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Seoul, Republic of Korea

Objectives: This study aimed to determine the risk of ischemic heart
disease (IHD) and stroke among male couriers in Korea by linking the data
from the National Health Insurance (NHI) and National Employee Insurance
(NEI) databases.

Methods: As of 2015, the NHI and NEI databases were linked using individual
IDs. A cohort of male couriers, aged between 20 and 64 years, (N =5,012)
was constructed using the Korean Employment Insurance Occupational
Classification (KECO-2007). For comparison, a cohort of male total wage workers
(N =5,429,176) and a cohort of office workers (N = 632,848) within the same age
group were also constructed. The follow-up was conducted until 31 December
2020 to confirm the occurrence of IHD and stroke. The diagnoses were defined
using the 10th revision of the International Statistical Classification of Diseases
and Related Health Problems (ICD-10) codes. The criteria included medical
services for more than 1 day of hospitalization or more than 2 outpatient visits.
The age-standardized incidence ratio (SIR) was calculated to evaluate the risk
of occurrence. The hazard ratio (HR) was calculated using the Cox model after
adjusting for age, alcohol consumption, smoking, obesity, income level, and
employment duration as confounding variables.

Results: The SIR of IHD for couriers was 1.54 (95% CI 1.31-1.78), while for office
workers, it was 1.08 (95% Cl 1.06-1.10), compared to male total wage workers.
The SIR for stroke was higher for couriers at 1.84 (95% CI 1.40-2.28) and lower
for office workers at 0.86, compared to male total wage workers. Couriers had a
higher SIR for stroke at 1.84 (95% CI 1.40—-2.28) and lower for office workers at
0.86 (0.83-0.89). Compared to total wage workers, couriers had a significantly
higher adjusted HR for IHD at 1.60 (95% CI 1.37-1.87) and a higher HR for
stroke at 1.39 (95% Cl 1.07-1.79). Compared to office workers, couriers had a
significantly higher HR for IHD at 1.34 (95% CI 1.13-1.59) as well as for for stroke
at 1.43 (95% C1 1.08-1.88).

Conclusion: The incidence of IHD and stroke was higher among male couriers
compared to male office workers and total wage workers, highlighting the
need for implementing public health interventions to prevent IHD and stroke
among couriers.
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1 Introduction

A courier is a person or a company responsible for transporting
packages or important documents (I, 2). According to the 2021
Local Area Labor Force Survey published by the National Statistical
Office, the number of couriers as of October 2020 was 428,000,
representing an increase of 9.7% from the previous year (3). Despite
the rapidly growing number of couriers, their working conditions
remain poor. Globally, the average number of working hours for
couriers per day is more than 14h, and they perform sustained
high-intensity work, such as delivering for 6 days a week due to a
large volume of orders (4, 5). The increase in deaths among couriers
due to ischemic heart disease (IHD) or stroke has raised social
awareness about the urgent need for implementing various policies
to prevent such incidents (4, 6, 7).

IHD and stroke, which are among the leading causes of death
worldwide, have been reported to be strongly associated with work
(8-10). As of 2019, it has been reported that approximately 17.9
million workers die annually from cardio-cerebrovascular disease,
accounting for 32% of occupational deaths worldwide (8). This
finding can be attributed to occupational factors, such as long
working long hours and night shifts, which increase the risk
of developing IHD. Additionally, previous studies have revealed
increased risks associated with some occupations that require
intense physical labor or long working hours (9, 10). Specifically,
couriering is among the occupations that require high physical
labor intensity and long working hours.

This study aimed to determine the risks of IHD and stroke
among male couriers in Korea by linking the data from National
Health Insurance (NHI) and National Employee Insurance
(NEI) databases.

2 Materials and methods

2.1 Data source

Two representative nationwide datasets were linked. First,
since 2002, the NHI database has provided extensive data from
46,605,433 individuals out of a target population of 47,851,928.
These data include information on health insurance type (employee
insured, self-employed insured, and medical-aid beneficiary),
health insurance status, medical treatment, and health examination
managed by the National Health Insurance Service (NHIS) in
Korea (11). This study used data from 2015 to 2020 regarding
NHI eligibility, medical treatment records, and health examination
results. Second, the NEI database provides data regarding the
employment insurance enrollment history of workers nationwide,
supplied by the Korea Employment Information Service (12). The
data include approximately 15 million individuals’ annual personal
characteristics (age and sex), employment insurance enrollment
status, occupation classification, and general information on the
company, including business size, address, and standard industrial
classification. This study included male couriers, office workers,
and total wage workers using the NEI’s insured occupation
and business industry classification. The health data of these
populations were merged with the NHI data using personally
identifiable information. Additionally, the period during which
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each group maintained employment was confirmed using the data
on the duration of health insurance type within the NHIS.

2.2 Study participants

Excluding individuals who were diagnosed with THD or stroke
in 2014-2015, the remaining participants were divided into three
groups: the cohort group (couriers), the first comparison group
(total wage workers), and the second comparison group (office
workers) (Figure 1).

The cohort group (couriers) was restricted to male individuals
because the proportion of female individuals among all couriers
was approximately 1.5%. Male couriers aged 20-64 vyears
were selected based on the standard Korean Employment
Insurance Occupational Classification (KECO-2007) of “delivery
and transportation workers.” Workers associated with businesses

» <«

in the sectors of “courier services,” “transportation,” and “logistics”
were included based on their workplace code. This approach led
to the inclusion of small business owners and managers. Their
classification was confirmed through the distribution based on
types of health insurance subscription.

Two groups were selected as comparison groups. The
comparison cohort 1 (total wage workers) comprised individuals
whose insurance type was “employee-insured.” The comparison
cohort 2 (office workers) comprised people aged 20-64 years
with an occupational classification of “management support and
administrative clerks.” Individuals with complete information on
confounders were included in the final analysis. In all groups, male
participants who underwent health examinations in 2014-2015
were included to adjust for age, alcohol consumption, smoking,
obesity, income level, and employment duration, which are major
risk factors for IHD and stroke. Finally, 5,012 couriers, 632,848
office workers, and 5,429,176 total wage workers were included in
this study.

2.3 Variables

IHD and stroke were classified based on the findings of previous
studies (11-13). This classification was based on the International
Classification of Diseases, 10th Revision (ICD—10) codes for IHD
(I20-125) and stroke (I60-164) diagnoses (13). Participants with a
history of IHD (120-125) and stroke (160-164) between 1 January
2014 and 31 December 2015 were excluded. New cases were defined
as occurrences between 1 January 2016 and 31 December 2020. To
identify new cases of IHD and stroke, patients who used medical
services for more than 1 day of hospitalization or had more than 2
outpatient records were included (13, 14).

The variables were defined as follows: (1) Person-years:
Diagnosis of IHD (120-125) and stroke (160-164) during the follow-
up period from 2015 to 2020 was considered a disease occurrence.
The follow-up was terminated when disease occurred or the patient
died; (2) income: This variable divided all subjects (100%) into
20 categories of 5% each, according to health insurance claim
costs. The income variable was divided into four categories in
the study (0%—25%, 25%—50%, 50%—75%, and 75%—100%); (3)
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| Medical Use Data from National Health Insurance Service(NHIS) of Korea in 2015-2020 |

l

| Study Population : Male, the primary NEI holders in 2015 |

!

[Exclusion]
2014.01.01.~2015.12.31. Not diagnosed with ischemic heart disease and stroke during index period
N=213,968
[ }
[Cohort] Couriers [Comparison cohort 1] Total wage workers [Comparison cohort 2] Office workers
Age : 20~64 Age : 20~64 Age : 20~64
2007 KECO standard of the primary NEI holders 2007 KECO standard of
“delivery and transportation workers” “management support and administrative clerks”
2015.01.01 ~ 2015.12.31. 2015.01.01 ~ 2015.12.31. 2015.01.01 ~ 2015.12.31.
Total Subject N: 8,594 Total Subject N: 6,619,266 Total Subject N: 851,204

—'I National Medical Checkup during 2014-2015 [

;

}

5,012 individuals | | 5,429,176 individuals 632,848 individuals

FIGURE 1
Population selection process.

employment duration: Employment status was defined based on
the period during which the “employee insured” health insurance
type was maintained. Loss to follow-up during the observation
period indicated the end of the health insurance maintenance
period; (4) obesity: This variable was defined as having a body
mass index (BMI) of >25 kg/m?; and (5) alcohol consumption:
This variable was classified as “yes” if alcohol consumption was
> 40g for those who drank once a week; and (6) smoking:
This variable was classified as “yes” if the participants were
current smokers.

2.4 Statistical analysis

Categorical variables are presented as frequencies and
percentages, whereas continuous variables (e.g., age) are presented
as means and standard deviations. The chi-squared test was
used for categorical variables, and the F test was used for
continuous variables to compare baseline characteristics. The
crude incidence rate (per 100,000 individuals), age-dependent
standardized incidence ratio (SIR), and 95% confidence interval
(95% CI) were calculated. Event incidences were compared, and
95% confidence intervals (95% CI) were calculated using the
Poisson distribution. Finally, the risk ratios for IHD and stroke
by occupation were measured using the Cox proportional
hazards model and Kaplan-Meier curves. Hazard ratios
(HR) were measured after adjusting for age, employment
duration, income level, obesity, alcohol consumption, and
smoking status.

Analyses were performed using SAS Enterprise Guide software
version 7.1 (SAS Institute, Inc., Cary, NC, USA). The chi-squared
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test, F-test, SIR, and Cox proportional hazards models were
performed to calculate statistical significance with P values.

3 Results

3.1 Demographic characteristics of study
participants

The study participants included 5,012 couriers, 632,848 office
workers, and 5,429,176 total wage workers (Table 1). Couriers had
a lower income level and a relatively shorter employment duration
than office workers. Compared with office workers, couriers had
a higher smoking rate (54.5%), a lower prevalence of obesity
(42.1%), and a higher rate of alcohol consumption (50.9%). The
same findings were observed for total-wage workers. There was
no statistical difference between the groups in terms of age and
employment duration. Regarding the income level, approximately
69.2% of the courier group belonged to the QI and Q2 quartiles,
while 52.9% of the office workers belonged to the Q4 quartile.
The obesity prevalence and alcohol consumption rates were higher
in office workers, while the smoking rate was higher in the
courier group.

3.2 Incidence of ischemic heart disease and
stroke

The age-dependent SIR of IHD (I21-125) for couriers was 1.54
(95% CI 1.31-1.78), and for office workers, it was 1.08 (95% CI
1.06-1.10) (Table 2). The SIR of stroke (I60-164) for couriers was
1.84 (95% CI 1.40-2.28), indicating a higher incidence compare to
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TABLE 1 Demographic characteristics of the study participants.

Total wage workers
(N =5,429,176)

N %2
(M?) (SD?)

10.3389/fpubh.2024.1416327

Couriers Office workers
(N =5012) (N =632,848)

N? %2 N2 %2
(M?) (SD?) (] (SD?)

Person-year (mean) 25,566,193.0 24,628.4 3,129,470.0
Age (42.9) (10.0) (43.8) 9.7) (43.6) (8.8) 0.9
Income level Q1 (0%—25%) 568,881 10.5 1,140 22.7 17,356 2.7 <0.001
Q2 (25%—50%) 1,080,834 19.9 2,331 46.5 87,508 13.8
Q3 (50%—75%) 1,765,194 32.5 1,364 27.2 159,753 25.2
Q4 (75%—100%) 1,731,043 31.9 149 3.0 334,871 52.9
Employment duration (years) (4.1) (1.6) (3.6) (1.9) (4.2) (1.5) 0.5
Obesity Yes 2,316,788 42.7 2,90 42.1 283,161 44.7 <0.001
No 3,112,388 57.3 2,112 57.9 349,687 55.3
Smoking Yes 2,352,182 43.3 2,264 45.2 179,215 39.5 <0.001
No 3,076,204 56.7 2,748 54.8 273,979 60.5
Alcohol Yes 2,840,328 52.3 2,430 51.5 255,502 56.4 <0.001
consumption
No 2,589,810 47.7 2,582 48.5 197,915 43.6

2N, number; M; mean; %, percent; SD, standard deviation. bThe chi-squared test was used for continuous variables, and the F test was used for categorical variables.

office workers, whose SIR was 0.86 (95% CI 0.83-0.89). The SIR of
hemorrhagic stroke for couriers was 1.62 (95% CI 1.13-2.12), which
was higher compared to office workers, who had an SIR of 0.84
(95% CI 0.80-0.86). In addition, compared to the total wage worker
group, the courier group showed a significantly higher incidence of
IHD (0.5, 95% CI 0.3-0.6) and stroke (0.7, 95% CI 0.4-0.9).

3.3 Risks of ischemic heart disease and
stroke

Based on the Kaplan-Meier analysis, the incidence of ITHD,
stroke, hemorrhagic stroke, and ischemic infarction significantly
increased among couriers over time (Figure 2). Similar results
were obtained when analyzing the HRs of ITHD and stroke
according to occupation (Table3). After adjusting for age,
employment duration, income level, obesity, smoking, and alcohol
consumption, compared with total wage workers, couriers had a
significantly higher risk of IHD (HR, 1.60 [95% CI 1.37-1.87]) and
stroke (HR, 1.39 [95% CI 1.07-1.79]). In addition, compared with
office workers, couriers had a significantly higher risk of IHD (HR,
1.34 [95% CI 1.13-1.59]) and stroke (HR, 1.43 [95% CI 1.08-1.88]).

4 Discussion

Our study revealed that couriers had a higher risk of both
THD and stroke than total wage workers (IHD HR 1.60, 95%
CI 1.37-1.87; stroke HR 1.39, 95% CI 1.07-1.79). The risks of
IHD and stroke were also higher for couriers compared to office
workers (IHD HR 1.34 [95% CI 1.13-1.59]; stroke HR 1.43 [95%
CI 1.08-1.88]).

Frontiersin Public Health

The couriers exhibited a higher smoking rate, which is a known
risk factor for cardiovascular disease, and were slightly older.
However, low rates of obesity and alcohol consumption, as well as
low income levels, may influence the risk of cardiovascular disease.
Therefore, HR was calculated by dividing the number of office
workers as a reference and the number of total wage workers as
a reference. Compared to the couriers, the office workers were
older, had higher rates of obesity and alcohol consumption, and had
higher income levels. The total-wage workers were comparatively
younger and had lower obesity rates than the couriers. Despite
these factors, couriers showed higher risks of ITHD and stroke when
compared to both reference groups.

Known occupational risk factors associated with THD and
stroke include long working hours, night shifts, or shiftwork (10,
15-18), high physical workload (19-21), and exposure to loud
noises (22). A previous case—control study conducted in Japan
showed an increased risk of IHD among motor vehicle drivers and
cargo workers (23). This study suggests that the risk of IHD is high
for occupations with high levels of physical labor. Additionally,
it was revealed that excessively heavy lifting tasks are associated
with a high incidence of THD. This association also suggests that
the occurrence of IHD may increase in situations with a similar
working environment to that of courier workers (19). A previous
meta-analysis study on stroke mentioned long working hours, shift
work, and working in high and cold temperatures as occupational
risk factors (24).

Furthermore, in Korea, a 2021 report indicated that couriers
worked 11.5h per day, exceeding the recommended “maximum
acceptable work time (MAWT)” of 8 h (1). Couriers are exposed
to long working hours, night shifts, and a high physical workload.
In a previous study in Korea, which examined the risks of IHD and
stroke among bus drivers who worked long hours (11-18h), the
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TABLE 2 Incidence of ischemic heart disease and stroke.

10.3389/fpubh.2024.1416327

Disease?® Number gf cases Crude incidence Age- pod
(N®) rate standardized (95% CIb)
(persons/100,000) incidence ratio
(95% CI°)

Ischemic heart Couriers 163 659.0 1.54** (1.31-1.78) 0.5*** (0.3-0.6)
disease
(120-125)

Office workers 13,805 404.0 1.08*** (1.06-1.10) 0.1*** (0.3-0.6)

Total wage workers 103,377 440.2 Reference Reference
Stroke Couriers 67 270.9 1.84 (1.40-2.28) 0.7 (0.4-0.9)
(160-164)

Office workers 3,700 140.0 0.86™* (0.83-0.89) -0.2%* (-0.2-—0.1)

Total wage workers 35,810 118.0 Reference Reference
Hemorrhagic stroke Couriers 17 68.7 1.98* (1.04-2.93) 0.7** (0.3-1.2)
(160-162)

Office workers 945 33.1 0.89"** (0.83-0.94) -0.1% (-0.2-0.0)

Total wage workers 8,467 30.1 Reference Reference
Ischemic infarction Couriers 41 165.8 1.62** (1.13-2.12) 0.5** (0.2-0.8)
(I63)

Office workers 2,438 96.6 0.84™** (0.80-0.86) —0.2"* (—=0.3-—0.2)

Total wage workers 24,727 77.7 Reference Reference

*To identify new cases of IHD and stroke using ICD-10 codes, patients who used medical services for more than 1 day of hospitalization or had more than 2 outpatient records were included.
bN, Number; CI, 95% confidence intervals. < The event incidences were compared by using Poisson distribution (95% CI). d*p < 0.05,*p < 0.01, **p < 0.001.

incidence of THD and stroke was higher in the crude model than
in general workers (21). After adjusting for confounding variables,
the association was not statistically significant. Nevertheless, in the
present study, self-employed couriers were excluded, considering
the coverage of the NEI data. Therefore, the risk can be even greater
for those who do not fall under legal labor standards, such as
self-employed couriers.

In Korea, social support, including special health examinations,
has been provided since 2023 to prevent health problems
caused by the courier work environment. This government
health promotion program for workers who are at high risk
of cerebrovascular and cardiovascular diseases includes in-depth
screening for these conditions. The number of participants in
this program increased to 20,000 in 2024. However, given that
the target occupation group includes security guards, taxi and
bus drivers, and courier workers, the screening coverage of the
program remains insufficient considering the total population of
courier workers. In addition, it has recently become possible for
daily workers to sign up for employment insurance that will
provide compensation in case of industrial accidents; however, the
effectiveness of this new program requires follow-up analyses. In
the United States, the Federal Motor Carrier Safety Administration
was established to manage the vulnerable situation of these
workers through policies, including measures such as monitoring
the blood pressure of commercial vehicle drivers and offering
medical care (25). A health policy approach of this nature
is necessary.

The present study established two comparative cohorts to
minimize the influence of healthy worker bias. Therefore, the total
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wage worker group included individuals engaged in heavy work,
potentially increasing the risks of IHD and stroke, manual workers
exposed to chemical hazards, and individuals in managerial
positions characterized by high stress levels, long working hours,
or nightshift work with no fixed schedules. To account for less
exposure to physical and chemical risk factors for IHD and
stroke, a cohort of office workers was also established. The
healthy worker survival effect was considered by adjusting for
the duration of employment. Given that the HR was consistently
high for both groups in the full model, with all variables
controlled, we concluded that couriers had higher risks of IHD
and stroke.

This study had some limitations. First, disease occurrence
may have been misclassified to some extent in this study, as the
identification of disease occurrence was based on ICD-10 codes
and the use of medical services rather than medical records or
doctors’ diagnoses. To minimize the misclassification, participants
with ICD-10 codes who were hospitalized for 1 day or those
with 2 outpatient records were defined as patients, in line with
previous studies (11, 14). Moreover, since the misclassification in
the NHI data is non-differential, the HRs presented in the results
may be underestimated, considering that the bias effect tends to
be nullified.

Second, alcohol consumption and smoking status were self-
reported, which may have reduced the accuracy of the results. In
addition, although the education level between the groups was
expected to be different, it could not be controlled because there was
no education level variable in the data. Further research is needed
to explore this aspect.
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FIGURE 2
Kaplan-Meier curves.

TABLE 3 Hazard ratios of ischemic heart disease and stroke in couriers.

Disease Ref?. Total wage workersP Ref. Office worker
cHR? aHR®¢ cHR aHR

(95% CI>d) (95% Cl) (95%Cl) (95%Cl)
Ischemic heart disease 1.65*** (1.41-1.92) 1.60%** 1.25%* (1.06-1.48) 1.34%*
(120-125) (1.37-1.87) (1.13-1.59)
Stroke 1.94%* (1.52-2.46) 1.39* 1917 (1.47-2.49) 1.43*
(160-164) (1.07-1.79) (1.08-1.88)
Hemorrhagic stroke 2.08** (1.30-3.35) 1.21 1.71 (0.99-2.44) 1.04
(160-162) (0.69-2.14) (0.56-1.95)
Ischemic infarction 172" (1.26-2.33) 1.35% 2,09 (1.54-2.85) 1.63%*
(163) (0.99-1.85) (1.19-2.25)

Ref: reference group, cHR: crude hazard ratio, aHR: adjusted hazard ratio, 95% CI: 95% confidence intervals. Excluding courier workers from total wage workers. ©Adjusted for age (1 year),
changes in health insurance qualifications, income level, alcohol consumption, smoking, and obesity. *p < 0.05, *p < 0.01, **p < 0.001.

Third, other confounding variables were not measured in this ~ an unmeasured confounder was corrected (26, 27). We measured
study. Previous studies proposed the E-value to verify whether  the potential effect of strong bias due to residual confounding
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through E-value analysis to counteract the study’s limitations.
The E-value verifies the average/minimum value of the effect of
unmeasured confounding variables on the exposure results. The
standard average E-value is >1.7, with a minimum value of >1.2,
indicating a low possibility of unmeasured confounding variables
affecting exposure results. The average E-value calculated in this
study was 1.86 with a minimum value of 1.31 for IHD and 2.45 with
a minimum value of 1.57 for stroke.

One strength of this study is that it targeted the Korean
population by linking the NHI and NEI databases. The NEI
database, which includes data on self-employed workers and
total employers, is the country’s most comprehensive insurance
database, covering 97.1% of the entire economically active
population (28, 29). Furthermore, the NHI database from a single
national insurer represents the use of medical services across the
entire nation. The data used in this study included 7,000,000
male workers aged 15-64 years out of 15,760,000 employed
individuals, as of 2015. Given that worker health examinations are
conducted annually or biennially, this study included almost all
wage workers and benefited from using nationally representative
data, strengthening the validity of its findings.

5 Conclusion

To the best of our knowledge, this study is the first to
confirm the risks of IHD and stroke in couriers using nationally
representative linked data from the NEI and NHI databases. The
results of this study further highlight the need for public health
policies aimed at preventing IHD and stroke among couriers.
Furthermore, additional well-designed studies should be conducted
to identify potential occupational risk factors such as long working
hours, night-shift work, and heavy lifting.
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