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Abstract: This cross-sectional study investigated the relationship between shift work and reflux
esophagitis verified by endoscopic findings. Participants underwent a comprehensive health examination and esophagogastroduodenoscopy between January 2011 and December 2018. We examined
endoscopic findings and performed multivariate-adjusted regression analysis of the association
between shift work and reflux esophagitis using multiple demographic and clinical factors. Among
the 247,450 participants, 49,767 (20.1%) had reflux esophagitis; Los Angeles (LA)-M (31,132, 12.6%)
was most common, followed by LA-A (16,213, 6.6%), LA-B (2333, 0.9%), and ≥LA-C (89, 0.04%). The
multivariate-fully adjusted odds ratio (OR) of overall reflux esophagitis for shift work compared to
fixed day work was 1.15 (95% confidence interval [CI]: 1.11–1.19). When classified according to shift
work type and severity of reflux esophagitis, the ORs of LA-A for regular day and night, and irregular
shifts compared to fixed day works were 1.14 (95% CI: 1.03–1.26) and 1.26 (95% CI: 1.11–1.44), respectively. However, there was no significant association between any shift work schedule and ≥LA-B.
Overall, we demonstrated the cross-sectional association between shift work (especially rotating and
irregular shifts) and mild reflux esophagitis (≤LA-A) compared with daily fixed time shifts.
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1. Introduction
Traditionally, shift work has been an occupational health issue worldwide, especially
among factory workers. However, with the advent of the 24 h society, shift work has
extended to those employed in white-collar occupations [1]. Socioeconomic demands for
24 h maintenance services and processes have been increasing, and approximately 20–30%
of workers in Europe and the United States are engaged in shift work [2,3]. In addition,
approximately 9.7% of employed individuals in South Korea are estimated to be engaged
in shift work, and this percentage is increasing steadily [4].
There are extensive publications on the health effects of shift work. Previous studies have shown that shift workers are at increased risk of various health impairments
such as coronary heart disease, stroke [5], type 2 diabetes [6], obesity and other metabolic
disorders [7], breast cancer [8], colorectal cancer [9], prostate cancer [10], and all-cause
mortality [11]. Although the causal pathway has not been fully explored, the possible
mechanisms can be summarized as behavioral mechanisms, psychosocial stress, and
physiological mechanisms such as disruption of circadian rhythm [12]. Regarding the gastrointestinal system, circadian disruption can decrease circulating melatonin responsible for
gut motility, and affect the maintenance of the mucosal barrier, decreasing gastroprotective
factors while increasing the secretion of gastric acid [13]. As a result, shift work could
increase the number of reflux events, induce damage to the esophagogastric junction, and
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delay recovery. Nevertheless, studies on gastroesophageal reflux disease in the working
environment are lacking.
Gastroesophageal reflux disease (GERD) is a condition that develops when the reflux
of stomach contents causes troublesome symptoms and/or complications according to
the Montreal definition [14]. Practically, the diagnosis of GERD is usually based on reflux
symptoms rather than objective evidence of reflux esophagitis, such as endoscopic findings
and 24 h pH monitoring tests, especially in primary care settings [15]. Several studies have
shown a link between shift work and reflux symptoms. Xue et al. analyzed a total of 2027
workers who completed a comprehensive health checkup at a university hospital in China,
showing that rotating night shift workers had an increased risk of GERD symptoms than
day workers (odds ratio [OR]: 3.66; 95% competence interval [CI]: 2.52–5.40) [16]. Li et al.
also showed that shift work was an independent risk factor for GERD symptoms (OR: 1.38;
95% CI: 1.11–1.71) in an investigation of 15,283 outpatients at 10 hospitals in China [17].
However, even typical reflux symptoms are not specific for reflux esophagitis, and this
may have caused overestimation of the risk of reflux esophagitis [18,19]. Few studies have
used objective markers of reflux esophagitis to determine the effect of shift work on reflux
esophagitis. This study demonstrated the shift work was positively associated with reflux
esophagitis diagnosed using esophagogastroduodenoscopy (EGD).
2. Materials and Methods
2.1. Study Design and Participants
This cross-sectional study investigated participants in the Kangbuk Samsung Health
Study between January 2011 and December 2018 (n = 386,488) and followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines and
the STROBE checklist for cross-sectional studies [20]. The Kangbuk Samsung Health Study
included a cohort of Korean men and women aged 18 years or older, who underwent
comprehensive health screening examinations at the clinics of the Kangbuk Samsung
Hospital Total Healthcare Center in Seoul and Suwon, South Korea. More than 80% of
participants or their spouses were employees of various companies and local governmental
organizations, because the South Korean Industrial Safety and Health Law provides free
annual or biennial health screenings for employees. The remaining participants voluntarily
purchased the screening examinations. In the case of multiple visits, the first visit was
investigated instead of the last visit to prevent any further increase of causal interference
in this cross-sectional study. The exclusion criteria were as follows: no endoscopy or
endoscopy failure, missing occupational information or not working, a history of cancer
derived from the database of the National Cancer Registration and Statistics Program,
digestive medication use, and missing covariate data. A total of 247,450 workers were
included in the analysis (Figure 1). This study was conducted in accordance with the
guidelines of the Declaration of Helsinki of 1975 and was approved by the Institutional
Review Board of the Kangbuk Samsung Hospital (approval number: KBSMC 2020-10-020;
approval date: 16 October 2020). The requirement for informed consent was waived owing
to the use of de-identified data.
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Figure 1. Participant
selection flowchart.
EGD: esophagogastroduodenoscopy.
Figure 1. Participant
selection flowchart.
EGD: esophagogastroduodenoscopy.
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recorded and classified by experienced endoscopists. We used the Los Angeles (LA)
classification system with Japanese modifications including minimal change grade (LA-M),
as noted below (Japanese translated into English) [21]:

•
•
•
•
•

LA-M: no esophageal mucosal injury, but white turbidity of the mucosa or redness
with unclear boundaries that cannot be said to be mucosal damage.
LA-A: mucosal injury with a major axis not exceeding 5 mm, limited to the mucosal folds.
LA-B: at least one mucosal injury with a major axis of 5 mm or more; mucosal injuries
on different mucosal folds are not continuous with each other.
LA-C: mucosal injury in at least one place that spreads continuously to two or more
folds but involves less than 75% of the circumference.
LA-D: continuous mucosal injury involving at least 75% of the esophageal circumference.

2.4. Mesasurement of Covariates
Clinical factors such as height, body weight, and waist circumference were measured
by trained nurses, and blood parameters were measured using venous blood samples
collected from the antecubital vein after ≥10 h of fasting. Serum total cholesterol, highdensity lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C),
and triglyceride levels were measured using an enzymatic colorimetric assay. Serum
fasting glucose levels were measured using the hexokinase method on a Cobas Integra
800 apparatus (Roche Diagnostics, Tokyo, Japan). All laboratory tests were conducted
at the Laboratory Medicine Department of Kangbuk Samsung Hospital in Seoul, South
Korea, which is accredited by the Korean Society of Laboratory Medicine and the Korean
Association of Quality Assurance for Clinical Laboratories.
2.5. Statistical Analysis
For the descriptions of general characteristics of study participants and the distribution
of severity of reflux esophagitis (LA-M, LA-A, LA-B, and ≥LA-C), categorical variables
were expressed as a percentage (%) and analyzed using the Chi-squared test. Non-normally
distributed continuous variables are expressed as median values with interquartile ranges
(IQRs), and were analyzed using the Mann–Whitney U test. A normality test was performed
using the Kolmogorov–Smirnov test. Binary logistic regression was used to determine the
association between shift work and reflux esophagitis. For subgroup analysis, multinomial
logistic regression was used to determine the association between shift work schedules
and types of reflux esophagitis (LA-M, LA-A, and ≥LA-B). The results of binary and
multinomial logistic regressions are expressed as ORs with 95% CIs. Multiple demographic
and clinical screening factors were used for multivariate adjustment, followed by age
and sex, as well as personal behavioral factors such as smoking status, alcohol intake,
exercise, marital status, and education level for Model 1. Additionally, metabolic factors of
glucose, body mass index (BMI), waist circumference, total cholesterol, HDL-C, LDL-C,
and triglycerides were further adjusted for Model 2. All statistical analyses were performed
using SPSS software (version 24.0; IBM Corp., New York, NY, USA). Statistical significance
was set at p < 0.05.
3. Results
3.1. Participant Characteristics
The median age was 36 (IQR, 31–42) years, and the majority (65.0%) of the participants
were men. Most were married (74.1%) and well-educated (84.6%) workers. In total, 20.1%
of the participants had reflux esophagitis. There were significant differences in age, sex,
smoking status, alcohol intake, marital status, education level, BMI, waist circumference,
shift work schedules, glucose, total cholesterol, HDL-C, LDL-C, and triglyceride levels
between the normal group and reflux esophagitis group. Certain shift work schedules
(regular day and night shifts, 24 h shifts, and irregular shift work) were more common in
the reflux esophagitis group than in the normal group (Table 1).
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Table 1. General characteristics of the study subjects.
Reflux Esohpagitis
Variable Category

Total

(−)

(+)

p-Value

N (%)
Age, years
Sex, % male
Current smoker, % yes
Alcohol intake, g/day
Exercise, % yes
Glucose, mg/dL
BMI, kg/m2
Waist circumference, cm
Total cholesterol, mg/dL
HDL-C, mg/dL
LDL-C, mg/dL
Triglycerides, mg/dL
Marital status, % married
Education, % college or more

247,450 (100)
36 (31–42)
65.0
23.7
7 (3–20)
39.9
93 (88–99)
23.4 (21.2–25.6)
82 (75–89)
190 (169–214)
57 (47–68)
120 (99–143)
91 (64–137)
74.1
84.6

197,683 (79.9)
36 (31–42)
61.9
21.9
7 (3–20)
39.3
93 (88–98)
23.2 (21.0–25.4)
82 (74–88)
190 (169–213)
57 (48–69)
119 (99–142)
89 (63–132)
74.4
84.4

49,767 (20.1)
35 (30–41)
77.5
30.6
10 (3–26)
42.0
94 (89–100)
24.1 (21.8–26.4)
85 (78–91)
192 (171–216)
55 (46–66)
123 (101–146)
103 (71–156)
72.8
85.6

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Shift work (%)
Fixed evening shift (%)
Fixed night shift (%)
Regular day and night shifts (%)
24 h shifts (%)
Split shift (%)
Irregular shift (%)

23,178 (9.4) *
2132 (0.9)
577 (0.2)
7442 (3.0)
3232 (1.3)
1127 (0.5)
3788 (1.5)

18,223 (9.2)
1749 (0.9)
472 (0.2)
5723 (2.9)
2534 (1.3)
911 (0.5)
2934 (1.5)

4955 (10.0)
383 (0.8)
105 (0.2)
1719 (3.5)
698 (1.4)
216 (0.4)
854 (1.7)

<0.001
0.01
0.25
<0.001
0.03
0.43
<0.001

Abbreviations: BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol. Data are
presented as number (%), median (interquartile range) or percentages unless otherwise indicated. * Work schedules for some shift workers
are not available (n = 4879, 1.9%).

3.2. The Distribution of Endoscopic Findings of Reflux Esophagitis
Among the 247,450 study participants, 49,767 (20.1%) had reflux esophagitis; LA-M
(31,132, 12.6%) was the most common, followed by LA-A (16,213, 6.6%), LA-B (2333, 0.9%),
and ≥LA-C (89, 0.04%). All reflux esophagitis types were more common in men. When
study participants were stratified by five age groups (18–29, 30–39, 40–49, 50–59, and
≥60 years), LA-M was common in young participants; however, LA-A through ≥ LA-C
tended to increase with age (p for trends < 0.001) (Table 2).
Table 2. The distribution of endoscopic findings of reflux esophagitis.
RE Classification
Total N

Normal

LA-M

LA-A

LA-B

≥LA-C

N (%)

247,450 (100)

197,683 (79.9)

31,132 (12.6)

16,213 (6.6)

2333 (0.9)

89 (0.04)

Sex
Male, n (%)
Female, n (%)

160,829 (100)
86,621 (100)

122,269 (76.0)
75,414 (87.1)

21,356 (13.3)
9776 (11.3)

14,906 (9.3)
1307 (1.5)

2210 (1.4)
123 (0.1)

88 (0.1)
1 (0.001)

Age
18–29, n (%)
30–39, n (%)
40–49, n (%)
50–59, n (%)
≥60, n (%)

42,249 (100)
12,2301 (100)
59,243 (100)
18,710 (100)
4947 (100)

33,435 (79.1)
96,949 (79.3)
47,646 (80.4)
15,499 (82.8)
4154 (84.0)

6096 (14.4)
15,954 (13.0)
6931 (11.7)
1766 (9.4)
385 (7.8)

2470 (5.8)
8298 (6.8)
3946 (6.7)
1184 (6.3)
315 (6.4)

238 (0.6)
1072 (0.9)
684 (1.2)
248 (1.3)
91 (1.8)

10 (0.02)
28 (0.02)
36 (0.1)
13 (0.1)
2 (0.04)

Abbreviations: RE, reflux esophagitis; LA, Los Angeles classification. All p values for trends for each RE type and normal findings were
<0.001 according to sex and age.
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3.3. Association between Shift Work and Reflux Esophagitis
In all regression models, shift work compared to fixed day work was significantly
associated with reflux esophagitis (all p < 0.001). The magnitude of association was highest
in age and sex adjusted model (OR: 1.18, 95% CI: 1.14–1.22) and lowest in the crude
model (OR: 1.09 95% CI: 1.05–1.13). Even after full adjustment of all demographic and
clinical screening factors including metabolic factors, the association remained consistently
significant (OR: 1, 15; 95% CI: 1.11–1.19) (Table 3).
Table 3. Association between shift work and reflux esophagitis.
Work Type

Crude Model

Age and Sex Adjusted
Model

Fixed day work
Shift work

1.00 (Ref.)
1.09 (1.05–1.13)

1.00 (Ref.)
1.18 (1.14–1.22)

Multivariate-Adjusted Models
Model 1
Model 2
1.00 (Ref.)
1.15 (1.11–1.20)

1.00 (Ref.)
1.15 (1.11–1.19)

Model 1: adjusted for age, sex, smoking status, alcohol intake, exercise, marital status, and education level. Model 2: further adjusted for
metabolic factors of glucose, BMI, waist circumference, total cholesterol, HDL-C, LDL-C, and triglycerides. Abbreviations: BMI, body mass
index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Ref., reference.

3.4. Association between Shift Work Schedules and Types of Reflux Esophagitis
Compared to fixed day work, shift work was significantly associated with the overall
types of reflux esophagitis (OR: 1.15; 95% CI: 1.11–1.19), LA-M (OR: 1.17; 95% CI: 1.12–1.21),
and LA-A (OR: 1.11; 95% CI: 1.05–1.18) in the full-adjusted model. There was no significant
association between shift work and ≥LA-B. For additional classification according to shift
work type, regular day and night shifts and irregular shift work were significantly associated with LA-M and LA-A. Twenty-four-hour shifts were only significantly associated with
LA-M. However, fixed evening shift, fixed night shift, and split shift were not significantly
associated with any type of reflux esophagitis (Table 4).
Table 4. Association between shift work schedules and types of reflux esophagitis.
RE Classification
Work Type

Overall

LA-M

LA-A

≥LA-B

Fixed day work
Shift work

1.00 (Ref.)
1.15 (1.11–1.19)

1.00 (Ref.)
1.17 (1.12–1.21)

1.00 (Ref.)
1.11 (1.05–1.18)

1.00 (Ref.)
1.14 (0.98–1.33)

Fixed evening shift
Fixed night shift
Regular day and night shifts
24 h shifts
Split shift
Irregular shift

1.10 (0.98–1.23)
0.94 (0.76–1.17)
1.20 (1.13–1.27)
1.17 (1.07–1.28)
1.08 (0.93–1.26)
1.17 (1.08–1.26)

1.10 (0.97–1.25)
0.85 (0.64–1.11)
1.22 (1.14–1.31)
1.20 (1.09–1.33)
1.13 (0.95–1.34)
1.14 (1.03–1.25)

1.08 (0.88–1.33)
1.09 (0.78–1.53)
1.14 (1.03–1.26)
1.12 (0.96–1.31)
1.02 (0.77–1.35)
1.26 (1.11–1.44)

1.25 (0.78–2.00)
1.32 (0.65–2.68)
1.24 (0.97–1.58)
1.03 (0.66–1.59)
0.94 (0.44–1.98)
1.05 (0.73–1.53)

Odds ratios (95% confidence intervals) were fully adjusted for age, sex, smoking status, alcohol intake, exercise, marital status, education,
glucose, BMI, waist circumference, total cholesterol, HDL-C, LDL-C, and triglycerides. Abbreviations: RE, reflux esophagitis; BMI, body
mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LA, Los Angeles classification.

4. Discussion
In this study, we found that shift work was cross-sectionally associated with reflux esophagitis, verified by endoscopy, even after full adjustment for multiple potential
confounding factors. In particular, mild degrees of reflux esophagitis were significantly
positively associated with rotating or irregular shifts.
It is estimated that the prevalence of GERD is approximately 13% worldwide; however,
there are considerable geographic variations. Moreover, there is a possibility of overestimation, as GERD is typically diagnosed based on subjective symptoms without any gold
standard for diagnosis [22,23]. Conversely, well-controlled large-scale studies presenting
the prevalence of reflux esophagitis diagnosed using objective tests such as endoscopy
and 24 h pH monitoring are limited. According to a recent nationwide multicenter study

Int. J. Environ. Res. Public Health 2021, 18, 6189

7 of 10

on 2687 Koreans, the prevalence of endoscopic reflux esophagitis of grade ≥LA-A was
9.7% [24]; in our study, the prevalence was 7.5% (n = 18,635). The subjects in our study
were part of a relatively healthy occupational cohort; this may explain the relatively lower
prevalence of erosive esophagitis compared with those of previous studies.
Although the causal pathway of the increased risk of reflux esophagitis among shift
workers is not fully understood, several plausible mechanisms have been suggested by
previous studies. Currently, circadian disruption caused by shift work is one of the most
reliable pathways. Shift work is well known for altering light exposure, diet patterns,
and sleep patterns [10], and all of these factors result in circadian rhythm disruption of
regulatory hormones, especially melatonin [25]. Melatonin maintains esophageal mucosa
integrity through its antioxidative effects against free radical destruction [26] and vasodilating effects on esophageal microcirculation [27]. It also minimizes contact with reflux
contents by inhibiting the secretion of acid and pepsin, while stimulating duodenal bicarbonate secretion and increasing gastrin release; this in turn increases contractility of the
lower esophageal sphincter (LES) [28–30]. Thus, circadian disruption which is responsible
for low levels of melatonin, could be a principal factor in increasing the risk of reflux
esophagitis among shift workers.
Apart from disrupted circadian rhythms, altered dietary habits as a result of shift work
can increase the risk of reflux events. Shift workers tend to snack more and have irregular
mealtimes [31,32], and several studies have reported that irregular diet habits, especially
short meal-to-sleep intervals, may be related to increased transient LES relaxation [33–35].
Additionally, shift workers are likely to adopt unhealthy behaviors, such as reduced
physical activity [36], smoking [37], and alcohol use [38]; these may in turn adversely
affect reflux esophagitis [39–42]. Obesity and being metabolically unhealthy are also
related to shift work [43], and can increase the risk of reflux esophagitis [44]. However,
our study focused on the effects of circadian misalignment, rather than other possible
causal pathways. The positive relationship between shift work and reflux esophagitis was
consistent even after full adjustment of personal behavior and multiple clinical factors such
as BMI, waist circumference, and other metabolic factors.
We stratified the type of shift work and the severity of reflux esophagitis. Rotating or
irregular shift work schedules were associated with mild reflux esophagitis, while fixed
shift work schedules were not significantly associated with reflux esophagitis. Since fast
rotating or irregular shift work may not allow for sufficient time for the intrinsic circadian
clock to adapt, more severe disruptions of circadian rhythm may occur and result in lower
melatonin levels compared to fixed shift work [45]. In addition, the regularity of dietary
habits may have contributed to the effects on reflux esophagitis, which differed by types of
shift work. For shift workers, irregular working hours are the most influential factor on the
timing of meals. As shift workers who work irregular hours have difficulty in maintaining
regular eating patterns, fixed time shifts would have been more beneficial than rotating or
irregular shifts for achieving regular dietary habits [46].
In this study, the effect size of shift work for reflux esophagitis was not large because
reflux esophagitis can be caused by a number of similarly influential factors rather than
very deterministic factors. Therefore, a small effect size of a single factor (shift work) is an
expected result [47].
Several previous studies support our results. Chung et al. showed that shift work was
cross-sectionally associated with erosive esophagitis in 6040 male shipyard workers (OR,
1.41; 95% CI, 1.03–1.94). However, they did not analyze differences according to the type of
shift work schedule or severity of reflux esophagitis. Furthermore, the study participants
were all healthy male workers with the same occupational background; generalizability
was thus limited [48]. Li et al. verified that shift work is an independent risk factor
associated with GERD symptoms through an analysis of 15,283 outpatients (OR: 1.38; 95%
CI: 1.11–1.71). However, their study was limited by only analyzing outpatients rather than
healthy workers [17]. Xue et al. obtained more generalizable results than previous studies
by using health checkup data. They showed that shift work and GERD symptoms are
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cross-sectionally associated (OR: 3.66, 95% CI: 2.52–5.40); however, their study was limited
by the fact that they could not correlate GERD symptoms to endoscopic findings [16].
Our study has some limitations. First, its cross-sectional design made it difficult
to determine causality. Longitudinal studies are required to confirm the causality of
the relationship between shift work and reflux esophagitis. Second, although we used
endoscopic findings and verified the classification system for the definition of reflux
esophagitis, there may have been inter-operator variability in endoscopic findings. Third,
the effect of shift work may vary with occupational factors such as work hours, work
intensity, and work environment; these were not adequately considered here. Further
research needs to consider more specific and concrete occupational factors to analyze
the effects of shift work. Fourth, since our study was designed retrospectively using
the results of past health examinations, we could not further analyze the dietary habits,
consumption of food supplements containing melatonin, or intake of medication related to
reflux esophagitis such as antibiotics, non-steroidal anti-inflammatory drugs, warfarin, and
anti-hypertensives [35,49]. Fifth, our study was conducted on relatively young and welleducated Korean men and women, who were in formal full-time employment. Therefore,
despite the large sample size, the generalizability of our findings to other populations
needs to be verified.
Nonetheless, we believe that our study is valuable, as to the best of our knowledge,
this is the first large-scale study to evaluate the association between various shift work
schedules and the severity-stratified reflux esophagitis using objective endoscopic findings,
as opposed to relying on self-reported symptoms. In addition, our study effectively
controlled for potential confounding factors by adjusting for multiple demographic and
clinical factors.
5. Conclusions
This cross-sectional study verified the association between shift work (especially
rotating or irregular shifts) and mild reflux esophagitis by using EGD results from a large
amount of health examination data. In this study, the use of an objective measure may have
supported the causality; however, further longitudinal studies are required to confirm the
risk of reflux esophagitis due to shift work schedules.
Author Contributions: Conceptualization, E.M. and S.P.; methodology, E.M. and D.K.; investigation,
E.M., D.K., Y.L. and W.L.; writing—original draft preparation, E.M. and S.P.; writing—review and
editing, W.L. and S.P. All authors have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.
Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Review Board of Kangbuk Samsung
Hospital (approval number: KBSMC 2020-10-020; approval date: 16 October 2020).
Informed Consent Statement: The need for patient consent was waived owing to the use of deidentified data.
Data Availability Statement: The data presented in this study are available upon request from the
corresponding author. The data are not publicly available because of ethical concerns.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.
3.

Harrington, J.M. Health effects of shift work and extended hours of work. Occup. Environ. Med. 2001, 58, 68–72. [CrossRef]
Eurofound. Sixth European Working Conditions Survey—Overview Report (2017 update); Publications Office of the European Union:
Luxembourg, 2017.
Maestas, N.; Mullen, K.J.; Powell, D.; von Wachter, T.; Wenger, J.B. Working Conditions in the United States: Results of the 2015
American Working Conditions Survey; RAND Corporation: Santa Monica, CA, USA, 2017; Available online: https://www.rand.
org/pubs/research_reports/RR2014.html (accessed on 31 January 2021).

Int. J. Environ. Res. Public Health 2021, 18, 6189

4.

5.
6.
7.

8.
9.
10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.

21.
22.
23.
24.

25.
26.
27.

28.

29.

9 of 10

Korean Working Environment Survey. Occupational Safety and Health Research Institute, Korea Safety and Health Agency.
Korea Social Sciences Archive (KOSSDA). 2017. Available online: http://hdl.handle.net/20.500.12236/23243 (accessed on 31
January 2021).
Vyas, M.V.; Garg, A.X.; Iansavichus, A.V.; Costella, J.; Donner, A.; Laugsand, L.E.; Janszky, I.; Mrkobrada, M.; Parraga, G.; Hackam,
D.G. Shift work and vascular events: Systematic review and meta-analysis. BMJ 2012, 345, e4800. [CrossRef]
Anothaisintawee, T.; Reutrakul, S.; Van Cauter, E.; Thakkinstian, A. Sleep disturbances compared to traditional risk factors for
diabetes development: Systematic review and meta-analysis. Sleep Med. Rev. 2015, 30, 11–24. [CrossRef]
Proper, K.I.; van de Langenberg, D.; Rodenburg, W.; Vermeulen, R.C.; van der Beek, A.J.; van Steeg, H.; van Kerkhof, L.W. The
relationship between shift work and metabolic risk factors: A systematic review of longitudinal studies. Am. J. Prev. Med. 2016,
50, e147–e157. [CrossRef]
Ijaz, S.; Verbeek, J.; Seidler, A.; Lindbohm, M.L.; Ojajärvi, A.; Orsini, N.; Costa, G.; Neuvonen, K. Night-shift work and breast
cancer—a systematic review and meta-analysis. Scand. J. Work Environ. Health 2013, 39, 431–447. [CrossRef]
Wang, X.; Ji, A.; Zhu, Y.; Liang, Z.; Wu, J.; Li, S.; Meng, S.; Zheng, X.; Xie, L. A meta-analysis including dose-response relationship
between night shift work and the risk of colorectal cancer. Oncotarget 2015, 6, 25046–25060. [CrossRef]
Rao, D.; Yu, H.; Bai, Y.; Zheng, X.; Xie, L. Does night-shift work increase the risk of prostate cancer? A systematic review and
meta-analysis. OncoTargets Ther. 2015, 8, 2817–2826.
Lin, X.; Chen, W.; Wei, F.; Ying, M.; Wei, W.; Xie, X. Night-shift work increases morbidity of breast cancer and all-cause mortality:
A meta-analysis of 16 prospective cohort studies. Sleep Med. 2015, 16, 1381–1387. [CrossRef]
Kecklund, G.; Axelsson, J. Health consequences of shift work and insufficient sleep. BMJ 2016, 355, i5210. [CrossRef] [PubMed]
Konturek, P.C.; Brzozowski, T.; Konturek, S.J. Gut clock: Implication of circadian rhythms in the gastrointestinal tract. J. Physiol.
Pharmacol. 2011, 62, 139–150.
Vakil, N.; Van Zanten, S.V.; Kahrilas, P.; Dent, J.; Jones, R. The Montreal definition and classification of gastroesophageal reflux
disease: A global evidence-based consensus. Am. J. Gastroenterol. 2006, 101, 1900–1920.
Jones, R.; Galmiche, J.P. What do we mean by GERD?–definition and diagnosis. Aliment. Pharmacol. Ther. 2005, 22, 2–10.
[CrossRef]
Xue, J.; Zhao, Y.; Wang, Z.; Ren, N.; Zhou, C.; Qin, S. Rotating night shift work is associated with an increased risk of
gastroesophageal reflux disease (GERD) symptoms among workers in China: A cross-sectional study. Int. J. Clin. Pract. 2021, 75,
e13848. [CrossRef]
Li, Y.M.; Du, J.; Zhang, H.; Yu, C.H. Epidemiological investigation in outpatients with symptomatic gastroesophageal reflux from
the Department of Medicine in Zhejiang Province, east China. J. Gastroenterol. Hepatol. 2008, 23, 283–289. [CrossRef] [PubMed]
Wong, B.C.; Kinoshita, Y. Systematic review on epidemiology of gastroesophageal reflux disease in Asia. Clin. Gastroenterol.
Hepatol. 2006, 4, 398–407. [CrossRef]
Savarino, E.; De Bortoli, N.; De Cassan, C.; Coletta, M.D.; Bartolo, O.; Furnari, M.; Ottonello, A.; Marabotto, E.; Bodini, G.;
Savarino, V. The natural history of gastro-esophageal reflux disease: A comprehensive review. Dis. Esophagus 2017, 30. [CrossRef]
von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gøtzsche, P.C.; Vandenbroucke, J.P. STROBE Initiative. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. Lancet
2007, 370, 1453–1457. [CrossRef]
Iwakiri, K.; Kawami, N.; Nomura, T.; Hoshihara, Y. Tips for the diagnosis and treatment of reflux esophagitis. Gastroenterol.
Endosc. 2015, 57, 1641–1647.
Eusebi, L.H.; Ratnakumaran, R.; Yuan, Y.; Solaymani-Dodaran, M.; Bazzoli, F.; Ford, A.C. Global prevalence of, and risk factors
for, gastro-oesophageal reflux symptoms: A meta-analysis. Gut 2018, 67, 430–440. [CrossRef]
Richter, J.E.; Rubenstein, J.H. Presentation and epidemiology of gastroesophageal reflux disease. Gastroenterology 2018, 154,
267–276. [CrossRef]
Nam, K.; Shin, J.E.; Kim, S.E.; Baik, G.H.; Choi, S.H.; Lee, J.Y.; Park, K.S.; Joo, Y.E.; Myung, D.S.; Kim, H.J.; et al. Prevalence and
risk factors for upper gastrointestinal diseases in health check-up subjects: A nationwide multicenter study in Korea. Scand. J.
Gastroenterol. 2018, 53, 910–916. [CrossRef] [PubMed]
Depner, C.M.; Stothard, E.R.; Wright, K.P. Metabolic consequences of sleep and circadian disorders. Curr. Diabetes Rep. 2014, 14,
1–9. [CrossRef]
Reiter, R.J.; Tan, D.X.; Mayo, J.C.; Sainz, R.M.; Leon, J.; Czarnocki, Z. Melatonin as an antioxidant: Biochemical mechanisms and
pathophysiological implications in humans. Acta Biochim. Pol. 2003, 50, 1129–1146. [CrossRef] [PubMed]
Konturek, S.J.; Zayachkivska, O.; Havryluk, X.O.; Brzozowski, T.; Sliwowski, Z.; Pawlik, M.; Konturek, P.C.; Czesnikiewicz-Guzik,
M.; Gzhegotsky, M.R.; Pawlik, W.W. Protective influence of melatonin against acute esophageal lesions involves prostaglandins,
nitric oxide and sensory nerves. J. Physiol. Pharmacol. 2007, 58, 361–377.
Kato, K.; Murai, I.; Asai, S.; Takahashi, Y.; Matsuno, Y.; Komuro, S.; Kurosaka, H.; Iwasaki, A.; Ishikawa, K.; Arakawa, Y. Central
nervous system action of melatonin on gastric acid and pepsin secretion in pylorusligated rats. Neuroreport 1998, 9, 2447–2450.
[CrossRef]
Bubenik, G.A. Gastrointestinal melatonin: Localization, function, and clinical relevance. Dig. Dis. Sci. 2002, 47, 2336–2348.
[CrossRef]

Int. J. Environ. Res. Public Health 2021, 18, 6189

30.
31.
32.
33.
34.
35.

36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

46.
47.
48.
49.

10 of 10

Bang, C.S.; Yang, Y.J.; Baik, G.H. Melatonin for the treatment of gastroesophageal reflux disease; protocol for a systematic review
and meta-analysis. Medicine 2019, 98, e14241. [CrossRef] [PubMed]
Souza, R.V.D.; Sarmento, R.A.; Almeida, J.C.D.; Canuto, R. The effect of shift work on eating habits: A systematic review. Scand. J.
Work Environ. Health 2019, 45, 7–21. [CrossRef]
Lowden, A.; Moreno, C.; Holmbäck, U.; Lennernäs, M.; Tucker, P. Eating and shift work—Effects on habits, metabolism, and
performance. Scand. J. Work Environ. Health 2010, 150–162. [CrossRef]
Fujiwara, Y.; Machida, A.; Watanabe, Y.; Shiba, M.; Tominaga, K.; Watanabe, T.; Oshitani, N.; Higuchi, K.; Arakawa, T. Association
between dinner-to-bed time and gastro-esophageal reflux disease. Am. J. Gastroenterol. 2005, 100, 2633–2636. [CrossRef]
Esmaillzadeh, A.; Keshteli, A.H.; Feizi, A.; Zaribaf, F.; Feinle-Bisset, C.; Adibi, P. Patterns of diet-related practices and prevalence
of gastro-esophageal reflux disease. Neurogastroenterol. Motil. 2013, 25, 831-e638.
Yamamichi, N.; Mochizuki, S.; Asada-Hirayama, I.; Mikami-Matsuda, R.; Shimamoto, T.; Konno-Shimizu, M.; Takahashi, Y.;
Takeuchi, C.; Niimi, K.; Ono, S.; et al. Lifestyle factors affecting gastroesophageal reflux disease symptoms: A cross-sectional
study of healthy 19864 adults using FSSG scores. BMC Med. 2012, 10, 1–11. [CrossRef]
Vandelanotte, C.; Short, C.; Rockloff, M.; Di Millia, L.; Ronan, K.; Happell, B.; Duncan, M.J. How do different occupational factors
influence total, occupational, and leisure-time physical activity? J. Phys. Act. Health 2015, 12, 200–207. [CrossRef] [PubMed]
van Amelsvoort, L.G.; Jansen, N.W.; Kant, I. Among shift workers: More than a confounding factor. Chronobiol. Int. 2006, 23,
1105–1113. [CrossRef]
Richter, K.; Peter, L.; Rodenbeck, A.; Weess, H.G.; Riedel-Heller, S.G.; Hillemacher, T. Shiftwork and alcohol consumption: A
systematic review of the literature. Eur. Addict. Res. 2021, 27, 9–15. [CrossRef]
Pyo, J.H.; Kim, J.W.; Kim, T.J.; Lee, H.; Min, Y.W.; Min, B.H.; Lee, J.H.; Rhee, P.L.; Jung, S.H.; Cha, K.M.; et al. Physical activity
protects against the risk of erosive esophagitis on the basis of body mass index. J. Clin. Gastroenterol. 2019, 53, 102–108. [CrossRef]
Gong, Y.; Zeng, Q.; Yan, Y.; Han, C.; Zheng, Y. Association between lifestyle and gastroesophageal reflux disease questionnaire
scores: A cross-sectional study of 37 442 Chinese adults. Gastroenterol. Res. Pract. 2019, 5753813. [CrossRef]
Pan, J.; Cen, L.; Chen, W.; Yu, C.; Li, Y.; Shen, Z. Alcohol consumption and the risk of gastroesophageal reflux disease: A
systematic review and meta-analysis. Alcohol Alcohol. 2019, 54, 62–69. [CrossRef]
Ness-Jensen., E.; Lagergren, J. Tobacco smoking, alcohol consumption and gastro-oesophageal reflux disease. Best Pract. Res. Clin.
Gastroenterol. 2017, 31, 501–508. [CrossRef]
Wang, F.; Zhang, L.; Zhang, Y.; Zhang, B.A.; He, Y.; Xie, S.; Li, M.; Miao, X.; Chan, E.Y.Y.; Tang, J.L.; et al. Meta-analysis on night
shift work and risk of metabolic syndrome. Obes. Rev. 2014, 15, 709–720. [CrossRef]
Park, J.H.; Park, D.I.; Kim, H.J.; Cho, Y.K.; Sohn, C.I.; Jeon, W.K.; Kim, B.I. Metabolic syndrome is associated with erosive
esophagitis. World J. Gastroenterol. 2008, 14, 5442. [CrossRef]
Mancio, J.; Leal, C.; Ferreira, M.; Norton, P.; Lunet, N. Does the association of prostate cancer with night-shift work differ
according to rotating vs. fixed schedule? A systematic review and meta-analysis. Prostate Cancer Prostatic Dis. 2018, 21, 337–344.
[CrossRef]
Gupta, C.C.; Coates, A.M.; Dorrian, J.; Banks, S. The factors influencing the eating behaviour of shiftworkers: What, when, where
and why. Ind. Health 2019, 57, 419–453. [CrossRef]
Azer, S.A.; Reddivari, A.K.R. Reflux Esophagitis. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL, USA, 2021;
PMID: 32119349.
Chung, T.H.; Lee, J.; Kim, M.C. Impact of night-shift work on the prevalence of erosive esophagitis in shipyard male workers. Int.
Arch. Occup. Environ. Health 2016, 89, 961–966. [CrossRef] [PubMed]
Zografos, G.N.; Georgiadou, D.; Thomas, D.; Kaltsas, G.; Digalakis, M. Drug-induced esophagitis. Dis Esophagus 2009, 22, 633–637.
[CrossRef] [PubMed]

