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Abstract

Abnormal lipid levels are important etiological factors associated with the development of atherosclerosis and with
increased cardiovascular morbidity and mortality. Lipid levels are also influenced by lifestyle and behavioral factors, which
suggests that personality traits might be related to abnormal lipid profiles. Studies on personality traits and lipid levels are
relatively scarce in Korea. Therefore, the objective of this study was to examine the association between lipid levels and
personality traits in young Korean women. A total of 1,701 young Korean women [mean age =24.9+4.6 years (range 17-
39)] who volunteered for personality trait evaluation were recruited for this study. Lipid levels, including total cholesterol,
high density lipoprotein (HDL) cholesterol, and triglyceride, were measured in all subjects after an overnight fast, and a low
density lipoprotein (LDL) cholesterol level was calculated. The study population was divided into abnormal and normal lipid
level groups according to the clinical criteria. Personality traits were measured using the Revised NEO Personality Inventory
for the Five-Factor Model of personality. High neuroticism was associated with low HDL cholesterol levels. Low extraversion
and openness were associated with high levels of triglyceride. At the facet level, the association between personality and
lipid levels were generally consistent. Angry hostility, self-consciousness, vulnerability to stress, activity, and
straightforwardness were associated with HDL cholesterol levels. Activity, positive emotion, aesthetics, actions, and
deliberation were associated with triglyceride. When applying clinical criteria, conscientiousness was less likely to have
abnormal total cholesterol levels. Our results showed that the women with the low HDL cholesterol levels are like to be
more neurotic and the hyperglycemic women are prone to lower extraversion and openness in Korea. Understanding the
associations between blood lipid levels and personality traits may have a beneficial effect for the managing of dyslipidemia.
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Introduction

Dyslipidemia is one of the major risk factors for metabolic
syndrome and contributes to the progression of atherosclerosis and
the development of cardiovascular diseases [1]. The prevalence of
dyslipidemia has increased in younger people, especially in Korea
[2,3]. Atherosclerosis is a vascular disease caused by arterial wall
inflammation that results in the accumulation of low density
lipoprotein (LDL) cholesterol, monocytes, macrophages, and fat-
laden foam cells at the location of the inflammation [4]. As plaques
accumulate in the artery walls, the walls narrow and lose elasticity.
This change leads to a decrease in the blood flow rate, and blocked
coronary arteries will cause angina or even heart attack [3].
Dyslipidemia is an abnormally high amount of blood lipids and is
characterized by elevated total cholesterol, LDL cholesterol, and
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triglyceride and decreased high density lipoprotein (HDL)
cholesterol levels. Dyslipidemia is associated with lifestyle changes,
such as changes in physical activity levels and in dietary intake
patterns [6-8]. Increasing physical activity in overweight individ-
uals reduces LDL and triglyceride levels, but increases HDL
cholesterol levels. Healthy eating patterns (e.g., high fiber diet,
cereal, and low fat dairy) are inversely associated with triglyceride
levels [9]. A decrease in dietary fat intake also affects the size and
density of LDL cholesterol and a decrease in dietary carbohydrate
intake is associated with a reduction in hypertriglyceridemia [10].

Personality traits can influence lifestyle, cognition, motivation,
and behaviors in a variety of situations [11]. Understanding
personality traits may be important for maintaining health and
beneficial behavior patterns. The Five-Factor Model (FFM) is
often used for the assessment of personality traits [12]. The FFM is
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an empirically-derived model of personality that characterizes the
individual’s characteristic ways of thinking, feeling, and behaving
along five broad dimensions [13]. Neuroticism is the tendency to
experience negative emotions such as anxiety, anger, and
depression. Extraversion is the tendency to be sociable, warm,
active, assertive, cheerful, and to search for stimulation. Openness
is the tendency to be imaginative, creative, unconventional, and
emotionally and artistically sensitive. Agreeableness is the tenden-
cy to be altruistic, trusting, modest, and cooperative. Conscien-
tiousness 1s the tendency to be strong-willed, persistent, reliable,
and to comply with rules and ethical principles [12].

Lipid levels are influenced by lifestyle and behavioral factors
that may be associated with personality traits, thus, being cross-
linked with emotion and personality. Greater optimism 1is
associated with high HDL cholesterol and lower triglyceride levels
[14]. Lower HDL cholesterol and elevated triglyceride levels are
associated with depression in women, but not in men [15]. High
lipid levels in women are correlated with total score values for
emotional state characteristics (i.e. tension, anxiety, depression,
dejection, and confusion) [16]. Personality traits are important
because they include emotion, thought, and behavior. Openness
has a beneficial effect on lipid profiles and abdominal obesity [17].
Openness is positively correlated with favorable HDL cholesterol,
triglyceride, and systolic blood pressure levels, and a smaller waist
circumference [18]. Low conscientiousness is associated with lower
HDL cholesterol and higher triglyceride levels [19]. Low HDL
cholesterol and high triglyceride levels are also associated with
high neuroticism, high extraversion, low conscientiousness, and
low openness [20].

Studying the associations between blood lipid levels and
personality traits may have important implications for future
health outcomes, such as development of poor health and
outbreaks of illness. However, most of the studies of personality
traits and lipid levels have mainly been performed in Caucasian
populations [19], and studies of Asian populations are relatively
scarce. Some studies have found significant associations between
metabolic syndrome and negative emotions, especially in women
[21,22]. Therefore, the objective of this study was to examine the
relationships between personality traits and lipid profiles in young
Korean women.

Methods

Participants

A total of 1,732 women who volunteered for a personality trait
study that begin in 2008 at Ewha Womans University Mokdong
Hospital (Seoul, Korea), were recruited for this study. After
excluding data with missing values, and subjects with a history of
medical treatment for psychiatric disorders or psychoactive drugs, a

total of 1,701 women were evaluated (mean age =24.9%4.6 years
(range 17-39); mean body mass index (BMI) =21.65%3.40 kg/ m?).

Statement of ethics

The Institutional Review Board of Ewha Womans University
Mokdong Hospital approved this study. Written informed consent
was obtained from all participants. For participants who were
minors, written informed consent was obtained from the parents
or caretakers. All applicable institutional and governmental
regulations concerning the ethical use of human volunteers were
followed during this research.

Blood lipid levels

Lipid profiles that included total cholesterol, HDL cholesterol,
and triglyceride levels were obtained using standard enzymatic

PLOS ONE | www.plosone.org

Blood Lipid Levels and Personality Traits

methods. LDL cholesterol was calculated using the Friedewald
equation [23]: LDL cholesterol = Total cholesterol — HDL
cholesterol — (triglyceride/5). Abnormal lipid profiles were defined
using the clinical criteria published in American Heart Association
and National Cholesterol Education Program reports [1,3,24].
The cutoffs for abnormal lipid profiles were: total cholesterol =
200 mg/dL, HDL cholesterol <40 mg/dL, LDL cholesterol =
130 mg/dL, and triglyceride >150 mg/dL.

Measurement

Personality traits were assessed using the Korean short version
of the Revised NEO personality Inventory (NEO-PI-R, PSI
Consulting Corp., Seoul, Korea), which is a 90-item questionnaire
designed to operationalize the FFM. NEO-PI-R has a robust
factor structure that has been replicated in Korea [25] and more
than 50 cultures [26]. The Korean version of the NEO PI-R has
been used in Korean population and demonstrated good reliability
and validity [25]. The questionnaire consisted of 18 items per
factor (i.e., neuroticism, extraversion, openness, agreeableness, and
conscientiousness). Each factor consisted of six facets. Neuroticism
consisted of anxiety (N1), angry hostility (N2), depression (N3), self-
consciousness (N4), impulsiveness (N5), and vulnerability (NG6).
The facets for extraversion were warmth (E1), gregariousness (E2),
assertiveness (E3), activity (E4), excitement-seeking (E5), and
positive emotions (E6). Openness consisted of fantasy (Ol),
aesthetics (02), feelings (O3), actions (O4), ideas (O5), and values
(O6). Agreeableness consisted of the facets trust (Al), straightfor-
wardness (A2), altruism (A3), compliance (A4), modesty (A5), and
tender-mindedness (A6). Conscientiousness consisted of the facets
competence (Cl), order (C2), dutifulness (C3), achievement
striving (C4), self-discipline (C5), and deliberation (C6) [12]. A 5-
point Likert scale, ranging from “strongly disagree” to “‘strongly
agree”, was used for the responses. In the present study, the
Cronbach’s alpha coeflicients of neuroticism, extraversion, open-
ness, agreeableness, and conscientiousness were 0.85, 0.86, 0.76,
0.69, and 0.78, respectively.

Smoking and drinking status were collected using a question-
naire. For smoking status, participants were asked to mark one of
the three categories: ‘never smokers’, ‘former smokers’, or ‘current
smokers’. We classified ‘never smokers’ as those who never smoked
(n=1527, 89.7%), ‘former smoker’ as those who have quit
smoking (n = 84, 4.9%), ‘current smokers’ were those who reported
smoking at the time of the most recent visit (90, 5.3%). Drinking
status was also classified as ‘never drinking’ (n=280, 16.5%),
‘former drinking’ (n=177, 10.4%), and ‘current drinking’
(n=1244, 73.1%).

Statistical analysis

All statistical analyses were conducted using SAS version 9.3 for
Windows (SAS Institute Inc., USA). Associations between blood
lipid levels and personality traits were analyzed after controlling
for age, BMI, systolic blood pressure, smoking status, and drinking
status. We set dummy variables for smoking and drinking status
because they are categorical variables. “Never smokers” and
“current drinking” were set as the reference group, respectively.
Linear regression analysis was used to evaluate the associations
between blood lipid levels and the FFM, and the same analysis was
used for each personality facet. The t-test was used to compare the
mean of personality traits between the clinical abnormal and
normal lipid groups. Personality traits predicting abnormal lipid
levels were examined using logistic regression analysis after
adjusting for potential confounders including age, BMI, systolic
blood pressure, smoking status, and drinking status. This study was
carried out on recommendation of Simmons et al. [27].
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Results

The mean values * standard deviation of the mean (SD) for
concentrations of total cholesterol, HDL cholesterol, LDL cholesterol,
and triglyceride were 176.57%28.04 mg/dL, 50.72%=11.61 mg/dL,
110.19%£24.42 mg/dL, and 78.32%+39.69 mg/dL, respectively
(Table 1). The numbers present in each clinical category for lipid
levels were: 315 (18.5%) women had high total cholesterol levels, 290
(17.0%) women had low HDL cholesterol levels, 317 (18.6%) women
had high LDL cholesterol and 88 (5.1%) women had high triglyceride
levels. The mean * SD values for the personality traits neuroticism,
extraversion, openness, agreeableness, and conscientiousness were
57.56%9.79, 60.59%9.55, 64.03%7.89, 59.62%7.53, and 60.91=8.31,
respectively.

The linear regression analysis used to examine the associations
between personality traits and total cholesterol, HDL cholesterol,
LDL cholesterol, and triglyceride levels. The factor and facet level
of personality respectively were used as independent variables.
High neuroticism was associated with low HDL cholesterol levels
(f=—0.053, p<<0.05, adjusted R?=0.11) (Table 2). Low extra-
version and low openness were associated with high triglyceride
levels [f=—0.046, p<<0.05, adjusted R?=0.16 (cxtraversion),
p=—0.059, p<<0.01, adjusted R?=0.16 (openness)|. Agreeable-
ness and conscientiousness were not significantly association with
lipid levels. At the facet level, three facets of neuroticism were
associated negatively with HDL cholesterol [f= —0.051, p<<0.05
(angry hostility, N2); f= —0.052, p<<0.05 (self-consciousness, N4);
p=—0.064, p<<0.01 (vulnerability to stress, N6)]. Activity (E4) and
straightforwardness (A2) were associated positively with HDL
cholesterol levels (f=0.057, p<0.05; f=0.052, p<<0.05, respec-
tively). Low scores for the extraversion facets of activity and
positive emotion were with high triglyceride level [ = —0.050, p<
0.05 (activity); = —0.054, p<<0.05 (positive emotion)]. Low scores
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for the openness facets of aesthetics and actions were associated
with high triglyceride levels [f=—0.050, p<<0.05 (aesthetics);
p=—0.084, p<0.01 (actions)]. The associations between facet
levels of personality traits and lipid levels were generally consistent
comparing with those of factor levels. The deliberation, facet of
conscientiousness, was associated with triglyceride (= 0.048, p<
0.05) although conscientiousness of factor level was not shown
significant correlation with that.

When applying clinical criteria for the lipid level, we found
significant differences between the normal and abnormal groups
for the factor-level conscientiousness and neuroticism (t-test
p=0.027, p=0.038, respectively, Table SI). As noted earlier, a
logistic regression analysis was used to examine whether person-
ality traits could predict individuals falling in the at-risk for heart
disease category for abnormal lipid levels, as has been identified by
American Heart Association. After adjusting for potential
confounders, individuals with high conscientiousness were less
likely to have abnormal total cholesterol levels [odds ratio (OR)
=0.982, 95% confidence interval (CI) =0.968-0.997] (Table 3).
At the facet level of personality, individuals with high levels of
dutifulness (C3) were less likely to have at-risk levels of total
cholesterol levels (OR =0.918, 95% CI =0.858-0.981). Individ-
ual who ranked high in straightforwardness (A2) were more likely
to have HDL levels above the protective threshold (OR =0.936,
95% CI =0.883-0.992). A study has reported that individual with
higher straightforwardness were leaner [28].

Discussion

The results of our study indicated that high neuroticism was
significantly and associated with low HDL cholesterol levels in
young Korean women. There was also a significant negative
association between extraversion and openness, and triglyceride

Table 1. Descriptive statistics results for study population demographics, blood lipid levels, and personality variables.

Sample characteristics

Variable
Mean = SD
Demographics
Age 24.93+4.55
Sex (female) 100%
BMI 21.65+3.40
Lipid levels
Total cholesterol (mg/dL) 176.57+28.04
HDL cholesterol (mg/dL) 50.72£11.61
Derived LDL cholesterol (mg/dL) 110.19+24.42
Triglyceride (mg/dL) 78.32+39.69
Personality traits
Neuroticism 57.56+9.79
Extraversion 60.59+9.55
Openness 64.03+7.89
Agreeableness 59.62+7.53
Conscientiousness 60.91+8.31

Note. N=1701.
SD: Standard deviations.
doi:10.1371/journal.pone.0108406.t001
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levels. When clinical criteria were applied, individuals with lower
conscientiousness showed abnormal lipid level. We analyzed the
associations between personality traits and lipid levels and then
performed a further analysis using the clinical lipid level
categories. Because the population was comprised of young
women, this 2-step analysis was meaningful and could be used
to aid in the prediction and prevention of disease progression.
The facets of higher neuroticism include angry hostility, self-
consciousness, and vulnerability to stress, which were associated
with low HDL cholesterol levels. This finding is consistent with a
previous study that found that higher neuroticism including sub
facets was associated with lower levels of HDL cholesterol in
women [20,29]. Psychological traits such as negative emotions are
also associated with low HDL cholesterol profiles [15]. High
hostility level is related to increased risk of angiographically
documented coronary atherosclerosis [30], essential hypertension
[31], coronary artery disease incidence, and all-cause mortality
[32,33]. Neurotic individuals tend to be more anxious and
impulsive, so they are more vulnerable to the negative effects of
mental stress. Hostile individuals are also more likely to exhibit
alcohol related behaviors [34]. This tendency could lead to
overeating and excessive drinking, and consequently, dyslipidemia
[35,36]. In this study, adjustment for BMI and drinking status
partially explained association between the facets of neuroticism
and HDL cholesterol levels; suggesting that health behaviors are
particularly important in lipid levels in individuals with high levels
of neuroticism. These behavioral patterns can contribute to weight
gain, which affects lifestyle and leads to cardiovascular and other
diseases. Our findings provide a possible explanation for the
association between neuroticism and coronary heart disease.
Low extraversion and openness were associated with high
triglyceride levels. At the facet level, activity (E4), positive emotion
(E6), aesthetics (O2), action (O4), and deliberation (C6) were
associated with high triglyceride levels. Previous studies focusing
on these two personality traits and triglyceride levels, have yielded
conflicting results [19,20]. Our findings for extraversion were
consistent with the results of Sutin et al. [19] and them for
openness were consistent with the results of Armon [20].
Individuals with higher extraversion and openness participate in
more physical activity and have greater mental flexibility [37].
Individual with high scores for extraversion [38] considered
themselves to be healthy. These characteristics may have positive
implications for physical health. Increased physical activity occurs
in individuals with higher extraversion and higher openness [39],
and the elevated energy expenditure could reduce triglyceride
levels. Reduced concentrations of triglyceride in people who
regularly participate in physical activities may decrease the risk of
metabolic syndrome. In a study that compared the dietary patterns
of subjects divided into four groups (i.e., “Mediterranean style,”
“health aware,” ‘“‘convenience,” and ‘“‘sweet foods” diets), low
openness was associated with the consumption of a convenience
diet and of sweet foods [40]. High openness is associated with
healthy dietary habits [41]. These dietary habits was correlated
with lower total cholesterol, higher HDL cholesterol, and lower
triglyceride levels [42]. Individuals with high openness are more
likely effectively overcome stress. Lower openness may increase the
susceptibility to stress, and lead to increased food intake and
development of obesity [43]. Dietary habits and physical activity
are closely related to lipid levels, and abnormalities can lead to the
development of metabolic syndrome. Extraversion and openness
could be a beneficial personality trait resulting in decreased
triglyceride levels, and a reduced risk of metabolic syndrome.
We found a significant association between high straightfor-
wardness (A2) and high HDL cholesterol levels although no
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association were found between agreeableness and the serum lipid
profile in previous studies [19,20]. Lower HDL cholesterol levels is
associated with increasing body mass index [44]. The findings for
the association between agreeableness and obesity are inconsistent.
Sutin et al. found low agreeableness predicted a greater increase in
BMI [17,28,45], but Chapman et al. reported that higher
agreeableness has been associated with higher BMI [46].
Agreeableness acts as a ‘self-regulatory’ trait that controls and
regulated highly aroused negative emotions and therefore might
protect against unhealthy lipid profiles [20].

Although negative association between conscientiousness and
triglyceride has reported in other study [19], we found that
deliberation (C6) was associated positively with triglyceride. This
association, however, did not hold when applying clinical criteria.
In the current study, conscientiousness was a significant predictor
at clinical risk threshold for total cholesterol. Individuals with low
conscientiousness tend to be less concerned about their health and
exhibit poor self-control and unhealthy behaviors that lead to the
development of obesity, diabetes, and metabolic syndrome [47—
49]. On the contrary, conscientious individuals value health
management and they are more likely to expend effort to lead a
healthy life [50]. Dutiful individuals tend to adhere to their
principles [12], including maintaining a healthy lifestyle, which
may also help keep their total cholesterol level normal. Consci-
entiousness is associated with longevity and low mortality risk [51].
Elevated total cholesterol contributes to coronary atherosclerosis
throughout life [52]. Our results suggest that the total cholesterol
level may be partial mediator to the association of conscientious-
ness and coronary heart disease.

Similar to the results of Armon [20], LDL cholesterol levels was
not associated with any of the personality factors in our study.
LDL cholesterol is independent risk factor for cardiovascular
morbidity and mortality and they are less susceptible to lifestyle
habits compared with HDL cholesterol and triglyceride [20]. Our
results support the suggestions of Armon [20] that LDL cholesterol
levels are less affected by health behaviors, so they are less likely to
be linked to personality factors.

This study is the first to evaluate the association between
personality traits and serum lipid levels in young Korean women
using the high quality measure of major dimensions of personality
plus detailed assessment of specific facets. There is little research
on the personality and health in Asia. Our results showed that the
women with the low HDL cholesterol levels are like to be more
neurotic and the hypertriglycemic women are prone to lower
extraversion and openness in Korea. It would be significant in a
sense that the knowing the individual’s personality trait can be
used a kind of intervention in caring the progress of dyslipidemia.
Despite this strength, there are some limitations in our study. We
cannot control for the confounding influence of time-invariant
common causes [53] and infer causality of the personality traits
because this study is based on a cross-sectioned data. Additionally,
this study was confined to women, so we need further study for
men to generalize the findings. Factors or facets of the personality
significant in a linear regression analysis were not significant when
they are performed in the logistic regression analyses. That could
arise from in part the relatively small sample size of dyslipidemia.
The use of the short version of the NEO-PI-R may have also
imposed limitation on the interpretation of contribution of
individual facet. However, when considering that the low
proportion of dyslipidemia is attributed to the young and healthy
woman, we would like to put meaning that there is the association
between the dyslipidemia and the personality traits in healthy
population.
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In summary, personality traits were linked with serum lipid
levels in Korean. Conscientiousness was significantly associated
with abnormal total cholesterol level. Understanding personality
traits will improve the understanding of the associations between
psychological factors and abnormal lipid levels, and may
contribute to future managing of dyslipidemia.
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Table S1 Comparison of the clinical characteristics of
abnormal and normal lipid level groups.
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Data S1 The data underlying the findings in this study.
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Linear Regression S1 The results of the linear regres-
sion using SAS program. TC: Total Cholesterol, TG:
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