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ABSTRACT

Shift work, particularly night shift work, has several detrimental health outcomes. This
retrospective study investigated the associations of shift work with the incidence rates of liver
enzyme abnormalities and nonalcoholic fatty liver disease (NAFLD) using the annual health
check-up database between 2009 and 2016 and self-administered questionnaires from two large
organizations in Thailand. Among 10,205 participants, 3620 eligible participants, classified
into three subgroups by their shift work status, were followed up until abnormal liver outcomes
were observed. The incidence rate of abnormal outcomes was calculated, and Cox proportional
hazard models were used to assess the associations. Current shift work was not associated with
abnormal liver outcomes, including elevated alanine aminotransferase and aspartate
aminotransferase levels, elevated lipid accumulation product (e-LAP), and elevated hepatic
steatosis index (e-HSI). However, when the frequencies and duration of shift work were
investigated, the duration of shift work was associated with NAFLD outcomes. Healthcare
personnel with 10-20 years of shift work experience had a higher risk of e-LAP (adjusted
hazard ratio [HR] = 1.31, 95% confidence interval [CI] = 1.04—1.65), while workers with more
than 20 years of shift work had a lower risk of e-LAP (adjusted HR = 0.77, 95% CI-0.62—
0.97). Nonhealthcare shift workers with fewer than 10 years of work exposure had a higher
risk of e-HSI (adjusted HR = 4.30, 95% CI = 1.28-14.47). In summary, the shift work status
was not associated with liver abnormalities, but the duration of shift work was associated with
NAFLD.
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INTRODUCTION

Nonalcoholic fatty liver disease
(NAFLD) is a common chronic liver
disease, and its global prevalence has
increased from 25% to 38% over the past
30 years.! The spectrum of NAFLD ranges
from reversible steatosis, nonalcoholic
steatohepatitis (NASH) accompanied by
abnormal liver enzyme levels, including
elevated alanine aminotransferase (e-ALT)
and elevated aspartate aminotransferase (e-
AST) levels, to decompensated cirrhosis
and liver cancer, and NAFLD accounts for
6%—17% of liver cancer related-deaths
globally.'*  In  addition, NAFLD,
particularly NASH, carries a significant
economic burden, including healthcare
resource consumption and direct and
indirect expenses.’

At present, the gold standard for
NAFLD diagnosis is liver biopsy.
However, it is invasive and expensive.®
Thus, abdominal ultrasound is widely
utilized as a noninvasive tool for NAFLD
screening. However, the results are
operator-dependent, and the test is time-
and cost-consuming for large-scale
screening.® Recent studies have developed
several diagnostic scores for NAFLD using
anthropometric and biochemical data,
including the fatty liver index (FLI),
NAFLD liver fat score, lipid accumulation
product (LAP), and hepatic steatosis index
(HSI). 1% These scores, particularly LAP
and HSI, which have been confirmed by
radiologic imaging in the general Asian
adult population, have emerged as
alterative noninvasive NAFLD screening
tools.!%:11

The substantial mechanism
underlying NAFLD is metabolic imbalance
in the liver, a vital organ involved in energy
homeostasis and the detoxification of
xenobiotics.!? The working cycle of the
liver is regulated by the biological clock,
which has light as the key determinant, and

this cycle can be disturbed in shift workers,
who live against the natural circadian
rhythm,!3-14

Currently, approximately 15%-—
36% of workers globally are shift workers
who work outside normal working hours,
including at night.!”> According to Thai
labor statistics, the exact proportion of shift
workers is unknown, but it can be estimated
from common job sectors with shift work
schedules including healthcare, utilities,
accommodation and food  service,
manufacturing, and transportation. The
number of such jobs in Thailand increased
from 13.5 million in 2016 to 14.1 million in
2022, representing approximately 5% of all
workers. 1617

Previous studies suggested an
association of shift work with abnormal
liver outcomes including e-ALT and
NAFLD investigated by abdominal
ultrasound rather than NAFLD diagnostic
scores. 320 Nevertheless, most studies were
cross-sectional investigations, which could
not prove the causal relationship between
shift work and hepatic outcomes, and the
association between shift work and liver
abnormalities has remained
inconsistent.?!?> Thus, this retrospective
cohort study investigated the associations
of the shift status and the frequency and
duration of shift work with the incidence
rates of liver enzyme abnormalities (e-ALT
and e-AST) and NAFLD as evaluated by
LAP and HSI, which can be calculated from
existing parameters in our check-up
database, among Thai workers in Bangkok,
Thailand.

METHODS

Study population

This retrospective cohort study was
conducted using the database of workers of
the Thai Red Cross Society (a humanitarian
agency consisting of a large tertiary
hospital and other health and humanitarian
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agencies) and Chulalongkorn University
(Bangkok, Thailand). The workers in the
database provided informed consent for an
investigation into the risks of type 2
diabetes mellitus (DM) and abnormal
fasting blood glucose (FBG) attributable to
shift work and answered self-administered
questionnaires in 2016.2* Job descriptions
varied among the workers and included
healthcare professionals, academic
personnel, security guards, and cleaning
staff. Out of 10,205 consenting workers,
records of two annual health check-ups
conducted from 2009-2016 were available
for 6892 workers (67.5%). Of these, 6459
participants with data for weight, height,
waist circumference (WC), AST, ALT, and
triglyceride (TG) from at least two health

answered self-questionnaire in 2016: n = 10,205

Workers of Thai Red Cross Society and Chulalongkorn University
who were informed consent to the study of risk of type 2 Diabetes

and abnormal fasting plasma glucose due to shift work and

A

n= 6,892

Workers who had annual health check-up during 2009-2016:

A

WC, AST, ALT, TG between 2009-2016: n=6,459

Workers with at least 2 health check-ups data of weight, height,

check-ups in 2009-2016 were included in
the study. The exclusion criteria were as
follows: at least 60 years old (n = 234); a
lack of shift work information (n = 71);
presence of underlying liver diseases (n =
18); heavy alcohol drinkers (more than 210
g/week for men and more than 140 g/week
for women; n = 21);?* and abnormal values
for the outcomes of interest (AST > 35 U/L
or ALT > 40 U/L [n = 589]; LAP > 30.5
[men] or LAP > 23 [women]; HSI > 36 [n
=1906]). Accordingly, 3620 workers (2980
women and 640 men) with normal liver
enzyme levels and NAFLD diagnostic
scores at baseline were followed up until
the onset of abnormal values for the
outcomes of interest (Figure 1).

2,839 workers were excluded:

- were 60 years old and over at enrolment (n=234) AND

- did not have shift work information (n=71) AND

- had underlying disease of Hepatitis B virus carriers, chronic
hepatitis, fatty liver, cirrhosis or liver cancer (n=18) AND

- were classified as alcohol heavy drinkers (n=21) AND

A 4

3,620 workers were included and followed-up:
- nonshift workers (n=2,689)

- former shift workers (n=323)

- current shift workers (n=608)

A 4

- had AST > 35 U/L or ALT > 40 U/L (n=589) AND
- had LAP > 30.5 (male) or LAP >23 (female) or HSI > 36
(n=1,906)

Figure 1 Flow chart presenting the participant selection with inclusion and exclusion criteria.

Definition of shift work

In this study, the shift work status,
frequency (times/month) of shift work, and
duration (years) of shift work were the
independent variables of interest. The
history of shift work among the study
participants has been retrospectively
assessed by the questionnaire and recorded
in the database since 2016. Night shift work

was defined as any work performed for
least 3 h consecutively between 00:00 and
06:00.2  Consequently, the eligible
participants were categorized into three
groups by their shift work status: (a) “non-
shift workers” were participants who had
no experience with night shift work or who
performed night shift work fewer less than
4 nights/month; (b) “former shift workers”
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were participants who had a history of night
shift work at least 4 nights/month but were
not performing shift work at the start of the
study; and (c) “current shift workers” were
participants who currently had fixed or
rotating night shift work at least 4
nights/month. The frequencies of shift work
were categorized as <8 times/month or >8
times/month. The duration of shift work
exposure was categorized into fewer than
10 years, 10-20 years, or more than 20
years.

Health outcomes

This study had two main aspects of
outcomes of interest.

(1) Liver enzyme abnormalities,
namely (a) e-ALT (ALT level > 40 U/L)
and (b) e-AST (AST level > 35 U/L).

(2) Diagnostic scores for NAFLD

(a) LAP was calculated using
the following gender-specific formulas.

Men: (WC in cm — 65) x
TG level (mmol/L)

Women: (WC in cm — 58)
x TG level (mmol/L)

The cutoff for the presence
of NAFLD as indicated by LAP > 30.5 in
men and LAP > 23.0 in women.!!

(b) HSI was calculated using
the following formula:

(8 x ALT/AST ratio) +
body mass index (BMI, in kg/m?) +
presence of type 2 DM (presence = 2,
absence = 0) + female gender (yes = 2, no
=0).

The cutoff for the presence of
NAFLD as indicated by HSI > 36.1°

The sensitivity and specificity of
LAP and HSI for the diagnosis of NAFLD
were reported in previous studies. The
sensitivities of LAP and HSI were 94% and
93.1%, respectively, and their specificities
were 85% and 92.4%, respectively. 026

Follow-up and person-years

The eligible participants were
followed up until the onset of abnormal
outcomes of interests, they reached an age
of 60, their data were lost, or the end of the
follow-up period was reached (December
2016), whichever came first.

The person-years of follow-up for
each participant was calculated from the
enrollment year to the year in which
abnormal values of the outcomes of interest
occurred, participants turned 60, their data
were lost, or the end of the follow-up period
was reached. The interval between two
consecutive health check-ups was 1 year.

Covariate data extraction

The covariates with evidence of
roles in the relationship between shift work
and the outcomes of interest were extracted
from the database. These covariates
included demographic variables (gender,
age, education level, job type, and marital
status), personal health history variables

(hypertension, type 2 DM, and
dyslipidemia [DLP] as underlying
diseases), health behaviors (smoking,

alcohol, and exercise habits), and baseline
physiologic and biochemical parameters
(BMI, WC, systolic blood pressure [SBP],
diastolic blood pressure [DBP], AST, ALT,
FBG, TG, and high-density lipoprotein
cholesterol [HDL-cholesterol]).

Statistical analyses

Descriptive statistics were used to
describe the baseline characteristics of
participants  including  demographic,
physiological, and biochemical data.
Frequencies were presented as numbers,
and percentages were calculated for
categorical variables. Means and standard
deviations were calculated for all normally
distributed continuous variables, excluding
TG, which had a skewed distribution, and
thus, medians with interquartile ranges
were calculated. The differences in
continuous data among the shift status
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groups were analyzed using one-way
ANOVA. In the case of significant
differences = among  these  groups,
Bonferroni’s method was performed to
identify the different pairs. Fisher’s exact
test was used to compare the differences
between groups of categorical data.

The incidence rates and 95% Cls of
e-ALT or e-AST and NAFLD diagnostic
scores (e-LAP or e-HSI) were calculated as
the number of new cases with abnormal
values for the outcomes of interest divided
by person-years of follow-up and reported
as the incidence rates per 1000 person-
years.

The associations of the shift work
status, frequency of shift work, and
duration of shift work with abnormal
outcomes of interest were examined by Cox
proportional hazard models to estimate
hazard ratios (HRs) and 95% confidence
intervals (ClIs). Potential confounders were
managed by adding them into the existing
equation for the main exposure (shift work)
and outcome (e-ALT, e-AST, e-LAP, or e-
HSI) association. To avoid
multicollinearity among confounders, the
correlation matrix was examined, and one
of two factors correlated with each other
(correlation coefficient >0.7) was added to
the final model. Finally, the estimated HRs
were constructed in two models: a crude
model and an adjusted model, which was
adjusted for confounders, namely age,
gender, marital status, education level, job
type, alcohol drinking status, BMI at
baseline, ALT at baseline, and TG at
baseline, history of DLP, exercise status,
smoking status, SBP at baseline, FBG at
baseline, and HDL-cholesterol at baseline.
All Cox regression models were tested for
the proportional hazard assumption by
“estat phtest” (pass, p > 0.05), a test based
on Schoenfeld residuals after fitting a
model with stcox.?’

There were missing data for some
demographic, physiological, and
biochemical variables, as presented in
Table 1. These missing data were managed

via  multiple imputation
multivariate HRs analyses.

After an association between the
duration of shift work exposure and risk of
abnormal NAFLD diagnostic scores was
detected, we further investigated the
possible pathways that may explain these
findings by subgroup risk analysis of e-
LAP and e-HSI between nonhealthcare and
healthcare shift workers in each group of
shift work duration.

The  significant  level  was
determined as p < 0.05. All statistical
analyses were performed using STATA
version 17 software (StataCorp, College
Station, TX, USA).

prior to

Ethics approval

This study was approved by the
Institutional Review Board of the Faculty
of Medicine of Chulalongkorn University
(COA No. 0171/2023).

RESULTS

Participant characteristics

According to the shift work status,
3620 eligible participants were classified
into three subgroups, including 2689 non-
shift workers, 323 former shift workers, and
608 current shift workers (Figure 1). Most
participants in each subgroup were women
(80.19%-90.1%). The mean age of current
shift workers was 39.4+6.35 years, which
was significantly lower than those of non-
shift workers (41.2+6.77 years) and former
shift workers (42.0+£6.69 years). There were
significant differences in demographic data
among the three subgroups. Whereas
78.1% and 84.5% of non-shift workers and
former shift workers, respectively, had
bachelor’s degrees or higher, only 55.9% of
current shift workers reached this level of
education. The proportion of participants
who were single, widowed, or divorced was
higher for current shift workers (52.4%)
than for non-shift workers (45.3%) and
former shift workers (36.3%). The most
common underlying disease at baseline was
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DLP, which was less frequent among
current shift workers (5.0%) than among
non-shift and former shift workers.
Concerning health behaviors, whereas most
participants in every subgroup (>80%)
were non-smokers and non-drinkers,

approximately half of them regularly
exercised. Regarding the job description,
most current shift workers were healthcare
professionals (76.6%), and this proportion
was higher than those for non-shift workers
and former shift workers (Table 1).
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Table 1 Baseline characteristics of the eligible participants (n = 3620)

Non-shift workers Former shift Current shift One-way
Characteristics (n = 2689) workers workers ANOVA Post hoc test (Bonferroni)
(n=323) (n=608) Welch’s F
n % n % n % Group M.e an P-value
comp. diff.

Demographic data
Sex?

Female 2153 80.1 279 86.4 548 90.1
Age (years), mean (SD)* 41.2 (6.77) 42.0 (6.69) 39.4 (6.35)° F(2,3617) = Ovs. 1 0.85 0.09

20.80, p <0.0001 0vs.2 -1.72 <0.001
1vs.2 -2.57 <0.001

Education level™?

Primary or illiterate 66 2.5 4 1.2 41 6.8

Middle or high school 338 12.6 32 9.9 150 24.8

College or certificate 182 6.8 14 4.4 76 12.5

Bachelor degree or higher 2095 78.1 272 84.5 339 55.9
Marital status™

Single/widowed/divorced 1217 453 117 36.3 318 52.4

In a relationship/married 1468 54.7 205 63.7 289 47.6
Underlying diseases at baseline

HT"a 100 3.9 13 43 1.4

Type 2 DM’ 10 0.4 0 0 1 0.2

DLP" 250 11.3 32 12.6 26 5.0
Smoking status

Non-smoker 2578 95.9 311 96.3 591 97.2

Ex-smoker 64 2.4 8 2.5 8 1.3

Current smoker 47 1.7 4 1.2 9 1.5
Alcohol drinking status

Non-drinker 2369 88.1 287 88.9 555 91.3

Social drinker 320 11.9 36 11.1 53 8.7
Exercise™?

Yes 1371 51.0 163 50.5 273 44.9
Occupation®®

Healthcare professional 419 15.7 196 60.7 466 76.6
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Post hoc test (Bonferroni)

Non-shift workers Former shift Current shift One-way
Characteristics (n = 2689) workers workers ANOVA
(n=323) (n=608) Welch’s F
n % n % n % Group
comp.
Academic personnel 552 20.7 22 6.8 8 1.3
Security guards and cleaning staff 40 1.5 5 1.5 41 6.7
Other roles 1652 62.1 100 31.0 93 153
Baseline physiological and biochemical data, mean (SD)
BMI (kg/m?) 21.7 (2.34) 21.4 (2.14) 21.7 (2.34) F(2,3617)=131, O0Ovs.1
p=0.27 0vs.2
lvs.2
WC (cm)
Women 70.4 (5.99) 70.1 (5.58) 70.7 (5.85) F(2,2977)=0.93, O0vs.1
p=0.39 0vs.2
lvs.2
Men 79.6 (6.34) 78.8 (6.42) 78.0 (5.83) F(2,637)=2.04,p Owvs.1
=0.13 0vs.2
lvs.2
SBP (mmHg)"* 115.2 (12.58) 113.7 (12.32) 112.0 (11.72) F(2,3608) = Ovs. 1
17.25,p<0.0001 0Qvs.2
lvs.2
DBP (mmHg)"* 73.7(9.17) 72.8 (9.52) 72.1 (8.57) F(2,3608)=8.28, 0vs.1
p=10.0003 0vs.2
lvs.2
AST (U/L) 18.8 (4.46) 18.5 (4.04) 18.5 (4.17) F(2,3617)=1.12, O0Ovs.1
p=0.33 0vs.2
lvs.2
ALT (U/L)? 14.7 (6.35) 14.7 (5.76) 13.9 (5.85) F(2,3617)=3.65, 0vs.1
p=20.03 0vs.2
lvs.2
FBG (mg/dL)"* 86.8 (7.91) 86.5 (7.34) 85.6 (7.34) F(2,3587)=6.08, 0vs.1
p =10.002 0vs.2
2

1 vs.

Mean
diff.

—-0.21
0.04
0.24

—-0.33
0.25
0.59
—-0.83
—1.63
—0.81
—1.48
-3.21
-1.72
—0.84
—-1.61
—-0.77
—0.25
—0.25
—0.004
0.03
—-0.74
—-0.77
—-0.29
-1.23
—0.94

P-value

0.39
1.00
0.38

1.00
1.00
0.54
1.00
0.17
1.00
0.13
<0.001
0.13
0.35
<0.001
0.66
1.00
0.61
1.00
1.00
0.02
0.22
1.00
0.002
0.25
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Non-shift workers Former shift Current shift One-way
Characteristics (n = 2689) workers workers ANOVA Post hoc test (Bonferroni)
(n=323) (n=608) Welch’s F
n % n % n % Group M.e an P-value
comp. diff.
TG (mmol/L), median (IQR)? 0.8 (0.38) 0.8 (0.40) 0.8 (0.37) F(2,3617)=6.37, O0vs.1 —0.01 1.00
=0.002 0vs.2 —-0.05 0.001
lvs.2 —-0.04 0.24
HDL-cholesterol (mg/dL)"
Women 65.5 (14.31) 66.3 (14.19) 65.0 (14.19) F(2,2922)=0.75, O0wvs. 1 0.85 1.00
p=0.47 0vs.2 —0.44 1.00
lvs.2 -1.29 0.66
Men 55.3 (12.50) 55.5(11.25) 52.7 (12.90) F(2,604)=1.21, Ovwvs.1 0.27 1.00
p=0.30 0vs.2 —2.60 0.38
1 vs.2 —2.87 0.75

Notes: "Presence of missing data. “Significant difference among shift work status (p < 0.05). Significant difference between group comparison at P-value < (.05 presented in bold.
Group 0: non-shift workers; group 1: former shift workers, group 2: current shift workers. Gray shade: One-way ANOVA could not be applied. Abbreviations: Group comp, group
comparison; mean diff, mean difference; SD, standard deviation; HT, hypertension;, DM, diabetes mellitus;, DLP, dyslipidemia; BMI, body mass index; WC, waist circumference;
SBP, systolic blood pressure; DBP, diastolic blood pressure; AST, aspartate aminotransferase; ALT, alanine aminotransferase; FBG, fasting blood sugar; TG, triglyceride; HDL-
cholesterol, high-density lipoprotein cholesterol

134



Journal of Public Health and Development
Vol.22 No.1 January-April 2024

In addition to demographic data,
physiological and biochemical data at
baseline were compared among workers
with different shift status. BMI, WC, AST,
HDL-cholesterol, LAP, and HSI did not
significantly differ among the three
subgroups. However, SBP, DBP, ALT,
FBG, and TG were significantly lower
among current shift workers than among
non-shift workers (Table 1).

Incidence rates of NAFLD and liver
enzyme abnormalities

Throughout 16,113 (range, 1-7;
mean, 4.5) and 16,705 person-years (range,
1-7; mean, 5.3) of NAFLD diagnosed by e-
LAP and e-HSI, respectively, the incidence
rates of e-LAP and e-HSI were 81.74 and
6.23 per 1000 person-years, respectively.
Meanwhile, the incidence rates of e-ALT
and e-AST were 19.37 and 17.29 per 1000
person-years, respectively. When the

subgroups of shift work were categorized,
the incidence rates of all outcomes of
interest were higher among non-shift
workers than in the other two subgroups
(Table 2).

Among shift workers, the incidence
rates (per 1000 person-year) of NAFLD, e-
ALT, and e-AST in current shift workers
who performed night shift work at least 8
times/month were higher than those in their
counterparts who performed night shift
work fewer than 8 times/month (Table 2).
In contrast to the frequency of night shift
work, the incidence rates of the outcomes
of interest were not increased by the
duration of shift work. Current shift
workers who had performed shift work for
fewer than 10 years had the highest
incidence rates of e-ALT, e-AST, and e-
HSI, whereas the highest incidence rate of
e-LAP was found among participants with
10-20 years of shift work (Table 2).
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Table 2 Incidence rates of liver enzyme abnormalities and nonalcoholic fatty liver disease outcomes

Outcomes
Shift work parameters e-LAP e-HSI e-ALT e-AST
IR" (95% CI) IR" (95% CI) IR" (95% CI) IR" (95% CI)

Total 81.74 (77.44-86.27) 6.23 (5.14-7.54) 19.37 (17.46-21.49) 17.29 (15.50-19.29)
Shift work status

Non-shift workers 84.89 (79.79-90.32) 6.52 (5.24-8.13) 20.12  (17.86-22.66) 18.48 (16.33-20.91)

Former shift workers 65.49 (53.83-79.67) 521 (2.61-10.42) 18.41 (12.95-26.18) 13.53 (8.99-20.36)

Current shift workers 77.33 (67.70-88.34) 549 (3.36-8.96) 16.79 (12.89-21.87) 14.30 (10.75-19.04)
Frequency of shift work

Non-shift workers 84.89 (79.79-90.32) 6.52 (5.24-8.13) 20.12  (17.86-22.66) 18.48 (16.33-20.91)

Former shift workers 65.49 (53.83-79.67) 521 (2.61-10.42) 18.41 (12.95-26.18) 13.53 (8.99-20.36)

Current shift workers

<& times/month 73.09 (60.63—88.11) 5.10 (2.55-10.19) 1540 (10.56-22.46) 13.61 (9.12-20.31)

>8 times/month 82.24 (68.05-99.40) 595 (2.98-11.90) 18.38 (12.69-26.63) 15.10 (10.03-22.73)
Duration of shift work

Non-shift workers 84.89 (79.79-90.32) 6.52 (5.24-8.13) 20.12  (17.86-22.66) 18.48 (16.33-20.91)

Former shift workers 65.49 (53.83-79.67) 521 (2.61-10.42) 18.41 (12.95-26.18) 13.53 (8.99-20.36)

Current shift workers

<10 years 83.33 (47.33-146.74) 22.39 (7.22-69.42) 46.78 (23.40-93.55) 23.95 (8.99-63.82)

10-20 years 86.38 (71.28-104.68) 347 (1.30-9.24) 13.45  (8.36-21.63) 11.92 (7.19-19.78)

>2() years 69.27 (57.00-84.19) 5.54 (2.88-10.64) 16.30 (11.39-23.31) 15.05 (10.39-21.79)

Note: "Incidence rate (IR) per 1000 person-years. Abbreviations: e-LAP, elevated lipid accumulation product; e-HSI, elevated hepatic steatosis index, e-ALT, elevated alanine

aminotransferase; e-AST, elevated aspartate aminotransferase.
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Association between shift work status,
NAFLD, and liver enzyme abnormalities

The shift work status was not
associated with NAFLD determined by
both e-LAP and e-HSI. In former shift
workers, the adjusted HR (95% CI) for e-
LAP and e-HSI were 0.82 (0.66—1.02) and
0.97 (0.45-2.08), respectively. In current
shift workers, the adjusted HR (95% CI) for
e-LAP and e-HSI were 0.95 (0.80-1.13)
and 0.99 (0.52-1.89), consecutively. All
results are presented in Table 3.

Similarly, former and current shift
work had no associations with liver enzyme
abnormalities (e-ALT and e-AST). The
adjusted HR (95% CI) for e-ALT were 1.02
(0.69-1.52) and 0.88 (0.62—1.25) in former
and current shift workers, respectively
(Table 3).

Likewise, the adjusted HR (95% CI)
for e-AST were 0.80 (0.51-1.25) and 0.90
(0.62—1.30) in former and current shift
workers, sequentially (Table 3).

Associations of the frequency and
duration of shift work exposure with
NAFLD and liver enzyme abnormalities

Among shift workers, the frequency
of shift work was not associated with any
abnormal liver outcomes (Tables 3).
Likewise, the duration of shift work had no
relationships with liver enzyme
abnormalities  (Table 3). However,
compared to non-shift workers, current
shift workers with 10-20 years of
experience had a higher risk of e-LAP
(adjusted HR [95% CI]=1.31[1.04-1.65]),
and current shift workers with more than 20
years of experience had a lower risk of e-
LAP (adjusted HR [95% CI] = 0.77 [0.62—
0.97]; Table 3). Comparably, participants
with fewer than 10 years had a higher risk
of e-HSI (adjusted HR [95% CI] = 4.30
[1.28-14.47]), but there was no association
between the duration of shift work and e-
HSI in the other groups (Table 3).
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Table 3 Hazard ratios of the associations of shift work parameters with abnormal liver outcomes

. e-LAP e-HSI e-ALT e-AST
Shift work a a a a
parameters TR 5% HR'  (95% CI) TR 3% CD HR'  (95% CI) THR 3% Ch HR (©s%cn  SHE (9% Ch) HR'  (95% CI)
Shift work status
Non-shift workers reference reference reference reference
WFO ‘;gfsr shift 077  (0.63-0.95) 082  (0.66-1.02) 079  (0.38-1.63) 097  (0.45-2.08) 092  (0.63-1.33) 102 (0.69-1.52) 073  (0.48-1.13) 0.80 (0.51-1.25)
Current shift
o 091  (0.78-1.05) 095 (0.80-1.13) 0.82  (0.48-1.41) 0.99  (0.52-1.89) 0.84  (0.63-1.12) 0.88  (0.62-1.25) 078  (0.57-1.06) 0.90  (0.62-1.30)
Frequency of shift work
Non-shift workers reference reference reference reference
WFO et shift 077  (0.63-095) 082 (0.66-1.02) 079 (038-1.63) 097 (045-2.08) 092 (0.63-133)  1.03 (0.69-152) 073 (048-1.13) 080 (0.51-1.25)
Current shift workers
<8 times/month 0.86  (0.71-1.05) 092  (0.74-1.14) 076  (0.37-1.58) 091  (0.40-2.08) 077  (0.52-1.15) 0.96  (0.61-1.49) 0.74  (0.49-1.12) 0.94  (0.59-1.50)
>8 times/month 0.97 (0.79-1.18) 0.99  (0.79-1.23) 0.89  (0.43-1.84) 1.07  (0.48-2.40) 092 (0.62-1.36) 0.82  (0.53-1.26) 0.82  (0.53-1.25) 0.86  (0.53-1.38)
Duration of shift work
Non-shift workers reference reference reference reference
WFO ‘;gfsr shift 077  (0.63-0.95) 0.83  (0.66-1.03) 079  (0.38-1.63) 097 (0.45-2.07) 092  (0.63-1.33) 101 (0.69-1.50) 073  (0.48-1.13) 0.80 (0.51-1.24)
Current shift workers
<10 years 0.99  (0.56-1.75) 074  (0.41-1.32) 366  (1.15-11.58) 430 (1.28-14.47) 227 (1.12-4.58) 209 (1.00-4.40) 127 (0.47-3.42) 157 (0.57-4.33)
10-20 years 103 (0.84-1.26) 131 (1.04-1.65) 0.54  (0.20-1.48) 0.63 (0.22-1.87) 0.67 (0.41-1.09) 079  (0.46-1.35) 0.64 (0.38-1.08) 090 (0.51-1.58)
>20 years 0.80  (0.66-0.99) 0.77  (0.62-0.97) 0.80  (0.40-1.59) 096  (0.44-2.11) 0.82  (0.56-1.20) 0.81  (0.52-1.24) 0.82  (0.55-1.21) 0.84  (0.54-1.32)

Note: ladjusted HR for age, gender, marital status, education level, job type, alcohol drinking status, body mass index, alanine aminotransferase, and triglycerides at baseline, history

of dyslipidemia, exercise status, smoking status, systolic blood pressure, fasting blood sugar, and high-density lipoprotein cholesterol at baseline.

Abbreviations: e-LAP, elevated lipid accumulation product; e-HSI, elevated hepatic steatosis index; e-ALT, elevated alanine aminotransferase; e-AST, elevated aspartate

aminotransferase
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Subgroup analysis of NAFLD risk with
shift work duration

As majority of current shift workers
were healthcare personnel, whose workload
of shift work decreased as the duration of
shift work increased, subgroup analysis for
healthcare and non-healthcare shift workers
were performed separately. The results

showed the significant association between
durations of current shift work (10-20
years; >20 years) and e-LAP in healthcare
shift workers (Figure 2). Conversely, the
significant association between duration of
<10 years of shift work and e-HSI was
observed in non-healthcare shift workers
(Figure 3).

e-LAP
Non-healthcare workers Healthcare workers
: |
1 0-91 (0.69-1.20) 11,00 (0.79-1.27)
Total current shift workers : P—+—<I
I |
| |
I |
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I I
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I I
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I I
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1 1.32 (0.88-1.99) | .
10-20 years shift work | : lw
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i ; 1 0.80 (0.56-1.15) 10.71 (0.52-0.9
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Figure 2 Subgroup analysis of the associations of shift work duration with e-LAP
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Figure 3 Subgroup analysis of the associations of shift work duration with e-HSI

Note *no available data in this subgroup

DISCUSSION

Main findings

Our results illustrated that the
overall incidence of NAFLD, as evaluated
by LAP, was higher than the incidence of
liver enzyme abnormalities. In addition, our
cohort study demonstrated that the status,
frequency, and duration of shift work were
not associated with liver enzyme abnormalities.
Although the status and frequency of shift
work were not related to the incidence of
NAFLD, 10-20 years and fewer than 10
years of shift work experience increased the
risk of NAFLD as assessed by e-LAP in
healthcare shift workers and e-HSI in non-
healthcare shift workers, respectively,
without a dose-response relationship
pattern. Moreover, healthcare personnel
with more than 20 years of shift work
experience had a lower risk of e-LAP.

The differences in liver abnormalities
Because of the spectrum of
NAFLD, lipid accumulation in liver cells
can occur without causing liver cell
injury.?® This phenomenon could explain
why the incidence of NAFLD was higher
than that of liver enzyme elevation, which
is indicative of liver cell injury, and our

results confirmed that liver enzyme
elevation is not sensitive for NAFLD
detection.? In addition, the NAFLD

diagnostic scores evaluated in this study
(LAP and HSI) were inconsistent. Although
the accuracy of these two scores has been
proven in the Asian population, the
accuracy of LAP was better in younger
participants (18-34 years for men; 18-34
and 35-44 years for women)!'®!! and in
those with hyperlipidemia,*® which was a
common underlying disease in this study.

The associations of shift work with

NAFLD and liver enzyme abnormalities
Our recent findings were consistent

with two previous cross-sectional studies

that found no association of shift work with
e-ALT and e-AST.222  The shared
characteristics between these two studies
and our study were the variety of jobs
among shift workers. However, the
association between shift work and
NAFLD, as assessed by either imaging or
NAFLD diagnostic scores, was not
evaluated in the prior studies. In contrast to
the results of a 4-year longitudinal cohort
study among Chinese rail workers,>! our
results revealed no association of the status
and frequency of shift work with NAFLD.
This discrepancy in findings is suggested to
arise from differences in job exposure,
population characteristics, and NAFLD
assessment. In detail, the participants in the
study by Xu et al. were mainly men, who
have a higher prevalence of NAFLD.*
Moreover, although the shift workers in
their study were confined to the rail
business,’! there was heterogeneity in the
job description among the shift workers in
our study.

Previous studies on the association
between the duration of shift work and
NAFLD outcomes reported inconsistent
findings.!33-3% Conversely, our findings
revealed that shift work durations of 10-20
years and fewer than 10 years were risk
factors for NAFLD in healthcare and non-
healthcare shift workers, consecutively, but
a long duration (>20 years) of shift work
was specifically a protective factor for e-
LAP in healthcare personnel. The
differences between our results and those of
previous studies could be explained by the
following possible explanations: the
workload of shift workers in Thailand,
particularly healthcare personnel,
decreased as the duration of shift work
increased; or our biological clocks can be
adapted to the shift work schedules as time
passes.>> Moreover, the “healthy worker
effect” could be an alternative explanation
for why current shift workers with a long
duration of shift work who remain healthy
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have a decreased risk of NAFLD, an
indicator of metabolic dysfunction,?8-3¢

Strengths and limitation of the study

The major strength of our study
included the use of multiple NAFLD
diagnostic scores and a simultaneous
evaluation of e-ALT and e-AST in a
retrospective cohort study. In addition to
the shift status, the frequency and duration
of shift work were independent variables of
interest. However, this study had several
limitations, including the lack of testing to
compare the performance of LAP and HSI
to liver biopsy (gold standard for NAFLD
diagnosis), which could have resulted in
nondifferential outcome misclassification
and bias toward the null of the HR
estimate.’” Other limitations included
heterogeneity regarding the job description
among shift workers, which could affect the
workload, and the female predominance of
the study population, which could limit the
generalizability of the findings to the
general population.

RECOMMENDATIONS

While the overall association
between the shift work status and NAFLD
was not observed, we found inconsistent
findings between the association of shift
work duration and NAFLD. Further
longitudinal studies with sufficiently large
sample sizes incorporating more detailed
information on shift work characteristics
and thorough potential confounding factors
are therefore suggested to clearly elucidate
these issues. Notwithstanding these
inconclusive results, regular workplace
NFALD screening program using simple
and inexpensive diagnostic scores such as
LAP and HSI should be implemented,
particularly among shift workers in their
early 20 work years, to avoid serious long-
term consequence of NAFLD incurring
upon the workers.
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