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Abstract

Background: Depression is considered a major public health concern worldwide.
Depression is a prevalent issue among university students compared to the general
population. Folate is a B complex group water-soluble vitamin that naturally occurs in
food and is essential to the brain for producing norepinephrine, dopamine, and
serotonin. Previous studies have indicated that levels of folate are crucial in the
development and progression of depression. However, the research findings have been
inconclusive when it comes to variations in folate levels among people with depression

compared to those without the condition.

Objective: This study aimed to assess the relationship between serum folate levels and
depression among adult female students at An-Najah National University in Nablus,

Palestine.

Method: This study was conducted with a cross-sectional observational design. A
questionnaire was distributed from 15th September 2023 until 20th October 2023 to
participating female students from An-Najah National University. Depressive symptoms
were assessed using the DASS-21 scale. The questionnaire also collected the social and
demographic characteristics of the female students and several questions related to the
factors that affect folate levels in the blood. The internal reliability of the DASS-21
questionnaire was tested using Cronbach's alpha. In addition, venous blood samples
were collected within the same period in the scientific research laboratory at An-Najah
University after overnight fasting, and serum folate levels were measured. The number

of female students participating was 180, and their ages varied from 18 to 30 years old.
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Results: The mean of serum folate levels was 4.82 ng/ml (SD=3.38). The prevalence of
depression among them was 16.7%, 47.2%, 14.4% 12.2%, and 9.4% for extremely
severe, severe, moderate, mild, and normal depression, respectively. Levels of serum
folate were significantly lower in patients with extremely severe and severe depression,
the mean was (3.13 and 3.30 ng/ml) respectively. Additionally, there was a significant
moderate inverse correlation between the levels of serum folate and depression severity
(r=-0.537, P-value<0.001).

Conclusion: Our findings showed that there is a connection between the levels of serum
folate and depression among female Palestinian students. Folate serum levels may serve
as indicators to evaluate the effectiveness of depression treatment. Measuring folate
levels can assist physicians in effectively managing depression. In this regard, folate
appears to play a more crucial role in the improvement outcomes of mood disorders and

should be assessed more attentively.

Keywords: Serum folate; depression; lifestyle; diet; clinical characteristics; An-Najah

National University; Palestine.
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Chapter One

Introduction

1.1 Background

Psychological distress signifies general symptoms of depression. Elevated levels of
psychological distress suggest compromised mental health and could indicate typical
mental disorders such as depressive disorders.[1] Depressive disorder affects around 7%
of people in a year, with significant variations across different age groups. The rate is
three times higher among 18- to 29-year-olds compared to those aged 60 and above.
Females have a 1.5 to 3 times higher prevalence than males starting in early
adolescence.[2] The global prevalence of depressive disorders in adults is 3.4%, while
in adult females it is 4.1%][3]. Palestinians experience elevated levels of psychological
distress due to the constant threat (the Israeli occupation) to their daily lives, resulting in
a diminished quality of life and increased susceptibility to depression.[4] The World
Bank and the Palestinian Central Bureau of Statistics (PCBS) announced that findings
from the 2022 Psychological Conditions Survey in Palestine revealed that over half of
the Palestinian population experiences depression (71% in the Gaza Strip and 50% in
the West Bank). Of those affected, 58% are adults aged 18 and above, with depression
rates being comparable among both genders. However, data indicated that post-
traumatic stress disorder is more prevalent among individuals aged 18 and above in the
Gaza Strip compared to the West Bank.[5] In a study published in 2022 researchers
discovered that among 1049 students, the levels of depression were 55.8% for severe
cases, 26.4% for moderate cases, and 9.8% for mild cases. The study indicated a
significant rise in depression rates among Palestinian university students, with the
majority experiencing moderate to severe symptoms.[6] It is well-established that diet
plays a role in depression. Previous research on the link between diet and depression has
primarily focused on food groups, individual foods, or specific nutrients.[7] Nutritional
epidemiologists proposed using the dietary pattern approach to explore the relationships
between diet and disease, taking into account the intricate connections between nutrients
and foods.[8] Furthermore, this method offers a deeper understanding of the connection
between diet and brain function.[9] Vitamins are essential nutrients needed for life,
playing a crucial role in maintaining good health. Inadequate levels of vitamins may be
associated with symptoms of psychiatric disorders.[10] The connection between

1



nutrition and depression is often overlooked by many. Nutrition can significantly impact
both the development and intensity of depression. Many of the dietary habits that are
easily recognizable before depression sets in are similar to those experienced during
depression.[11] Vitamin B9 is crucial for proper neuronal functioning, and low levels
have been associated with depression.[10] Studies over the last 35 years have
demonstrated a correlation between folic acid deficiency and psychological symptoms,

such as depression and cognitive impairment.[12]

1.2 Depression

Depression is starting at an earlier age now compared to previous decades.[13]
Approximately 280 million people worldwide are living with depression,[14] which
accounts for 4.4% of the global population[15], as reported by the World Health
Organization (WHO).[14] Depression is a prevalent mental illness that affects
individuals globally in the present day.[16] Depression is common in both developed
and developing countries.[7] Many university students experience high rates of
depression.[17] Depression is identified by various symptoms such as sadness, feelings
of guilt or low self-esteem, loss of interest or pleasure, fatigue, changes in sleep and
appetite, and difficulty concentrating.[18] A study revealed that female students at
private universities have a higher prevalence of moderate to severe/extremely severe
levels of depression compared to male students.[19] Epidemiological research
conducted in the Middle East and North Africa regions indicates depression rates
ranging from 13% to 18%.[20] Depression rates in women are up to twice as high as
those in men.[21] Depression rates in Arab regions and the Gulf show significant
variation across different studies.[22] A research study in Egypt found that 15.3% of
female adolescents experienced depression. The rate among high school students in
Oman was 17%, while in Saudi Arabia, it was 33.4%.[23] In Iran, depression ranks as
the third most prevalent health issue[24], research findings reveal that 4.1% of adults
experience depressive disorders, with women being nearly twice as likely as men to
develop depression disorder.[7] Almost 11 million adults in the United States (U.S.)
who are 18 years and older go through a major depressive episode each year.[25]
Depression is projected to become the primary source of disease burden and morbidity
globally by 2030.[26] Depression accounts for 6.2% of all diseases, ranking second
after ischemic heart disease. The World Health Organization reports that depression is

the primary cause of lost years of healthy life for women between the ages of 15 and
2



44.[27] Mental illness occurs when various factors interact, causing certain brain
chemicals and neurotransmitters to malfunction, ultimately resulting in the onset of
mental disorders. Changes in brain signal transmission at the chemical synapse level are
crucial for the onset of mental disorders. Any alteration in a neurotransmitter's chemical
structure or imbalance at any stage of this intricate process can impact behaviors,
moods, thoughts, and emotions.[28] Depression is frequently linked to low levels of
neurotransmitters like dopamine, noradrenaline, serotonin, and y amino butyric acid
(GABA).[11] Depression and other mental disorders can impact individuals of all
backgrounds, and distinguishing between mental well-being and illness can be
challenging. Modern advancements in technology have led to many contemporary jobs
being less physically demanding, yet the mental stress associated with them has risen.
Mental illness can hinder an individual's ability to manage their daily responsibilities at
home and work. Feelings of shame and guilt may prevent them from seeking help for
their mental health issues.[29] Depression impacts numerous individuals, but there are
several treatments available that effectively manage these conditions, such as
medication and psychotherapy.[30] Psychiatric drugs offer a readily available and
efficient solution for this mental health issue. Nonetheless, those who use medication
for depression may encounter side effects such as restlessness, increased weight, sexual
problems, and emotional blunting.[31] Some studies reported that since the 1950s when
antidepressants were introduced, the options for pharmacological treatments for
depressive disorder have grown, yet their effectiveness has largely stayed the same.
Around 50% of patients starting antidepressant therapy do not respond significantly
after the first attempt. Additionally, even after trying multiple treatments, about 30% of
patients still do not achieve remission.[32] The functioning of the brain relies on
enzymes and coenzymes to regulate the availability and balance of macronutrients.
Micronutrients play a crucial role in various coenzyme systems and can contribute to
the complete activation of enzymes involved in neurotransmitter synthesis.[33] People
with mood disorders may have subclinical deficiencies because of genetic differences
that make some more susceptible or because of past changes in dietary patterns.[11]
Numerous nutrients play a crucial role in brain function, with some, like folate,
impacting various neurobiological processes linked to depression.[12] Folate
supplementation could be considered for individuals who do not respond to traditional

treatment or favor non-pharmacological options. Folate is typically obtained from food,



and a lack of folate is linked to depression. In the brain, folate plays a crucial role in
producing neurotransmitters that influence mood.[34]

1.3 Folic acid

Folic acid (FA), is a synthetic molecule produced artificially. It is commonly used as a
dietary supplement and in fortifying food products. This fully oxidized compound
contains just one glutamate residue and is typically not found in the bloodstream unless
consumed through food or supplements.[35] Its effectiveness in the body relies on the
activity of the dihydrofolate reductase (DHFR) enzyme in the liver, which operates at a
slower pace in humans compared to other functions. To carry out its biological role
within the folate cycles, folic acid must undergo a process of reduction by dihydrofolate
reductase to become dihydrofolate (DHF), which is then further converted to
tetrahydrofolate (THF) before finally transforming into the biologically active 5-
methyltetrahydrofolate (5-MTHF).[36]

1.4 Folinic acid

Folinic acid and folic acid have distinct chemical compositions, but both function
similarly.[37] Folinic acid, also known as Leucovorin, is a synthetic molecule that is a
derivative of THF with a 5-formyl group. It can be easily converted to 5-MTHF and 5—
10 MTHF without the need for DHFR action. This substance is used to reduce the
negative impacts of specific chemotherapy drugs that interfere with folate metabolism
by inhibiting DHFR, like methotrexate. Additionally, it is used in conjunction with

other conditions treated with anti-folate medications.[36]

1.5 Folate

Folate, a B complex water-soluble vitamin, includes natural food folate, which is found
in the body as MTHF (the main form in the blood) and THF (the active form).[38] It is
made up of a p-aminobenzoic acid, a pterin ring, and an y-linked tail with one or more
L-glutamic acid molecules. The structures of folates vary based on the substitution of
the pterin ring and reduction and the length of the glutamate chain.[35] Naturally
occurring forms are usually either fully reduced (at the 5, 6, 7, and 8-position) in THF
compounds or partially reduced (at the 7, and 8-position) in DHF forms. Different folate
forms vary in a one-carbon unit attached to the N10 and/or N5 positions of the pteridine
ring, such as methyl (5-CH3), methenyl (5,10-CH), formyl (5- or 10-HCO), formimino
4



(5-CHNH), and methylene (5,10-CH2). Mammalian cells are unable to produce folate,
and its deficiency has been linked to various disorders.[39]

1.5.1 Structures
Figure 1

The chemical structures of folic acid, folate, and folinic acid [40]
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1.5.2 Folate vitamers (derivatives)

Folate is a general term for nine folate derivatives (FDs) present in mammalian and
microbial cells, including folic acid, tetrahydrofolate, dihydrofolate, 5,10-
methylenetetrahydrofolate (5,10-CH2-THF),5,10-methyltetrahydrofolate(5,10-CH+-
THF),5-methyltetrahydrofolate, 10-formyltetrahydrofolate (10-CHO-THF), 5-
formiminotetrahydrofolate (5-NH=CH-THF), and 5-formyltetrahydrofolate (5-CHO-
THF). [41]

Figure 2

The chemical structure of folate and its derivatives [39]

Folic acid _> _>D1h\drofohte (DHF) R, R, Vitamers
(FA) <_ <_

H H Tetrahydrofolate (THF)
o CH, H S-MethylTHF
n;\ . e CHO H 5-FormylTHF
HN N . o o -
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N \ - 6, ° o
BN _</ ¥ d . H CHO 10-Formyl THF
S B -CH,- -CH,- 5.10-Methylene THF
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Note. The chemical structure of folate and its derivatives, labeled as R1 and R2, match the atom
replacement shown in the accompanying table. The variable "n" indicates the number of glutamate

residues linked, which can vary from 1 to 8.

1.5.3 Sources

The term folate is derived from the same origin as foliage and is a crucial micronutrient
that mammalian cells cannot produce on their own.[42] Therefore, it is necessary to
consume folates from natural sources[39] such as leafy green vegetables like asparagus,
okra, mustard greens, brussels sprouts, spinach, peas, broccoli, bell peppers, beets,
green beans, swiss chard, kale, turnip greens, green beans, collard greens, carrots, and
iceberg lettuce.[10] Folate and folic acid can also be obtained from cooked dry beans
such as black-eyed peas, lentils, kidney beans, pinto beans, black beans, garbanzo
beans, lima beans, and navy beans, as well as bread, rice, cereals, pasta, [43], fruits like
orange juice, oranges, strawberries, grapes, cantaloupe, grapefruit, raspberries, Kiwi,
dried fruit like almonds and walnuts, liver, cheese, eggs, sunflower seeds, peanuts,
peanut butter, nuts, and seeds.[42] Synthetic folic acid is the primary way to fulfill daily
requirements [39]and is produced locally by the gut microbiome, primarily as
monoglutamylated folate, which is the form most readily absorbed, intestinal bacteria
serve as one of the sources of this vitamin.[44]

1.5.4 Dosage

Maintaining sufficient folate levels is crucial, yet many people consume less than the
recommended daily amount advised by national health authorities,[12] the current
recommended daily intake of folate for non-pregnant adults who are 19 years old and
older is 400 mcg.[16] Folate's total body content is estimated to be around 15 to 30 mg,
with about half stored in the liver and the rest spread among different body tissues and
the blood.[45] Serum folate levels are commonly utilized to evaluate folate levels. A
serum folate level higher than 3 ng/mL suggests sufficient folate levels.[12]

1.5.5 Function

Evidence from both open and controlled trials indicates that folic acid and methyl folate
replacement therapy may have an impact on mood, cognitive function, arousal, and

social function.[46] Folates, particularly methyl folate, play a vital role in the nervous
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system throughout life. They are essential for various methylation reactions within the
central nervous system (CNS), including purine, thymidine, nucleotide, and
deoxyribonucleic acid (DNA) synthesis. Additionally, folates are involved in
nongenomic and genomic methylation processes, contributing to tissue growth,
differentiation, and repair. These compounds also serve as cofactors for various
biological functions.[47] Neural tube defects including spina bifida in fetuses, genetic
disorders in childhood, and depression/cognitive decline in the elderly are all currently
of interest.[46] There is a focus on the potential role of vitamin B9 in preventing central
nervous system development disorders and mood issues.[48] Folate is essential for
creating healthy red blood cells and plays a vital role in times of rapid growth, such as
pregnancy and fetal development.[49] Administering folic acid inappropriately when
there is a vitamin B12 deficiency can result in neurological and, subsequently,

hematologic relapse.[48]

1.5.6 Fortification

Fortification is a method of enhancing staple foods with vitamins, minerals, or both, to
improve the nutritional content consumed by the majority of the population. Fortified
foods like rice, pasta, bread, and certain breakfast cereals in the United States may
include extra vitamins, minerals, or both as specified by the regulations of the U.S.
Food and Drug Administration (FDA). These rules permit both voluntary and

compulsory fortification.[50]

The World Health Organization and the Food and Agricultural Organization of the
United Nations (FAO) released guidelines in 2006 to assist countries in establishing the
Target Fortification Level, Maximum Fortification Level, Minimum Fortification Level,
and Legal Minimum Level of folic acid for fortifying flour.[51] The British
Government revealed in November 2018 a proposal to seek input on requiring the

fortification of flour with folic acid.[52]

1.5.7 Bioavailability

Bioavailability is the extent to which a consumed micronutrient is absorbed and utilized
by the body. Factors that can affect bioavailability include the chemical form of the
fortificant, the food matrix and the dietary composition, the overall dietary intake, the
nutrient composition of the fortification mix, and the physiological state of the
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individuals being targeted.[53] The bioavailability of folate from different foods is
influenced by factors like the food's composition, the breakdown of polyglutamyl
folates in the intestines, the possible degradation of delicate folates during digestion,
and the presence of dietary elements that may enhance folate retention during
digestion.[54] Dietary folate is less bioavailable than folic acid. Folic acid is considered
to be fully bioavailable when consumed as a supplement, whereas the bioavailability of
folic acid in fortified food is estimated to be around 85% compared to supplemental
folic acid. This variation occurs because the natural polyglutamate form of dietary folate
is hydrolyzed into the monoglutamate form in the intestinal tract prior to absorption. In
most cases, folate is converted into 5-methyltetrahydrofolate in the liver, which is the

standard form found in the bloodstream and utilized by body tissues.[55]

1.5.8 Folate deficiency and elevation

Folic acid deficiencies have also been associated with symptoms of depression in
adults.[10] Folate deficiency can stem from various factors, including diet, lifestyle
choices, as well as pathological and pharmacological processes.[56] Causes of folate
deficiency include alcoholism, poor nutrition, issues with nutrient absorption, and
utilization, certain medications being used simultaneously, and many times, genetic
variations in folate-dependent enzymes can lead to metabolic disorders.[48] Because
methylenetetrahydrofolate reductase (MTHFR) genetic variations are common in the
general population and raise concerns about reduced enzyme function leading to
decreased levels of biologically active L-methylfolate.[57] Inadequate dietary
consumption is the primary reason for folate deficiency. Elevated folate turnover, such
as during breastfeeding, pregnancy, hematological issues, and skin conditions like
psoriasis, can also result in folate deficiency. Additional primary factors that contribute
include issues leading to malabsorption in the gastrointestinal system. Anticonvulsants,
oral contraceptives, and folate antagonists like methotrexate can also lead to folate
deficiency. Severe folate deficiency is caused by inborn errors in folate metabolism.[58]
Folate can be lost from foods when cooking, preparing, or storing them, especially
when exposed to heat and oxidation[59], this is because these vitamins are heat, light,
air, and acid-sensitive. On the other hand, grinding food can enhance the release of
additional folates.[60] Adults with symptoms of depression have been associated with
deficiencies in folic acid. For instance, researchers have discovered a correlation

between depression symptoms and reduced plasma folate levels.[61] Studies also
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suggest that folate deficiency could lead to neuropsychiatric disorders such as
endogenous depression.[62] Folate deficiency is linked to a higher chance of
neurological conditions and depression.[10] Adding folic acid to antidepressant
medication boosts its effectiveness. The optional enrichment of food, easy access to
affordable folic acid supplements, and required inclusion of folic acid in grains could
result in an overabundance in one's diet, potentially causing various negative effects.
The negative consequences can affect various aspects of public health, as research
indicates that excessive folic acid consumption could potentially interfere with
medications, increase the risk of cancer, and hinder fetal development.[56] Consider the
potential risks of taking high doses of folate. Folate supplements could hide a vitamin
B12 deficiency (pernicious anemia), so it is important to be cautious with at-risk
individuals to prevent overlooking this condition. Furthermore, there are worries about
the negative impacts of unprocessed synthetic folic acid on depression.[63] Early data
indicates that using L-methyl folate instead of folic acid for supplementation may help
reduce the risk [64].

1.5.9 Physiology of absorption, metabolism, and excretion
1.5.9.1 Absorption, transport, and storage

Polyglutamates are the main form found in foods rich in this vitamin, such as green
vegetables, liver, kidney, yeast, and egg yolk. These compounds can dissolve in water
and must undergo a conversion process into the monoglutamate form with the help of
the enzyme vy-glutamylhydrolase, also referred to as folate conjugase,[65] in the
intestinal mucosa before they can be absorbed [66] through a saturable pH-dependent
process. Consuming pharmacological levels of folate in the monoglutamate form results
in absorption through a nonsaturable process that includes passive diffusion.[67] Folate
monoglutamates, such as 5-methyltetrahydrofolate, circulate in body fluids like
cerebrospinal fluid (CSF) and serum.[67] The liver can absorb a significant amount of
this folate, metabolizing it into polyglutamate derivatives before either keeping it or
discharging it into the bile or blood. Roughly two-thirds of the folate found in plasma is
attached to proteins. Different levels of plasma folate are linked to proteins with low
affinity, predominantly albumin, accounting for approximately half of the bound folate.
Additionally, plasma contains small amounts of high-affinity folate binders.[65] Folate

levels in cerebrospinal fluid are notably two to three times higher compared to levels in
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the bloodstream.[67] Confirmed that 5-MTHF is transported actively across the blood-
brain barrier through the choroid plexus.[68] The relationship between CSF and serum
folate is disrupted when folic acid is used in clinical treatment, as the blood-brain
barrier (BBB) restricts the passage of 5-MTHF. This could be due, at least in part, to the
convulsive nature of folate derivatives as shown in experiments. Mammalian cells
cannot produce folates on their own, so they have developed specialized carrier-
mediated transport systems for delivering and absorbing folate derivatives from
food.[48] The three main types of transport systems are the reduced folate carrier
(RFC), the proton-coupled folate transporter (PCFT), and a small family of folate
receptors (FRs) encoded by three distinct genes: folate receptor alpha (FRa), folate
receptor beta (FRf), and folate receptor gamma (FRy). Both FRa and RFC play roles in
transporting folates across the blood-brain barrier and into neuronal cells.[69] Folate's
total body content is estimated at 15 to 30 mg, with approximately half stored in the
liver and the rest in body tissues and blood.[45]

1.5.9.2 Metabolism and excretion

Folic acid or folate, also called pteroylglutamic acid, consists of a pteridine ring
attached to p-aminobenzoic acid, which is further connected to glutamic acid.[48]
Active folates are transformed into dihydrofolate and tetrahydrofolates by adding two or
four hydrogen atoms through enzymatic reduction, facilitated by the DHFR enzyme.
Following this, L-methylfolate, folate's active form is generated from THF through the
enzyme methylenetetrahydrofolate reductase (Figure 3).[57] Certain folate derivatives
within cells contain extra glutamic acid residues, forming folylpolyglutamates.[48]

Folate monoglutamate is transformed into its polyglutamate form by the enzyme
folylpolyglutamate synthetase before storage in tissue or use as a coenzyme. Upon
release from tissues into circulation, folate polyglutamate is converted back to the
mono-glutamate form by y-glutamyl hydrolase. Enzymatic reduction and resynthesis
into the polyglutamate form are necessary for folates to operate in single-carbon transfer

reactions.[65]

Understanding folate metabolism is crucial, with the folate cycle being a key component
(Figure 4) [57]. In this cycle, serine donates a carbon unit to tetrahydrofolate (THF) and
undergoes a series of reductions to form formyl (CHO), methylene (CH2), and

10



methenyl (CH) derivatives, leading to the production of 5-MTHF. This 5-MTHF
transfers a methyl group to homocysteine, converting it into methionine with the help of
an enzymatic reaction that includes vitamin B12 and methionine synthase. The cycle
continues with the regenerated THF initiating a new round of methyl group synthesis.
These methyl groups move from methionine to S-adenosylmethionine (SAM), which is
the main provider of methyl groups in different methylation reactions in the body.
These reactions take place in the nervous system and impact lipids, proteins,
nucleoproteins, and monoamines. SAM also regulates methionine synthase activity.
Additionally, converting various carbon-linked folate derivatives in the folate cycle
provides carbon units for vital metabolic pathways, particularly the synthesis of purines
and pyrimidines facilitated by 5,10-methylene-THF. This process is crucial for

nucleotide, ribonucleic acid (RNA), DNA synthesis, and overall genetic function [48].

Folic acid is eliminated through feces and urine but can also be broken down through
catabolism into smaller compounds. The majority of excreted substances in humans
consist of these breakdown products of folate. The first stage of folate breakdown
involves splitting intracellular folylpolyglutamate at the C9-N10 bond. The resulting p-
aminobenzoylpolyglutamates are converted into monoglutamate, which is then N-
acetylated before being excreted.[65] While the breakdown of folic acid is a well-
understood process, the breakdown within cells is usually not a significant factor due to
the presence of proteins, antioxidants, and specific enzymes that limit the formation of
oxidizing agents. When folic acid intake is reduced, serum levels decrease rapidly
within a few days. Since the body's folic acid reserves are relatively low, a lack may

develop in 1 to 6 months, depending on utilization rate and nutritional status.[66]
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Figure 3

Conversion of folic acid into I-methylfolate [57]
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for serine hydroxy-methyl transferase, and THF refers to tetrahydrofolate.
Figure 4

Folate metabolism pathway [57]
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Note. DHF stands for dihydrofolate, CBS is cystathionine beta-synthase, DHFR represents dihydrofolate
reductase, MT refers to a methyltransferase, MS is shorthand for methionine synthase, MTHFR denotes
methylenetetrahydrofolate reductase, SAM represents S-adenosylmethionine, SAH stands for S-
adenosylhomocysteine, THF signifies tetrahydrofolate and SHMT is an abbreviation for serine

hydroxymethyltransferase.
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1.5.10 Mechanism of action of folate in depression

Studies on folate metabolism have offered insights into the link between low folate
levels and depression. Folate is converted into S-adenosylmethionine (SAMe) in the
body.[70]

Folate forms (levomefolic acid, folic acid, folinic acid, 5-methyltetrahydrofolate or
methylfolate and |-methylfolate), [71] can change into one another through the one-
carbon cycle, a biochemical pathway involved in methylation processes in brains and
our bodies. Numerous crucial metabolic processes are controlled by this cycle, such as
the production of the neurotransmitters norepinephrine (NE), dopamine (DA), and
serotonin (5HT) which are implicated in depression. Disturbances in this process could

contribute to depression.[72]

Different forms of folate have varying levels of bioavailability. An active form of folate
IS necessary to produce serotonin, dopamine, and norepinephrine in the central nervous
system. Folic acid needs to undergo a four-step conversion in the liver and intestines to
become I-methylfolate, which is a biologically active form of folate capable of crossing
the blood-brain barrier. This form aids in the synthesis of tetrahydrobiopterin (BH4) by
assisting in the regeneration of BH4 from its oxidized state.[12] BH4 activation is
crucial for the enzymes tryptophan hydroxylase and tyrosine hydroxylase, which are
responsible for producing serotonin, dopamine, and norepinephrine.[25] A lack of folate
can result in decreased levels of certain neurotransmitters, which may increase the
likelihood of experiencing depression. Folate insufficiency also affects other biological
functions related to depression.[12] Low levels of folate can cause an increase in
homocysteine levels, resulting in hyperhomocysteinemia. Studies indicate a strong link
between the severity of depressive symptoms and high homocysteine levels [73]
because of the toxic effects on brain cells.[3] This disruption in the metabolic cycle can
result in higher levels of S-adenosylhomocysteine (SAH) and lower levels of S-
adenosylmethionine (Figure 5).[74] Elevated levels of homocysteine and decreased
SAMe can lead to the activation of N-methyl-D-aspartate (NMDA) receptors, which are
involved in excitatory neurotransmission. Overactivation of NMDA receptors may
disturb the equilibrium of neurotransmitter systems, resulting in oxidative stress and
neuronal excitotoxicity.[75] Higher production of reactive oxygen species (ROS) and
impaired endothelial function linked to hyperhomocysteinemia can harm vascular
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integrity and vascular health.[76] This endothelial dysfunction can lead to decreased
blood flow and nutrient delivery to the brain, which may exacerbate mood disturbances
and neuronal harm. The disruption of these chemical processes can lead to a series of
effects on neurophysiology and mood control (Figure 5).[77] The dihydrofolate
reductase enzyme triggers the conversion of folic acid to dihydrofolate. Individuals
using lamotrigine and other DHFR inhibitors might find relief from a folate type not
dependent on DHFR. Folinic acid and 5-MTHF can be converted into an active folate
form without the need for DHFR, unlike folic acid.[36] Genetic studies have pinpointed
a distinct genetic variation in the methyltetrahydrofolate reductase enzyme, known as
the C677T TT genotype, as a contributor to depression. This specific genotype impacts
the enzyme involved in folate metabolism.[78] The enzyme methylenetetrahydrofolate
reductase is crucial for the one-carbon metabolism of folinic acid and folic acid;
however, the C677TT polymorphism, a common genetic variation in individuals with
depression, affects this enzyme and can hinder the conversion into I-methylfolate [79].
Individuals with this genetic variation may find 5-MTHF more effective than other
folate forms in reducing depressive symptoms as it can cross the blood-brain barrier
without needing MTHFR.[61] Consequently, biological research shows that folate has a
significant impact on the development of depression.[12]
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Figure 5

Mechanisms of homocysteine-induced neurotoxicity [12]
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Note. The figure illustrates the different processes involved in the neurotoxic effects of high levels of
homocysteine. Several factors, such as diseases, aging, folate deficiency, and MTHFR C677T
polymorphism, can lead to elevated homocysteine levels. Increased homocysteine levels disturb essential
biochemical processes in the central nervous system. This disruption triggers a series of events, including
an increase in S-adenosylhomocysteine (SAH) levels and a decrease in S-adenosylmethionine (SAMe)
levels. This imbalance results in heightened oxidative stress because of increased production of reactive
oxygen species (ROS). The subsequent endothelial dysfunction and oxidative stress contribute to
neurotoxicity and are associated with the development of depressive illness. The heightened oxidative
stress and disrupted biochemical pathways ultimately play a role in the pathogenesis of depressive

symptoms. The figure has been revised based on[77].
1.6 Problem statement

Mental disorders are one of the threats to human health that is expanding most quickly,
with depression being the most common [29]. According to one study, folate levels are
not inversely related to depression [80], and according to several studies, folate
deficiency is consistently associated with a high risk of depression, longer depressive
episodes, more severe depressive symptoms, and an increased risk of relapse and low
levels of folate have been linked to a poorer response to drug treatment.[81]
Nevertheless, the literature on discrepancies in folate levels between individuals either
without or with depression has been incongruent [72]. Based on the studies, this study is
the initial local study to determine the correlation between levels of serum folate and
depression among female students based on a limited age period of 18-30 years old.
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1.7 Research Questions

Is there any association between levels of serum folate and depression?
What is the association between levels of serum folate and depression?

1.8 Objectives

1.8.1 Main objective

To determine the relationship between serum folate levels and depression among adult
female students at An-Najah National University in Nablus, Palestine.

1.8.2 Other objectives

To assess the prevalence of socio-demographic data.

To assess the prevalence of food types, lifestyle behaviors, and clinical characteristics.
To evaluate the concentration of levels of serum folate.

To assess the prevalence of depression, anxiety, and stress.

To compare general characteristics by serum folate levels.

To compare diet, lifestyle behaviors, and clinical characteristics by serum folate levels.
To compare general characteristics by depression severity.

To assess the correlation between levels of serum folate and depression severity.

1.9 Significance of the study

The importance of the study was to help to know the levels of serum folate among
females and enable them to improve its level and fade the effects of deficiency like
depression, by addressing this disorder through comprehensive management approaches
and effective prevention strategies, we can alleviate the substantial burdens they
impose, improve overall well-being, and improve the quality of life for individuals and
communities worldwide.[12] Also to make sure that there is an actual correlation
between levels of serum folate and depression and the possibility of using folic acid to
relieve the symptoms resulting from it or improve the treatment of depression because,

despite advancements in antidepressant treatments, their effectiveness remains limited,
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with a significant percentage of patients not responding to it adequately. So combining
nutraceuticals especially folate in both methyl folate forms and folic acid, may offer a

unique and safer option for managing depression.[82]

1.10 Hypothesis
1.10.1 Alternative non-directional hypothesis

There is a correlation between levels of serum folate and depression.

1.10.2 Null hypothesis

There is no correlation between levels of serum folate and depression.

1.11 Literature
1.11.1 The Basis for folate deficiency and elevated levels

Various factors and conditions are linked to folate deficiency, including medications
like specific anticonvulsants, antibiotics, and oral contraceptives, as well as antifolate
cancer treatments. Other contributors include malabsorption syndromes, chronic
illnesses such as autoimmune disorders like rheumatoid arthritis, genetic folate
metabolism disorders like 5,10-methylenetetrahydrofolate reductase deficiency,
inadequate dietary folate intake, alcoholism, and increased utilization during
pregnancy.[48] [59] [60]

1.11.1.1 Influence of diet on folate levels

Eating a healthy diet is associated with a reduced risk of depression by raising folate
levels in the blood. Conversely, an unhealthy diet is linked to an increased likelihood of
experiencing depression by lowering vitamin levels in the blood.[7] Healthy diets
typically include more foods rich in folate, which can help prevent depression.[11] In a
case-control study, 110 individuals diagnosed with depression and 220 healthy
participants were enlisted to investigate the association between dietary habits and
depression with serum folate as a mediator. The results suggest that dietary patterns
may affect depression by influencing folate levels in the blood.[7] In a 1999 diet
intervention study, the effectiveness of natural dietary folate in enhancing folate levels

was examined. A group of 66 women and 28 men volunteered for the study, which
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targeted healthy individuals aged 18-45. The results suggest that eating more foods rich
in folate such as citrus fruits and vegetables can enhance folate levels.[83]

1.11.1.2 Influence of body mass index on folate levels

In 2015, a study investigated the connection between metabolic factors and body mass
index (BMI) with serum folate levels in 3767 adults from a nationally representative
sample. The findings indicated that obesity is linked to lower serum folate levels, which
align with reduced folate intake. [84] A review of past studies on the link between
obesity and folate was conducted. Out of the 17 studies reviewed, 12 focused on the
folate levels of the participants. The findings suggested that obese and overweight
individuals typically exhibit lower serum folate levels in comparison to those of normal
weight.[85] A research study investigated how folic acid affects obesity by analyzing
information from the Korea National Health and Nutrition Examination Survey
(KNHANES VII 2016-2018), involving 6394 adults between 19 and 80 years old. The
results revealed a significant inverse correlation between obesity and folate levels.[86]

1.11.1.3 Influence of caffeine on folate levels

Caffeine consumption (in mg/day) from coffee, chocolate, cola, tea, and other soft
drinks.[87] The impact of coffee on health has garnered significant interest.[88] The
study shows that the consumption of caffeinated beverages can have a negative impact
on serum folate levels, based on the connections found between serum folate levels,
caffeine intake, and dietary folate intake.[89] A group of 486 healthy adults (250 males,
236 females) with an average age of 39 years, plus or minus 14 years, were included in
the study. The research focused on analyzing the levels and factors influencing serum
folate levels in a healthy adult community in Crete, Greece. The study found a negative
association between levels of serum folate and coffee intake.[90] In an open-labeled
randomized study without blinding, researchers examined how tea affected the
absorption of folic acid (0.4 mg and 5 mg) in healthy volunteers. The study aimed to
explore any potential interaction between folic acid and tea in the body. The latest
findings indicate a potential in vivo interaction between tea and folic acid, where even
small amounts of black and green tea extracts can reduce the body's ability to absorb
folic acid.[91]
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1.11.1.4 Influence of smoking and passive smoking on folate levels

The World Health Organization identifies tobacco smoking as one of the top 10 health
risks [92], estimating that 1 billion men and 250 million women are current cigarette
smokers. Smoking a single cigarette releases over 1015 free radicals and other oxidants,
with more present in the cigarette tar. Folate levels in cigarette smokers are lower
compared to non-smokers, as indicated by research showing decreased blood and tissue
concentrations of serum folate in smokers.[93] Smoking exposure in non-pregnant
adults is linked to lower folate levels [94], a study was conducted to investigate the
impact of smoke exposure on red blood cells and serum folate levels. The results
showed that individuals, whether smokers or nonsmokers, who experienced high levels
of smoke exposure had lower levels of red blood cell folate than nonsmokers with
minimal smoke exposure. Exposure to tobacco smoke has been associated with reduced
folate levels, potentially contributing to certain health impacts of smoking, whether
actively or passively.[95] Two hundred healthy Saudi men, with half being non-smokers
and the other half smokers, between the ages of 19 and 50 from Riyadh, were chosen for
this study. The study aimed to investigate how water-pipe smoking impacts the risk
factors related to the total antioxidant capacity of healthy Saudi men. Smokers exhibited
significantly lower total antioxidant capacity than non-smokers (p<0.05).[96]

1.11.1.5 Influence of physical activity on folate levels

Fifty animals were assigned randomly to either the regular exercise training (ET) group
(n = 25) or the non-exercise training (NT) group (n = 25) for 5 weeks. The research
demonstrated that muscle tissue rebuilding and repair and energy production through
physical activity rely on folate as a cofactor. Engaging in regular moderate exercise
training was found to lower plasma folate levels. Conversely, there were no notable
alterations in levels of plasma folate when the duration of acute aerobic exercise was

increased.[97]

The connection between physical activity and levels of folic acid in the plasma has not
been studied. To address this gap, they looked into how prolonged endurance training
and intense exercise affect total folic acid levels in the plasma of 42 highly trained male
triathletes. Additionally, they found that athletes with the most training had the highest
plasma folate levels.[98]
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1.11.1.6 Influence of pregnancy on folate levels

Micronutrient levels fluctuate significantly during pregnancy and differ among various
populations. Hemodilution linked to pregnancy leads to a reduction in the levels of
several micronutrient indicators in the latter stages of pregnancy.[99] Several studies
have explored the potential effects of folate levels on the likelihood of experiencing
depression either during postpartum or pregnancy. A comprehensive review of these
studies yielded varying outcomes. [100] One research study reviewed 709 women in
Singapore and revealed that those with lower plasma folate concentrations (average 27.3
nmol/L [12.0 ng/mL]) at 26-28 weeks gestation had a notably higher likelihood of
experiencing depression during pregnancy compared to women with elevated plasma
folate concentrations (average 40.4 nmol/L [17.8 ng/mL]). The risk of depression did
not persist after childbirth.[101] A different research involving 2,856 women from the
United Kingdom showed that there were no notable connections between levels of
folate intake or red blood cell folate from supplements and food during or before
pregnancy and symptoms of postpartum depression.[102] A recent study involving
1,592 Chinese women revealed a decreased occurrence of postpartum depression among
those who consumed folic acid supplements for over 6 months during pregnancy
compared to those who took them for a shorter duration.[103]

1.11.1.7 Other factors related to folate levels

The most extensive study on serum folate levels in COVID-19 hospitalized patients is a
retrospective cohort study. It indicates a high prevalence of reduced folate levels among
these individuals.[104] In vitro research has examined the impact of ultraviolet (UV) on
both natural folate and synthetic folic acid. Folic acid, a synthetic variant of folate, is
included in supplements and foods to boost folate levels. Unlike natural folate, folic
acid is resistant to UV light and heat breakdown, making it a stable choice for food
preparation purposes.[56] A study suggests that feeling depressed can reduce appetite
and lower folate levels, potentially hindering recovery from depression and worsening
the condition.[70] A total of 4478 serum samples from healthy participants aged 2
months to 18.0 years, collected during a child population-based cohort study conducted
from 2011 to 2015, underwent analysis using electrochemiluminescence immunoassay
(ECLIA). The study suggests specific percentiles for serum folate based on age and sex

and examines how sex and age impact folate levels in adolescents and healthy children.
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Their findings indicate that folate concentrations decrease with age in both males and
females.[105] A study compared 110 patients diagnosed with depression to 220 healthy
individuals who filled out a semi-quantitative food frequency questionnaire. The study
aimed to explore the connection between depression and dietary patterns by examining
the influence of serum folate as an intermediary. Research indicates that the patients had
lower levels of education compared to the individuals who were in good health.
Research shows that individuals with higher levels of education are more likely to opt
for nutritious food, undergo regular health screenings, and experience improved health
results.[7] Adults residing in rural areas consumed notably less folate compared to their
urban counterparts. This trend was also documented in other studies involving rural
populations.[106] Folate deficiency rates exceeded 20% in numerous low-income

countries while remaining below 5% in higher-income nations.[107]

1.11.2 Folic acid deficiency and risk of depression

Numerous studies indicate a connection between depression and a deficiency in folic
acid. When the levels of folic acid are low, it can result in decreased levels of dopamine,
norepinephrine, and serotonin, which can contribute to the development of
depression.[72] In one study, patients with a higher rate of FA metabolism had a 1.37
times greater risk of depression.[78] Bender et al. performed a meta-analysis to
investigate the disparity in folate levels among people without depression compared to
those with it. The study revealed that individuals with depression had notably lower
levels of folate than those without depression. Moreover, people experiencing
depression tend to have reduced folate intake and lower levels of serum folate compared
to individuals without depression.[72] Almeida, Ford, and Flicker found that extended
folate supplementation could lead to better results in managing depressive symptoms by
lessening their occurrence, intensity, and likelihood of recurrence. Interestingly, certain
people may experience a folate deficiency in the central region of the body rather than
the outer regions.[108] Hyland, Shoffner, and Heales examined the cerebrospinal fluid
of five adolescent patients with treatment-resistant depression. They found that three
patients exhibited low levels of 5-methyltetrahydrofolate in their CSF but normal folate
levels in their blood, suggesting cerebral folate deficiency.[109] Studies conducted in
vivo and in vitro have shown that the reduced folate carrier's functional expression at
the blood-brain barrier, along with its upregulation by the vitamin D nuclear receptor

(VDR), may offer a different way to transport folate to the brain. This therapeutic
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approach could potentially improve brain folate levels to treat neuropathological
conditions resulting from dysfunctions in the proton-coupled folate transporter or folate
receptor alpha, primarily at the choroid plexus.[110] Loss of PCFT or FRa function can
significantly impact brain folate absorption. Apart from the blood-brain barrier, RFC is
also found in epithelial cells of the choroid plexus, which could aid in folate uptake into
the central nervous system.[69] Studies on animals demonstrated that folate can reduce
the permeability of the BBB and decrease oxidative nitrosative stress in the brain to

avoid cognitive impairment.[111]

1.11.3 The association of folate and depression

Depression is the primary factor contributing to disability on a worldwide scale and can
result in fatalities.[112] In 2008, depressive disorder was ranked as the third leading
cause of the global burden of disease by the World Health Organization. The WHO has
forecasted that this disorder will become the primary cause by 2030.[26]

Research involving 2,948 individuals aged 15 to 39 in the United States revealed
significant decreases in erythrocyte and serum folate levels among individuals with
depression when compared to those who had not previously experienced
depression.[113] A study of data from the 2005-2006 NHANES revealed a connection
between elevated folate levels in the blood and reduced rates of depression among 2,791
adults aged 20 and above.[114] There was a significant association among females,
while no correlation among males. Nonetheless, a different analysis revealed no
connections between folate consumption through dietary supplements and food and
depression in 1,368 healthy Canadians aged 67—84.[115]

1.11.4 Folate in the treatment of depression

Depression has been associated with inadequate folate levels, indicating a possible use
of folate in treating depressive conditions. Evidence supporting this idea shows that
replacing folate has led to improved moods in patients with epilepsy or gastrointestinal
issues who were deficient in folate. [116] In a randomized controlled trial that included
24 depressed patients with low red blood cell folate (RBCF) levels below 200 ng/mL,
adding a dose of 15 mg/day of methylfolate to their existing treatment with standard
antidepressants such as lithium, tricyclic antidepressants, or monoamine oxidase

inhibitors led to improved clinical results at 3 and 6 months compared to adding a
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placebo.[117] Methylfolate was chosen for its active transport into the CNS and its
concentration in synaptic areas where it is essential for metabolic pathways. A
retrospective survey of past cases found that psychiatric patients who were given folic
acid experienced shorter hospitalizations, and showed enhanced mood and improved
social functioning compared to those with low levels of folate who did not take
supplemental folate.[116] A double-blind, placebo-controlled trial was conducted to
examine how a daily 200-microgram folic acid supplement compared to a placebo
affected the emotional well-being of 75 patients undergoing lithium therapy. The
researcher discovered that including patients with bipolar and unipolar mood disorders
who were taking lithium prophylaxis and giving them small daily doses of folic acid
(200 pg) decreased the frequency and length of mood disorder symptoms.[118] In an
open-label trial involving 20 elderly patients with depressive disorders, where only two
had low folate levels, giving methylfolate (50 mg/day) by itself, instead of alongside
regular antidepressants, led to a notable 81% response rate within a 6-week
timeframe.[119] There is increasing evidence indicating that folate could be used
alongside antidepressant medication and potentially on its own to treat depressed
patients with borderline low folate levels. In a speculative scenario, folates might be
beneficial in treating certain depressed patients with normal serum folate levels.[116]
Research indicates that even individuals with sufficient levels of folate can gain
advantages, particularly because levels of folate in the peripheral system may not

accurately reflect folate levels in the central nervous system.[120]

Folate supplementation has been linked to favorable results in people with depression,
including decreased length of inpatient treatment stays and enhanced effectiveness of
standard therapies. [108] A recent meta-analysis showed that there was no significant
variance in depressive symptoms between those who took folic acid supplements and
those who took a placebo.[32] Additional studies indicate that there is insufficient
support for short-term folate or folic acid supplementation compared to prolonged
usage. Folate supplementation is suggested as a third-line treatment.[121] Long-term
supplementation with folate may lead to better results by decreasing the occurrence,
intensity, and likelihood of recurrence of depressive symptoms.[108] It is crucial to
mention that taking folic acid supplements might decrease the efficacy of other
psychotropic drugs.[122] Therefore, the potential interaction between folate and

psychotropic medications should be taken into account before recommending
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supplementation. More research is needed to fully grasp the impact of folate
supplementation on psychotropic drugs. However, most individuals can safely take
folate as a supplement.[123] L-methylfolate is a costly option, but it could be
particularly beneficial for individuals carrying the C677T TT (vs. CC) genotype of the
MTHFR enzyme. This genotype is associated with inefficient folate metabolism, and L-
methylfolate bypasses the need for a further breakdown like synthetic folic acid.[124] In
cases where traditional treatments do not lead to remission for people with depression,
combined or dynamic treatment methods may present hopeful options. Further research
on folate supplementation for depression is therefore justified.[72] Even though
depression causes a significant amount of illness and death, the medications and
therapies supported by the most reliable evidence do not work for almost 60% of

depression patients.[125]

1.11.5 Impact of vitamin status on treatment outcome

Reynolds et al. conducted a study on 101 depressed patients who received various
antidepressant medications. The study revealed that the effectiveness of the treatment
was reduced in cases where serum folate levels were low. A recent study on severely
depressed outpatients revealed that patients who had a positive response to
desmethylimipramine treatment had notably higher folate levels compared to those who
did not respond.[126] Another study found that patients with a deficiency in serum
folate showed a notably higher resistance to fluoxetine therapy (which is part of a class
of medications known as SSRIs.). A new study suggests that the effectiveness of the
medications sertraline and nortriptyline in treating depression depends on the initial
levels of RBC folate, even when all folate levels are within normal limits. Better results
were seen in elderly patients with depression who had higher folate levels, particularly
in those taking sertraline.[127] Antidepressant therapy is linked to an elevation in RBC
folate levels. This increase is influenced by the levels of folate, with a higher increase
observed in those who respond positively to the treatment compared to those who do
not. SAM, the crucial methyl group provider, relies on folate for its synthesis. In certain
countries, SAM is utilized in the management of depression, either on its own or
alongside antidepressants. The impact has been approximated to be similar to that of
tricyclic antidepressants but is better received and takes effect more quickly.[126]
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1.11.6 Augmentation of antidepressants by folic acid

In 2021, a study was conducted to assess depression scores, response, and remission
rates in individuals diagnosed with depression who were undergoing additional
treatment with folate (L-Methylfolate or folic acid) in comparison to those receiving
only serotonin-norepinephrine reuptake inhibitor or selective serotonin reuptake
inhibitor therapy (SNRI or SSRI). Adjunct therapy using L-Methylfolate or folic acid
was found to enhance patient response, depression scale scores, and rates of

remission.[128]

In Kashan, Iran, a double-blind randomized clinical trial was carried out on 90
depression patients to investigate the impact of folic acid supplementation alongside
citalopram in treating depression. The study revealed that combining folic acid with

antidepressants can enhance patients' responses to treatment for major depression.[129]

The research explored how mixing low doses of venlafaxine with folic acid impacted
mice. The results suggest that combining a low venlafaxine dose with folic acid may

enhance its therapeutic effectiveness and allow for lower dosages.[130]

Research findings on the possible benefits of folic acid supplementation as a
complementary treatment for depression alongside standard antidepressant medications
have been inconclusive. During a clinical study in the United Kingdom, 127 individuals
diagnosed with severe depression were randomly divided into two groups. One group
was given 500 mcg of folic acid while the other group received a placebo, alongside a
daily dose of 20 mg of fluoxetine for 10 weeks.[131] While there were no statistically
significant effects observed in men, women who were given fluoxetine along with folic
acid experienced a notably greater enhancement in depressive symptoms compared to
those who were given fluoxetine along with a placebo. In the United Kingdom, another
clinical study randomly assigned 475 adults with moderate to severe depression, who
were already on antidepressant medications, to receive either a placebo or 5,000 mcg of
folic acid daily for 12 weeks.[132] Depression measures did not show improvement in
participants who were taking folic acid compared to those taking a placebo. A meta-
analysis and systematic review of four trials involving folic acid (In two trials, less than
5,000 mcg/day was used, while in two other trials, 5000 mcg/day) along with
fluoxetine or other antidepressants in patients with depressive disorder, concluded that
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folic acid at doses lower than 5,000 mcg/day could be helpful as a supplement to
selective serotonin reuptake inhibitor (SSRI) therapy.[131] The authors stated that this
conclusion was derived from poor-quality evidence. In another meta-analysis
combining data from four clinical studies, it was observed that daily doses of 500—
10,000 mcg of folic acid over 6-12 weeks as an additional therapy did not show a
significant impact on depression indicators when compared to a placebo.[32]

Additional research has explored the impacts of 5-MTHF supplementation in
conjunction with antidepressants, indicating its potential effectiveness surpassing that of
folic acid.[131] A study involving 148 adults diagnosed with depressive disorder found
that taking 7,500 mcg/day of 5-MTHF for 30 days, and then 15,000 mcg/day for another
30 days, alongside SSRI treatment, did not show any improvement in depression
indicators when compared to SSRI treatment with a placebo.[133] However, in a
subsequent study with the same design, 75 adults experienced a notable enhancement in
depression symptoms when taking 15,000 mcg/day 5-MTHF alongside SSRI therapy
for the entire 60-day period, as opposed to SSRI therapy combined with a placebo.[133]
The researchers who conducted a meta-analysis and systematic review of three trials
involving 5-MTHF (<15,000 mcg/day in one trial, and 15,000 mcg/day in two trials)
alongside fluoxetine or other antidepressants, determined that 15,000 mcg/day 5-MTHF
could potentially enhance SSRI therapy for individuals with depressive disorder.
However, they acknowledged that limited-quality data supported this finding.[131]
Furthermore, recommendations based on evidence from the British Association for
Psychopharmacology (BAP) [134] and the Canadian Network for Mood and Anxiety
Treatments (CANMAT) suggest that 5-MTHF could be beneficial when used alongside
SSRI treatment for depressive disorders.[121]

1.11.7 Dosage of folic acid to augment antidepressants

The study by Coppen and Bailey examines if combining folic acid with fluoxetine could
improve the effectiveness of the antidepressant. 127 patients were selected at random to
receive either 500 micrograms of folic acid or a visually identical placebo, along with a
daily dose of 20 mg of fluoxetine. All patients met the criteria for depression according
to the Diagnostic and Statistical Manual of Mental Disorders (3rd ed., rev; DSM-III-R)
and had a baseline depression score of 20 or higher on the Hamilton Depression Rating
Scale (HDRS) (17-item version). Plasma levels of folate and homocysteine were
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evaluated at the beginning and after 10 weeks to determine the significance of folic acid
dosage. The study found that a 500 mg dose of folic acid did not effectively reduce
plasma folate and homocysteine levels or improve the response rate in men. The study
mentioned above recommends taking 2 mg of folic acid to increase plasma folate levels

above 20 ng/ml in males and females.[135]

Antidepressant treatment trials require a significant amount of time to conduct, with
continuation and maintenance studies extending the duration further. Integrating 2 mg
of folic acid into antidepressant therapy could be seamlessly implemented in routine
clinical settings. The daily supplement is affordable and safe to consume. No harm
would have been done if the long-term trial results were negative. However, if they

were positive, many lives and suffering would have been saved.[136]
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Chapter Two

Methodology

2.1 Study design

A cross-sectional study was conducted to assess the connection between serum folate
levels and depression in adult females at An-Najah National University in Nablus city,
located in the northern part of the West Bank in Palestine. This university, the largest in
the area, draws students from various social backgrounds and regions across the West
Bank. Subjects were invited through the announcement of a research work aimed at
conducting a test to measure the levels of serum folate. In addition, a questionnaire was
created and used for this survey study. The questionnaire contained several variables,
the questionnaire also included a commonly used scale, Arabic Depression, Anxiety,
and Stress Scale-21 items (DASS-21) is a highly reliable and valid scale used to assess

depression.

This study aimed to explore the common belief regarding potential connections between

serum folate levels and depression.

2.2 Study population and setting

The samples were gathered from Palestinian female students of An-Najah National
University at An-Najah National University Scientific Research Laboratory in Nablus,

Palestine.

2.2.1 Inclusion criteria

The inclusion criteria were female students aged 18-30 and only individuals capable of

providing informed consent.

2.2.2 Exclusion criteria

The exclusion criteria included: (i) Females aged <18 and 30< years old and all males,
(i) Medical conditions both physical and mental, (iii) Drug use, (iv) Pregnancy or
lactation within the past year, (v) Body mass index that is equal to or greater than 40
kg/m2, (vi) B-complex injections in the form of a dietary supplement, injection, or oral
form has been taken within the last three months, (vii) Inability to complete the

guestionnaire.
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2.3 Study time

After obtaining approval from the Faculty of Graduate Studies (Appendix C) and the
Institutional Review Board (IRB) of An-Najah National University on 15 March 2023
(Appendix D), sampling was conducted from 15th September to 20th October 2023.
Furthermore, the data analysis, literature review, and writing of the study were ongoing
until May 2024.

2.4 Sample size

The study was conducted on adult females and all males were excluded from the study.
The sample size calculated for this study was 345 participants. Due to the high cost of
the kit/materials, and the kit works within the limits of 180 samples, 180 samples were
collected from accredited volunteers and, the sample size was smaller than the expected
sample size for females (345), as per the sample size calculator. Which was calculated

in two different manners:

First: An online sample size calculator is available on the website "Select Statistical

Services" and is utilized for determining the precise sample size.[137]

Second: Stephen Thompson's Equation utilizes the subsequent formula to determine the

_ N p(1— p)
((IN—-D<(F ~Z)D+ p (I— p)

F

sample size:

Where, sample size (n), population size (N), confidence level (z) set at 95% (1.96), error

proportion (d) at 0.05, and population proportion (p) as a decimal of 0.65.[138]

2.5 Sampling technique

This research employed a convenience sampling method, which is classified as a type of
non-probability sampling technique (non-random sampling). The research was
promoted, attracting volunteers to join the study. This sample type was utilized in
various socio-behavioral, psychological, and pharmacological studies. Convenience
sampling was selected for its affordability and simplicity, as it allows for easy access to
participants. When a sampling frame is not available, convenience sampling allows

researchers to gather data that would otherwise be unattainable.[139]
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2.6 Study variables

The study variables were identified and established using a comprehensive
questionnaire that gathered sociodemographic data, as well as the dependent and

independent variables obtained from the laboratory.

2.6.1 Dependent variable

The DASS-21 was categorized using the following scale: 0 for "Did not apply to me at
all,” 1 for "Applied to me to some degree or some of the time," 2 for "Applied to me to
a considerable degree or a good part of the time," and 3 for "Applied to me very much
or most of the time." Depression severity was classified as normal, mild, moderate,

severe, and extremely severe.

2.6.2 Independent variable

Serum folate levels (continuous).

2.6.3 Covariates

This study examined sociodemographic characteristics such as age groups (18-25, 26-
30) and body mass index (BMI kg/m2) was categorized as (underweight, normal
weight, overweight, obese), residence area was classified as (city, village, camp),
marital status was classified as (single, married, divorced), educational levels was
classified as (bachelors, masters, Ph.D.), work was classified as (works, not works),
family number of members was classified as (<3, 3-5, 6-8, >8), and family income was
classified as (ILS/monthly) (<1500, 1501-3500, 3501-7000, >7000). Nature of food was
categorized as (fruits and vegetables, sugars and starches, meats, canned and
manufactured, fast food), all types of food and drinks in this questionnaire were
classified as (never, 1-3, 4-6, >6), physical activity (0-1 h, 2-4 h, >4 h) smoking was
classified as passive smoking (yes, no), cigarette smoking (smoker, non-smoker, ex-
smoker), water-pipe smoking (yes, no), infected with covid-19 was classified as (yes,
no), the environment was classified as, exposure to air pollution and sunlight (yes, no).
Stress and anxiety were categorized into five levels: normal, mild, moderate, severe, and

extremely Severe.
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2.7 Materials and methods
2.7.1 Questionnaire
2.7.1.1 Measurement of basic information

The self-report Basic Information Questionnaire (Appendix B) was implemented in this
study for data collection, with guidance from the research supervisor and its authenticity
was verified by many experts, including professors at An-Najah University. It was also
prepared after reviewing and reading many questions and questionnaires from various
relevant literature and studies. The first part of the questionnaire contained four
sections, the first section was a socio-demographic questionnaire, including questions
regarding age, level of education, marital status, anthropometric (weight and height),
number of family members, work, monthly family income, the second section was
about lifestyle habits including questions regarding nature of food, used of Folate Intake
Calculation - Food Frequency Questionnaire (Fol-IC-FFQ), included questions about
types of food products consumed in a usual week or month. The weekly or monthly
frequency was selected according to common dietary practices in Palestine, determined
by the specific food item. The daily frequency was not used to make the questionnaire
simpler and avoid possible overestimation[140], physical activity, smoking, and drinks
intake, a third section was about health status, including questions regarding medical
conditions (physical and mental), coronavirus, pregnancy, medications, and the
antioxidant intake, and the fourth section was about some environmental factors,

including questions regarding pollution and radiation.

2.7.1.2 Outcome measurement

The second part of the questionnaire included the use of the Depression, Anxiety, and
Stress Scale-21 items, a popular screening tool that can evaluate symptoms of
depression, anxiety, and stress individually in community environments[141]. This tool
includes three sub-scales: (1) the Depression sub-scale (DASS-D), which evaluates low
self-esteem, hopelessness, and low positive affect; (2) the Anxiety sub-scale (DASS-A),
which examines musculoskeletal symptoms, subjective experience of anxious arousal,
autonomic arousal, and situational anxiety; and (3) the Stress sub-scale (DASS-S),
which measures tension, negative affect, and agitation [142]. Severity ratings for the
DASS sub-scales are displayed in Table 1.
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2.7.1.3 Reliability

The reliability of a measurement is determined by how consistently it reflects a concept.
Cronbach’s alpha was used to measure internal reliability, with results reported for both
the total alpha and the subscale alphas of the DASS-21 instrument. The alpha reliability
coefficient can vary from 0, indicating complete independence among items, to 1,
indicating a strong relationship among items. An alpha coefficient ranging from 0.70 to
0.80 was deemed satisfactory, while anything below 0.50 was unacceptable.[141] For
reliability, r values below 0.5 are deemed poor, while those ranging from 0.5 to 0.75 are

considered moderate, from 0.75 to 0.9 are good, and above 0.9 are excellent.[143]

The scale was translated to Arabic and validated for utilization within Arabic culture
[144], as previously noted[145]. The DASS comes in two forms: a complete 42-item
option and a condensed 21-item version. Both evaluate the same domains. This tool has
been validated and translated in multiple other languages. Both non-English and English
versions show strong internal consistency with Cronbach's alpha scores exceeding
0.7.[142] Research indicates that the DASS-21 exhibits strong internal consistency
reliability, with Cronbach's alpha (o) values between 0.74 and 0.93 in various non-
clinical and clinical populations.[145] Similarly, prior studies show that the DASS-21
demonstrates strong internal reliability and effectively differentiates between depression
and anxiety compared to other available assessments.[146] In this study, scales of the
DASS-21 had good internal consistency reliability, the overall Cronbach’s alpha(o)
(95% confidence interval for DASS-21 was 0.813 (95% CI=0.771 - 0.850), a. = 0.651
(95% CI=0.567 - 0.724), for the depression scale; a = 0.666 (95% CI1=0.586 - 0.736),
for the anxiety scale; a. = 0.576 (95% CI=0.475 - 0.665), for the stress scale.

2.7.1.4 DASS-21 Scoring

The three sub-scales, namely Depression (DASS21-D), Anxiety (DASS21-A), and
Stress (DASS21-S), each consist of seven items.[142] Items 3, 5, 10, 13, 16, 17, and 21
make up the depression subscale. The anxiety subscale is composed of items 2, 4, 7, 9,
15, 19, and 20. The stress subscale includes items 1, 6, 8, 11, 12, 14, and 18. The scale
is set up in a four-point Likert scale style, where answers vary from 0 (Not applicable to
me at all) to 3 (Highly applicable to me, or most of the time).[147] Each subscale's
score is doubled to achieve a maximum total score of 42.[148] More elevated scores
suggest increased psychological distress.[149] Levels of DAS were categorized using
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predetermined limits for normal, mild, moderate to severe, or extremely severe

symptom levels, as detailed in Table 1.[150]

Table 1

The severity ratings were utilized for interpreting DASS-21 [151]

Severity Depression Anxiety Stress
Normal 0-9 0-7 0-14
Mild 10-13 8-9 15-18
Moderate 14-20 10-14 19-25
Severe 21-27 15-19 26-33
Extremely 28+ 20+ 34+
severe

2.7.2 Sample collection
2.7.2.1 Folate assessment

The most frequently used initial test for assessing folate levels is serum folate. This
marker indicates the most recent dietary consumption and is the first indicator that hints
at insufficient folate levels. Folate levels rise after consuming folic acid or folate for up
to 2 hours before decreasing quickly. It has been suggested that quick elimination

implies that fasting folate levels indicate diminished folates discharged by tissues.[152]

2.7.2.2 Blood sample collection

Mishaps were avoided by adhering to WHO guidelines for phlebotomy, such as wearing
gloves, using alcohol wipes, disposing of needles properly, and washing hands before

and after the procedure, errors were prevented.[153]

Sample collection started on 15th September 2023 until 20th October 2023 at An-Najah
National University Scientific Research Laboratory in Nablus, Palestine. Participants
completed a self-administered questionnaire covering their socio-demographic
information, food nature, lifestyle factors, environment, health status, medication, and
psychological status. Reduced folate forms are sensitive to heat, pressure, oxidation,
pH, and ultraviolet light [154][155][156] and thus quickly undergo conversion or
breakdown processes. Therefore, sample preparation and measurements for serum folate

must be conducted in carefully controlled conditions.[157]
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Serum samples were gathered to measure serum folate, which encompasses various
folate forms present in the blood, commonly known as "total folate." Red blood cell
folate is not tested because it is more time-consuming, costly, and complex compared to
other methods. This is because polyglutamates need to be converted to monoglutamates
before analysis. Red cell folate is less influenced by analytical and pre-analytical
factors, making it a better reflection of folate levels over the past 36 weeks.[158] In
general, serum folate is a more cost-efficient and faster method of administration
compared to red cell folate. It also provides a more current indication of folate levels
and intake. Additionally, the serum/plasma test can assess folate status over a 13-week
timeframe[158]. Serum is the preferred choice over plasma because it may contain
fibrinogen clots. Generally, both matrices provide similar results [159] from each
participant following an overnight fasting period of 8 to 12 hours [160]. Folate levels in
the blood can vary depending on recent dietary intake, with serum folate being
influenced by acute dietary changes[161]. Participants were instructed to sit on a chair
with their arms facing upward and placed on a raised table. A location in the antecubital
area was chosen for the venipuncture site, and a tourniquet was applied above the elbow
to limit the flow of blood from the veins. The sample was shielded from light, kept cool,
and processed within a few minutes of collection. Lipemic and hemolyzed blood
samples were avoided. Studies indicate that intact whole blood demonstrates better
folate stability compared to hemolysate.[152] Blood samples were gathered in plain
tubes without anticoagulant to prevent the rapid degradation of folate in serum at room
temperature, especially when Ethylenediaminetetraacetic acid (EDTA) is present.[159]
Blood samples were left to coagulate at room temperature for around 20 minutes before
being spun at 3000 revolutions per minute (rpm) for 10 minutes. Once the yellow serum
supernatant was removed, the white buffy layer was left undisturbed. Samples were
stored at -80°C for a few weeks until tested using commercially available enzyme-
linked immunosorbent assay (ELISA) kits. Freeze-thaw cycles were avoided because

folate remains stable in serum for a maximum of three freeze-thaw cycles [162].

2.7.3 Sample analysis

Samples were analyzed by ELISA commercially available kits. The ELISA method was
created in 1971,[163] a quantitative analytical techniques that display antigen-antibody
reactions by detecting color changes with enzyme-linked conjugates and enzyme

substrates, and are used to detect the presence and concentration of molecules in
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biological fluids, are commonly referred to as enzyme immunotests, enzyme
immunoassays (EIA), and enzyme-linked immunosorbent assays [164]. Molecules with
very low concentrations, like vitamins, hormones, peptides/proteins, and drugs, exhibit
a strong specificity towards antibodies or antigens created for them.[165] This high
level of specificity arises from the difficulty for an antibody to attach to a molecule that
IS not its own antigen. Consequently, this technique allows for precise substance
measurement at very low levels, with little possibility of interruption. In other words, if
we have an antigen that is unique to a specific substance, we can identify the type and
amount of the corresponding antibody present for that substance. Conversely, having
the antibody allows us to pinpoint its specific antigen and the antigen's quantity using
this approach. Enzyme immuno-tests are commonly known as all methods and
techniques of analysis that utilize enzymes to demonstrate antigen-antibody
reactions.[165] The process involves a sequence of mixing, reacting, incubating, and
washing steps.[166] Enzyme-linked immunosorbent assays offer several benefits,
including the prolonged durability of the reagents, the absence of radiation hazards from
waste materials, the ability to analyze numerous samples quickly in diagnostic and

research facilities, and cost-effectiveness.[164]

In this study, the Folic Acid ELISA Kit is a competitive enzyme immunoassay designed
to quickly detect and measure folic acid in serum samples. The lab test reagent
preparation included diluting the wash buffer, making a diluted solution of stabilizing
and releasing agents and extracting samples in test tubes with the extraction agent. Once
the extraction agent was added to the samples and the reaction was allowed to proceed,
the neutralizing buffer was mixed in before being dispensed into microwells. To
conduct the test, all reagents were brought to room temperature. Samples were prepared
as per the extraction procedure, allowing neutralization reactions to finish. Microplate
wells were set up for calibrators, controls, and specimens. Folate enzyme reagent and
folate biotin reagent were introduced into the wells, gently mixed, and left to incubate.
After discarding the microplate contents, wash buffer was added and removed three
times. Substrate reagent was then added to the wells and incubated, followed by the
addition of stop solution and gentle mixing. Absorbance was recorded at a wavelength
of 450 nm 30 minutes after the stop solution was added. Finally, the product was
analyzed using a microplate reader, and then calculate the results of a folate assay using

a dose-response curve. It explains that a calibrator curve is made by plotting the
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absorbance readings of folate standards against their concentrations. Then the
absorbance of unknown samples is located on this curve to determine their folate

concentration.

2.7.4 Reference values of vitamin B9 levels

No specific universal thresholds exist for evaluating folate levels. The World Health
Organization suggests using metabolic indicators to establish deficiency levels. In this
research, the Folic Acid ELISA kit provided the following reference values: The

standard range for serum folate levels was 3.2-13.7 ng/ml.[167]

2.8 Statistical analysis

The information gathered in this research was inputted into Statistical Package for the
Social Sciences (IBM's SPSS) for Windows Version 21.0. The Kolmogorov-Smirnov
test was used to assess if the data were normally distributed or not. The means, standard
deviations (SDs), median, and range were computed for continuous variables, while
frequency and percentages were determined for categorical variables. To assess the
categorical variables associated with depressive severity, the chi-squared test (¥2). Age,
residence area, marital status, educational level, and work did not fulfill the assumption
of the chi-squared test so we used the Fisher exact test. The Kruskal-Wallis test, a
nonparametric test that relies on ranks, was utilized to examine the relationship between
categorical variables, sociodemographic variables (not binary) (body mass index (BMI)
group, marital status, place of residency, educational level, family income, and number
of family members, nature of food, different types of food considered as sources of
folate, drinks, physical activity) and continuous variable (serum folate levels), and to
study the correlation between serum folate levels and depression severity (normal,
mild, moderate, severe, and extremely severe), and the Mann-Whitney U test, a
nonparametric test relying on ranks, was utilized to assess the relationship between
categorical variables (binary) (age group, work, smoking, exposure to air pollution and
to sunlight, infected by covid-19) and continuous variable (serum folate levels), The
study explored correlation by utilizing Spearman’s rank-order correlation coefficients, a
nonparametric method that gauges the strength and direction of association between two
ranked variables based on specific guidelines: .80-1.0 “very strong”, 0.60-.79 “strong”,
0.40-0.59 “moderate”, 0.20-0.39 “weak”, 0.00-0.19 “very weak”.[168] A two-tailed p-

value below 0.05 was deemed statistically significant.
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2.9 Ethical considerations

The research was approved by the Institutional Review Board and the Scientific
Research Committee of An-Najah National University of Medicine and Health
Sciences. Permission to carry out the study in the scientific research laboratory.
Subjects were invited through the announcement of a research work aimed at
conducting a test to measure the levels of serum folate and its relation with depression
for volunteers aged 18-30 years to participate in the study. Standard, written, and the
same explanatory information about the study was delivered to the participants after
they came to the scientific research laboratory at An-Najah University. This information
contains details on the purpose, significance, confidentiality, and anonymity of the data,
along with the choice of participating voluntarily. Participants who agreed to take part
met the inclusion criteria as female students aged 18-30 and provided both verbal and

written consent to be enrolled in the research.
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Chapter Three

Results

3.1 Sample distribution according to socio-demographic data

This study is a cross-sectional study that involved 180 participants. The socio-
demographic characteristics that were studied included age group, body mass index
(BMI) group, marital status, place of residency, educational level, work, family income,

and number of family members.

3.1.1 Distribution of the study participants according to their socio-demographic
data

Table 2 illustrates that the highest age groups of study participants were 18-25 years
92.8% and 7.2% of participants aged between 26-30 years. The BMI group was
classified into four groups; the highest BMI group of study participants was normal
weight 50.6%, while the lowest BMI group was obese 7.2%. 49.9 % of the study
participants live in the village, while 44.4% live in the city. Most of the participants in
the study were single 91.1%. 90% of the study participants were at the bachelor's level.
Regarding work, 89.4% do not work while 10.6% of participants work. Participants had
6-8 family members 64.4%, and 21.1% had more than eight members. 60% of the study
participants have a low to middle family income, while 27.2% have a family income
middle to high, but only 4.4% of the study participants have a high family income.
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Table 2

Descriptive statistics of the sample characteristics (n = 180)

Variable Frequency (n) Percentage (%)
Age (Year) 18-25 167 92.8
26-30 13 7.2
BMI (Kg/m2) 18.5)<(Underweight 24 13.3
Normal weight (18.5-24.9) 91 50.6
Overweight (25-29.9) 52 28.9
30)>(Obese 13 7.2
Residence area City 80 44.4
Village 89 494
Camp 11 6.1
Marital status Single 164 91.1
Married 15 8.3
Divorced 1 0.6
Educational level Bachelor's 162 90.0
Master's 16 8.9
PhD 2 1.1
Work Works 19 10.6
Not works 161 89.4
Family number of <3 2 1.1
members 3-5 24 13.3
6-8 116 64.4
>8 38 21.1
Family income <1500 15 8.3
(ILS/monthly) 1500-3500 108 60.0
3501-7000 49 27.2
>7000 8 4.4

3.2. The prevalence of diet, lifestyle behaviors, and clinical characteristics

The frequency and proportions of food, lifestyle behaviors, and some clinical
characteristics, where the highest percentage was for the nature of the food (sugars and
starches, fruits and vegetables), while the meat was the lowest percentage (33.9%),
(21.1%), (11.7%) respectively. Depending on the folate content of the food, the highest
percentage of never intake for liver, avocado, brown bread, milk, and dark chocolate
(66.7%, 42.2%, 51.7%, 43.3%, 58.3% respectively), while the highest percentage of low
amount intake for the spinach, parsley, kale, and broccoli, followed legumes, zucchini,
peppers, lettuce, green peas, and green beans, cucumbers, onions, eggplant, radishes,
carrots, tomatoes, and cabbage, eggs, fruits, potatoes, meat, cheese (48.9%, 55.6%,
63.9%, 59.4%, 53.9%, 56.7%, 58.9%, 51.1%, 57.8%, respectively), regarding drinks the
highest percentage of low amount intake, for energy drinks (48.3%) followed tea and
coffee (36.7%, 36.1%, respectively), while the highest percentage of never drinks

intake, for natural herbs drinks (41.1%). As for exercise, the highest percentage was for
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the participants who exercise very little (60%), and for smoking the majority are not
exposed to passive smoking and do not smoke cigarettes and not even a hookah
(56.1%), (91.1%), (57.2%) respectively. As for exposure to the coronavirus, the
majority have been infected (58.9%). As for environmental factors, there was a high
percentage exposed to sunlight for a long time (56.7%) and not exposed to air pollution
(63.3%). The details are shown in Table E1 in (Appendix E).

3.3 Serum levels of folate

Table 3 illustrates the mean, median, and standard deviation of the levels of serum
folate was 4.82, 3.10, and 3.38 respectively. Figure 6 shows the frequency of serum
folate levels, as low serum folate levels (<3.2 ng/ml ) amounted to about 107, while the
total frequency of normal serum folate levels was about 68, distributed as follows, the
highest frequency of normal folate levels ranged between (3.2 ng/ml - 10.5 ng/ml)
amounted to approximately 54, and the frequency of the upper limit of the normal level,
which ranged between (10.6 - 13.7 ng /ml), was approximately 14. As for the frequency

of high serum folate levels (>13.7 ng /ml), it amounted to approximately 5.

Table 3

Serum levels of folate

Mean 4.82
Median 3.10
Std. Deviation 3.38
Minimum 2.00
Maximum 14.20

Figure 6
Serum levels of folate
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3.4 The prevalence of depression, anxiety, and stress is based on severity

Table 4 shows the percentage of depression as the main result of the research and the
percentage of anxiety and stress as a side result of the research among the female
students participating in the study. The percentage of the levels of severe and extremely
severe depression among the participating students was the highest, reaching 47.2%,
and 16.7% respectively, while the percentage of normal level of depression was the
lowest 9.4%. As for anxiety, the percentage of extremely severe and severe anxiety was
also the highest, as the percentage reached 41.7%, and 25% respectively, while the
percentage of a normal level of anxiety was lowest 7.2%. Finally, with regard to stress,
the highest percentage was severe and moderate levels of stress, 44.4%, and 30.6%

respectively, while the lowest percentage was a normal level of stress 6.1%.

Table 4

The prevalence of depression, anxiety, and stress is based on severity

Scale Severity Frequency (n) Percentage (%)
DASS-Depression  0-9 (Normal) 17 94
10-13)(Mild 22 12.2
Moderate (14-20) 26 144
Severe (21-27) 85 47.2
Extremely severe (28+) 30 16.7
DASS-Anxiety Normal (0-7) 13 7.2
Mild (8-9) 16 8.9
Moderate (10-14) 31 17.2
Severe (15-19) 45 25.0
Extremely severe (20+) 75 41.7
DASS-Stress Normal (0-14) 11 6.1
Mild (15-18) 12 6.7
Moderate (19-25) 55 30.6
Severe (26-33) 80 44.4
Extremely severe (34+) 22 12.2

3.5 General characteristics compared by serum folate levels (n=180)

A Kruskal-Wallis H test indicated a statistically significant variation in the levels of
serum folate between the different places of residency, family number, and family
income (P-value <0.05), among the residential area, family members number, and the
income categories the folate concentration was the highest for the village, middle family
member and high-income category. In addition, showed that there was no statistically
significant variation in the levels of serum folate between the different BMI groups,
marital status, and educational levels (P-value > 0.05). Mann- Whitney U test indicated
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that serum folate levels in the age and work were not statistically significant (P-value >

0.05). A Spearman’s rank-order correlation was used to establish the connection

between age, BMI group, family number, family income, and serum folate levels. There
is a significant weak inverse correlation between the number of family members, and
serum folate levels and a significant weak direct association between family income,
and serum folate levels (r = - 0.148, P-value = 0.048, r = 0.183, P-value = 0.014
respectively), and there is no significant association between age, BMI group, and

educational levels, and serum folate levels (P-value > 0.05) this is shown in Table 5.

Table 5

General characteristics compared by serum folate levels (n = 180)

Characteristic Median x2 (df) p-value  Correlation p-value
coefficient
Age (Year) 18-25 3.10 _ 0.474 0.053 0.476
26-30 3.16
BMI (Kg/m2) Underweight  2.87 3.699 (3) 0.296 0.080 0.287
(<18)
Normal weight 3.10
(18-24.9)
Overweight 3.12
(25-29.9)
Obese (>30) 5.50
Residence area  City 2.90 17.717 (2) <0.001 - -
Village 4.03
Camp 2.96
Marital status  Single 3.10 _ 0.464 - -
Married 3.10
Divorced 9.12
Educational Bachelor's 3.10 0.144 (2) 0.931 -0.003 0.972
level Masters 3.04
PhD 5.14
Work Works 3.15 _ 0.646 - -
Not works 3.10
Family <3 5.28 16.064 (3) 0.001 -0.148 0.048
number 3-5 5.70
6-8 2.90
>8 3.12
Family income <1500 3.20 8.603 (3) 0.035 0.183 0.014

(ILS/monthly)  1501-3500 3.00
3501-7000 4.65
>7000 6.31
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3.6 Diet, lifestyle behaviors, and clinical characteristics compared by serum folate

levels

A Kruskal-Wallis H test indicated that there was a statistically significant variation in
the levels of serum folate between the nature of food, various types of food considered
as sources of folate, drinks, and physical activity (P-value < 0.05). Mann-Whitney U
test indicated that serum folate levels in smoking (passive, and water pipe), infected by
COVID-19, and environment (exposure to air pollution and sunlight) were statistically
significant (P-value < 0.05), and it also showed that serum folate levels in cigarette
smoking were not statistically significant (P-value > 0.05). A Spearman’s rank-order
correlation indicated that there is a significant moderate inverse association between
drinks (caffeinated), and serum folate levels (P-value <0.05) and a significant weak
direct correlation between different types of food considered as sources of folate, drinks
(natural herbs), and physical activity, and serum folate levels (P-value <0.05), and there
IS no significant correlation between white bread consumption and the levels of serum
folate (P-value = 0.831). This is shown in Table E2 in (Appendix E).

3.7 General characteristics compared by depressive severity (n=180)

Table E3 in (Appendix E), illustrates a Chi-square or Fisher exact test that there was a
significant association between place of residency, work, family income, and depression
categories (P-value < 0.05), but there is no statistically significant correlation between
age group, body mass index group, educational level, marital status, number of family
members, and depression categories (P-value > 0.05 ). Severe depression was positively
linked with low income, living in the city, and not working. A Spearman’s rank-order
correlation was used to determine the relationship between age, BMI group, family
number of members, family income, and depression severity. There is a significant
weak inverse association between family income and depression severity (r = -0.212, P-
value = 0.004), and there is no significant correlation between age, BMI group,

educational levels, family number members, and depression (P-value > 0.05).
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3.8 The relationship and correlation coefficient between serum folate levels and

depression severity (n=180)

A Kruskal-Wallis H test indicated that there was a statistically significant difference in
the levels of serum folate between the depression severity (P-value < 0.001), serum
folate levels were highest for normal, followed by high in mild, moderate in moderate,
and low levels for severe and the lowest for extremely severe. A Spearman's rank-order
correlation was used to establish the connection between serum folate levels and
depression severity. There is a significant moderate inverse correlation between serum
folate levels and depression severity (r = - 0.537, P-value < 0.001), this is shown in
Table 6.

Table 6

The association and correlation coefficient between serum folate levels and depression severity

Depression N Median 2 (df) p-value  Correlation p-value
severity coefficient
Serum Normal 17 12.45 64.809 (4) <0.001 -0.537 <0.001
folate Mild 22 7.49
levels Moderate 26 6.79
Severe 85 2.80
Extremely 30 2.73
severe
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Chapter Four

Discussions and Conclusions

4.1 Introduction

This research was the first research in Palestine to analyze the correlation between
levels of serum folate and depression in female students at An-Najah University. This
study revealed an association between levels of serum folate and depression. This aligns
with findings from prior research indicating a rise in psychological issues influenced by
various factors. Psychiatry is presently experiencing a crucial juncture as the dominant
model, which heavily depends on medication-based treatments, has shown only
minimal progress in tackling the worldwide impact of mental health challenges.[169]
Acknowledging the intricate nature of factors influencing mental health, a growing body
of convincing evidence emphasizes the crucial impact of nutrition on the occurrence and
progression of mental disorders. This indicates that nutrition is equally important in the
field of psychiatry.[170] Recognizing the significance of taking nutritional aspects into
account about mental well-being emphasizes the need to broaden the range of
psychiatric care to include dietary measures.[171] Insufficient nutrition is increasingly
being linked to the onset and advancement of behavioral health conditions, while also
potentially impeding the success of therapy and rehabilitation.[172] Suboptimal
nutrition may influence the underlying pathology of depression because nutrients play
an important role in the functioning of the neuroendocrine system. The International
Society for Nutritional Psychiatry Research (ISNPR) supports incorporating nutritional
medicine into standard psychiatric practice, highlighting the importance of policy,
education, research, and health promotion to endorse this new approach,[173] including
folic acid (folate) and other essential nutrients.[12] However, implementing this
framework encounters challenges because of the intricate and multifaceted aspects of
nutrition and mental health.[174] Depressive disorders have multiple factors
contributing to their development and do not stem from a single cause. Several elements
can lead to a higher likelihood of experiencing depression, such as gender, social
support, socioeconomic status, stress levels, drug and alcohol consumption, epigenetic
and genetic factors, the existence of medical conditions, inflammation, dietary habits,
and endothelial dysfunction.[175] These elements interact and affect one another,
forming an intricate network of risk factors that may lead to the onset and advancement
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of depressive disorders. It is difficult to pinpoint the specific influences of separate
factors on the correlation between mental well-being and diet, and analytical results
may be influenced by remaining confounding variables. This study was consistent with
that, as we found that there was a statistically significant relationship between
residential area, work, family income (P-value = 0.017, P-value = 0.012, P-value <
0.001 respectively), and depression, as the relationship was inverse for family income,
while there was no statistical relationship between age, body mass index, family
members, educational level, marital status (P-value > 0.05) and depression, and this was
not consistent with many studies that reported the presence a relationship between these
factors and depression. Studying the relationship between behavioral health disorders
and diet epidemiologically can lead to reverse causation, where a poor diet can be both a
consequence and a cause of these disorders, suggesting a bidirectional relationship
[172]. Without healthy lifestyle habits, mental well-being can decline, making it harder
to maintain healthy behaviors, resulting in a recurring cycle [176]. Imbalances in
specific micronutrients can greatly affect mental well-being and mood, in addition to
general dietary habits [177]. Micronutrients are essential for the metabolic processes
that support the growth and healthy operation of the nervous system. Not consuming
enough of these micronutrients can harm mental health and raise the likelihood of
experiencing depressive disorders.[11] Not consuming enough folic acid, leading to a
folate deficiency, greatly raises the risk of depression [12]. In this study, the highest
frequency of low serum folate levels, and the mean and standard deviation were low, at
the minimum normal range, while the median of the data was less than the normal
range. This highlights various factors that impact serum folate levels, such as
malnutrition and unhealthy lifestyle choices, [12] resulting in various health issues at

both psychological and physical levels.

4.1.1 Serum folate levels and depression

Previous research has shown a connection between folate levels and depression,
highlighting the significant role folate plays in brain function. Multiple studies have
shown evidence indicating a potential link between levels of low folate and depression
[178]. These results show that a lack of folate is associated with a higher risk of
depression, as well as lengthier depressive episodes, more intense depressive symptoms,
and a greater chance of depressive symptom recurrence [81]. The main neurobiological

theory for depressive disorder focuses on the participation of monoamine
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neurotransmitters like norepinephrine, dopamine, and serotonin [52]. These
neurotransmitters function in distinct neural circuits in the brain, influencing the
emergence of depressive symptoms [179]. Tetrahydrobiopterin (BH4) is a crucial
cofactor in the synthesis of neurotransmitters like dopamine, serotonin, and nitric oxide
[126]. Folate aids in BH4 synthesis by helping regenerate BH4 from its oxidized state.
Insufficient folate levels may lead to decreased levels of norepinephrine, dopamine, and
serotonin, increasing vulnerability to depression [52]. Individuals with depression often
have low levels of folate [12]. The lower the levels of folate in the blood, the higher the
percentage of depression, as the results of the current study agree with this conclusion,
there was a statistically significant relationship between levels of serum folate and
depression (P-value < 0.001), where the lowest level of serum folate in participants with
extremely severe depression and the severe, respectively, followed by the moderate
level of serum folate in participants with moderate and mild depression, and also levels
of serum folate were on the high limit of normal and high, for participants without
depression (normal). Also, the inverse relationship between levels of serum folate and
depression (r = - 0.537, P-value < 0.001), was consistent with the results of many of
prior research. These results also align with various factors that negatively or positively
affect folate levels that were studied during this study and therefore affect psychological
and mental health, including depression, because folate levels are significantly
associated with depression, including socio-demographic, lifestyle, and clinical
characteristics. Firstly, age, in the present study the age group was young, ranging from
18 to 30 years old, there is no significant relationship between age, and serum folate
levels (P-value =0.476), this is consistent with what was reported in some previous
studies, examples of these studies are: Folic acid can affect nervous system function
throughout life [55]. Some deficiencies may be linked to aging [180], with elderly
individuals demonstrating a higher likelihood of low folate levels [181]. Age-related
disruptions in folate transport and metabolism can also contribute to folate deficiency
[182]. Folate deficiency can arise due to various factors, such as issues in the absorption
process. Optimal absorption occurs within a specific pH range, while achlorhydria,
common in the elderly, can significantly reduce absorption [181]. Nutritional intake
declines as people get older [47]. Folate deficiency may result from connective tissue

and small bowel diseases [181].
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In this research, there was also a statistically significant relationship between levels of
serum folate and different places of residence, number of families, and family income
(P-value< 0.001, P-value = 0.01, P-value = 0.035 respectively). While there was no
statistically significant correlation between levels of serum folate and the different BMI
groups, and educational levels (P-value > 0.05), there was a statistically significant
correlation between the nature of food, and dietary folates which were present in this
study, and levels of serum folate (P-value <0.05), this result was consistent with what
was reported in some previous research examples of studies that agree with the results

are.

Significant factors influencing daily folate intake among adults include residential area,
education level, employment status, and income. Research suggests that adults residing
in rural areas tend to have lower folate intake than their counterparts, with similar trends
observed among unemployed, retired, and less educated individuals. Previous studies
have also highlighted the impact of residing in rural areas [27], lower education levels
[7], and higher BMI [84]on the risk of inadequate nutrition, including lower dietary
folate intake. BMI showed a negative relationship with levels of serum folate in women
who did not take folic acid supplements [183]. Additionally, individuals with lower
economic status tend to have higher BMI [184], emphasizing the connection between
factors contributing to poor dietary habits. This indicates that these groups are at higher
risk for nutritional deficiencies, as demonstrated in Slovenia[185]. They often opt for
processed foods over nutrient-dense options like fruits, vegetables, and whole grains,
leading to insufficient nutrient consumption. Individuals with lower incomes are
particularly impacted by the cost of food[186]. Since processed foods are typically
cheaper than fresh whole foods, this presents an extra challenge for these susceptible
populations[187]. Their findings reinforce the need for public health policies to address
economic challenges in vulnerable populations, as the prevalence of low-cost processed
foods with limited nutritional value is increasing the difficulty of maintaining healthy
diets[185]. Their research revealed that across all studied population groups, the
consumption of bakery and bread products significantly affects folate intake,
comparable to the impact of vegetables. Certain vegetables contain high levels of folate,
allowing for a greater intake of folate in smaller quantities compared to bread. Their
research suggests that increasing the consumption of foods high in folate like

vegetables, fruits, and whole grains can enhance folate intake among the general
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population. Other studies have identified vegetables, fruits, bread, and cereal products
as significant sources of dietary folate [49]. In adolescents, fruits and vegetables
provided less than 30% of folate, while bakery and bread products, especially white
bread, showed a higher folate contribution. Adolescents tend to consume more folate
from various cereal products, such as fortified breakfast cereals, compared to other
population groups[106]. These findings align with the trend of younger individuals
consuming processed and refined foods more frequently. Meat, milk, and dairy products

were also recognized as significant sources of folate.

In this study, there was a statistically significant inverse relationship between
caffeinated drinks such as (coffee, tea, and energy drinks), smoking (water pipe), being
infected by coronavirus disease (COVID-19), and levels of serum folate (P-value <0.05)
and there was no statistically significant correlation between smoking (cigarette) and
serum folate levels (P-value = 0.339), these results were aligned with what was reported
in some previous research, drinking caffeinated beverages is linked to lower serum
folate levels. Caffeine boosts the central nervous system and functions as a diuretic,
leading to a faster removal of water-soluble B vitamins like folate.[89] Chemical
elements in tobacco smoke react with the mentioned components, turning them into
inactive substances that decrease their active levels in bodily fluids. This process could
potentially change the cell's capacity to store and process folate [95]. Another discovery
indicated a negative correlation between tobacco use and levels of serum folate.
Smokers showed notably reduced serum folate concentrations compared to non-
smokers, and the levels dropped with higher cigarette consumption [93]. Additionally,
smokers were found to have lower intake of various vitamins, fruits, and vegetables,
leading to reduced dietary folate consumption [188]. Low folate levels are widespread
among COVID-19 patients who are hospitalized. Deficiencies and inadequacies in
folate are prevalent in hospitalized COVID-19 patients and contribute to the
development of severe illness. Infected with coronavirus can lead to a malfunction in
the primary carrier that transports folate into intestinal cells after digestion. This carrier,
known as the proton-coupled folate transporter, is a high-affinity facilitative folate
carrier primarily located in the proximal jejunum and duodenum. PCFT is believed to
be the main transporter of folate and folic acid into small intestine cells.[104]
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In this study, there was a statistically significant direct relationship between physical
activity and levels of serum folate (P-value <0.001), and there was a statistically
significant inverse relationship between environment (exposure to air pollution, and
sunlight) and levels of serum folate (P-value <0.05). These results were consistent with
what was mentioned in some previous research. Folate serves as a co-factor in pathways
utilized during physical activity, potentially raising the need for vitamins and posing a
risk of low plasma concentrations.[189] Research conducted in test tubes has
demonstrated that UV radiation can break down folic acid and folate in the blood of
humans, a finding supported by various human studies [190]. Exposure to ambient air
pollution may be greater in poor countries or communities, and the interaction between
lack of nutrients and high levels of ambient air pollutants may be the main cause of
various negative health effects, such as deficiencies in nutrients like folate linked to

pollutant exposure.[191]

4.2 Strengths and limitations of the study
4.2.1 Strengths

This study had numerous strengths. Firstly, it is considered the first study conducted in
Palestine to investigate the correlation between levels of serum folate and depression.
This study provides a clearer understanding of this relationship, which can aid in
diagnosing depression in students. Secondly, the participants underwent assessment
using a structured research protocol along with established and standardized scales.
Various covariates were taken into account, potentially impacting the results of the
study. Serum folate samples were gathered instead of red cell folate samples, as the
latter is susceptible to pre-analytical and analytical variables that could also have
affected the study outcomes. Thirdly, in this study, the DASS-21 depression scale was
chosen over the Beck Depression Inventory (BDI) scale. The key difference is that the
BDI contains items like insomnia, irritability, somatic preoccupation, and weight loss,
which do not effectively distinguish between depression and other emotional states.
Additionally, the DASS-21 features an item assessing the devaluation of life, a factor
not covered by any BDI items. Finally, the research was carried out at a single center,

contributing to the increased power of the study due to the specificity of the study
group.
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4.2.2 Limitations

The study had multiple limitations. Firstly, it was cross-sectional, measuring baseline
serum folate levels only once. As a result, causal conclusions could not be made, and
the link between changes in folate levels and depression could not be evaluated.
Secondly, in this study, serum folate levels were assessed, but some researchers
advocate for analyzing red blood cell folate instead. Unlike serum folate, red blood cell
folate offers a more consistent indication of folate status, capturing long-term stores
rather than recent intake. This distinction is crucial as serum folate levels can fluctuate
with immediate dietary changes, as suggested by prior studies. Consequently,
incorporating red blood cell analysis in future research could yield more reliable and
stable data on folate levels. Thirdly, the size of the sample was small, this is due to the
lack of a sufficient budget to purchase the number of kits that cover the required sample
size. Fourthly, the research was carried out at a single center, potentially restricting the
applicability of the results. Finally, it relied on a limited age period.

4.3 Recommendations and Conclusion
4.3.1 Recommendations

This research aligns closely with findings from earlier studies, so it is recommended a
regular intake of folate/folic acid and maintain the normal level of folate in the body, so
its sources need to be consumed daily, by eating food that contains a high percentage of
it, especially red meat, green vegetables, fruits, and nuts are rich sources of vitamin B9
and play a significant role in its levels. In addition, it is recommended that work be
expanded on such research that is concerned with studying the content of the body of
vitamins and minerals, especially folate/vitamin B9 through measuring folate levels in
addition to other examinations at the level of the brain and many biochemical tests. This
is because relying solely on the symptoms that the patient talks about may not be
sufficient, as these can overlap with symptoms of other physical and psychological
conditions. Finally, it is recommended that further studies or research should be carried

out using a larger sample size.
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4.3.2 Conclusion

Our findings suggest that levels of serum folate were linked to depression among
Palestinian students and can be utilized as a biomarker to identify patients with
depressive disorders due to folate involvement in emotional, mental, and metabolic
development. It is also of great value to monitor folate intake at the recommended level

Is important to safeguard future generations from depression.
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List of Abbreviations

Abbreviation Meaning

BAP British Association for Psychopharmacology

BBB Blood-Brain Barrier

BDI Beck Depression Inventory

BH4 Tetrahydrobiopterin

BMI Body Mass Index

CANMAT Canadian Network for Mood and Anxiety Treatments

CH Methenyl

CH, Methylene

CH; Methyl

CHNH Formimino

5,10-CH*-THF 5,10-methyltetrahydrofolate

5,10-CH,-THF 5,10-methylenetetrahydrofolate

5-CH;-THF 5-methyltetrahydrofolate

CHO Formyl

5-CHO-THF 5-formyltetrahydrofolate

10-CHO-THF 10-formyltetrahydrofolate

Cl Confidence interval

CNS Central Nervous System

COVID-19 Coronavirus disease

CSF Cerebro Spinal Fluid

DA Dopamine

DASS-21 Depression, Anxiety, and Stress Scale - 21 items

DASS-A Depression, Anxiety, and Stress Scale - Anxiety

DASS-D Depression, Anxiety, and Stress Scale — Depression

DASS-S Depression, Anxiety, and Stress Scale - Stress

DHF Dihydrofolate

DHFR Dihydrofolate reductase

DNA Deoxyribonucleic acid

DSM-1II-R Diagnostic and Statistical Manual of Mental Disorders (3rd
ed., rev)

ECLIA Electrochemiluminescence immunoassay

EDTA Ethylenediaminetetraacetic acid

ELISA Enzyme-linked immunosorbent assay
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ET

FA

FAO
FDs
FDA
Fol-IC-FFQ
FRa
FRpB
FRy
FRs
GABA
HDRS
SHT

IRB
ISNPR
KNHANES
mcg
5-MTHF
MTHFR
N

NE

ng

5-NH=CH-THF

NMDA
nmol
NT
PCBS
PCFT
R
RBCF
RFC
RNA
ROS
rpm
SAH
SAM

Exercise Training

Folic acid

Food and Agricultural Organization
Folate derivatives

Food and Drug Administration

Folate Intake Calculation — Food Frequency Questionnaire

Folate Receptor Alpha

Folate Receptor Beta

Folate Receptor Gamma

Folate Receptors
Gamma-aminobutyric acid
Hamilton Depression Rating Scale
Serotonin

Institutional Review Board

International Society for Nutritional Psychiatry Research
Korea National Health and Nutrition Examination Survey

microgram

5-methyltetrahydrofolate
Methylenetetrahydrofolate reductase
Population size

Norepinephrine

Nanogram
5-formiminotetrahydrofolate
N-methyl-D-aspartate

Nanomole

Non-exercise training

Palestinian Central Bureau of Statistics
Proton-Coupled Folate Transporter
Correlation coefficient

Red blood cell Folate

Reduced Folate Carrier

Ribonucleic acid

Reactive Oxygen Species
revolutions per minute
S-adenosylhomocysteine

S-adenosylmethionine
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SD
SPSS
SNRI
SSRI
THF
u.s
uv
WHO

Standard deviation

Statistical Package for the Social Sciences
Serotonin Norepinephrine Reuptake Inhibitor
Selective Serotonin Reuptake Inhibitor
Tetrahydrofolate

United State

Ultraviolet

World Health Organization
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Appendix B

Self-administered questionnaire
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Appendix E

Tables of Study
Table E1

The prevalence of diet, lifestyle behaviors, and clinical characteristics

Variable Frequency (n)  Percentage (%)
Food
Nature of food Fruits and vegetables 38 211
Sugars and starches 61 33.9
Meats 21 11.7
Canned and manufactures 29 16.1
Fast food 31 17.2
Fruits intake ( weekly) Never 26 14.4
1-3 grain 102 56.7
4-6 grain 35 194
>6 grain 17 94
Spinach, Parsley, Kale, and Never 59 32.8
Broccoli intake ( weekly) 1-3 grain 88 48.9
4-6 grain 31 17.2
>6 grain 2 11
Zucchini, peppers, Lettuce, Green  Never 29 16.1
peas, and Green beans intake ( 1-3 grain 115 63.9
weekly) 4-6 grain 28 15.6
>6 grain 8 4.4
Cucumbers, Onions, Eggplant, Never 22 12.2
Radishes, Carrots, Tomatoes, and  1-3 grain 107 59.4
Cabbage intake ( weekly) 4-6 grain 33 18.3
>6 grain 18 10.0
Potatoes intake ( weekly) Never 23 12.8
1-3 grain 106 58.9
4-6 grain 31 17.2
>6 grain 20 111
Avocado intake (weekly) Never 76 42.2
1-3 grain 70 38.9
4-6 grain 29 16.1
>6 grain 5 2.8
Meat intake (weekly) Never 41 22.8
1-3 piece 92 51.1
4-6 piece 33 18.3
>6 piece 14 7.8
Liver intake (weekly) Never 120 66.7
1-3 piece 47 26.1
4-6 piece 12 6.7
>6 piece 1 0.6
Fish products intake (monthly) Never 71 394
1-3 piece 79 43.9
4-6 piece 29 16.1
>6 piece 1 0.6
Milk intake (weekly) Never 78 43.3
1-3 cup 77 42.8
4-6 cup 13 7.2
>6 cup 12 6.7
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Cheese intake (weekly)

Eggs intake (weekly)

Legumes (chickpeas, corn, beans,

Lentils, Wheat) intake (monthly)

Nuts intake (monthly)

White bread intake (weekly)

Brown bread intake (weekly)

Black/dark chocolate intake

(weekly)

Drink

Tea intake (daily)

Coffee intake (daily)

Energy drinks intake (weekly)

Natural herbs intake (weekly)

Physical activity (weekly)

Smoking
Passive smoking

Cigarette smoking

Never
1-3 piece
4-6 piece
>6 piece
Never
1-3 grain
4-6 grain
>6 grain
Never
1-3 cup
4-6 cup
>6 cup
Never
50 gm
100 gm
>100 gm
Never
1-3 loaf
4-6 loaf
>6 loaf
Never
1-3 loaf
4-6 loaf
>6 loaf
Never
1-3 piece
4-6 piece
>6 piece

Never
1-3 cup
4-6 cup
>6 cup
Never
1-3 cup
4-6 cup
>6 cup
Never
1-3 cup
4-6 cup
>6 cup
Never
1-3 cup
4-6 cup
>6 cup
0-1 hour
2-4 hour
>4 hour

No

Yes

Smoker
Non-smoker
Ex-smoker

34
104
31
11
48
97
25
10
21
100
47
12
20
93
40
27
18
39
63
60
105
41
22
12
93
54
20
13

36
66
49
29
41
65
44
30
52
87
38

74
65
20
21
108
57
15

101
79

164

18.9
57.8
17.2
6.1

26.7
53.9
13.9
5.6

11.7
55.6
26.1
6.7

111
51.7
22.2
15.0
10.0
21.7
35.0
33.3
58.3
22.8
12.2
6.7

51.7
30.0
111
7.2

20.0
36.7
27.2
16.1
22.8
36.1
24.4
16.7
28.9
48.3
211
1.7

41.1
36.1
111
11.7
60.0
31.7
8.3

56.1
43.9
5.0
91.1
3.9
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Water-pipe smoking
Infected by Covid-19

Environment

Exposure to air pollution in the
residential area

Exposure to sunlight for a long
time

No
Yes
No
Yes

No
Yes
No
Yes

103
77
74
106

114
66
78
102

57.2
42.8
41.1
58.9

63.3
36.7
43.3
56.7
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Table E2

Diet, lifestyle behaviors, and clinical characteristics compared by serum folate levels

Variable Median 2 (df) p-value Correlation  p-value
coefficient
Food
Nature of Fruits and 7.55 54171  <0.001 _ _
food vegetables 4
Sugars and 2.90
starches
Meats 9.98
Canned and 2.80
manufactures
Fast food 2.72
Fruits intake  Never 3.10 23.829 <0.001 0.293 <0.001
('weekly) 1-3 grain 2.90 (€))
4-6 grain 7.13
>6 grain 8.80
Spinach, Never 2.98 25.163  <0.001 0.322 <0.001
Parsley, 1-3 grain 3.00 3
Kale, and 4-6 grain 8.60
Broccoli >6 grain 11.8
intake (
weekly)
Zucchini, Never 2.70 26.531 <0.001 0.356 <0.001
peppers, 1-3 grain 3.00 3
Lettuce, 4-6 grain 8.29
Green peas,  >6 grain 7.46
and Green
beans intake
((weekly)
Cucumbers,  Never 2.64 43.365  <0.001 0.463 <0.001
Onions, 1-3 grain 2.90 3
Eggplant, 4-6 grain 7.45
Radishes, >6 grain 9.66
Carrots,
Tomatoes,
and Cabbage
intake (
weekly)
Potatoes Never 2.90 30.581 <0.001 0.364 <0.001
intake ( 1-3 grain 2.93 3)
weekly) 4-6 grain 7.13
>6 grain 7.46
Avocado Never 2.93 29.284  <0.001 0.383 <0.001
intake 1-3 grain 3.14 3
(weekly) 4-6 grain 8.23
>6 grain 9.35
Meat intake ~ Never 2.98 41.837  <0.001 0.391 <0.001
(weekly) 1-3 piece 2.90 3)
4-6 piece 7.80
>6 piece 10.55
Liver intake  Never 3.00 17.967  <0.001 0.249 0.001
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(weekly)

Fish products
intake
(monthly)

Milk intake
(weekly)

Cheese
intake
(weekly)

Eggs intake
(weekly)

Legumes
(chickpeas,
corn, beans,
Lentils,
Wheat)
intake
(monthly)
Nuts intake
(monthly)

White bread
intake
(weekly)

Brown bread
intake
(weekly)

Black/dark
chocolate
intake
(weekly)
Drink

Tea intake

(daily)

Coffee intake
(daily)

Energy
drinks intake
(weekly)

1-3 piece
4-6 piece
>6 piece
Never
1-3 piece
4-6 piece
>6 piece
Never
1-3 cup
4-6 cup
>6 cup
Never
1-3 piece
4-6 piece
>6 piece
Never
1-3 grain
4-6 grain
>6 grain
Never
1-3 cup
4-6 cup
>6 cup

Never
50 gm
100 gm
>100 gm
Never
1-3 loaf
4-6 loaf
>6 loaf
Never
1-3 loaf
4-6 loaf
>6 loaf
Never
1-3 piece
4-6 piece
>6 piece

Never

1-3 cup
4-6 cup
>6 cup
Never

1-3 cup
4-6 cup
>6 cup
Never

1-3 cup
4-6 cup

3.19
10.34
13.12
3.00
2.96
8.23
2.36
3.00
2.90
10.53
11.65
2.85
2.96
8.90
10.53
2.90
2.96
9.98
10.02
3.00
2.90
3.79
8.57

3.35
2.80
3.37
9.35
4.77
2.80
3.13
3.05
2.90
3.13
9.03
10.86
2.97
3.05
8.29
10.70

8.93
3.00
2.97
2.60
8.35
2.98
2.98
2.50
8.47
2.90
2.73

©)

25.765
)

36.926
©)

36.03
®3)

42.666
©)

21.319
©)

36.481
©)

13.023
®3)

32.384
)

29.512
3)

46.127
©)

54.350
®3)

57.734
©)

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.005

<0.001

<0.001

<0.001

<0.001

<0.001

0.199

0.290

0.407

0.358

0.316

0.319

-0.016

0.392

0.312

-0.449

-0.501

-0.521

0.007

<0.001

<0.001

<0.001

<0.001

<0.001

0.831

<0.001

<0.001

<0.001

<0.001

<0.001
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Natural herbs
intake
(weekly)

Physical
activity
(weekly)
Smoking
Passive
smoking
Cigarette
smoking

Water-pipe
smoking
Infected by
Covid-19
Environment
Exposure to
air pollution
in the
residential
area
Exposure to
sunlight for a
long time

>6 cup
Never
1-3 cup
4-6 cup
>6 cup
0-1 hour
2-4 hour
>4 hour

No

Yes

Smoker
Non-smoker
Ex-smoker
No

Yes

No

Yes

No
Yes

No
Yes

2.39
2.97
2.90
6.96
10.70
2.96
4.40
10.70

3.75
2.90
2.80
3.10
3.16
4.53
2.80
3.53
2.96

3.62
2.80

3.24
2.96

37.197

©)

16.727

)

<0.001

<0.001

<0.001

0.339

<0.001

0.001

<0.001

0.002

0.364

0.297

<0.001

0.001
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Table E3

General characteristics are compared by depressive severity

Variable Depression severity X p-value Correlation P-value
Normal N Mild Moderate N Severe N Extremely o coefficient
(%) N (%) (%) severe Fisher
(%) N exact
(%) test
Age (year) 18-25 15 (88.2) 19 26 77 (90.6) 30 6.954 0.085 -0.092 0.220
(86.4) (100.0) (100.0)
26-30 2 3(13.6) 0 8 0
(11.8) (0.0) (9.4) (0.0)
BMI (Kg/m2) Underweight 2 5(22.7) 2 15 (17.6) 0 17.864  0.120 0.118 0.114
(<18) (11.8) (7.7) (0.0)
Normal 9 11 18 36 (42.4) 17
weight(18-24.9) (52.9) (50.0) (69.2) (56.7)
Overweight (25- 4 3(13.6) 6 29 (34.1) 10
29.9) (23.5) (23.1) (33.3)
Obese (>30) 2 3(13.6) 0 5 3
(11.8) (0.0 (5.9 (10.0)
Residence area City 3 6 (27.3) 9 47 (55.3) 15 16.939 0.017 - -
(17.6) (34.6) (50.0)
Village 14 (82.4) 15 14 32 (37.6) 14
(68.2) (53.8) (46.7)
Camp 0 1(4.5) 3 6 1
(0.0) (11.5) (7.0) (3.3)
Marital status Single 15 (88.2) 21 25 75 (88.2) 28 9.499 0.269 - -
(95.5) (96.2) (93.3)
Married 2(11.8) 1(4.5) 0 10 (11.8) 2
0.0 (6.7)
Divorced 0 0(0.0) 1 0 0
(0.0 (3.8) (0.0 (0.0
Educational level ~ Bachelors 14 (82.4) 20 26 73 (85.9) 29 10.083 0.154 -0.033 0.66
(90.9) (100.0) (96.7)
Masters 3 1(4.5) 0 11 (12.9) 1
(17.6) (0.0) (3.3)
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Work

Family number
members

Family income
(ILS/monthly)

PhD

Works

Not works

<3

3-5

6-8

>8

<1500

1500-3500

3501-7000

>7000

0
(0.0)
3
(17.6)
14 (82.4)

0
(0.0)
3
(17.6)
9
(52.9)

5
(29.4)
2
(11.8)
7
(41.2)
8
(47.1)
0
(0.0)

1(45)
2(9.1)
20
(90.9)
1(4.5)
3 (13.6)

12
(54.5)

6 (27.3)

1(4.5)

5 (22.7)
15

(68.2)
1(4.5)

0
(0.0)
0
(0.0)
26
(100.0)
0
(0.0)
4
(15.4)
12
(46.2)

10
(38.5)
2
1.7
15
(57.7)
5
(19.2)
4
(15.4)

1
(1.2)
14 (16.5)
71 (83.5)
1
(1.2)
14 (16.5)

61 (71.8)

9 (10.6)
8
(9.4)
62 (72.9)
13 (15.3)

2
(2.4)

0
(0.0)
0 11.263  0.012
(0.0)
30
(100.0)
0 20761  0.054
(0.0)
0
(0.0)
22
(73.3)

8
(26.7)

2 39.149  <0.001

(6.7)
19
(63.3)
8
(26.7)
1
33

-0.009

-0.212

0.901

0.004
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