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Abstract

Background: Previous studies have reported that an irregular work schedule, particularly nighttime work, is
associated with an altered lipid profile. Additionally, a mismatch in circadian rhythm can affect sleeping and eating
habits, leading to poor health. This study aimed to examine the association between night work and dyslipidemia
among South Korean adults aged 230 years.

Methods: For this study, the data of 5813 participants in the 2013-2016 Korea National Health and Nutrition
Examination Survey were analyzed. Diagnoses of dyslipidemia were based on blood sampling tests of total
cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL) cholesterol, and triglyceride levels.
Night work was defined as that conducted during evening (6 PM.-12 AM.) and overnight hours (12 AM.-8
AM). The association between night work hours and dyslipidemia in South Korean men and women was
investigated using a logistic regression analysis.

Results: After adjusting for sociodemographic, economic, health-related, and nutritional factors, an association
of night work with dyslipidemia was observed in male participants (odds ratio =1.53, 95% confidence interval:
1.05-2.24). In subset analyses of male participants, night workers who skipped meals were more likely to have
dyslipidemia than their day-working counterparts. Among men who slept <7 h, night workers had a higher
probability of dyslipidemia than day workers. In contrast, no statistically significant association between night
work and dyslipidemia was observed in female participants, although the probability of dyslipidemia
appeared to increase with advancing age. Furthermore, when women with dyslipidemia were subdivided by
occupational categories, night workers in white collar positions were more likely to have dyslipidemia than
their day-working counterparts.

Conclusion: Our study observed an association of night work with dyslipidemia, particularly in men.
Although these findings may support interventions for South Korean night workers, further studies are
needed for validation.

Keywords: Dyslipidemia, Night work, Eating habit, Sleep duration, White-collar

* Correspondence: ecpark@yuhs.ac

2Institute of Health Services Research, Yonsei University, Seoul, Republic of
Korea

*Department of Preventive Medicine, Yonsei University College of Medicine,
50 Yonsei-ro, Seodaemun-gu, Seoul 03722, Republic of Korea

Full list of author information is available at the end of the article

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12944-019-1020-9&domain=pdf
http://orcid.org/0000-0002-2306-5398
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:ecpark@yuhs.ac

Joo et al. Lipids in Health and Disease (2019) 18:75

Background

The concept of shift work arose from industrial growth
and the increase of 24-h workplaces, which required
continuous staffing and irregular work schedules [1, 2].
In South Korea, the prevalence of night and shift work is
highest in the field of manufacturing, followed by whole-
sale and retail businesses [3]. Although no consensus
has been reached regarding the definition of shift work,
this term is often used in reference to work hours out-
side of the conventional daytime period.

The major difficulties associated with shift work
mainly involve work conducted during evening or over-
night hours, due to its effects on circadian rhythm.
Changes in circadian rhythms can disrupt homeostasis
and lead to the desynchronization of enzymatic activity
and metabolic function [4]. For example, evidence sug-
gests a correlation between an altered distribution of
food intake due to a mismatch in circadian rhythm (e.g.,
nighttime food ingestion) and increased cholesterol
levels [5]. Circadian rhythm disturbances have also been
identified as a significant factor related to cardiovascular
disease (CVD). For example, an inability of the circadian
rhythm governing oxygen supply to adapt promptly to
the changing demands of night work will likely lead to
myocardial infarction [4]. Furthermore, night workers
are more likely to experience fatigue due to a lack of
sleep [6]. Although this relationship is poorly under-
stood, sleep deprivation has been identified as a potential
risk factor for CVD [7].

CVD is the cause of substantial societal burdens
worldwide and is the leading cause of death in South
Korea, where the CVD-associated mortality rate has
been increasing gradually in recent years. In 2017, dis-
eases of the circulatory system accounted for 21.5% of
all deaths in South Korea, second only to neoplasms
(28.1%) [8]. The prevalence of dyslipidemia, a major risk
factor for CVD [9], is also increasing in South Korea
[10], with reported rates ranging from 30 to 60% [10].
Although age, hypertension, and obesity are commonly
known risk factors for dyslipidemia, these factors are
better controlled and moderated today than in previous
periods [11]. Therefore, the increased prevalence of
dyslipidemia in South Korea is likely attributable to life-
style factors.

Previous studies have reported associations between ir-
regular work schedules, particularly night work, and al-
tered lipid profiles [12, 13]. Therefore, preventive
measures are needed to mitigate lipid disorders and en-
sure the well-being of workers during non-standard
working hours. Night work appears to serve as barrier to
a healthy lifestyle and a threat to well-being, as a circa-
dian rhythm mismatch can disrupt adequate sleeping
and eating habits, leading to poor health [14]. We
hypothesize that in night workers, insufficient amounts
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of sleep and irregular eating habits may contribute to
the onset of dyslipidemia. In this study, therefore, we
aimed to investigate and elucidate the association of dys-
lipidemia with night work.

Methods

Study participants

We collected data from the 2013 to 2016 Korea National
Health and Nutrition Examination Survey (KNHANES),
which was conducted by the Korea Centers for Disease
Control and Prevention (KCDCP). The KNHANES is a
self-reported, nationally representative survey of South
Koreans of all ages and is designed to gather annual
national data on sociodemographic, economic, and
health-related conditions and behaviors. Since 2007, the
collected data have been subjected to an annual review
and approval by the KCDCP Research Ethics Review
Committee. The KNHANES 2013-2016 included 31,908
participants. We excluded 25,285 of these participants
for various reasons (Fig. 1). First, participants with a
previous clinical diagnosis of dyslipidemia were ex-
cluded, as this may have influence the reliability of the
outcome (n =3328). Second, in this study, dyslipidemia
was diagnosed via a blood samples collected during the
KNHANES. Therefore, people younger than 30 years
were excluded because they did not undergo blood
testing as part of the survey (n = 9656). Third, our study
aimed to examine specific relationships with dyslipid-
emia. As dyslipidemia and metabolic syndrome share a
few diagnostic components, including high-density lipo-
protein (HDL) cholesterol and triglycerides levels, partic-
ipants who met the modified National Cholesterol
Education Program Expert Panel Adult Treatment Panel
III (NCEP-ATP III) diagnostic criteria for metabolic syn-
drome with a lower waist circumference were excluded
to increase the validity of our study (n =4163) [15, 16].
Fourth, people deemed ineligible because they were un-
employed or were not representative of covariates con-
sidered in the study (failure to answer the questionnaires
or lack of applicability) were also excluded (n = 8138). Fi-
nally, the analyzed sample comprised 5813 participants
(men: 2821 and women: 2992).

Variables

Dyslipidemia, the dependent variable in this study,
was diagnosed based on the levels of total, high dens-
ity lipoprotein (HDL), low-density lipoprotein (LDL)
cholesterol, and triglycerides in blood samples col-
lected after 9-12h of fasting. According to the 2015
Korean Guidelines for the Management of Dyslipid-
emia, one of the following four criteria was required:
(a) total cholesterol =240 mg/dL, (b) HDL cholesterol
<40 mg/dL, (c) LDL cholesterol >160 mg/dL, or (d)
triglycerides 2200 mg/dL [11].
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Assessed for eligibility KNHANES
2013~2016
(n=31,098)

Excluded (n=3,328)

In=27,770

Previously diagnosed with dyslipidemia
by a doctor

Excluded (n=9,656)

n=18,114
Age = 30 years

Age <30 years

Excluded (n=4,163)

In=13,951

Met the diagnostic criteria for metabolic
syndrome

Excluded (n=8,138)

Included in the analysis (n = 5,813)
Male = 2,821
Female = 2,992

Fig. 1 Flow diagram of subject inclusion and exclusion

Ineligible
—Unemployed (n=906)
—Failed to answer the
(n=7,232)

The main independent variable was the work pattern,
which included three categories: day, night, and other
shifts. The day shift was defined as between 6 A.M.
and 6 P.M., while the night shift merged both evening
(6 P.M.—12 A.M.) and overnight work (12 A.M.—8 A.M.).
Other shifts included various types of working patterns,
such as alternating shifts (e.g., day-night-day), 24-h shifts
(a full 24-h shift followed by a day(s) off), and split shifts
(=2 shifts within a day).

Socio-demographic, economic, health-related, and nu-
tritional factors were also assessed. Socio-demographic
factors included age (30-39, 40-49, 50-59, and =60
years), region (metropolitan or rural), educational level
(high school or less or college and/or beyond), and mari-
tal status (married or unmarried). Economic factors in-
cluded the household income (low, mid-low, mid-high,
or high) and occupational category (white-, pink-, or
blue-collar employment). Health-related factors included
eating habits (regular consumption of breakfast, lunch,
and dinner or skipping meals), physical activity/week
(active: 2150 min of moderate activity, = 75min of

vigorous activity, or a mixture of both for >150 min;
inactive: < 150 min of moderate activity, <75 min of vig-
orous activity, or a mixture of both for < 150 min), sleep
duration (0-6 or>7h per night), smoking status
(current smoker, ex-smoker, or non-smoker), alcohol
consumption status (=2 times/month or never), body
mass index (BMI) defined obesity status (in reference to
the Korean guidelines for overweight and obesity; under-
weight/normal: <23, overweight: 23-24.9, and obese:
>25) [17], hypertension (in reference to the Korean
guideline for normal BP, < 120/80 mmHg; normal: 90—
199 mmHg systolic or 60-79 mmHg diastolic; prehy-
pertension: 120-139 mmHg systolic or 80-89 mmHg
diastolic; hypertension: 2140 mmHg systolic or =90
mmHg diastolic) [18], and menopausal status (yes or
no). Nutritional factors included macronutrient intake
(total kcal, protein, fat, and carbohydrate). For the
continuous variables (macronutrient intakes), the OR
was calculated for every 100-kcal increase in calorie
intake and every 10-g increase in protein, fat, and
carbohydrate intake.
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Statistical analysis

All statistical analyses were performed using SAS version
9.4 (SAS Inc., Cary, NC, USA). The chi-square (x [2])
test was used to evaluate the general characteristics of
the study population. For continuous variables (macro-
nutrient intake), a t-test was used to calculate the means
and standard deviations. A multiple logistic regression
analysis was used to calculate the odds ratios (ORs) with
95% confidence intervals (Cls) in three different models.
Model 1 yielded a crude OR, model 2 was adjusted for
socio-demographic and economic factors, and model 3
was adjusted for all socio-demographic, economic,
health-related, and nutritional factors. Multiple logistic
regression analyses of subgroups were also performed to
examine the association between night work and dyslip-
idemia according to occupational category, eating habits,
and sleep duration. A general linear model analysis was
also used to calculate the mean levels of the four diag-
nostic determinants (total cholesterol, HDL cholesterol,
LDL cholesterol, and triglycerides), and the distributions
and percentages of each were calculated. The stratified,
clustering, and weight variables developed by the
KNHANES were applied to all analyses to improve the
representativeness of the sample and account for the lim-
ited proportion of participants retained in the final ana-
lysis [19]. The significance level was set at p value < 0.05.

Results

Table 1 summarizes the general characteristics of the
study population, which included 2821 men and 2992
women. A total of 816 (28.9%) men and 469 (15.7%)
women had dyslipidemia. Of the 196 male participants
who reported working at night, 76 (38.8%) had dyslipid-
emia, and the prevalence of dyslipidemia was greater
among these night workers compared to those who
worked at other times (day: 684/2404, 28.5%; other
shifts: 56/221, 25.3%). A similar trend was observed
among the female participants, as 70 of the 379 women
(18.5%) who reported working at night had dyslipidemia
(day: 382/2512, 15.2%; other shifts: 17/101, 16.8%).

Table 2 summarizes the results from the multiple lo-
gistic analysis of the association between night work and
dyslipidemia. In all three models, the association be-
tween night work and dyslipidemia remained statistically
significant in male participants (model 1: OR = 1.58, 95%
CL: 1.12-2.21; model 2: OR=1.61, 95% CIL: 1.13-2.29;
model 3: OR=1.53, 95% CIL: 1.05-2.24). By contrast,
however, no statistically significant association of night
work with dyslipidemia was observed in female partici-
pants. However, women aged 50years or older were
more likely to have dyslipidemia, compared to their
younger counterparts (50-59 years: OR =1.61, 95% CI:
1.04-2.50; 260 years: OR = 1.66, 95% CI: 0.92-3.01).
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Table 3 summarizes the results from subgroup ana-
lyses stratified by occupational categories, eating habits,
and sleep duration. Male night workers who reported
skipping meals were more likely to have dyslipidemia,
compared to their day working counterparts (OR = 1.63,
95% CI: 1.00-2.67). Similarly, male night workers who
slept for 0-6h were more likely to have dyslipidemia,
compared to their day working counterparts. Among fe-
male participants, a strong significant association was
observed between the occupational category and dyslip-
idemia, as female night workers with white collar jobs
had a nearly three-fold risk of dyslipidemia, compared to
their day working counterparts (OR=2.95, 95% CI:
1.68-5.16).

Table 4 individually summarizes the mean values of
the four dyslipidemia diagnostic parameters: (a) total
cholesterol, (b) HDL cholesterol, LDL, (c) cholesterol,
and (d) triglycerides, as well as the related distributions
and percentages of the study sample. Among male sub-
jects, night workers were generally more likely to present
with dyslipidemia, compared to their counterparts with
other work shift patterns, with 8.2, 16.3, 3.6, and 15.3%
meeting the respective criteria of >240mg/dL total
cholesterol, <40mg/dL HDL cholesterol, =160 mg/dL
LDL cholesterol, and > 200 mg/dL triglycerides.

Discussion

After controlling for socio-demographic, economic,
health-related, and nutritional factors, we found that
night work increased the risk of dyslipidemia in the male
participants. Physiological activities, such as eating pat-
terns, lipid/carbohydrate/glucose metabolism, and sleep,
all operate on day/night rhythms [20] that are controlled
by the circadian biological clock [20]. Accordingly, work
schedules that extend beyond the standard 9 A.M.-5
P.M. period impair the circadian rhythm [21]. Night
work-related disruptions of the biological clock are likely
to result in obesity, impaired insulin secretion, and aber-
rant glucose homeostasis [20, 22]. Notably, overlap has
been observed between the mechanisms associated with
insulin resistance and atherosclerosis (a consequence of
dyslipidemia), including elevated levels of glucose and
free acids that cause oxidant stress, the activation of pro-
inflammatory pathways, low levels of HDL, and high
levels of triglycerides [23, 24]. The circadian clock is a
key regulator of lipid metabolism and therefore, the lipid
profile [25, 26], and periodic disruption of circadian
rhythm negatively affects lipid metabolism [26, 27].
Accordingly, night work is more strongly associated with
dyslipidemia, compared to day or other shift work.

Meal skipping is a common practice in modern soci-
ety. Commonly, constant changes in the daily routines
of night workers lead to irregular meal times. In our
subgroup analysis, we observed a significant positive
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Table 3 The results of subgroup analysis of dyslipidemia to work pattern stratified by occupational categories, eating habit, and

sleep duration

Variables Dyslipidemia
Day Night Other shifts
OR? OR? 95% Cl OR? 95% Cl
Male
Occupational categoriesb
White 1.00 1.75 (0.95 - 3.24) 1.56 (0.60 - 4.04)
Pink 1.00 1.14 (0.50 - 261) 0.86 039 - 1.89)
Blue 1.00 1.70 099 - 2.94) 0.72 (044 - 1.18)
Eating habit(daily)
Regularly eat breakfast, lunch, and dinner 1.00 1.56 (0.85 - 2.86) 0.72 (044 - 1.16)
Skip meal(s) 1.00 1.63 (1.00 - 267)* 1.16 (0.64 - 2.10)
Sleep duration(hours)
0~6 1.00 1.75 (1.04 - 2.93)* 091 (0.54 - 1.54)
2727 1.00 134 (078 - 231) 0.79 (046 - 1.36)
Female
Occupational categoriesb
White 1.00 295 (1.68 - 5.16)* 0.23 (0.03 - 1.76)
Pink 1.00 0.85 (049 - 145) 1.65 (067 - 4.09)
Blue 1.00 048 (0.20 - 1.14) 1.06 037 - 2.99)
Eating habit(daily)
Regularly eat breakfast, lunch, and dinner 1.00 176 (0.99 - 3.01) 0.68 0.21 - 2.18)
Skip meal(s) 1.00 0.80 (049 - 1.30) 1.01 (046 - 222)
Sleep duration(hours)
0~6 1.00 1.28 .77 - 2.12) 1.00 (0.50 - 2.04)
27 1.00 1.03 (0.60 - 1.75) 0.88 (0.28 - 2.74)

?OR adjusted for all sociodemographic, economic, health-related, and nutritional factors considered in the study

Three groups based on International Standard Classification Occupations codes

*P < 0.05

association of night work with dyslipidemia among male
participants who reported skipping meals. Several previ-
ous studies reported that these workers tend to skip
meals and snack more frequently during the night shift
[28-30]. Additionally, compared with regular eaters,
meal skippers have higher average values of mean
weight, BMI, and triglycerides, which have all been iden-
tified as risk factors for dyslipidemia [31].

.Sleep deprivation negatively affects metabolism and
impairs the homeostatic control of energy intake (ie.,
protein, fat, and carbohydrate) [28, 32], while also promot-
ing the development of an atherogenic lipid profile [33].
These effects explain the significant association between
sleep duration and dyslipidemia in this study. Specifically,
night workers who slept for <7 h per night faced a higher
risk of dyslipidemia, compared to their counterparts who
reported more sleep. The National Sleep Foundation rec-
ommends that adults sleep for 7 h per night [34]. Accord-
ing to previous studies, permanent night workers receive
less sleep than day workers [35, 36]. Night workers who

sleep during the day will inevitably be exposed to light,
which hinders the duration and quality of sleep [37]. Spe-
cifically, light is the main environmental regulator of circa-
dian rhythm. As the human brain tends to wake when the
environment transitions from darkness to light [38], night
workers find it difficult to sleep during the day.

Previous studies have reported higher rates of physical
inactivity and obesity among white-collar workers, par-
ticularly female workers, than those in other occupations
[39, 40]. Furthermore, physical inactivity during working
hours negatively affects the health of white-collar
workers [41]. Both obesity and physical inactivity have
been recognized as risk factors for dyslipidemia. These
findings seem relevant to our findings, as our subgroup
analysis showed a significant association between night
work and dyslipidemia among female white-collar
workers. Notably, age also correlated directly with the
prevalence of dyslipidemia in women, particularly among
menopausal women older than 50 years of age. This may
be attributable to lipoprotein changes associated with
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Variable Dyslipidemia
Yes® No?
Total N % Mean + SD P-value N % Mean + SD P-value
Male (n=2821)
Total cholesterol 2240 2 240 2 240 0.044 <240 <240 < 240 0475
Day 2404 170 7.1 254.852941 + 14.6 2234 929 185.707623 + 27.5
Night 196 16 8.2 247125 + 54 180 91.8 183.117978 + 293
Other shifts 221 10 45 2479 + 124 211 95.5 185.149038 + 26.8
HDL cholesterol <40<40<40 0532 > 40 0455
Day 2404 346 144 34.8849827 + 35 2058 85.6 52.1910633 + 9.8
Night 196 32 16.3 356163125 + 35 164 83.7 51.7899506 + 99
Other shifts 221 31 140 34.9723226 + 34 190 86.0 51.3105455 + 9.0
LDL cholesterol 2160 0.049 <160 0.904
Day 2404 71 30 175915493 + 144 2333 97.0 112.69986 + 24.7
Night 196 7 3.6 168.428571 + 86 189 96.4 114.042254 + 27.0
Other shifts 221 5 2.3 162 + 39 216 97.7 112460317 + 22.8
Triglycerides 2200 0.552 <200 0.765
Day 2404 285 11.9 296.74386 + 142.1 2119 88.1 104.792435 + 386
Night 196 30 153 310733333 + 167.1 166 84.7 106.871951 + 378
Other shifts 221 21 9.5 26747619 + 724 200 90.5 105.822335 + 396
Female (n=2992)
Total cholesterol 2240 2 240 0.288 <240 <240 0481
Day 2512 190 76 260.110526 + 175 2322 924 185.358222 + 26.7
Night 379 33 87 256.0 + 12.6 346 91.3 183.956268 + 283
Other shifts 101 10 9.9 254.7 + 14.2 91 90.1 182.835165 + 304
HDL cholesterol <40 0.848 > 40 0.003
Day 2512 140 56 356 + 35 2372 94.4 576918124 + 1.1
Night 379 21 55 356 + 3.7 358 94.5 59.1713183 + 1.8
Other shifts 101 [§ 59 36.5 + 25 95 94.1 60.7348632 + 1.2
LDL cholesterol 2160 0.746 <160 0.551
Day 2512 56 2.2 174.303571 + 13.0 2456 97.8 110.192771 + 250
Night 379 8 2.1 1775 + 14.8 371 97.9 110.836735 + 24.1
Other shifts 101 4 4.0 1720 + 74 97 96.0 104.608696 + 31.2
Triglycerides 2200 0.871 <200 0.009
Day 2512 82 33 269.743902 + 88.5 2430 96.7 87.3859794 + 36.0
Night 379 24 6.3 280.0 + 84.5 355 93.7 85.0284091 + 36.9
Other shifts 101 2 20 2625 + 70.0 99 98.0 76.5555556 + 339

HDL high density lipoprotein, LDL low density lipoprotein

?Cut-offs according to the 2015 Korean Guidelines for the Management of Dylipidemia

menopause [42], which include increased levels of total
and LDL cholesterol [42, 43].

This study had several limitations. First, the cross-sec-
tional design rendered us unable to determine a causal
relationship between night work and dyslipidemia. Sec-
ond, the durations of day, night, and other shift work
could not be determined because of limitations of the

KNHANES questionnaire. Finally, the key covariates
considered in this study, including the sleep duration
and eating habits, were self-reported and may have been
subject to recall bias. Despite these limitations, this
study also featured strengths. This study involved a
large, well-validated dataset collected from a nationally
representative sample of the South Korean population.
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Therefore, the findings will likely support the develop-
ment of interventions and health policies aimed at the
increasing problem of dyslipidemia in this population.
The study thus makes a relevant contribution to the
fields of cardiovascular medicine and epidemiology.
Additionally, the KNHANES questionnaires are updated
annually to incorporate changes in the real-life health
circumstances of South Koreans. Therefore, KNHANES
data have been used widely in health-related studies and
have provided meaningful insights to inform health
policy development in South Korea.

Conclusions
The findings of previous studies suggest an association of
an irregular work schedule, particularly nighttime work,
with an altered lipid profile. Accordingly, in this study, we
examine the association between night work and
dyslipidemia in a nationally representative sample of
South Korean adults aged >30years who participated in
the KNHANES 2013-2016. In the overall analysis, we
found a significant association of night work with dyslipid-
emia only among male workers. Additionally, subgroup
analyses of male workers who reported skipping meals or
receiving < 7 h of sleep per night revealed associations of
night work with dyslipidemia. Among female participants,
a subgroup analysis of white-collar workers found that
those who worked at night faced higher risk of dyslipid-
emia, compared to their day working counterparts.
However, our study was unable to determine a causal re-
lationship between the onset of dyslipidemia and night
work, and further investigations are needed to validate the
findings of our study. Given the increasing prevalence of
dyslipidemia in South Korea and the association of this
condition with cardiovascular disease, we also suggest the
development of future interventions intended to alleviate
dyslipidemia among night workers and ease the burden of
CVD in South Korea.
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