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INTRODUCTION

ABSTRACT
Background: Unhealthy dietary patterns and low physical activity during a pandemic
can be risk factors for depression.
Objectives: This study aimed to analyze the correlation between dietary patterns and
physical activities toward depression levels during the pandemic among SMAN 1
Manyar Gresik students.
Methods: This research used observational with a cross-sectional study design at
SMAN 1 Manyar Gresik. The sample was 78 students from the 12thgrade. The sampling
technique used was simple random sampling. The data obtained were then analyzed
using the Kendall Correlation test to determine the correlation between dietary
patterns and physical activities on the depression level. Each variable was obtained by
analyzing the Food Frequency Questionnaire, Food Recall 2x24 hours, International
Physical Activity Questionnaire-Short Form, and Modified Beck Depression Inventory-
Il
Results: The results showed relationships between diet and depression levels. Diet
was assessed from the frequency of the type of food that dominated in the last month
and macronutrient intake. There were relationships between the frequency of food
consumption that dominated in the last month and the depression level (p=0,003;
r=0,319) and between macronutrient intake and depression level.
Conclusions: The results showed the need to increase food consumption from the
minimally processed foods group by paying attention to macronutrient intake and
performing physical activity in moderate to high-intensity categories according to the
recommendations of the adolescent age group to prevent depression.

a tendency to be depressed at mild to severe levels.

Depression is still a problem worldwide, with its
role as a contributor to the global disease burden. This
disease is ranked as the third cause of disability after low
back pain and headache disorderl2. Depression
contributes to its problems during a pandemic. This
condition is evident from a survey conducted by the
Indonesian Psychiatric Association where 66% of 1,552
respondents aged 14-71 experienced depression.3. The
prevalence of depression in various countries also varies,
ranging from 15.4% -26.9%%>. Depression not only harms
productivity but is also a trigger for suicides, immune
dysregulation, and somatic complaints®7. People with
depression are in the age range of 15 years to more than
75 yearsé. Depressive conditions are also experienced by
grade 12 students at SMAN 1 Manyar Gresik. According
to a preliminary study conducted by researchers, 53% of
grade 12 students at SMAN 1 Manyar Gresik experience

The pandemic caused the government to issue
a policy of imposing restrictions on community activities
which had some of the effects of changing learning
methods to go online and changing people's lifestyles.
One of the affected community groups is high school
students, especially grade 12 students at SMAN 1 Manyar
Gresik, who, based on preliminary studies, are
experiencing problems due to online learning.
Modification of the learning model that occurs causes
academic stress. Then, during the pandemic, lifestyle
changes occurred in the form of decreased physical
activity and consumption of unhealthy foods. Types of
unhealthy food that can be consumed are ultra-
processed, fast, fried, sweet, and low nutrition®-19, In this
case, the types of unhealthy foods consumed by the
study population are ultra-processed. Adopting an
unhealthy diet can lead to malnutrition%12, Consumption
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of unhealthy food during a pandemic can be caused by
stress coping mechanisms caused by limited mobility and
problems with food security213-14, These conditions and
the uncertain pandemic can accumulate long-term
stressors that cause depressive disorders.

Adopting a healthy lifestyle by consuming
healthy foods and undergoing physical activity according
to age group recommendations plays a role in preventing
depression. This is because healthy food with balanced
nutrition is required for productive work and maintaining
a healthy body and brain1>-16, Likewise, regular physical
activity can maintain cognitive function and mood?’.

The emergence of the problem of depression
during a global pandemic, especially in grade 12 students
at SMAN 1 Manyar Gresik, accompanied by low physical
activity and unhealthy eating patterns, requires further
research to analyze the correlation between these
variables. Because a healthy lifestyle plays a role in
preventing depression, hopefully, this research can help
provide suggestions for maintaining diet and physical
activity during the ongoing pandemic to prevent
depression.

METHOD

Research Design and Research Subjects

This research uses observational analytic
research with a cross-sectional study design and has
received permission from the Ethics Commission of the
Faculty of Medicine, University of Jember (No.
1564/H25.1.11/KE/2021). The research was conducted in
December 2021 at SMAN 1 Manyar Gresik. The
population of this study was all 12th-grade students at
SMAN 1 Manyar Gresik. The research sample comprised
78 respondents selected based on inclusion and exclusion
criteria and obtained through simple random sampling.

Data Collection and Measurement

The research data were obtained from primary
data sources in the form of 4 types of questionnaires in
the form of a Google form filled out by each respondent
and sent via whats app. The questionnaire consists of the
Modified Beck Depression Inventory 1118, Food Frequency
Questionnaire!®, Food Recall 2x24 hours??, and the
International Physical Activity Questionnaire Short
Form2!, which has been validated. In addition, there is an
additional identity questionnaire containing questions
regarding age, sex, weight, parental education level, and
parental income level. Respondents' ages were classified
from 16 years to 18 years. Then, gender was grouped into
female and male. Furthermore, body weight is classified
in the range of 37 kg to 85 kg. Then, parents' education
levels were grouped into elementary, junior high, high
school, and D3/bachelor. Then, parents' income was
grouped from <IDR1,500,000 to >IDR3,500,000.

QuestionnaireModification  of the Beck
Depression Inventory Il is used to analyze the trend of
depression levels. Depression is a mental disorder that is
generally characterized by loss of interest or pleasure,
decreased energy, feelings of guilt or low self-esteem,
difficulty sleeping, decreased appetite, feelings of
tiredness, and lack of concentration.?2, where the
symptoms are classified based on the tendency of the
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degree of severity. Each point from each answer to the
questionnaire is totaled, then the results are classified
into no depression/minimum depression (score 0-13),
mild depression (score 14-19), moderate depression
(score 20-28), and severe depression (score 29). -63)%3.
Food Frequency Questionnaire and Food Recall
2x24 hours are used to assess eating patterns. Diet is a
sedentary habit related to food consumption based on
the type of food and the frequency of consumption?.
Types of food ingredients consumed were obtained from
preliminary studies and classified according to NOVA
WHO based on how they are processed into Minimally
Processed Foods, Processed Foods, and Ultra Processed
Foods.2>. Minimally Processed Foods are defined as food
processing that does not change the properties of food
significantly. Types of foodstuffs in this group consist of
staple foods (white rice, potatoes); poultry products
(chicken meat, chicken eggs, duck meat, quail eggs); beef,
seafood products (fish, squid, shrimp, clams, crab);
vegetables, fruit, and mineral water. Then, processed
foods are made by adding ingredients such as salt, sugar,
and oil (processed culinary ingredients) into minimally
processed foods using preservative methods or alcoholic
fermentation. The types of food ingredients in this group
consist of processed soybean products (tempeh and
tofu), salted products (salted fish, Pindang fish), and
canned products (canned sardines). So, ultra-processed
foods are food or beverage products produced from a
series of industrial processes in which the properties of
the food change and the formation of new products that
have added additives. Types of food ingredients in this
group are packaged bread (packaged white bread and
packaged bread); confectionary products (candy and
chocolate); snacks (salty and sweet snacks), packaged
noodles (instant noodles and dry noodles/packaged
eggs); frozen food made from meat (sausages and
nuggets); as well as packaged sweetened drinks
(packaged coffee, packaged tea, packaged milk, soda, and
isotonic drinks) Types of food ingredients in this group are
packaged bread (packaged white bread and packaged
bread); confectionery products (candy and chocolate);
snacks (salty and sweet snacks), packaged noodles
(instant noodles and dry noodles/packaged eggs); frozen
food made from meat (sausages and nuggets); as well as
packaged sweetened drinks (packaged coffee, packaged
tea, packaged milk, soda, and isotonic drinks) Types of
food ingredients in this group are packaged bread
(packaged white bread and packaged bread);
confectionery products (candy and chocolate); snacks
(salty and sweet snacks), packaged noodles (instant
noodles and dry noodles/packaged eggs); frozen food
made from meat (sausages and nuggets); as well as
packaged sweetened drinks (packaged coffee, packaged
tea, packaged milk, soda, and isotonic drinks)26. The Food
Frequency Questionnaire asked the frequency of
consumption of these types of food in the last month with
the following details; (frequency > 3x/day given a score of
50, frequency< 2x/day was given a score of 25, frequency
of 3-6x/week was given a score of 15, frequency of 1-
2x/week was given a score of 10, frequency of 2x/month
was given a score of 5, and never consumed was given a
score of 0). All foods are summed and compared to
determine which ingredients dominate the frequency?’.
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Then, diet is also assessed from the intake of macro
nutrients as a condition for consuming foods with
balanced nutrition. Macro nutrient intake is the average
amount of nutrient consumption, including calories,
carbohydrates, protein, and fat. The 2x24-hour Food
Recall Questionnaire used contains questions about the
type of food and its portion consumed for two days
(active school days and holidays). Meal portions are
converted to a measure of weight (grams), then the
intake of each macro nutrient is calculated. Then, the
results of the average macro nutrient intake for two days
will be compared with the nutritional adequacy rate
according to the Nutrition Adequacy Rate Table, which
varies depending on the body weight and age of the
respondent. Calculation results are converted into
percentages, then classified as follows; above nutritional
adequacy rate (> 120%), normal (90% - 120%)2%.
Macronutrient analysis using Nutrisurvey software.

International Physical Activity Questionnaire
Short Form used to measure physical activity over the last
seven days. Physical activity is body movement due to
skeletal muscle activity that results in energy
expenditure?8, Interpretation of the questionnaire is
classified into low, medium, and high intensity?°.
Determination of the intensity of physical activity using
the help of IPAQ Automatic Report Microsoft Excel.

Statistic Analysis
Data analysis was used in the form of univariate
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analysis and bivariate analysis. The univariate analysis
aimed to determine the percentage and frequency of
data on the characteristics of the respondents in the form
of age, gender, body weight, parents' education level,
and parents' income level. Bivariate analysis using
Kendall's test correlation with p-value is significant if
<0.05. This analysis determined the correlation between
dietary pattern variables (viewed from the dominating
dietary frequency and macro nutrient intake) and
physical activity on depression levels.

RESULTS AND DISCUSSION

Characteristics of Respondents

The characteristics of the respondents were
grouped based on age, gender, weight, parental
education level, and parental income level. Data on the
characteristics of research respondents can be seen in
Table 1. Based on the study results, most depressed
respondents were 17 years old, female, and had a body
weight of 44 kg-50 kg. Then, the father's education level
is high school, the mother's education level is
D3/graduate, and the parent's income is > IDR3,500,000.
Meanwhile, the characteristics of respondents who were
not depressed were 17 years old, female, had a body
weight in the range of 44 kg-50 kg, father's education
level was D3/Bachelor degree, mother's education level
was D3/Bachelor degree, and parents' income >
IDR3,500,000.

Table 1.Table of characteristics distribution of class XIl respondents at SMAN 1 Manyar Gresik in 2021

Characteristics of Respondents Not depressedo Depression (Mild to Severe)
n % n %
Age
16 2 3% 5 6%
17 19 24% 34 44%
18 6 8% 12 15%
Gender
Woman 20 26% 37 47%
Man 9 12% 12 15%
Weight
37 kg- 43 kg 5 6% 7 9%
44 kg- 50 kg 10 13% 12 15%
51 kg- 57 kg 6 8% 3 4%
58 kg- 64 kg 5 6% 10 13%
65 kg- 71 kg 3 4% 7 9%
72 kg- 78 kg 2 3% 4 5%
79 kg- 85 kg 1 1% 3 4%
Father's Education Level
Elementary School 2 3% 2 3%
Junior High School 2 3% 1 1%
Senior High School 14 18% 25 32%
Vocational Studied/Bachelor degree 15 19% 16 21%
Mother's Education Level
Elementary School 1 1% 2 3%
Junior High School 1 1% 1 1%
Senior High School 15 19% 17 22%
Vocational Studied/Bachelor degree 16 21% 25 32%
Parents Income
< IDR1,500,000 5 6% 10 13%
IDR1,500,000 - IDR2,500,000 4 5% 11 14%
IDR 2,500,000 - IDR3,500,000 7 9% 4 5%
>1DR3,500,000. 17 22% 20 26%
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It is known that most female respondents were
research participants and experienced a tendency to
depression. Women are prone to depression because of
their stress response. Women who experience menstrual
cycles during menstruation tend to experience an
increase in the hormone testosterone, which results in
the formation of cortisol, which will trigger stress. Then,
when exposed to stress, women's HPA Axis system can
secrete ACTH more than men, making it easier for cortisol
to be produced?30.

Respondents in the age range of 16-18 years
experienced depression, with the majority aged 17 years.
According to WHO, adolescents are people in the age
period of 10-19 years3!. Adolescence is a phase where
there is a transition to adulthood, allowing for emotional
instability in overcoming problems. If various stressors
appear and cannot be adequately managed, they will
trigger depression. Types of stressors vary. Economic
problems and self-image can be a contributor to
stressors32,

Economic conditions can be seen from the level
of education of parents and the amount of income each
month. Respondents who were depressed or not
depressed at the educational level of their parents were
dominated by high school and D3/Bachelor levels, with
incomes that dominated >IDR3,500,000. In addition,
several respondents also had parents with elementary
and junior high school education levels and incomes
below IDR3,500,000.00. Workers with higher education
tend to earn higher wages33. Groups of people with high
incomes can live healthier lives with the ability to access
nutritious food, engage in sports and recreation, and
have a better place to live. This result contrasts low-
income groups of people who face limitations in housing
and unhealthy lifestyles®4. An unhealthy lifestyle can
trigger depression. However, it is possible that high-
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income groups of people can also experience depression
due to their inability to deal with stress3.

Disturbed body image is known to be
associated with stressful conditions36. A disturbed body
image is a form of dissatisfaction about the body
triggered by size, shape, function, and limitations
changes. Weight triggers a disturbance of self-image3’.
Research respondents have a variety of body weights
ranging from 37-85 kg. Certain conditions, such as
obesity, can affect self-assessment, manifesting in a
negative body image3®.

The Relationship between Diet and Depression Levels

During the pandemic, the dietary patterns
found to dominate the eating habits of respondents were
minimally processed foods and ultra-processed foods,
with the percentage of respondents consuming minimally
processed foods at 94% and ultra-processed foods at 6%.
As many as 42% of respondents who consumed minimally
processed foods were not depressed, 27% had mild
depression, 19% had moderate depression, and 6% had
severe depression. Meanwhile, 6% of respondents who
consumed ultra-processed foods experienced moderate
to severe depression. The results of the statistical analysis
show that there is a relationship between eating patterns
and the level of depression. It is known that respondents
who consumed ultra-processed foods had a higher
percentage of experiencing depression than those who
consumed minimally processed foods38. This conclusion
is also supported by other studies where ultra-processed
foods are associated with the prevalence of depressive
symptoms. Conversely, consumption of minimally
processed foods is associated with lower depressive
symptoms3?, Several reasons can form the conclusions in
this study.

Table 2. Analysis of the Relationship between Diet and Physical Activity on Depression Levels

Depression Rate

. Mild Moderate Deep Kendall
Variables Not depressed . R . .
depression depression depression Correlation
n % n % n % n %
Dietary habit
Minimally Processed 33 42% 20 27% 15 19% 5 6% p-value = 0.003
Foods 0 0% 0 0% 3 4% 2 2% r=0.319
Ultra Processed Foods
Calorie Intake
Above RDA 0 0% 4 5% 5 6% 2 3% p-value <0.001
Normal 33 42% 0 0% 0 0% 0 0% r=0.353
Mild deficit 0 0% 3 4% 1 1% 0 0%
Moderate deficit 0 0% 4 5% 8 10% 0 0%
Severe deficit 0 0% 8 11% 4 5% 6 8%
Carbohydrate Intake
Above RDA 0 0% 2 3% 6 8% 2 3% p-value <0.001
Normal 33 42% 0 0% 0 0% 0 0% r=0.363
Mild deficit 0 0% 2 3% 1 1% 0 0%
Moderate deficit 0 0% 3 4% 6 8% 2 3%
Severe deficit 0 0% 13 17% 4 5% 4 5%
Protein Intake
Above RDA 0 0% 0 0% 0 0% 0 0% p-value <0.001
Normal 33 42% 2 3% 7 9% 1 1% r=0.515
Mild deficit 0 0% 3 4% 3 4% 2 3%
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Depression Rate
Variables Not depressed Mild' Modera!te Deep_ Kendall '
depression depression depression Correlation
n % n % n % n %
Moderate deficit 0 0% 7 9% 3 4% 2 3%
Weight deficit 0 0% 8 10% 4 5% 3 4%
Fat Intake
Above RDA 0 0% 4 5% 4 5% 2 3% p-value = 0.001
Normal 33 42% 2 3% 1 1% 0 0% r=0.327
Mild deficit 0 0% 2 3% 1 1% 0 0%
Moderate deficit 0 0% 4 5% 6 8% 3 4%
Weight deficit 0 0% 8 10% 5 6% 3 4%
Physical Activity
Low intensity 1 1% 18 23% 17 22% 8 10% p-value <0.001
Medium intensity 29 37% 2 3% 0 0% 0 0% r=-0.779
High intensity 3 4% 0 0% 0 0% 0 0%

*p-value and r were obtained from Kendall's correlation test results. RDA, Recommended Dietary Allowance.

The pandemic has caused people to consume
healthy foods from the minimally processed foods group.
Succinctly, food materials are minimally processed
foodsFoodstuffs are processed with the minimum
possible process without adding food additives and
usually reducing the portion of the food without
significantly changing its properties. Examples include
frozen/fresh fruits and vegetables, fruit juices, whole
grains, rice, tubers, frozen or fresh meat, fish, and poultry
products?. Conversely, some people consume unhealthy
food products such as ultra-processed foods as a form of
social behavior to store long-lasting food so they can
reduce mobility outside the home. Succinctly, food
material ultra-processed foods are produced through a
series of industrial processes by adding additives and
changing the full version of the original food into a new
product. Examples include instant noodles, snacks,
confectionery products, packaged bread, nuggets,
sausages, and packaged drinks?. Consumption of ultra-
processed foods is related to comfort food, which gives a
momentary happy mood when dealing with stress due to
pandemic conditions0.40-41,

The difference in the nutritional content of
minimally processed food products can also cause the
presence or absence of depressive symptoms. This
minimally processed food contains complete nutrition,
starting from calories, carbohydrates, protein, fat,
vitamins, minerals, and short-chain fatty acids*243. The
impact of macro nutrient intake on the level of
depression will be explained in the next point.
Meanwhile, certain micro nutrients, such as B vitamins,
can help synthesize serotonin, dopamine, and GABA
neurotransmitters. Then vitamins C, D, and E become
antioxidants. Antioxidants are electron-donor
compounds that will donate one electron to compounds
that are oxidants so that the activity of oxidant
compounds is inhibited*4. Then, the mineral magnesium
can help produce BDNF (Brain-Derived Neurotrophic
Factor). BDNF is a trophic factor that protects the brain
during the inflammatory process*s. Then, the mineral zinc
maintains the nervous system's structure and forms
polyunsaturated fatty acids, calcium, and iron, which can
synthesize neurotransmitters*®47. More specifically,
there are also short-chain fatty acids found in vegetables.
Short-chain fatty acids are short-chain organic acids

made by intestinal microbes through the fermentation of
mostly undigested carbohydrates and a small portion of
endogenous proteins. The content of short-chain fatty
acids can suppress the inflammatory process*®4°. The
neuro-inflammatory process due to the accumulation of
cytokines is one of the causes of depression®0. It is known
that most of the respondents who consumed this type of
food did not experience depression. On the other hand,
in ultra-processed foods, there is a reduction in nutrition
and the addition of food additives in almost all food and
beverage products®l. For example, sugar, salt, flavor
enhancers, synthetic dyes, and emulsifiers, which
according to several previous studies, can trigger
symptoms of depression.

Tartrazine and Allura red synthetic dyes can be
found in particular food and beverage compositions.
These synthetic dyes are suspected of reducing the
amount of the neurotransmitter GABA, serotonin, and

dopamine, which are mood-balancing
neurotransmitters.5253,  This condition causes a
neurotransmitter imbalance with an increase in

excitatory neurotransmitters. Thus, anhedonic behavior
and psycho-motor retardation occur>. The theory is also
proven through experiments on Wistar rats, where
administration of tartrazine leads to hyperactivity,
antisocial behavior, and anxiety5%55-36, Then, synthetic
dyes tartrazine and Allura red also play a role in oxidative
stress by inhibiting antioxidant performance6:57-58,

Seasoning consumption of monosodium
glutamate in excess means that the excitatory
neurotransmitter is increased because glutamate is part
of the excitatory neurotransmitter5%60, Accumulating
glutamate in large quantities causes neuronal death
involving DNA damage and triggering apoptosis. This
result is due to the glutamate mechanism, which induces
mitochondrial calcium absorption and increases
mitochondrial respiration to trigger an increase in free
radicals. Free radicals along with changes in
mitochondrial membrane permeability trigger a process
of cell death called excitotoxicity®2. If excitotoxicity occurs
in areas of the brain that play an essential role in dealing
with stress, such as the hippocampus, prefrontal cortex,
and amygdala, it will inhibit its role in preventing
depression.

Emulsifiers are a substance that helps maintain
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the stability of oil and water emulsions. This ingredient is
known to trigger depressive symptoms. Experiments on
rats have shown that emulsifiers can change the mouse
microbe to cause low-grade inflammation to obesity%2. In
comparison, research on humans shows that gut bacteria
can be affected by emulsifiers to cause inflammation®3,

Consumption of salt and sugar affects
depressive symptoms with particular mechanisms.
Research conducted on rats by giving high amounts of salt
consumption increases T-helper lymphocytes in the small
intestine. These cells (T-helper lymphocytes) produce the
pro-inflammatory cytokine IL-17, which increases
circulation. This condition triggers an autoimmune
response in the brain associated with suppressing the
anti-inflammatory performance of regulatory T cells®.
The IL-17 phenotype plays an essential role in the neuro-
immune interaction of depression®. In addition, there is
also an increase in oxidative stress, a decrease in synaptic
plasticity, and a decrease in synaptogenesis®*. Whereas in
humans, consumption of high amounts of salt reduces
the survival ability of Lactobacillus spp, increasing TH17
cells. This term is classified as an inflammatory process
characterized by the release of pro-inflammatory
cytokines. Excessive activation of TH17 cells is associated
with brain damage!3%, High salt intake leads to
suppression of the RAAS and increased free radicals. In
the brain, free radicals activate sympathetic tone and the
local RAAS. Local RAAS will also increase free radicals in
the braint7.68, Then, intake of high amounts of sugar can
trigger hippocampal dysfunction, increase cortisol, and
increase the risk of oxidative stress and inflammation®°.

Nutrition obtained by the body is also
influenced by the amount consumed at each meal and
the way food is processed in the household. Whether or
not the portion of food consumed at each meal can affect
the portion of nutrition received by the body, where the
nutrients obtained impact the symptoms of depression
experienced’®71, not all foodstuffs can be consumed
directly. There are several popular food processing in
households, such as boiling, steaming, frying, and baking
which can reduce the nutritional content of food”2. This
condition could have triggered depressive symptoms in
respondents who consumed minimally processed foods.

Steaming is a better cooking method than
boiling because it retains water-soluble antioxidants and
vitamins’374, Steaming is also the primary cooking
method of staple food because it can maintain mineral
content. In addition, steaming is an alternative to
processing meat with a high cholesterol content because
the processing will reduce cholesterol as cholesterol
dissolves with water’>. Meanwhile, boiling can reduce
water-soluble vitamins such as vitamin C, and B vitamins
and minerals such as phosphorus, calcium, iron, and
zinc’677, In addition, the longer boiling time can affect the
nutritional content of meat by hydrolyzing protein and
reducing the amount of amino acids and fat”2.

Another cooking method is frying. This cooking
process can denature proteins, creating a process of
gelatinization of starch and evaporation of water which
forms a crunchy structure. This process has the
advantage of starting to kill bacteria, extending the shelf
life of food, and making it delicious. However, frying can
affect heat-sensitive nutrients. As a result, there is a
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decrease in protein, damage to antioxidants, omega
three fatty acids, and various fat-soluble vitamins such as
vitamins A and E727879, |n addition, frying can increase
the amount of fat and cholesterol’27>. Then another
cooking method is grilling. The higher the roasting
temperature and the longer the duration, the more
nutrients will be lost, such as fat, vitamin A, vitamin E, and
vitamin C.72,

Other factors that can influence the number of
samples and research design where these two things can
affect the accuracy of the data obtained. The sample in
this study was relatively small, namely as many as 78
respondents, bearing in mind that there is an imbalance
in the number of respondents who consume minimally
processed and ultra-processed foods. It is hoped that for
further research, samples are taken in larger quantities
from a larger population so that they can to provide
estimates closer to the sample's characteristics. In
addition, the research design used was cross-sectional.
The study design studied the correlation between risk
factors and disease effects at one point in time, making it
difficult to determine cause and effect. In addition, this
design also does not describe the course of the disease or
prognosis, which needs to be continued with other
research designs, such as case control and cohort more
accurate in assessing the correlation between risk factors
and disease effects808,

The Relationship Between Macronutrient Intake and
Depression Levels

During a pandemic, there is a risk of
malnutrition. Malnutrition is a deficiency or excess of
macro nutrients or micro nutrients'1828 As a result of
the PPKM (Implementation of Restrictions on Community
Activities) policy issued by the government, food security
problems can occur through decreased income,
increased food prices, and reduced access®. Some of
these factors can make it difficult to get nutritious food,
thus allowing for a deficit in macro nutrient intake!284,
Then, the consumption of ultra-processed foods during a
pandemic in large quantities can trigger a condition of
excess macro nutrients®. This finding follows other
research where, during the pandemic, various nutritional
problems that adolescents can experience emerged, such
as being underweight and obesity8-87. Underweight is a
nutritional problem in which body weight is too low
compared to individuals their age. One of the causes of
being underweight is a lack of adequate calorie intakes?.
Studies conducted in Brazil and India show a correlation
between household food security problems (the inability
to meet the need for sufficient food to live healthily for
all family members) and under-nutrition88-89,

On the other hand, obesity is a condition in
which excess fat accumulates so that the body weight
exceeds normal. This is caused by an imbalance in caloric
intake obtained and expended?®%1, According to previous
research, it is known that teenagers are the highest
consumers of ultra-processed foods. These food products
are high in calories and, if not balanced with appropriate
physical activity, can cause obesity11.92,

Macro nutrients are the most significant intake
of essential nutrients the body needs, including calories,
carbohydrates, protein, and fat®3. Each individual has
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different macro nutrient adequacy limits. According to
the Guidelines for Regulation of the Minister of Health
Number 28 of 2019, the nutritional adequacy rate for
each person is determined by gender, age, and body
weight. The nutritional adequacy rate for each macro
nutrient is classified above the AKG (Nutrition Adequacy
Rate), standard, mild, moderate, and severe. The
analysis carried out in this study shows a relationship
between the intake of calories, carbohydrates, protein,
and fat on the level of depression. Compared with some
previous research, few studies have discussed this
matter. Research conducted in Japan on male workers
showed no relationship between calorie, carbohydrate,
and fat intake and depression. However, there is a
relationship between protein intake and depression,
where low protein consumption increases depressive
symptoms®4. Likewise, research conducted in America
and Korea shows if there is a relationship between
protein intake, which increases the risk of depression
compared to those who consume protein within normal
limits.’%.  While in this study, it was found that
respondents who consumed calories carbohydrates,
protein, and fat within normal limits did not experience
depression. In contrast, respondents who consumed
macro nutrients exceeding the normal AKG criteria or
were deficient tended to experience depression. There
are several brief explanations of how intake of macro
nutrients in compositions that are not ideal (according to
the RDA requirements) can cause depression.

Calories are units for calculating energy values,
which are derived from the content of carbohydrates,
proteins, and fats®®. Fats are organic compounds of
carbon, hydrogen, oxygen, glycerol, and fatty acids. Fatty
acids are classified as saturated fatty acids (saturated
fatty acids), monounsaturated fatty acids
(monounsaturated fatty acids), and polyunsaturated
fatty acids (polyunsaturated fatty acids) depending on
their chemical structure.®. High consumption of calories
and fat, in particular, trans fat and saturated fatty acids
induce inflammation, promote dysbiosis, and inhibit
neurogenesis in the hippocampus®’-%8, Conversely,
consuming calories and fat in a deficit category can
activate the HPA Axis and increase cortisol®. Then, a fat
deficit can inhibit the absorption of fat-soluble vitamins
such as A, D, E, and K19, Vitamins D and E are known to
prevent depression®.102, Not only that, if omega-3
polyunsaturated fatty acids (Omega 3 PUFA) are
consumed in low amounts, it will reduce its function in
maintaining the integrity of neuron membranes, reduce
its ability to produce anti-inflammatory cytokines, and
reduce the amount of serotonin and dopamine.103,104,

Carbohydrates are the primary energy source
for the body consisting of monosaccharides,
disaccharides, and polysaccharides®. Carbohydrate
intake plays a role in influencing mood and behavior.
Consumption of carbohydrates can help the entry of
tryptophan into the brain. This condition becomes a
problem if the consumption of carbohydrates is excessive
or deficit. Research conducted on rats shows that
excessive consumption of carbohydrates triggers an
increase in inflammatory cytokines%¢, Meanwhile, the
consumption of carbohydrates in low amounts will lower
serotonin levelst07,
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Protein comprises the main components of
amino acids, which consist of essential and non-essential
amino acids. Respondents who consumed protein with a
deficit status tended to experience depression compared
to respondents who consumed protein at normal levels.
This condition is because tryptophan and tyrosine are the
two amino acids that manage mood. Brain
neurotransmitters are formed from amino acids.
Dopamine is made of tyrosine, and serotonin is made
from tryptophan1010%, Dopamine plays a vital role in the
brain, precisely in the mesolimbic dopaminergic pathway.
These brain circuits regulate motivation, psychomotor
performance, concentration, and feelings of well-being.
Then, the neurotransmitter serotonin, located in the
dorsal raphe nuclei and median raphe nuclei, plays a role
in regulating neuroplasticity, modulating mood,
cognition, sleep habits, and controlling appetite.110.111,
Lack of dopamine and serotonin causes depressive
symptoms.

Relationship of Physical Activity to Depression Levels

The physical activities undertaken by the
respondents were classified into three based on their
intensity. Namely low, moderate, and high levels of
physical activity. The analysis that has been done shows
that there is a solid relationship between physical activity
and depression. Where moderate to high-intensity
physical activity is undertaken by respondents who
experience mild depression to no depression.
Meanwhile, low-intensity  physical activity was
experienced by respondents with mild to severe
depression. This finding is similar to previous research,
which stated that children who undergo physical activity
at increased intensity reduce the risk of depression!2,
Conversely, individuals who do not suffer from
depression will be prone to depression if they undergo
low-intensity physical activity!13,

There are factors underlying low physical
activity in people who experience depression. Depressed
individuals experience fatigue, loss of motivation, and
low self-esteem, which triggers a reluctance to do
physical activity. In addition, when a person undergoes
low physical activity, they can experience an increase in
abdominal fat, which is secreted low-grade inflammation
of adipose and acts as a chronic stimulus for HPA Axis
activation, increasing cortisol secretion13-114,

Conversely, moderate to high-intensity physical
activity is recommended by WHO for the age group of 16
to 18 years!15, Sport, a type of physical activity of that
intensity, contributes well to the brain. This condition is
because exercise suppresses pro-inflammatory cytokines
and lowers cortisol16, There are types of exercise that are
effective in reducing depression levels. Among these are
aerobic exercise and resistance exercise training!17.118,
Aerobic exercise is a type of physical exercise that
increases the load gradually and continuously, utilizing
the energy produced by burning with oxygen. Examples
include running, walking, cycling, jogging, and others.
Aerobic exercise is known to increase hippocampal
volume and decrease pro-inflammatory cytokines!7.119,
Resistance exercise training or resistance training is
defined as physical activity that causes the muscles to
work against a specific resistance or load. Examples
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include lifting a barbell, push-ups, sit-ups, and others!20,
Resistance  exercise  training  suppresses  pro-
inflammatory cytokines and increases anti-inflammatory
cytokines, which play a role in neuro-inflammatory
processesi?l,

CONCLUSIONS

Based on the results and discussion, it can be
concluded that there is a relationship between diet,
macro nutrient intake, and physical activity on the level
of depression, with the most significant correlation
strength in the relationship between physical activity and
the level of depression, and respondents who consume
ultra-processed foods have a higher percentage of
experiencing depression. These findings showed the
importance of increasing the consumption of minimally
processed foods by paying attention to the intake of
macro nutrients and carrying out moderate to vigorous
intensity physical activity daily.
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