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0 Abstract

Introduction and Objective. Among the factors influencing
the development and inhibition of depression symptoms
are food and nutrients. The aim of the study was analysis of
depression symptoms among vegetarians and omnivores in
Poland using BDI-Il and assessment of the quality of their diet.
Materials and method. The study involved women, 50
vegetarians and 50 omnivores, aged 17-50. BDI-Il, authors
questionnaire and nutritional diary were used for the analysis.
Results. Statistical analysis showed no significant relationship
between the duration of the vegetarian diet and the
occurrence of depression. There was no correlation between
supplementation and the appearance or absence of depression
symptoms. Vegetarians with symptoms of depression provided
adequate amounts of magnesium. The results were statistically
significant. Vitamin B, deficiency was found in vegetarians with
and without depressive symptoms (p>0.05). The consumption
of omega-3 fatty acids, tyrosine and tryptophan was higher
among non-depressives among vegetarians and omnivores.
These results were not statistically significant. Vegetarians
with symptoms of depression consume more alcohol (p>0.05).
Vegetarians with symptoms of depression and omnivores
without symptoms also consumed the most caffeine (p>0.05).
Conclusions. Depressive symptoms were more common
among vegetarians. Analysis shows that it is impossible to
find a nutritional cause that would have a significant impact
on the development of depressive symptoms. In the studied
group of vegetarians, nutrition was a insignificant factor in the
presence or absence of depressive symptoms. Nevertheless,
thereis a need for additional research on theimpact of a plant-
based diet on the mental health of the vegetarian community,
among both men and women.
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I Streszczenie

Wprowadzenie i cel pracy. Jednym z czynnikéw wptywaja-
cych na rozwdj i hamowanie objawéw depresji jest zywnosc
i sktadniki odzywcze. Celem pracy byta analiza objawéw de-
presji wsrdd polskich wegetarian i wszystkozercéw za pomoca
BDI-Il oraz ocena jakosci ich diety.

Materiati metody. W badaniu wzieto udziat 50 wegetarianek
i 50 kobiet spozywajacych mieso w wieku od 17 do 50 lat.
Do analizy wykorzystano BDI-II, autorski kwestionariusz oraz
dzienniczek zywieniowy.

Wyniki. Analiza statystyczna nie wykazata istotnego zwigzku
miedzy czasem trwania diety wegetarianskiej a wystepowa-
niem depresji. Nie stwierdzono korelacji pomiedzy suple-
mentacja a pojawieniem sie lub brakiem objawéw depres;ji.
Wegetarianki z objawami depresji dostarczaty swojemu orga-
nizmowi odpowiednie ilosci magnezu, przy czym wyniki te
byty istotne statystycznie. Niedob6r witaminy B, stwierdzono
zaréwno u wegetarianek z objawami depresji, jak i u tych bez
takich objawéw (p>0,05). Spozycie kwaséw ttuszczowych
omega-3, tyrozyny, tryptofanu byto wyzsze wsréd oséb bez
depresji zarbwno w grupie wegetarianek, jak i wszystkozer-
nych, jednak wyniki te nie byly istotne statystycznie. Wege-
tarianki z objawami depresji pity wiecej alkoholu (p>0,05).
Wegetarianki z objawami depresji i wszystkozerne bez obja-
wow réwniez spozywaty najwiecej kofeiny (p>0,05).
Whnioski. Objawy depresyjne czesciej wystepowaty wsréd
wegetarianek. Z przeprowadzonej analizy wynika, Ze nie jest
mozliwe znalezienie przyczyny zywieniowej, ktéra miataby
istotny wptyw na rozwdj objawédw depresyjnych. W badanej
grupie wegetarianek odzywianie nie miato wigkszego wptywu
na wystapienie lub brak objawéw depresyjnych. Niemniej
jednak istnieje potrzeba dodatkowych badan nad wptywem
diety roslinnej na zdrowie psychiczne spotecznosci wegeta-
rianskiej, nie tylko kobiet, ale takze mezczyzn.

Stowa kluczowe
depresja, objawy depresji, dieta wegetariariska, BDI-Il, zywie-
nie wegetarian
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INTRODUCTION

Depression is a mental illness that affects approximately 350
million people worldwide, and affects women more often
than men [2]. In Poland alone, the number of people suffering
from the disease exceeds 4 million [1]. Depression is cha-
racterized by malaise, mood instability, sadness, emptiness,
irritability, negative self-esteem, and withdrawal behaviour
from social life [3]. Many tools are used to diagnose and
monitor depression; however, the one most frequently used
is the Beck Depression Inventory-II, a standardized diagno-
stic tool for assessing depression symptoms in the general
population, tracking changes in the severity of symptoms,
and monitoring the course of treatment [4].

One factor that affects the risk of its occurrence is diet.
Along with food, nutrients are consumed which play a cru-
cial role in the functiong of the human mind [5]. The right
amount of specific food ingredients is required to produce
neurotransmitters. These include amino acids (tyrosine,
tryptophan), B vitamins (B, B,,, folic acid), as well as mi-
nerals: zinc, copper, iron, and magnesium [6,7]. The above-
-mentioned nutrients are commonly found in foods (Tab. 1.

An insufficient supply of the above ingredients increases
the risk of depression. In the case of, e.g., lack of an adequate
amount of tyrosine and tryptophan will result in a deficien-
cy of noradrenaline and dopamine, consequently leading
to depression [19]. Omega-3 fatty acids are important for
the proper functioning of nerve transmission and affect
the production of serotonin, noradrenaline and dopamine.
A deficiency of omega-3 fatty acids can disrupt the balan-
ce and lead to mood disorders, including depression [20].
Vitamin B, B,, and folic acid also have neurotransmitter
functions, and deficiency leads not only to dysfunction but
also to increased levels of homocysteine which, among other
things, disrupt the functioning of the brain, [21]. In turn, zinc
and iron play an important role in the regulation of cellular

Table. 1. Natural sources of food ingredients responsible for the pro-
duction of neurotransmitters

Nutrient Food source
. Cheese, soybeans, beef, lamb, pork, fish, chicken, nuts, eggs, dairy,

Tyrosine X

beans, and whole grains [8].

Mozzarella cheese, pumpkin seeds, sesame seeds, sunflower seeds,
Tryptophan cheese, pork, poultry, linseed, tuna, trout, cocoa, cod, salmon,

cashew nuts, walnuts, hazelnuts, boiled eggs [9].

— Chickpeas, beef liver, tuna, salmon, chicken breast, boiled potatoes,
Vitamin B R
5 turkey, banana, bulgur, nuts, spinach and tofu [10].

Beef, beef liver, mussels, salmon, milk, natural yogurt, cheddar
Vitamin B,  cheese, eggs, turkey breast, as well as in plant based-products. e.g.

tempeh, sea-buckthorn jam and pickled parsley juice [11,12].

Beef liver, wheat germ, peanuts, as well as green vegetables: coo-
Folic acid ked spinach, asparagus, brussels sprouts, romaine lettuce, avocado,

raw spinach, broccoli and green peas [13].
Zinc Beef tenderloin, oatmeal, pumpkin seeds, wholegrain products [14]

Beef liver, dark chocolate, shiitake mushrooms, boiled potatoes,
Copper

cashew nuts [15].

Canned white beans, beef liver, cooked lentils, cooked spinach,
Iron

tofu [16].

. Pumpkin seeds, chia seeds, almonds, spinach, cashews, peanuts,

Magnesium .

soy milk, black beans, peanut butter [17].
Omeqa-3 Flaxseed, flaxseed oil, chia seed, herring, canola oil, mackerel, sal-

9 ) mon, soybean oil, rainbow trout, mayonnaise, tuna, canned beans,

fatty acids

wholegrain bread [18].

functions and neuromodulation. Copper, as a component of
enzymes, plays a key role in anti-oxidant protection, reducing
oxidative stress, which is one of the causes of depression [22].
Magnesium is an essential element involved in the reactions
that regulate the body»s response to stress on several levels.
It is essential for the proper functioning of receptors and
enzymes involved in neural transmission, including the
synthesis of neurotransmitters such as serotonin [23].

The traditional omnivore diet is based on all foods, and
there are no restrictions on consuming meat and animal
products; it is usually rich in saturated fatty acids, arachido-
nic acid, found in meat and associated with lowering mood
[24]. Vegetarian diets are the opposite of omnivorous diets.
They are characterized by resignation from eating meat and,
depending on the restrictions, animal products such as dairy
products, eggs, and honey in favour of more vegetables, fruits,
and cereal products [25]. Research confirms that plant-based
diets mainly reduce the risk of diet-related diseases, such as
hypertension, obesity, type II diabetes, metabolic syndrome,
and cancer, e.g., large intestine and prostate [25, 26, 27, 28].

The results of some studies indicate a correlation between
the use of a plant-based diet and the occurrence of depres-
sion [29, 30, 31]. In a comparative study of mood, lifestyle,
and diet among vegans and people on a conventional diet,
herbivores had better mental health associated with less
stress and anxiety [32]. Askari et al. summarized the results
of more than a dozen studies that included European and
Asian vegetarians and vegans, examining their tendency to
develop depression or anxiety. Although most analyzes did
not link the use of plant-based diets with the occurrence of
depression [33], different results have been presented in the
meta-analysis by Iguacel et al. [34]. Studies have shown that
vegan and vegetarian diets were associated with a higher
risk of depression and anxiety. Also, in Germany, anxiety
and depressive disorders more often affected adult vegans
after considering socio-demographic characteristics with
cross-sectional data [35].

In contrast, an Australian study, also designed to show the
effect of a plant-based diet on depression, emphasized the
quality of the diet. 219 vegetarians and vegans aged 18-44
were surveyed. It was shown that a low-quality plant-based
diet was associated with increased depressive symptoms
and a high-quality plant-based diet with a reduction in the
symptoms [36].

To date, no such studies have been conducted among the
Polish population.

OBJECTIVE

Due to such divergent results, the aim of the study was to car-
ry out a comparative analysis of the occurrence of depressive
symptoms among Polish vegetarians and omnivores using
the Beck Depression Inventory, and assess the quality of their
diet. The research hypothesis assumed that providing the
right amount of nutrients with diet and supplementation is
associated with a lower risk of depressive symptoms. In the
case of subjects using a plant-based diet, it was also checked
whether the length of the plant-based diet significantly im-
pacted the appearance of depression symptoms.
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MATERIALS AND METHOD

The study was conducted according to the guidelines of the
Declaration of Helsinki and approve by the University Ethics
Committee for Scientific Research with the Participation of
People of the University of Life Sciences in Lublin, eastern
Poland (Resolution No. UKE/01/2023).

Study group. To select a group of subjects using a vegetarian
diet, an advertisement was published via a forum of people
using plant-based diets on a popular social networking site
between February — April 2023. 50 women and 7 men applied
for the study. Due to such a significant disproportion in the
number of representatives of both genders, men were exclu-
ded from the research, leaving a group of women aged 17-50
as participants. To maintain gender homogeneity, 50 women
following a conventional diet were also selected via a social
networking site. This group consisted of women aged 18-50.
Participation in the study was voluntary and anonymous.

Research tools. Beck's Depression Inventory II (BDI-II,
a questionnaire consisting of 21 items, on which answers
are scored on a 4-point scale ranging from 0, indicating no
symptoms, to 3, indicating severe symptoms [37]. BDI-II
questions concern, e.g., sadness, pessimism, loss of pleasu-
re, failures, energy loss, sleep rhythm changes, irritability,
difficulty concentrating, fatigue, suicidal thoughts, etc. [38].
The result is obtained by summing-up the points for all 21
items. Severe depression is considered to be >29, moderate
depression - 20-28, mild depression - 14-19 points, and lack
of depressive symptoms - <14 points [4].

An original survey questionnaire containing questions
about the respondents> age, gender, education, body weight
and height, and use of supplementation, was also used in the
survey. Additional questions concerned the type of plant-
-based diet used and the length of use of a given plant-based
diet. Body mass index (BMI) was calculated based on weight
and height.

Food diary. Each respondent filled in a 3-day diary with
a quantitative indication of food products consumed. The
logs were analyzed using the Aliant 2.0 software (Anmarsoft,
Poland). This made it possible to obtain information on the
diet of the surveyed women, compare it with the Dietary
Reference Value of EFSA (European Food Safety Authority)
[39], and to indicate nutritional deficiencies of given nutrients
which affect the severity of depression symptoms.

Statistical analysis. Statistical analysis was performed using
Statistica software (v13.3, StatSoft, Poland). Data expressed
on a qualitative scale were presented as the number and
percentage of the sample. The Chi-squared test (x2) was used
to compare the relationships between variables expressed in
the qualitative scale. Data expressed on a quantitative scale
were presented as mean with standard deviation (SD). De-
pending on the result of the Shapiro-Wilk test (assessment of
compliance with the normal distribution), the student>s t test
or Mann-Whitney test were used. Results were considered
statistically significant when p<0.05.

RESULTS

The study involved 50 women following one of the types
of a vegetarian diet (lacto-ovo-vegetarian, lactovegetarian,
ovovegetarian, vegan) and 50 women on a conventional diet.
Table 2 presents the characteristics of the studied groups.
Both groups differed significantly in terms of age and level
of education (p<0.001). The age of the subjects differed sig-
nificantly, with the group of vegetarians being dominated by
younger participants aged 17-30 years, while among those
following a conventional diet, the majority were women
aged 18-50 years. BMI (Body Mass Index) was calculated for
each subject, determining the body weight ratio to height.
The vast majority of both vegetarians and omnivores were
characterized by proper body weight. The two groups had no
significant differences regarding BMI (p>0.05).

Table 2. Characteristics of the studied sample according to dietary
pattern

Vegetarians Omnivores
N =50 N = 50 P Value
Age groups, N (%)
17 years 13 (26) 0(0)
18-30 years 31(62) 3(66)
0.00002**
31-50 years 5(10) 16 (32)
51-60 years 1(2) 1(2)
BMI category, N (%)
Underweight 11(22) 4(8)
Correct weight 34 (68) 36 (72)
0.15103
Overweight 3(6) 7(14)
Obesity 2(4) 3(6)

Note: Data are presented as number (percentage) of participants; ** p<0.001, level of significance
assessed by Chi-Square test

The research results obtained by using the Beck-II In-
ventory show the division of vegetarians and those using
a conventional diet with women who were not characterized
by symptoms of depression, and those who had symptoms
of mild, moderate, and severe depression. The results of this
analysis are statistically significant (p<0.001) (Tab. 3). In the
group of vegetarians, only 12 subjects were not characterized
by symptoms of depression, and 28 in the group of meat ea-
ters. Due to the small number of respondents in each category
of depression, which made it impossible to conduct a detailed
analysis of the differences between them, it was decided that
in the other part of the results, all women with symptoms of
depression should be grouped into one category of ‘subjects
with depression’, i.e. vegetarians with depression (VWD).

Table 3. Level of depression according to the Beck’s Depression Inventory
Il (BDI-Il) and type of dietary pattern

BDI-Il
Depression
. No N=60
Dietary d . - PVal
pattern, N (%) epression Mild Moderate Severe alue
N=40 depression  depression Depression

N=18 N=18 N=24

Vegetarians 12(30) 12 (67) 7 (39) 19 (79)
0.00040%*

Omnivores 28(70) 6(33) 11(61) 5(21)

Note: Data are presented as number (percentage) of participants; ** p<0.001, level of significance
assessed by Chi-Square test
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When surveying the respondents, a question was asked
about the diet period to indicate the relationship between
the length of the diet and the occurrence of depression. In
the case of women on a conventional diet, all subjects had
followed this diet since birth. The duration of their use of
a plant-based diet varied among vegetarians (Tab. 4). Those
who had been vegetarian for less than a year suffered from
depressive symptoms. The highest percentage of vegetarians
used a plant-based diet from 1-4 years, and the most sig-
nificant percentage of this group was characterized by de-
pression. However, statistical analysis showed no important
(p>0.05) relationship between the duration of the vegetarian
diet and the occurrence of depression.

Table 4. Association between length of the vegetarian diet and occur-
rence of depression in the vegetarian group N=50)

Vegetarians with  Vegetarians with
Length of vegetarian diet, 9 9

o no depression depression P Value
N (%) N=12 N=38
<1year 0(0) 6.0 (16)
1-4 year 6 (50) 22.0 (58)
0.14005
5-9 years 3(25) 7.0(18)
=10 years 3(25) 3.0(8)

Note: Data are presented as number (percentage) of participants, level of significance assessed
by Chi-Square test

Due to the scientific confirmation that body image per-
ception measurements are strongly related to depression
[40], it was decided to check whether the level of BMI and
the perception of one's body weight by the respondents were
associate in them with depression symptoms. Table 5 shows
the number of subjects in each BMI category and the inciden-
ce of depression, broken down into the group of vegetarians
and those using a conventional diet. The highest percentage
of women with symptoms of depression was characterized
by proper body weight. Statistical analysis of the relationship
between BMI and the occurrence of depression among the
respondents indicates no significant relationship (p>0.05).

Table 5. Association between BMI and occurrence of depression in
vegetarian and omnivores groups

Vegetarians N=50 Omnivores N= 50

No de- De- No de- De-
BMI, N (%) pression  pression PValue pression pression P Value
N=12 N=38 N=28 N=22
Underweight 4(33) 7(19) 3(11) 1(5)
Correct weight 7 (59) 27 (71) 19 (67) 17 (77)
0.19201
Overweight 1(8) 2(5) 3(11) 4(18)
Obesity 0(0.0) 2(5) 3(11) 0(0)

Note: Data are presented as number (percentage) of participants, level of significance assessed
by Chi-Square test

Another examined relationship was the supplementa-
tion of some nutrients and the occurrence of depression
symptoms. VWD were the most significant percentage of
women using supplementation (Tab. 6). More than 60% of
the VWD group used supplementation, the most frequently
used were vitamin D, B, ,, and magnesium. Other ingredients
that were not listed in the survey were omega-3 acids and
multivitamin preparations. Among omnivores, vitamin D
was the most frequently supplemented ingredient, and none

Table 6. Supplementation and occurrence of depression among vege-
tarians and omnivores

Vegetarians N=50 Omnivores N=50

Supplemen-  No de- . No de- .
- ) Depression . Depression

tation, pression N= 38 P Value pression N=22 P Value
N (%) N=12 B N=28 B
Yes 8(67) 25 (66) 19 (68) 14 (64)

0.76907 0.75470
No 4(33) 13 (34) 9(32) 8(36)
Supplemented nutrient n (%)
Iron 5(42) 8(21) 0.29751 5(18) 2(9) 0.63392
Calcium 1(8) 2(5) 0.75903  2(7) 29 0.78482
Zinc 1(8) 3(8) 0.57448 3(11) 1(5) 0.78482
Vitamin D 5(42) 17 (45) 0.88332 13 (46) 10 (45) 0.94531
Vitamin B, 6 (50) 21(55) 098940 3(11) 0(0) 0.32526
Vitamin B, 1(8) 2(5) 0.75903 2(7) 0(0) 0.58062
Biotin 0(0) 5(13) 043973  3(11) 1(5) 0.78482
Magnesium 4(33) 9(24) 0.77421 8(29) 1(5) 0.06811
Others 1(8) 4(11) 0.74054  6(21) 5(23) 0.81511

Note: Data are presented as number (percentage) of participants, level of significance assessed
by Chi-Square test

of the respondents used vitamin B ,. Other supplemented
ingredients included omega-3, collagen, folic acid, iodine,
and vitamin C. Statistical analysis showed no significant
relationship between supplementation and the occurrence
of depression in both groups.

The results of comparing the relationship between the qua-
lity of nutrition and the occurrence of depressive symptoms
among vegetarians and meat eaters are presented in Table 7.
Their average 3-day consumption was compared to the EFSA
nutritional standards for individual ingredients. The results
are shown in the AR (according to references) and BR (below
references) columns.

When analyzing the consumption of nutrients by VWD,
it can be seen that vegetarians provided adequate amounts
of fibre, magnesium, copper, folic acid, and zinc, compared
to women on a conventional diet. These results were sta-
tistically significant (p<0.05). They provided significantly
less vitamin K and vitamin B, which was also statistically
significant (p<0.05). A greater number of VWD were also
deficient in iodine and vitamin D, but these results were not
statistically significant (p>0.05). Vegetarians without symp-
toms of depression (VWND) provided adequate amounts of
phosphorus, vitamin A, vitamin D, folic acid, and vitamin
C. Nevertheless, the results were statistically insignificant
(p>0.05). Among VWND, adequate amounts of potassium
(p<0.05), vitamin E (p<0.05), and vitamin B, (p<0.05) were
provided by omnivore, compared to vegetarians. Statistically,
significantly less vitamin B, was provided by VWND.

The study also compared the average intake of energy,
macro-nutrients, minerals, vitamins, selected amino acids,
alcohol, and caffeine over three days among vegetarians and
non-vegetarians with and without symptoms of depression
(Tab. 8). Compared to vegetarians, non-vegetarians expended
significantly more energy, resulting in a high fat and protein
intake in women with and without depression. Omnivores
with symptoms of depression (OWD) and omnivores with no
symptoms of depression (OWND) consumed slightly more
carbohydrates. Despite this, VWD consumed statistically
significant more fibre compared to OWD. Fibre intake among
VWND and OWND was at a similar level.
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Table 7. Adherence to EFSA standards for nutrient intake between vegetarians and omnivores with and without depression.

Nutrients [PRI or Al], N

Depression N=60

No Depression N= 40

(%)

Vegetarians N=38

Omnivores N= 22

Vegetarians N=12

Omnivores N= 28

P Value P Value
AR BR AR BR AR BR AR BR

Fibre [>25] 33(87) 5(13) 11(50) 11 (50) 0.00500* 8(67) 4(33) 20(71) 8(29) 0.93998
Potassium [>3500 mg] 7(18) 31(82) 9 (41) 13(59) 0.06078 0(0.0) 12 (100) 16 (57) 12 (43) 0.00246**
Phosphorus [>550 mg] 36 (95) 2(5) 21(95) 1(5) 0.62294 12(100) 0(0) 28(100) 0(0) 1.0000
Magnesium [>300 mg] 33(87) 5(13) 13 (59) 9 (41) 0.03297* 7 (58) 5(42) 19 (68) 9(32) 0.82820
Copper [21.3 mg] 36 (95) 2(5) 13 (59) 9 (41) 0.00198* 9(75) 3(25) 19 (68) 9(32) 0.93998
lodine [>150 ug] 6(16) 32(84) 1(5 21 (95) 0.37338 0(0.0) 12 (100) 2(7) 26 (93) 0.87421
Vitamin A [2650 pg] 34 (89) 4(11) 19 (86) 3(14) 0.95563 12 (100) 0(0) 23(82) 5(18) 0.29682
Vitamin D [>15 pg] 0(0) 38(100) 1(5) 21(95) 0.78023 12 (100) 0(0) 0(0) 28 (100) 1.0000
Vitamin E[>11 mg] 19 (50) 19 (50) 12 (55) 10 (45) 0.73421 5(42) 7 (58) 21 (75) 7(25) 0.04538*
Vitamin K [>70 pg] 14 (37) 24 (63) 2(9) 20 (91) 0.04139* 6 (50) 6 (50) 10 (36) 18 (64) 0.40043
Vitamin B, [>1.6 mg] 9(24) 29 (76) 10 (45) 12 (55) 0.08326 4(33) 8(67) 23(82) 5(18) 0.00800%*
Vitamin B,[>1.6 mg] 23 (61) 15(39) 16 (73) 6(27) 0.33503 5(42) 7 (58) 22 (79) 6(21) 0.02463*
Folic [>330 pg] 32(84) 6(16) 11(50) 11(50) 0.00499* 8(67) 4(33) 20(71) 8(29) 0.93998
Vitamin B, [>4 ug] 0(0) 38(100) 7(32) 15 (68) 0.00103* 0(0) 12 (100) 9(32) 19 (68) 0.06910
Vitamin C [>95 mg] 33(87) 5(13) 15 (68) 7(32) 0.08673 10(83) 2(17) 21 (75) 7(25) 0.86875
Zinc [7.5- 212.7 mg] 24 (63) 14 (37) 16 (73) 6.0 (27) 0.00440* 7 (58) 5(42) 25 (89) 3(11) 0.09652

Note: Data presented as number (percentage) of participants; *p<0.05; ** p<0.001, level of significance assessed by Chi-Square test; AR - According to References; BR - Below References

Consumption levels of both omega-3 fatty acids were lower
among VWD and VWND; in particular, VWD consumed
the least. In the case of omega-6 fatty acids, OWD had the
lowest consumption; in the case of VWD they consumed

more omega-6 fatty acids compared to VWND. However,

these differences were not statistically significant.

Salt and sodium intake among both VWD and VWND
was statistically significantly lower compared to omnivores.

Table 8. Three-day average intake of energy, macronutrients, minerals, vitamins, selected amino acids, alcohol, and caffeine among vegetarians
and omnivores, with and without depressive symptoms

Vegetarians Omnivores Vegetarians Omnivores
Nutrients Nutrients
[%+SD] Depression No Depression No [%+SD] Depression No Depression No
Depression Depression Depression Depression
Energy, kcal 1516 +£311° 1533 +358* 1836+470° 1921+400* Copper, mg 1.98+05" 1.74 £0.67 145+061" 1.77 £0.89
Total protein, g 556+169° 60.8+19.1% 82+296" 86.1+£29.5% Manganese, mg 6.44+232" 5411249 459+248° 4971252
Fat, g 515+162" 543+16.1"* 66+243" 78.1+£29.5% Selenium, pug 21.1+£133 144 +6.07 17.5+21.09 20.5+23.7
Carbohydrates, g 212+37.7 211+49.5 241.7 £66.2 235+61.8 lodine, ug 67.4+533 52.8+29.3 59.4+35.6 66.5 +41
Fiber, g 326+7.56" 28.8+8.1 252+9.11° 285+11.2 Vitamin A, ug 1147 £592 1620 = 1140 1507 =107 1832+ 1031
Vegetable protein,g  41.1+12.6" 33.8+10.3 308+10.1° 309+14 Vitamin D, ug 1.59+1.43 1.58+1.39% 2.83+3.38 336+£294%
Animal protein, g 11.5+£108% 19.9+11.7% 4524236 445+182* Vitamin E, mg 125+£5.56 129+7.07 146+ 10.1 17 £8.76
) — . . . . o . R
aoc?;esga 3 fatty 148406 16407 2054149 2464188 Vitamin K, ug 59.8 +55.7 1184129  60.5+ 144 270 + 391
"9 Vitamin B, mg 1.36 +£0.48 1.13+044 % 148+0.7 1.49+046*
(a)cri‘:fsgg'é fatty 1164423  109+53 104+58  126+82 Vitamin B, mg 13+£041°  138+04° 172+065° 193+052*
R Vitamin B,, mg 108+26" 9.75+287% 183+£113"° 195+957*
Trans fatty acids, g 0.06 0.1 0.1+0.2 0.08 +0.09 0.08 £0.11 3
R R R Vitamin B, mg 1.59+036" 1.51+039% 238+1.77" 253+15%
Sodium, mg 1703 £ 674 1776 +525*% 2736+1698° 2569+ 1119*
Folates, 396 +77 389 +98 373+174 452 + 221
Salt, g 4441737 458+134' 706+439° 6.64+288° o
R Vitamin B, ug 1.1+£0.94" 1.67+£1.09* 35+264° 357+£1.95%
Potassium, mg 3082+558 2761+575% 3112+1016 3581+1132* 12
R Vitamin C, mg 162 +59 147 £48 172 £ 143 198 +£138
Calcium, mg 750 =381 831287 728 =364 913 £472
Tyrosine, m: 1625+597° 1904 +668* 2630+1224° 2639+920*
Phosphorus,mg 10894243  1129+285 1269+472 1328510 4 9
- Tryptophan, mg 579+19° 675+246%  982+435°  981+351*
Magnesium, mg 387 +98.8 347 £121 332+132 374+135
. . Alcohol, g 698+11.7 221+571  0.13+0.46 0+0
Iron, mg 14.05+3.48 123 +£3.53 114+37¢ 139+49¢
Caffeine, 71.9+838 29.2+61.2 304+59.3 59.1+57.7
Zinc, mg 8724192  874+251  103+43  109+37 ateine, mg

$ statistically significant difference (p<0.05) between vegetarians with and without symptoms of depression;

£ statistically significant difference (p<0.05) between omnivores with and without symptoms of depression;
“statistically significant difference (p<0.05) between omnivores and vegetarians with symptoms of depression;
#statistically significant difference (p<0.05) between omnivores with vegetarians without symptoms of depression, level of significance assessed by the student’s t testand U Mann-Whitney test.
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OWND supplied the most potassium with food compared
to the other groups studied. Compared to VWND, this dif-
ference was statistically more significant.

VWD provided significantly more iron (p<0.05), copper
(p<0.05), and manganese (p<0.05) compared to OWD. In
the case of VWND, the intake of these minerals was lower
compared to VWD, but these values were statistically insig-
nificant (p>0.05). The consumption of other minerals was
not statistically significant in any of the variants (p>0.05).

Vitamin D intake was higher for omnivores and statisti-
cally significantly higher for OWND compared to VWND
(p<0.05). Both VWND and OWND, consumed significantly
more vitamin K than women with symptoms of depression
- in the case of omnivores, this difference was statistically
significant, while in the case of vegetarians it was not stati-
stically significant.

Vitamin B, intake of vegetarians and omnivores was sta-
tistically significantly higher among women without symp-
toms of depression. VWD provided statistically significantly
less vitamin B, compared to OWD. The most vitamin B,
was consumed by OWND and this amount was statistically
significantly higher compared to VWND. In the case of vita-
min B_ intake, statistically significantly more was consumed
by VWD, compared to the same group among omnivores.
Among women without symptoms of depression, the intake
of vitamin B, by vegetarians was statistically significantly
lower compared to omnivores. Similar differences in dietary
intake were observed in the context of vitamin B ,. Depressed
vegetarians provided statistically significantly less of it com-
pared to OWD. Among women without symptoms of depres-
sion, significantly more omnivores consumed vitamin B ,.

Tyrosine intake was significantly higher among omnivores,
both with and without depressive symptoms, compared to
VWD and VWND. The differences in tyrosine consumption
between VWD and OWD, and between VWND and OWND,
were statistically significant (p<0.05). Of all subgroups, VWD
consumed the least tyrosine with food.

As with tyrosine, tryptophan intake was greater among
women without depression symptoms than women with
depression symptoms. Statistically significantly more tryp-
tophan was consumed by OWD compared to VWD. A si-
milar relationship occurred among OWND and VWND.
Statistically significantly more tryptophan along with the
diet was consumed by omnivores compared to vegetarians.

Vegetarians consumed more alcohol, especially VWD.
OWND did not drink alcohol. VWD and OWND consumed
the highest amount of caffeine; however, the comparison of
alcohol and caffeine consumption was statistically insigni-
ficant (p>0.05).

DISCUSSION

The study aimed to compare the occurrence of depressive
symptoms among Polish vegetarians and meat eaters and
to assess the correlation between its occurrence and the
quality of nutrition of both groups. Despite various valida-
ted screening tools for detecting depressive symptoms, the
Beck Depression Inventory Second Edition (BDI-II) was
selected for use in the study. The BDI-II is used to screen
for the symptoms of depression and is very useful in the
initial diagnosis of the disease. As a self-report tool, it allows
for a quantitative assessment of the severity of depression.

According to Wiglusz et al. [41], the BDI-II is an important
psychometric measure of depressive disorders, maintaining
appropriate sensitivity and specificity, high negative predic-
tive value (NPV), acceptable predictive value (PPV), with an
optimal cut-oft point of 18 for the diagnosis of depression.

This study is the first to be conducted on a group of Polish
participants which included vegetarians. Similar studies have
been conducted in other European countries, e.g. in Germany
[35] and France. In the French study, a similar analysis was
made of the relationship between the occurrence of depres-
sion and the type of diet — vegetarian and conventional.
Over 6,500 people participated in the study, of whom over
70% were women. The group of vegetarians numbered over
800 subjects. The results showed that those on a vegetarian
diet had no increased risk of anxiety or depression. The dif-
ference between this and the current study is that the latter
study did not measure some significant potential covariates
that could have influenced the development of depressive
symptoms — such as alcohol. The researchers in the French
study indicated that their measurements were based solely
on the information reported by the participants. Therefore
they did not exclude the possibility that some participants
who answered that they rejected easting meat or fish, did not
completely abstain from their consumption [42].

In the current study, each participant was asked to keep
a 3-day food diary, specifying the exact dishes and food
products consumed on those days, along with weight and
home measurements. This allowed for a thorough check of
the meals consumed and obtaining the most accurate results
from the nutritional analysis in the Aliant programme. This
may be why the results in the current study differ slightly, and
the group of vegetarians had a higher percentage of depressive
symptoms (N=12) compared to non-vegetarians (N=28).

The study analyzed whether the level of BMI had an im-
pact on the appearance of depressive symptoms among the
participants. Based on a survey by Stolinska et al. [43], it
was assumed that the BMI among vegetarians would be
appropriate. The Stolinska study also involved dividing the
women into two groups according to their diet — conventional
(omnivores) or vegetarian. BMI in the group of omnivores
indicated obesity, which was significantly higher in this
group compared to vegetarians, whose BMI was normal. In
the current study, most vegetarians and omnivores were cha-
racterized by an average body weight; a few were overweight
or obese. Therefore, the BMI had no significant effect on the
occurrence of depressive symptoms.

Dietary supplements are top-rated in many social groups.
Their use in some cases seems appropriate and sometimes
necessary due to nutritional deficiencies [44]. It is justified to
use supplementation in restrictive diets, including vegetarian
diets, which may increase the risk of deficiencies, especially
vitamin B ,, vitamin D, omega-3 fatty acids, calcium, iron,
and zinc [45]. In the study carried out by Grzelak et al. [44],
out of 47 vegetarians and 207 omnivores, supplementation
was used by 72% and 46%, respectively, of the participants.
Both, in the above-mentioned and the current study, vege-
tarians most often used the supplemented vitamin B , and
vitamin D. Magnesium, zinc, and iron were next in order
in both studies. In the current study, vegetarians also su-
pplemented their diet with biotin, vitamin B, and omega-3
fatty acids, collagen, folic acid, and vitamin C. There was no
statistically significant correlation between supplementation
and the appearance or absence of depression symptoms. This
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is particularly perplexing because the beneficial effects of
supplementation have been demonstrated, including a sig-
nificant reduction in symptoms of depression through the
use of magnesium. In a randomized clinical trial, Tarleton
etal. [46] showed that using magnesium supplementation in
the amount of 248 mg for 6 weeks resulted in a significant
reduction of depressive symptoms in adults, compared to the
placebo group. There is also a study on the impact of daily
magnesium intake on preventing depression, and a corre-
lation has been reported between using this element with
a lower risk of depressive symptoms in the future [47]. It is
all the more interesting that in the current study, vegetarians
with symptoms of depression consumed adequate amounts
of magnesium, results that were statistically significant. It is
probable that other factors unrelated to the supply of mag-
nesium with diet influenced the occurrence of depressive
symptoms.

The use of any diet, whether conventional diet or a more
restrictive diet, can involve nutritional deficiencies which
contribute to various diseases, including depression. Studies
indicate several mechanisms between mental health and die-
tary deficiencies of critical nutrients, including vitamin B ,,
folic acid, omega-3 fatty acids, or increased intake of omega-6
fatty acids, fiber, vitamin C, vitamin E, and vitamin A [33,48].

In the current study, the quality of nutrition of both
groups — vegetarians and omnivores — was analyzed, with
the participants divided into women showing symptoms of
depression and without symptoms, based on EFSA nutrition
standards. Most vegetarians consume adequate amounts
of fibre compared to omnivores. Typical for the vegetarian
group of women, excluding meat and limiting products of
animal origin, vitamin B , deficiencies, were noted in the diet.
This concerned both women with and without symptoms of
depression. Currently, researchers are trying to determine
the link between vitamin B, and depression and the fact
that its supplementation can slow down the progression of
depression or prevent it. Some clinical studies have shown
that higher levels of vitamin B, in the body result in better
outcomes in patients with depression, reducing its symptoms
over time [49-52]. However, a meta-analysis, carried out in
2021 which aimed to assess the effects of vitamin B , supple-
mentation on cognitive functions, depressive symptoms, and
idiopathic fatigue, showed that vitamin B , supplementation
probably does not improve cognitive functions and depres-
sive symptoms in people without advanced neurological
disorders [53]. Due to inconsistent scientific reports, it is
still worth considering the relationship between the level of
vitamin B, in the diet and the occurrence or reduction of
depressive symptoms, not only among vegetarians.

Among the ingredients involved in building neurotrans-
mitters and showing positive effects on the brain and mental
health, omega-3 fatty acids deserve attention. Their redu-
ced concentration in the brain may cause changes in its
functioning, including changes in the size of neurons and
deterioration of learning and memory [54]. Omega-3 fatty
acids increase dopamine levels in the frontal cortex and bind
to dopamine receptors, improving mood [55]. In addition,
they have anti-inflammatory effects and thus may reduce
pro-inflammatory cytokines, characteristic of people with
depression [56].

In clinical trials performed as early as the 1990s in
which the participants suffered from mood disorders, it
was shown that those with symptoms of depression had

a lower concentration of omega-3 fatty acids in the plasma
and erythrocyte cell membrane, compared to people without
such symptoms [57, 58]. One of the studies conducted on
young adults (average age 33 years) described the effects of
omega-3 fatty acids supplementation on mood, cognitive
and physiological functioning. After supplementation with
omega-3 fatty acids in the amount of 4 g by the partici-
pants, this was associated with significant mood changes.
A statistically significantly higher level of vigour and lower
levels of anger, anxiety, fatigue, and even depression, were
demonstrated compared to the placebo group [59]. Howe-
ver, different results were reported in a study conducted by
a British team of scientists [60]. They used a double-blind,
placebo-controlled trial to determine the effect of taking
EPA (eicosapentaenoic acid) and DHA (docosahexaenoic
acid) at 1.5 g/d on mood and cognition in people with mild
to moderate depressive symptoms. No statistically significant
differences were observed in terms of the DAAS depression
scale, while in terms of the Beck Depression Scale, a slight
dependence on the intervention was shown.

In the current study, omega-3 fatty acids intake was not
measured by blood chemistry and serum omega-3 levels, but
only by food diary analysis. The consumption of omega-3
fatty acids was slightly higher among non-depressives in
both vegetarians and omnivores. However, these results were
not statistically significant. It is therefore worth considering
the continuation of research on the consumption of omega-3
fatty acids and their correlation with the occurrence or pre-
vention of depression symptoms.

Tyrosine is an endogenous amino acid that is also involved
in the production of neurotransmitters. Its reduced concen-
tration in the body may cause a deficiency of norepinephrine
and dopamine and lead to symptoms of depression [61]. In
the current study, vegetarians with symptoms of depression
were characterized by low tyrosine intake. More tyrosine
was found mainly in the diet of women without symptoms
of depression; despite this, these differences were not stati-
stically significant. It cannot be said that in the case of the
studied group of vegetarians, a low consumption of these
ingredients could have contributed to the occurrence of
depression symptoms.

In turn, tryptophan is an exogenous amino acid, i.e., one
that must be supplied to humans with food [62]. Clinical stu-
dies by Maes et al. [63] showed that disorders of tryptophan
metabolism contribute to the pathogenesis of depression. It
was found that reduced concentrations of tryptophan and
kynurenic acid with neuroprotective properties, characterize
patients with depression. In the same subjects, an increased
concentration of non-urotoxic by-products of tryptophan
metabolism, i.e., quinolinic acid and 3-hydroxy-kynurenine,
was observed. In the current study, the level of tryptophan
supplied with food was significantly lower among women
with depressive symptoms, particularly vegetarians with
such symptoms. This may be because tryptophan is found
mainly in products of animal origin - pork and fish - which
excludes herbivores [9]. Differences in tryptophan intake
between vegetarians with symptoms of depression and vege-
tarians without symptoms of depression were not statistically
significant. Thus, it can be concluded that in the case of the
study group, the level of tryptophan was not significant in
terms of the occurrence of depression.

The ingredients mentioned above are crucial for the pro-
per functioning of the brain. Nevertheless, their effect of
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preventing or reducing the symptoms of depression, which
has been supported by many scientific studies described
above, did not translate into the current study. Consumption
of most substances was insignificant in the appearance of
depressive symptoms in the vegetarian group.

Still searching for a nutritional cause for the symptoms
of depression, the level of consumption of stimulants - caf-
feine and alcohol — was analyzed in this study. Caffeine
is the most commonly used stimulant in the world and is
consumed in the most significant amounts with coffee and,
to a lesser extent, with black tea [63, 64]. Many studies con-
firm the positive role of caffeine in preventing or reducing
the symptoms of depression. In their meta-analysis, Lucas
et al. [65] found that consuming coffee with caffeine up to
600 ml per day decreased the risk of depression among the
surveyed American women [63]. Another study showed
that consuming 4 or more cups of coffee a day significantly
reduced the risk of depressive symptoms, compared to people
who drank one or fewer cups of coffee a day [65]. Also, Asil
etal. [64] compared black tea and caffeine consumption with
depression in a study conducted on 491 adults, of whom 322
were women. The average daily caffeine intake was calculated
based on the volume of caffeine-containing beverages and
their content in each as also used in the current study. Among
the surveyed people, over 30% were depressed. Multivariate
regression analysis showed that providing 450-600 mg of
caffeine per day significantly reduced the risk of depression.
In the current study, it was observed that higher caffeine con-
sumption was reported among omnivores without depressive
symptoms and vegetarians with depressive symptoms. These
results are not statistically significant. This discrepancy may
be related to the relatively small number of participants, or
to the fact that some participants in the study did not report
in the food diary the exact amounts consumed of caffeinated
beverages.

In the current study, it was also decided to check whether
the consumption of alcohol by the examined subjects could
contribute to the occurrence of depressive symptoms. In the
literature, the problem of depression with long-term use of
stimulants, including alcohol, is most often described, but
there is a lack of information on occasional alcohol consump-
tion and the severity of depressive symptoms [66]. Among
the subjects in this study, vegetarians with depression were
most likely to consume alcohol. However, when analyzing
the food diaries, it was noticed that the doses of alcohol
were consumed sporadically, in small portions, and usually
around dinner. This may also be due to the fact that only
women participated in the study. According to the report
on alcohol consumption patterns in Poland in 2020, women
consumed alcohol much less frequently (on average 21 days
a year) compared to men (on average 98 days a year) [67].

Limitations of the study. Some limitations of this study need
to be taken into account when interpreting the obtained
results. Although the study makes an important contribu-
tion by comparing the occurrence of depressive symptoms
among vegetarians and omnivores, and assessing the qua-
lity of their diet, there are some factors that may affect the
confidence about the generalisability of the results. One of
the main limitations is the small size of both the study and
control groups. Due to financial and logistical constraints,
the number of female participants in the study was relati-
vely small. The small group size may also have affected the

representativeness of the results and reduce statistical power,
meaning that some differences or effects may not be detected
or have less statistical significance. The study did not take
into account whether the participants had previously been
diagnosed/treated for mood disorders. The aim was to obtain
data on depressive symptoms based only on the Beck Scale
Inventory-II. Another factor is the varying age of the par-
ticipants, which could have affected the results because age
can be a factor in the dependent variables. Specifically, age
can affect the body»s response to the diet and the difference
in dietary requirements of the study subjects. It is additio-
nally worth noting that the study was based on the use of
questionnaires and dietary analysis as research material,
based on data reported by the participants themselves. No
biochemical tests were carried out on the blood levels of in-
dividual dietary components, which would have yielded far
more accurate results. Also, the aspect of using qualitatively
different supplements for different lengths of time may have
yielded different target results in the study groups.

In addition, it must be emphasised that the study analysed
the quality of the diet of the study subjects on the basis of
a 3-day menu. Such a menu may not take into account fluctu-
ations in nutrient intake, and may not reflect the full picture
of dietary habits not covered during the 3 days analysed.
These limitations should be a taken as a guide for further
studies which could provide a more comprehensive picture
of the issues dealt with above.

CONCLUSIONS

The present study showed that, based on the BDI-II, depres-
sive symptoms were more common among women following
a vegetarian diet. The analysis shows that it is impossible to
find a nutritional cause that would significantly impact the
development of depressive symptoms. In the studied group
of vegetarians, nutrition was not a significant factor n the
presence or absence of depressive symptoms. Due to the
complexity of depression, the depressive symptoms in the
study group were certainly not caused by the diet. Despite
this, there is a belief that consuming a plant-based diet abun-
dant in vegetables and fruits which contain anti-oxidants,
can help alleviate symptoms of depression. Nevertheless, the
ambiguous results suggest the need for additional research
and directing the interest of researchers toward the impact
of a plant-based diet on the mental health of the vegetarian
community, men as well as women.
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