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Objective The suicide rate in Korea was the highest among countries in the Organisation for Economic Co-operation and Development
in 2019. In a previous study, higher intake of vegetables and fruits was associated with a lower risk of suicidal ideation, and carotene-rich
fruits and vegetables lowered the risk of depression. This study aimed to examine the direct relationship between carotene intake and
suicidal ideation, adjusting for the effect on depression.

Methods This study used data from the Korea National Health and Nutrition Examination Survey (KNHANES) conducted in 2012,
2013, and 2015. Carotene intake was assessed through a food intake frequency survey with a 24-hour recall. Suicidal ideation and de-
pression were assessed using the mental health section of the KNHANES. We applied logistic regression to assess the relationship be-
tween carotene intake and suicidal ideation, adjusting for potential confounders.

Results A total of 5,480 females aged 19-64 years were included in this study. Carotene intake was significantly lower in the suicidal
ideation group (3,034.5+1,756.4 pg/day) than in the nonsuicidal ideation group (3,225.4+1,795.1 pg/day) (p=0.015). We found a signifi-
cant inverse association between carotene intake and the risk of suicidal ideation after adjusting for potential confounders (odds ra-
ti0=0.934, 95% confidence interval=0.873-0.999).

Conclusion These results suggest that carotene intake may be inversely associated with the risk of suicidal ideation. Our findings may

inform the development of new nutritional interventions to prevent increases in the risk of suicide worldwide.
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INTRODUCTION

The suicide rate in Korea is the highest among the Organisa-
tion for Economic Co-operation and Development countries.
In 2019, the suicide rate in Korea was 24.6 cases per 100,000
people.! In Korea, suicide is the leading cause of death among
individuals in their 10s, 20s, and 30s and the second leading
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cause of death among individuals in their 40s and 50s.> Sui-
cide imposes social costs, such as loss of labor and economic
power,® and approaches to prevent suicide-related issues are
needed. In this context, it is important to identify and prevent
or improve modifiable risk factors for suicide. Various mental
disorders, such as depressive disorder, substance use disorder,
and mental and physical trauma, are the main risk factors for
suicide.* In addition, lifestyle factors that are related to nutri-
tion and dietary patterns, such as being underweight or obese,
excessive smoking, alcohol consumption, and low physical
activity; are also associated with the risk of suicide.”

Previous studies have reported an association between food
and suicidal ideation. Energy drinks; junk food;® carbonated
drinks; sweets such as candy; cakes, and chocolate;” and the con-
sumption of 4 or more cups of coffee a day® have been found
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to increase the risk of suicidal ideation. Research has also iden-
tified nutritional and dietary patterns that reduce the risk of
suicide. A study investigated the relationship between dietary
habits and suicide among 89,037 Japanese adults and found
that diets involving a high intake of healthy foods such as veg-
etables, fruits, legumes, and fish lowered the risk of suicide.’
Additionally, in a study of 222,081 Korean individuals, sub-
jects who ate vegetables and fruits more than once a day had
an approximately 1.3- to 1.5-fold lower risk of suicidal ide-
ation than subjects who did not eat vegetables and fruits at all
or ate them less than once a day." Psychiatric diseases might
affect the relationship between intake of healthy food and sui-
cide-related issues.

Depression is one of the strongest risk factors for suicide."
Many previous studies have explored the relationship of de-
pression with nutrient and dietary patterns. Consumption of
instant and processed foods increased the risk of depression,
whereas consumption of beta-carotene, vitamin B6, vitamin E,
and vitamin C lowers the risk of depression.'> A meta-analysis
on the relationship between fruit and vegetable intake and de-
pression suggested that the vitamins found in large amounts in
fruits and vegetables may lower the risk of depression.”"* As
mentioned above, vitamins may act as protective factors against
depression and reduce the risk of suicide.

Carotene, which is found in fruits and vegetables at levels
up to 200 mg/kg, is one such vitamin associated with depres-
sion.” In a study on the relationship between carotene intake
and depression using data from the US National Health and
Nutrition Examination Survey (NHANES), carotene intake
lowered the risk of depression.'"” Low blood carotene levels
are a risk factor for depression,'® but studies on the association
between suicidal ideation and carotene intake are scarce. Since
suicidal ideation is not only a symptom of mental illness but
also an independent psychiatric problem, it is important to
examine the direct relationship between suicidal ideation and
carotene intake. Females experience suicidal ideation more
frequently than males,"”* and have higher levels of suicidal
ideation than there are suicide attempts.”* The purpose of this
study was to investigate the relationship between carotene in-
take and suicidal ideation in females who are prone to expe-
rience suicidal ideation using data from the Korea National
Health and Nutrition Examination Survey (KNHANES).

METHODS

Study population

The Korea Disease Control and Prevention Agency has ad-
ministered the KNHANES since 1998 to investigate the gen-
eral health and nutritional status of Korean individuals.” This
study used data from the KNHANES conducted in 2012, 2013,
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and 2015 Among these data, data from 2012, 2013, and 2015
that included carotene intake per day and suicidal ideation
were extracted and analyzed. Adult females between the ages
of 19 and 64 years were included, and the total number of
participants was 7,787. After excluding participants with miss-
ing values for questionnaire items relating to daily carotene
intake and suicidal ideation, 5,480 females were included in
the final analysis. All participants provide written informed
consent, and the survey protocol was approved by the Korea
Disease Control and Prevention Agency Institutional Review
Board (IRB No. 2012-01EXP-01-2C, 2013-07CON-03-4C,
2013-12EXP-03-5C, 2015-01-02-6C).

Measurements and variable definitions

Suicidal ideation and depression

The mental health section of the KNHANES includes the
question “Have you seriously considered suicide in the past
year?” According to answers on this question, we classified par-
ticipants into two groups, the suicidal ideation group and the
nonsuicidal ideation group. The question about the experience
of depression was as follows: “Have you ever felt sad or hope-
less enough to interfere with your life for more than 2 weeks
in a row in the past year?” If the subjects answered “yes” to
the question, they were considered to have depression.

Dietary carotene intake

For carotene intake, responses to the KNHANES food fre-
quency were used.” The toral daily intake of dietary carotene
(ug/day) was determined according to the intake frequency
and quantity of 112 foods. The number of intakes per week and
the average intake per standard serving for 112 foods were cal-
culated and used to determine the subjects’ carotene intake.

Covariates

To compare the socioeconomic characteristics and general
medical conditions of the suicidal ideation group and nonsui-
cidal ideation group, these variables were divided into the fol-
lowing categories: age (19-38, 39-58, or 59-64 years), body
mass index (BMI; <18.5, 18.5 to <25, 25 to <30, or 230 kg/m?),
education level (less than elementary school, middle school,
high school, or college or higher), marital status (married or
single), income level (low; middle-low, middle-high, or high),
smoking status (never, former, or current), alcohol consump-
tion (less than once a month, 2—4 times a month, 2-3 times a
week, or 4 or more times a week), and comorbid diseases such
as hypertension and diabetes (yes or no).

Statistical analysis
The KNHANES data used in this study were extracted us-



ing two-stage stratified cluster sampling. In the data analysis,
the complex structure of the sampling procedure was incorpo-
rated using weights. The scores of the suicidal ideation and
nonsuicidal ideation groups were compared. The means of
continuous variables were compared with a univariate gener-
alized linear model, and the proportions of categorical vari-
ables were compared with the Rao-Scott chi-square test. Multi-
variate logistic regression analysis was performed after adjusting
for factors that may affect suicidal ideation, such as age, BMI,
education level, marital status, household income, smoking sta-
tus, alcohol consumption, hypertension, diabetes, and depres-
sion. To analyze the risk of suicidal ideation according to car-
otene intake, standardized odds ratios (ORs) were calculated.
For statistical analysis, the R package survey 4.1.2 (R Core
Team. R Foundation for Statistical Computing, Vienna, Aus-
tria, 2021) was used, and a p<0.05 was considered statistically
significant.

RESULTS

Sociodemographic characteristics

Of the total subjects, 5,027 females were in the nonsuicidal
ideation group, and 453 females were in the suicidal ideation
group. Participants in the suicidal ideation group were signifi-
cantly more likely to have depression (57.7%) than those in the
nonsuicidal ideation group (10.4%) (p<0.001). Carotene intake
was significantly lower in the suicidal ideation group (3,034.5+
1,756.4 pg/day) than in the nonsuicidal ideation group (3,225.4+
1,795.1 pg/day) (p=0.015). Among other variables, obesity (BMI
230 kg/m’), low education level (< elementary school), single
marital status, low household income, current and former
smokers, and more frequent alcohol consumption were high-
er in the suicidal ideation group (Table 1).

Suicidal ideation according to carotene intake

The results of the multivariate logistic regression analysis re-
vealed that BMI, marital status, carotene intake, and depres-
sion significantly influenced the risk of suicidal ideation. We
found an inverse association between carotene intake and the
risk of suicidal ideation after adjusting for potential confound-
ers (OR=0.934, 95% confidence interval [CI]=0.873-0.999,
p=0.048). Subjects with BMI of 18.5 to <25 kg/m? had a lower
risk of suicidal ideation than subjects with BMI of >30 kg/m*
(OR=0.421, 95% Cl=0.225-0.789, p=0.007). On the other hand,
single subjects (OR=1.617, 95% Cl=1.119-2.338, p=0.011) and
those who had depression (OR=11.272, 95% Cl=8.752-14.516,
p<0.001) had a higher risk of suicidal ideation (Table 2).

Figure 1 presents a visual depiction of the adjusted risk of
suicidal ideation according to carotene intake. A 1,000-pg in-
crease in carotene intake was associated with an approximately
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0.934-fold decrease in the risk of suicidal ideation (p=0.048).

DISCUSSION

This study found that the risk of suicidal ideation was higher
among females aged 19 to 64 years who experienced depres-
sion. However, the risk of experiencing suicidal ideation was
reduced by 0.934-fold as carotene intake increased, even after
adjusting for depression, which could affect the likelihood of
suicidal ideation. Therefore, high carotene intake may prevent
suicidal ideation in females even after adjusting for the effect
of depression. In addition, other risk factors for female suicidal
ideation included higher BMI and single marital status. No
previous studies have explored the relationship between car-
otene intake and suicidal ideation, and this study is the first to
analyze the relationship between carotene intake and suicidal
ideation in females.

Depression is one of the main risk factors for suicide, and
the results of this study suggest that carotene intake could di-
rectly protect against suicidal ideation (i.e., after adjusting for
depression) rather than indirectly lowering the risk of suicidal
ideation by reducing depressive symptoms. Antioxidants such
as those contained in fruits and vegetables act as protective
factors against suicide;” similarly, carotene is a type of antiox-
idant that can reduce the risk of suicide.

Oxidative stress is associated with diverse psychiatric disor-
ders.”*” Previous studies have analyzed the relationship be-
tween carotene intake and the risk of depression. In one large
study, higher intake of alpha-carotene, beta-carotene, beta-
cryptoxanthin, lycopene, and lutein with zeaxanthin as well
as total carotenoids were associated with a 0.50- to 0.71-fold
lower risk of depression.'® In another study, only beta-cryp-
toxanthin intake lowered the risk of depression."” Specifically,
when beta-cryptoxanthin intake exceeded 110 pg/1,000 keal,
the risk of depression was reduced 0.65-fold."” Carotene acts
as a protective factor against psychiatric disorders through its
anti-inflammatory and antioxidant effects.'***

A previous meta-analysis showed that suicide-related issues
were associated with neurotoxic effects such as inflammation
and oxidative stress.”” In another study, people with suicidal
ideation had higher blood levels of oxidative stress biomarkers,
including NADPH oxidase (NOX), advanced oxidation pro-
tein products (AOPP), and the oxidative stress index, than
those without a history of suicidal ideation.” The higher the
NOX and AOPP blood levels were, the greater the intensity
of suicidal ideation.” Similarly, another study reported that
the serum concentration of oxidative stress biomarkers were
higher and antioxidant potential was lower in individuals who
had attempted suicide than in those who had never attempted
suicide.”® Because carotene has antioxidant properties, it can
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Table 1. Demographic and clinical characteristics of participants according to suicidal ideation

Characteristic Nonsuicidal ideation (N=5,027) Suicidal ideation (N=453) p Total (N=5,480)

Age 0.800

19-38 yr 1,755 (41.9) 163 (43.5) 1,918 (42.0)

39-58 yr 2,592 (48.7) 217 (47.3) 2,809 (48.6)

59-64 yr 680 (9.4) 73(9.2) 753 (9.4)
BMI <0.001

230 kg/m? 195 (3.9) 29 (8.3) 224 (4.3)

25 to <30 kg/m? 1,134 (21.2) 105 (22.9) 1,239 (21.4)

18.5 to <25 kg/m? 3,411 (68.2) 282 (58.3) 3,693 (67.3)

<18.5 kg/m* 287 (6.7) 37(10.6) 324 (7.0)
Education level <0.001

<FElementary school 624 (9.6) 101 (18.1) 725 (10.4)

Middle school 516 (9.3) 45 (9.3) 561 (9.3)

High school 1,969 (41.2) 186 (46.8) 2,155 (41.7)

>College 1,918 (39.9) 121 (25.8) 2,039 (38.6)
Marital status 0.003

Married 4,236 (78.5) 357 (71.4) 4,593 (77.9)

Single 791 (21.5) 96 (28.6) 887 (22.1)
Household income <0.001

High 1,322 (25.4) 89 (19.7) 1,411 (24.9)

Middle-high 1,311 (26.2) 100 (21.3) 1,411 (25.7)

Middle-low 1,261 (25.2) 116 (25.1) 1,377 (25.2)

Low 1,133 (23.2) 148 (33.9) 1,281 (24.2)
Smoking status <0.001

Never 4,541 (88.7) 356 (74.3) 4,897 (87.5)

Former 246 (5.5) 38(9.8) 284 (5.9)

Current 240 (5.8) 59 (15.9) 299 (6.7)
Alcohol consumption 0.001

<1 time/month 3,493 (67.6) 292 (62.0) 3,785 (67.1)

2-4 times/month 1,064 (22.2) 95 (23.0) 1,159 (22.3)

2-3 times/week 400 (8.8) 46 (10.9) 446 (9.0)

>4 times/week 70 (1.4) 20 (4.2) 90 (1.7)
Hypertension 0.773

No 3,214 (67.8) 284 (68.6) 3,498 (67.9)

Yes 1,813 (32.2) 169 (31.4) 1,982 (32.1)
Diabetes 0.065

No 3,956 (80.8) 342 (76.7) 4,298 (80.4)

Yes 1,071 (19.2) 111 (23.3) 1,182 (19.6)
Carotene intake (pg/day) 3,225.4+1,795.1 3,034.5+1,756.4 0.015 3,209.6£1,792.6
Depression <0.001

No 4,522 (89.6) 191 (42.3) 4,713 (85.5)

Yes 505 (10.4) 262 (57.7) 767 (14.5)

Values are presented as the number (%) or mean+standard deviation. BMI, body mass index

900 Psychiatry Investig 2023;20(10):897-903



E Lim et al.

Table 2. Multivariate logistic analysis of the relationship between carotene intake and suicidal ideation

B SE OR (95% CI) p

Age

19-38 yr Reference Reference Reference

39-58 yr 0.167 0.187 1.182 (0.819-1.706) 0.373

59-64 yr 0.017 0.248 1.017 (0.626-1.654) 0.945
BMI

>30 kg/m’ Reference Reference Reference

25 to <30 kg/m? -0.637 0.329 0.529 (0.278-1.008) 0.053

18.5 to <25 kg/m? -0.864 0.320 0.421 (0.225-0.789) 0.007

<18.5 kg/m? 0.033 0.349 1.034 (0.522-2.048) 0.925
Marital status

Married Reference Reference Reference

Single 0.481 0.188 1.617 (1.119-2.338) 0.011
Alcohol consumption

<1 time/month Reference Reference Reference

2-4 times/month 0.048 0.166 1.050 (0.758-1.453) 0.771

2-3 times/week -0.045 0.226 0.956 (0.614-1.487) 0.842

>4 times/week 0.614 0.346 1.848 (0.938-3.638) 0.076
Hypertension

No Reference Reference Reference

Yes -0.279 0.142 0.756 (0.573-0.999) 0.050
Diabetes

No Reference Reference Reference

Yes 0.179 0.155 1.197 (0.883-1.621) 0.247
Carotene intake -0.068 0.035 0.934 (0.873-0.999) 0.048
Depression

No Reference Reference Reference

Yes 2422 0.129 11.272 (8.752-14.516) <0.001

Adjusted for age, BMI, education level, marital status, household income, smoking status, alcohol consumption, hypertension, diabetes, and

depression. B, unstandardized coefficient; SE, standard error; OR, odds ratio; CI, confidence interval; BMI, body mass index

reduce oxidative stress by removing reactive oxygen species
and free radicals.”” The risk of suicide due to oxidative stress
can be lowered through the intake of carotene, an antioxidant.

No previous studies have directly studied the relationship
between carotene intake and suicidal ideation, but a previous
study confirmed a relationship between carotene serum con-
centrations and suicide attempts. This study investigated the
relationships of serum concentrations of vitamin E, vitamin C,
and carotene with suicide attempts in 6,680 people aged 17—
39 years.” Individuals who had attempted suicide had lower
serum concentrations of carotene than those who had never
attempted suicide.” The probability of having low serum con-
centrations of alpha-carotene and beta-cryptoxanthin as well
as total carotenoids was 1.45, 2.12, and 2.34 times higher, re-
spectively, in those who had attempted suicide.” In the same

study, the serum concentrations of the antioxidants vitamin C,
lutein/zeaxanthin, and lycopene as well as total carotenoids
were lower in those who had attempted suicide than in those
who had never attempted suicide.” Similarly; the results of the
present study suggest that the intake of carotene, an antioxi-
dant, is a protective factor against suicidal ideation in females.
Further studies, including direct analysis of suicidal ideation
and serum concentration of carotene, are needed.

This study has several limitations. First, since this study an-
alyzed daily carotene intake using the food intake frequency
survey, recall bias might exist. Second, since this was a cross-
sectional study, it is difficult to determine the causal relation-
ship between carotene intake and suicidal ideation. Third, since
the serum concentrations of various types of carotenes were
not measured in this study, the direct association between spe-
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Figure 1. Dose-response relationship between dietary carotene
intake and suicidal ideation. The association was adjusted for
age, BMI, education level, marital status, household income,
smoking status, alcohol consumption, hypertension, diabetes,
and depression. The shadow indicates the 95% confidence inter-
val (Cl). BMI, body mass index.

cific carotene intake and suicidal ideation in females could not
be confirmed. Further research on this is needed in the future.
Fourth, although confounding factors that might affect suicid-
al ideation were adjusted for, other confounding factors may
have influenced the results. Psychiatric diseases such as anxi-
ety,” insomnia,® psychosis,* the socio-family environment,
drug use, physical illness, and the suicide of relatives®” could
also influence the results. Fifth, this study was conducted only
with females, and it is not representative of the entire popula-
tion. Sixth, the main result was only marginally statistically
significant (95% CI=0.873-0.999) and further studies confirm-
ing the relationship between carotene intake and suicidal ide-
ation should be performed to replicate this finding.

Despite several limitations, this study is the first to analyze
the relationship between carotene intake and suicidal ideation
in females using large-scale data representative of Korean in-
dividuals. Oxidative stress is associated with the onset and
course of several psychiatric disorders, and antioxidants such
as vitamin C and vitamin D are known to supplement treat-
ment of the disease. The results of this study are important as
they suggest that carotene may be a novel antioxidant for pre-
venting suicidal ideation. Further research examining the re-
lationship between carotene intake and suicidal ideation that
addresses the limitations of this study can inform the devel-
opment of new nutritional interventions to prevent the risk of
suicide, which is increasing worldwide.
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