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ABSTRACT

Background: According to the occupational accident status analysis in 2020, of 1,180
occupational deaths, 463 were caused by cardiovascular disease (CVD). Workers should be
assessed for CVD risk at regular intervals to prevent work-related CVD in accordance with the
rules on occupational safety and health standards. However, no previous study has addressed
risk and mortality. Therefore, this longitudinal study was conducted to evaluate the
relationship between 10-year cardiovascular risk of the general health checkup and mortality.
Methods: The study included 545,859 participants who visited Kangbuk Samsung Total
Healthcare Centers from January 1, 2002, to December 31, 2017. We performed 10-year
cardiovascular risk assessment for the participants and the risk was divided into 4 groups (low,
moderate, high, and very high). The study used death data from the Korea National Statistical
Office for survival status as an outcome variable by December 31, 2019, and the cause of death
based on the International Classification of Diseases, 10% Revision (ICD-10) was identified.
Statistical analysis was performed using Cox proportional hazards regression analysis, and the
sum of the periods from the first visit to the date of death or December 31, 2019, was used as a
time scale. We also performed a stratified analysis for age at baseline and sex.

Results: During 5,253,627.9 person-years, 4,738 overall deaths and 654 cardiovascular deaths
occurred. When the low-risk group was set as a reference, in the multivariable-adjusted
model, the hazard ratios (HRs) (95% confidence interval [CI]) for overall mortality were

3.36 (2.87-3.95) in the moderate-risk group, 11.08 (9.27-13.25) in the high-risk group, and
21.20 (17.42-25.79) in the very-high-risk group, all of which were statistically significant.

In cardiovascular deaths, the difference according to the risk classification was more
pronounced. The HRs (95% CI) were 8.57 (4.95-14.83), 38.95 (21.77-69.69), and 78.81 (42.62—
145.71) in each group. As a result of a subgroup analysis by age and sex, the HRs of all-cause
mortality and cardiovascular mortality tended to be higher in the high-risk group.
Conclusions: This large-scale longitudinal study confirmed that the risk of death increases
with the 10-year cardiovascular risk of general health checkup.

Keywords: 10-year cardiovascular risk; Cardiovascular disease; Cardiovascular mortality;
Mortality; Longitudinal study; Kangbuk Samsung Cohort Study
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BACKGROUND

According to the death data of the National Statistical Office, of 304,948 people who died

in 2020, 62,196 died of circulatory system diseases, including ischemic heart disease and
cerebrovascular disease.! Moreover, according to the occupational accident status analysis in
2020 by the Korea Occupational Safety and Health Agency (KOSHA), 0f 1,180 occupational
deaths in 2020, 463 were caused by cardiovascular disease (CVD), accounting for a high
proportion.? Workers should be assessed for CVD risk and should undergo follow-up at
regular intervals to prevent work-related CVD in accordance with the rules on occupational
safety and health standards.? The Industrial Safety and Health Act mandates that all Korean
workers be classified for the risk of cerebrovascular disease at least every 2 years.

Several studies have evaluated the prediction of the incidence of CVD according to
cardiovascular risk assessment models.*® However, no previous studies have calculated

the mortality and hazard ratio (HR) according to cardiovascular risk using death data
produced by the government. There are various CVD prediction models abroad, but they are
not used in Korea because of their disadvantages. The Framingham risk score, which was
developed based on the Framingham Heart Study in the United States, has been reported to
overestimate the risk of CVD in the Asian population.”® The American College of Cardiology/
American Heart Association CVD prediction model is developed based on large-scale
cohort data in which other cohorts are integrated into the Framingham cohort. This model
overestimates the risk of CVD in Korean men, underestimates the risk in Korean women,
and overestimates the overall risk.’ Furthermore, since this model is an evaluation model
targeting individuals aged > 40 years, it is difficult to apply it to workers aged < 40 years.™°

We studied the differences in mortality according to cardiovascular risk using cohort data
with large samples. In this study, the 10-year cardiovascular risk of the general health
checkup was used. We referred to the KOSHA GUIDE (H-200-2018), but the integrated

risk classification criteria including angiography and hypertensive retinopathy were not
applied, because the purpose of this study was to determine the significant difference in the
risk of cardiovascular death, even if only general health examination items, such as blood
pressure and blood glucose levels, which can be obtained relatively easily, are used. Using
data from the Kangbuk Samsung Cohort Study, which is a cohort of health examination data
accumulated since 2002, this study conducted the 10-year cardiovascular risk classification
and analyzed the difference in mortality according to the risk using the death data of the
National Statistical Office.

METHODS

Study population

The study used cohort data of individuals who underwent medical examination at Kangbuk
Samsung Total Healthcare Centers in Seoul and Suwon. The study participants consisted of
individuals who visited Kangbuk Samsung Total Healthcare Centers from January 1, 2002, to
December 31, 2017, and whose survival status was confirmed by December 31, 2019. A total
0f 80,282 subjects who met the following criteria were excluded (Fig. 1): missing data on
components of CVD risk scoring (n = 41,909); history of malignancy, heart disease, coronary
disease, or stroke at baseline (n =30,006); and age > 65 years or < 20 years (n = 16,719). A
total of 545,859 participants were included in this study.
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Participants who underwent health examination at Kangbuk Samsung Total Healthcare Centers
from January 1, 2002 to December 31, 2017 (n = 626,141)

Exclusions (n = 80,282)
- Missing data on components of cardiovascular disease risk scoring (n = 41,909)
- History of malignancy, heart disease, coronary disease or stroke at baseline
(n =30,006)
- Aged more than 65 years or less than 20 years (n = 16,719)

y
Participants included in the analysis (n = 545,859)

Fig. 1. Flowchart of study participants.

CVD risk

We calculated the 10-year cardiovascular risk of the participants using the following 11

risk factors: body mass index (BMI), waist circumference, smoking status, blood pressure,
medication for hypertension, physical activity, fasting blood glucose, medication for
diabetes, serum total cholesterol, glomerular filtration rate (GFR), and dipstick proteinuria.
For BMI and waist circumference, those with higher risk were selected, and those with
higher GFR and proteinuria were selected. Nine independent odds ratios were determined.
To calculate the composite relative risk, which is the sum of the abovementioned nine risk
factors, the values obtained by subtracting 1 from the value of each risk factor were added.
The adjusted composite relative risk was calculated by dividing this composite relative risk
by the average composite relative risk of individuals whose age and sex were the same as
the participant. The average composite relative risk according to age and sex was set as the
reference value. Finally, the 10-year cardiovascular risk was calculated by multiplying the
adjusted composite relative risk by the average 10-year cardiovascular risk of individuals
whose age and sex were the same as the participant. Participants were classified by 10-
year cardiovascular risk cutoff values as follows: < 1% (low risk), > 1% and < 5% including
1% (moderate risk), > 5% and < 10% including 5% (high risk), and > 10% (very high risk)
referring to KOSHA GUIDE (H-200-2018).3

Measurement of variables

Examinations for CVD risk scoring were conducted at Kangbuk Samsung Total Healthcare
Center. Data on family history, physical activity, alcohol intake, smoking habits, education
level and medical history were collected using a standardized, self-administered
questionnaire. Alcohol consumption was categorized into none, < 10 g/day, and > 10 g/day.
The weekly frequency of moderate- or vigorous-intensity physical activity was also assessed.
Education level was categorized into less than college graduate and college graduate or more.

Height and weight were measured by trained nurses with the participants wearing a
lightweight hospital gown and no shoes. BMI was calculated as weight in kilograms
divided by height in meters squared. Blood pressure was measured by trained nurses while
subjects were in a sitting position with the arm supported at heart level. Blood specimens
were sampled from the antecubital vein after at least a 10-hour fast. Serum levels of fasting
glucose, total cholesterol, triglycerides (TGs), low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C) and high sensitivity C-reactive protein (hs-
CRP) are measured.
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Mortality ascertainment

We used death data of Korea National Statistical Office with survival status as an outcome
variable by December 31, 2019. In addition to survival status, the cause of death based on the
International Classification of Diseases, 10" Revision (ICD-10) was identified. The death code
“I” was classified as cardiovascular death.

Statistical analysis

Based on the first visit, the baseline characteristics were shown using descriptive summary
statistics, including mean (standard deviation), median (interquartile range), or number
(percentage), according to the risk categories. Statistical analysis was performed using Cox
proportional hazards regression analysis, and the sum of the periods from the first visit to the
date of death or December 31, 2019 was used as a time scale. Initially, model 1 was adjusted
for the health examination center and year of examination at baseline. Model 2 was further
adjusted for alcohol consumption, education level, and hs-CRP levels well known CVD
factor at baseline." Since the traditional risk factors for CVD, such as blood pressure and
glucose level, have already been included in the risk grouping criteria, we cannot adjust for
such variables in the statistical analysis. Instead, we performed a stratified analysis for age at
baseline and sex. Age was categorized into < 40, 40 to < 50, 50 to < 60, and > 60 years. This
study used Stata version 17.0 (StataCorp LP, College Station, TX, USA) for statistical analysis.
Statistical significance was defined as a 2-sided p-value < 0.05.

Ethics statement

The Institutional Review Board of Kangbuk Samsung Hospital approved this study (IRB No.
2021-10-050) and waived the requirement for informed consent. This was due to the use of
anonymized data that were routinely collected as part of a health checkup program.

RESULTS

The mean age of the study participants at baseline was 37.9 years (standard deviation,

9.2), and men accounted for 54.1%. Of 545,859 participants, 306,424 were assigned to

the low-risk group, 199,198 to the moderate-risk group, 32,031 to the high-risk group, and
8,200 to the very-high-risk group. Between 4 groups, there were significant differences in
age, sex, smoking status, drinking status, regular exercise, education level, marital status,
medication for hypertension, medication for diabetes and medication for dyslipidemia, BMI,
obesity, systolic blood pressure (SBP), diastolic blood pressure (DBP), and blood glucose,
total cholesterol, LDL-C, HDL-C, TG, and hs-CRP levels. Cardiovascular risk was positively
associated with age, medication for hypertension, medication for diabetes, medication

for dyslipidemia, BMI, obesity, SBP, DBP, blood glucose, TG, and hs-CRP levels. However
cardiovascular risk was inversely associated with education level and HDL-C level (Table 1).

The median follow-up period was 9.07 years and 4,738 overall deaths and 654 cardiovascular
deaths occurred in 5,253,627.9 person-years. The 10-year cardiovascular risk is positively
associated with all-cause and cardiovascular mortality. The difference in mortality according
to the classification of cardiovascular risk was very high. When the low-risk group was set as
areference, in model 1, which was adjusted for the examination center and year of screening
examination, the HRs (95% confidence interval [CI]) for overall mortality were 2.93
(2.70-3.18) in the moderate-risk group, 11.88 (10.86-13.00) in the high-risk group, and 26.38
(23.85-29.18) in the very-high-risk group, all of which were statistically significant. In model
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Table 1. Baseline characteristics according to cardiovascular risk

Characteristics Overall Cardiovascular risk p-value for
Low Moderate High Very high trend

Number 545,859 306,424 199,198 32,031 8,206
Age (yr) 37.9+£9.2 32.1+4.2 42.9 + 6.5 56.5+5.0 61.6 +2.8 <0.001

<40 358,818 (65.7) 288,144 (80.3) 70,674 (19.7) - -

40-50 116,512 (21.3) 18,280 (15.7) 95,096 (81.6) 3,128 (2.7) 8 (0.0)

50-60 52,182 (9.6) - 31,470 (60.3) 19,004 (36.4) 1,708 (3.3)

> 60 18,347 (3.4) - 1,958 (10.7) 9,899 (54.0) 6,490 (35.4)
Men (%) 54.1 39.3 72.5 72.6 82.1 <0.001
Current smoker (%) 23.7 14.3 36.7 29.8 32.4 <0.001
Alcohol consumption (%)

>10 g/day 35.3 27.5 45.8 43.0 44.5 <0.001
Regular exercise (%)

> 3 times/week 14.1 12.7 15.0 20.1 19.4 <0.001
High education level (%)

> college graduate 60.2 66.8 55.7 34.7 27.6 <0.001
Married (%) 56.0 5.2 64.2 67.0 70.4 <0.001
Medication for hypertension (%) 4.4 0.3 5.7 26.1 43.0 <0.001
Medication for diabetes (%) 1.4 0.1 1.4 8.4 23.8 <0.001
Medication for dyslipidemia (%) 1.4 0.2 2.1 7.3 8.5 <0.001
BMI (kg/m?) 23.3+3.3 22.4 + 3.2 24.5 + 3.1 24.9+£2.9 25.3+2.9 <0.001
Obesity (%)

> 95 kg/m? 29.3 18.8 2.3 48.0 53.8 <0.001
SBP (mmHg) 111.6 £13.9 10710 = 11.7 115.8 £13.4 123.1+15.4 132.1+17.6 <0.001
DBP (mmHg) 71.8 £10.2 68.1+8.5 75.6 £9.9 79.9 £10.5 83.2£10.9 <0.001
Glucose level (mg/dL) 94.2 +15.7 90.7 £ 9.1 96.7 +17.4 105.9 £ 27.4 117.2 £ 35.0 <0.001
Total cholesterol level (mg/dL) 193.5 £ 34.7 184.7 = 31.1 204.3 £ 35.1 207.9 + 38.2 206.1 = 30.7 <0.001
LDL-C level (mg/dL) 116.4 + 31.4 108.8 +28.5 126.0 + 31.8 128.9 + 34.1 125.6 = 35.1 <0.001
HDL-C level (mg/dL) 57.8 +14.5 60.7 +14.8 54.2 +13.2 53.5+£13.1 52.2 +13.2 <0.001
TG level (mg/dL) 94 (66-141) 79 (59-112) 19 (83-174) 127 (90-183) 137 (98-196) <0.001

hs-CRP level (mg/dL)

0.04 (0.02-0.09)  0.04 (0.02-0.08)  0.05 (0.03-0.11)  0.07 (0.04-0.13)  0.08 (0.04-0.17) <0.001

Data are expressed as mean + standard deviation, number (percentage), percentage, or median (interquartile range).
BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein
cholesterol; TG: triglyceride; hs-CRP: high sensitivity C-reactive protein.

https://acemj.org

2, which was further adjusted for alcohol consumption, education level, marital status, and
hs-CRP level, the HRs (95% CI) were 3.36 (2.87-3.95), 11.08 (9.27-13.25), and 21.20 (17.42—
25.79) in each group. In cardiovascular deaths, the difference according to risk classification
was more pronounced. In model 1, the HRs (95% CI) for cardiovascular mortality were 5.61
(4.24-7.42) in the moderate-risk group, 28.37 (21.22-37.94) in the high-risk group, and 67.68
(49.77-92.04) in the very-high-risk group. In model 2, the HRs (95% CI) were 8.57 (4.95—
14.83), 38.95 (21.77-69.69), and 78.81 (42.62-145.71) in each group (Table 2, Fig. 2).

Subgroup analyses were conducted based on age and sex. In the group aged < 40 years, there
were no subjects classified in the high- and very high-risk groups, and no subjects in the
low-risk group were in their 50s and 60s. In all age groups, the HRs of all-cause mortality
and cardiovascular mortality tended to be higher in the high-risk group. This association was
most clearly observed in the 40s group; however, it was not statistically significant in the 60s
group. Moreover, as a result of the subgroup analysis by sex, the HRs of mortality according
to the increase in risk group were clearly observed for both men and women (Table 3).
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Table 2. HRs (95% Cls) for all-cause and cardiovascular mortality according to cardiovascular risk

Cardiovascular risk PY

Incident cases

Incidence density (per 10* PY) (95% CI)

Multivariable-adjusted HR (95% CI)?

Model 1°

Model 2°

All-cause mortality

Low 2,775,844.8 859 3.09 (2.89-3.31) 1.00 (reference) 1.00 (reference)
Moderate 2,082,571.4 2,000 9.60 (9.19-10.03) 2.93 (2.70-3.18) 3.36 (2.87-3.95)
High 311,606.7 1,161 37.96 (35.18-39.46) 11.88 (1.86-13.00) 11.08 (9.27-13.25)
Very high 83,604.9 718 85.88 (79.82-92.40) 26.38 (23.85-29.18) 21.20 (17.42-25.79)
Cardiovascular mortality

Low 2,775,844.8 62 0.22 (0.17-0.29) 1.00 (reference) 1.00 (reference)
Moderate 2,082,571.4 270 1.30 (1.15-1.46) 5.61(4.24-7.42) 8.57 (4.95-14.83)
High 311,606.7 193 6.19 (5.38-7.13) 98.37 (21.92-37.94) 38.95 (21.77-69.69)
Very high 83,604.9 129 15.43 (12.98-18.36) 67.68 (49.77-92.04) 78.81 (42.62-145.71)

HR: hazard ratio; Cl: confidence interval; PY: person-years; hs-CRP: high sensitivity C-reactive protein.
2HRs and 95% Cls were estimated from Cox proportional hazard models.

®Model 1 was adjusted for study center and year of screening examination at baseline.
“Model 2 was further adjusted for alcohol consumption, education level, marital status, and hs-CRP level at baseline plus model 1.

Table 3. Subgroup analysis for all-cause and cardiovascular mortality by age and sex

Variables Low Moderate High Very high
All-cause mortality
Age
<40 1.00 (reference) 2.21(1.73-2.81) - -
40-50 1.00 (reference) 2.19 (1.42-3.37) 4.51(2.62-7.74) 27.79 (3.71-208.26)
50-60 - 1.00 (reference) 2.02 (1.66-2.47) 3.3 (2.25-4.35)
> 60 - 1.00 (reference) 1.34 (0.79-2.28) 1.93 (1.13-3.29)
Sex
Male 1.00 (reference) 3.80 (2.97-4.85) 13.07 (10.02-17.03) 26.02 (19.70-34.38)
Female 1.00 (reference) 3.12 (2.46-3.97) 8.63 (6.44-11.57) 11.51 (7.64-17.34)
Cardiovascular mortality
Age
<40 1.00 (reference) 7.09 (3.39-14.79) = =
40-50 1.00 (reference) 4.87 (1.17-20.28) 17.11 (3.40-86.12) -2
50-60 = 1.00 (reference) 4.70 (2.68-8.24) 4.05 (1.47-11.15)
> 60 - 1.00 (reference) 2.99 (0.31-17.25) 5.46 (0.74-40.28)
Sex
Male 1.00 (reference) 9.66 (4.30-21.69) 44.72 (19.05-104.95) 91.37 (37.85-220.57)
Female 1.00 (reference) 5.99 (2.64-13.56) 94.94 (10.05-58.44) 51.67 (18.86-141.58)

Hazard ratios and 95% confidence intervals were estimated after adjustment for study center, year of screening examination, alcohol consumption, education
level, marital status, and hs-CRP level.

hs-CRP: high sensitivity C-reactive protein.

aThere was no incidence case.

A All-cause mortality B Cardiovascular mortality
40 160
35 140 -
30 120
S 254 S 100 4
2 2
L@n/ 20 - 5 80
= 15 4 « 60
10 40 A
5 20 -
0 == 01—
Low Moderate High Very high Low Moderate High Very high

Cardiovascular risk groups Cardiovascular risk groups

Fig. 2. HRs (95% Cls) for all-cause and cardiovascular mortality according to health risk appraisal. (A) All-cause mortality. (B) Cardiovascular mortality.
HR: hazard ratio; Cl: confidence interval.
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DISCUSSION

In this large cohort study, we found that the higher the 10-year cardiovascular risk of the
general health checkup, the higher the actual overall mortality and CVD mortality. The
association between 10-year cardiovascular risk and death remained statistically significant
even after confounding variables were adjusted and stratified analysis for age and sex was
performed. It is meaningful that the results of our study, which linked the death data of
national statistics, materialized the degree of risk that was abstract. The results showed
that cardiovascular risk was associated not only with cardiovascular mortality but also with
all-cause mortality. This can be interpreted that risk factors used to calculate cardiovascular
risk, such as medical history of diabetes and hypertension, are related to all-cause mortality
referring to other studies.'>

There are previous studies on cardiovascular mortality. According to a study, cardiovascular
mortality decreased from the 1980s to the 2010s in Korea, and the trend was analyzed by
dividing CVD into ischemic heart disease and cerebrovascular disease.* Another study
compared which of hypertension, diabetes and dyslipidemia contributed more to mortality
from stroke, coronary heart disease, and pulmonary heart disease in China.” Another

study pointed out that predicting overall cardiovascular risk using cardiovascular mortality
in accordance with the prevention guidelines of the European Society of Cardiology may
underestimate the actual risk. Therefore, it is suggested that the risk of developing CVD and
cardiovascular death should be predicted differently.*®

Among the existing Korean studies on the risk of CVD, there was no study that analyzed the
actual mortality according to the risk. Previous studies have focused not on the relationship
between CVD risk and mortality, but on evaluating prediction of CVD incidence according
to risk assessment or comparing different cardiovascular risk assessment models.*® A recent
study introduced the characteristics and usage status of the models that are actually widely
used among various domestic and foreign CVD prediction models.* A past study developed
an estimation model for ischemic heart disease risk in Koreans using prospective research
data followed for 10 years and evaluated its validity.” In addition, a study was to apply an
estimation model for ischemic heart disease risk in Koreans of the previous reference to one
manufacturing worker and compare it with other risk assessment methods.®

This study had several limitations. First, it is a limitation of the general health examination
itself. There is insufficient information on various variables related to mortality. For example,
information on underlying disease and current medications is limited, and the number of
examination items is small. However, from the point of view of generalization of research
conclusions, which is the purpose of all studies, we think that the study of mortality
comparison using general health examinations is meaningful enough. Therefore, we believe
that this study is a good attempt to directly show the overall risk of death and death from
CVDs using the variables of ordinary health examinations of the general population and
workers. Second, in this study, participants were not classified into cardiovascular risk
according to the integrated risk classification criteria of KOSHA GUIDE (H-200-2018). We
used the 10-year cardiovascular risk of the general health checkup that can be applied to all
workers using data from the Korean workers’ health examination. As described above, we
had no choice but to use this evaluation method because it can be applied to as many workers
and people as possible when the risk of death can be predicted using the results of general
examinations. In the future, study using other risk classification methods including the
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integrated risk classification of KOSHA GUIDE (H-200-2018) is needed. Lastly, since variables
such as hypertension and diabetes were already included in 10-year cardiovascular risk

calculation as risk factors, the use of adjusted variables in the analysis stage of our study was
limited. However, the conclusions of our study could be more clearly demonstrated through a
stratified analysis using age and sex variables, which are important for CVD and mortality.

To the best of our knowledge, this is the first mortality study of 10-year cardiovascular risk
from routine health checkup linked to a large cohort study. Through this study, we found
that the risk classification of the general health examination was actually associated with a
very large increase in the risk of mortality. And it is the fact that common diseases such as
hypertension and diabetes, which are subjects of general health examination, are very helpful
in predicting mortality.

CONCLUSION

This study confirmed that the risk of death increases according to the 10-year cardiovascular
risk of the general health checkup and the level of risk was very high. This tendency was
observed even when several confounding variables were adjusted and stratified according to
age and sex. Since there have been no previous studies on death according to cardiovascular
risk, this study can be expected to have an effect that can alert workers by directly showing
the risk of death using general health examination variables.
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