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Highlights

« Floating shifts raised fatty liver disease (FLD) risk 40% vs. day shifts (OR = 1.40, p = 0.019).

« Floating shifts plus inactivity doubled FLD risk (OR = 2.01, p = 0.049).

 Moderate activity (200-400 metabolic equivalent task hours per week) reduced CAP gap between shifts.

Abstract

Objectives: This study investigated the conjointly negative effects of floating shift work and physical inactivity on fatty liver disease (FLD) using ultra-
sound-based hepatic steatosis assessment. Material and Methods: Weighted multivariable logistic regression models were used to evaluate associa-
tions between work shifts, physical activity (PA), and FLD. Stratified and subgroup analyses were conducted to assess effect modification. Linear and
quadratic regression models explored threshold effects of metabolic equivalent task (MET) levels on the degree of hepatic steatosis across shift types.
Results: Data from 653 participants revealed that compared with the control group (controlled attenuation parameter — CAP <248), the case group
(CAP > 248) had a significantly higher prevalence of floating shifts (53.8% vs. 43.5%, p = 0.008) and physical inactivity (27.8% vs. 19.1%, p = 0.032).
In multivariable-adjusted models, floating shifts independently increased FLD risk (odds ratio (OR) = 1.40, p = 0.019), while PA showed a border-
line association with lower FLD risk (OR = 0.57, p = 0.056). Strikingly, compared to the reference group (physically active day-shift workers), phys-
ically inactive floating-shift workers had a higher risk of FLD (OR = 2.01, p = 0.049), highlighting the effects of occupational and behavioral factors.
Subgroup analyses identified advanced age (OR = 2.42, p = 0.034), obesity (OR = 12.87, p < 0.001), hypertension (OR = 2.66, p = 0.028), and diabetes
(OR =6.21, p =0.017) as critical risk factors among floating shift workers. At moderate METs (200-400 h/week), CAP values between floating and
day shift workers converged with minimal differences in the quadratic regression model. Sensitivity analyses confirmed the robustness of the primary
findings: the FLD risk persisted after excluding liver diseases and with an alternative PA definition (=22 MET-h/week). A stricter CAP threshold at-
tenuated the shift work association. Notably, adjusting for dietary pattern attenuated but did not eliminate the significant link between shift work and
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FLD (OR = 1.39, p = 0.030). Conclusions: These findings emphasize the urgent need for workplace interventions targeting shift schedules to mitigate
FLD risk, particularly in high-risk occupational populations. Int ] Occup Med Environ Health. 2026;39(3)
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INTRODUCTION

Emerging evidence underscores occupational circa-
dian disruption as a critical determinant of metabolic
dysregulation, with shift work increasingly recognized
as a risk amplifier for cardiometabolic disorders. Over
20% of the global workforce engages in non-traditional
schedules, particularly in healthcare, utilities, food ser-
vices, manufacturing, and transportation sectors, where
floating shifts (variable hours across mornings, days, and
nights) predominate [1,2]. Such schedules disrupt circa-
dian rhythms, impair hepatic lipid metabolism, and exac-
erbate development of fatty liver disease (FLD) [3].
Mechanistically, circadian disruption may compound met-
abolic risk through multiple pathways. At the systemic level,
it can impair nervous system regulation, reducing daytime
excitability, lowering motivation for physical activity (PA),
and decreasing resting energy expenditure, thereby dimin-
ishing the benefits of exercise [4,5]. At the metabolic level,
it is known to promote hepatic lipogenesis while reducing
fatty acid B-oxidation and glucose metabolism [6,7]. Con-
currently, physical inactivity-prevalent in >27% of shift
workers due to fatigue and time constraints-independently
promotes hepatic steatosis by creating an energy surplus
and impairing mitochondrial function [8,9]. In contrast,
regular PA helps maintain circadian alignment, with its
timing acting as a secondary zeitgeber similar to light ex-
posure [10]. Moreover, exercise can counteract these detri-
mental processes by enhancing insulin sensitivity, upregu-
lating mitochondrial biogenesis, and improving lipid me-
tabolism to reduce hepatic fat deposition [11-13]. Despite
mechanistic plausibility, epidemiological evidence quanti-
fying the combined associations of these occupational-be-

havioral factors remains sparse.
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Current literature predominantly examines fixed night
shifts, neglecting the distinct metabolic consequences of
floating schedules characterized by irregular circadian re-
alignment. Furthermore, existing studies often overlook
the modifying role of PA, though experimental data sug-
gest exercise may partially mitigate floating shift work-
induced metabolic disturbances [14]. These limitations
hinder the development of circadian-aligned interven-
tions, particularly given the rising global burden of FLD,
now affecting 25% of adults worldwide [15]. The authors
study addresses these limitations through population-level
analysis of floating shifts and PA using vibration-controlled
transient elastography (VCTE) to assess hepatic steatosis.
Leveraging the 2017-2018 National Health and Nutrition
Examination Survey (NHANES) cycle-the first nationally
representative dataset incorporating detailed shift classi-
fications - the hypothesizes are:

- floating shifts independently elevate FLD risk beyond

traditional day shifts,
— physical inactivity may exacerbate floating shift work-
related hepatic steatosis.

By elucidating these interfering factors, The authors’ find-
ings aim to inform precision workplace health strategies

targeting high-risk occupational cohorts.

MATERIAL AND METHODS

Study design

This cross-sectional analysis utilized data from the
2017-2018 NHANES cycle. The protocols for each NHANES
cycle were approved by the national center for health statis-
tics of the centers for disease control and prevention insti-
tutional review board and all participants provided written

informed consent. Use of NHANES data constitutes sec-
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ondary data analysis and therefore exempts this protocol
from Centers for Disease Control and Prevention (CDC) In-
stitutional Review Boards (IRB) approval. The authors re-
stricted analysis to individuals reporting either fixed day-
shift or floating work schedules during the preceding three
months (N = 1056). Participants with incomplete data on
critical variables (including sleep duration, PA, work sched-
ules, diabetes/hypertension status, BMI, alcohol consump-
tion, systolic blood pressure [SY], glycohemoglobin, high-
density lipoprotein cholesterol [HDL-C], controlled at-
tenuation parameter [CAP], and weight [N = 333]) were
excluded. Subsequent processing involved Z-score normal-
ization of BMI, with exclusion of extreme outliers (absolute
Z-score >1.5, N = 70). The final analytical sample included
653 participants. The specific inclusion and exclusion pro-

cess is shown in Figure 1.

Measurement of CAP

In the NHANES 2017-2018 survey, liver steatosis was
assessed using VCTE with the FibroScan 502 V2 Touch
system (Waltham, United States). The device, equipped
with medium or extra-large probes selected through real-
time guidance, measured CAP. Elevated CAP reflected
increased hepatic fat content. In this study, participants
with CAP >248 dB/m were defined as the case group
with hepatic steatosis, and those with CAP <248 dB/m
were defined as the control group without hepatic ste-
atosis. The authors’ analysis adopted 2 established CAP
thresholds: 248 dB/m for routine steatosis detection and

285 dB/m for sensitivity evaluation [16].

Definition of floating shift work and PA

Analyses were restricted to the 2017-2018 NHANES cycle
due to exclusive availability of work schedule data. Par-
ticipants self-reported their primary work schedules over
the preceding 3 months, categorized as day shift (tradi-
tional 9 a.m. - 5 p.m.) or floating shift (variable hours

across mornings, days, and nights).

Initial NHANES — 178 participants were excluded
cohort (2017-2018) due to missing data on BMI, blood
N=1056 pressure, glycohemoglobin, or HDL
— 24 participants were excluded

due to missing data on the controlled
attenuation parameter

— 97 participants were excluded
due to missing data on alcohol
consumption or sleep duration

— 28 participants were excluded

Andlyses included due to missing survey weight data
729 eligible
participants
— missing self-reported data on sleep duration
led to the exclusion of 2 participants
— 3 participants were excluded
due to a lack of self-reported information
on their history of diabetes and hypertension
— 1 participant was excluded
for missing self-reported data on physical
The final activity duration
analytic population — 70 participants were excluded
N=653 based on extreme BMI outlier values

HDL — high-density lipoprotein cholesterol.
NHANES —2017-2018 National Health and Nutrition Examination Survey.

Figure 1. Flowchart of participant inclusion and exclusion in the study on
negative effects of floating shift work and physical inactivity on fatty liver
disease, 20172018, USA

Different types of exercise correspond to different MET values.
In NHANES, MET values are assigned based on activity type.
Physical activity was quantified as total MET-h/week, calcu-
lated as the sum of hours spent in each activity domain mul-
tiplied by its domain-specific MET value. For the authors’
analysis, this involved 5 domains: vigorous work (8.0 METs),
moderate work (4.0 METs), walking/cycling transporta-
tion (4.0 METs), vigorous leisure (8.0 METs), and moderate
leisure (4.0 METs). Participants were classified as physically
active if achieving >10 MET-h/week, aligning with WHO rec-
ommendations for adult PA thresholds [17].

Covariates

Covariates were:

- sex (male/female);

— race (Hispanic/non-Hispanic);

- advanced age defined as >50 years;

- BMI (normal: <25 kg/m?, overweight: 25-29.9 kg/m?,
obese: 230 kg/m?);

1JOMEH 2026;39(3)
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- sleep duration (6-8 h, <6 h or >8 h);

— alcohol consumption defined as any intake (=1 occa-
sion) vs. none within the past year;

- diabetes mellitus diagnosed by >1 of: self-reported di-
agnosis, hypoglycemic/insulin therapy, HbA_>6.5%,
or fasting glucose >7.0 mmol/l;

- hypertension defined as >1 of: self-reported diagnosis,
antihypertensive medication use, or blood pressure
>140/90 mm Hg.

To account for overall dietary pattern, a composite un-

healthy diet score was calculated for each participant

using day one 24-hour dietary recall data. This score was
derived as the sum of the standardized Z-scores of total
calorie, saturated fat, and total sugar intake, and was in-
cluded as a continuous covariate in relevant models to

control for its potential confounding effect.

Statistical analyses
All analyses accounted for the complex sampling design
of NHANES by applying survey weights to ensure nation-
ally representative estimates. Weighted multivariable lo-
gistic regression models were applied to evaluate associa-
tions between shift work patterns, PA and FLD. Stratified
analyses restricted to floating-shift workers were per-
formed to evaluate effect modification across all covari-
ates. Threshold effects of MET levels on CAP values were
explored using linear and quadratic regression models,
stratified by shift type. Sensitivity analyses were per-
formed to evaluate the robustness of associations:

- exclusion of participants with pre-existing liver pathol-
ogies to minimize confounding by baseline hepatic dys-
function;

— application of a stricter diagnostic threshold for hepatic
steatosis (CAP 2285 dB/m) to assess consistency across
disease severity classifications;

- using an alternative, data-driven definition of phys-
ical inactivity to assess the robustness of the primary

PA categorization (in this analysis, participants were

[JOMEH 2026;39(3)

dichotomized based on the sample median of week-
ly MET-h (<22 MET-h/week), rather than the pre-
defined clinical cutoff (<10 MET-h/week) used in
the main analysis);

- including the pre-calculated unhealthy diet score (see
Covariates) as a covariate to examine whether the as-
sociation between shift work and FLD is modified by
overall diet quality.

To assess whether BMI, diabetes, and hypertension act

as mediators rather than confounders, the authors con-

ducted a Bayesian mediation analysis with 100 simulation
iterations. P-value < 0.05 was considered statistically sig-

nificant.

RESULTS

Population characteristics

Compared with controls, cases had a higher prevalence of
physical inactivity (27.8% vs. 19.1%, p = 0.032). Signifi-
cant disparities (p < 0.05) were noted in sex (male: 65.1%
vs. 48.6%), age (advanced: 41.1% vs. 25.6%), race (His-
panic: 18.5% vs. 12.1%), BMI (obesity: 48.4% vs. 15.4%),
drink (88.4% vs. 92.9%), hypertension (38.0% vs. 18.0%),
diabetes (13.3% vs. 2.2%), and metabolic profiles (SY, di-
astolic blood pressure, HDL, glucose, glycohemoglobin).
Sleep duration showed no difference (Table 1). In ad-
dition, cases had a higher prevalence of floating shifts
(53.8% vs. 43.5%, p = 0.008)

Association between floating shift and PA

with FLD risk

In Table 2, after adjusting for age, gender, and race, floating
shift workers had higher FLD risk compared with day
shifts (model 2: odds ratio [OR] = 1.40, 95% confidence
interval [CI]: 1.07-1.82, p = 0.019). Active PA reduced
risk (model 2: OR = 0.57, 95% CI: 0.32-1.02, p = 0.056).
Compared to active-day-shift workers, elevated risks
were observed for inactive-day-shift (OR = 2.54, 95%
CI: 1.04-6.18, p = 0.042), active-floating-shift (OR = 1.74,
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Table 1. Weighted baseline characteristics stratified by hepatic steatosis status in the participants, 2017-2018, USA

Participants
(N=653)
Variable p
total control
(N=318)
Sociodemographic [n (%)]
sex 0.007
male 378 (56.4) 157 (48.6)
age 0.012
advanced 238(32.9) 88(25.6)
race 0.005
Hispanic 160 (15.1) 58(12.1)
BMI [kg/m?] <0.001
overweight 228 (33.6) 103 (30.4)
obese 215(30.9) 52(15.4)
Lifestyle factors [n (%)]
drink 0.024
no 81(9.2) 34(7.1)
MET level 0.032
inactive 176 (23.2) 75(19.1)
sleep duration 0.41
non-optimal (<6 or >8 h) 264 (37.1) 137 (39.6)
Medical
hypertension [n (%)] 0.001
yes 209 (27.4) 66 (18.0)
diabetes [n (%)] <0.001
yes 90 (7.4) 19(2.2)
blood pressure [mm Hg] (Me (Q1, Q3))
systolic 117.33 (108.67, 126.78) 114.00 (106.95, 125.38) 0.001
diastolic 73.67 (66.67, 80.00) 71.00 (64.33,76.67) <0.001
HDL-cholesterol [mg/dI] (Me (1, Q3)) 53.00 (44.00, 64.00) 58.00 (48.00, 69.00) <0.001
glucose [mg/dI] (Me (Q1,Q3)) 101.00 (96.00, 108.00) 99.00 (94.00, 104.00) <0.001
glycohemoglobin [%] (Me (Q1, Q3)) 5.40 (5.10, 5.60) 5.30(5.10, 5.50) <0.001

BMI —body mass index; MET — metabolic equivalent task.
Unweighted n, all other analyses are weighted.

95% CI: 1.16-2.60, p = 0.013), and inactive-floating- compared to the active-day-shift workers, only the ac-
shift workers (OR = 2.01, 95% CI: 1.00-4.03, p = 0.049). tive-floating-shift group maintained a statistically signifi-

After further adjustment for drink and sleep duration cant association. In model 4, the associations were atten-
(model 3), a statistically significant association between uated though trends persisted. Interaction tests revealed
floating shift work and FLD remained. Furthermore, no significant interaction between floating shift work

1JOMEH 2026;39(3)
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and PA (fully adjusted model: interaction OR = 0.95,
95% CI: 0.17-5.42, p = 0.930).

Mediation analysis was conducted to assess whether BMI,
diabetes, and hypertension mediate the association be-
tween shift work and FLD. For diabetes and hypertension,
the direct and total effects were significant, but the indi-
rect effects were not. For BMI, no significant total, direct,

or indirect effects were observed (Table 3).

Subgroup analyses

In weighted analyses of floating shift workers, significant
risk factors for FLD included age >51 years (OR = 2.42,
p = 0.034), overweight (OR = 5.78, p = 0.006), obesity
(OR=12.87,p <0.001), hypertension (OR = 2.66, p = 0.028),
and diabetes (OR = 6.21, p = 0.017). Females (OR = 0.57,
p=0.052) and drinkers (OR = 0.46, p = 0.059) showed mar-
ginally reduced risks. Other variables (race, MET level, sleep

duration) exhibited no significant associations (Table 4).

Association between continuous MET levels

and median CAP

The association between weekly MET level and CAP values
exhibited distinct patterns between floating shift and day shift
workers. In the linear regression model, floating shift workers
demonstrated a steeper negative slope compared to day shift
workers, with CAP levels consistently higher in floating shifts
across most METs ranges. In the quadratic regression model,
at moderate METS levels (200-400 h/week), CAP values be-
tween floating and day shift workers converged, showing
minimal differences. However, beyond this range (METs
<200 h/week or >400 h/week), floating shift workers dis-
played significantly elevated CAP values compared to day
shifts, suggesting a threshold effect of PA on hepatic steatosis
mitigation in this occupational subgroup (Figure 2).

Sensitivity analysis
After excluding individuals with pre-existing liver diseases
(N'=56), weighted analyses (Table 5) demonstrated similar

Table 3. Bayesian mediation analysis of body mass index (BMI), diabetes,
and hypertension on the association between shift work and fatty liver,
2017-2018, USA

Variable and effect type Estimate (95% Cl) p

BMI

total 0.08 (0.00-0.15) 0.060

direct 0.06 (=0.00-0.13) 0.060

indirect 0.02 (~0.01-0.06) 0.220
Hypertension

total 0.09(0.01-0.15) 0.020

direct 0.09(0.01-0.15) 0.020

indirect 0.00 (-0.02-0.02) 0.860
Diabetes

total 0.09(0.01-0.15) 0.020

direct 0.09(0.01-0.15) 0.020

indirect 0.00 (—0.02-0.02) 0.920

trends to Table 2: floating shifts remained associated with
elevated FLD risk (model 1: OR = 1.43, 95% CI: 1.08-1.90,
p = 0.016), though association strength attenuated com-
pared to Table 2. Physical activity retained a favorable
trend (model 1: OR = 0.61, p = 0.030). Stratified ana-
lyses revealed consistent risk elevations for inactive-day-
shift (model 1: OR = 2.28, p = 0.027), active-floating-shift
(model 1: OR=1.75, p = 0.015), and inactive-floating-
shift workers (model 1: OR = 2.03, p = 0.040), mirroring
Table 2. Full adjustment (model 3) further diluted associ-
ations. The results reinforce the robustness of floating shift
work and inactivity effects on FLD, even after excluding
baseline liver pathologies. Table 5 also evaluates associ-
ations between floating shif work, PA, and FLD using
a stricter CAP threshold (>285 dB/m). Similar to Table 2
(CAP =248 dB/m), floating shift workers showed ele-
vated FLD risk compared to day-shift workers (model 1:
OR =1.34,95% CI: 0.83-2.15), but this association attenu-
ated to non-significance. Active PA remained favorable in
both tables, though its effect weakened in Table 5 (model 2:
OR =0.40vs. 0.57 in Table 2). Stratified analyses mirrored

1JOMEH 2026;39(3)
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Table 4. Weighted subgroup analyses of risk factors for fatty liver disease among floating shift workers, 20172018, USA

Paticipants
(N=316)
Variable OR (95% Cl) p
control group studied group
(N=140) (N=176)
Sociodemographic
sex
male 66 125 ref.
female 74 51 0.57(0.33-1.01) 0.052
age
20-50 years 100 9% ref.
51-80 years 40 80 2.42(1.08-5.42) 0.034
race
Hispanic 31 47 ref.
non-Hispanic 109 129 0.95(0.61-1.47) 0.804
body mass index
normal 67 24 ref.
overweight 48 65 5.78(1.84-18.17) 0.006
obese 25 87 12.87 (4.27-38.8) <0.001
Lifestyle factors
drink
no 12 27 ref.
yes 128 149 0.46 (0.2-1.04) 0.059
physical activity
inactive 3 40 ref.
active 107 136 0.9(0.43-1.89) 0.759
sleep duration
<6hor>8h 59 76 ref.
6-8h 81 100 1.35(0.64-2.85) 0.399
Medical
hypertension
no 110 103 ref.
yes 30 73 2.66 (1.13-6.25) 0.028
diabetes
no 131 141 ref.
yes 9 35 6.21(1.46-26.43) 0.017

Table 2: inactive-day-shift workers (OR = 4.32, p = 0.004) However, inactive-floating-shift workers exhibited no sig-
and active-floating-shift workers (OR = 1.86, p = 0.015) nificance in Table 5 (OR = 2.64, p = 0.100), diverging from
faced higher FLD risks versus active-day-shift workers. Table 2’s clear risk elevation (OR = 2.01, p = 0.049). Com-

[JOMEH 2026;39(3)
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Figure 2. Association between metabolic equivalent task (MET) level and median (Me) controlled attenuation parameter (CAP) stratified by work shifts:

a) linear regression model, b) quadratic regression model, 2017-2018, USA

pared to Table 2, Table 5 employed a stricter diagnostic
threshold, excluding mild steatosis cases.

To examine the association between MET and FLD across
different activity levels, the authors classified partici-
pants based on the median MET-h/week (=22 defined as
the active group) and also performed log-transformation
of MET values. Compared with the inactive group, reg-
ular PA was significantly associated with a reduced risk of
fatty liver after adjusting for age, sex, and ethnicity. How-
ever, no statistically significant association was observed
in the unadjusted model or in the fully adjusted model.
Similarly, log-transformed MET was not significantly as-
sociated with the outcome (Table 6).

This sensitivity analysis investigated the association be-
tween floating shift work and FLD after adjusting for the
overall diet pattern. In the total population, where the un-
healthy diet score was included as a continuous covariate,
floating shift work showed a significant association in
the basic model (model 1: OR = 1.39, 95% CI: 1.04-1.86).

This association was attenuated and became non-signif-

icant in the fully adjusted model (model 3: OR = 1.28,
95% CI: 0.72-2.28). In the subgroup analysis stratified
by the median diet score, a positive association was ob-
served among participants with a favorable diet in models
1 and 2, but not in their fully adjusted model 3 (OR = 1.82,
95% CI: 0.94-3.55, p = 0.068). No significant association
was found in the unfavorable diet group. The p-value for
interaction was 0.091 (Table 7).

DISCUSSION

The authors™ nationally representative analysis reveals
novel insights into the occupational epidemiology of FLD.
Floating shift workers exhibited 40% greater FLD risk
than day shift workers, consistent with murine models
showing that erratic light cycles promote hepatic lipid ac-
cumulation and shift the circadian rhythmicity of hepatic
acetyl-CoA carboxylase mRNA expression [18]. The ob-
served risk escalation in physically inactive floating shift
workers suggests PA mitigates but does not fully coun-

teract circadian disruption effects. Although previous

1JOMEH 2026;39(3)
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Table 6. Weighted associations of physical activity (PA)
and fatty liver disease based on different physical activity cutoffs,
2017-2018, USA

Model OR 95% p

Model 1

log (metabolic equivalents) 0.95 0.89-1.02 0.150

inactive PA ref.

active PA 0.76 0.56-1.03 0.077
Model 2

log (metabolic equivalents) 0.94 0.86-1.02 0.127

inactive PA ref.

active PA 0.70 0.52-0.93 0.020
Model 3

log (metabolic equivalents) 0.98 0.88-1.10 0.678

inactive PA ref.

active PA 0.97 0.57-1.65 0.899

Model descriptions are provided in Table 2.

Physical activity was categorized based on the median value of MET-h/week.
The inactive PA group was defined as having MET-h/week <22,

and the active PA group — MET-h/week >22.

murine studies have proposed mechanisms such as ex-
ercise-induced mitochondrial enhancement, mitochon-
drial unfolded protein response (UPRmt) reversal, and fi-
broblast growth factor 21 (FGF21) secretion [19], these
biological pathways were not directly measured in the
authors’ human epidemiological study. Notably, the ob-
served favorable window at 200-400 MET-h/week, sub-
stantially higher than the current WHO guideline of
>150 MET-h/week, requires cautious interpretation. First,
the authors’ MET-h estimate aggregated both leisure-time
and occupational PA. Second, this range represents a sta-
tistical inflection point from the authors’ threshold ana-
lysis rather than a minimum recommended dose. There-
fore, while the authors’ findings suggest a dose-response
relationship, they do not advocate that all floating shift
workers must achieve 200-400 MET-h/week. The optimal
dose should be refined in future large-scale prospective

studies.

Table 7. Weighted association of shift work with fatty liver,
overall and stratified by unhealthy diet score, 2017-2018, USA

Analysis dimension OR 95% Cl p

Total population®

model 1 139 1.04-1.86  0.030

model 2 132 0.97-1.80  0.074

model 3 1.28 0.72-2.28  0.298
Diet group

favorable (score <-0.43)

model 1 248 1.39-4.44  0.005
model 2 2.56 1.48-4.43 0.003
model 3 1.82 0.94-355  0.068
unfavorable (score >-0.43)
model 1 0.90 043-1.86  0.749
model 2 0.86 0.39-1.87  0.675
model 3 1.02 0.37-2.81 0.961
Shift x diet group 0.091

2The unhealthy diet score (continuous) was included as a covariate in all models.
Model descriptions are provided in Table 2.

Subgroup analysis — participants were dichotomized by the median diet score (=0.43).
Models within each subgroup did not include the diet score.

The p for interaction was from a multiplicative term (shift work X diet score group)

in unadjusted model.

Analyses were restricted to 639 participants with complete data on all variables

and reliable dietary recall. Participants with a 0 dietary day-1sample weight were
excluded.

The pronounced association between floating shift work

and elevated FLD risk (OR = 1.40, p = 0.019) underscores

the metabolic consequences of irregular circadian rhythms.

Weight gain might not be merely a confounder but could

also serve as a mediator in the causal pathway between cir-

cadian disruption and hepatic steatosis. The biological plau-
sibility of this mediation is supported by converging mech-
anisms:

- circadian misalignment directly promotes metabolic
dysregulation, including impaired glucose metabolism
and increased systemic inflammation [20],

- these alterations, coupled with melatonin deficiency

and resultant oxidative stress, create an endocrine and

1JOMEH 2026;39(3)
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metabolic milieu conducive to weight gain and ectopic

fat deposition [21-23].
A prospective analysis of 281-280 participants demon-
strated that shift work, particularly permanent night shifts,
was associated with a 27% higher risk of incident nonalco-
holic fatty liver disease (NAFLD) (95% CI: 1.08-1.48). This
association followed a dose-response pattern and was not
modified by genetic susceptibility, supporting that floating
shift work may contribute to hepatic steatosis develop-
ment [24]. However, caution should be exercised in inter-
preting the results of the mediation analysis presented in
this article. The cross-sectional design of this study does
not allow to determine the time sequence between expo-
sure (floating shift work), media (BMI, diabetes, hyper-
tension) and outcomes (FLD). Therefore, the observed
direct and indirect effects may be influenced by reverse
causality or unmeasured confounding factors. Future pro-
spective studies are necessary to confirm the potential me-
diating role of these metabolic factors.
While physical inactivity was associated with higher
FLD risk across all shift types (OR = 2.01-2.54, p < 0.05),
the authors’ threshold analysis suggested a potential fa-
vorable window at 200-400 MET-h/week, where CAP
values converged between floating and day shift workers.
This convergence suggests that sufficient PA may mitigate
the specific hepatic risk imposed by circadian misalign-
ment. The underlying mechanisms are multifaceted but
were not directly assessed in this study. Based on existing
literature, plausible pathways include increased energy ex-
penditure and hepatic fatty acid oxidation [25], as well as
potential modulation of circadian signaling via adenosine
monophosphate-activated protein kinase (AMPK) phos-
phorylation of clock proteins [26,27]. Exercise may also
suppress inflammatory pathways [e.g., myeloid differ-
entiation protein 2-toll-like receptor 4 (MD2-TLR4)/nu-
clear factor kappa-B (NF-kB)] and improve hepatic in-
sulin sensitivity [28-30]. However, these molecular and

cellular processes remain speculative in the context of

[JOMEH 2026;39(3)

the authors’ observational data, and direct measurements
(e.g., circadian gene expression, inﬂammatory markers,
or insulin sensitivity indices) are needed to confirm medi-
ation. Thus, the authors’ epidemiological findings are sup-
ported by a plausible physiological framework: floating
shift work disrupts circadian-metabolic coupling to pro-
mote FLD, while adequate PA can counteract these effects
by restoring circadian signaling, reducing inflammation,
and improving hepatic insulin action. The independent
protective role of PA should be interpreted with caution.
Subgroup analyses revealed that night shift workers with
metabolic risk factors (age >50 years, obesity, hyperten-
sion, diabetes) had an increased risk of FLD. Both obe-
sity, hypertension, diabetes and floating shift work are
established risk factors for metabolic syndrome (MetS).
They may be associated with an increased risk of FLD
progression through multifactorial mechanisms, in-
cluding aggravated insulin resistance and chronic low-
grade inflammation [31]. Prolonged night-shift tenure
in aging workers induces chronic circadian disruption
that dysregulates hepatometabolic processes. The patho-
physiological nexus between obesity and FLD has been
extensively validated through multidimensional investi-
gations encompassing extensive studies [32,33]. Epide-
miological studies have established hypertension as an in-
dependent predictor of NAFLD. Notably, prehypertension
also demonstrated an association with NAFLD (with el-
evated ORs observed across prehypertensive blood pres-
sure ranges) [34]. In diabetic floating shift workers, sleep
deprivation and erratic eating patterns may worsen in-
sulin resistance, promoting fatty liver by upregulating
sterol regulatory element-binding protein-1c-driven lipo-
genesis [35]. The authors’ stratified analyses confirm prior
findings, and these comorbidities represent a critical con-
sideration for workplace health screenings.

In response to the important consideration that overall
diet quality could confound the observed association,

the authors conducted additional analyses using detailed
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dietary recall data. When the authors adjusted for a com-
posite “unhealthy diet score,” the association between
floating shift work and FLD was attenuated in the full
cohort. This suggests that concurrent dietary patterns
account for some of the apparent risk linked to floating
shift work. Interestingly, when the authors stratified par-
ticipants by this diet score, the association was significant
only in the subgroup with a favorable diet, and was absent
in those with an unfavorable diet. This pattern hints that
the negative impact of circadian disruption on the liver
might be most evident when baseline metabolism is rel-
atively healthy. One possible explanation is that a liver
maintained by a better diet has greater metabolic reserve
to cope with stressors; when floating shift work disrupts
circadian rhythms, this reserve is challenged, making
the effect detectable. Conversely, a consistently poor diet
may itself impose a chronic metabolic burden on the liver,
leaving little additional room for floating shift work to
exert a separate, measurable effect.

Several limitations must be acknowledged. First, the re-
duction in sample size due to missing data may introduce
bias. Second, floating shift work and PA were self-reported
and subject to recall bias. Thirdly, circadian disruption was
measured only as floating shift work over three months,
without capturing its duration, frequency, or sleep quality.
Fourth, other unmeasured factors, including psycholog-
ical stress, social isolation, and irregular dietary patterns
with potential gut microbiota alterations, may have fur-
ther modified the observed associations, but were not as-

sessed in this study.

CONCLUSIONS

This population-based study suggests an association that
floating shift work is associated with increased risk of he-
patic steatosis, with effect magnitudes surpassing those of
traditional metabolic drivers. While the cross-sectional
design revealed robust associations, the causal direction

requires validation through longitudinal cohort studies.
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