.001
Confections 73.7 64.4 56.4 72.2 66.5 52.8 75.1 62.6 60.0 .05 174
Nonalcoholic beverages 765.9 | 4488 | 7283 | 831.8 | 498.2 | 7959 | 706.0 | 389.6 | 688.5 13 <.001
SOC 4.0 0.9 4.0 4.0 0.9 4.0 4.0 0.9 4.0 .01 794
Stress response Irritability 2.4 0.8 2.3 2.3 0.8 2.3 2.4 0.8 2.3 .02 .625
Lethargy 2.6 0.8 2.5 2.6 0.8 2.5 2.6 0.8 2.5 .02 .480
Depression 2.0 0.7 2.0 1.9 0.7 1.8 2.1 0.7 2.0 .09 .010
Well-being Life satisfaction 3.4 0.9 3.3 3.3 0.9 33 35 0.9 3.3 .06 .071
Personal growth 3.9 0.9 4.0 3.8 0.9 4.0 3.9 0.9 4.0 .05 120
Social role 2.8 1.0 3.0 2.9 1.0 3.0 2.8 0.9 2.7 .09 .011
M; Mean value, SD; Standard Deviation, MED; Median
https://doi.org/10.1371/journal.pone.0279232.t002
Table 3. Correlations among food group intake and SOC, stress response, and well-being.
Irritability Lethargy Depression Life satisfaction | Personal growth |  Social role
Food group
Grains .014 .007 —.043 .003 .016 .017 081 |~
Potatoes —-.044 115 * .012 .055 —-.026 -.009 .016
Sugar and sweetener .041 -.058 -.040 .003 .065 .085 | * 102 | **
Beans .004 .009 —.042 .049 .052 101 o 078 | *
Green and yellow vegetables -.033 .061 .023 092 | ** .018 .051 .022
Other vegetables .001 .004 -.011 .065 .057 085 | * .040
Fruits .031 .055 —-.025 .028 .037 .019 .044
Fish and shellfish .054 .005 -.005 .054 102 ** .076 * 155 |
Meats -.029 .031 —-.022 .037 .060 .059 071 | *
-.025 .014 .010 .033 .045 .091 ** 079 | *
Dairy products .091 ** —.042 —-.031 —.042 .067 * .093 * 092 | **
Fats and oils -.027 .055 .024 .061 .024 .037 .057
Confections -.053 158 | *** d120 | 107 | -.002 .007 .045
Nonalcoholic beverages .004 067 | * .046 .051 -.010 .029 .010
SOC — -.471 | —.523 | *** -.510 | *** 543 e 293 e 436 | **
“**p <001
**p < .01; and *p < .05; adjusted variables are sex and BMI.
https://doi.org/10.1371/journal.pone.0279232.t003
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shellfish (r = 0.102, p < 0.01) and dairy products (r = 0.067, p < 0.05). The “personal growth”
score was positively correlated with sugar and sweetener (r = 0.085, p < 0.05), beans (r = 0.101,
p < 0.01), other vegetables (r = 0.085, p < 0.05), fish and shellfish (r = 0.076, p < 0.05), eggs
(r=10.091, p < 0.01), and dairy products (r = 0.093, p < 0.01). The “social role” score was posi-
tively correlated with grains (r = 0.081, p < 0.05), sugar and sweetener (r = 0.102, p < 0.01),
beans (r = 0.078, p < 0.05), fish and shellfish (r = 0.155, p < 0.001), meats (r = 0.071, p < 0.05),
eggs (r = 0.079, p < 0.05), and dairy products (r = 0.092, p < 0.01). SOC was negatively corre-
lated to the stress response (r = —0.523 to —0.471, p < 0.001) and positively correlated to well-
being (r = 0.293 to 0.543, p < 0.001).

Study 2: Longitudinal study of dairy product intake effects on soc
among japanese middle and high school students

Methods

A questionnaire survey was conducted once every year from 2016 to 2018. The survey popula-
tion was all students (n = 118) enrolled in the collaborating middle school for three years, from
2016 to 2018. A total of 109 responses (51 males and 58 females) were analyzed, excluding
those whose answers were incomplete.

Data were collected during approximately the same month (i.e., June) every year using the
same self-reported questionnaire. The questionnaire collected data on the background charac-
teristics, SOC, and dietary intake, as previously described for Study 1. The participants were
informed about the aim of this study and answered the questionnaires after giving their con-
sent. Study 2 was approved by the Human Ethics Committee of the Graduate School of
Human Development and Environment at Kobe University and by the Human Ethics Com-
mittee of Kobe University Secondary School. According to the Kobe University Secondary
School rules, informed consent was obtained from a parent and/or legal guardian according to
the Kobe University Secondary School rules. The study procedures were carried out following
the guidelines approved by the Human Ethics Committees.

Model

This study was designed to longitudinally examine the effects of dairy product intake on SOC.
Referring to related works [29, 30], we developed a cross-lagged structural equation model to
explain the relationship between dairy product intake and SOC (Fig 1). In this model, dairy

Dairy Product ,| Dairy Product .| Dairy Product
Intake 2016 Intake 2017 Intake 2018
SOC 2016 »  SOC 2017 » SOC 2018

Fig 1. Conceptional model of the association between SOC and dairy product intake.

https://doi.org/10.1371/journal.pone.0279232.9001
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product intake was defined as the estimated sum of ice cream, yogurt, cheese, low-fat milk,
full-fat milk, and lactic acid bacteria beverages (LABB) based on the BDHQ 15y.

Statistical analyses

The cross-lagged panel model described above was tested using structural equation modeling
to address the influence of dairy product intake on SOC. First, this model was adjusted for sex
and BMI (sex and BMI confounding model; SB model). Second, the correlations between the
consumption of dairy products and other foods were examined, and we identified foods
related to dairy product consumption. Based on the results, sex, BMI, and identified foods
were used as the confounding variables (sex, BMI, and food consumption confounding model;
SBF model). The following indicators of model fit statistics were provided to examine the data
adaptation for the model: root mean square error of approximation (RMSEA), comparative fit
index (CFI), the goodness of fit index (GFI), adjusted goodness of fit index (AGFI) and Akaike
information criterion (AIC). All statistical analyses were conducted with SPSS Version 23 and
AMOS Version 23.

Results

At the time of the first survey in 2016, all students were first grade in junior high school, and
their mean age was 12.2 years (SD 0.4) for the males and 12.3 years (SD 0.5) for the females.
The mean BMI values were 17.3 (SD 2.3) kg/m” in 2016, 17.9 (SD 1.6) kg/m” in 2017, and 18.8
(SD 2.6) kg/m? in 2018 for the males and 17.8 (SD 2.2) kg/m? in 2016, 18.4 (SD 1.9) kg/m* in
2017, and 19.1 (SD 2.0) kg/m? in 2018 for the females.

Table 4 shows the mean dairy product intake according to sex. The results showed that
males consumed significantly more total dairy products than females during all three years.

Regarding specific food items, the intake of full-fat milk was significantly higher in males
than in females during all three years. Yogurt and LABB intakes were significantly higher in
males than in females only in 2016. During the three years, males consumed more full-fat milk
and dairy products than females.

As shown in Fig 2, our cross-lagged panel model for SOC and dairy product intake provides
an acceptable fit to the data according to the following values for the SB model (GFI = 0.95,
AGFI = 0.88, CFI = 0.98, RMSEA = 0.06, and AIC = 95.14) and the SBF model (GFI = 0.87,
AGFI = 0.78, CFI = 0.98, RMSEA = 0.03, and AIC = 436.66).

BMI and sex were adjusted in the SB model. In the SBF model, sex, BMI, and food con-
sumption, which are associated with dairy food intake, were therefore adjusted. The adjusted
variables were the consumption of green and yellow vegetables, fruits, and fish and shellfish in
2016, the consumption of grains, sugar and sweetener, beans, fruits, fish and shellfish, and
meats in 2017, and the consumption of grains, fruits, fish and shellfish, fats and oils, and con-
fections in 2018. In 2016, the consumption of green and yellow vegetables (r = 0.27, p < 0.01),
fruits (r = 0.32, p < 0.01), and fish and shellfish (r = 0.23, p < 0.05) was associated with dairy
product intake. In 2017, the consumption of grains (r = 0.23, p < 0.05), sugar and sweetener
(r=0.22, p < 0.05), beans (r = 0.26, p < 0.01), fruits (r = 0.21, p < 0.05), fish and shellfish
(r=0.26, p < 0.01), and meats (r = 0.22, p < 0.05) was associated with the dairy product intake.
In 2018, the consumption of grains (r = 0.26, p < 0.01), fruits (r = 0.21, p < 0.05), fish and
shellfish (r = 0.26, p < 0.01), fats and oils (r = 0.33, p < 0.001), and confections (r = 0.20,

p < 0.05) was associated with the dairy product intake. No other foods were significantly asso-
ciated with dairy product consumption.

Dairy consumption in 2016 was associated with SOC in 2017 (8 = 0.14, p = 0.089/f = 0.14,
p = 0.081), although not significantly. The direct effect from dairy intake in 2016 to SOC in
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Table 4. Means, standard deviations, and medians for dairy product intake and the results of the U-test by sex.

Food group (g/day) Total (n = 109) Males (n = 51) Females (n = 58) r (Effect size) p-value
M SD MED M SD MED M SD MED

2016 (1** grade)
Ice cream 48.8 41.4 46.5 47.9 43.3 50.7 49.5 40.0 46.5 .09 372
Yogurt 121.5 1144 76.0 157.0 119.8 106.4 90.3 100.5 34.9 41 <.001
Cheese 16.2 229 5.1 18.7 25.6 12.7 14.0 20.2 4.6 24 .014
Low-fat milk 67.3 124.3 0.0 92.1 153.4 11.8 45.4 87.2 0.0 .18 .067
Full-fat milk 147.3 168.8 116.2 181.7 176.2 177.3 117.0 157.4 58.1 37 < .001
LABB 32.6 64.1 6.5 47.2 80.9 15.2 19.7 41.0 6.5 22 .020
Total 433.6 291.1 379.5 544.6 306.9 506.6 335.9 239.2 269.1 .39 < .001

2017 (2" grade)
Ice cream 42.9 50.7 20.3 449 54.2 20.3 41.1 47.7 18.6 12 217
Yogurt 116.8 114.4 76.0 140.3 119.3 106.4 96.1 106.6 52.3 31 .001
Cheese 18.5 20.4 11.6 18.5 21.4 12.7 18.5 19.6 11.6 .07 471
Low-fat milk 74.3 158.2 0.0 101.8 203.6 0.0 50.2 99.0 0.0 .08 401
Full-fat milk 169.3 195.8 116.2 229.4 228.1 177.3 116.4 144.7 58.1 .36 < .001
LABB 23.2 36.3 6.5 31.1 40.4 7.1 16.2 31.0 6.5 25 .010
Total 4449 339.2 384.2 566.0 390.5 488.9 338.5 244.1 258.6 34 <.001

2018 (3¢ grade)
Ice cream 43.3 46.0 20.3 45.2 50.7 50.7 41.7 419 18.6 17 .071
Yogurt 100.9 105.9 69.7 110.2 111.1 76.0 92.7 101.3 34.9 21 .028
Cheese 14.6 17.4 11.6 15.0 21.2 5.1 14.2 13.4 11.6 .03 .788
Low-fat milk 39.0 100.1 0.0 56.0 126.1 0.0 24.0 67.5 0.0 .19 .048
Full-fat milk 125.7 168.0 63.3 186.5 194.8 177.3 72.2 118.3 10.8 42 <.001
LABB 20.6 32.8 6.5 25.0 38.1 7.1 16.7 27.1 6.5 .09 .358
Total 198.6 31.2 172.8 231.5 3.8 233.6 169.7 4.1 172.8 .35 < .001

M; Mean value, SD; Standard Deviation, MED; Median
LABB: lactic acid bacteria beverages.

https://doi.org/10.1371/journal.pone.0279232.t004

2017 was 0.14/0.14, and the indirect effect through SOC in 2016 was —0.01/-0.01. However,
dairy consumption in 2017 was significantly associated with SOC in 2018 (8= 0.17 p = 0.030/3
=0.17 p = 0.026). The direct effect was 0.17/0.17, and the indirect effect was —0.06/-0.05.

SOC in 2016 was associated with dairy intake in 2017 in the SB model (8 =0.17, p = 0.048),
although it was not associated with the SBF model (8 = 0.16, p = 0.051). SOC in 2017 was not
associated with dairy intake in 2018 (8= 0.01 p = 0.93/8=0.01 p = 0.85).

Discussion

We examined the association between intake of various food groups and psychological con-
structs related to the salutogenesis of mental health, namely SOC and well-being. Our results
might be useful for developing a strategy for dietary interventions that promote mental health
and prevent mental illnesses. Only dairy product intake was associated with SOC and all three
dimensions of well-being. However, since the association was weak, we conducted a longitudi-
nal study for three years to further investigate this relationship. The results again demonstrated
that dairy consumption was weakly associated with SOC.

Dairy intake is inversely related to the trait “anger” in female students [31]. Low-fat dairy
intake was associated with social functioning, reduced stress, and memory improvement. In
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2017, and the consumption of grains, fruits, fish and shellfish, fats and oils, and confections in 2018.

https://doi.org/10.1371/journal.pone.0279232.9002

contrast, whole-fat dairy, including ice cream and fat cream, was associated with poorer psy-
chological well-being in middle-aged Australians [32]. However, these studies did not analyze
psychological constructs related to stress resilience. One report indicated that low SOC scores
were associated with fewer health-promoting dietary preferences [21]. Our findings provide
the first evidence of an association between dairy product intake and SOC.

Most notably, we performed longitudinal analyses of the same participants over the three
years, allowing us to develop a cross-lagged panel model to decipher the effect of preceding
dairy intake on subsequent SOC scores after one year. SB model outperforms the SBF model
according to the AIC value. Therefore, we examined the SB model’s goodness of fit. Most of
the parameters are within recommended ranges [33, 34]. All the parameters of the structural
model are within acceptable limits, except for the AGFI (0.88) being below the recommended
0.90. Most fit indices, especially GFI and AGF], are reported to be impacted by sample size. A
larger sample could produce higher fit indices [35, 36]. Given the relatively modest size of the
sample, the SB model fits the data well.

Consequently, our findings in this study are the first to demonstrate the relationship
between dairy food intake and stress resilience, compared to other studies with similar types of
analyses, thus suggesting the causal role of dairy product intake on stress resilience and mental
health. Dietary habits are often linked with other daily habits, perhaps due to educational envi-
ronments; however, our study participants went to the same school and thus had similar edu-
cational backgrounds. We believe this design helps to isolate the effects of dietary intake from
potential confounders. However, knowing about effective food intake for SOC through educa-
tion could also promote healthy eating habits. It should be noted that all of our analyses were
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of adolescents (i.e., 12-18 years); therefore, our findings may not generalize to adults or other
populations.

Increased dairy consumption was positively associated with the internal resource (SOC) to
manage stress and foster well-being. It should be noted that SOC and stress response were
assessed during the survey and the previous week, respectively, whereas BDHQ was used to
assess dietary history over the previous month. Although the measurement period dichotomy
could be a limitation of this study, BDHQ reportedly yields a consistent result with semi-
weighed dietary records (DR) over the past four days, which is considered the most accurate
estimate of food consumption so far [37]. Therefore, BDHQ can be reasonably compared to
recent measurements of stress response and SOC. In any case, dietary intervention trials are
required to establish the causal role of dairy consumption in improving mental health.

In addition to the internal resource, Antonovsky also investigated external resources for
stress coping [16]. Social support is one such external resource. Ager et al. reported that per-
ceived social support and team cohesion promote mental health [38]. Thus, another limitation
of this study is that we did not examine the influence of social support. One cannot always
obtain or perceive adequate social support; however, one can improve and maintain dietary
habits alone. In other words, if improved dietary habits are separate from social support and
help promote SOC, then SOC can be enhanced through individual efforts to improve dietary
habits. Indeed, Suzuki et al. found an association between job strain and depressive symptoms
and the protective impact of a balanced Japanese diet against depressive symptoms, especially
in participants with active strain and low support [12]. Whether social support and healthy eat-
ing habits may cooperate in promoting SOC requires further study.

Finally, we cannot exclude the possibility of residual confounding factors due to unmea-
sured or imprecisely measured factors. In general, as people eat various foods at each meal,
there may be correlations between dairy intake and other dietary items. However, the effect of
dairy intake on SOC did not substantially attenuate after adjusting for intake of other foods
related to dairy consumption. This provides a rebuttal to the interpretation that we found a
spurious association that is simply a by-product of a healthy diet.

The rate of depression has been increasing dramatically in Japan [39]. Adolescents also face
difficulties and suffer mental problems. Simultaneously, lifestyle disturbances (skipping break-
fast, sleeping problems, gaming, etc.) are increasingly noticeable. In adolescence, stress affects
the trajectory of brain development and is a strong risk factor for mental illnesses, including
depression [40, 41]. Our findings imply that maintaining healthy lifestyle habits, such as eating
healthy foods, is a valuable strategy to improve physical and mental health in adolescents. This
study found the association between dairy product intake and SOC, but their causal relation-
ship remains elusive. Hence, a double-blind, placebo-controlled study is warranted. However,
it will be challenging to develop a dairy product placebo without identifying critical ingredients
of the dairy product that augment the SOC. Moreover, evidence concerning how food intake
impacts mental health in children is still limited. Recent studies have suggested that the gut
microbiome and its metabolites affect animal behaviors and human mental states [42]. Multi-
ple mechanisms—including leaky gut barrier, mucosal immunity, and autonomic nerves—
likely mediate the gut-brain crosstalk. Unfortunately, their relationship with food components
remains poorly understood. In the future, we will require a deeper understanding of the
impact of dairy products on psychological and brain functions. This information may help
consolidate the causal role of dairy products on mental health.

In conclusion, dairy consumption has a weak impact on stress resilience and well-being in
adolescents. Additional dietary intervention trials will be required to establish any causal
relationship.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279232 December 20, 2022 10/13


https://doi.org/10.1371/journal.pone.0279232

PLOS ONE

Relationship between dairy product intake and sense of coherence

Acknowledgments

The authors express their appreciation to all study participants.

Author Contributions

Conceptualization: Kato Yoshiko.

Data curation: Kato Yoshiko.

Formal analysis: Kato Yoshiko, Chenghong Hu.

Funding acquisition: Kato Yoshiko, Tomoyuki Furuyashiki.
Investigation: Kato Yoshiko, Kazumi Nagano, Chenghong Hu.
Methodology: Kato Yoshiko.

Project administration: Kato Yoshiko.

Supervision: Kato Yoshiko, Tomoyuki Furuyashiki.
Writing - original draft: Kato Yoshiko, Chenghong Hu.
Writing - review & editing: Tomoyuki Furuyashiki.

References

1. Insel TR. Assessing the economic costs of serious mental illness. Am J Psychiatry. 2008; 165(6):663—
665. Epub 2008/06/01. https://doi.org/10.1176/appi.ajp.2008.08030366 PMID: 18519528.

2. Hale T. Mental health has major impact on global economy. Arkansas Money and Politics. 2019 Oct 10
[Cited 2020 February 11]. Available from: https://armoneyandpolitics.com/mental-health-economy-
impact/.

3. Rosenblat D, Brietzke E, Mansur RB, Maruschak NA, Lee Y, Mclintyre RS. Inflammation as a neurobio-
logical substrate of cognitive impairment in bipolar disorder: Evidence, pathophysiology and treatment
implications. J Affect Disord. 2015; 188:149-159. Epub 2015/09/02. https://doi.org/10.1016/j.jad.2015.
08.058 PMID: 26363613.

4. Tandon R, Nasrallah HA, Keshavan MS. Schizophrenia, "just the facts" 4. Clinical features and concep-
tualization. Schizophr Res. 2009; 110(1-3):1-23. Epub 2009/03/27. https://doi.org/10.1016/j.schres.
2009.03.005 PMID: 19328655.

5. Miyake Y, Tanaka K, Okubo H, Sasaki S, Arakawa M. Intake of dairy products and calcium and preva-
lence of depressive symptoms during pregnancy in Japan: a cross-sectional study. BJOG. 2015; 122
(3):336—-343. Epub 2014/07/10. https://doi.org/10.1111/1471-0528.12972 PMID: 25040078.

6. CuiY, Huang C, MommaH, Ren Z, Sugiyama S, Guan L, et al. Consumption of low-fat dairy, but not
whole-fat dairy, is inversely associated with depressive symptoms in Japanese adults. Soc Psychiatry
Psychiatric Epidemiol. 2017; 52(7):847-53. Epub 2017/01/09. https://doi.org/10.1007/s00127-016-
1333-1 PMID: 28070597

7. AnoY, Kita M, Kitaoka S, Furuyashiki T. Leucine-histidine dipeptide attenuates microglial activation and
emotional disturbances induced by brain inflammation and repeated social defeat stress. Nutrients.
2019; 11(9):2161. https://doi.org/10.3390/nu11092161 PMID: 31505850.

8. Akbaraly TN, Brunner EJ, Ferrie JE, Marmot MG, Kivimaki M, Singh-Manoux A. Dietary pattern and
depressive symptoms in middle age. Br J Psychiatry. 2009; 195(5):408—413. Epub 2009/11/03. https://
doi.org/10.1192/bjp.bp.108.058925 PMID: 19880930.

9. Miki T, Kochi T, Kuwahara K, Eguchi M, Kurotani K, Tsuruoka H, et al. Dietary patterns derived by
reduced rank regression (RRR) and depressive symptoms in Japanese employees: The Furukawa
nutrition and health study. Psychiatry Res. 2015; 229(1-2):214—219. Epub 2015/07/15. https://doi.org/
10.1016/j.psychres.2015.07.033 PMID: 26208984.

10. Ozawa M, Ninomiya T, Ohara T, Doi Y, Uchida K, Shirota T, et al. Dietary patterns and risk of dementia
in an elderly Japanese population: the Hisayama Study. Am J Clin Nur. 2013; 97(5):1076—1082. Epub
2013/04/05. https://doi.org/10.3945/ajcn.112.045575 PMID: 23553168.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279232 December 20, 2022 11/13


https://doi.org/10.1176/appi.ajp.2008.08030366
http://www.ncbi.nlm.nih.gov/pubmed/18519528
https://armoneyandpolitics.com/mental-health-economy-impact/
https://armoneyandpolitics.com/mental-health-economy-impact/
https://doi.org/10.1016/j.jad.2015.08.058
https://doi.org/10.1016/j.jad.2015.08.058
http://www.ncbi.nlm.nih.gov/pubmed/26363613
https://doi.org/10.1016/j.schres.2009.03.005
https://doi.org/10.1016/j.schres.2009.03.005
http://www.ncbi.nlm.nih.gov/pubmed/19328655
https://doi.org/10.1111/1471-0528.12972
http://www.ncbi.nlm.nih.gov/pubmed/25040078
https://doi.org/10.1007/s00127-016-1333-1
https://doi.org/10.1007/s00127-016-1333-1
http://www.ncbi.nlm.nih.gov/pubmed/28070597
https://doi.org/10.3390/nu11092161
http://www.ncbi.nlm.nih.gov/pubmed/31505850
https://doi.org/10.1192/bjp.bp.108.058925
https://doi.org/10.1192/bjp.bp.108.058925
http://www.ncbi.nlm.nih.gov/pubmed/19880930
https://doi.org/10.1016/j.psychres.2015.07.033
https://doi.org/10.1016/j.psychres.2015.07.033
http://www.ncbi.nlm.nih.gov/pubmed/26208984
https://doi.org/10.3945/ajcn.112.045575
http://www.ncbi.nlm.nih.gov/pubmed/23553168
https://doi.org/10.1371/journal.pone.0279232

PLOS ONE

Relationship between dairy product intake and sense of coherence

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Jacka FN, Pasco JA, Mykletun A, Williams LJ, Hodge AM, O’Reilly SL, et al. Association of western and
traditional diets with depression and anxiety in women. Am J Psychiatry. 2010; 167(3):305-311. Epub
2010/01/04. https://doi.org/10.1176/appi.ajp.2009.09060881 PMID: 20048020.

Suzuki T, Miyaki K, Tsutsumi A, Hashimoto H, Kawakami N, Takahashi M, et al. Japanese dietary pat-
tern consistently relates to low depressive symptoms and it is modified by job strain and worksite sup-
ports. J Affect Disord. 2013; 150(2):490-498. Epub 2013/06/04. https://doi.org/10.1016/j.jad.2013.04.
044 PMID: 23759276.

Zahedi H, Kelishadi R, Heshmat R, Motlagh ME, Ranjbar SH, Ardalan G, et al. Association between
junk food consumption and mental health in a national sample of Iranian children and adolescents: the
CASPIAN-1V study. Nutrition. 2014; 30(11-12):1391-1397. Epub 2014/05/09. https://doi.org/10.1016/j.
nut.2014.04.014 PMID: 25280418.

Selye H. A syndrome produced by diverse nocuous agents. 1936. J Neuropsychiatry Clin Neurosci.
1998; 10(2):230—231. https://doi.org/10.1176/jnp.10.2.230a PMID: 9722327.

Wang Y, Xu J, Lu Y. Associations among trauma exposure, post-traumatic stress disorder, and depres-
sion symptoms in adolescent survivors of the 2013 Lushan earthquake. J Affect Disord. 2020; 264:407—
13. Epub 2019/11/12. https://doi.org/10.1016/j.jad.2019.11.067 PMID: 31791678.

Antonovsky A. Unraveling the mystery of health: How people manage stress and stay well. San Fran-
cisco, CA, US: Jossey-Bass; 1987.

Antonovsky A. The structure and properties of the sense of coherence scale. Soc Sci Med. 1993; 36
(6):725-733. https://doi.org/10.1016/0277-9536(93)90033-z PMID: 8480217.

Shankland R, Kotsou |, Vallet F, Bouteyre E, Dantzer C, Leys C. Burnout in university students: the
mediating role of sense of coherence on the relationship between daily hassles and burnout. High
Educ. 2019; 78(1):91-113. https://doi.org/10.1007/s10734-018-0332-4

Yano K, Kase T, Qishi K. The effects of sensory-processing sensitivity and sense of coherence on
depressive symptoms in university students. Health Psychol Open. 2019; 6(2):2055102919871638.
https://doi.org/10.1177/2055102919871638 PMID: 31489201.

Ahola AJ, Mikkila V, Saraheimo M, Wadén J, MakimaTtila S, Forsblom C, et al. Sense of coherence,
food selection and leisure time physical activity in type 1 diabetes. Scand J of Public Health. 2012; 40
(7):621-628. https://doi.org/10.1177/1403494812460346 PMID: 23143114.

Lindmark U, Stegmayr B, Nilsson B, Lindahl B, Johansson |. Food selection associated with sense of
coherence in adults. Nut J. 2005; 4(9). https://doi.org/10.1186/1475-2891-4-9 PMID: 15737236.

Prochaska JO, Velicer WF. The transtheoretical model of health behavior change. Am J Health Promot.
1997; 12(1):38—48. https://doi.org/10.4278/0890-1171-12.1.38 PMID: 10170434.

Sasaki S, Yanagibori R, Amano K. Validity of a self-Administered diet history questionnaire for assess-
ment of sodium and potassium comparison with single 24-hour urinary excretion. Jap Circ J. 1998; 62
(6):431—-435. https://doi.org/10.1253/jcj.62.431 PMID: 9652319.

Okuda M, Sasaki S, Bando N, Hashimoto M, Kunitsugu |, Sugiyama S, et al. Carotenoid, tocopherol,
and fatty acid biomarkers and dietary intake estimated by using a brief self-administered diet history
questionnaire for older Japanese children and adolescents. J. Nutr. Sci. Vitaminol. 2009; 55(3):231—
241. https://doi.org/10.3177/jnsv.55.231 PMID: 19602831.

Yamasaki Y. SOC, a theory on salutogenesis and health promoting ability from newly developed view
points for health. Qual Nurs. 1999; 5:825-32. Japanese.

Risa M, Maki O, Misako I, Shinya T. Development of the children’s response test for assessment and
effect measurement. J Yonago Med Ass. 2015; 66:75-80. Japanese.

Imai T, Nagata H, Nishimura Y. The reliability and validity of a new scale for measuring the concept of
Ikigai (lkigai-9). Jpn J Public Health. 2012; 59(7):433—439. https://doi.org/10.11236/jph.59.7_433 Japa-
nese. PMID: 22991767

Johansson G, Wikman A, Ahrén A-M, Hallmans G, Johansson . Underreporting of energy intake in
repeated 24-hour recalls related to gender, age, weight status, day of interview, educational level,
reported food intake, smoking habits and area of living. Public Health Nutr. 2001; 4(4):919-927. https:/
doi.org/10.1079/phn2001124 PMID: 11527517.

Miyake Y, Tanaka K, Okubo H, Sasaki S, Furukawa S, Arakawa M. Milk intake during pregnancy is
inversely associated with the risk of postpartum depressive symptoms in Japan: the Kyushu Okinawa
maternal and child health study. Nutr Res. 2016; 36(9):907-913. https://doi.org/10.1016/j.nutres.2016.
06.001 PMID: 27632910.

Woodward MJ, Morissette SB, Kimbrel NA, Meyer EC, DeBeer BB, Gulliver SB, et al. A cross-lagged
panel approach to understanding social support and chronic posttraumatic stress disorder symptoms in
veterans: Assessment modality matters. Behav Ther. 2018; 49(5):796—-808. https://doi.org/10.1016/.
beth.2018.01.004 PMID: 30146145.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279232 December 20, 2022 12/13


https://doi.org/10.1176/appi.ajp.2009.09060881
http://www.ncbi.nlm.nih.gov/pubmed/20048020
https://doi.org/10.1016/j.jad.2013.04.044
https://doi.org/10.1016/j.jad.2013.04.044
http://www.ncbi.nlm.nih.gov/pubmed/23759276
https://doi.org/10.1016/j.nut.2014.04.014
https://doi.org/10.1016/j.nut.2014.04.014
http://www.ncbi.nlm.nih.gov/pubmed/25280418
https://doi.org/10.1176/jnp.10.2.230a
http://www.ncbi.nlm.nih.gov/pubmed/9722327
https://doi.org/10.1016/j.jad.2019.11.067
http://www.ncbi.nlm.nih.gov/pubmed/31791678
https://doi.org/10.1016/0277-9536%2893%2990033-z
http://www.ncbi.nlm.nih.gov/pubmed/8480217
https://doi.org/10.1007/s10734-018-0332-4
https://doi.org/10.1177/2055102919871638
http://www.ncbi.nlm.nih.gov/pubmed/31489201
https://doi.org/10.1177/1403494812460346
http://www.ncbi.nlm.nih.gov/pubmed/23143114
https://doi.org/10.1186/1475-2891-4-9
http://www.ncbi.nlm.nih.gov/pubmed/15737236
https://doi.org/10.4278/0890-1171-12.1.38
http://www.ncbi.nlm.nih.gov/pubmed/10170434
https://doi.org/10.1253/jcj.62.431
http://www.ncbi.nlm.nih.gov/pubmed/9652319
https://doi.org/10.3177/jnsv.55.231
http://www.ncbi.nlm.nih.gov/pubmed/19602831
https://doi.org/10.11236/jph.59.7%5F433
http://www.ncbi.nlm.nih.gov/pubmed/22991767
https://doi.org/10.1079/phn2001124
https://doi.org/10.1079/phn2001124
http://www.ncbi.nlm.nih.gov/pubmed/11527517
https://doi.org/10.1016/j.nutres.2016.06.001
https://doi.org/10.1016/j.nutres.2016.06.001
http://www.ncbi.nlm.nih.gov/pubmed/27632910
https://doi.org/10.1016/j.beth.2018.01.004
https://doi.org/10.1016/j.beth.2018.01.004
http://www.ncbi.nlm.nih.gov/pubmed/30146145
https://doi.org/10.1371/journal.pone.0279232

PLOS ONE

Relationship between dairy product intake and sense of coherence

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Kalantari N, Doaei S, Gordali M, Rahimzadeh G, Gholamalizadeh M. The association between dairy
intake, simple sugars and body mass index with expression and extent of anger in female students. Iran
J Psychiatry. 2016; 11(1):43-50. PMID: 27252768.

Crichton GE, Murphy KJ, Bryan J. Dairy intake and cognitive health in middle-aged South Australians.
Asia Pac J Clin Nutr. 2010; 19(2):161-71. PMID: 20460228.

Dash G, Paul J. CB-SEM vs PLS-SEM methods for research in social sciences and technology fore-
casting. Technol Forecast Soc Change. 2021; 173:121092. https://doi.org/10.1016/j.techfore.2021.
121092

Schreiber JB, Nora A, Stage FK, Barlow EA, King J. Reporting structural equation modeling and confir-
matory factor analysis results: A review. J Edu Res. 2006; 99(6):323-338. https://doi.org/10.3200/
JOER.99.6.323-338

Hu L-t Bentler PM. Fit indices in covariance structure modeling: Sensitivity to underparameterized
model misspecification. Psychol Methods. 1998; 3:424—453. https://doi.org/10.1037/1082-989X.3.4.
424

Marsh HW, Balla JR, McDonald RP. Goodness-of-fit indexes in confirmatory factor analysis: The effect
of sample size. Psychol Bull. 1988; 103:391—-410. https://doi.org/10.1037/0033-2909.103.3.391

Kobayashi S, Murakami K, Sasaki S, Okubo H, Hirota N, Notsu A, et al. Comparison of relative validity
of food group intakes estimated by comprehensive and brief-type self-administered diet history ques-
tionnaires against 16 d dietary records in Japanese adults. Public Health Nutr. 2011; 14(7):1200-1211.
Epub 2011/04/11. https://doi.org/10.1017/51368980011000504 PMID: 21477414.

Ager A, Pasha E, Yu G, Duke T, Eriksson C, Cardozo BL. Stress, mental health, and burnout in national
humanitarian aid workers in Gulu, northern Uganda. J Trauma Stress. 2012; 25(6):713-720. https://doi.
org/10.1002/jts.21764 PMID: 23225036.

Ministry of health, labor and welfare. Mental iliness data. [Internet]. 2011. Available from: https://www.
mhlw.go.jp/kokoro/speciality/data.html. Japanese.

Burke AR, McCormick CM, Pellis SM, Lukkes JL. Impact of adolescent social experiences on behavior
and neural circuits implicated in mental ilinesses. Neurosci Biobehav Rev. 2017; 76:280-300. Epub
2017/01/20. https://doi.org/10.1016/j.neubiorev.2017.01.018 PMID: 28111268.

Jaaro-Peled H, Hayashi-Takagi A, Seshadri S, Kamiya A, Brandon NJ, Sawa A. Neurodevelopmental
mechanisms of schizophrenia: understanding disturbed postnatal brain maturation through neuregulin-
1-ErbB4 and DISC1. Trends Neurosci. 2009; 32(9):485-495. Epub 2009/08/26. https://doi.org/10.
1016/j.tins.2009.05.007 PMID: 19712980.

Sherwin E, Bordenstein SR, Quinn JL, Dinan TG, Cryan JF. Microbiota and the social brain. Science.
2019;366. https://doi.org/10.1126/science.aar2016 PMID: 31672864.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279232 December 20, 2022 13/13


http://www.ncbi.nlm.nih.gov/pubmed/27252768
http://www.ncbi.nlm.nih.gov/pubmed/20460228
https://doi.org/10.1016/j.techfore.2021.121092
https://doi.org/10.1016/j.techfore.2021.121092
https://doi.org/10.3200/JOER.99.6.323%26%23x2013%3B338
https://doi.org/10.3200/JOER.99.6.323%26%23x2013%3B338
https://doi.org/10.1037/1082-989X.3.4.424
https://doi.org/10.1037/1082-989X.3.4.424
https://doi.org/10.1037/0033-2909.103.3.391
https://doi.org/10.1017/S1368980011000504
http://www.ncbi.nlm.nih.gov/pubmed/21477414
https://doi.org/10.1002/jts.21764
https://doi.org/10.1002/jts.21764
http://www.ncbi.nlm.nih.gov/pubmed/23225036
https://www.mhlw.go.jp/kokoro/speciality/data.html
https://www.mhlw.go.jp/kokoro/speciality/data.html
https://doi.org/10.1016/j.neubiorev.2017.01.018
http://www.ncbi.nlm.nih.gov/pubmed/28111268
https://doi.org/10.1016/j.tins.2009.05.007
https://doi.org/10.1016/j.tins.2009.05.007
http://www.ncbi.nlm.nih.gov/pubmed/19712980
https://doi.org/10.1126/science.aar2016
http://www.ncbi.nlm.nih.gov/pubmed/31672864
https://doi.org/10.1371/journal.pone.0279232

