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Abstract

The aim of this study was to determine the severity of depressive symptoms in young adults and
to investigate their association with dietary mineral intake. A total of 497 Korean young adults
(246 males and 251 females), aged 19-39 years old, participated. Daily intakes of food, caloric,
and 12 minerals, which were assessed using a 24-hour dietary recall, were compared between
the high depressive symptom (HDS) group and the normal group; these two groups were classi-
fied according to the Center for Epidemiologic Studies Depression Scale (CES-D). The mean age
of the subjects was 27.43 years for men and 27.11 years for women, with no significant diffe-
rence; however, height, weight, and body mass index were significantly higher in men than in
women. The food intake analysis revealed a significant difference in seaweed consumption be-
tween male HDS and normal groups (1.91 g vs. 5.48 g, respectively). No significant differences
were found in total mineral intake between the HDS and normal groups. However, when the
participants were subdivided according to their general characteristics, depressive symptom
scores were found to be negatively correlated with the intake of several minerals, including
phosphorus, potassium, and molybdenum. These findings suggest a potential association
between dietary mineral intake and depressive symptom levels, highlighting the possible role
of nutritional factors in mental health of young adults. However, further research on the asso-
ciation between mineral status and depressive symptoms in healthy adults is needed to suggest
appropriate nutritional management for the prevention of depression.
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INTRODUCTION

Major depressive disorder, or depression, is a condition in which symp-
toms such as low mood, lethargy, and lack of interest last for more than two
weeks and significantly interfere with daily life (World Health Organization
2022). Depression is one of the most common mental disorders observed
in the community and in clinical practice (Chang et al. 2007); it affects
approximately 5% of adults and 3.8% of the population worldwide as of 2019
(World Health Organization 2022). Because of the high societal costs
of depression, its prevention, early detection, and treatment are critical.

Young adulthood is a time of independence from parents that involves
establishing identity, exploring possibilities, and establishing values in areas
of life such as love, career, and worldview (Barbayannis 2022). Negative
experiences in the competitive and demanding work environment of modern
society have increased stress and lowered self-esteem among young adults,
leading to depression and other mental health problems (Jung et al. 2022,
Ji et al. 2023). According to the Korean Mental Health Status Report,
in 2020, depression was reported in 8.3% of adults in their 20s, 6.8%
of adults in their 30s, 4.9% of adults in their 40s, 2.4% of adults in their 50s,
4.3% of adults in their 60s, and 5.3% of adults in their 70s and older, with
the highest prevalence reported among adults in their 20s and 30s (National
Center for Mental Health 2021).

Diet and nutritional status affect nervous system metabolism, and mine-
rals in particular can directly influence the development and function of
the nervous system by acting as cofactors or catalysts for various enzymes
in the body (Badaeva et al. 2023, Quan et al. 2023). In previous studies
examining the association between depressive symptoms and mineral intake,
Chen et al. (2023) reported a negative association between selenium, potas-
sium, and magnesium intake and depressive symptom scores, and Miki et al.
(2015) reported a significant association between adequate calcium, iron, and
zinc intake and a lower prevalence of depressive symptoms. Davison et al.
(2012) reported no significant associations between depressive symptoms and
calcium, magnesium, phosphorus, potassium, sodium, or zinc intake; howe-
ver, they did report a significant negative association with iron intake.
Taken together, these studies show that the associations between mineral
intake and depressive symptoms are reported differently in different studies,
and studies that consider various characteristics of the subjects must be con-
ducted to establish more accurate and sufficient evidence.

The purpose of this study was to investigate the associations between
depressive symptom levels and mineral intake in young adults to suggest the
importance of and the need for adequate mineral intake for good mental
health in young adults.
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MATERIALS AND METHODS

Participants

This study was conducted among young adults in the Chungcheong area
of Korea. After the purpose and content of the study were explained, 539
people who understood the study and agreed to participate were surveyed by
nutritionists. The exclusion criteria were subjects outside of their 20s and
30s, energy intake of less than 500 kcal per day or more than 5,000 kcal per
day, pregnant or lactating women, and subjects who answered ‘do not know’
or who did not respond to the survey questions. After 42 subjects who met
the exclusion criteria were excluded, a total of 497 subjects (246 men and
251 women) were included in the statistical analysis. This study was
approved by the Institutional Review Board of Kongju National University
(KNU_IRB_2022-104). Written informed consent was obtained from all
the subjects, and the study was conducted in accordance with the relevant
guidelines.

General information survey

The general characteristics assessed included sex, age, height, weight,
occupation, living arrangement, and average monthly income (or pocket
money). Body mass index (BMI) was calculated from the height and weight
surveyed and classified as normal or underweight (<23 kg m?2), overweight
(23-25 kg m?), or obese (>25 kg m%) according to the World Health Organiza-
tion Asia—Pacific and Korean Society for Obesity criteria (Korean Society for
the Study of Obesity 2022).

Assessment of depressive symptom severity

The Center for Epidemiological Studies-Depression Scale (CES-D), a com-
prehensive tool validated for reliability and validity, was used to assess
depressive status. The CES-D consists of 20 items to assess depressive symp-
toms, with focus on depressive mood as experienced by the general popula-
tion. All 20 items are scored on the frequency that they were experienced
by the subject over the past week, using a scale of O for 1 day or less, 1 for
1-2 days, 2 for 3-4 days, 3 for 5-7 days; and the 4 items are reverse scored.
The total possible score is 60 points, with higher scores indicating higher
levels of depressive symptoms. The cutoff point used to categorize the high
depressive symptom (HDS) and normal groups was 16, which is the cutoff
point used in community epidemiologic surveys among the cutoff points
(16, 21, and 25) suggested in previous studies (Cho et al. 1998, Jeon 2001,
Kim et al. 2010, Park et al. 2011, Park et al. 2021).



646

Dietary intake survey

The dietary intake survey was conducted using a 24-hour recall method
and included all foods consumed the day before the survey, as well as the
type and amount of food consumed. To identify factors that may affect daily
dietary intake, four additional questions were asked: whether the surveyed
meal intake was representative of the participant’s typical meal intake,
whether vitamin and mineral supplements were taken, whether the partici-
pant was intentionally following a diet, and whether the participant had any
dietary restrictions. The approximate amounts recorded on the question-
naires were converted to weight and the intake of energy and nutrients was
calculated using CAN-Pro 5.0 (The Korean Nutrition Society, Seoul), and the
intake of each food group was calculated on the basis of the food group
classified in the ingredient code of the food. To improve the accuracy of the
mineral intake assessment, the mineral content database was supplemented
and analyzed according to a previous study (Yoon, Choi 2023). The mineral
content of foods not analyzed in CAN-Pro 5.0 was analyzed using the mine
ral databases of the National Institute of Agricultural Sciences (2021),
the United States Department of Agriculture (2015), and Japan’s Ministry of
Education, Culture, Sports, Science and Technology (2015).

Statistical analysis

The statistical analysis was performed using SAS version 9.4 (SAS Insti-
tute Inc., Cary, NC, USA). Frequencies were calculated for noncontinuous
variables, and means and standard deviations were calculated for continuous
variables. The subjects were categorized into the HDS group and the normal
group on the basis of a depressive symptom score of 16, with a score of 16
or higher indicating higher depressive symptom and a score of 16 or lower
being classified as normal. Differences between the HDS group and the nor-
mal group were tested for significance using unpaired t-test. The Pearson’s
correlation test was used to assess the correlation between variables, and
a partial correlation test was used to assess the correlation after adjusting
for sex, age, body mass index, occupation, residence type, income, and energy
intake. All statistical significance was tested at the p<0.05 level.

RESULTS AND DISCUSSION

Depressive symptoms can lead to inappropriate dietary and lifestyle habits,
which may result in nutrient deficiencies in the diet or an imbalance in dietary
composition. Minerals, in particular, are essential for normal nervous system
metabolism because they are involved in neurotransmitter production and
chemical signaling. Daily dietary intake has the greatest impact on mineral
nutrition in the body, so maintaining adequate mineral nutrition through
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a balanced diet is important. Therefore, the aim of this study was to assess
the levels of depressive symptoms in young adults and to investigate their
association with dietary mineral intake. The general characteristics of the
participants are presented in Table 1, as previously reported (Yoon, Choi
2025). The mean age of the subjects was 27.43 years for men and 27.11 years
for women, with no significant difference; however, height, weight, and BMI
were significantly higher in men than in women (p<0.001). The distribution
of obesity was significantly different between males and females, with
a greater proportion of obese (41.06%) and overweight (27.24%) males
than females and a greater proportion of below-normal (58.96%) females
than males (p<0.001).

Table 1
General characteristics of the subjects
Variable Criteria A}lecs:sb- 1\_/[en ngen p-value”
(n=497) (n=246) (n=251)
Age(years) 27.3+6.5 | 27.4+6.4 | 27.1+65 0.587
Height(cm) 168.0+8.6 | 174.5+5.9 | 161.645.4 | <0.001
Weight(kg) 67.2+14.6 | 75.1+£12.5 | 59.5+12.2 <0.001
BMI* (kg m?) 23.7+4.1 24.6+3.6 22.7+4.3 <0.001
. normal or underweight | 226(45.5)" 78(31.7) 148(59.0) <0.001
Obesity degree® I* @ eight 10721.5) | 6727.2) | 40(15.9)
obesity 164(33.0) 101(41.1) 63(25.1)
. with family 186(37.4) 87(35.4) 99(39.4) 0.410"
Residence type | 41one 174(35.0) | 83(33.7) | 91(36.3)
dormitory 133(26.8) | 74(30.1) | 59(23.5)
others 4(0.8) 2(0.8) 2(0.8)
professional 43(8.7) 20(8.1) 23(9.2)
Job technician 41(8.2) 38(15.5) 3(1.2) <0.001
service 67(13.5) 15(6.1) 52(20.7)
student 274(55.1) | 136(55.3) | 138(55.0)
others 72(145) | 37(15.0) | 35(13.9)
Income <343 162(32.6) | 74(30.1) | 88(35.1) 0.432
(USD/month) | 343-1370 139(28.0) | 69(28.0) | 70(27.9)
>1370 196(39.4) | 103(41.9) | 93(37.0)

" Mean=SD, " n(%), " Unpaired t-test or x>test, " Fisher’s exact test, * Body mass index,
# BMI <23 — normal or underweight, 23-25 — overweight, >25 — obesity

As shown in Table 2, the average daily food intake of the subjects in this
study was 1147.4 g, and food group intake among all the subjects was as
follows: beverages > cereals > vegetables > meat > dairy products; this was
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similar to the pattern of food group intake reported by Korea Health Statis-
tics (2021). In this study, seaweed intake in the HDS group was significantly
lower than that in the normal group among men (1.91 g vs. 5.48 g, p<0.05).
Guo et al. (2019) evaluated depressive symptom levels according to seaweed
intake over a 3-year follow-up period, and reported that depressive symptom
scores and the prevalence of depressive symptoms did not differ significantly
by seaweed intake level, but the incidence of depressive symptoms was sig-
nificantly lower in the group whose seaweed intake increased. Miyake et al.
(2014) analyzed seaweed consumption and depressive symptom levels in
pregnant women and reported that higher seaweed consumption was associ-
ated with significantly lower depressive symptom levels. Seaweed can serve
as a mineral source because its mineral content is more than 10 times high-
er than that of terrestrial plants (Lozano Munoz et al. 2020). Yoon et al.
(2022) analyzed the mineral content of seaweeds with high production in
Korea and reported that various seaweeds, such as wakame, blue, prickly,
tat, and green seaweed, had high levels of certain minerals and that the
levels of copper, selenium, and iron in a single serving of some seaweeds
exceeded the RDA for adult men aged 19-29 years old. Because seaweed
is considered a rich source of minerals, it is possible that the low seaweed
intake in the subjects with higher depressive symptom contributed to their
low mineral intake. However, unlike the results for men, the trend was
reverse in the female group, although it was not statistically significant.
It may be because women tend to be more interested in dieting than men.
Additionally, there were no significant differences between the HDS group
and the normal groups in a variety of food groups other than seaweed that
could also be sources of minerals, suggesting that a comparative assessment
of mineral intake between the two groups is necessary and that further
studies should be conducted to investigate the associations between seaweed
intake and depressive symptom levels.

Table 3 shows the mineral intake of the subjects according to their level
of depressive symptoms. The average daily mineral intakes for all the sub-
jects were as follows: 363.30 mg of calcium, 874.54 mg of phosphorus,
2927.62 mg of sodium, 1848.88 mg of potassium, 242.28 mg of magnesium,
15.93 mg of iron, 11.87 mg of zinc, 487.19 ug of copper, 3.26 mg of manga-
nese, 228.88 pg of iodine, 96.19 ug of selenium, and 117.62 pg of molybde-
num. However, mineral intake did not differ significantly different between
the HDS group and the normal groups for all subjects, regardless of sex.
Because previous studies revealed differences in depressive symptoms and
mineral intake according to general characteristics (Ilow et al. 2011, Jun
et al. 2015, Kim et al. 2015, Jung et al. 2017, Jiang et al. 2020), we analyzed
the associations between depressive symptom levels and mineral intake
according to sex, age, and degree of obesity. As a result, depressive symptom
levels were significantly negatively correlated with potassium (r=-0.11,
p<0.05) in all subjects when adjusted for confounders, and were significantly
negatively correlated with phosphorus (r=-0.13, p<0.05), potassium (r=-0.15,
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p<0.05), and molybdenum (r=-0.18, p<0.01) intake in men. Depressive symp-
tom levels were also significantly negatively correlated with phosphorus
(r=-0.18, p<0.05) and potassium (r=-0.18, p<0.05) intake among subjects
in their 30s and were significantly negatively correlated with potassium
(r=-0.17, p<0.05) intake among obese individuals (Table 4). In terms of the
characteristics of the subjects, depressive symptom levels were significantly
negatively correlated with the intake of minerals such as phosphorus, potas-
sium, and molybdenum, suggesting that there may be an association be-
tween depressive symptoms and mineral intake in certain subjects.

In a previous study on the relationship between depressive symptom
levels and phosphorus nutritional status, Lee et al. (2021) reported that
there was no significant difference in the nutrient density of phosphorus
according to depressive symptom levels. On the other hand, Kaner et al.
(2015) reported that the phosphorus intake of a group with depression was
significantly lower than that of a normal group, and Thi-Thu-Nguyen et al.
(2019) reported that the phosphorus density of a group with high levels of
depressive symptoms was lower than that of a normal group in women and
that phosphorus intake and depressive symptom levels were negatively cor-
related, which is similar to the finding of this study. Phosphorus is involved
in skeletal development and is a major component of cell membranes and
intracellular organelles (Berner et al. 1988), but research on its effects on the
nervous system is lacking. Clinical deficiencies in phosphorus in healthy
adults are characterized by extremely low intake or impaired metabolism
of phosphorus in the body (EFSA Panel on Dietetic Products et al. 2018).
Some studies that have examined the association between phosphorus nutri-
tional status and depressive symptoms have not found significant results
when the association between serum levels of phosphorus and depressive
symptoms was analyzed by assessing nutritional status in individuals with
medical conditions that may impair phosphorus metabolism (Vuckovié et al.
2021; Hamurcu. 2023). Therefore, further research on the association
between phosphorus nutritional status and depressive symptoms in healthy
adults is necessary to suggest appropriate phosphorus nutritional manage-
ment for the prevention of depression.

The consumption of foods high in sodium and low in potassium may con-
tribute to depression through a variety of mechanisms, including direct
effects on neurotransmitters and neurological function (Mrug et al. 2019).
Recently, Western diets high in sodium, saturated fat, and added sugars
have been shown to have significant negative effects on behavior and cogni-
tion through damage to the frontal, limbic, and hippocampal regions of the
brain, and these effects have been convincingly demonstrated in younger age
groups (Dash et al. 2015, Fuhrmann et al. 2015). In a previous study of the
association between actual depressive symptom levels and potassium intake,
Chen et al. (2023) reported a negative association between potassium intake
and depressive symptom scores; likewise, Park et al. (2018) reported that
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individuals with depression had significantly lower potassium intake and
potassium intake per 1000 kcal than normal individuals did. Lee et al.
(2021) also reported that individuals with depression had significantly lower
potassium intake than normal individuals did, which is similar to the finding
of our study. The main sources of potassium are green leafy vegetables,
legumes, and seaweed, and in this study, seaweed intake was significantly
lower in the group with depression than in the normal group. These dietary
patterns may be related to the significant inverse association between
depressive symptom levels and potassium intake, particularly among men,
individuals in their 30s, and obese individuals. Future studies must be con-
ducted to clarify these associations in different populations and to establish
causality.

In a previous study on depressive symptom levels and molybdenum,
Vyskocil et al. (1999) reported higher levels of molybdenum in the hair of
individuals with depression, and Naylor et al. (1985) reported lower urinary
molybdenum excretion in individuals with depression. Molybdenum is a coen-
zyme in the body that is involved primarily in redox reactions. Molybdenum
deficiency manifests mainly as metabolic disorders caused by congenital
defects in gene function, and its effects on the nervous system have been
reported to cause neurodegeneration and brain damage (Schwarz et al.
2013). However, the role of molybdenum in depressive symptoms has been
rarely studied, and the significant negative correlation between depressive
symptom levels and molybdenum intake in this study, particularly in men,
suggests that future research should focus on the effects of molybdenum
intake on neuronal metabolism in relation to depressive symptoms.

Despite the need and timeliness of this study and its significant findings,
it has several limitations. First, the study population was limited to those
living in the Chungcheong region of South Korea, making it difficult to gene-
ralize to the young adult population. Second, the CES-D, which assesses
depressive symptom levels, is a self-report questionnaire, which limits its
ability to diagnose depression. In particular, the cutoff point used to identify
subjects with high levels of depressive symptoms in this study was a commu-
nity-based measure, which may have been less restrictive than a diagnosis
of depression, thus diluting the association between depressive symptoms
and mineral intake. Importantly, however, in this study, the levels of depres-
sive symptom in young adults, a population with an increasing prevalence of
depression, were assessed, and this study included the use of a database
of the mineral content of various foods to provide a relatively accurate
assessment of mineral nutrition. The findings of this study highlight the
importance of dietary intake in the prevention and management of depres-
sion in young adults, a population whose prevalence continues to grow, and
provide scientific evidence on the association between depressive symptoms
and mineral intake.
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CONCLUSIONS

The main finding of this study was that seaweed intake was significantly
lower in the HDS group than in the normal group. In addition, depressive
symptom levels were significantly negatively associated with the intake
of minerals, such as phosphorus, potassium, and molybdenum, according
to the subject characteristics. These results suggest an association with food
and mineral intake and the importance of these dietary factors in depressive
symptoms.
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