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Abstract: Behavioral and multifactorial factors, such as psychological, nutritional, dental pathology,
and physical activity habits, are factors that control depression. The objective of the present study
was to analyze the differences in the behavioral, psychological, nutritional, dental pathology, and
physical activity patterns of the depressed and control population. Forty-eight participants with
depression (45.7 ± 12.0) and one hundred participants in a control group without any pathology or
medication (48.9 ± 7.9) were interviewed using an online questionnaire. The multifactorial items of
psychology, oral behavior, nutritional habits, and physical activity profile were analyzed through
a set of questionnaires. The results showed how the depression group showed significantly higher
psychological measures related to personality, anxiety, depression, loneliness, perceived stress, and
psychological inflexibility than the control group. The control group showed significantly higher
weekly vitality, vitality at the end of the week, weekly frequency of juice, wine, coffee, fresh vegetable
salad, and Bristol scale than the depression group. Higher values of migraine headache, weekly
soft drink frequency, and digestion after meals were found in the depression group. In addition,
patients with depression also presented poor dental health, presenting higher rates of gastritis or
heartburn, dry mouth, dental sensitivity, and sick days per year than the control group. Both groups
presented a pattern of low physical activity. This information allows a better understanding of a
multifactorial disease, as well as the creation of intervention and prevention protocols for this disease
at a behavioral and lifestyle level.

Keywords: depression; nutrition; physical activity; dental pathology; oral health; questionnaire

1. Introduction

Depression is a common disease throughout the world, with an estimated value of
3.8% of the affected population. Approximately 280 million people in the world have
depression [1]. The etiology of depression is complex, involving multiple factors, both
genetic, biological, and psychosocial. Within biologicals, there is evidence of alterations at
the level of neurotransmitters, cytokines, and hormones, as well as changes in the nervous,
immune, and endocrine systems. Currently, there is a greater knowledge of biological
factors due to the advancement of research in this area. In particular, the important rela-
tionship between the central nervous system and the immune system has been described,
showing that a disturbance in one system can be reflected in the other. [2]. Since the
beginning of the pandemic, the prevalence of anxiety and depression has increased and,
in some countries, has even doubled in value compared to previous years [3]. For this
reason, stress is currently becoming a serious public health problem and is considered the
cause of many pathologies and even aggravates pre-existing ones [4]. There is evidence
that alterations occur at the level of neurotransmitters and their actions induce structural
and functional changes in the central nervous system, which increase the risk of suffering
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from depression [5]. Several investigations during the 20th century managed to identify a
decrease in the levels of these substances in the nervous system of patients with depression.
This allows us to postulate that at least part of the disease is caused by a deficit in the
transmission of these molecules [6]. Options for treating depression include medications,
which will only achieve a modest response and a low remission rate [7]. The main goal
of antidepressant treatment, whatever its modality, is to achieve complete remission of
symptoms and allow patients to return to normalcy [8,9]. Antidepressant treatments to
date have shown limited efficacy [10,11]. Most of the antidepressants that are prescribed
continue to be developed based on their activity on the neurotransmission system [12].
Response rates and symptomatic remission are evident, although modest, and up to a third
of patients will fail to achieve remission after multiple treatments [10,11]. Psychoeducation
plays an important role in improving patient and medication adherence. Recent evidence
also supports that lifestyle modification, including moderate exercise and eating habits,
can help improve depression [13].

Depression is a multifactorial disease, and in this sense, current research shows
how nutritional and physical activity habits could directly affect the symptomatology
of depression [14,15]. In this line, physical activity improves physical fitness, self-esteem,
anxiety, and depression in the current population [16]. There is sufficient evidence that
demonstrates a bidirectional association between a sedentary lifestyle and depressive disor-
ders; therefore, it is biologically evident that exercise can have antidepressant effects [17]. A
recent study indicates that performing aerobic and resistance exercises produces a greater
effect if they are combined in the same session than if they were performed separately [18].
On the other hand, it has been concluded that physical activity performed outdoors,
in the natural environment, produces greater mental well-being than when performed
indoors [19].

According to scientific evidence, there is an association between diet quality and
mental health in terms of depression [20]. The foods ingested through the diet condition the
intestinal microbiota, and this also influences mood and stress. Having good eating habits
provides the recommended number of micronutrients, polyphenols, and fats that are related
to the optimal functioning of the brain. This translates, in turn, into a good functioning of
neurotransmitters and a decrease in neuroinflammation [21]. In addition, the appearance
of different diseases, such as behavioral disorders, anxiety, and depression, could be partly
explained by changes in microbiota concentrations [22]. In recent years, the importance of
the so-called gut–brain axis has been highlighted, establishing the bidirectional role of the
microbiota of the digestive tract and the central nervous system. This axis is postulated
as a possible pathogenic basis of numerous neurological disorders with a great impact on
mental health [23].

On the other hand, depression could also be related to oral health, since depressive
patients tend to neglect their oral hygiene, leading to an increased risk of caries and peri-
odontal disease [24]. Depressed patients, in general, have a higher risk of harmful habits
such as tobacco, alcohol, and drugs—habits that are not beneficial for oral health. Many of
these habits have hyposalivation properties. Many medications prescribed for depression
cause xerostomia, which is the feeling that the mouth is dry, usually due to a decrease or
absence of saliva that causes insufficient functioning of the salivary glands [25]. Decreased
salivary flow results in increased caries, infections, gingivitis, and periodontal disease.
Occasionally, mental illnesses, due to changes in mood, can worsen oral hygiene habits [26].
Previous evidence showed that different factors, such as nutritional habits, physical activity,
and oral health factors, are factors that control the development of depression; therefore,
considering that depression is a disease with an important behavioral basis, the under-
standing of descriptive behavior would allow for better prevention and treatment. For this
reason, we carried out this research with the aim of studying the differences in behavioral,
nutritional, dental, and physical activity patterns of the depressed group and the healthy
control population. The initial hypothesis was that patients with depression would present
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lower physical activity, higher consumption of proinflammatory foods, and increased
anxiety and loneliness than the healthy control population.

2. Materials and Methods
2.1. Participants

An intentional sampling participant recruitment was used to reach the final partici-
pants studied. Finally, 48 participants with depression (45.7 ± 12.0 years, 165.4 ± 7.8 cm,
71.7 ± 19.7 kg, and 26.1 ± 6.6 BMI) and 100 participants in the control group without
any pathology or any medication (48.9 ± 7.9 years, 168.3 ± 11.6 cm, 67.9 ± 13,6 kg, and
23.9 ± 4.1 BMI) were analyzed. The inclusion criteria for the depression group were that
participants presented 50 points or more on the Zung scale. The characteristics of the
depression group are shown the Table 1.

Table 1. Characterization of depression group.

Severity Clinical Form Therapeutical Control Compliance

Moderate and severe Major depression Selective serotonin
reuptake inhibitors (SSRIs) >80%

2.2. Design and Procedure

To reach the study objective, an online questionnaire with items about the psycho-
logical profile, nutrition habits, physical activity, and oral profile was administered to the
participants between February to September 2021. The specific questionnaires were as
follows [25,27].

Psychological measures were performed by the following questionnaires: A short
version of the Spanish version of the Big Five Inventory (Big Five Personality Trait Short
Questionnaire) [28]. This scale analyses five factors of personality: neuroticism, extraver-
sion, openness, kindness, and responsibility. The reduced version is composed of 10 items
that are answered on a 5-point Likert scale, where 1 means completely disagree and
5 means completely agree. An example item is: “I see myself as a person who gets nervous
easily”. A short version of the Spanish version of STAI (Spielberger State-Trait Anxiety
Inventory) [29], composed of 6 items assessing anxiety that are answered on a 4-point
Likert scale where 1 means not at all and 4 means very much, was used to measure anxiety.
AAQ-II (Acceptance and Action Questionnaire II) [30] analyses the psychological inflexi-
bility or experiential avoidance through 7 items, each answered by a 7-point Likert scale,
where 0 means never true and 7 means always true. An example item is: “Emotions cause
problems in my life”. High scores suggest that it is probable that there is current clinical
distress. UCLA Loneliness Scale (Spanish version of the Three-Item Loneliness Scale) [31]
assesses the measurement of loneliness. In the present study, we used a condensed version
composed of three items, each answered by a 3-point Likert scale, where 1 is never and 3 is
frequently. An example item is: “My interests and ideas are not shared by those around
me”. PSS (Short Spanish version of the Perceived Stress Scale) [32] assesses the level of
perceived stress in a one-month period. It is composed of 14 items answered on a 5-point
Likert scale, meaning 0 = Never and 4 = Very often. An example item is: “In the last month,
how often did you feel that you could not control important things in your life?”. The
Spanish version of the Zung Depression Scale (Zung Self-Rating Depression Scale) [33]
was used to measure depression. The Zung Depression Scale uses a self-applied scale for
depression, which has a sensitivity and specificity greater than 80% and consists of 20 items
formulated in positive and negative terms. Somatic and cognitive symptoms are highly
relevant, with 8 items for each group. The scale also includes 2 items referring to mood
and 2 to psychomotor symptoms. It is composed of 4 items, from a short time to most of
the time. It is composed of 4 items, from a short time to most of the time. Spanish version
of the Three-Item Loneliness Scale.
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Nutrition Habits Measures. We used an adapted previously used questionnaire [34]
to analyze eating habits and nutrition behaviors in the last 12 months in the population
related to weekly consumption frequency of different food groups, including:

Fruit juices and nectars (250 mL);
Alcohol (Whiskey, rum, gin . . . ) (50 mL approx.);
Beer (250 mL approx.);
Wine (50 mL approx.);
Soft drinks (coke, soda . . . ) (250 mL approx.);
Energy drinks (250 mL approx.);
Coffee (250 mL approx.);
Tea (250 mL approx.);
Milk (250 mL approx.);
Fermented products (125 gr);
Pastries (1 portion);
Cookies–sweet cereals (30g-250mL);
Cheese (50 gr);
Eggs (1 piece);
Meat (150 gr);
Fish (150 gr);
Sausage/cold meat (150 gr);
Legumes (200 gr);
Rice (150 gr);
Pasta (150 gr);
Fruit (1 portion);
Raw vegetables (salad) (200 gr approx.);
Cooked vegetables (200 gr approx.);
Bread (50 gr approx.);
Whole-grain cereal (bread, rice, oat . . . );
Fast food (1 serving);
Protein shakes (300mL);
Vitamin supplements (1 capsule).

Each item ranged from 1 to 6, where 1 means “I do not consume”, 2 means “less than
three times per week”, 3 means “three times or more per week”, 4 means “seven or more
times per week”, 5 means “ten or more times per week”, and 6 means “more than thirteen
times per week”.

We also evaluated the vitality during the week and at the end of the week in two
questions, each answered by a 10-point Likert scale, where 0 means very low and 10 means
very high. The question: ”Do you have a Migraine headache?” was answered by a 10-point
Likert scale, where 0 means rarely and 10 means very often. For the question ”How satisfied
do you feel with your weight? the answers were “completely satisfied”,” I would like to
increase weight”, and” I would like to decrease weight”. For the question “How many
glasses of water do you drink per day (250 mL)?”, the answers ranged from “0” to “more
than 10”. For the question ”How many sugar spoons take per day? the answers ranged
from “0” to “more than 5”. For the question ”How do you have post-meal digestion?” the
answers were “I feel good normally”, “sometimes I feel hard, heavy digestion”,” very often
I feel hard, heavy digestion”. For the question “In the last week, which type of feces did
you have?” where 1 means “shard chunks”, 2 means “sausage shape”, 3 means “noodle
form”, 4 means “snakes”, 5 means “soft chunks”, 6 means “soft chunks with undone limits”
and 7 means “watery with no solid chunks”—we used the Bristol Scale [35].

Physical activity was evaluated with a questionnaire used in line with previous
research [36,37] and was free to withdraw from the study at any time, which included
the items:” How many average steps per day have you done in the last week?”, “Did you
do any physical activity in the last 7 days?”, “If so, time in minutes of cyclic and/or aerobic
activity (cycling, treadmill, Zumba) adding up all the sessions of the 7 days”, “If so, time in
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minutes of activity with self-loads (sit-ups, push-ups, squats. . . ) or weights (gym machines,
weights. . . ) adding up all the sessions of the 7 days.” Average minutes of self-loads per
session in the last week were measured on a self-perception scale, indicating the average
minutes of self-loads the participant had taken in the last week.

Oral health was measured following a previously used questionnaire [36] consisting
of 6 items related to oral health. For the first question: “How many times a day do you
brush your teeth per day?”, the answers ranged from “none” to “more than four per day”.
For the question “Do you smoke?”, answers ranged from “no” to “more than five cigarettes
per day.” The rest of the 3 questions are “Do you suffer from gastritis or heartburn?”, “Does
your mouth often feel dry as if it lacks saliva?”, and “Do you have dental sensibility?, and
were answered by “yes,” “sometimes,” or “no.” For the last question: “How many days
have you been sick last year (flu, cold . . . )?” This item was measured on a free choice scale,
indicating the illness days of last year.

2.3. Statistical Analysis

The statistical analysis was carried out using the Statistical Package for the Social
Sciences (SPSS) version 22.0 (SPSS Inc., Chicago, IL, USA). Descriptive statistics (mean
and standard deviation) were calculated for each variable. The Kolmogorov–Smirnov
normality test was used to test the homogeneity and distribution of each variable. The
study variables presented a parametric distribution; then, to analyze group differences
between the depression group and control group, an independent T-test was conducted.
The significance level was p ≤ 0.05.

3. Results

According to the psychological profile, the depression group showed significantly
higher levels on the Zung Depression Scale (p = 0.000), Perceives Stress Scale (p = 0.003),
Spielberger State-Trait Anxiety Inventory (p = 0.003), UCLA Loneliness Scale (p = 0.001),
Acceptance and Action Questionnaire II (p = 0.000), Big Five Factors Neuroticism (p = 0.030),
and Big Five Factors Open to experience (p = 0.003). Lower levels of Big Five factors
Extraversion (p = 0.030) were found in the depression group (Table 2).

Table 2. Results of psychological variables analyzed.

Confidence Interval

Variable Depression Group Control Group T p Lower Upper

PSS4 14.9 ± 4.0 12.8 ± 4.0 −2.994 0.003 −3.51 −0.72
STAI 14.9 ± 4.0 12.8 ± 4.0 −2.994 0.003 −3.51 −0.72
UCLA 4.9 ± 1.7 4.1 ± 1.3 −3.430 0.001 −1.40 −0.38
AAQII 26.4 ± 11.4 19.5 ± 9.1 −3.921 0.000 −10.32 −3.40
Extraversion 5.1 ± 1.6 5.8 ± 1.7 2.187 0.030 0.06 1.24
Agreeableness 7.0 ± 1.8 6.7 ± 1.4 −0.966 0.336 −0.83 0.28
Conscientiousness 7.3 ± 2.1 7.8 ± 1.5 1.715 0.088 −0.08 1.10
Neuroticism 7.1 ± 1.9 6.0 ± 1.9 −3.398 0.001 −1.83 −0.48
Open to experience 8.1 ± 1.5 7.2 ± 1.8 −3.013 0.003 −1.51 −0.31

PSS4—Perceives Stress Scale; STAI—Spielberger State-Trait Anxiety Inventory; UCLA—UCLA Loneliness Scale;
AAQII—Acceptance and Action Questionnaire II; Big Five Factors (Extraversion, Agreeableness, Conscientious-
ness, Neuroticism, and Openness to experience).

Table 3 shows the results of the nutritional variables. The control group showed
significantly higher week vitality (p = 0.000), vitality at the end of the week (p = 0.001),
weekly frequency of juice (ml) (p = 0.011), weekly frequency of wine(ml) (p = 0.010),
weekly frequency of coffee (ml) (p = 0.027), weekly frequency of fresh vegetables-salad (g)
(p = 0.035), and Bristol Scale (p = 0.024) than the depression group.
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Table 3. Nutritional variables.

Confidence Interval

Variable Depression
Group

Control
Group T p Lower Upper

Water glasses per day (250mL) 2.6 ± 1.5 2.7 ± 1.4 0.098 0.922 −0.46 0.51
Week Vitality (0–10) 6.3 ± 2.2 7.7 ± 1.4 4.870 0.000 0.87 2.05
Vitality at the end of the week (0–10) 5.1 ± 2.7 6.6 ± 2.4 3.522 0.001 0.67 2.40
Migraine headache (0–10) 4.7 ± 3.5 2.1 ± 2.9s −4.708 0.000 −3.61 −1.48
Weekly frequency of juice (250 mL) 1.5 ± 0.8 2.1 ± 1.2 2.991 0.003 0.19 0.95
Weekly frequency of distilled alcohol (50 mL) 1.2 ± 0.6 1.3 ± 0.5 0.456 0.649 −0.14 0.23
Weekly frequency of beer (250 mL) 1.8 ± 0.8 1.9 ± 1.0 0.881 0.380 −0.19 0.49
Weekly frequency of wine (50 mL) 1.4 ± 0.6 1.7 ± 0.7 2.610 0.010 0.08 0.58
Weekly frequency of soft drink (250 mL) 1.8 ± 1.2 1.4 ± 0.8 −2.131 0.035 −0.70 −0.03
Weekly frequency of energy drink (250 mL) 1.1 ± 0.3 1.1 ± 0.4 0.144 0.886 −0.12 0.14
Weekly frequency of coffee (250 mL) 2.6 ± 1.5 2.7 ± 1.5 2.236 0.027 0.07 1.17
Weekly frequency of tea (250 mL) 1.7 ± 1.1 1.8 ± 1.2 0.517 0.606 −0.32 0.54
Weekly frequency of milk (250 mL) 2.5 ± 1.4 2.4 ± 1.4 −0.202 0.840 −0.55 0.45
Weekly frequency of fermented milk (250 mL–125 g) 2.3 ± 1.7 2.7 ± 1.3 1.773 0.078 −0.48 0.88
Weekly frequency of sweets (250 mL–30 g) 1.6 ± 0.7 1.8 ± 1.0 1.118 0.265 −0.15 0.53
Weekly frequency of cookies–sweet cereals (250 mL–30 g) 1.7 ± 0.9 2.0 ± 1.2 1.396 0.165 −0.12 0.68
Weekly frequency of cheese (250 mL–50 g) 2.5 ± 1.1 2.5 ± 1.1 −0.242 0.809 0.20 0.35
Weekly frequency of eggs (1 unit) 2.6 ± 0.8 2.6 ± 0.8 0.392 0.695 0.15 0.35
Weekly frequency of meat (150 g) 2.8 ± 0.9 2.7 ± 1.0 −0.486 0.628 −0.41 0.25
Weekly frequency of fish (150 g) 2.4 ± 0.7 2.5 ± 0.8 0.581 0.562 −0.21 0.38
Weekly frequency of sausage (50 g) 2.1 ± 1.2 2.1 ± 1.0 −0.334 0.739 −0.44 0.31
Weekly frequency of legumes (200 g) 2.4 ± 0.9 2.4 ± 0.8 −0.071 0.943 −0.30 0.28
Weekly frequency of rice (150 g) 2.3 ± 0.8 2.2 ± 0.7 −0.766 0.445 −0.36 0.16
Weekly frequency of pasta (150 g) 2.2 ± 0.8 2.1 ± 0.7 −0.723 0.471 −0.34 0.16
Weekly frequency of fruits (1 unit) 3.1 ± 1.5 3.6 ± 1.5 1.809 0.073 −0.045 1.02
Weekly frequency of fresh vegetables–salad (200 g) 2.7 ± 1.1 3.2 ± 1.3 2.127 0.035 0.34 0.92
Weekly frequency of cooked vegetables (200 g) 2.8 ± 1.0 3.1 ± 1.3 1.102 0.272 −0.19 0.67
Weekly frequency of bread (50 g) 2.8 ± 1.2 3.1 ± 1.4 1.299 0.196 −0.16 0.79
Weekly frequency of whole grains-rice-oat (250 mL) 2.2 ± 1.3 2.1 ± 1.1 −0.766 0.445 −0.60 0.26
Weekly frequency of fast food-pizza-hamburger (1 unit) 1.7 ± 0.7 1.6 ± 0.7 −0.456 0,649 −0.30 0.19
Weekly frequency of protein shakes (300 mL) 1.1 ± 0.5 1.1 ± 0.4 −0.295 0.768 −0.18 0.13
Weekly frequency of vitaminic supplements (1 capsule) 1.7 ± 1.3 1.4 ± 0.9 −1.813 0.072 −0.71 0.03
Daily coffee spoons of sugar (number) 1.4 ± 0.5 1.4 ± 0.6 −0.589 0.557 −0.28 0.15
Post-meal digestion (1–5) 1.7 ± 0.8 1.3 ± 0.5 −3.714 0.000 −0.64 −0.19
Bristol Scale 3.2 ± 1.5 3.7 ± 1.1 2.280 0.024 0.07 0.94

Regarding oral health variables, the control group showed significantly lower levels
of gastritis or heartburn (p = 0.000), dry mouth (p = 0.000), dental sensibility (p = 0.002), and
illness days per year (p = 0.000) than the depression group (Table 4).

According to the physical activity variables, the control group showed a significantly
higher level of physical activity in the last 7 days than the depression group (p = 0.030)
(Table 5).

Table 4. Oral health variables.

Confidence Interval

Variable Depression Group Control Group T p Lower Upper

Daily toothbrushing 2.4 ± 0.9 2.6 ± 0.8 1.545 0.125 −0.06 0.53
Smoker 1.5 ± 1.0 1.4 ± 0.9 −0.645 0.520 −0.45 0.23
Gastritis or heartburn 1.8 ± 0.7 1.3 ± 0.6 −4.244 0.000 −0.66 −0.24
Dry mouth 1.9 ± 0.8 1.4 ± 0.7 −3.673 0.000 −0.72 −0.21
Dental sensibility 1.9 ± 0.9 1.5 ± 0.7 −3.089 0.002 −0.68 −0.15
Illness days per year 8.3 ± 16.5 1.6 ± 3.3 −3.899 0.000 −10.12 −3.31



Int. J. Environ. Res. Public Health 2022, 19, 9506 7 of 13

Table 5. Physical activity variables.

Confidence Interval

Variable Depression Group Control
Group T p Lower Upper

Daily Steps last week 7870.8 ± 5750.1 10,899.5 ±
13,078.5 1.296 0.198 −1600.62 7657.98

Physical Activity last 7 days (h) 2.4 ± 0.9 2.7 ± 0.7 2.196 0.030 0.03 0.57
Aerobic activity last 7 days (min) 134.5 ± 165.1 199.4 ± 280.1 1.225 0.223 −40.11 169.88
Self-loading last 7 days (min) 43.7 ± 98.6 60.0 ± 88.1 0.852 0.396 −21.58 54.11

4. Discussion

The aim of the present study was to analyze the differences in behavioral, nutritional,
dental, and physical activity patterns of the depressed and control population. The initial
hypothesis was fulfilled since we found differences in behavior between the depression
group and the control group.

Current lifestyles, especially in Western countries, are associated with the well-known
diseases of civilization within which we can frame depression. Being able to understand
what behavioral factors can modulate the incidence of this disease will allow us to carry
out interventions at the level of prevention and interventions at the behavioral level that is
more efficient and without secondary effects such as those of traditional pharmacological
treatments [38–41].

Patients with depression presented significantly higher levels of depression and signif-
icantly lower values of extraversion. In general, extraversion is lower, and introversion is
higher in depressed patients than in the general population [42,43]. Our results suggested
that people who experienced higher stress had lower levels of psychological flexibility.
This is consistent with previous literature that showed that higher perceived stress was
associated with lower psychological flexibility [44]. We also found that lower psychological
flexibility was associated with higher levels of anxiety and depression, which is in line with
previous studies that suggested that lower psychological flexibility was associated with
more depressive symptoms, more anxiety-related symptoms, and poorer psychological
health in general [45]. In this line, several studies found how depression, stress, anxiety,
loneliness, and neuroticism are parameters related to mental illness [46–49]. This fact could
be related to a less adaptive profile and resilience in depressed people, in line with previous
studies that revealed a significant reciprocal relationship between resilience and mental
health status [50]. Resilience can help people protect themselves from various mental
health conditions, such as depression and anxiety. People with pre-existing mental health
problems can improve their coping ability by being resilient [51]; however, in this study,
patients with depression showed a higher level of the open-to-experience personality factor.
This result could be related to stressful life events that were significantly associated with
openness to experience; openness to experience is partially involved in the relationship
between stressful life events and depression [52].

Regarding nutritional habits, the depression group showed a significantly lower
consumption of fresh vegetable salad and significantly higher consumption of soft drinks.
This result was in line with previous studies that found that in the US adult population,
consumption of sugar-sweetened beverages is associated with a 30% increased risk of
depression [53]. In addition, other studies associated vegetable consumption with a 14%
lower risk of depression [54]. Those studies provided further evidence that vegetable intake
was associated with depression. The gut microbiota is altered in people with depression.
Our microbiota needs fiber to feed itself and to be able to create the basic neurotransmitters
of our brain, the lack of fiber is a biological cause of depression [55]. The findings support
the current recommendation to increase vegetable intake to improve mental health, as they
are rich in fiber [56]. A higher intake of fruits and vegetables and physical activity could
reduce the risk of depression. The results of this study highlight the importance of physical
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activity and the consumption of fruits and vegetables to prevent depression [57]. It is also
important to note that fish consumption provides essential omega-3 fatty acids EPA and
DHA for brain structure and anti-inflammatory potential [58]. Depression, according to the
gut–brain axis, is increasingly associated with dysbiosis, that is, with the alteration of our
microbiota. Likewise, it is related to the chronic low-grade inflammatory state. Specifically,
the intake of vegetables is relevant in reestablishing an adequate microbiota [59]. Dysbiosis
and inflammation of the gut have been linked to depression [60]. In fact, sugar consumption
increases inflammation, and therefore there is a relationship between inflammation and
depression [61].

On the other hand, a higher incidence of migraine was found in the depression group.
Previous studies found that there was an association between migraine and depression [62]
since almost 80% of people who suffer from migraine at one time or another in their life
have depression [63]. On the other hand, it was found that in the serum of depressed
patients, there was an increase in the level of inflammatory cytokines in the brain [64]. This
could be related to the low-grade chronic inflammation that we talked about earlier, related
to nutritional aspects. There is evidence that suggests inflammation as a possible etiological
factor of mood disorders [65]; it was even shown how diets with proinflammatory foods
could change the perception that a subject may have of danger—a very important factor to
take into account to modulate the final behavior of a person [66]. Thus, some diseases of the
digestive system that cause inflammation and irritation, such as gastritis and postprandial
digestion, also with higher levels in the depression group, worsen when stress or anxiety
increases [67]. This is consistent with a study that found that people who have a diet rich
in inflammatory ingredients such as processed foods, trans fats, or alcohol are more likely
to experience depression [68].

We also found lower levels of weekly vitality in the depression group—a result that
could be related to their higher BMI and sedentary habits. Previous studies demonstrated
how moderate-intensity functional training was effective in improving quality of life,
vitality, and depression [69]. The depression group showed higher levels of gastritis, dry
mouth, and dental sensitivity, parameters related to poorer oral health. Patients with
mental disorders are subject to a greater number of risk factors for oral diseases [70]. The
danger of increased periodontal diseases in depressive patients is linked to mood changes
that lead them to abandon oral hygiene habits [71]. Our results agreed with previous
studies showing how the composition of the microbiome inside the mouth is associated
with depression in adults and supported an important role of alterations in the brain–gut
microbiome axis in the origin of depression [72]. Dry mouth was linked in previous studies
with depressive symptoms that were significantly associated with dry mouth sensation [73];
however, it should be noted that dry mouth is also a common side effect of many types
of antidepressant medications that are widely used for the treatment of this disease [74].
Regarding tooth sensitivity, the depression group showed higher levels. As we have
described previously, there are studies that associate depression with inadequate oral
health, and this affects the periodontal status; in turn, the oral immune system is also
affected, causing inflammation and increasing dental sensitivity [75].

Another factor related to the quality of life evaluated is the number of sick days per
year, which was also higher in the depression group. This result is in line with numerous
studies that found that people with depression were at increased risk of certain physical
illnesses [76]. Sick days in depressive patients are related to precarious levels of health,
hyperactivity of the nervous system, and low psychological profile (low resilience, coping,
high anxiety. . . ). In short, depressive patients have a higher risk of infections due to this
hyperactivity of their nervous system [77].

Regarding physical activity, the current data revealed how both groups presented low
levels of physical activity, being lower in the depression group, results probably affected by
the pandemic situation. We all know that during the COVID pandemic, having adequate
levels of physical activity during this time to ensure optimal health was difficult due to
the strict lockdown. Sedentary habits, including home confinement, resulted in increased
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physical inactivity and sedentary behavior [78], and thus, more mood disorders. The values
in the physical activity variables presented in the analyzed sample were lower than the
recommendations of the health-promoting institutions. In recent years, several studies
have found a lower level of physical activity among people with depression or depressive
symptoms [79]. There are studies that found a significant decrease in anxiety and depression
levels in adults who performed regular physical–recreational activities [80]. Performing
some physical activity in leisure time decreases the probability of manifesting depressive
symptoms [81]. It is very important to promote physical activity to reduce depression in
our society. Finally, physical activity is one of the cheapest non-pharmacological treatments
with the greatest impact on public health. Physical activity should be integrated into daily
life at all ages [57]. There are WHO guidelines and recommendations for different age
groups and specific population groups on how much physical activity is needed for good
health [82]. On the other hand, it is important to highlight the anti-inflammatory effect that
physical activity has, as well as the positive effect at the mental level that it has in patients
with depression [83]. Moderate physical activity acts as an anti-inflammatory and opens
the door to the treatment of chronic pathologies such as depression [84], and if it is also
combined with nutritional and psychological intervention, improvements can be achieved
in short periods of time [85].

The main limitation of this research was the low number of participants analyzed, but
the restriction due to the COVID-19 pandemic limited access to a larger sample. Overall,
we found that the quality of life of people during the COVID-19 pandemic affected the
anxiety and depression of the population [86]. The results of this study open a new
multidisciplinary field in the study of depression. The combination of recommendations on
oral health, nutritional habits, and physical activity could be an effective tool to reduce the
risk of depression in future generations. Finally, future prospective observational studies
are needed to establish the causal role of physical activity, nutritional habits, and oral
health more clearly in the development and progression of depression. The mechanisms
by which oral health, nutritional and physical activity habits can cause a reduction in
depression are still not sufficiently clear. Additional scientific evidence is still required
to inform the efficacy and specificity of sedentary behavior recommendations for clinical
practice and for public health policies aimed at reducing the burden of depression in the
current population. Furthermore, economic status was not included in the questionnaires
and could be considered an important issue to consider in future research, as highlighted
by previous authors [87]. For practical applications in the future, we find that behavioral
habit analysis can be considered a useful tool to prevent immediate and long-term risks
of depression in the population. Knowledge of dietary factors could be used by health
institutions to implement multidisciplinary interventions to reduce bad sedentary habits
among people; therefore, comprehensive interventions in the population are crucial to
acquire the appropriate knowledge, beliefs, skills, and attitudes that help shape a healthy
lifestyle and reduce depression in the future.

In summary, we found that the depression group presented significantly higher anxiety,
depression, loneliness, perceived stress, psychological inflexibility, open-to-experience
personality factor, consumption of soft drinks, migraine, and post-meal digestion; the
depression group also had significantly lower consumption of juice, wine, coffee, and
fresh vegetable salad, and lower vitality than the control group. In addition, patients
with depression also presented poor dental health, presenting higher rates of gastritis, dry
mouth, dental sensitivity, and sick days per year. Both groups presented a pattern of low
physical activity. This study shows the importance of promoting physical activity and
healthy nutritional and oral health habits to reduce the high levels of depression in our
society. Increased physical activity is associated with a lower risk of depression. Increased
physical activity along with a healthy diet rich in fruits and vegetables are important,
safe, effective, and cost-effective healthy behaviors that can help the general population
maintain good physical and mental health and reduce the risk of depression. This study
highlights the importance of exercising more and having better nutritional and oral health
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habits. These simple changes in healthy habits and behavior can have a positive impact
and reduce public health costs; however, governments must provide social welfare services,
health insurance, educational programs, and outdoor social activities for the population.
The results of this study open a new multidisciplinary field in the treatment of depression,
which is so present in the world today.

5. Conclusions

The results of this study highlight the behavioral differences in patients with de-
pression. We found that depression patients presented a less adaptative psychological
profile, lower ingestion of foods with fiber, vitamins, and trace elements, higher digestive
tract problems, decreased vitality, and poor dental health than the control healthy popula-
tion. In addition, the depression group presented a low physical activity compared to the
control group.
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56. Głąbska, D.; Guzek, D.; Groele, B.; Gutkowska, K. Fruit and Vegetable Intake and Mental Health in Adults: A Systematic Review.
Nutrients 2020, 12, 115. [CrossRef]

57. Funn, L.; Huang, S.; Huang, Y.; Chen, C.; Sun, C.; Wang, B.; Chien, W.; Lu, C. The Synergetic Impact of Physical Activity and
Fruit and Vegetable Consumption on the Risk of Depression in Taiwanese Adults. Int. J. Environ. Res. Public Health 2022, 19, 7300.
[CrossRef] [PubMed]

58. Valenzuela, B.R.; Tapia, O.G.; González, E.M.; Valenzuela, B.A. Ácidos Grasos Omega-3 (Epa Y Dha) Y Su Aplicación En Diversas
Situaciones Clínicas. Rev. Chil. Nutr. 2011, 38, 356–367. [CrossRef]

59. Petersen, C.; Round, J.L. Defining dysbiosis and its influence on host immunity and disease. Cell Microbiol. 2014, 16, 1024–1033.
[CrossRef]

60. Clapp, M.; Aurora, N.; Herrera, L.; Bhatia, M.; Wilen, E.; Wakefield, S. Efecto de la microbiota intestinal en la salud mental: El eje
intestino-cerebro. Clin. Pract. 2017, 7, 987. [CrossRef] [PubMed]

61. Knüppel, A.; Shipley, M.J.; Llewellyn, C.H.; Brunner, E.J. Sugar intake from sweet food and beverages, common mental disorder
and depression: Prospective findings from the Whitehall II study. Sci. Rep. 2017, 7, 6287. [CrossRef]

62. Jahangir, S.; Adjepong, D.; Al-Shami, H.A.; Malik, B.H. Is There an Association Between Migraine and Major Depressive Disorder?
A Narrative Review. Cureus 2020, 12, 6. [CrossRef] [PubMed]

63. Leo, R.J.; Singh, J. Migraine headache and bipolar disorder comorbidity: A systematic review of the literature and clinical
implications. Scand. J. Pain. 2016, 11, 136–145. [CrossRef] [PubMed]

64. Hasler, G. Pathophysiology of depression: Do we have any solid evidence of interest to clinicians? World Psychiatry 2010, 9,
155–161. [CrossRef]

65. Rodriguez-Besteiro, S.; Valencia-Zapata, G.; Beltrán de la Rosa, E.; Clemente-Suárez, V.J. (2022). Food consumption and COVID-19
risk perception of university students. Sustainability 2022, 14, 1625. [CrossRef]

http://doi.org/10.7573/dic.212290
http://www.ncbi.nlm.nih.gov/pubmed/26576188
http://doi.org/10.3949/ccjm.70.7.614
http://www.ncbi.nlm.nih.gov/pubmed/12882383
http://doi.org/10.7573/dic.2020-2-2
http://doi.org/10.1002/da.20167
http://www.ncbi.nlm.nih.gov/pubmed/16688731
http://doi.org/10.1002/da.20385
http://www.ncbi.nlm.nih.gov/pubmed/19263467
http://doi.org/10.1016/j.ijchp.2017.09.002
http://doi.org/10.1016/j.paid.2021.111132
http://doi.org/10.1177/00315125890693-109
http://www.ncbi.nlm.nih.gov/pubmed/2608390
http://doi.org/10.7860/JCDR/2014/10077.4828
http://www.ncbi.nlm.nih.gov/pubmed/25386507
http://doi.org/10.1007/s00439-021-02288-x
http://www.ncbi.nlm.nih.gov/pubmed/33973063
http://doi.org/10.1016/j.jad.2011.06.053
http://www.ncbi.nlm.nih.gov/pubmed/21824661
http://doi.org/10.3389/fpsyg.2020.00108
http://www.ncbi.nlm.nih.gov/pubmed/32116918
http://doi.org/10.4103/0019-5545.174365
http://doi.org/10.1016/j.jad.2021.08.112
https://www.lavozdigital.es/cadiz/20130109/sociedad/bebidas-azucaradas-depresivas-cafe-201301090018.html
https://www.lavozdigital.es/cadiz/20130109/sociedad/bebidas-azucaradas-depresivas-cafe-201301090018.html
http://doi.org/10.1017/S0007114518000697
http://www.ncbi.nlm.nih.gov/pubmed/29759102
http://doi.org/10.3389/fpsyt.2020.00541
http://www.ncbi.nlm.nih.gov/pubmed/32587537
http://doi.org/10.3390/nu12010115
http://doi.org/10.3390/ijerph19127300
http://www.ncbi.nlm.nih.gov/pubmed/35742551
http://doi.org/10.4067/S0717-75182011000300011
http://doi.org/10.1111/cmi.12308
http://doi.org/10.4081/cp.2017.987
http://www.ncbi.nlm.nih.gov/pubmed/29071061
http://doi.org/10.1038/s41598-017-05649-7
http://doi.org/10.7759/cureus.8551
http://www.ncbi.nlm.nih.gov/pubmed/32670688
http://doi.org/10.1016/j.sjpain.2015.12.002
http://www.ncbi.nlm.nih.gov/pubmed/28850455
http://doi.org/10.1002/j.2051-5545.2010.tb00298.x
http://doi.org/10.3390/su14031625


Int. J. Environ. Res. Public Health 2022, 19, 9506 13 of 13

66. Lassale, C.; Batty, G.D.; Baghdadli, A.; Jacka, F.; Sánchez-Villegas, A.; Kiwimäki, M.; Akbaraly, T. Healthy dietary indices and
risk of depressive outcomes: A systematic review and meta-analysis of observational studies. Mol. Psychiatry 2019, 24, 965–986.
[CrossRef] [PubMed]

67. Zalli, A.; Jovanova, O.; Hoogendijk, W.J.G.; Tiemeier, H.; de Carvalho, L.A. La inflamación de bajo grado predice la persistencia
de los síntomas depresivos. Psicofarmacología 2016, 233, 1669–1678. [CrossRef]

68. Sociedad Española de Patología Digestiva. Una Buena Digestión Favorece Las Emociones Positivas. Available online: https:
//www1.sepd.es/contenido/prensa/112_SEPD-NP-mente-e-intestino-16-jun-2016.pd8. (accessed on 25 April 2022).

69. Chin A Paw, M.J.; van Poppel, M.N.; Twisk, J.W.; van Mechelen, W. Effects of resistance and all-round, functional training
on quality of life, vitality and depression of older adults living in long-term care facilities: A ‘randomized’ controlled trial
[ISRCTN87177281]. BMC Geriatr. 2004, 4, 5. [CrossRef] [PubMed]

70. Torales, J.; Barrios, I.; González, I. Oral and dental health issues in people with mental disorders. Medwave 2017, 17, 7045.
[CrossRef] [PubMed]

71. Ciancio, G. Medications as Risk Factors for Periodontal Disease. J. Periodontol. 1996, 67, 1055–1059. [CrossRef] [PubMed]
72. Wingfield, B.; Lapsley, C.; McDowell, A.; Miliotis, G.; McLafferty, M.; O’Neill, S.M.; Coleman, S.; McGinnity, T.M.; Bjourson,

A.J.; Murray, E.K. Variations in the oral microbiome are associated with depression in young adults. Sci. Rep. 2021, 22, 15009.
[CrossRef]

73. Anttila, S.S.; Knuuttila, M.L.; Sakki, T.K. Depressive symptoms as an underlying factor of the sensation of dry mouth. Psychosom.
Med. 1998, 60, 215–218. [CrossRef]

74. Daly, C. Oral and dental effects of antidepressants. Aust Prescr. 2016, 39, 84. [CrossRef]
75. Sundararajan, S.; Muthukumar, S.; Rao, S.R. Relationship between depression and chronic periodontitis. J. Indian Soc. Periodontol.

2015, 19, 294–296. [CrossRef]
76. Gianfredi, V.; Ferrara, P.; Pennisi, F.; Casu, G.; Amerio, A.; Odone, A.; Nucci, D.; Dinu, M. Association between Daily Pattern of

Physical Activity and Depression: A Systematic Review. Int. J. Environ. Res. Public Health 2022, 19, 6505. [CrossRef]
77. National Institute of Mental Health. Chronic Illness and Mental Health: Recognizing and Treating Depression. Available online:

https://www.nimh.nih.gov/health/publications/chronic-illness-mental-health (accessed on 30 April 2022).
78. Clemente-Suárez, V.J.; Dalamitros, A.A.; Beltran-Velasco, A.I.; Mielgo-Ayuso, J.; Tornero-Aguilera, J.F. Social and psychophysio-

logical consequences of the COVID-19 pandemic: An extensive literature review. Front. Psychol. 2020, 11, 3077. [CrossRef]
79. Gianfredi, V.; Blandi, L.; Cacitti, S.; Minelli, M.; Signorelli, C.; Amerio, A.; Odone, A. Depression and Objectively Measured

Physical Activity: A Systematic Review and Meta-Analysis. Int. J. Environ. Res. Public Health 2020, 17, 3738. [CrossRef]
80. Alomoto-Mera, M.; Calero-Morales, S.; Vaca-García, M.R. Intervention with physical-recreational activity to anxiety and depres-

sion in the elderly. Rev. Cubana Investig. Bioméd. 2018, 37, 47–56.
81. Vallejo, A.P.; Zuleta, K.M.P. Depresión, ansiedad y actividad física en escolares: Estudio Comparado. Rev. Iberoam. De Diagnóstico

Y Evaluación-E Avaliação Psicológica 2019, 3, 143–155. [CrossRef]
82. World Health Organization. Physical Activity. Available online: https://www.who.int/es/news-room/fact-sheets/detail/

physical-activity (accessed on 7 February 2022).
83. Anderson, E.; Shivakumar, G. Effects of exercise and physical activity on anxiety. Front. Psychiatry 2013, 4, 27. [CrossRef]

[PubMed]
84. Clemente-Suárez, V.J. Multidisciplinary intervention in the treatment of mixed anxiety and depression disorder. Physiol. Behav.

2020, 219, 112858. [CrossRef]
85. Dimitrov, S.; Hulteng, E.; Hong, S. Inflammation and exercise: Inhibition of monocytic intracellular TNF production by acute

exercise via β2-adrenergic activation. Brain Behav. Immun. 2017, 61, 60–68. [CrossRef] [PubMed]
86. Gambaro, E.; Gramaglia, C.; Marangon, D.; Azzolina, D.; Probo, M.; Rudoni, M.; Zeppegno, P. The Mediating Role of Gender,

Age, COVID-19 Symptoms and Changing of Mansion on the Mental Health of Healthcare Workers Operating in Italy during the
First Wave of the COVID-19 Pandemic. Int. J. Environ. Res. Public Health 2021, 18, 13083. [CrossRef]

87. Freeman, A.; Tyrovolas, S.; Koyanagi, A.; Chatterji, S.; Leonardi, M.; Ayuso-Mateos, J.L.; Tobiasz-Adamczyk, B.; Koskinen, S.;
Rummel-Kluge, C.; Haro, J.M. The role of socio-economic status in depression: Results from the COURAGE (aging survey in
Europe). BMC Public Health 2016, 16, 1098. [CrossRef] [PubMed]

http://doi.org/10.1038/s41380-018-0237-8
http://www.ncbi.nlm.nih.gov/pubmed/30254236
http://doi.org/10.1007/s00213-015-3919-9
https://www1.sepd.es/contenido/prensa/112_SEPD-NP-mente-e-intestino-16-jun-2016.pd8.
https://www1.sepd.es/contenido/prensa/112_SEPD-NP-mente-e-intestino-16-jun-2016.pd8.
http://doi.org/10.1186/1471-2318-4-5
http://www.ncbi.nlm.nih.gov/pubmed/15233841
http://doi.org/10.5867/medwave.2017.08.7045
http://www.ncbi.nlm.nih.gov/pubmed/28937973
http://doi.org/10.1902/jop.1996.67.10s.1055
http://www.ncbi.nlm.nih.gov/pubmed/8910823
http://doi.org/10.1038/s41598-021-94498-6
http://doi.org/10.1097/00006842-199803000-00018
http://doi.org/10.18773/austprescr.2016.035
http://doi.org/10.4103/0972-124X.153479
http://doi.org/10.3390/ijerph19116505
https://www.nimh.nih.gov/health/publications/chronic-illness-mental-health
http://doi.org/10.3389/fpsyg.2020.580225
http://doi.org/10.3390/ijerph17103738
http://doi.org/10.21865/RIDEP52.3.11
https://www.who.int/es/news-room/fact-sheets/detail/physical-activity
https://www.who.int/es/news-room/fact-sheets/detail/physical-activity
http://doi.org/10.3389/fpsyt.2013.00027
http://www.ncbi.nlm.nih.gov/pubmed/23630504
http://doi.org/10.1016/j.physbeh.2020.112858
http://doi.org/10.1016/j.bbi.2016.12.017
http://www.ncbi.nlm.nih.gov/pubmed/28011264
http://doi.org/10.3390/ijerph182413083
http://doi.org/10.1186/s12889-016-3638-0
http://www.ncbi.nlm.nih.gov/pubmed/27760538

	Introduction 
	Materials and Methods 
	Participants 
	Design and Procedure 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

