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ABSTRACT

Objective Health behaviour is one of the major
determinants of cardiovascular diseases in working
population. This study was tried to investigate the trend

of cardiovascular health level, the relationship between
continuous health behaviours, and changes in the risk

of cardiovascular diseases of male workers by using a
nationwide database.

Design This study is a retrospective cohort study.

Setting and participants The study analysed data of
57837 male workers whose personal health examination
data were continuously traced using Korea’s National
Health Insurance Service—National Sample Cohort 2.0
database.

Primary outcome measures A 10-year trend for all
cardiovascular risks and change for the risks according to
the consistent performance of healthy behaviours.

Results The results showed that the risk of being
overweight (adjusted OR (aOR) 1.63, 95% Cl 1.59 to 1.68)
and obese (aOR 1.51, 95%Cl 1.47 to 1.56) increased. The
index of cardiovascular risk also increased for high fasting
glucose (aOR 1.77, 95%Cl 1.62 to 1.95) and high total
cholesterol (aOR 1.68, 95% Cl 1.60 to 1.76), respectively. The
risks of high fasting glucose (aOR 2.09, 95%Cl 1.40 to 3.13),
high triglycerides (a0R 1.27,95%Cl 1.14 to 1.42) and high
low-density lipoprotein cholesterol (a0R 1.38, 95%Cl 1.14 to
1.66) were increased among high-risk smokers. Similarly, the
risk of high total cholesterol (aOR 2.20, 95% Cl 1.35 to 3.58)
and high triglycerides (aOR 1.42, 95%Cl 1.09 to 1.85) were
increased among high-risk drinkers. In addition, the increase
in the risk of being overweight (aOR 2.20, 95%Cl 1.83

to 2.65) and obese (aOR 1.90, 95%Cl 1.59 to 2.27) were
analysed among who had not consistently exercised.
Conclusions Since the pattern of change in the level

of cardiovascular risk related to the continuous health
behaviours of male workers was identified, the findings

of the present study can be used as basic data to develop
health promotion policies for the population.

INTRODUCTION
The rapid increase in the prevalence of
chronic diseases is becoming a major reason

, Jihyun Moon

Strengths and limitations of this study

» The study analysed nationwide health examination
database of a same working population in Korea
continuously tracked once a year.

» This study differs in that it analysed the effects of
continued health behaviours on the cardiovascular
disease risks of male workers.

» The data analysed in this study may underestimate
the risk of cardiovascular disease due to the lack of
detailed clinical information in the health examina-
tion database.

» The external validity of the results may be open to
contention because all subjects were members of
the Korean working population.

for the increasing disease burden globally.'
Cardiovascular diseases (CVDs) are a major
cause of about 50% of deaths and about 25%
of work disability among the working popu-
lation worldwide.? In addition, 10-20% of
all causes of CVD deaths among the working
population are work related, and the loss of
labor due to CVDs is gradually increasing.”
Management for relevant risk factors is
important for preventing CVDs among the
working population. However, the treatment
rate and complication management of the
diseases that precede CVDs, such as hyper-
tension, dyslipidaemia, diabetes and obesity,
are still low.* Furthermore, it has been shown
that the proportion of smoking and high-
risk drinking among male workers is higher
than among general adult males, and male
workers have health-damaging features such
as job stress.” The formation and retention
of healthy behaviours during working age,
the longest life phase, are also crucial for
preventive health management. However,
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recent policies for the improvement of workers’ health
and health behaviours have not been effectively imple-
mented, and even basic data on workers’ health status to
advocate for policy change are insufficient.’

Given the current situation, our research team
conducted a cross-sectional study analysing the relation-
ship between socioeconomic status and the CVD risk of
workers.” On the basis of the findings, the present study
was conducted, a 10-year cohort analysis on the trends
in health level related to CVDs among male workers
using the National Sample Cohort 2.0 database (NSC
2.0 DB) from Korea’s National Health Insurance Service
(NHIS). A retrospective cohort analysis was performed
to track the general annual health examination data of
the same workers for 10 years to investigate the relation-
ship between the health behaviours of male workers and
their health level in relation to CVDs. The cohort study,
a widely used research method, provides an important
source of information to identify the major determinants
of CVDs by showing the influence of health behaviours
on health results.®

A Swedish cohort study’ confirmed that the risk of heart
failure was reduced among those who practised healthy
behaviours consistently. In addition, a Japanese cohort
study suggested the importance of healthy behaviours for
CVD prevention.'” In Korea, a regional study determined
the relationship between health behaviours and the risk
of all-cause premature death'' and analysed the relation-
ship between health behaviours and CVD death rates.'”
However, no study has been conducted as an annual
retrospective cohort on the same large group to compre-
hensively understand the relationship between contin-
uous health behaviours and health level related to CVDs
among male workers.

Thus, the present study aimed to provide basic data for
workers’” health promotion policies through its examina-
tion of changing cardiovascular risk patterns among male
workers. This was achieved by investigating the trend of
health levels, the relationship between continuous health
behaviours and changes in the risk of CVDs of male workers
using a 10-year cohort analysis at the national level.

METHODS

Data source

The present study was a retrospective cohort study
conducted using the NHIS-NSC 2.0DB. In South Korea,
universal healthcare coverage was established in 1989."
In 2016, 50.76 million people (97.1% of total population)
were covered by National Health Insurance, of which
36.68 million people (72.3%) had employee health insur-
ance.'*'° The NHIS implements various health examina-
tions on National Health Insurance subscribers at each life
stage and has accumulated the data to build the National
Health Information Database (NHID). Since the NHID
includes the entire population of South Korea, the data
provide statistically meaningful results, and the nation’s
health level can be analysed accurately.

The NSC 2.0DB was built by sampling about 2% (1 000
000 people) from the NHID population. The eligible popu-
lation was stratified with proportional allocation according
to age, sex, region, health insurance type (subscriber clas-
sification) and household income (premium bracket).
Within each stratum, systematic stratified random sampling
was conducted using the individual’s total annual medical
expenses. To ensure representativeness of the cohort, the
sample was evaluated by examining that the CI for the
average total annual medical expenses contained the popu-
lation average. Furthermore, the sample were compared
with the population by residence distribution and average
of premium. The NSC 2.0DB comprises data on ‘qualifica-
tion and premium,’ ‘birth and death,” ‘medical treatment,’
‘health examination’ and ‘medical care institution.'® The
present study used the Qualification and Health Examina-
tion databases of the NSC 2.0DB to investigate the relation-
ship between health behaviours and the risk of CVDs. An
individual’s health examination information is included
only if the individual, among the samples extracted from the
Qualification database, had had a health examination; such
individuals comprised around 17% of the entire NSC 2.0 DB
in 2006.

Study participants: the cohort of the study

Thisstudy participants were limited to those with employee
insurance according to the subclassification code of the
insurance type in the qualification database. The data of
1108369 insured people, excluding dependents of the
insurance were analysed. After tracking people who had
employee insurance continuously for 10 years (from 2006
to 2015), 1006888 people who were not included in the
employee code even for lyear during the period were
excluded from the analysis. Second, 720 people classified
as employees but who were outside working age (15-64
years) were excluded. Of the remaining 100761 people,
19191 people who had medical history and medication
for hypertension, diabetes, stroke, heart disease or hyper-
lipidaemia were excluded. The cohort of the study was
thus composed of 57837 healthy male workers with no
history of hypertension, diabetes, hyperlipidaemia and
CVD and no history of use of cardiovascular or antidia-
betic drugs (see online supplemental file 1).

Patient and public involvement

In this study, we analysed retrospective data from the
NHIS. We followed the operating regulations of NHIS to
analysis the database. No additional patients or partici-
pants were recruited for this study. Thus, the study did
not require the consent of individuals in accordance with
the research guidelines and ethics of Institutional Review
Board and NHIS.

Measurements

For the analysis of the targets’ general characteristics,
gender, age, region and household income were collected
from the qualification database. The participants’ resi-
dence districts were categorised into four groups based on
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equality of population distribution: Seoul (capital city),
metropolitan cities other than Seoul, Gyeonggi-do, which
is an area (capital province) near Seoul, and other prov-
inces. Household income was calculated using premium
brackets comprising 10 quantiles and was classified into
five groups: 1-2 quantile, 3—4 quantile, 5—6 quantile, 7-8
quantile and 9-10 quantile, with a higher premium quan-
tile indicating a higher income level.

Some data from the health examination and health
behaviour variables were analysed for CVD risk factors. The
American Health Association defines ideal cardiovascular
health by the presence of favourable health features (non-
smoking, ideal body mass index (BMI), physically active
and good diet) and three favourable health factors (within
ideal range of fasting glucose (FG), total cholesterol (TC)
and blood pressure (BP)).17 Thus, we included BMI, waist
circumference (WC), BP, FG, TC, triglycerides (TGs), high-
density lipoprotein cholesterol (HDL-C) and low-density
lipoprotein cholesterol (LDL-C) in this study. These indices
reflect four important physiometabolic changes related to
CVD risks, namely, elevated BP, increased weight, hypergly-
caemic and dyslipidaemia.’® Of these, WC has been avail-
able in the data source since 2008, and TG, HDL-C and
LDL-C have been available since 2009.

BMI was used to define obesity. According to the
Asian-specific criteria of obesity, body weight was clas-
sified into normal (BMI 18.50-22.99), overweight (BMI
23.00-24.99) and obese (BMI>25.00 kg/m?)."* IfWC was
90 cm or greater, it was classified as abdominal obesity."
BP was classified as normal (<120/80 mm Hg), border-
line (2120/80mm Hg) or hypertensive (2140/90 mm
Hg) 2 FG was classified as normal (<100 mg/dL),
pre-diabetes (100-125mg/dL) or high FG (2126 mg/
dL).” Dyslipidaemia is defined as a condition that satis-
fies one or more of such conditions: high-risk TC if
TC 2240 mg/dL, high-risk TG if TG 2200mg/dL, low
HDL-C if HDL-C <40 mg/dL and high LDL-C if LDL-C
>160 mg/dL.***

Health behaviour variables, including smoking, drinking
and physical activities, were collected from the Health
Questionnaire database. Smokers were classified into
non-smokers, past smokers and current smokers. The
data collected comprised amount of smoking per day and
duration of past smoking and current smoking year. For
drinking, drinking frequency and quantity were surveyed.
Up until 2008, smoking and drinking were measured using
multiple-choice items, with essay format measurements
beginning in 2009. Physical activity was measured by the
average number of days for overall activities per week until
2008; from 2009, the average number of days per week was
measured for ‘walking,” ‘moderate physical activity,’ and
‘high-intensity physical activity.” We used the following defi-
nitions for measuring physical activity: moderate activity is
any activity that makes one’s heart rate a little faster than
usual, for more than 30min a day, and high-intensity phys-
ical activity is any intense activity that makes one’s breathing
and h264art rate much faster than usual, for more than 20 min
a day.

In addition, the following definitions were constructed
to compare the progress of health risks between those
who consistently practised healthy behaviours and those
who practised unhealthy behaviours. The participant was
defined as a non-smoker or a high-risk smoker depending
on whether they had been a non-smoker or a smoker for
10 consecutive years, respectively. The participant was
defined as a non-drinker or a high-risk drinker depending
on whether they had been sober or had drunk seven
drinks or more per week for 10 consecutive years, respec-
tively.”* Regular physical activity was defined as physical
activity of 15min or longer per session and at least three
times per week, following the American College of Sports
Medicine guidelines. The participants were classified into
‘non-exerciser’ and ‘healthy exerciser’ according to the
definition,” and their data were then analysed.

Statistical analysis

The data were analysed using SAS V.9.3. Descriptive statis-
tics were performed to determine the general character-
istics, CVD health level and the distribution and trends in
the level of health-related behaviours of male workers in
the past 10 years. The trend in health level was presented
in terms of prevalence rate as a result to show changes in
health through the years of follow-up for the same subject.
The linear regression methods for trend estimation was
performed to describe the change in health status of the
participants.

In particular, homogeneity tests were performed on the
adjustment variables of age, residence location and income
level using the y° test. Multilevel logistic regression anal-
yses, which can consider two levels simultaneously, were
performed to analyse the 10-year change of each risk, using
the GENMODE procedure of SAS V.9.3. Multilevel logistic
regression analyses were performed using age, residence
location and income level as the adjustment variables to
calculate the change of CVD risks per year and CVD risks
according to the performance of healthy behaviours. The
mixed procedure of SAS V.9.3 was used to achieve this. The
OR for the performance of healthy behaviours concerning
CVD risks was evaluated after adjusting for potential
confounders (age, region and income).

RESULTS

Sociodemographic characteristics of the participants

The baseline year (2006) characteristics of the study cases
(n=57837) were as follows. The most frequent age was
30-39 years (26 734, 46.22%) followed by 40-49 years
(17 659, 30.53%), 20-29 years (9088, 15.71%), 50-59
years (3888, 6.72%), 60-64 years (453, 0.78%) and 15-19
years (15, 0.03%). Residence locations (region) were
Seoul (capital city; 12228 participants, 21.14%), metro-
politan cities other than Seoul (14734 participants,
25.48%), Gyonggi-do, an area that is near Seoul (capital
province; 13793 participants, 23.85%) and other areas
(other province; 17082 participants, 29.53%). There
were 1764 (3.05%) participants in the income bracket of
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Figure 1 Trends in health status among the participants (n=57 837). Overweight (BMI 23.00-24.99); Obesity (BMI>25.00kg/
m?); Abdominal obesity (WC>90cm); Borderline BP (>120/80 mmHg); High BP (>140/90 mmHg); Prediabetes (100-125mg/dL);
High FG (=126 mg/dL); High TC (=240 mg/dL); High TG (>200 mg/dL), Low HDL-C (<40 mg/dL), and High LDL-C (>160 mg/
dL). *% prevalence rate among total number of cases in each cell, **p-value for trend <0.01. BMI, body mass index; BP, blood
pressure; Fg, fasting glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total

cholesterol; TG, triglycerides; WC, waist circumference

the 1-2 quantile, 4754 (8.22%) in the 3—4 quantile, 7613
(13.16%) in the 5—6 quantile, 10532 (18.21%) in the 7-8
quantile and 17283 (29.88%) in the 9-10 quantile.

Trends in health status of the participants

The analyses of participants’ health-level trends for 10
years are presented in figure 1. The trends for obesity
showed that the prevalence for being overweight was
maintained at around 37%, while the prevalence of
obesity increased from 32.68% to 41.18%. The trends of
abdominal obesity also showed an increase, from 16.69%
in 2008 to 21.70% in 2015. With regard to FG, the propor-
tion of participants corresponding to the pre-diabetic
stage increased from 19.64% to 33.42%, while the preva-
lence of the higher level of FG corresponding to diabetes
increased from 1.62% to 3.98%. With regard to dyslipi-
daemia, the ratio of high-risk TC (=240 mg/dL) and high
LDL-C (2160mg/dL) increased from 7.77% to 13.53%
and from 7.76% to 10.83%, respectively.

Ten-year CVD risks of the participants

Figure 2 displays the analysis of changes in the CVD risks
among the participants (n=53837) by year. The results of
the analysis after adjusting for age, region and income
level showed that participants’ risk of being overweight

increased by 1.63 times in 2015 compared with that in
2006 (95% CI 1.59 to 1.68) and that the risk of obesity
also increased by 1.51 times (95% CI 1.47 to 1.56). Risk of
abdominal obesity increased by 1.53 times in 6 years from
2009 to 2015 (95% CI 1.46 to 1.58). Risk of diabetes had
the highest increase, of about 1.77 times (95% CI 1.62 to
1.95), with 1.68 times (95% CI 1.60 to 1.76) increase in
the high risk of TC among the dyslipidaemia indices. The
analysis showed an overall increase in CVD risk indices.

The risks of hypertension decreased somewhat, by 0.90
times (95% CI 0.86 to 0.94), respectively.

Ten-year CVD risks by continuous health behaviours
Changes in the risks of high-risk smokers and non-smokers for 10
consecutive years
Figure 3 presents the analysis of the CVD risks among
male workers (n=6585) who have been either smokers
or non-smokers for 10 consecutive years. The risks of
obesity, diabetes, high TC, high TG and high LDL-C were
statistically significant among persistently smoking male
workers.

Adjustments for age, region and income level showed
that the risk of high level of FG increased by 2.09
times (95% CI 1.40 to 3.13) among persistent smokers.
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Figure 2 Annual changes in risks of obesity and high FG
among the participants (n=53 837)*. Reference: normal range
in each of the variables. *Adjusted for age, region, income.
FG, fasting glucose.

Increases in major indices, such as the risk of a high level
of TG (1.27 times; 95% CI 1.14 to 1.42) and LDL-C (1.38
times; 95% CI 1.14 to 1.66) were also found; however, the
risk of obesity (BMI and WC) and TC increased for both
smokers and non-smokers even though the levels of risk
were somewhat different.

Changes in the risks of high-risk drinkers and non-drinkers for 10
consecutive years

Figure 4 presents the risks for CVDs among male workers
(n=1330) who had been either high-risk drinkers or non-
drinkers for 10 consecutive years. After adjusting for age,
the workers who had been persistent high-risk drinkers
had a risk of high TC that increased by 2.20 times (95% CI
1.35 to 3.58), and the risk of high TG increased by 1.42
times (95% CI 1.09 to 1.85). In addition, obesity increased
by 1.59 times (95% CI 1.25 to 2.03) for high-risk drinkers.
However, the increase in the risk of abdominal obesity was
somewhat higher among non-drinkers than among high-
risk drinkers.
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Figure 3 Annual changes in risks of high FG and
dyslipidaemia between high-risk smokers* and non-smokerst
(n=6585)%. Reference: normal range in each of the variables.
*Has been a persistent smoker for 10 years. tHas been
consistent non-smoker for 10 years. $Adjusted for age,
region, income. FG, fasting glucose; LDL-C, low-density
lipoprotein cholesterol; TG, triglyceride.

Changes in the risks of healthy exercisers and non-exercisers for
10 consecutive years

With regard to male workers who did not perform healthy
walking consistently for 10 consecutive years, the risk of
being overweight and of obesity increased by 2.20 times
(95% CI 1.83 to 2.65) and 1.90 times (1.59-2.27), respec-
tively. Among workers who did not perform moderate
exercise for 10 consecutive years, the risks of being over-
weight and of obesity increased by 2.04 times (95% CI
1.83 t0 2.27) and 1.75 times (95% CI 1.59 to 1.92), respec-
tively. In addition, among those who did not engage in
high-intensity exercise for the past 10 consecutive years,
the risks of being overweight and of obesity increased by
2.02 times (95% CI 1.83 to 2.23) and 1.66 times (95% CI
1.52 to 1.83), respectively (see figure 5).

DISCUSSION
The present study performed a 10-year cohort anal-
ysis of the trends of 10-year CVD risk factors, as well as
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examined the CVD risk factors change by continuous
health behaviours among Korean male workers using the
NSC 2.0 DB from the NHIS.

Previous studies that attempted various analyses
of health behaviours and the prevalence of CVD risk
factors among male workers reported the following
findings. First, the increase in obesity among Korean
adult males is reportedly faster than the average pace
of change in Organization for Economic Cooperation
and Development (OECD) and other Asian countries.?
In particular, the prevalence of obesity among Korean
adult males has increased by about 1.3 times in the past
15 years. In 2016, it was estimated that about 41.8% of
adult males were obese.* The results of this study were
similar to previous reports from the government. The
prevalence of obesity among the cohorts increased by
about 8.5% over the 10 years. Furthermore, the risks of
being overweight and of obesity increased by 1.63 and
1.51 times, respectively.
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Figure 5 Annual changes in risks of obesity between
healthy exercisers and non-exercisers. Reference: normal
range in each of the variables. *Adjusted for age, region,
income. 1,1 Adjusted for age, income.

Second, the prevalence of diabetes in the Korean adult

population consistently increased, from 9.1% in 2005 to
11.83% in 2016." The results of the present study showed
that the prevalence of pre-diabetes rapidly increased,
from 19.64% to 33.42%, and the risk of high FG increased
by about 1.78 times over 10 years. Moreover, the risk of
high FG significantly increased in the case of persistent
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smokers over 10 years. Previous studies have reported
a dose-response relationship between the amount of
smoking and diabetes by insulin resistance.?” Other find-
ings have shown that the risk of diabetes among smokers
is 1.60 times (95% CI 1.29 to 1.97) higher than non-
smokers in an 8-year longitudinal study.*®

Third, in 2016, the prevalence of high TC had increased
by more than two times since 2005 among the Korean
adult population,* and the prevalence of dyslipidaemia
in adult males reportedly reached about 48% in 2016."
This study’s results also showed a high prevalence and
increasing trend of dyslipidaemia among male workers.
Furthermore, the risks of high TC, high TG and high
LDL-C increased significantly among persistent smokers.
Past findings have reported that the risks of low HDL-C
(OR 1.46; 95% CI 1.19 to 1.80), hypertriglyceridaemia
(OR 1.41;95% CI 1.13 to 1.75) and high LDL-C (OR 1.71;
95% CI 1.18 to 2.48) were significantly higher for male
smokers than for male non-smokers.” These showed a
significant increase of high TC and high TG in high-risk
drinkers, consistent with the findings for the Chinese
population.™

The prevalence of hypertension in domestic workers
was 27.3% in 2016, which is somewhat lower than the
29.1% of hypertension prevalence among the entire
Korean population.* A past study tracked the interna-
tional trend of systolic blood pressure (SBP), with the
results showing that the average SBP of the male popu-
lation decreased by about 0.8 mm Hg, and the ratio of
uncontrolled hypertension decreased by about 4% over
28 years.”! Such a trend is more noticeable in higher
income countries and is attributable to changes towards
healthy behaviours among the overall population as
well as to therapeutic interventions.” Nevertheless, the
present study found that the prevalence of elevated BP
was about 8.68%-10.51% among the participants, except
for those previously diagnosed with hypertension or those
who were on medication. This indicates that it is neces-
sary to manage the hypertension-risk groups by popula-
tion based approach for these workers.

The present study is significant for its use of national
data and cohort analysis to identify 10-year trends in the
medical examination and questionnaire data of domestic
male workers. To our knowledge, there have been previous
reports for cardiovascular epidemiology of populations of
workers in Europe®™™ and the USA.™ Nevertheless, this
study differs in that it followed up the risk factors over 10
years for the same population and analysed the effects of
continued health behaviours on the CVD risk factors of
workers. Focusing on the CVD risk factors in the working
population should not be overlooked with regard to
prevention of CVDs. In particular, the study of CVD risk
factors is still meaningful in respect of the occurrence of
CVDs in the healthy worker group analysed in this study.

However, there are fundamental limitations to this
study that precluded classification of several variables
and problems of detailed analysis due to restrictions to
the secondary analysis of the existing database. For this

reason, we could not include more possible risk factors
to be considered in our analysis. Furthermore, the consis-
tency in the responses may have suffered to a certain
degree because data collection on healthy behaviours
included in the Health Questionnaire database relied on
individuals’ subjective responses and some changes in the
physical examination and questionnaire items. Moreover,
due to the retrospective nature of the study design, there
is an obvious limitation in terms of limited explanatory
variables and loss of prospective follow-up. Nonethe-
less, the present study is a contribution towards deriving
national-level findings that can be used as a reference
point to propose health policies in the area of health
level and risk of CVDs related to the continuous health
behaviours of male workers in Korea. The present study
is therefore significant because it gives us scientific impli-
cation by strongly supporting the findings of previous
studies.

CONCLUSIONS

The present study performed a 10-year retrospective
cohort analysis of the cardiovascular risk factors and
performance of continuous healthy behaviours among
Korean male workers using the NSC 2.0 DB from the
NHIS. The analysis showed significant increases in the
risk of being obese among male workers over the 10-year
period and an overall increase in CVD risk indices with
continuous unhealthy behaviours. The results of the
study can help in the identification of the risk of CVDs
related to health behaviours and can contribute to the
proposal of policies for the promotion of workers” health
by creating national-level data on the health-level changes
of male workers.
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