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Background: Shift work is associated with obesity and metabolic syndrome. However, this association in the normal-weight popu-
lation remains unclear. This study aimed to investigate whether shift work is associated with normal-weight obesity (NWO).
Methods: From the nationally representative Korea National Health and Nutrition Examination Survey (KNHANES) dataset (2008
to 2011), 3,800 full-time workers aged =19 years with a body mass index (BMI) <25 kg/m* were analysed. We defined NWO as
BMI <25 kg/m? and body fat percentage =25% in men and =37% in women. Working patterns were classified into “daytime,”
“other than daytime,” and “shift.” Multivariable logistic regression analysis was performed to evaluate the relationship between shift
work and NWO.

Results: Shift work was associated with higher odds of NWO than daytime work (adjusted odds ratio [aOR], 1.47; 95% confidence
interval [CI], 1.04 to 2.09) and night/evening work (aOR, 1.87; 95% CI, 1.11 to 3.14) after adjustment for type of work, working
hours, age, sex, BMI, 25-hydroxyvitamin D levels, homeostatic model assessment for insulin resistance, and other sociodemograph-
ic factors. In subgroup analyses, the association between shift work and NWO was more robust in those aged =60 years and those
working =56 hours/week.

Conclusion: Shift work was associated with NWO in community-dwelling Korean adults, independent of age, sex, BMI, and other
covariates.
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INTRODUCTION

Shift work refers to a work pattern that periodically changes its
hours [1]. Changes in working hours may be regular or irregu-
lar, including working two or more times per day. Approximate-
ly 20% of workers are engaged in shift work in the United

States [2]. In addition, the proportion of shift workers increased
from 17% in 2012 to 21% in 2017 according to the European
Working Conditions Survey [3]. The increase in shift work can
partly be explained by globalisation and the expansion of 24-
hour service culture. Based on the National Statistical Office
data in 2017, 9.7% of South Koreans were engaged in shift
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work [4].

Shift workers are exposed to several health problems. For ex-
ample, shift work disrupts circadian rhythms, causes irregular
sleep-wake cycles, and impairs workers’ recovery from fatigue
[5], leading to lifestyle changes, job strain, and social stress.
Therefore, shift work has been implicated as a risk factor for
some diseases, including metabolic syndrome, cancer, cardio-
vascular disease, and other related chronic conditions [6,7].

Several studies have shown that shift work is associated with
overweight or obesity [8]; however, the data remain conflicting
and inconclusive. In a study by Karlsson et al. [6], shift workers
were more obese and had higher cholesterol levels than daytime
workers, indicating an association between shift work and meta-
bolic syndrome. However, McGlynn et al. [9] reported mixed
results—a positive association in a population-based sample
and negative results in a cohort study—indicating that the rela-
tionship between shift work and obesity is complex and could
be susceptible to multiple social determinants of health.

The concept of normal-weight obesity (NWO) differs from
conventional obesity, which is generally determined by body
mass index (BMI) [10]. NWO is a condition in which BMI is
within the normal range; however, the body composition or
body fat (BF) distribution is abnormal; this pattern is also called
metabolic obesity with a normal weight [11]. Although NWO
has also been reported to be associated with increased cardio-
metabolic risk, it is easily underdiagnosed and underestimated
because it inherently involves a BMI within the normal range
[12]. However, there is a lack of data regarding the association
between shift work and NWO.

Therefore, this study investigated the relationship between
shift work and NWO classified by BF percentage using nation-
ally representative data from the Korea National Health and
Nutrition Examination Survey (KNHANES).

METHODS

Subjects

This study was based on data acquired from the KNHANES, a
nationwide, population-based, cross-sectional survey and health
examination conducted by the Korea Disease Control and Pre-
vention Agency [13]. We used data from the last 2 years (2008
to 2009) of KNHANES IV (2007 to 2009) and the first 2 years
(2010 to 2011) of KNHANES V (2010 to 2012) because of the
available data on BF percentage. The KNHANES uses nation-
ally representative samples from the general population of Ko-
rea and a stratified multistage probability sampling design to
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produce representative data among households. Informed con-
sent was obtained from all subjects involved in the study. All
survey protocols were approved by the Institutional Review
Board of the Korea Disease Control and Prevention Agency
(approval number: 2018-01-03-P-A).

A total of 37,753 participants were enrolled in the KNHANES
IV-V (2008-2011). We then excluded those aged <19 years,
unemployed participants, and those who did not complete sur-
veys on employment status, working hours, and working time.
Part-time workers (working hours <36 hours, based on the defi-
nition of the Korea Labour Institute), soldiers, pregnant women,
and those with missing parameters that were needed for the sta-
tistical analysis were also excluded [14]. Additionally, full-time
workers with a BMI >25 kg/m” were excluded, and 3,800 par-
ticipants were finally enrolled in the study (Fig. 1).

Definition of working parameters

The participants’ working time, type of work, and working
hours per week were recorded using a self-administered ques-
tionnaire. These working parameters were stratified as previ-
ously described [15]. Study participants reported their working
time by selecting one of the five examples: (1) daytime (6:00
AM-6:00 PM); (2) evening (2:00 PM—-12:00 AM); (3) night
(9:00 PM-8:00 AM); (4) regular shift time (day and night or
regular 24 hours); and (5) irregular shift time (including two
times or more daily). We combined (2) and (3) into “other than
daytime” and combined (4) and (5) into “shift work.” Partici-
pants reported their occupations according to the major groups
of the Korean Standard Classification of Occupations, which
was based on the International Standard Classification of Occu-
pations [16]. Occupations were categorized into three groups.
Managers, professionals, and clerks were classified as office
workers; service and sales workers were classified as service
workers; and skilled agricultural, forestry, and fishery workers,
craft and related trades workers, plant and machine operators,
assemblers, and elementary manual workers were classified as
manual workers. Data on working hours were obtained using a
self-reported questionnaire. Working hours were categorized by
tertiles (3644, 4555, and =56 hours/week).

Definition of NWO

The BF percentage was used to set the cut-off value for NWO.
We defined NWO as BMI <25 kg/m? and BF percentage =
25% in men and =37% in women, according to the previous
guidelines and other published papers [17-19]. Participants with
a BMI <25 kg/m* and a BF percentage lower than the NWO

Copyright © 2022 Korean Endocrine Society
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KNHANES 20082011
(n=37,753)

v

y

Exclusion (n=22,765)

Age<19 years (n=9,376)

Unemployed (n=12,696)

Non-responders for employments status, working hours, or working
time (n=693)

Age =19 years, current workers
(n=14,988)

y

Exclusion (n=9,329)

Part-time workers (working hours <36 hr) (n=3,871)

Soldiers, pregnant women (n=_80)

Missing parameters (age, sex, BMI, waist circumference,
sociodemographic factors, laboratory factors) (n=3,221)

Missing parameter (body fat percentage) (n=2,157)

Fulltime workers
(n=5,659)

y

Exclusion

BMI >25 kg/m?* (n=1,859)

Included in the analyses
(n=3,800)

Fig. 1. Flowchart of the study population from the Korea National Health and Nutrition Examination Survey (KNHANES) VII (2008 to

2011) showing inclusions and exclusions. BMI, body mass index.

cut-off, were defined as normal-weight lean (NWL). The BF
percentage (head excluded), which was calculated as total fat
mass/total massX 100, was measured using dual-energy X-ray
absorptiometry (DXA; QDR 4500A, Hologic Inc., Waltham,
MA, USA) equipment located in mobile examination centres.

Measurement of clinical and biochemical variables

Participant demographics, anthropometrics, nutritional intake,
medical history (including smoking and alcohol history), and
physical activity were collected using standardized health ques-
tionnaires. Participants were classified by their smoking status
as current smokers or non-smokers. Regular alcohol drinkers
were defined as those who currently drank alcohol more than
once per month, and all others were defined as non-drinkers.
Regular physical activity was evaluated using the International
Physical Activity Questionnaire [20] and defined as engaging in
vigorous (=20 minutes at a time, at least three times per week),
moderate (=30 minutes at a time, at least five times per week),
or walking activity (=30 minutes at a time, at least five times
per week). The educational level was divided into four catego-
ries: elementary school or lower, middle school, high school,
and college or higher. Household income levels were catego-
rized into four groups according to income quartiles: low, mid-
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dle-low, middle-high, and high. Hypertension was defined as
systolic blood pressure =140 mm Hg, diastolic blood pressure
=90 mm Hg, or the use of antihypertensive medications. Dia-
betes mellitus (DM) was considered to be present if the fasting
glucose level was =126 mg/dL or if a subject was taking oral
hypoglycaemic agents or insulin. Energy intake was calculated
using a self-administered questionnaire based on reflection for
the past 24 hours.

Blood was drawn from the medial cubital or cephalic vein for
various biomedical analyses after 8 hours of fasting. The total
cholesterol, triglycerides, high-density lipoprotein, insulin, and
glucose levels were measured enzymatically using a Hitachi au-
tomatic analyser 7600 (Hitachi, Tokyo, Japan). Serum 25-hy-
droxyvitamin D (25(OH)D) levels were measured using a 1470
Wizard gamma counter (Perkin Elmer, Turku, Finland) and by
radioimmunoassay (RIA) (DiaSorin, Stillwater, MN, USA).
The homeostasis model assessment-insulin resistance (HOMA-
IR) scores were calculated using the following equation: fasting
insulin (u[U/mL) X fasting glucose (mg/dL)/405.

Statistical analyses
First, continuous variables were compared between working
patterns using one-way analysis of covariance or the Kruskal-
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Wallis test, and categorical variables were compared using the
chi-square test. A post hoc comparison analysis was performed
by applying the Bonferroni correction and the Dunn procedure
to determine significant differences between the groups. For the
Bonferroni correction, the P value of each test was divided by
the number of comparisons to compensate for multiple tests.
Continuous variables were then presented as means with stan-
dard deviations or medians with interquartile ranges. Categori-
cal variables were summarised as frequencies and percentages.
Binary logistic regression was used to evaluate the relative con-
tribution of potential determinants for NWO and assess the as-
sociation of shift work with NWO, with adjustment for covari-
ates including age, sex, BMI, current smoking, physical activity,
educational attainment, working time, type of work, working
hours, hypertension, DM, energy intake, 25(OH)D levels, and
log-transformed HOMA-IR. Next, subgroup analyses with in-
teraction terms were performed to investigate the pre-specified
possible effect modifiers in the association between shift work
and NWO. Subjects were grouped by age (=60 or <60 years)
and tertiles of working hours. In addition, further subgroup
analyses were done to evaluate interactions within subgroups
according to the KNHANES investigation time and medication
history. All statistical analyses were performed using STATA
version 14.1 (Stata Corp., College Station, TX, USA). Statisti-
cal significance was set at a two-sided P<0.05.

RESULTS

Study subjects

The mean age of study participants was 46 years, and men com-
prised 52.7% (n=2,001) (Table 1). The overwhelming majority
(3,336/3,800, 87.8%) of participants were daytime workers, 235
(6.2%) were evening or night workers, and 229 (6.0%) were
shift workers. Shift workers had a higher proportion of men and
manual workers and higher weight, waist circumference, and
energy intake than the other groups. In addition, shift workers
were younger, had longer working hours and lower 25(OH)D
levels, and were more likely to consume alcohol than daytime
workers. Shift workers had a higher prevalence of NWO and
higher fasting glucose levels than evening or night workers.
Daytime workers were older, engaged more in manual work
and less in service work, and were less likely to smoke and con-
sume alcohol than evening or night workers. In addition, they
had shorter working hours, higher levels of educational attain-
ment, and higher cholesterol and 25(OH)D levels than evening
or night workers.
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Associations with NWO and working time, demographic,
behavioural, health-related, and occupational
characteristics

Regression analysis was performed to determine the association
between NWO and other clinical factors, including working
hours (Table 2). In the univariable analysis, shift work was as-
sociated with elevated odds of NWO when daytime work was
set as a reference. BMI, current smoking, physical activity, edu-
cational attainment, type of work, hypertension, energy intake,
25(0OH)D levels, and log-transformed HOMA-IR were also sig-
nificantly associated with NWO. In multivariate regression
analysis, after adjusting for age, sex, and other significant vari-
ables, shift time workers were still associated with higher odds
of NWO than daytime workers (adjusted odds ratio [aOR], 1.47;
95% confidence interval [CI], 1.04 to 2.09) and even in night/
evening workers (aOR, 1.87; 95% CI, 1.11 to 3.14) (Table 3).
Additionally, office workers showed elevated odds of NWO
compared with manual workers, and low levels of physical ac-
tivity, energy intake, and 25(OH)D were significantly associated
with NWO.

Prespecified subgroup analysis with association between
shift work and NWO

When the participants were classified by age and working hours,
shift workers aged =60 years and working hours =56 hours/
week had a significantly higher aOR of having NWO than other
groups (aOR, 3.51; 95% CI, 1.46 to 8.43; P=0.005; P for inter-
action=0.026) (Fig. 2). We also performed a subgroup analysis
based on the cohort (KNHANES IV vs. KNHANES V) and
medication history. The analysis showed consistent results and
non-significant interactions in each subgroup (Supplemental
Table S1).

DISCUSSION

This study assessed the relationship between shift work and
NWO in a large representative population of Korean communi-
ty-dwelling adults. Shift work was associated with greater odds
of NWO than daytime and night/evening workers, despite ad-
justment for age, sex, health-related lifestyles, type of work, co-
morbidities, dietary intake, and HOMA-IR (aOR, 1.47; 95% CI,
1.04 to 2.09 and aOR, 1.87; 95% CI, 1.11 to 3.14, respectively).
In the subgroup analysis, the association between shift work and
NWO showed more robust results in those aged =60 years and
in those with working hours =56 hours/week.

Shift work is a working pattern that is increasing globally and

Copyright © 2022 Korean Endocrine Society



Shift Work and Adult Normal-Weight Obesity

EnM

Table 1. Baseline Characteristics of Study Participants according to Working Pattern
Characteristic . Igfgloo) Dai/;i:;c’ ;};;(())r)kcr Evcnin% ;)r: gl}g;t worker S}z::t:v;/ggl;u Pvalue
Age, yr 46.0£13.9 46.4£14.0 42.6£12.5 43.7£13.7 <0.001*¢
Male sex 2,001 (52.7) 1,736 (52.0) 110 (46.8) 155 (67.7) <0.001*°
Type of work <0.001%b¢

Manual worker 1,742 (45.8) 1,555 (46.6) 59(25.1) 128 (55.9)

Office worker 1,295 (34.1) 1,194 (35.8) 56 (23.8) 45(19.7)

Service worker 763 (20.1) 587(17.6) 120 (51.1) 56 (24.4)
Working hours, hr/wk 49 (40-60) 48 (40-60) 54 (42-70) 51 (40-65) <0.001*¢
Working hour tertiles, hr <0.001*¢

36-44 1,308 (34.4) 1,176 (35.2) 61 (26.0) 71 (31.0)

45-55 1,245 (32.8) 1,122 (33.6) 61 (26.0) 62(27.1)

56 1,247 (32.8) 1,038 (31.2) 113 (48.0) 96 (41.9)
Weight, kg 58.7£8.5 58.6+8.5 58.6+8.0 61.1+£8.5 <0.001*°
BMI, kg/m* 22.0£2.0 22.0+2.0 21.8+2.1 22.1£2.0 0.336
Waist circumference, cm 772+£7.5 77.1£74 76.5£7.4 78.6%9.1 0.006°
Current smoker 951 (25.0) 806 (24.2) 75(31.9) 70 (30.6) 0.004¢
Alcohol drinker 3,010 (79.2) 2,608 (78.2) 202 (86.1) 200 (87.3) <0.001*¢
Physical activity 2,193 (57.7) 1,947 (58.3) 126 (53.6) 120 (52.4) 0.089
Educational attainment <0.001°¢

Elementary school or lower 800 (21.1) 749 (22.5) 27 (11.5) 24 (10.5)

Middle school 433 (11.4) 382 (11.4) 26 (11.1) 25(10.9)

High school 1,222 (34.0) 1,066 (32.0) 115 (48.9) 111 (48.5)

College or higher 1,275 (33.6) 1,139 (34.1) 67 (28.5) 69 (30.1)
Household income 0.040

Low 468 (12.4) 431 (13.0) 21(9.0) 16 (7.1)

Middle-low 898 (23.8) 781 (23.6) 50 (26.7) 67(29.6)

Middle-high 1,166 (30.9) 1,017 (30.7) 78 (33.8) 71 (31.4)

High 1,237 (32.6) 1,083 (32.7) 82(35.5) 72 (31.9)
Hypertension 651 (17.1) 582 (17.5) 39 (16.6) 30(13.1) 0.234
Diabetes mellitus 216 (5.7) 195 (5.9) 6(2.6) 15 (6.6) 0.092
Energy intake, g/day 1,923 (1,481-2,488) 1,906 (1,482-2,469) 1,875(1,380-2,382) 2,100 (1,590-2,648) 0.005""
Fasting glucose, mg/dL 94.9420.3 94.9+19.0 91.9+16.7 96.8+35.4 0.031°
Insulin, pmol/L 8.6+3.5 8.6+3.3 8.313.6 8.7+£59 0.419
HOMA-IR 2.03£1.04 2.03+£0.97 1.90£0.91 2.11£1.90 0.081
Cholesterol, mg/dL 183.7£34.0 184.3+34.1 178.6+£32.7 180.3£33.0 0.014¢
HDL cholesterol, mg/dL 49.7£10.8 49.6£10.8 51.1+104 49.0£10.7 0.079
Triglyceride, mg/dL 92 (64-140) 92 (64-139) 90 (62-138) 94 (62-150) 0.850
25(OH)D, ng/mL 192173 19.4+7.3 179+6.4 17.2+6.7 <0.001*¢
NWO 666 (17.5) 580 (17.4) 33 (14.0) 53(23.1) 0.030°
Values are expressed as mean=standard deviation, number (%), or median (interquartile range).
BMI, body mass index; HOMA-IR, homeostasis model assessment-insulin resistance; HDL, high-density lipoprotein; 25(OH)D, 25-hydroxyvitamin D;
NWO, normal-weight obesity.
Significant differences between groups: *(Shift worker—Daytime worker); °(Shift worker—Evening or night worker); {(Daytime worker-Evening or night
worker).

Copyright © 2022 Korean Endocrine Society
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Table 2. Univariable and Multivariable-Adjusted Odds Ratios for Normal-Weight Obesity

Varible Unadjusted Adjusted
Odds ratio (95% CI) P value Odds ratio (95% CI) P value
Working pattern
Daytime 1.00 (1.00-1.00) reference 1.00 (1.00-1.00) reference
Night/Evening 0.78 (0.53-1.13) 0.190 0.79 (0.52-1.18) 0.249
Shift work 1.43 (1.04-1.97) 0.028 1.47 (1.04-2.09) 0.031
Age, yr 1.00 (1.00-1.01) 0.158 1.01 (1.00-1.02) 0.024
Sex (ref. men) 0.96 (0.81-1.14) 0.651 0.98 (0.78-1.23) 0.888
BMI, kg/m* 1.60 (1.51-1.69) <0.001 1.60 (1.51-1.70) <0.001
Current smoker 0.80 (0.65-0.97) 0.026 0.88 (0.70-1.12) 0.311
Alcohol drinker 0.88 (0.72—1.08) 0.225
Physical activity 0.73 (0.62-0.87) <0.001 0.79 (0.66-0.95) 0.011
Educational attainment 1.09 (1.01-1.18) 0.020 1.12 (0.99-1.27) 0.075
Household income 1.05(0.96-1.14) 0.272
Type of work
Manual worker 1.00 (1.00-1.00) reference 1.00 (1.00—1.00) reference
Office worker 1.50 (1.24-1.81) <0.001 1.62 (1.23-2.12) 0.001
Service worker 1.24 (0.98-1.55) 0.068 1.12 (0.86-1.46) 0.388
Working hour, hr/wk 1.00 (0.99-1.01) 0.859 1.00 (0.99-1.01) 0.990
Hypertension 1.60 (1.30-1.96) <0.001 1.31 (1.03-1.68) 0.028
Diabetes mellitus 1.29(0.92-1.81) 0.134
Energy intake, 10 g/day 0.98 (0.97-0.99) 0.001 0.98 (0.96-0.99) <0.001
25(0OH)D, ng/mL 0.96 (0.95-0.98) <0.001 0.96 (0.95-0.98) <0.001
In(HOMA-IR) 2.75(2.23-3.40) <0.001 1.54(1.21-1.95) <0.001

Adjusted for age, sex, BMI, current smoking, physical activity, educational attainment, type of work, working hours, hypertension, energy intake,
25(0OH)D level, and In(HOMA-IR).

CI, confidence interval; BMI, body mass index; 25(OH)D, 25-hydroxy vitamin D; In(HOMA-IR), log-transformed homeostasis model assessment-insu-
lin resistance.

Table 3. Odds Ratios of Having Normal-Weight Obesity in Study Participants

e e P Do SR e Nebbne SO
Model 1 1 0.78 (0.53-1.13) 0.190 1 1.43(1.04-1.97) 0.028 1 1.84(1.14-2.98) 0.012
Model 2 1 0.79 (0.54-1.15) 0.223 1 1.45 (1.05-2.00) 0.023 1 1.83 (1.13-2.96) 0.014
Model 3 1 0.78 (0.52—-1.15) 0.207 1 1.43(1.02-2.01) 0.038 1 1.84(1.12-3.05) 0.017
Model 4 1 0.81(0.54-1.22) 0.321 1 1.57 (1.11-2.22) 0.010 1 1.93 (1.16-3.23) 0.012
Model 5 1 0.79 (0.52-1.18) 0.249 1 1.47 (1.04-2.09) 0.031 1 1.87 (1.11-3.14) 0.018

Model 1: Crude model without any adjustment; Model 2: Model 1+age, sex; Model 3: Model 2+body mass index; Model 4: Model 3+type of work,
working hours, current smoking, physical activity, and educational attainment; Model 5: Model 4+hypertension, energy intake, 25-hydroxy-vitamin D,
and log-transformed homeostasis model assessment-insulin resistance.

OR, odds ratio; CI, confidence interval.

is associated with various unfavourable health outcomes. Shift ~ job-related stress, and fatigue. Eating out of synchrony with the

workers are prone to irregular eating time, sleep deprivation,  endogenous biological clock can lead to obesity [21]. Lack of
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Subgroups i
All subjects iﬁ—.—l
i
Age <60, WH 36-44 ——
Age <60, WH 45-55 '_i._'
Age <60, WH =56 hi——'—i
i
Age 260, WH3644 —e
Age =60, WH 45-55 E ®
Age =60, WH =56 i ——i
0.I1 0 1 .IOO 1OI.00
Odds ratio

Odds ratio (95% CI)  Pvalue P for interaction

1.45(1.04-2.04) 0.030

0.85(0.42-1.74) 0.664 Reference
1.32(0.68-2.58) 0.411 0.282
1.70(0.87-3.29) 0.119 0.144
1.55(0.11-21.92) 0.747 0.474
1.92(0.31-11.69) 0.480 0.348
3.51(1.46-8.43) 0.005 0.026

Fig. 2. Subgroup analysis and interaction terms for the association with shift work versus non-shift work and normal-weight obesity. WH,

working hours; CI, confidence interval.

sleep promotes appetite by altering the leptin and ghrelin levels,
which are hormones that control appetite, and generates a pref-
erence for a calorie-rich diet [22,23]. Stressful conditions may
affect eating behaviour, inducing individuals to eat large quanti-
ties of food, and subsequently contribute to obesity [24]. Circa-
dian disruption can be a biological explanation for the intrinsic
aspect of this relationship [5,25]. Although the exact mechanism
is not fully understood, several animal and human studies have
demonstrated a causal relationship between circadian disruption
and obesity [26]. Shift work, including night shifts, can cause
nocturnal melatonin suppression, which might induce insulin
resistance and glucose intolerance, leading to obesity [27]. Cir-
cadian disruption can also induce loss of cortisol rhythmicity,
and high cortisol level can cause obesity [28].

Previous studies have examined the association between shift
work and obesity, which is directly related to multiple metabolic
diseases [8,29-31]. In a recent meta-analysis, shift work was
found to be positively associated with the risk of overweight
(relative risk [RR], 1.25; 95% CI, 1.08 to 1.44) and obesity (RR,
1.17; 95% CI, 1.12 to 1.22) when compared to non-shift work-
ers [8]. In nurses, shift work was associated with an increase in
waist circumference, postprandial glucose, and a higher risk of
type 2 DM [29,30]. In a prospective cohort study conducted
among Chinese workers, permanent night work and irregular
night shift work were more likely to result in overweight or ab-
dominal obesity than rotating night shift work [28]. Additional-
ly, Son et al. [15] showed a positive association between shift
work and obesity in male manual workers (aOR, 1.78; 95% ClI,
1.050 to 3.015), which is similar to our results, but not in the
male non-manual and female worker groups. In our study, there
was no difference according to sex, and the odds ratio of NWO
was higher in shift workers than in evening or night workers.

Copyright © 2022 Korean Endocrine Society

Most previous studies on shift work and metabolic disorders
have defined obesity using BMI [8]. BMI has the advantage of
being simple and easy to measure; therefore, it is the most com-
monly used method for measuring the degree of obesity. How-
ever, BMI is limited in that it cannot distinguish fat mass from
fat-free mass [32]. According to a relatively recent study exam-
ining the association between BMI and DM, cardiovascular dis-
ease, and mortality, the cut-off point for BMI was different for
each disease and showed a reverse J-shape relationship with all-
cause mortality [33]. In particular, Asians have a lower BMI but
a higher BF ratio than other races, making them suitable for
NWO research [34]. Therefore, this study investigated the rela-
tionship between NWO and shift work using Korean communi-
ty-dwelling adults. Globally, the prevalence of NWO in the
general population is 4.5% to 22%, and the prevalence is there-
fore higher in normal-weight individuals, reaching 29% to 46%
[12,35,36]. Compared to NWL, NWO increases susceptibility
to inflammation, oxidative stress, and metabolic abnormalities
and exacerbates the risk of cardiovascular morbidity and mor-
tality [12]. Comparing shift work and NWO can evaluate the
determinant effect of shift work from a new perspective, unlike
previous studies that studied the correlation based on BMI.

In the subgroup analysis, the association of shift work with
NWO seemed more robust in subjects aged =60 years and with
working hours of =56 hours. A similar interaction was found in
a recently published paper that showed that old age is indepen-
dently associated with a stronger relationship between shift
work and being overweight (BMI =25 kg/m?) [37]. The moder-
ating role of aging might be explained by a decreased ability for
circadian adjustment to shift work [38]. Working long hours has
also been associated with obesity, possibly due to a lack of time
to exercise, poor eating habits, and lack of sleep [39].
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Our study has several strengths. First, it was based on a na-
tionally representative, community-derived dataset from the
KNHANES, including men and women. Second, in measuring
the degree of BF, NWO was defined using the BF percentage
instead of the BMI, which has a relatively low sensitivity [32].
In addition, multiple variables, such as socioeconomic, health,
work-related factors, and laboratory results, were adjusted to
confirm the correlation between shift work and NWO.

However, our study has several limitations. First, this was
cross-sectional in design; thus, it is difficult to draw conclusions
regarding a causal relationship between shift work and NWO.
Second, the questionnaire recorded the working parameters re-
garding their working status for the previous year only. In addi-
tion, the data did not include specific information, such as de-
tails about how long the participants were engaged in the same
pattern of work and how often the shift workers changed their
working patterns. Therefore, we could not assess how long-term
engagement in shift work might be associated with NWO.
Third, the criteria for defining NWO, which include the BF per-
centage cut-off and BF measurement methods, have not been
established [40,41]. However, in the AACE/ACE position state-
ment published in 1998, a BF percentage of =25% in men and
=35% in women was defined as indicating obesity [17]. Other
studies have suggested a BF percentage cut-off of 20%—25% for
men and 30%—-37% for women [18]. In our study, NWO was
defined using the cut-off of 25% for men and 37% for women,
which is the strictest cut-off compared to previous studies. Al-
though this cut-off is similar to that of a previous study in Korea
[19], it has not been widely validated yet. Finally, the DXA scan
used for NWO diagnosis cannot discriminate between visceral
and subcutaneous fat. Because visceral fat or subcutaneous fat
have different associations with metabolic profiles [42], the fact
that we did not distinguish visceral fat from subcutaneous fat is
a limitation of this study. However, it has been reported that the
absolute amount of fat, whether visceral or subcutaneous, might
have a harmful effect on metabolic profiles [42]. Additionally,
NWO is known to increase cardiometabolic risk as an obesity
phenotype [12]. Therefore, we speculated that the BF percent-
age from DXA scans could have clinical implications.

In conclusion, we observed higher odds of NWO in shift
workers than in those with other working patterns among Kore-
an community-dwelling adults with BMI <25 kg/m*. Although
our findings should be confirmed in a prospective multi-ethnic
study, our study suggests that shift workers should be consid-
ered to be at high risk for metabolic disorders and deserve spe-
cial attention.
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