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Background: Serum-ferritin levels may be associated with psychiatric symptoms among the elderly; however, this
association has not been extensively studied. The aim of this study was to evaluate the association between serum-
ferritin levels and mental health issues in older Koreans.

Methods: This cross-sectional study included large-scale national data from the Korea National Health and Nutri-
tion Examination Survey 2010-2012. In total, 1,802 older Koreans (=65 years old) were included. The assessed psy-
chiatric symptoms included short sleep duration, stress, depressed mood, and suicidal ideation. Any association
between serum-ferritin levels and mental health issues according to sex was examined using logistic regression
analysis.

Results: The prevalence of short sleep duration, stress, depressed mood, and suicidal ideation was 50.9%, 21.7%,
18.2%, and 22.5%, respectively. In men, suicidal ideation decreased with increased serum-ferritin levels after multi-
variate adjustment for sociodemographic and lifestyle factors and comorbidities. The odds ratios (OR) and 95%
confidence interval (CI) of suicidal ideation by quartiles of serum-ferritin level were 1 (reference), 1.132 (95% CI,
0.569-2.252), 0.453 (95% CI, 0.217-0.945), and 0.608 (95% CI, 0.295-1.253), respectively, (P for trend=0.039). In
women, no trend was observed. However, compared to the lowest quartile, short sleep duration (<7 h) and stress
perception were significantly decreased in the third quartile, with odds ratios of 0.601 (95% CI, 0.461-0.888), and
0.606 (95% CI, 0.386-0.952), respectively.

Conclusion: Moderate serum-ferritin levels were associated with decreased risk for suicide ideation in men, and
were associated with decreased short sleep duration and stress perception in women.
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INTRODUCTION

Psychological wellbeing is a prominent component of public health,
and insufficient sleep affects mental and physical health among the el-
derly." Stress can cause physical problems such as diabetes mellitus,
hypertension, and cardiovascular disease, as well as mental problems
such as cognitive disorder and depression. Individuals who are often
exposed to stress may become depressed and develop suicidal ide-
ation in severe cases.’ Depressive symptoms have a high prevalence
rate in Korea; according to the 2011 Korea Health statistics, 4.8% of
adult men, and 10.1% of adult women experience depressive symp-
toms.” Depression may be an important risk factor for suicide, and
Korea has a high suicide rate among the Organization for Economic
Cooperation and Development countries.”

Iron is an essential inorganic substance for normal body physiolo-
gy.” It is an important component of hemoglobin and is involved in
blood oxygen activity, brain function, cognition, and behavior. It is also
essential for thyroid hormone synthesis and protein metabolism.? Se-
rum-ferritin is an iron-binding protein that is distributed throughout
the body, and serves as a biomarker of the body’s iron stores.” Re-
duced serum-ferritin indicates iron deficiency, which may lead to
changes in mental and cerebral mechanisms, emotion, and behav-
ior.5*¥ In contrast, chronic inflammation and oxidative stress may act
as a link between elevated serum-ferritin levels, which may contribute
to cellular or tissue damage.'” A previous study revealed that increased
levels of serum-ferritin were associated with major depression in pa-
tients receiving chronic hemodialysis. This suggests that systemic, low-
grade inflammation plays a role in the onset and course of the dis-
ease."

Consequently, we hypothesized that serum-ferritin might be associ-
ated with mental health. However, to the best of our knowledge, few
reports have demonstrated this association in large-scale human stud-
ies.’21%)

This study aimed to investigate the association between serum-fer-

ritin levels and mental health issues (such as short sleep duration,
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stress perception, depressed mood, and suicidal ideation) in the Kore-
an elderly population, by examining large-scale, nationally representa-
tive data from the Korea Health and Nutrition Examination Survey
(KNHANES) V (2010-2012), with an ultimate goal of clarifying the

mechanisms and characteristics of mental health in the elderly.

METHODS

1. Study Population

This national, cross-sectional study was based on data from the
KNHANES V survey. The KNHANES was a nationwide survey con-
ducted by the Korean Ministry of Health and Welfare. The survey con-
sisted of three sections: a health interview, a health examination, and
a nutritional survey. The KNHANES V survey was conducted from
January 2010 to December 2012 and utilized household records devel-
oped by the 2005 Population and Housing Census in Korea to select
representative Korean national samples. Twenty households from
each survey section were selected with a stratified, multistage proba-
bility cluster sampling system that considered geographic area, age,
and sex. A total of 25,534 individuals participated in the KNHANES V
survey (Figure 1). The present study included data for important ana-
lytic variables, such as serum-ferritin levels and the mental health
questionnaire results from elderly individuals aged 65 years or older.
We excluded participants diagnosed with anemia (hemoglobin [Hb]
<13 g/dL for men, Hb <12 g/dL for women), stroke, myocardial infarc-
tion, angina, and cancer to eliminate other factors potentially affecting
serum-ferritin levels. After these adjustments, 1,802 participants were
included in the statistical analysis. The Institutional Review Board of
the Centers for Disease Control and Prevention in Korea approved the
KNHANES examination and survey. All participants in the survey pro-
vided written informed consent (2010-02CON-21-C, 2011-02CON-
06-C, 2012-01EXP-01-2C).

2. General Characteristics of the Participants
We obtained data from the KNHANES V survey including anthropo-

A 4

A

Subjects under 65 years of age
(n=20,792) were excluded.

4,742 Participants

A 4

Subjects who didn't have data of mental health
qguestionnaire or serum ferritin level
A (n=1,799) were excluded.

2,943 Participants

A 4

Subjects who diagnosed with anemia,
cardiovascular disease, and cancer
v (n=1,141) were excluded.

Figure 1. Flow diagram of the study parti-

Included 941 participants
(men=769, women=1,032)

cipants. KNHANES, Korea Health and Nutrition
Examination Survey.

https://doi.org/10.4082/kjfm.18.0097



382  www.kjfm.or.kr

metric, demographic, nutritional, and medical history data. Anthropo-
metric variables such as height and weight were measured by trained
experts according to standardized protocols. Body mass index (BMI)
was calculated as body weight (kg) divided by height squared (m?).
Waist circumference was recorded midway between the lower margin
of the final rib and the upper margin of the iliac crest to the nearest 0.1
cm. Sociodemographic, lifestyle, and physical illness information was
collected with a questionnaire. Marital status was divided into two
groups, single or married, and education level was divided into two
groups, college-graduate level or lower-than-college-graduate level.
Monthly income was reported in the South Korean currency (won)
and categorized into quartiles according to household income as fol-
lows: lowest, lower-middle, upper-middle, or highest. We divided the
participants based on income into two groups: a low-income group
(lowest or lower-middle), and a high-income group (upper-middle or
highest), and also surveyed home ownership.

Regular exercise was divided into two groups: perform or do-not-
perform, based on whether the participants engaged in intense physi-
cal activity more than 3 days per week for at least 20 minutes, moder-
ate physical activity more than 5 days per week for at least 30 minutes,
or walking more than 5 days per week for at least 30 minutes. Regular
exercise was classified according to the International Physical Activity
Questionnaire. Smoking was divided into two groups based on the
self-reported history of cigarette smoking, i.e., current smokers (those
who were currently smoking, or had smoked more than 5 packs of cig-
arettes during their lifetime), and non-smokers (those who had never

smoked, or had smoked less than 5 packs of cigarettes during their

Table 1. General characteristics of the study participants by sex
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lifetime). Alcohol consumption was defined as having consumed at
least one alcoholic drink per month in the past year. The history of co-
morbidity was assessed by the answers (yes or no) to questions regard-
ing diagnosed hypertension and diabetes mellitus. Iron intake and to-
tal energy intake were assessed with the 24-hour recall method. A
trained dietitian conducted the nutrition survey in the participants’
homes, and used additional tools such as food models, two-dimen-
sional food volumes, and containers to help participants recall their
nutritional intake. White blood cell (WBC) counts were measured with
an automated blood analyzer XE-2100 (Sysmex, Kobe, Japan), and ex-
pressed as 10A3/uL.

3. Serum-Ferritin

Blood samples were collected after at least 8 hours of fasting. They
were processed, refrigerated immediately, and transported in cold
storage to the Central Testing Institute in Seoul, Korea. Serum-ferritin
levels were measured by immunofluorescence-mat ferritin (DiaSorin
Inc., Stillwater, MN, USA), with a gamma counter (1470 Wizard; Perki-
nElmer, Turku, Finland). The participants were subdivided into quar-
tiles based on serum-ferritin levels to determine the association be-
tween ferritin levels and mental health. The men’s cut off values for
quartiles were 58.52 ng/mL for the lowest quartile, 93.75 ng/mL for the
second quartile, 154.04 ng/mL for the third quartile, and >154.04 ng/
mL for the fourth quartile. The cut-off values for women were 38.33
ng/mL for the lowest quartile, 60.56 ng/mL for the second quartile,
93.43 ng/mL for the third quartile, and >93.43 ng/mL for the fourth
quartile.

Characteristic Total (N=1,802) Men (N=769) Women (N=1,032) P-value*
Age (y) 71.92+0.14 71.50+0.30 72.22+0.20 0.017
Body mass index (kg/m?) 24.01+0.09 23.32+0.13 24.51+0.19 <0.001
Waist circumference (cm) 84.54+0.27 85.15+0.35 84.09+0.35 0.048
Marital status (%) 99.8+0.1 (1,796) 100+0.2 (768) 99.7+0.1 (1,028) 0.001
Education' (%) 3.8+0.6 (84) 7.0+1.2 (62) 1.5+0.4 (22) <0.001
Low household income (%) 50.6+1.5 (884) 49.8+2.3 (385) 51.3+2.1 (499 0.759
House ownership (%) 78.1+£1.2 (1,432) 84.2+1.7 (655) 73.7+1.8 (777) <0.001
Regular exercise’ (%) 34.1+1.5(615) 34.7+2.2 (276) 33.6+2.1 (339) 0.722
Current smoker (%) 13.0+0.9 (234) 26.3+1.8 (198) 3.5+0.7 (36) <0.001
Alcohol drinker (%) 38.0+1.4 (690) 68.9+2.2 (482) 31.1£2.2 (208) <0.001
Diabetes mellitus (%) 15.5+1.0 (292) 14.2+1.4 (126) 16.4+1.4 (166) 0.292
Hypertension (%) 33.4+1.9 (618) 30.2+2.6 (30) 35.6+2.6 (388) 0.147
Daily energy intake (kcal) 1,702.49+37.65 2,019.22+47.94 1,474.70+21.37 <0.001
Daily iron intake (mg) 17.69+0.59 18.35+1.46 17.218+1.05 0.437
White blood cell counts (10A3/ul) 6.16+0.43 6.30+0.10 6.05+0.60 0.009
Ferritin (ng/mL) 94.29+2.28 122.43+5.71 74.24+2.45 <0.001
Short sleep duration® (%) 50.9+1.5 (905) 42.9+2.3 (331) 56.6+1.8 (574) <0.001
Stress perception (%) 21.7+1.3 (386) 11.6+1.4 (94) 28.9+1.9 (292) <0.001
Depressed mood (%) 18.2+1.2 (318) 11.4+1.4 (87) 23.2+1.7 (231) <0.001
Suicidal ideation (%) 22.5+1.3 (392) 15.7+1.8 (114) 27.4+1.8 (278) <0.001

Values are presented as estimated mean=standard error (%, unweighted number) for categorical variables or estimated meanzstandard error for continuous variables.
*Obtained by Pearson’s chi-square test for categorical variables or general linear model analysis for continuous variables. fRatio of college-graduate level. *Regular exercise
includes intense physical activity more than 3 days per week for at least 20 minutes, moderate physical activity more than 5 days per week for at least 30 minutes, or walking

more than 5 days per week for at least 30 minutes. $Sleep duration less than 7 hours.
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4. Mental Health

We analyzed survey data on four psychiatric symptoms. Sleep dura-
tion was divided into two groups, adequate sleep (=7 hours) and inad-
equate sleep (<7 hours).!” Stress perception was assessed by self-re-
ports with the following question: “How stressed do you feel during
your usual life activities?” Based on the report, the participants were
classified into two categories, a high-stress group and a low-stress
group. Depressed mood included feeling sadness or despair continu-
ously for >2 weeks during the past year, to a degree sufficient to inter-
fere with daily life. The participants were divided into two groups, de-
pression and non-depression. We also asked participants if they had

experienced suicidal ideation during the past year.

5. Statistical Analysis

We obtained data by complex sampling and considered strata, clus-
ters, and weights. All analyses were performed with the sample
weights from the KNHANES V survey. The clinical characteristics of
men and women were compared using the Pearson chi-square test for
categorical variables, and a generalized linear model for continuous
variables. Data for continuous variables are expressed as meanztstan-
dard error, and data for categorical variables are expressed as mean+
standard error (%, unweighted number). We performed multiple lo-
gistic regression analyses to calculate the odds ratios and 95% confi-
dence intervals, for the association between serum-ferritin levels and
mental health. Age, BMI, waist circumference, education level, income

level, housing status, physical activity, smoking status, alcohol con-

Table 2. General characteristics of men, according to the quartiles of serum-ferritin levels
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sumption, history of diabetes mellitus or hypertension, energy intake,
iron intake, and WBC counts were adjusted. All analyses were per-
formed using IBM SPSS for Windows ver. 21.0 (IBM Corp., Armonk,
NY, USA). A P for trend <0.05 was considered statistically significant.

RESULTS

1. General Characteristics of the Participants

Table 1 shows the general characteristics of the participants. The study
included 769 men and 1,032 women. The mean serum-ferritin level in
men was significantly higher than that in women (122.43+5.71 versus
74.24+2.45 ng/mL, respectively; P<0.001). Overall, women were older,
and had a higher BMI than men. Women had a lower education level
and housing status, and were less likely to be smokers or consume al-
cohol than men. Psychiatric symptoms showed a higher rate in wom-
en (short sleep duration [<7 hours]: 42.9%+2.3% versus 56.6%+1.8%;
stress perception: 11.6%+1.4% versus 28.9%z+1.9%; depressed mood:
11.4%+1.4% versus 23.2%+1.7%; and suicidal ideation: 15.7%+1.8%
versus 27.4%+1.8%).

2. General Characteristics of the Participants according to
the Quartiles of Serum-Ferritin Levels

The characteristics of the study participants according to the serum-

ferritin quartiles of men and women are shown in Table 2 and Table 3,

respectively. Men with low serum-ferritin levels had low household

incomes (P=0.011). There were also significant differences in alcohol

Characteristic Q1 (N=194) Q2 (N=189) Q3 (N=195) Q4 (N=191) P-value*

Serum-ferritin (ng/mL) 38.88+15.48 75.78+15.63 120.21+15.38 267.29+15.61

Age (y) 71.84+0.57 70.94+0.57 71.61+0.57 71.63+0.42 0.459
Body mass index (kg/m? 22.83+0.38 23.58+0.36 23.39+0.40 23.55+0.27 0.131
Waist circumference (cm) 83.93+1.06 85.75+0.99 84.89+1.04 86.25+0.72 0.141
Marital status (%) 99.0+0.6 (193) 100+0.0 (189) 100+0.0 (1 95) 100+0.0 (191) 0.911
Education® (%) 6.7+2.1 (14) 6.1+2.3 (14) 5.8+1.8 (16 9.4+2.8 (18) 0.644
Low household income (%) 46.1+4.1 (99) 50.3+4.4 (88) 49.9+4.3 (1 03) 53.4+4.7 (95) 0.011
House ownership (%) 82.8+3.3 (163) 82.8+4.0 (161) 88.2+2.6 (169) 83.2+3.7 (162) 0.610
Regular exercise* (%) 32.6+4.0 (61) 42.2+4.3 (85) 32.5+4.4 (68) 31.4+4.3 (62) 0.248
Current smoker (%) 25.4+3.9 (43) 25.0+3.6 (50) 26.8+3.7 (48) 28.2+4.2 (57) 0.936
Alcohol drinker (%) 55.2+5.0 (103) 68.8+4.0 (126) 56.7+4.2 (115) 70.1+3.7 (138) 0.024
Diabetes mellitus (%) 12.3+2.4 (27) 17.2+3.3 (41) 12.4+2.5 (30) 15.3+2.9 (36) 0.522
Hypertension (%) 17.5+3.2 (45) 36.6+4.6 (66) 32.5+5.2 (62) 35.7+4.5 (57) 0.003
Daily energy intake (kcal) 1,984.18+101.43 2,131.31+£98.64 1,959.70+124.03 2,004.17+74.52 0.365
Daily iron intake (mg) 16.75+2.03 20.66+2.65 18.42+2.33 17.65+1.63 0.499
White blood cell counts (10A3/uL) 6.18+0.19 6.51+0.22 6.22+0.18 6.31+0.14 0.431
Short sleep duration® (%) 38.7+4.2 (85) 44.0+4.1 (83) 43.6+4.3 (80) 45.7+4.4 (83) 0.646
Stress perception (%) 11.4+2.8 (24) 14.6+3.0 (25) 8.7+2.1(22) 11.8+£2.9 (23) 0.491
Depressed mood (%) 12.7+3.2 (21) 12.6+3.1 (20) 12.0+£2.7 (26) 8.0+1.8 (20) 0.571
Suicidal ideation (%) 17.3+3.2 (30) 21.0+4.5 (31) 11.2+2.7 (23) 13.3+2.8 (30) 0.148

Values are presented as estimated mean=standard error (%, unweighted number) for categorical variables or estimated meanzstandard error for continuous variables.

Q, quartile.

*Obtained by Pearson’s chi-square test for categorical variables or general linear model analysis for continuous variables. fRatio of college-graduate level. *Regular exercise
includes intense physical activity more than 3 days per week for at least 20 minutes, moderate physical activity more than 5 days per week for at least 30 minutes, or walking
more than 5 days per week for at least 30 minutes. $Sleep duration less than 7 hours.
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Table 3. General characteristics of women, according to the quartiles of serum-ferritin levels

Characteristic Q1 (N=265) Q2 (N=256) Q3 (N=252) Q4 (N=259) P-value*

Serum-ferritin (ng/mL) 25.33+5.70 48.75+5.68 76.65+5.62 146.53+5.62

Age (y) 72.15+0.51 71.69+0.53 72.34+0.63 72.72+0.40 0.264
Body mass index (kg/m? 24.49+0.33 24.20+0.35 24.40+0.35 24.94+0.27 0.194
Waist circumference (cm) 84.01+0.90 82.95+0.97 84.00+0.94 85.40+0.73 0.093
Marital status (%) 99.9+0.2 (264) 99.7+0.3 (255) 99.8+0.2 (251) 99.6+0.4 (258) 0.906
Education' (%) 0.6+0.3 (3) 21+1.1(9) 1.5+0.8 (5) 2.0+0.8 (9) 0.420
Low household income (%) 54.3+3.7 (135) 52.8+4.1 (128) 50.9+4.3 (118) 47.0+3.9 (118) 0.796
House ownership (%) 72.6+3.2 (193) 72.8+3.6 (195) 76.5+3.3 (192) 72.9+3.2 (197) 0.811
Regular exercise’ (%) 31.5+3.7 (85) 37.7+4.0 (92) 34.4+3.8 (86) 30.9+3.4 (76) 0.518
Current smoker (%) 4.0+1.3 (11) 2.6+1.3(7) 3.2+1.2(7) 4.2+1.5(11) 0.827
Alcohol drinker (%) 19.9+3.2 (50) 17.7+£2.8 (47) 23.6+3.3 (61) 20.4+3.2 (50) 0.634
Diabetes mellitus (%) 15.8+2.5 (43) 14.9+2.5 (41) 17.1+3.1 (38) 17.7+2.8 (44) 0.878
Hypertension (%) 41.2+4.2 (111) 33.6+3.8 (96) 30.4+3.8 (82) 36.9+4.4 (99) 0.193
Daily energy intake (kcal) 1,471.63+55.16 1,487.77+56.52 1,474.15+61.92 1,465.15+43.98 0.980
Daily iron intake (mg) 15.93+2.64 18.47+2.70 15.24+2.75 19.06+2.18 0.423
White blood cell counts (10/3/ul) 6.00+0.17 6.00+0.17 5.92+0.19 6.28+0.12 0.202
Short sleep duration® (%) 51.2+3.5 (142) 57.0£3.7 (147) 63.2+3.9 (144) 55.4+3.8 (141) 0.164
Stress perception (%) 35.5+3.5 (91) 28.2+3.4 (69) 24.4+3.3 (66) 27.4+3.7 (66) 0.126
Depressed mood (%) 28.0+3.4 (71) 19.5+2.9 (51) 24.3+3.6 (53) 20.8+3.1 (56) 0.219
Suicidal ideation (%) 30.4+3.4 (81) 24.2+3.4 (64) 24.8+3.6 (58) 30.1+3.6 (75) 0.421

Values are presented as estimated mean=standard error (%, unweighted number) for categorical variables or estimated meanzstandard error for continuous variables.

Q, quartile.

*Obtained by Pearson’s chi-square test for categorical variables or general linear model analysis for continuous variables. 'Ratio of college-graduate level. *Regular exercise
includes intense physical activity more than 3 days per week for at least 20 minutes, moderate physical activity more than 5 days per week for at least 30 minutes, or walking

more than 5 days per week for at least 30 minutes. $Sleep duration less than 7 hours.

consumption (P=0.024), and prevalence of hypertension (P=0.003),
according to the men’s serum-ferritin quartiles. In women, there was
no significant difference in general characteristics according to the se-

rum-ferritin quartiles.

3. Association between Serum-Ferritin Levels and Mental
Health

Tables 4 and 5 present the ORs (95% confidence intervals) of mental
health in men and women, respectively, according to the serum-ferri-
tin quartiles. Model 1 was adjusted for age, BMI, and waist circumfer-
ence. Model 2 was adjusted for age, BMI, waist circumference, educa-
tion level, income level, housing status, physical activity, smoking sta-
tus, alcohol consumption, history of diabetes mellitus or hypertension,
energy intake, iron intake, and WBC counts. In the multiple logistic re-
gression analysis, serum-ferritin level was significantly associated with
suicidal ideation in the fully adjusted model in men (Q1:1 [reference],
Q2:1.132 [95%CI, 0.569-2.252], Q3:0453 [95%CI, 0.217-0.945], Q4:0.608
[95%ClI, 0.295-1.253]; P for trend=0.039). In women, no trend was ob-
served; however, compared to the lowest quartile, short sleep duration
(<7 hours) and stress perception were significantly decreased in the
third quartile, and the odds ratios were 0.601 (95% CI, 0.406-0.888)
and 0.606 (95% CI, 0.386-0.952), respectively.

DISCUSSION

This study examined the association between serum-ferritin levels

https://doi.org/10.4082/kjfm.18.0097

and mental health in a nationally representative sample of older Kore-
ans. To the best of our knowledge, this is the first reported study to ex-
plore the link between serum-ferritin and mental health.

We found that men with lower serum-ferritin levels exhibited a
trend for higher risk of suicidal ideation, and compared to the lowest
quartile, suicidal ideation was significantly decreased in the third
quartile. High-impulsivity has been linked with low-iron status in
some observational and experimental studies. Moscicki'® reported
that low-iron status may be associated with suicide via the pathway of
increased impulsivity. A sufficient amount of iron is particularly im-
portant for the synthesis of serotonin, a neurotransmitter that plays a
significant role in mood disorders and impulsivity."*'® Studies on the
serotonergic system have found that serotonin was reduced in the
ventral prefrontal cortex region, resulting in impaired inhibition and a
greater propensity to act on powerful feelings such as suicidal or ag-
gressive feelings.”) However, in the present study, depressed mood, a
considerable cause for suicide, was not associated with ferritin level.
This result may be related to the characteristics of elderly depression.
In the elderly, depressed mood may be less prominent than other
symptoms, such as loss of interest and appetite, sleeplessness, and an-
ergia."”

Our study also found that moderately elevated serum-ferritin (Q3)
levels were associated with a decreased risk of short sleep duration in
women. This association was also independent of several confound-
ers. The relationship between sleep duration and serum-ferritin is

widely known, and low ferritin level has been associated with restless
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Table 4. OR and 95% Cl of psychiatric symptoms according to the quartiles of serum-ferritin in men
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Unadjusted Model 1 Model 2
Variable Q
OR (95% Cl) P-value OR (95% Cl) P-value OR (95% Cl) P for trend*

Short sleep duration Q1 1 (Reference) 0.280 1 (Reference) 0.307 1 (Reference) 0.468
Q2 0.801 (0.505-1.269) 0.818 (0.513-1.303) 0.842 (0.521-1.359)
Q3 0.815 (0.494-1.344) 0.844 (0.512-1.392) 0.859 (0.512—1.441)
Q4 0.748 (0.461-1.216) 0.752 (0.460-1.227) 0.810 (0.490-1.339)

Stress perception a1 1 (Reference) 0.728 1 (Reference) 0.803 1 (Reference) 0.827
Q2 1.330 (0.656-2.696) 0.731(0.361-1.483) 1.349 (0.664-2.740)
Q3 0.746 (0.362—1.535) 1.302 (0.636-2.666) 0.791 (0.380-1.614)
Q4 1.048 (0.482-2.277) 0.917 (0.426-1.972) 1.104 (0.509-2.396)

Depressed mood Q1 1 (Reference) 0.230 1 (Reference) 0.215 1 (Reference) 0.174
02 0.996 (0.448-2.213) 0.996 (0.448-2.214) 0.818 (0.355-1.884)
Q3 0.940 (0.443-1.996) 0.944 (0.448-1.991) 0.855 (0.381-1.920)
Q4 0.599 (0.283-1.268) 0.587 (0.276-1.252) 0.540 (0.241-1.213)

Suicidal ideation Q1 1 (Reference) 0.125 1 (Reference) 0.141 1 (Reference) 0.039
Q2 1.275 (0.674-0.414) 1.365 (0.715-2.607) 1.132 (0.569-2.252)
Q3 0.604 (0.300-1.215) 0.602 (0.300-1.210) 0.453 (0.217-0.945)
Q4 0.732 (0.378-1.416) 0.762 (0.387-1.500) 0.608 (0.295-1.253)

Values are presented as OR (95% Cl). ORs and 95% Cls were estimated by multiple logistic regression analyses. Model 1: adjusted for age, body mass index, and waist
circumference; Model 2: adjusted for age, body mass index, and waist circumference, education level, income level, house ownership, physical activity, smoking status, alcohol

consumption, history of diabetes mellitus or hypertension, energy intake, iron intake, and white blood cell counts.

OR, odds ratio; Cl, confidence interval; Q, quartile.
*Assessed by generalized linear model in which ferritin quartile was put as a continuous variable.

Table 5. OR and 95% Cl of psychiatric symptoms according to the quartiles of serum-ferritin in women

Unadjusted Model 1 Model 2
Variable Q
OR (95% Cl) P-value OR (95% Cl) P-value OR (95% Cl) P for trend*

Short sleep duration a1 1 (Reference) 0.248 1 (Reference) 0.234 1 (Reference) 0.307
Q2 0.790 (0.525-1.188) 0.787 (0.521-1.190) 0.786 (0.514-1.203)
Q3 0.611 (0.418-0.893) 0.606 (0.414-0.887) 0.601 (0.406-0.888)
Q4 0.845 (0.560-1.277) 0.841 (0.556-1.272) 0.864 (0.564-1.322)

Stress perception a1 1 (Reference) 0.060 1 (Reference) 0.063 1 (Reference) 0.113
Q2 0.713 (0.460-1.105) 0.704 (0.453-1.093) 0.627 (0.401-0.980)
Q3 0.586 (0.374-0.917) 0.585 (0.374-0.915) 0.606 (0.386-0.952)
Q4 0.684 (0.443-1.058) 0.689 (0.446-1.065) 0.690 (0.434-1.097)

Depressed mood a1 1 (Reference) 0.242 1 (Reference) 0.171 1 (Reference) 0.153
Q2 0.622 (0.382-1.010) 0.524 (0.318-0.864) 0.515(0.327-0.941)
Q3 0.826 (0.497-1.370) 0.818 (0.485-1.381) 0.790 (0.452-1.382)
Q4 0.673 (0.408-1.109) 0.552 (0.323-0.944) 0.486 (0.275-0.852)

Suicidal ideation a1 1 (Reference) 0.984 1 (Reference) 0.889 1 (Reference) 0.872
Q2 0.729 (0.444-1.198) 0.736 (0.449-1.209) 0.667 (0.388—1.145)
Q3 0.755 (0.491-1.159) 0.751 (0.490-1.153) 0.780 (0.497-1.225)
Q4 0.985(0.627-1.546) 0.963 (0.611-1.516) 0.940 (0.572—1.544)

Values are presented as OR (95% Cl). ORs and 95% Cls were estimated by multiple logistic regression analyses. Model 1: adjusted for age, body mass index, and waist
circumference; Model 2: adjusted for age, body mass index, and waist circumference, education level, income level, house ownership, physical activity, smoking status, alcohol

consumption, history of diabetes mellitus or hypertension, energy intake, iron intake, and white blood cell counts.

OR, odds ratio; Cl, confidence interval; Q, quartile.

*Assessed by generalized linear model in which ferritin quartile was put as a continuous variable.

leg syndrome (which disturbs sleep), and in a previous randomized
blind study of restless leg syndrome subjects, the symptoms were re-
lieved after oral iron supplementation.'” However, although an associ-
ation with ferritin and dopamine was shown, the ultimate mechanism
for restless leg syndrome was not elucidated.

Stress perception was also decreased in older women with moder-

ately elevated serum-ferritin levels. Several previous studies have ex-
plored the relationship between serum- ferritin and mental health,
(mainly depression), with conflicting results.'>* However, few studies
have investigated the effect of iron status on stress, and the precise
mechanism by which lower serum-ferritin levels might cause stress

remains unclear.' A possible role of iron in brain function and emo-
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tional behavior is suggested by the association of mental health with
decreased serum-ferritin levels.”*"?? Poor iron status, particularly ad-
vanced iron deficiency, alters myelination, and neurotransmitter me-
tabolism and function in brain regions such as the hippocampus, stri-
atum, and cortex.”” In particular, a sufficient amount of iron is needed
for the synthesis of dopamine, a neurotransmitter that plays an impor-
tant role in mood disorders.*”

Additionally, the observed relationship between decreased serum-
ferritin concentration and mental health differed in men and women
in this study. The inconsistencies may simply be due to the differences
in total serum-ferritin levels in men and women, since lower serum-
ferritin concentrations were more common in women. Tkeda et al.*®
found that estrogen regulates hepcidin, a liver-derived iron regulatory
protein, which plays a crucial role in iron metabolism. A recent animal
study showed that the serotonin transporter decreased in the frontal
cortex, but increased in the nucleus accumbens in females, if an iron
deficiency was present. In males, an increase in the serotonin and do-
pamine transporters was observed in the nucleus accumbens with
iron deficiency.?

However, the association of mental health and ferritin in males and
females was observed in the moderate, but not high ferritin level sub-
jects in our study. Serum-ferritin is an iron storage protein but also an
inflammatory marker that may be released from damaged cells, and
could be a marker of cellular damage.”) Therefore, increased ferritin
may be caused by inflammation (and not iron overload) in subjects
with a high ferritin level. Consequently, the mental health and ferritin
association may be complex. For example, in another study, high ferri-
tin levels were associated with liver or renal disease, and malignancy.
In addition, in our study, daily iron intake was not significantly differ-
ent in each group; hence, the cause for the high ferritin levels was un-
clear.

The principal strengths of our study were the large-scale, nationally
representative sample of older Koreans, and the investigation of the
association between serum-ferritin levels and mental health after
stratification by sex. We also adjusted for potentially confounding fac-
tors that could influence the results. Mental health is associated with
many socioeconomic and lifestyle characteristics. In addition, serum-
ferritin levels are related to patient disease history, such as hyperten-
sion and diabetes mellitus. Also, inflammatory markers, such as WBC
counts, may be additional confounding factors.?”

However, this study had some limitations. First, this was a cross-sec-
tional study, and thus we could not identify a direct causative relation-
ship between serum-ferritin levels and mental health. Hence, further
prospective studies should be conducted to establish a causal relation-
ship between serum-ferritin levels and mental health. Second, mental
health was evaluated by self-reported questionnaires, and such re-
search instruments may not constitute a sufficient assessment. Third,
cognitive function was not included in our report because of lack of
data. Cognitive function is an important reflection of mental health in
the elderly; therefore, further study is needed.

In conclusion, low serum-ferritin levels were associated with an in-
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creased suicidal ideation in Korean elderly men, and increased risk of

short sleep duration and stress perception in Korean elderly women.
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