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Abstract

Background: Multimorbidity isacrucial factor that influences premature death rates, poor health, depression, quality of life,
and use of health care. Approximately one-fifth of the global workforce is involved in shift work, which is associated with
increased risk for several chronic diseases and multimorbidity. About 12% to 14% of wage workers in Korea are shift workers.
However, the prevalence of multimorbidity and its associated factorsin Korean shift workers are rarely reported.

Objective: This study aimed to assess multimorbidity prevalence, examine the factors associated with multimorbidity, and
identify multimorbidity patterns among shift workersin Korea.

Methods: Thisstudy isapopulation-based cross-sectional study using KoreaNational Health and Nutrition Examination Survey
data from 2016 to 2020. The study included 1704 (weighted n=2,697,228) Korean shift workers aged 19 years and older.
Multimorbidity was defined as participants having 2 or more chronic diseases. Demographic and job-related variables, including
regular work status, average working hours per week, and shift work type, as well as health behaviors, including BMI, smoking
status, alcohol use, physical activity, and sleep duration, were included in the analysis. A survey-corrected logistic regression
analysis was performed to identify factors influencing multimorbidity among the workers, and multimorbidity patterns were
identified with a network analysis.

Results: Theoverall prevalence of multimorbidity was 13.7% (302/1704). L ogistic regression indicated that age, income, regular
work, and obesity were significant factors influencing multimorbidity. Network analysis results revealed that chronic diseases
clustered into three groups: (1) cardiometabolic multimorbidity (hypertension, dyslipidemia, diabetes, coronary heart disease,
and stroke), (2) musculoskeletal multimorbidity (arthritis and osteoporosis), and (3) unclassified diseases (depression, chronic
liver disease, thyroid disease, asthma, cancer, and chronic kidney disease).

Conclusions: The findings revealed that several socioeconomic and behavioral factors were associated with multimorbidity
among shift workers, indicating the need for policy development related to work schedule modification. Further organization-level
screening and intervention programs are needed to prevent and manage multimorbidity among shift workers. We al so recommend
longitudinal studies to confirm the effects of job-related factors and health behaviors on multimorbidity among shift workersin
the future.

(JMIR Public Health Surveill 2024;10:e55014) doi: 10.2196/55014
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Introduction

Shift work includes any work schedule that is outside of the
conventional 7 AM to 6 PM working hours. Shift work is
prevalent and inevitable in some workforces, including health
care, law enforcement, and manufacturing [1]. Globally, atotal
of approximately one-fifth of the workforceisinvolved in shift
work [2]. While shift work allows workplace flexibility and
may provide economic benefits, it may also be associated with
adverse chronic health outcomes [3].

Shift work is known to disrupt circadian rhythms and affect
deep patterns, hormone secretion, and other biological processes
[4]. Furthermore, these disruptions have been associated with
chronic diseases among shift workers, such as metabolic
disorders, diabetes, cardiovascular disease, stroke, cancer, and
depression [5,6]. However, most epidemiological studies and
systematic reviews examining the relationships between shift
work and chronic diseases only examined the effect of shift
work on a single chronic disease, despite the potential for
chronic disease comorbidities. Few studies have examined the
coexistence of chronic disease and shift work. For example,
Yang et a [7] examined shift work and the risk of
cardiometabolic  multimorbidity among patients with
hypertension and found that shift work was associated with
cardiometabolic multimorbidity. In the Korean population, shift
work was found to be associated with mental health problems,
such as depression and suicide ideation in electronics workers
[8], chronic kidney disease in female manual laborers [9], and
metabolic syndrome in female workers[10].

Multimorbidity refers to the existence of 2 or more chronic
diseases in an individual [11,12]. Unlike comorbidity, which
refers to the combined effects of chronic diseases related to a
primary chronic disease, multimorbidity examines all chronic
diseases simultaneously, which means that no single condition
ismoreimportant than any other [13]. Multimorbidity isperson
centered and does not assign priority to asingle condition [14].
Worldwide, approximately 37% of the general population has
multimorbidity [15], and it is associated with premature death
[16], poor health [17,18], depression [19], poor quality of life
[20], and increased use of health care [21]. Additionally, age,
gender, educational level, smoking, and obesity were associated
with multimorbidity in previous research among adults aged 50
years and older [22]. Multimorbidity has become increasingly
important as changing health behaviors, such asphysical activity
and obesity, are a core focus in multimorbidity prevention.
Screening and behavioral changes, as well as developing
intervention programs, may beimportant for prevention among
people with multimorbidity.

About 12% to 14% of wage workersin Koreaare shift workers,
and weekly working hours vary from 50 hours to 58 hours
depending upon the shift types, which is significantly higher
than for day workers [23]. Shift work and long working hours
are well-known risk factors for several chronic diseases.
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However, the prevalence of multimorbidity and its associated
factorsin Korean shift workers are rarely reported. Identifying
and understanding the prevalence of multimorbidity may yield
important information for focused care of shift workers and
help develop policies related to shift work schedulesin Korea,
as well as interventions needed to prevent and manage shift
workers multimorbidity. We additionally performed anetwork
analysisto determine multimorbidity patterns, as certain chronic
diseasesarelikely to co-occur because their pathophysiological
pathways are similar [24]. Understanding the patterns of these
co-occurring chronic diseases may be beneficial as it may
provide vital information for clinicians and policy makers to
develop and implement intervention programs for specific
groups with similar multimorbidity. Therefore, the purposes of
this study are to (1) assess the prevalence of multimorbidity,
(2) examine the factors associated with multimorbidity among
shift workers in Korea, and (3) identify patterns of
multimorbidity.

Methods

This study follows the Strengthening the Reporting of
Observational Studiesin Epidemiology (STROBE) guidelines
[25].

Design
This is a population-based, cross-sectional study using Korea

National Health and Nutrition Examination Survey (KNHANES)
data from 2016 to 2020.

Data Source

KNHANES uses a nationally representative sample based on a
complex, stratified, multistage cluster sampling method that
includes geographical area, gender, and age to provide a
representation of the Korean population that is freely available
to the public. KNHANES uses a series of cross-sectiona
national surveysthat have been conducted by the Korean Centers
for Disease Control and Prevention. These consist of a health
survey, a health examination, and a nutrition survey [26].

Study Sample

The participants of this study were shift workers aged 19 years
and older. Shift workers were defined as those who work at
night or are nonday workers. Thisincluded both evening work,
night work, day/night regular shift work, and irregular shift
work. The exclusion criteria were as follows: (1) those who
were younger than 19 years, (2) those who were nonworkers,
and (3) those with missing data on any of the chronic diseases.
The detailed sample selection flow is shown in Multimedia
Appendix 1, Figure S1.

Ethical Considerations

This study was exempted from ethical review and approval by
theinstitutional review board of Chung-Ang University, HCH'’s
institution (1041078-20230518-HR-139), as this study was a
secondary analysis of preexisting data. The primary data (from
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KNHANES) were anonymous, and informed consent was
obtained prior to the data collection.

M easures

Multimorbidity

We defined multimorbidity as participants having 2 or more
chronic conditions simultaneously. Based on previous studies
[27-29], 13 common worldwide chronic diseases wereincluded.
These included hypertension, dyslipidemia, diabetes, arthritis,
cancer, asthma, depression, osteoporosis, thyroid disease,
coronary heart disease (CHD), chronic liver disease (CLD),
stroke, and chronic kidney disease (CKD). The presence of
disease was determined by self-reporting by the participants as
to whether they had ever been diagnosed with each disease by
aphysician. Themultimorbidity group was operationally defined
as shift workers with 2 or more of the 13 diseases. The
nonmultimorbidity group was defined as healthy participants
or participants with only 1 chronic condition among the 13
diseases.

Demographic and Job-Related Variables

Sex, age, household income, education, and marital statuswere
considered as demographic characteristics. Household income
was divided into quartiles, which were calculated annually to
evenly distribute the population into 4 groups by sex and age
using the monthly average equivalized income. Education was
dividedinto 4 groups: elementary school or less, middle school,
high school, and university and above. Marital status was
categorized asmarried or single. Job-related variablesincluded
regularity of work and average working hours per week. The
type of shift work was divided into evening work, night work,
regular shift work, and irregular shift work. Regular work was
defined as that conducted by permanent workers or full-time
employees, while nonregular work included work conducted
by contract workers, contractors, and part-time workers.

Health Behaviors

This study used multiple health behavior variables, including
BMI, smoking status, alcohol use, physical activity, and poor
sleep duration. BMI was categorized as underweight (<18.5
kg/m?), normal (=18.5 to <23 kg/m?), overweight (=23 to <25
kg/m?), and obese (=25 kg/m?) based on the World Health
Organization cutoffs for Asia-Pacific countries [30]. Smoking
status was categorized as nonsmoker, ex-smoker, and current
smoker. Alcohol use was categorized into low-risk drinking,
at-risk drinking, alcohol abuse, and alcohol dependence using
the Korean version of the Alcohol Use Disorders I dentification
Test—Concise (AUDIT-C) [31]. Physical activity was measured
by aerobic physical activity rate. If participants exercised for at
least 2 hours and 30 minutes of moderate-intensity physical
activity per week, or at least 1 hour and 15 minutes of
high-intensity physical activity, or a mixture of moderate and
high-intensity physical activities (1 min of high-intensity activity
equals 2 min of moderate-intensity activity), then it was counted
as“yes’ for aerobic physical activity. Poor sleep duration was
defined as either lessthan 7 hours or more than 9 hours per day;
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therefore, 7 to 9 hours of sleep per day was considered a good
dleep duration [32,33].

Data Analysis

Datawere analyzed using Stata (version 16.1; StataCorp LLC)
and JASP (verson 0.17.1; FEric-Jan Wagenmakers).
Additionally, the KNHANES analytic guidelineswerefollowed
to adjust the datafor complex sampling designsto estimate the
population-level statistics for Korea. We conducted acomplete
case analysis without any imputation following the analytic
guidelines [26]. All statistical tests were based on point
estimation using a2-sided P value (<.05) and interval estimation
using 95% Cls. Specific analyses was conducted as follows:
first, descriptive statistics were used, including weighted N, N,
weighted percentage, weighted mean, and SE to present the
population characteristics and their  multimorbidity
characteristics. Second, univariate analyses using the

survey-corrected Rao-Scott 2 test and adjusted Wald test were
conducted to reveal the differing characteristics between the
multimorbidity and the nonmultimorbidity shift worker groups.
Third, survey-corrected logistic regression analyses were used
to identify factors influencing multimorbidity among shift
workers. In the final model, variables that were statistically
significant in the univariate analysis were included. We
additionally conducted asubgroup analysis based on age, using
50 years asthe threshold. Lastly, network analysiswas used for
exploring the patterns of multimorbidity clusters among shift
workers. The network model was graphically represented by
nodes (circles representing each morbidity) and edges (lines
connecting the nodes). The structural importance of
multimorbidity patterns was analyzed using node centrality
measures, including closeness, betweenness, strength, and
expected influence. Clustering and naming of subgroupswithin
multimorbidity groups were determined through discussion
among the researchers based on prior studies[7,34].

Results

Participant Characteristics

The final selected shift worker sample size was 1704 and the
weighted population size was 2,697,228. The weighted
percentage of male workers (56.7%) was dightly more than
female workers, and the mean age of the participantswas41.93
(SE 0.42; SD 13.74) years, with an age range of 19 to 80 years
(Table 1). The majority of the participants had household
incomesin thethird (n=538, 32.9%) and fourth (n=561, 33.4%)
quartiles. Asfor educational attainment levels, 87.2% (n=1419)
of participants had a high school education or higher.
Additionally, there were more married (n=1209, 64.6%) than
single participants. Participants were divided by shift work type:
920 (53.4%) in evening work, 191 (12.2%) in night work, 454
(27.3%) in regular shift work, and 139 (7.1%) in irregular shift
work. The proportion of nonregular workerswas high at 63.7%
(n=821), and the average number of working hours per week
was 38.01 (SD 17.67).
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Table 1. Genera characteristics of shift workers (N=1704; weighted N=2,697,228).

Characteristics Values

Demographics
Sex, n (weighted %)

Male 849 (56.7)
Female 855 (43.3)
Age (years), mean (SE; SD) 41.93(0.42; 13.74)

House income (quartile), n (weighted %)

Low (first) 170 (9.3)
Lower middle (second) 432 (25.4)
Higher middle (third) 538 (32.9)
High (fourth) 561 (33.4)

Education, n (weighted %)

<Elementary school 153 (5.7)

Middle school 132 (6.1)

High school 743 (46.4)

>University 676 (41.8)
Marital status, n (weighted %)

Married 1209 (64.6)

Single 495 (35.4)

Occupational status
Shift work type, n (weighted %)

Evening work 920 (53.4)
Night work 191 (12.2)
Regular shift work 454 (27.3)
Irregular shift work 139(7.1)

Regular work, n (weighted %)

Yes 417 (36.3)
No 821 (63.7)
Working hours per week, mean (SE; SD) 38.01 (0.59; 17.67)
Health
BMI
overall (kg/m?), mean (SE; SD) 24.20 (0.11; 3.47)
Normal, n (weighted %) 618 (35.7)
Underweight, n (weighted %) 70 (4)
Overweight, n (weighted %) 410 (23.6)
Obese, n (weighted %) 600 (36.7)
Smoking, n (weighted %)
Nonsmoker 954 (51.9)
Ex-smoker 331 (19.9)
Current smoker 419 (28.2)

Alcohol use, n (weighted %)

Low-risk drinking 969 (67.2)
At-risk drinking 133 (10.5)
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Characteristics Values

Alcohol abuse 192 (15.2)

Alcohol dependence 84 (7.1)
Physical activity

Yes, n (weighted %) 808 (50.05)

No, n (weighted %) 890 (49.95)
Sleep hours, mean (SE; SD) 7.34(0.04; 1.33)
Poor sleep, n (weighted %)

Yes (<7 hor >9 h) 940 (55.9)

No (7 to 9 h) 758 (44.1)

The mean BMI was 24.20 (SE 0.11; SD 3.47) kg/m?, and
overweight and obese participants (those with a BMI of 23.0

kg/m? or higher) accounted for 60.3% of the total. Nonsmokers
werethe most common at 51.9% (n=954), and low-risk drinking
was engaged in by the magjority of theworkersat 67.2% (n=969).
The proportion of workers engaged in aerobic physical activity
was 50.05% (n=808), which was similar to the proportion of
participants not engaged in aerobic physical activity. The
average sleep timewas 7.34 (SD 1.33) hours, and workers who

https://publichealth.jmir.org/2024/1/€55014
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showed apoor sleep pattern accounted for the majority at 55.9%
(n=940).

Multimorbidity Characteristics of Shift Workers

Table 2 shows the multimorbidity characteristics of the shift
workers. Hypertension (n=287, 14.2%) was the most common
of the 13 chronic conditions, followed by dyslipidemia (n=235,
11%), diabetes (n=107, 5.3%), and arthritis (n=126, 5.1%). The
multimorbidity prevalence in shift workers was found to be
13.7% (n=302) and the number of chronic conditions ranged
from 0 to 6.
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Table 2. Multimorbidity characteristics of shift workers (N=1704; weighted N=2,697,228).

Variables

Workers, n (weighted %)

Chronic conditions®
Hypertension
Dysdlipidemia
Diabetes
Arthritis
Cancer
Asthma
Depression
Osteoporosis
Thyroid disease
Coronary heart disease
Chronic liver disease
Stroke

Chronic kidney disease

Number of chronic conditions?
Zero
One
Two
Three
Four
Five

Six

287 (14.2)
235 (11)
107 (5.3)
126 (5.1)
90 (3.9)
50 (3.3)
60 (3.1)
68 (2.7)
52 (2.7)
33(1.3)
14(0.9)
12 (0.5)
10 (0.5)

1046 (67.1)
356 (19.2)
175 (8.3)
84 (3.8)
32(1.2)
8(0.3)
3(0.1)

#The order of chronic conditionsis from the highest weighted percentage to the lowest.
BThe average number of chronic conditions was 0.54 (SE 0.02; SD 0.87; range 0-6 for the total of 13 chronic conditions).

Differencesin Characteristics by Presence of
Multimor bidity

The differences between the multimorbidity group and the
nonmultimorbidity group are presented in Table 3. The average

age of themultimorbidity group was57.21 (SE 0.69; SD 10.47)
years, which was statistically significantly higher than that of

https://publichealth.jmir.org/2024/1/€55014

the nonmultimorbidity group (mean 39.51, SE 0.42, SD 12.69
years). The multimorbidity group had lower household income
and educational level, a lower number of unmarried people,
higher irregular work level, higher BMI, fewer current smokers,
less physical activity, and a higher proportion of participants
with poor sleep compared to the nonmultimorbidity group, with
all differences being statistically significant.
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Table 3. Differencesin characteristics of the multimorbidity and nonmultimorbidity groups of shift workers (N=1704; weighted N=2,697,228).

Characteristics Nonmultimorbidity Multimorbidity (n=302, F test (df) P value
(n=1402, 86.3%) 13.7%)
Sex, n (weighted %) 2.71(862) .10
Male 710 (49.7) 139 (7.1)
Female 139 (36.6) 163 (6.6)
Age, mean (SE) 39.51(0.42) 57.21 (0.69) 497.79% (862) <.001
Age group (years), n (weighted %) 240.28 (862) <.001
<50 956 (64.4) 45 (2.7)
>50 446 (21.9) 257 (11)
House income (quartile), n (weighted %) 10.03 (862) <.001
Low (first) 113 (6.9) 58 (2.4)
Lower middle (second) 330 (20.3) 102 (4.1)
Higher middle (third) 458 (28.9) 80 (4)
High (fourth) 499 (30.2) 62 (3.2)
Education, n (weighted %) 55.52 (862) <.001
<Elementary school 67 (2.7) 86 (3.0)
Middle school 82 (4.1) 50 (2.0)
High school 632 (40.8) 111 (5.6)
>University 621 (38.7) 55(3.1)
Marital status, n (weighted %) 92.36 (862) <.001
Married 922 (51.7) 287 (12.9)
Single 480 (34.6) 15 (0.8)
Shift work type, n (weighted %) 1.59 (862) .19
Evening work 769 (46.4) 151 (7.0)
Night work 162 (10.9) 29 (1.3)
Regular shift work 369 (23.1) 85 (4.2)
Irregular shift work 102 (5.8) 37(1.3)
Regular work, n (weighted %) 8.10 (862) .005
Yes 369 (33.0) 48 (3.3)
No 652 (53.7) 169 (10.0)
Working hours per week, mean (SE) 37.90 (0.62) 38.72 (1.42) 0.30%(862) .58
BMI, mean (SE) 23.98 (0.12) 25.57 (0.24) 34.452 (862) <.001
BMI category, n (weighted %) 11.87 (862) <.001
Normal 536 (32.5) 82(3.3)
Underweight 67 (3.9) 3(0.2)
Overweight 330(19.9) 80 (3.7)
Obese 463 (30.0) 137 (6.7)
Smoking, n (weighted %) 5.90 (862) .003
Nonsmoker 780 (44.7) 174 (7.2)
Ex-smoker 257 (16.1) 74 (3.8)
Current smoker 365 (25.5) 54 (2.7)
Alcohol use, n (weighted %) 1.19(862) 31
Low risk drinking 830 (59.5) 139 (7.7)
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Characteristics Nonmultimorbidity Multimorbidity (n=302, F test (df) P value
(n=1402, 86.3%) 13.7%)
At-risk drinking 116 (9.5) 17(1)
Alcohol abuse 169 (13.7) 23 (1.5)
Alcohol dependence 67 (5.9) 17 (1.2
Physical activity 5.50 (862) .02
Yes 688 (44.2) 120 (5.8)
No 708 (42.0) 182 (7.9)
Poor sleep 10.21 (862) .002
Yes (<7 hor>9h) 595 (36.6) 163 (7.5)
No (7-9 h) 801 (49.7) 139 (6.2)
8Adjusted Wald test.

Influencing Factorsfor Multimor bidity in Shift
Workers

Table 4 presents the factors affecting multimorbidity in shift
workers. Examining the relationship between each influencing
factor and the 2 variables (crude odds ratio [OR]) of
multimorbidity showed that age, household income, education,
marital status, regularity of work, BMI, smoking, physical
activity, and poor deep quality were al factors influencing
multimorbidity. In the final adjusted logistic model, factors
affecting multimorbidity were age (OR 1.106, 95% ClI
1.069-1.144; P<.001) third-quartile (OR 0.302, 95% CI
0.119-0.768; P=.01) vs first-quartile household income,
fourth-quartile (OR 0.366, 95% CI 0.142-0.942; P=.04) vs
first-quartile household income, nonregular work (OR 1.804,
95% Cl 1.008-3.228; P=.047), and obese BMI (OR 2.152, 95%

https://publichealth.jmir.org/2024/1/€55014

Cl 1.155-4.010; P=.02) vs norma BMI. That is, when the age
increased by 1 year, the risk of multimorbidity increased by
1.11 times, and the risk of multimorbidity in the third-quartile
and fourth-quartile household income groups decreased by
69.8% and 63.4%, respectively, compared to the first-quartile
household income group. The risk of multimorbidity in the
nonregular work group increased by 1.8 times compared with
the regular work group, and the risk of multimorbidity in the
obese group increased by 2.15 times compared to the normal
BMI group. Subgroup analysis showed that age, regular work,
and obese BMI were associated with multimorbidity in the
subgroup younger than 50 years, while household income,
education, marital status, and obese BM| were associated inthe
subgroup aged 50 years and older (Multimedia Appendix 2,
Table S1).
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Table 4. Factors affecting multimorbidity in shift workers (N=1704; weighted N=2,697,228).
Factors Crude OR® (95% ClI) P value Adjusted OR (95% CI) P vaue
Age 1.106 (1.091-1.120) <.001 1.106 (1.069-1.144) <.001
House income (quartiles)
Low (first) Reference _b — —
Lower middle (second) 0.597 (0.378-0.943) .03 0.467 (0.193-1.129) .09
Higher middle (third) 0.406 (0.261-0.630) <.001 0.302 (0.119-0.768) .01
High (fourth) 0.311 (0.195-0.496) <.001 0.366 (0.142-0.942) 04
Education
<Elementary school Reference — — —
Middle school 0.439 (0.257-0.750) .003 0.503 (0.202-1.255) 14
High school 0.126 (0.082-0.196) <.001 0.611 (0.293-1.276) 19
2University 0.074 (0.046-0.119) <.001 0.528 (0.213-1.304) 17
Marital status
Married Reference — — —
Single 0.089 (0.049-0.164) <.001 0.749 (0.245-2.292) 61
Regular work
Yes Reference — — —
No 1.847 (1.199-2.847) .006 1.804 (1.008-3.228) .047
BMI
Normal Reference — — —
Underweight 0.251 (0.074-0.859) .03 — —
Overweight 1.815 (1.261-2.612) .001 0.918 (0.466-1.809) .81
Obese 2.216 (1.581-3.106) <.001 2.152 (1.155-4.010) .02
Smoking
Nonsmoker Reference — — —
EX-smoker 1.472 (1.025-2.115) .04 0.950 (0.474-1.903) .89
Current smoker 0.668 (0.446-0.999) .05 0.987 (0.490-1.990) 97
Physical activity
No Reference — — —
Yes 0.701 (0.516-0.951) .02 1.435(0.819-2.514) 21
Poor sleep
No (7-9 h) Reference — — —
Yes (<7 hor >9 h) 1.650 (1.213-2.245) .001 1.467 (0.880-2.445) 14
80R: odds ratio.
BNot applicable.
Network Analysis (arthritis and osteoporosis), and (3) unclassified diseases

As presented in Figure 1, the network analysis revealed that
chronic diseases were clustered into three groups. (1)
cardiometabolic multimorbidity (hypertension, dyslipidemia,
diabetes, CHD, and stroke), (2) muscul oskeletal multimorbidity
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(depression, CLD, thyroid disease, asthma, cancer, and CKD).
A centrality plot of multimorbidity patterns in shift workers
shows hypertension, dydipidemia, arthritis, diabetes, and
osteoporosis by strength and expected influence in order
(Multimedia Appendix 3, Figure S2).
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Figure 1. Multimorbidity network in shift workers. CKD: chronic kidney disease; HNT: hypertension; CHD: coronary heart disease; CLD: chronic

liver disease.

‘

© Cardiometabolic
© Musculoskeletal
© Unclassified

Discussion

Overview

This study aimed to identify patterns of multimorbidity and
examine the factors associated with multimorbidity among shift
workers in Korea. Among the 1704 shift workers included in
the study, approximately 14% had multimorbidity. A recent
meta-analysis of multimorbidity in the worldwide adult
population found that there was a preval ence of approximately
37% [15]. The differencein prevalence could be due to several
factors. First, the mean age of our sample was relatively low at
419 (SD 13.7) years, compared to 56.9 years in the
meta-analysis. It hasbeen recognized that older ageisassociated
with an increased number of chronic diseases[35]. Furthermore,
women are more prone to devel oping chronic diseasesthan men
[36,37], and a higher proportion of our sample was male.

It isrecognized that shift work isassociated with adverse health
outcomes. Previous research reported that shift work increases
the risk of cardiovascular incidence and mortality, cancer, and
stroke[1,7,38-40]. Approximately 14% of the Korean population
is involved in shift work, and although some shift work is
inevitable and may provide economic benefits, policies are
needed to modify and manage shift schedules. Socioeconomic
and behavioral factors are also known to increase the risk for
multimorbidity. Consistent with previous research, we found
that shift workers in the low-income and obese groups had
increased risks of developing multimorbidity. The relationship
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between low income and the development of chronic diseases
and multimorbidity may be explained by less physical activity
and lower fruit and vegetable consumption in the low-income
group [41,42]. Furthermore, obesity is a major risk factor
associated with developing several chronic diseases, including
diabetes, heart disease, asthma, arthritis, and depression [43].
Wefound that ahigh proportion of Korean workersareinvolved
in nonregular work (63.7%), and having regular work was a
significant factor influencing multimorbidity. Many nonregul ar
workers are paid low wages (less than US $10 per hour), are
employed on 2-year fixed-term contracts, and may be required
to extend their employment or ask to terminate the employment
every 2 years. Those who work less than a certain number of
hours per week are not covered by social insurance and are not
entitled to weekly holidays or paid annual leave, which could
beimportant factors contributing to poor health outcomesamong
nonregular workers in Korea [44]. Labor laws may require
reform so that nonregular workers are guaranteed stability in
their jobs, social insurance coverage, and proper wagesto enable
aminimum standard of living. However, longitudinal and cohort
studies are needed to assess and analyze the relationships
between shift work, socioeconomic and behavioral factors, and
multimorbidity. Further, the subgroup analysis revealed that
education and marital statuswere significant factorsinfluencing
multimorbidity in shift workers aged 50 years and older.
Consistent with previous research, the risk of multimorbidity
increased when workers were less educated and when they were
single [45,46]. A deeper understanding of these relationships
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may require further analysisto identify the subgroups at greatest
risk for multimorbidity and develop targeted interventions, as
there could be interactions between socioeconomic and
demographic factors.

The most common chronic disease in this study was
hypertension, followed by dyslipidemia, diabetes, and arthritis.
This is similar to the findings of a previous meta-anaysis of
multimorbidity in the United States, United Kingdom, and Spain
[20]. Additionally, we performed a network analysis and found
2 distinct groups: hypertension, dyslipidemia, diabetes, CHD,
and stroke clustered as one group; arthritis and osteoporosis
clustered as another group. Previous research found that the
coexistence of hypertension and at least 1 other comorbidity
was most common among patients with multimorbidity [47].
Similar to our findings, Yang et al [7] found that shift workers
with hypertension in the United Kingdom were more prone to
cardiometabolic multimorbidity, including diabetes, coronary
artery disease, and stroke. However, the only known
multimorbidity cluster is cardiovascular multimorbidity, and
the evidence on multimorbidity in other chronic diseases and
their clusters in shift workers remains limited. In the genera
population, cardiovascular diseases and metabolic diseasestend
to cluster together, and osteoarthritis tended to cluster together
in an Australian sample, a finding that is similar to ours [48].
Some chronic diseases are more likely to cluster together, as
seen in our study and the studies in the United Kingdom and
Australia. Some chronic diseases are more likely to cluster
together asthey may share similar pathophysiological pathways
[24]. Also, shift work is known to disrupt circadian rhythms
and sleep and is associated with overweight and with blood
glucose levels, which are important factors for developing
cardiometabolic diseases [49,50]. Although it is controversial,
some have suggested that patientswith arthritis may have greater
bone loss [51]. Considering the relationship between arthritis
and osteoporosis and that the incidence of both conditions
increases with age [52,53], and that the mean age of our
participants with multimorbidity was 57 (SD 10.47) years, the
co-occurrence of these chronic disease may be understandable.
I dentifying these disease clusters can be important, as we can
target and tailor interventions for specific groups. However,
caution is needed when interpreting and comparing clusters of
multimorbidity or patterns across studies, as researchers use
different statistical methods to analysis clusters or patterns and
may include adifferent list of chronic diseasesin their analyses.
Further research is needed to better understand and assess
multimorbidity clusters and their tragjectories and patterns over
time among shift workers using unified and valid analytic
methods with the most prevalent chronic diseases in shift
workers.

Most chronic care model s and guidelinesfocus on the treatment
and management of individual chronic diseases [54].
Multimorbidity requires more complex carethat prioritizeswhat
ismost important for each patient. Several types of interventions
for multimorbidity have been implemented in the past, but the
evidence to deliver specific interventions remains limited.
Furthermore, interventions specific for shift workers with
multimorbidity are relatively unknown, despite shift workers

Hong & Kim

being at greater risk for devel oping multimorbidity than nonshift
workers. Nevertheless, occupational or organization-based
interventions may benefit shift workers. These potentially
include policy development regarding shift schedules, early
screening diagnostic interventions, and diet and physical activity
programs. However, additional research remains necessary to
confirm the multimorbidity clusters in shift workers and to
confirm the differences between socioeconomic and behavioral
factors to enable the development of specific intervention
programs for each cluster group.

To our knowledge, this study isthefirst to assess multimorbidity
and its associated factorsin Korean shift workers. We analyzed
a 2016-2020 series of national population-based study data
(KNHANES) using network analysis to reveal multimorbidity
patterns. However, this study has some limitations. First,
KNHANES is across-sectional study; thus, we cannot assume
temporal relationships between variables. We also could not
assess the long-term patterns of multimorbidity devel opment
and the effect of socioeconomic behavioral factors on
multimorbidity. Therefore, we recommend longitudinal studies
on multimorbidity among shift workers in the future. Second,
the data were based on self-reports from participants. Thus,
recall bias cannot be excluded. Some objective data, for
example, medical records to identify multimorbidity, may be
needed in a future study. Third, the specific patterns of shift
work were not specified in the current data set. For example,
we do not know if the shift workers had rotating shifts, only
night shifts, or how many night or evening shiftswere included
intheir work schedules. Further studies should specify the shift
work schedules; asubgroup analysis may be beneficial. Fourth,
we al so recommend subgroup analysis of different work sectors,
since working conditions and shift schedules may differ. For
example, the health care and manufacturing industries may use
more complex shift schedules and require more specific
interventions based on subgroup analysis. Fifth, network analysis
providesonly agraphical presentation of multimorbidity patterns
and does not alow for statistical analyses, such as regression,
to identify factors associated with each multimorbidity pattern.
Future studies may consider using other statistical analyses,
such as latent class analysis, if researchers are interested in
exploring factors associated with multimorbidity patterns in
shift workers. Finally, the study results may have excluded some
confounding variables, such asfamily support and use of health
care, that may have influenced multimorbidity.

Conclusion

Multimorbidity isacrucial factor influencing premature death,
poor health and quality of life, and use of health care. Our
findings indicate that approximately 14% of Korean shift
workers have multimorbidity and that several socioeconomic
and behavioral factors are associated with multimorbidity. This
suggests that policy development regarding work schedule
modification is necessary. Furthermore, screening and tailored
intervention programs at the organizational level may benefit
efforts to prevent and monitor multimorbidity among shift
workers. However, we also suggest a future longitudinal study
to assess and confirm multimorbidity patterns among shift
workers.
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