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ABSTRACT

Objectives This study aimed to evaluate the separate and
combined effects of rotating night shift work and lifestyle
factors with elevated gamma-glutamyl transpeptidase
(GGT) among steelworkers.

Design, setting and participants This cross-sectional
study used the baseline information from a Chinese
occupational cohort. The in-service workers of the
production department of Tangsteel Company who
participated in the occupational health examination in
Tangshan from February to June 2017 were selected as
the research objects.

Main outcome measures The separate and combined
effects of rotating night shift work and lifestyle factors with
elevated GGT among steelworkers.

Results The information of 7031 subjects from the
production department of Tangsteel Company was
analysed. Results showed that the current shift workers
and the workers with the duration of night shifts>19 years,
the cumulative number of night shifts>1774 nights, the
average frequency of night shifts<7 nights/month and

the average frequency of night shifts>7 nights/month

had elevated odds of elevated GGT, compared with those
who never worked night shifts, and ORs, (95% Cls) were
1.39,(1.10 to 1.75), 1.46, (1.15 10 1.86), 1.46, (1.15 10
1.85),1.34, (1.04 to 1.73) and 1.37, (1.09 to 1.74) after
adjustment for potential confounders. The independent
effect of shorter sleep duration (<7 hours/day) on elevated
GGT was not statistically significant. Among workers

who had shorter sleep duration, the association between
rotating night shift work and elevated GGT was statistically
significant, but no associations were found among workers
with the sleep duration of >7 hours/day. In addition, other
lifestyle factors affected the association between rotating
night shift work and elevated GGT.

Conclusions Rotating night shift work is associated with
elevated GGT among steelworkers. In particular, the effect
of rotating night shift work on elevated GGT was affected
by sleep duration and other lifestyle factors.

INTRODUCTION
Shift work refers to irregular and abnormal
working time arrangements, including all

Strengths and limitations of this study

» This study contains a large sample size and rich in-
formation (risk factors in the occupational environ-
ment, detailed disease history, general demographic
characteristics and lifestyle information) of subjects.

» In this study, different exposure indicators of night
shift work were used to evaluate rotating night shift
work, and this is the first study to explore the com-
bined effect of sleep duration and rotating night shift
work on liver enzymes.

» We have no authority to obtain the specific level of
occupational hazards, including high temperature,
noise, dust and carbon monoxide, so we were un-
able to analyse the effect of industrial dust in this
study.

» This study is a cross-sectional study, which has lim-
itations in explaining the causal relationship of rotat-
ing night shift work and sleep duration with elevated
gamma-glutamyl transpeptidase.

working hours that are outside the normal
daytime ones,' such as rotating night shift
work. Nowadays, rotating night shift work
widely exists in the service industry, manu-
facturing industry, medicine industry and
so on, and shift workers are required to
work according to different schedules.” It is
reported that rotating night shift work is asso-
ciated with many adverse health outcomes.””
Rotating night shift work will disrupt the
synchronisation of the endogenous envi-
ronment and the external environment by
breaking the original sleep/wake cycle, thus
affecting the secretion of hormones and the
function of the circadian rhythm system and
finally endangers human health.”® However,
there are other lifestyles that affect circadian
rhythm. Sleep is an essential part of lifestyle,
and lack of sleep duration is associated with
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many adverse health outcomes.”"" Studies have shown
that insufficient sleep duration is associated with adverse
outcomes of liver function.'

Gamma-glutamyl transpeptidase (GGT) is abundant in
the liver and also present in the kidney, pancreas, which
is one of the indicators of liver function detection."” As a
biochemical marker of hepatobiliary injury, the elevated
GGT level is associated with pancreatic disease, fatty liver,
renal failure and hepatobiliary disease.'*"°

Some studies have shown that in addition to higher
hyperhomocysteinaemia (HHcy) odds,® rotating night
shift work could be associated with adverse effects on liver
function through circadian rhythm disorder and meta-
bolic dysfunctions by redistributions of food consump-
tion.'”"? Previous studies have shown that rotating night
shift work is significantly associated with adverse reac-
tions of liver function and higher levels of liver enzymes
(such as alanine transaminase (ALT) and alkaline phos-
phatase (ALP)).?’ 2! However, the relationship between
rotating night shift work and the level of GGT is not clear
so far, and there are few related studies. In some studies,
the evaluation indicators of night shift work (yes or no)
ignored the important factors that may have an impact
on health, such as the duration of night shifts (years) and
the average frequency of night shifts (night/month), and
thus concealing the real relationship between exposures
and outcomes. In addition, rotating night shift work is
not only related to light exposure at night, but also to
sleeping duration and other lifestyle factors, and shift
workers are known to sleep less than day workers.” To
our knowledge, no studies have focused on the combined
effects of sleep duration and rotating night shift work on
the level of GGT. This study aimed at exploring the rela-
tionship between rotating night shift work and elevated
GGT with some indicators we have used, including dura-
tion of night shifts (years), cumulative number of night
shifts (nights), average frequency of night shifts (night/
month) and current shift status. In particular, we also
investigated the joint effects of some lifestyle factors and
rotating night shift work on elevated GGT.

METHODS

Study population

Our data comes from a cohort of occupational health
effects approved by the Ministry of science and tech-
nology of China. The purpose of this cohort study is to
study the impact of some occupational harmful factors on
human health. The cohort study was conducted in HBIS
Group’s Tangsteel Company in Tangshan city, China, and
the baseline information of the cohort study was used
in this study. The in-service workers in the production
department of Tangsteel Company who participated in
the occupational health examination in Tangshan Hongci
hospital from February to June 2017 were selected as the
research objects and the data used in previous publica-
tion® and this study was collected from the same partici-
pants. The workers with missing blood biochemical data,

shift information and covariates, as well as those taking
some antiretroviral drugs, and the workers with cancer,
excess alcohol intake, history of hepatobiliary disease,
thyroid disease and renal failure were excluded. A total
of 7661 people participated in the occupational health
examination, and finally, 7031 people were included in
the study. All participants gave informed consent before
taking part in this study.

Patient and public involvement

It was not appropriate or possible to involve patients or
the public in the design, or conduct, or reporting, or
dissemination plans of our research.

Blood tests and elevated GGT

Steelworkers were required to fast for at least 8 hours
before their blood can be drawn. Because the blood
index of workers who have just left the night shift may
change briefly, and night shift workers need to be drawn
on rest days. Participants’ anterior elbow vein blood was
collected and centrifuged at room temperature (3000r/
min, 15min) immediately. All blood samples were tested
in the central laboratory of Tangshan Hongci Hospital
using automatic biochemical analysers (mindray, BS-800,
China) within 4hours. Elevated ALT and elevated aspar-
tate aminotransferase (AST) were defined as ALT>40U /L
and AST>40 U /L, respectively. Elevated GGT was defined
as: (GGT>60U/L in males, GGT>40U/L in females)
according to the reference value of the central laboratory
of Tangshan Hongci Hospital and other studies.”

Assessment of rotating night shift work

Shift work (the mainly four-crew-three-shift system now
and historical three-crew-two-shift system) in this study
refered to rotating night shift work. Shift workers whose
shift duration did not exceed 1year and the workers who
worked regular working hours at all times were defined
as never rotating night shift workers. In the four-crew-
three-shift system, each group has two morning shifts
(08:00-16:00), two afternoon shifts (16:00-00:00), two
night shifts (00:00-08:00) and then has 2days off. In the
three-crew-two-shift system, each group has a morning
shift (08:00-20:00), a night shift (20:00-08:00) and then
takes 1 day off. The data were collected from face-to-face
interviews and then checked with the Tangsteel Compa-
ny’s records. Participants were asked whether they were
involved in rotating night shift work (working through
00:00 to 6:00) during their employment. If yes, they were
asked about their current shift status (ever, current),
shift system, number of days in each month for each shift
system, start date and end date of each shift system. In
this study, different exposure indicators were used to
assess rotating night shift work. Duration of night shifts
(years): sum of years spent in all different night shift
systems; cumulative number of night shifts (nights): sum
of nights spent in all different night shift systems; average
frequency of night shifts (nights/month): cumulative
number of night shifts (nights) divided by cumulative
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number of months of employment. The difference from
previous publications is that the different exposure indi-
cators of night shift work of continuous variables of this
study are grouped according to the median.®

Assessment of sleep duration

Participants were asked how many hours of sleep each
day when they go to different shifts (morning shift, after-
noon shift and night shift) and how many hours of sleep
each day when they rest. Sleep duration was the weighted
mean of sleep duration on working days and non-working
days. In the four-crew-three-shift system, sleep duration =
[ (sleep duration of morning shiftx2) + (sleep duration of
afternoon shiftx2) + (sleep duration of night shiftx2) +
(sleep duration at restx2)]/8. In the three-crew-two-shift
system, sleep duration = [(sleep duration of morning
shiftx1) + (sleep duration of night shiftx1) + (sleep dura-
tion at restx1)]/3. For workers who never work shifts,
sleep duration was a weighted average of the working
and non-working days of a work/rest cycle. Sleep dura-
tion<7hours/day was defined as shorter sleep duration.

Questionnaire and assessment of covariates

After the presurvey and expert consultation, the ques-
tionnaire was revised repeatedly before the formal use.
All of the investigators received professional training in
advance and conducted face-to-face interviews with the
research objects by unified standards and methods to
collect data. The contents of the questionnaire included
sex, age, sleep, smoking and drinking status, physical
activity, diet, rotating night shift work information and
personal disease history (see online supplemental file).

Statistical analyses

Continuous variables were described by means+SD and
median and range (minimum, maximum), and the
differences between groups were compared by indepen-
dent sample t-test if the data was normally distributed.
Otherwise, the rank-sum test was used to compare these
continuous variables among the various groups. The cate-
gorical variables were expressed by the number of individ-
uals (%), and x2 tests were used for comparison between
groups. Multivariate unconditional logistic regression
model and restricted cubic spline function (RCS) model
were used to explore the relationship between different
exposure indicators of night shift work and elevated GGT.
For multivariate logistic regression, stepwise regression
was used to select covariates. Analyses were conducted
with Statistical Package for the Social Sciences (SPSS
for Windows, V.19.0) software and Statistical Analysis
System V.9.4 (SAS, Institute) with a two-sided significance
threshold of p<0.05.

RESULTS

Univariate analysis

Table 1 shows the basic characteristics of 7031 subjects
according to current shift status. The difference between

the different current shift status groups were statisti-
cally significantly by age, sex, working years and diabetes
history. The range of age and working years of the subjects
is (22.3-60.0) and (0.2-46.8), respectively. In terms of life-
style, smoking status was statistically different among the
different current shift status groups. In terms of occupa-
tional hazardous factors, exposure of high temperature,
dust and carbon monoxide (CO) differed significantly
among the different current shift status groups, but the
differences were not statistically significant in different
noise exposure groups. GGT levels and ALT levels
differed significantly among the different current shift
status groups, and current night shift workers were more
likely to have elevated GGT and elevated ALT.

The differences in means of GGT according to current
shift status were statistically significant (see online supple-
mental table S1). The higher exposure categories of night
shift work showed an increased prevalence of elevated
GGT (table 2). Subjects with elevated GGT had higher
age and working years. And other basic characteristics
of the study subjects according to GGT levels status were
shown in online supplemental table S2.

Multivariate analysis

RCS models were used to fit the relationship between
different exposure metrics of night shift work (dura-
tion of night shifts, cumulative number of night shifts)
and elevated GGT (figures 1 and 2). After adjusting for
age, sex, smoking status, drinking status and Dietary
Approaches to Stop Hypertension (DASH) Score, the
RCS curves were obtained. According to the Akaike infor-
mation criterion and Bayesian information criterion,
RCS curves fitted by five nodes were selected, and there
were positive association between the different exposure
metrics of night shift work and the prevalence of elevated
GGT.

ORs of elevated GGT according to different exposure
metrics of night shift work and sleep duration were shown
in table 3. The relationship between current shift status,
duration of night shifts, cumulative number of night
shifts, average frequency of night shifts and elevated GGT
were statistically significant. First, the results of model 1
showed that the odds of elevated GGT were increased
with the groups of the current night shift, the dura-
tion of night shifts>19 years, the cumulative number of
night shifts>1774 nights, the average frequency of night
shifts<7 night/month and the average frequency of night
shifts>7 nights/month, compared with never night shift
works, and ORs, (95% ClIs) were 1.40, (1.12 to 1.75),
1.56, (1.24 to 1.97), 1.57 (1.24 to 1.98), 1.36, (1.06 to
1.74) and 1.38, (1.09 to 1.73), respectively. The results
of model 2 showed that the odds of elevated GGT were
increased in the groups of the current night shift, the
duration of night shifts>19 years, the cumulative number
of night shifts>1774 nights, the average frequency of
night shifts<7 night/month and the average frequency of
night shifts>7 nights/month, compared with never night
shift works, and ORs, (95% CIs) were 1.37, (1.09 to 1.73),
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Current shift status

Characteristics Total (n=7031) Never Ever Current | P value

Male 6436 (91.5) 1028 (89.0) 1246 (90.3) 4162 (92.6)

Smoking status, n (%) 0.038

Ever 375 (5.3) 56 (4.8) 95 (6.9) 224 (4.9)

Drinking status, n (%) 0.805

Ever 150 (2.1) 24 (2.1) 35 (2.5) 91 (2.0)

Physical activity (MET —hours/week), n (%) 0.275

Middle 695 (9.9) 120 (10.4) 117 (8.5) 458 (10.2)

Sleep duration, n (%) 0.986

>7 hours/day 2585 (36.8) 537 (46.5) 555 (50.2) 1493 (33.2)

No 6270 (89.2) 1007 (87.2) 1220 (88.4) 4043 (89.9)

Hypertension, n (%) 0.096

Yes 1939 (27.6) 347 (30.0) 384 (27.8) 1208 (26.9)

No 4240 (60.3) 684 (59.2) 833 (60.4) 2723 (60.6)

Renal dysfunction, n (%) 0.898

Yes 1108 (15.8) 187 (16.2) 218 (15.8) 703 (15.6)

<24 2372 (33.7) 389 (33.7) 466 (33.8) 1517 (33.7)

>28 1165 (16.6 ) 203 (17.6) 207 (15.0) 755 (16.8)

No 3462 (49.2) 748 (64.8) 789 (57.2) 1925 (42.8)

Noise, n (%) 0.602

Yes 6978 (99.2) 1149 (99.5) 1369 (99.2) 4460 (99.2)

No 2438 (34.7) 364 (31.5) 362 (26.2) 1712 (38.1)
CO, n (%) <0.001
Continued
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Table 1 Continued

Current shift status

Characteristics Total (n=7031) Never Ever Current P value
No 3906 (55.6) 550 (47.6) 739 (53.6) 2617 (58.2)
Yes 3125 (44.4) 605 (52.4) 641 (46.4) 1879 (41.8)
GGT levels, n (%)
Normal 6270 (89.2) 1057 (91.5) 1233 (89.3) 3980 (88.5) 0.014
Elevated 761 (10.8) 98 (8.5) 147 (10.7) 516 (11.5)
AST levels, n (%)
Normal 6846 (97.3) 1124 (97.3) 1339 (97.0) 4381 (97.4) 0.705
Elevated 187 (2.7) 31 (2.7) 41 (3.0 115 (2.6)
ALT levels, n (%)
Normal 6274 (89.2) 1059 (91.7) 1253 (90.8) 3962 (88.1) <0.001
Elevated 757 (10.8) 96 (8.3) 127 (9.2) 534 (11.9)
Age (years), median (range) 45.0 (22.3,60.0) 46.2 (22.8,59.6) 46.6 (23.4,59.7) 44.2 (22.3,60.0) <0.001
Working years (years), median (range) 24.4 (0.2,46.8) 26.3(0.2,43.1) 26.5(1.4,42.8) 23.8(1.4,46.8) 0.002
DASH Score 21.6+£2.2 21.7+2.1 21.7x2.2 21.6+£2.2 0.856
ALT levels (U/L), median (IQR) 22 (17, 31) 22 (17, 29) 22 (17, 30) 23 (17, 31) <0.001
AST levels (U/L), median (IQR) 20 (17, 23) 20 (17, 23) 20 (17, 23) 20 (17, 23) 0.247
GGT levels (U/L), median (IQR) 27 (19, 42) 27 (18, 40) 26 (18, 40) 28 (19, 43) <0.001

Values are number of individuals (%), means+SD, and median (range). P-values are from chi-square test for categorical variables and rank-

sum test for continuous variables.

ALT, alanine transaminase; AST, aspartate aminotransferase; BMI, body mass index; DASH, Dietary Approaches to Stop Hypertension; GGT,

gamma-glutamyl transpeptidase; MET, metabolic equivalent of task.;

1.42, (1.12 to 1.80), 1.41, (1.11 to 1.80), 1.32, (1.03 to
1.70), 1.36, (1.08 to 1.71), respectively, after adjustment
for age and sex. All of the estimates were attenuated but
remained significant. The results of model 3 showed that
the odds of elevated GGT were increased with the groups
of the current night shift, the duration of night shifts>19
years, the cumulative number of night shifts>1774 nights,
the average frequency of night shifts<7 night/month and
the average frequency of night shifts>7 nights/month,
compared with never night shift workers, and ORs, (95%
CIs) were 1.39, (1.10 to 1.75), 1.46, (1.15 to 1.86), 1.46,
(1.15 to 1.85), 1.34, (1.04 to 1.73), 1.37, (1.09 to 1.74),
respectively, after adjustment for age, sex, smoking status,
drinking status and DASH Score. Though all of the esti-
mates were still attenuated, the results were comparable
to model 1. Moreover, our study also showed that the
odds of elevated GGT increased with a longer duration of
night shifts and a more cumulative number of night shifts.
Finally, no significant association was observed between
sleep duration and elevated GGT. (table 3) In addition,
we also found that the relationship between elevated
ALT and different exposure metrics of night shift work
were statistically significant (see online supplemental
table S3), but this significant association was not found
between elevated AST and rotating night shift work (see
online supplemental table S4).

The separate effect of shorter sleep duration (<7hours/
day) on elevated GGT was not statistically significant

(table 3), but the separate effects of smoking and drinking
status were statistically significant (see online supple-
mental table S5). And there were no significant interac-
tions between exposure metrics of night shift work and
sleep duration on elevated GGT. However, the effect of
rotating night shift work on the elevated GGT will be
affected by sleep duration. Stratified by sleep duration,
it was found that the relationship between rotating night
shift work and elevated GGT was statistically significant
only in the stratification with shorter sleep duration. And
the odds of elevated GGT were increased with the groups
of the current night shift, the duration of night shifts>19
years, the cumulative number of night shifts>1774 nights,
compared with never night shift groups, and ORs, (95%
CIs) were 1.40, (1.03 to 1.92), 1.41, (1.02 to 1.94) and
1.40, (1.01 to 1.93), respectively, after adjusting for poten-
tial confounders (table 4).

In addition, we further stratified the analysis using
smoking status, drinking status, body mass index (BMI),
and physical activity and studied the interaction between
rotating night shift work and the lifestyle factors. As
shown in table 1, the number of ever smokers (2.1%),
ever drinkers (5.3%) and high physical activity (1.8%)
is small. Therefore, we combine ever smokers and never
smokers, ever drinkers and never drinkers, and middle
and high physical activity into one group, respectively.
The association between the rotating night shift work and
the elevated GGT in the two layers of current drinking
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Table 2 The distribution of different exposure metrics of
night shift work in the study population and according to
gamma-glutamyl transpeptidase (GGT) levels

GGT levels (U/L)

Normal Elevated

Characteristics (n=6270) (n=761) P value
Current shift status, n (%) 0.014

Never 1057 (16.8) 98 (12.8)

Ever 1233 (19.7) 147 (19.4)

Current 3980 (63.5) 516 (67.8)
Duration of night shifts, n (%) <0.001

Never 1057 (16.8) 98 (12.8)

<19 years 2574 (41.1) 281 (37.0)

>19 years 2639 (42.1) 382 (50.2)
Cumulative number of night shifts, n (%) <0.001

Never 1057 (16.8) 98 (12.8)

<1774 nights 2656 (42.4) 292 (38.4)

>1774 nights 2557 (40.8) 371 (48.8)
Average frequency of night shifts, n (%) 0.016

Never 1057 (16.8) 98 (12.8)

<7 nights/month 1893 (30.2) 239 (31.4)

>7 nights/month 3320 (53.0) 424 (55.8)

Values are number of individuals (%). P values are from x? test for
categorical variables. The cut-off points of the duration of night shifts,
average frequency of night shifts and cumulative number of night
shifts were the medians of the corresponding continuous variables.

status was statistically significant (see online supple-
mental table S6). When we used current smoking status
and BMI for stratified analysis, the association between
rotating night shift work and elevated GGT was statistically

IS)
IS

— Estimate - Lower_CI /
— Upper_CI  * * * Knots /

22

0.4
0.2
00 T T T T T T T T T
0 5 10 15 20 25 30 35 40 45
Duration of night shifts (years)
Figure 1 Duration of night shifts (years) and odds of

elevated gamma-glutamyl transpeptidase from restricted
cubic spline models. The solid lines, the long dashes and the
short dashes represent the point estimate of the OR value
and the upper and lower limits of its 95% ClI, respectively.
Adjusted for age, sex, smoking status, drinking status

and DASH Score. DASH, Dietary Approaches to Stop
Hypertension.

2.2{  Upper CI

0 875 1750 2625 3500 4375 5250 6125 7000
Cumulative member of night shifts (night)

Figure 2 Cumulative member of night shifts (night) and
odds of elevated gamma-glutamyl transpeptidase from
restricted cubic spline models. The solid lines, the long
dashes and the short dashes represent the point estimate of
the OR value and the upper and lower limits of its 95% Cl,
respectively. Adjusted for age, sex, smoking status, drinking
status and DASH Score. DASH, Dietary Approaches to Stop
Hypertension.

significant only in layers with current smoking or BMI>24
(see online supplemental tables S7 and S8). The risks
of elevated GGT were increased by rotating night shift
work in both stratification of physical activity (see online
supplemental table S9). In addition, all the interactions
between rotating night shift work and lifestyle factors on
elevated GGT were not statistically significant.

Sensitivity analyses

Multivariate logistic regression analysis showed that
the results from the population including participants
taking antiretroviral drugs were comparable to those
excluding participants taking antiretroviral drugs (see
online supplemental table S10). In addition, the results
of the logistic regression model after adjusting all poten-
tial confounding factors were comparable to those of
the logistic regression model selected by the stepwise
regression method (see online supplemental table S11).
In order to avoid the influence of the maximum on the
results of RCS curves fitting, we deleted the last 1% quan-
tile of the duration of night shifts and the cumulative
member of night shifts, and the results remained robust
(see online supplemental figures S1 and S2).

DISCUSSION

Previous studies have used duration in rotating night
shifts, night shifts per month, cumulative lifetime night
shift exposure and other indicators to study the relation-
ship between shift work and other health issues.”* ® At
present, the results of this study showed that all rotating
night shift work indicators (current shift status, duration
of night shifts, cumulative number of night shifts and
average frequency of night shifts) had a significant asso-
ciation with elevated GGT and elevated ALT, but not with

6

Li Q, et al. BMJ Open 2021;11:2053125. doi:10.1136/bmjopen-2021-053125


https://dx.doi.org/10.1136/bmjopen-2021-053125
https://dx.doi.org/10.1136/bmjopen-2021-053125
https://dx.doi.org/10.1136/bmjopen-2021-053125
https://dx.doi.org/10.1136/bmjopen-2021-053125
https://dx.doi.org/10.1136/bmjopen-2021-053125
https://dx.doi.org/10.1136/bmjopen-2021-053125
https://dx.doi.org/10.1136/bmjopen-2021-053125
https://dx.doi.org/10.1136/bmjopen-2021-053125

Open access

3

Table 3 ORs of elevated gamma-glutamyl transpeptidase (GGT) according to different exposure metrics of night shift work

Total Model 1 Model 2 Model 3
Exposure metrics N (%) OR (95% Cl) OR (95% Cl) OR (95% CI)
Current shift status
Never 1155 (16.4) 1.00 1.00 1.00
Ever 1380 (19.6) 1.29 (0.98 to 1.68) 1.25 (0.95 to 1.63) 1.27 (0.97 to 1.67)
Current 4496 (64.0) 1.40 (1.12 to0 1.75) 1.37 (1.09 to 1.73) 1.39 (1.10 to 1.75)
Duration of night shifts
Never 1155 (16.4) 1.00 1.00 1.00
<19 years 2855 (40.6) 1.18 (0.93 to 1.50) 1.25 (0.97 to 1.60) 1.24 (0.97 to 1.59)
>19 years 3021 (43.0) 1.56 (1.24 to 1.97) 1.42 (1.12 to 1.80) 1.46 (1.15 to 1.86)
P trend <0.001 0.004 0.006
Cumulative number of night shifts
Never 1155 (16.4) 1.00 1.00 1.00
<1774 nights 2948 (41.9) 1.19 (0.93 to 1.51) 1.26 (0.98 to 1.61) 1.25 (0.98 to 1.60)
>1774 nights 2928 (41.7) 1.57 (1.24 to 1.98) 1.41 (1.11 to 1.80) 1.46 (1.15 to 1.85)
P trend <0.001 0.005 0.009
Average frequency of night shifts
Never 1155 (16.4) 1.00 1.00 1.00
<7 nights/month 2132 (30.3) 1.36 (1.06 to 1.74) 1.32 (1.03 to 1.70) 1.34 (1.04 to 1.73)
>7 nights/month 3744 (53.3) 1.38 (1.09 to 1.73) 1.36 (1.08 to 1.71) 1.37 (1.09 to 1.74)
P trend <0.001 0.024 0.021
Sleep duration
>7 hours/day 2585 (36.8) 1.00 1.00 1.00
<7hours/day 4446 (63.2) 1.00 (0.85t0 1.17) 0.95 (0.81 to 1.11) 0.90 (0.77 to 1.06)

Model 1: unadjusted. Model 2: adjusted for age, sex. Model 3: adjusted for age, sex, smoking status, drinking status and DASH Score.

DASH, Dietary Approaches to Stop Hypertension.

elevated AST. The present study indicated that rotating
night shift work would increase the risk of elevated GGT
and elevated ALT. This is in contradiction with a previous
study, which indicated that shift work is not a significant
risk factor for increased serum GGT on workers of a tele-
communication enterprise.”® The difference in exposure
assessment and population characteristics may contribute
to the discrepancy. Additionally, our study used different
indicators to evaluate the rotating night shift work, which
reduced the deviation caused by different evaluation
standards to a certain extent. However, the results of our
study were consistent with some research results to some
extent. A study has shown that circadian rhythm disorder
is associated with higher levels of GGT,?” and some studies
have shown that the elevated level of liver enzymes
(including ALT, ALP) was significantly associated with
shift work.'” * Moreover, the results of this study were
supported by several previous studies, which indicated
that shift work was associated with a higher risk of non-
alcoholic fatty liver disease (NAFLD),' ?® since elevated
GGT and elevated ALT is relevant to NAFLD.** Although
the underlying biological pathways have not been
fully revealed, some mechanisms have been proposed.

Rotating night shift work participation can cause oxida-
tive stress’' and chronic systemic inflammation,” further
leading to chronic liver disease.” Elevated GGT is asso-
ciated with oxidative stress,34 and chronic liver disease.®
Circadian rhythm plays an important role in the process
of regulating related cells, which is related to chronic liver
disease. Shift work will affect the regulation process by
disturbing the circadian rhythm and causing damage to
the liver.”® The nutritional metabolism of the liver is regu-
lated by circadian rhythm, and rotating night shift work
disrupts the circadian rhythm, resulting in the disorder of
liver nutritional metabolism, which has adverse effects on
the health of the liver.”’

Second, our study also showed that the odds of elevated
GGT increased with a longer duration of night shifts and
a more cumulative number of night shifts. This conclu-
sion has been supported by some studies. This may be
related to liver repair, but long-term rotating night shift
work will cause adverse effects on the liver which is diffi-
cult to repair. It is reported that liver is a highly elastic
organ and plays an important role in detoxification.” For
example, the levels of GGT will return to normal in a rela-
tively short time after liver repair.”® However, long-term
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Table 4 Joint effects of different exposure metrics of night shift work and sleep duration on elevated gamma-glutamyl

transpeptidase
Total Model 1 Model 2 Model 3
Stratified variables N (%) OR (95% Cl) OR (95% Cl) OR (95% Cl)
Sleep duration Current shift status
<7hours/day Never 123 (10.1) 1.00 1.00 1.00
Ever 361 (14.6) 1.22(0.851t0 1.75) 1.20(0.841t01.73) 1.19(0.82to0 1.72)
Current 724 (75.3) 1.42 (1.04 to 1.92) 1.41(1.041t01.92) 1.40(1.03 to 1.92)
>7 hours/day Never 1032 (17.7)  1.00 1.00 1.00
Ever 1771 (20.6)  1.39 (0.93 to 2.07) 1.29 (0.86to 1.94)  1.39 (0.92 to 2.09)
Current 3020 (61.7)  1.37 (0.97 to 1.93) 1.31 (0.93to 1.85)  1.37 (0.97 to 1.95)
P for interaction 0.720 0.520 0.686
Sleep duration Duration of night shifts
<7 hours/day Never 123 (10.1)  1.00 1.00 1.00
<19 years 322 (33.7) 1.22(0.88 to 1.69) 1.25(0.89t0 1.75)  1.27 (0.90 to 1.80)
>19 years 763 (56.2) 1.50 (1.10 to 2.05) 1.44 (1.05t01.98) 1.41 (1.02 to 1.94)
>7 hours/day Never 1032 (17.7)  1.00 1.00 1.00
<19 years 1951 (43.4) 1.12(0.77 to 1.60) 1.23 (0.85t0 1.78)  1.30 (0.89 to 1.90)
>19 years 2840 (38.9) 1.74 (1.22 t0 2.48) 1.40 (0.97 t0 2.02)  1.46 (1.00 to 2.12)
P for interaction 0.338 0.448 0.289
Sleep duration Cumulative number of
night shifts
<7hours/day Never 123 (10.1) 1.00 1.00 1.00
<1774 nights 420 (34.8) 1.23(0.89 to 1.70) 1.25(0.891t0 1.75)  1.29 (0.92 to 1.82)
>1774 nights 665 (55.1)  1.50 (1.10 to 2.05) 1.44 (1.05t01.98) 1.40(1.01 to 1.93)
>7 hours/day Never 1032 (17.7)  1.00 1.00 1.00
<1774 nights 2528 (43.4)  1.26 (0.97 to 1.63) 1.25(0.86t0 1.80) 1.32 (0.90 to 1.91)
>1774 nights 2263 (38.9) 1.43(1.11 10 1.83) 1.38 (0.95t02.00) 1.45(0.99 to 2.11)
P for interaction 0.351 0.452 0.267
Sleep duration Average frequency of
night shifts
<7 hours/day Never 123 (10.1) 1.00 1.00 1.00
<7 nights/month 361 (29.9) 1.37(0.99 to 1.91) 1.37 (0.98 t0 1.90)  1.34 (0.96 to 1.88)
>7 nights/month 724 (50.0) 1.37 (1.01 to 1.87) 1.36 (1.00to 1.86)  1.36 (0.99 to 1.87)
>7 hours/day Never 1032 (17.7)  1.00 1.00 1.00
<7 nights/month 1771 (30.5)  1.35(0.93 to 1.96) 1.25(0.85t0 1.82) 1.33(0.91 to 1.95)
>7 nights/month 3020 (51.8)  1.39 (0.98 to 1.97) 1.35(0.951t0 1.91)  1.41(0.99 to 2.01)

P for interaction

0.790

0.969

0.842

Model 1: unadjusted. Model 2: adjusted for age, sex. Model 3: adjusted for age, sex, smoking status, drinking status and DASH score.

DASH, Dietary Approaches to Stop Hypertension.

rotating night shift work will affect liver repair. Lin et al*’
carried out a retrospective analysis on workers who had
long-term shift work and found that long-term shift work
poses a barrier to ALT normalisation of workers with
previous abnormal liver function.

Furthermore, our study showed that the association
between the elevated GGT and different exposure metrics
of night shift work were statistically significant only when
the sleep duration<7 hours/day. Kim et al'' has found that

shorter sleep duration had progressively higher odds of
abnormal ALT. Lack of sleep and poor sleep quality are
responsible for a large proportion of the negative effects
of shift work, Hicklin and Schwander*? said in a study.
These studies support the conclusions of this study to
some extent, but it needs a lot of studies to confirm.
Finally, we found that current smoking and current
drinking status increased the risk of elevated GGT. More-
over, the interactions between rotating night shift work
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and lifestyle factors (smoking, drinking, BMI and physical
activity) on elevated GGT were not statistically significant.
However, the lifestyle factors affected the association
between rotating night shift work and elevated GGT.
Among current smokers, people with BMI>24 or people
with high physical activity, rotating night shift work would
increase the risk of elevated GGT.

In addition, the results of this study are consistent with
those of previous studies® to some extent. Rotating night
shift work is not only are associated with higher HHcy
odds, but also associated with elevated GGT and elevated
ALT among steelworkers.

Strengths and limitations

The first strength of this study is that it has a large sample
size of 7031 individuals with detailed disease history,
general demographic characteristics and lifestyle infor-
mation, and we also considered chemical and physical
risk factors in the occupational environment. In addition,
we have collected in-depth rotating night shift work infor-
mation for the evaluation of different exposure metrics
of night shift work. However, there are some weaknesses
of our study. First, this study is a cross-sectional study,
which has limitations in explaining the causal relation-
ship of rotating night shift work and sleep duration with
elevated GGT. Second, because information on sleep
duration and lifestyles was self-reported, the potential
exists for exposure misclassification. Thirdly, we have
no authority to obtain the specific level of occupational
hazards, including high temperature, noise, dust and CO,
so we were unable to consider industrial dust in this study.
Finally, our research object is relatively healthy steel-
workers. Therefore, the results of this study are limited
when they are extended to the general population.

CONCLUSION

In conclusion, our data indicated that current shift status,
duration of night shifts, cumulative number of night shifts
and average frequency of night shifts were all associated
with elevated GGT and elevated ALT among steelworkers,
and lifestyle factors affected the association between
rotating night shift work and elevated GGT. From the
perspective of occupational medical and preventive medi-
cine, the assessment of shift schedules should be more
detailed, and night shift workers should ensure enough
sleep duration and quit smoking and drinking. We
acknowledge the need for prospective cohort studies to
confirm that rotating night shift work and these lifestyle
factors are harmful to the health of the liver.
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