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Abstract

Background: Several studies suggest that serum ferritin concentrations reflect systemic inflammation, and high
ferritin levels can increase the risk of hypertension in adult men. Shift work is also known to increase the risk of
hypertension; however, there has been no study about the relationship between serum ferritin levels and the
prevalence of hypertension according to the working type.

Methods: This cross-sectional study included 4,442 male participants (3,651 daytime workers and 791 shift workers)
who participated in the fifth Korean National Health and Nutrition Examination Survey. Hypertension was defined as
a systolic blood pressure greater than or equal to 140 mmHg, a diastolic blood pressure greater than or equal to
90 mmHg or the current use of antihypertensive medications regardless of blood pressure values. For the statistical
analyses, serum ferritin levels were reclassified into quartiles, and complex sample analyses were used to evaluate
the relationship between serum ferritin levels and the prevalence of hypertension according to the working type in
this study.

Results: Serum ferritin and shift work were positively associated with the prevalence of hypertension. The effect of
interaction was above multiplicative. When compared to participants in the lowest serum ferritin quartile, the odds
ratio for hypertension for participants in the highest serum ferritin quartile was 1.372 (1.027-1.833) in daytime
workers and 2.009 (1.042-3.873) in shift workers after adjustment.

Conclusions: The prevalence of hypertension increased as ferritin levels increased in individuals, especially in
shift workers.
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Background

Iron plays an important role in maintaining the body’s
physiological homeostasis [1, 2]. Serum ferritin is a sen-
sitive parameter used to assess iron status in the body
and is a well-known diagnostic biomarker for iron defi-
ciency [3]. In addition, serum ferritin is known to reflect
systemic inflammation as an acute phase reaction, and
several studies have shown that inadequately elevated
iron stores may adversely affect health outcomes [4-6].
Several studies have shown that elevated serum ferritin
levels are associated with insulin resistance and type 2
diabetes [7-9], metabolic syndrome [9-11], dyslipidemia
[12], and obesity [13, 14]. The relationship between
serum ferritin and hypertension has not been well estab-
lished in women and has been controversial, but reports
have found an association between serum ferritin and
hypertension in men [15-18].

According to several studies, results are relatively con-
sistent regarding the relationship between shift work and
increased blood pressure [19-21]. The underlying mech-
anism includes changes in lifestyle factors caused by the
disruption of circadian rhythms. This disruption can lead
to adverse changes in a person’s life such as higher stress
levels including psychosocial, behavioral, and physio-
logical stress. Among the mechanisms of stress come
from shift work, physiological stress can induce inflam-
mation [22]. This inflammation plays a critical role in
the atherosclerotic process, all stages of atheroma forma-
tion, and coronary heart disease [23]. Several studies
have explored the association between shift work and
the atherosclerotic process. Two studies assessed this as-
sociation using ultrasound measurements to measure
the extent of subclinical atherosclerosis of the carotid in-
tima media. One reported an increased risk of athero-
sclerosis for shift workers over 45 years of age [24]. The
other study focused on younger daytime and shift
workers (24-39 years old) but found a similar associ-
ation in men [25]. A study reported the mechanism to
explain the association between shift work and the ath-
erosclerotic process; high sensitive C-reactive protein,
high leukocyte and lymphocyte counts, and natural killer
cell activity have all been implicated in this process [22].

There has been no study about the relationship be-
tween serum ferritin and hypertension according to the
working type. This study was based on large-scale
national data representative of the population of the
Republic of Korea. We conducted this research to inves-
tigate the association between serum ferritin levels and
hypertension according to the type of work.

Methods

Study populations

We used data from the fifth Korean National Health and
Nutrition Examination Survey (KNHANES) conducted
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by the Korea Centers for Disease Control and Preven-
tion between 2010 and 2012. In the fifth KNHANES, the
survey was conducted by extracting 20 households ran-
domly from 192 regions with approximately 100,000
people over the age of one. People were divided to three
groups: pediatric (one to 11 years old), adolescents (12
to 18 years), and adults (19 years or older). The survey
was composed of a health interview, health examination,
and a nutrition survey [26]. Data is opened to public and
is freely available for research purposes.

The fifth KNHANES had 25,534 initial participants.
We included male workers who were over the age of 19
and who included information on the duty hours section
of the health interview survey (1 =5621). We excluded
participants if there was missing data on serum ferritin
and blood pressure. We also excluded participants who
had inflammatory diseases like arthritis, liver cirrhosis,
chronic liver disease, chronic renal disease, malignancy
or probable hemochromatosis based on serum ferritin
levels (>300 ng/mL for men) [2, 3]. Some participants
were excluded if they had anemia or an iron deficiency
states; participants with <13 g/dL hemoglobin (Hb)
or <10 ng/mL ferritin were not included [27]. Partici-
pants with serum creatinine (Cr) > 1.4 mg/dL, serum liver
enzymes (either aspartate aminotransferase [AST] or
alanine aminotransferase [ALT]) > 80 IU/L, or white blood
cell (WBC) counts > 10,000 cells/ul. was also excluded
from the study. After these exclusions, 4442 participants
(3651 daytime workers and 791 shift workers) were
included in our final analysis (Fig. 1).

Data collection

The health interview surveys and health examination
surveys were completed at mobile health examination
centers. The health examination survey assessed body
measurements, blood pressure and pulse measurements,
various diagnostic examination and etc. The health
interview survey assessed various factors such as work-
ing hours, disease morbidity, physical impairment,
medication use, smoking and alcohol history. Trained
medical investigators performed physical examinations
following standardized procedures. Height and body
weight were measured respectively to the nearest 0.1 cm
and 0.1 kg. For the measurements, participants were
asked to remove their shoes and dress in disposable
examination gowns. Waist circumference (WC) was
measured to the nearest 0.1 cm at the midpoint between
the lower border of the rib cage and the iliac crest. Body
mass index (BMI) was calculated as the ratio of weight/
height® (kg/m?®). Blood pressure was measured on the
right arm in a sitting position using a standard mercury
sphygmomanometer. Blood pressure was measured three
times, with a 30s rest between each measurement, and
the participant’s blood pressure was calculated as the
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Total subjects in KNHANES
2010-2012 (n=25,534)

Excluded age < 19 or

females or jobless
(n=19,913)

Males with age > 19
(n=5,621)

Exclusion (n=1,179)
- Missing data
- Hemochromatosis / Anemia

Final participants (n=4,442)

- Liver and renal disease
- Inflammatory disease
- Malignancy

- Abnormal lab findings

[

Daytime workers
(n=3,651)

Shift workers
(n=791)

Fig. 1 A flow of the study design

mean blood pressure of the second and third measure-
ments. Blood samples were obtained from the participants
from the antecubital veins after an overnight fast. Serum
ferritin concentrations were measured using a 1470
WIZARD gamma-Counter with Immunoradiometric Assay
(PerkinElmer/Finland). Total cholesterol (TC), triglycerides,
fasting blood sugar (FBS), hemoglobin, total iron binding
capacity (TIBC), WBC counts, creatinine, vitamin D (VitD)
and liver enzymes (AST and ALT) were also recorded [26].
Alcohol consumption was categorized by frequency of
drinking; non-drinkers and occasional drinkers were cate-
gorized as those who consumed alcohol <1 day/month),
and regular drinkers were categorized as those who con-
sumed alcohol >2 days/month. Smoking status was catego-
rized as current smoker, former smoker, and never smoker.

Definitions hypertension and working type
Hypertension was defined as a systolic blood pressure (SBP)
greater than or equal to 140 mmHg, or a diastolic blood
pressure (DBP) greater than or equal to 90 mmHg. Those
taking antihypertensive medications were also considered to
have hypertension regardless of blood pressure values.
The two working types were classified as “daytime
workers” and “shift workers” using the duty hour
information collected in the interview. Those who
worked from 6 am to 6 pm were consider daytime
workers while those who worked from either 2 pm to
12 pm in the evening or 9 pm to 8 am overnight were
considered shift workers. Those who indicated that they
worked “shift work,” “day and night regular shifts,” “24
hour work shifts,” “split work,” or “irregular shift work”
were categorized as shift workers.

Statistical analysis

Complex sample analyses were used for the KNHANES
data for weighting all values following the guidance of
statistics from the Korea Centers for Disease Control
and Prevention in this study [26]. The data were sorted
into quartiles based on serum ferritin concentrations
for participants: quartile 1, <66.82 ng/mL; quartile 2,
66.83-100.78 ng/mL; quartile 3, 100.79-149.13 ng/mlL;
and quartile 4, > 149.13 ng/mL. General characteristics of
participants were derived by a descriptive method for con-
tinuous variables and Chi-square test for categorical vari-
ables after data weighting. A general linear model was
applied to compare continuous variables according to the
quartiles of serum ferritin. The interaction of serum ferritin
and working type on the prevalence of hypertension was
evaluated by logistic regression analysis after adjustment for
age, FBS, TC, TIBC, BMI, smoking status and alcohol con-
sumption. In addition, a logistic regression analysis with
adjustment was conducted to examine the association
between serum ferritin and the prevalence of hypertension
after stratifying the working type into daytime workers and
shift workers. Data were analyzed using SPSS 20.0 (SPSS,
Chicago, IL) to account for the complex sampling design.

Results

The general and clinical characteristics of the study
participants according to the quartile groups of serum
ferritin levels are presented in Table 1. Prevalence of
hypertension increased as the serum ferritin quartile
increased. The TIBC concentrations and age tended to
decrease with increasing serum ferritin quartiles. There
were no significant differences in VitD and SBP.
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Table 1 General and clinical characteristics according to the quartiles of serum ferritin
Variables Quartiles of serum ferritin (ng/mL)
Quartile 1 (£66.82)  Quartile 2 (66.83-100.78)  Quartile 3 (100.79-149.13)  Quartile 4 (> 149.13) P for trend
N mm 1110 mm 1110
Age (year) 43.87 (0.512) 42.10 (0.486) 42.34 (0459) 4231 (0443) 0.025
SBP (mm Hg) 119.58 (0.503) 119.15 (0.553) 119.26 (0.545) 120.95 (0.522) 0.083
DBP (mm Hg) 7896 (0411) 7941 (0422) 79.65 (0.392) 81.58 (0.400) <0.001
WC (cm) 82.29 (0.311) 83.97 (0.376) 84.11 (0.338) 86.05 (0.377) <0.001
BMI (kg/m?) 23.56 (0.106) 4(0.132) 24.20 (0.1 24.82 (0.141) <0.001
FBS (mg/dL) 9548 (0.613) 96.63 (0.673) 98.33 (0.893) 101.28 (0.878) <0.001
TC (mg/dL) 184.81 (1.204) 188.77 (1.180) 191.67 (1.301) 193.25 (1.396) <0.001
Triglyceride (mg/dL) 13068 (3.151) 143.87 (3.559) 155.31 (4.443) 182.03 (6.145) <0.001
AST (IU/L) 21.08 (0.245) 21.89 (0.228) 23.00 (0.292) 24.38 (0.305) <0.001
ALT (IU/L) 20.72 (0.371) 2347 (0433) 24.78 (0.441) 28.70 (0.548) <0.001
Hb (g/dL) 1523 (0.039) 1545 (0.036) 1549 (0.033) 15.60 (0.041) <0.001
TIBC (ug/dL) 32041 (1401) 309.24 (1.316) 30642 (1.266) 302.56 (1.539) <0.001
Cr (mg/dL) 0.95 (0.004) 0.96 (0.005) 0.96 (0.004) 0.96 (0.004) 0.011
WBC (10°/ul) 6.20 (0.050) 6.29 (0.054) 6.31 (0.050) 643 (0.051) 0.001
VitD (ng/mL) 18.36 (0.249) 18.35 (0.243) 1845 (0.243) 18.13 (0.234) 0.540
Variables Quartiles of serum ferritin (ng/mL)
Quartile 1 (<66.82) Quartile 2 (66.83-100.78) Quartile 3 (100.79-149.13) Quartile 4 (>149.13)  p-value

Smoking status (%)

Quit smoker or non-smoker 681 (58.7) 635 (52.5) 586 (46.9) 605 (50.7) <0.001

Current smoker 430 (41.3) 473 (47.5) 524 (53.1) 504 (49.3)
Alcohol intake (%)

Less than once a month 445 (37.1) 339 (29.5) 307 (28.3) 258 (20.6) <0.001

More than twice a month 664 (62.9) 764 (70.5) 797 (71.7) 845 (79.4)
Hypertension (%)

Hypertension (-) 770 (74.8) 760 (73.7) 779 (73.0) 723 (68.5) 0.029

Hypertension (+) 341 (25.2) 350 (26.3) 332 (27.0) 387 (31.5)

Data are presented as the mean (standard deviation), or numbers (percentages)

SBP systolic blood pressure, DBP diastolic blood pressure, WC waist circumference, BMI body mass index, FBS fasting blood sugar, TC total cholesterol,
AST aspartate transaminase, ALT alanine transaminase, Hb hemoglobin, TIBC total iron-binding capacity, Cr creatinine, WBC white blood cell, VitD vitamin D

Table 2 presents the odds ratio (OR) and 95% confi-
dence interval (CI) for the prevalence of hypertension
according to the interaction of serum ferritin and work-
ing type after adjustment for age, FBS, TC, TIBC, BMI,
alcohol consumption and smoking status. The reference
group consisted of daytime workers who were found to
have the lowest quartile of baseline serum ferritin levels.
Comparing to the reference group which was the lowest
quartile of serum ferritin levels, the OR and 95% CI for
hypertension of the highest quartile of serum ferritin
levels in daytime workers was 1.426 (95% CI 1.066—
1.906). In addition, the OR and 95% CI for hypertension
were evaluated with the highest quartile of serum ferritin
levels in shift workers comparing to the reference group,
and the value was 1.696 (95% CI 1.083-2.658).

Table 2 Odds ratios (95% Cl) for the prevalence of hypertension
according to the interaction of serum ferritin and working type

Odds ratio (95% confidence intervals)®

Quartile 1 (£66.82) Quartile 4 (> 149.13)
1.000 (ref) 1.426 (1.066-1.906)
1.035 (0.680-1.576) 1.696 (1.083-2.658)

FBS fasting blood sugar, TC total cholesterol, TIBC total iron-binding capacity,
BMI body mass index

®Logistic regression analysis after adjusting for age, FBS, TC, TIBC, BMI, alcohol
intake and smoking status

Variables

Daytime workers

Shift workers




Lee et al. Annals of Occupational and Environmental Medicine (2018) 30:40

Table 3 shows that OR and 95% CI for the prevalence
of hypertension according to the quartile groups of
serum ferritin levels in the daytime workers and shift
workers. With unadjusted variables, only serum ferritin
levels correlated with the prevalence of hypertension.
After all variables were adjusted, the adjusted ORs for
hypertension comparing the highest quartile of baseline
serum ferritin level with the lowest quartile were 1.372
(95% CI 1.027-1.833) in daytime workers, and 2.009
(95% CI 1.042-3.873) in shift workers, respectively.

Discussion

This cross-sectional study was conducted to determine
the association between serum ferritin level and hyper-
tension according to the type of work in male, using
large-scale national data representative of the popula-
tion. This study showed the risk of having hypertension
was greater in shift workers than in daytime workers as
serum ferritin levels increased.

Some studies have consistently reported significant as-
sociations between hypertension and serum ferritin level
in men [15-18]. Two of these studies were cross-sec-
tional studies [15, 17], and others were longitudinal
studies [16, 18]. According to a recent study, 7104
healthy Korean men who visited a health examination
center were surveyed to assess hypertension incidence
from 2005 to 2010. An elevated serum ferritin level was
found to be independently associated with the incidental
risk for hypertension [18].

There is insufficient evidence to explain the underlying
mechanism. There are several possible mechanisms
about the association between serum ferritin levels and
hypertension. One of which includes the development of
atherosclerosis by elevated ferritin levels. Ferritin is a
ubiquitous intracellular protein that is the key to con-
trolling iron homeostasis and is a widely used biomarker
for the diagnosis of iron deficiency [1-3]. Serum ferritin
concentrations reflect not only body iron stores but also
systemic inflammation [4—6]. Inadequately elevated body
iron as oxidative stress can convert less reactive free
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radicals to more reactive hydroxyl radicals. Elevated
body iron can also cause damage to cellular membranes,
lipids, proteins, and deoxyribonucleic acid (DNA) [28].
Elevation of ferritin causes oxidative stress, which leads
to inflammation, endothelial damage and consequently
atherosclerosis. Atherosclerosis process follows after, and
then risk of hypertension can be increased. Experimental
studies have shown that hypertension is associated with
oxidative stress that can contribute to endothelial dys-
function and leads to BP elevation [29].

Many reports and studies over the past several decades
have suggested that the endogenous circadian rhythm
can collapse due to the effects of shift work on health
and ultimately to the destruction of biological homeosta-
sis [22, 30-32]. In a review article, it was reported that
the disruption of the circadian rhythm by shift work can
lead to psychosocial, behavioral, and physiological stress,
which are associated with an increased risk of cardiovas-
cular diseases such as metabolic syndrome, diabetes, and
hypertension [22].

Inflammation has a relationship with prevalent and/or
incident hypertension and is also related to the ferritin
level, which is also known as a positive inflammatory
marker [16]. Furthermore, physiological stress due to circa-
dian disruption among shift workers can aggravate inflam-
mation, which is related to cardiovascular disease [22]. We
hypothesized that interactions between shift work and
serum ferritin would have an impact on the prevalence of
hypertension. Our results showed that the OR for hyper-
tension increased in shift workers with the highest quartile
of serum ferritin levels when compared to daytime workers
with the lowest quartile of serum ferritin levels as expected.
After stratification, the OR for prevalence of hypertension
was found to be higher in shift worker than in daytime
worker according to ferritin level increasing. These results
suggest that serum ferritin and shift work together have an
effect on the development of hypertension. Further studies
are needed to evaluate the underlying mechanism.

This study has some important strengths. First, this
study was conducted using a representative sample of

Table 3 Odds ratios (95% Cl) for the prevalence of hypertension according to the quartile groups of serum ferritin levels in each

daytime workers and shift workers

Odds ratio (95% confidence intervals)

Variables Daytime workers Shift workers
Unadjusted Adjusted? Unadjusted Adjusted®
Quartiles of ferritin (ng/mL)
Quartile 1 (£66.82) Ref. Ref. Ref. Ref.
Quartile 2 (66.83-100.78) 1.037 (0.811-1.327) 1.125 (0.853-1.484) 1.168 (0.690-1.976) 1.364 (0.738-2.518)
Quartile 3 (100.79-149.13) 1.127 (0.865-1.469) 1.274 (0.959-1.691) 0.958 (0.571-1.608) 1.088 (0.582-2.031)
Quartile 4 (> 149.13) 1.297 (1.015-1.657) 1.372 (1.027-1.833) 1.726 (1.015-2.935) 2.009 (1.042-3.873)

FBS fasting blood sugar, TC total cholesterol, TIBC total iron-binding capacity, BMI body mass index

?Adjusted for age, FBS, TC, TIBC, BMI, alcohol intake and smoking status
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the general South Korean population. In addition, com-
plex sample analyses for weighting instead of simple
statistical analyses, and strict quality controls have been
applied to the study procedures in KNHANES. Second,
to our best knowledge, this is the first study investigating
the association of serum ferritin levels and prevalence of
hypertension according to the working type.

There are some limitations in this study. First, our
study population was composed of only men. The level
of serum ferritin can change dramatically before and
after menopause. Ferritin levels are generally low in
women of childbearing age due to iron lost during men-
struation, and then the levels increase after menopause.
In addition, serum ferritin concentrations in women are
difficult to study because they are affected by many
variables such as pregnancy, hormone therapy, and
gynecological diseases. Therefore, it is unclear whether
our results can be extrapolated to women. Second, our
study was conducted cross-sectionally, so it was insuffi-
cient to clarify the causative relationship between serum
ferritin levels and working type on the development of
hypertension. Third, our study is an epidemiological study
that used existing data from the National Health and
Nutrition Survey and therefore we could not assess all
known variables related to our research topic. For
example, considering the health effects of shift work,
the working duration could be an important variable
[19, 20, 33, 34], but the working duration was not ap-
plicable because it was not assessed in the survey items.

Conclusions

In conclusion, this study showed that the prevalence of
hypertension in male increased according to incremental
increases in ferritin levels, especially in shift workers. In
addition, serum ferritin levels can also be used as a sub-
sidiary indicator to evaluate hypertension on high variant
blood pressure checks.

Abbreviations

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body
mass index; Cl: Confidence interval; DBP: Diastolic blood pressure;

FBS: Fasting blood sugar; Hb: Hemoglobin; KNHANES: Korean National Health
and Nutrition Examination Survey; OR: Odds ratio; SBP: Systolic blood pressure;
TC: Total cholesterol; TIBC: Total iron binding capacity; VitD: Vitamin D;

WBC: White blood cell; WC: Waist circumference

Availability of data and materials

The datasets analyzed during the current study are available in the
[Korean National Health and Nutrition Examination Survey] repository,
[https://knhanes.cdc.go.kr/knhanes/sub03/sub03_02_02.do].

Authors’ contributions

DHL, WJC and SKK conceived and designed the study. DHL and KMK
analyzed the data. DHL, WJC, KMK, DYK, SHL and JHL wrote the manuscript.
SKK devised and supervised the entire process. WJC, KMK, DYK, SHL, JHL and
SKK reviewed and revised the article. All authors read and approved the
final manuscript.

Page 6 of 7

Ethics approval and consent to participate

We performed a review on open, large datasets (the fifth Korean National
Health and Nutrition Examination Survey) and collected no personally
identifiable information. The Institutional Review Board of Gachon University
Gil Medical Center approved review exemption (IRB No. GCIRB2018-042).

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 8 March 2018 Accepted: 28 May 2018
Published online: 11 June 2018

References

1. Naito Y, Hirotani S, Sawada H, Akahori H, Tsujino T, Masuyama T. Dietary
iron restriction prevents hypertensive cardiovascular remodeling in dahl
salt-sensitive rats. Hypertension. 2011;57:497-504.

2. Dominguez-Rodriguez A, Tome MC-P, Hernandez-Garcia C, Arroyo-Ucar E,
Juarez-Prera R, Blanco-Palacios G, et al. Serum ferritin and acute coronary
syndrome: a strong prognostic factor? Int J Cardiol. 2011;152:129-30.

3. Whittington C, Kowdley K. Haemochromatosis. Aliment Pharmacol Ther.
2002;16:1963-75.

4. Gabay C, Kushner |. Acute-phase proteins and other systemic responses to
inflammation. N Engl J Med. 1999;340:448-54.

5. Kalantar-Zadeh K, Don BR, Rodriguez RA, Humphreys MH. Serum ferritin is a
marker of morbidity and mortality in hemodialysis patients. Am J Kidney
Dis. 2001;37:564-72.

6. Kalender B, Mutlu B, Erstz M, Kalkan A, Yilmaz A. The effects of acute phase
proteins on serum albumin, transferrin and haemoglobin in haemodialysis
patients. Int J Clin Pract. 2002;56:505-8.

7. Jiang R, Manson JE, Meigs JB, Ma J, Rifai N, Hu FB. Body iron stores in
relation to risk of type 2 diabetes in apparently healthy women. JAMA.
2004;291:711-7.

8. Park SK, Choi WJ, Oh CM, Kim MG, Ham WT, Choi JM, et al. Clinical
significance of serum ferritin level as an independent predictor of insulin
resistance in Korean men. Diabetes Res Clin Pract. 2015;107:187-93.

9. Lee BK Kim Y, Kim YI. Association of serum ferritin with metabolic
syndrome and diabetes mellitus in the south Korean general population
according to the Korean National Health and nutrition examination survey
2008. Metabolism. 2011;60:1416-24.

10.  Kang HT, Linton JA, Shim JY. Serum ferritin level is associated with the
prevalence of metabolic syndrome in Korean adults: the 2007-2008 Korean
National Health and nutrition examination survey. Clin Chim Acta.
2012,413:636-41.

11. Yoo KD, Ko SH, Park JE, Ahn YB, Yim HW, Lee WG, et al. High serum ferritin
levels are associated with metabolic risk factors in non-obese Korean young
adults: Korean National Health and nutrition examination survey (KNHANES)
IV. Clin Endocrinol. 2012;77:233-40.

12. Williams MJ, Poulton R, Williams S. Relationship of serum ferritin with
cardiovascular risk factors and inflammation in young men and women.
Atherosclerosis. 2002;165:179-84.

13. Gillum R. Association of serum ferritin and indices of body fat distribution
and obesity in Mexican American men—the third National Health and
nutrition examination survey. Int J Obes. 2001;25:639.

14. Lecube A, Hernandez C, Pelegri D, Simo R. Factors accounting for high
ferritin levels in obesity. Int J Obes. 2008;32:1665-9.

15.  Choi B, Yeum KJ, Park SJ, Kim KN, Joo NS. Elevated serum ferritin and
mercury concentrations are associated with hypertension; analysis of the
fourth and fifth Korea national health and nutrition examination survey
(KNHANES 1V-2, 3, 2008-2009 and V-1, 2010). Environ Toxicol. 2015;30:101-8.

16.  Kim MK, Baek KH, Song K-H, Kang MI, Choi JH, Bae JC, et al. Increased serum
ferritin predicts the development of hypertension among middle-aged
men. Am J Hypertens. 2012;25:492-7.

17. Piperno A, Trombini P, Gelosa M, Mauri V, Pecci V, Vergani A, et al. Increased
serum ferritin is common in men with essential hypertension. J Hypertens.
2002;20:1513-8.


https://knhanes.cdc.go.kr/knhanes/sub03/sub03_02_02.do

Lee et al. Annals of Occupational and Environmental Medicine (2018) 30:40

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.
33.

34.

Ryoo JH, Kim SY, Oh CM, Park SK, Kim E, Park SJ, et al. The incidental
relationship between serum ferritin levels and hypertension. Int J Cardiol.
2015;183:258-62.

Ha MN, Kim JY, Park JS, Chung HK. Influence of shiftwork duration on blood
pressure and heart rate variability in short rotating 8-hour shiftworkers.
Korean J Occup Environ Med. 2001;13:180-9.

Suwazono Y, Nogawa K. Effect of shift work on blood pressure. Nihon
rinsho Jap J Clin Med. 2014;72:1497-502.

Suwazono Y, Dochi M, Sakata K, Okubo Y, Oishi M, Tanaka K, et al. Shift
work is a risk factor for increased blood pressure in Japanese men: a 14-year
historical cohort study. Hypertension. 2008,52:581-6.

Puttonen S, Harma M, Hublin C. Shift work and cardiovascular
disease—pathways from circadian stress to morbidity. Scand J Work Environ
Health. 2010;36(2):96-108.

Hansson GK. Inflammation, atherosclerosis, and coronary artery disease.

N Engl J Med. 2005;352:1685-95.

Haupt CM, Alte D, Dorr M, Robinson DM, Felix SB, John U, et al. The relation
of exposure to shift work with atherosclerosis and myocardial infarction in a
general population. Atherosclerosis. 2008,201:205-11.

Puttonen S, Kivimaki M, Elovainio M, Pulkki-Raback L, Hintsanen M,

Vahtera J, et al. Shift work in young adults and carotid artery intima-media
thickness: the cardiovascular risk in young Finns study. Atherosclerosis.
2009;205:608-13.

The Fifth Korea National Health and Nutrition Examination Survey
(KNHANES V-3). Korea Centers for Disease Control and Prevention. 2015.
https://knhanes.cdc.gokr/knhanes/sub03/sub03_02_02.do. Accessed 8 Feb
2018.

Sun L, Franco OH, Hu FB, Cai L, Yu Z, Li H, et al. Ferritin concentrations,
metabolic syndrome, and type 2 diabetes in middle-aged and elderly
chinese. J Clin Endocrinol Metab. 2008,93:4690-6.

Fearon IM, Faux SP. Oxidative stress and cardiovascular disease: novel tools
give (free) radical insight. J Mol Cell Cardiol. 2009;47:372-81.

Wang H, Li H, Hou Z, Pan L, Shen X, Li G. Role of oxidative stress in
elevated blood pressure induced by high free fatty acids. Hypertens Res.
2009;32:152-8.

Costa G. The problem: shiftwork. Chronobiol Int. 1997;14:89-98.

Akerstedt T. Shift work and disturbed sleep/wakefulness. Occup Med.
2003;53:89-94.

Knutsson A. Health disorders of shift workers. Occup Med. 2003;53:103-8.
Roh SC. Shiftwork duration and metabolic risk factors of cardiovascular
disease. Korean J Occup Environ Med. 2003;15:132-9.

Yeom JH, Sim CS, Lee J, Yun SH, Park SJ, Yoo Cl, et al. Effect of shift work on
hypertension: cross sectional study. Ann Occup Environ Med. 2017,29:11.

Page 7 of 7

Ready to submit your research? Choose BMC and benefit from:

o fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://knhanes.cdc.go.kr/knhanes/sub03/sub03_02_02.do

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study populations
	Data collection
	Definitions hypertension and working type
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	References

