
����������
�������

Citation: Lee, I.; Kim, J.; Kang, H.

Adding Estimated Cardiorespiratory

Fitness to the Framingham Risk Score

and Mortality Risk in a Korean

Population-Based Cohort Study. Int.

J. Environ. Res. Public Health 2022, 19,

510. https://doi.org/10.3390/

ijerph19010510

Academic Editor: Paul B.

Tchounwou

Received: 6 December 2021

Accepted: 1 January 2022

Published: 3 January 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

International  Journal  of

Environmental Research

and Public Health

Article

Adding Estimated Cardiorespiratory Fitness to the Framingham
Risk Score and Mortality Risk in a Korean Population-Based
Cohort Study
Inhwan Lee, Jeonghyeon Kim and Hyunsik Kang *

College of Sport Science, Sungkyunkwan University, Suwon 16419, Korea; ansh00@naver.com (I.L.);
zzagkim115@naver.com (J.K.)
* Correspondence: hkang@skku.edu; Tel.: +82-31-299-6911

Abstract: Background: The added value of non-exercise-based estimation of cardiorespiratory fitness
(eCRF) to cardiovascular disease (CVD) risk factors for mortality risk has not been examined in Korean
populations. Methods: This population-based prospective cohort study examined the relationship of
the 10-year Framingham risk score (FRS) for CVD risk and eCRF with all-cause and CVD mortality
in a representative sample of Korean adults aged 30 years and older. Data regarding a total of
38,350 participants (16,505 men/21,845 women) were obtained from the 2007–2015 Korea National
Health and Nutrition Examination Survey (KNHANES). All-cause and CVD mortality were the main
outcomes. The 10-year FRS point sum and eCRF level were the main exposures. Results: All-cause
and CVD mortality was positively correlated with the 10-year FRS point summation and inversely
correlated with eCRF level in this study population. The protective of high eCRF against all-cause
and CVD mortality was more prominent in the middle and high FRS category than in the low FRS
category. Notably, the FRS plus eCRF model has better predictor power for estimating mortality risk
compared to the FRS only model. Conclusions: The current findings indicate that eCRF can be used
as an alternative to objectively measured CRF for mortality risk prediction.

Keywords: cardiovascular disease; cardiorespiratory fitness; mortality; Framingham risk score;
Koreans

1. Introduction

Cardiovascular disease (CVD) is the leading cause of global death, especially in low-
and middle-income countries [1]. Traditional risk factors, such as hypertension, diabetes,
cigarette smoking, family history of premature CVD, chronic kidney disease, and obesity,
are well-established predictors of morbidity and mortality in Western [2,3] and Asian
populations [4,5]. Thus, identifying individuals at increased CVD risk as early as possible
is critical so that an appropriate therapeutic strategy can be timely implemented.

The Framingham risk score (FRS) for estimating 10-year CVD risk was developed
with the data of coronary risk factors obtained from the Framingham Heart Study [6].
The 10-year FRS is the most widely used and validated tool for estimating CVD risk
score [7,8]. However, the 10-year FRS does not account for physical activity (PA) and
cardiorespiratory fitness (CRF) although they are well-established predictors for morbidity
and mortality [9,10].

CRF is defined as the oxygen-delivering capacity of the circulatory and respiratory
systems into skeletal muscles during sustained physical activity. Substantial evidence sup-
porting CRF as an independent determinant of CVD mortality exists in the literature [11,12].
For example, a 1-unit increase in metabolic equivalent of task (MET; approximating 3.5 mL
O2/kg/min) at baseline was associated with an 18% decrease in 30-year CVD mortality in
FRS-based low-risk adults [2]. Higher CRF was significantly associated with lower CVD
mortality risk in a 10-year follow-up study [13]. The inverse relationship between CRF and
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CVD mortality has been investigated systematically and well-summarized in meta-analysis
studies [14,15].

In South Korea, CVD is the leading cause of mortality second to malignancy. The
predictive role of CVD risk factors for estimating mortality risk has been reported [15,16].
However, only a handful number of population-based studies has examined the potential
of CRF as a predictor for all-cause and CVD mortality [17,18]. Furthermore, the addition of
estimated CRF (eCRF) to the 10-year FRS for predicting mortality risk in Korean populations
is not known.

Together, poor CRF along with the traditional risk factors is now considered as an
important indicator of mortality risk in Korean adults. To the best of our knowledge,
however, the added value of eCRF to the 10-year FRS for estimating mortality risk in South
Korea has not been examined in previous studies. Therefore, in this population-based
cohort study, the prognostic value of adding eCRF to the 10-year FRS was investigated by
examining improvement in prediction of all-cause and CVD mortality risk.

2. Materials and Methods
2.1. Study Population and Database Information

The Korea National Health and Nutrition Examination Survey (KNHANES) is a
nationwide surveillance system designed to assess health and nutritional status of Koreans
in South Korea (http://knhanes.cdc.go.kr/ accessed on 5 May 2021). The detailed design
and procedures of the KNHANES are described elsewhere [19]. In brief, the survey includes
three parts: health examination, health interview, and nutrition survey. With consent
obtained from participants (response rate of 92.1%), the KNHANES 2007–2015 data were
linked to death certificates and medical records from 1 January 2007 to 31 December 2016.
All participants provided informed consent and the survey was approved by the Ethics
Committee of the Korea Centre for Disease Control and Prevention (2007-02CON-04-P, 2008-
04EXP-01-C, 2009-01COM-03-2C, 2010-02CON-21-C, 2011-02CON-06-C, 2012-01EXP-01-2C,
2013-07CON-03-4C, and 2013-12EXP-03-5C).

The current study included KNHANES participants who responded to the survey from
2007 to 2015, and consented to mortality follow-up (n = 51,603). Among the participants,
those who were aged <30 years (n = 6341) were excluded because no parameters were
available to calculate the FRS. In addition, subjects with missing or no data for BMI (n = 188),
resting HR (n = 343), physical activity (n = 2295), blood chemistry (n = 2278), blood pressure
or smoking (n = 211) or covariates (i.e., income, education, marriage, drinking, menopause
status, chronic diseases, and hospitalization) (n = 1045) were excluded. Lastly, subjects
who died during the first 3 years of follow-up (n = 552) were excluded to minimize the
influence of preexisting health conditions on mortality risk. Consequently, a total of
38,350 participants (16,505 men/21,845 women) were included in the final data analysis
(Figure 1).

2.2. Determination of Anthropometrics and CVD Risk Factors

Height and weight were measured using an automatic height scale (SECA-225, SECA,
Hamburg, Germany) and a weight scale (GL-6000-20, G tech, Uijeongbu, Korea), respec-
tively, and body mass index (BMI) was calculated by dividing weight (kg) by height (m2).
Resting heart rate (RHR) was obtained by counting pulse rate at the right radial for 15 s
and multiplying it by 4. Physical activity was assessed using the Korean version of the
international physical activity questionnaire short form [20].

http://knhanes.cdc.go.kr/
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Figure 1. A flow chart of selection of study participants.

For blood chemistry, 13 mL of venous blood was collected from the median cubital vein
of the non-dominant arm after an 8 h fast. Blood concentrations of high-density lipoprotein
cholesterol (HDLC), low-density lipoprotein cholesterol (LDLC), total cholesterol (TC),
fasting blood glucose (FBG) were assessed using standard procedures [19]. Concentrations
of LDLC was calculated using the Friedewald formula [21]; LDLC (mg/dL) = TC-HDLC-
TG/5. Blood pressure was measured 3 times at the right brachial artery with a mercury
sphygmomanometer (Baumanometer desk model 0320, Baum, NY, USA) in a comfortable
sitting position. The average of 2–3 measurements was recorded. Use of antihypertensive
therapy, current/past smoking, and presence of diabetes was assessed using a health
questionnaire. Smoking was defined as currently smoking or having had smoked more than
100 cigarettes in the past. Diabetes was defined as fasting blood glucose of ≥126 mg/dL or
physician-diagnosed diabetes.

2.3. Determination of the 10-Year FRS and eCRF

The 10-year FRS was calculated based on sex, age, TC, HDLC, SBP, use of antihyper-
tensive therapy, smoking, and presence of diabetes, as described previously [22]. The FRS
point summation was classified as low (<10%), moderate (10–20%), or high (>20%) risk.

eCRF was determined using the algorithm developed by Jurca et al. [23]; eCRF (METs)
= (ex (women = 0, men = 1) × 2.77) − (age (years) × 0.10) − (BMI (kg/m2) × 0.17) − (RHR
(beats/min) × 0.03) + (physical activity score × 1.00) + 18.07. Then, receiver operating
characteristic (ROC) analysis was conducted to evaluate the gender-specific relationship
between individual eCRF values and all-cause mortality. Area under the curve (AUC)
value of eCRF for predicting all-cause mortality was 0.754 (95% CI = 0.737–0.770, p < 0.001)
in males and 0.776 (95% CI = 0.757–0.796, p < 0.001) in females. The optimal cut-off value
for all-cause mortality was 9.16 and 6.14 METs for men and women, respectively. The
sensitivity and specificity of the cut-off values were 0.587 and 0.786, respectively, for men,
and 0.668 and 0.776, respectively, for women (Supplemental Tables S1 and S2).
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2.4. Determination of Mortality

Main outcomes were all-cause and CVD mortality, which were defined as death from
all causes or CVD. Date of causes of death from 1 October 2007 to 31 December 2018 were
identified by medical records filed at the Korean Statistical Information Service (KOSIS).
Using the International Classification of Disease, 10th version (ICD-10), all-cause mortality
(n = 1474) and deaths from cardiovascular diseases (I00-I99) (n = 325) were identified.
Follow-up time was defined as the period from the baseline visit to the day of death for
participants who died or to the last contact date for those who did not experience the
outcome event (censored).

2.5. Determination of Covariates

The covariates used in the study were age, sex, household income, education (i.e.,
less than elementary, middle school, high school, college and higher), marital status (i.e.,
married or widowed/divorced or unmarried), residence area (i.e., urban vs. rural). The
covariates were assessed at baseline using a questionnaire [19].

2.6. Statistics

Characteristics of study participants were compared using analysis of variance and
χ2 tests and presented as mean ± standard deviation (SD) for continuous variables and
number (percentages) for categorical variables. Death rate per 1000 person/years of follow-
up was calculated for e-CRF level and the 10-year FRS point sum.

Cox proportional hazards model was used to estimate hazard ratio (HR) and 95%
confidence intervals (CIs) for all-cause and CVD mortality according to 10-year FRS category
(i.e., low or moderate or high risk) or eCRF level (i.e., unfit vs. fit) in two models. Model 1
was adjusted for age and sex. Model 2 was additionally adjusted for household income,
education, marital status, and residence area. The Kaplan–Meier procedure with log-rank
tests was used to estimate mortality functions according to number of baseline lifestyle risk
factors. Survival time was measured as the time from the baseline survey to death or the
censor point (31 December 2018). In addition, the significance of multiplicate interaction
between eCRF and FRS levels for all-cause and CVD mortality was tested by adding
cross-products term in the Cox proportional hazard models.

The ROC curves were plotted with the MedCalc statistical software (version 20.009,
MedCalc Software Ltd., Ostend, Belgium) to determine if significant improvement in the
predictive accuracy of mortality existed when adding eCRF to the FRS point sum. The
χ2 test was used to determine significant difference in AUC between the FRS plus eCRF
model, and the FRS only model for estimating mortality risk.

3. Results

As shown in Table 1, there were 5.26 deaths per 1000 person/years (PY) in total,
7.27 deaths per 1000 PY in men, and 3.75 deaths per 1000 PY in women. In general, males
were older (p = 0.027), heavier (p < 0.001), had higher income (p < 0.001), higher education
level (p < 0.001), tended to be married (p < 0.001) and religious (p < 0.001) compared with
females. Males were more active (p < 0.001), had higher SBP (p < 0.001), higher smoking
rate (p < 0.001), higher at-risk alcohol consumption (p < 0.001), and higher rates of diabetes
(p < 0.001) with lower resting heart rate (p < 0.001), lower HDLC (p < 0.001), lower LDLC
(p < 0.001), and lower TC (p < 0.001) than females.
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Table 1. Characteristics of study participants.

Total
(n = 38,350)

Men
(n = 16,505)

Women
(n = 21,845) p-Value

Age (years) 52.5 ± 13.7 52.7 ± 13.6 52.4 ± 13.8 0.027
BMI (kg/m2) 23.9 ± 3.3 24.2 ± 3.1 23.7 ± 3.4 <0.001
Income (10,000/won) 329.2 ± 271.2 338.2 ± 270.4 322.3 ± 271.7 <0.001
Educational background, n (%) <0.001

Elementary or less 10,460 (27.3) 3155 (19.1) 7305 (33.4)
Middle 4670 (12.2) 2132 (12.9) 2538 (11.6)
High 12,237 (31.9) 5407 (32.8) 6830 (31.3)
College or higher 10,983 (28.6) 5811 (35.2) 5172 (23.7)

Marital status, n (%) <0.001
Married 31,121 (81.1) 14,405 (87.3) 16,716 (76.5)
Widowed/divorced 5383 (14.0) 971 (5.9) 4412 (20.2)
Unmarried 1846 (4.9) 1129 (6.8) 717 (3.3)

Residence area, n (%) <0.001
Urban 29,550 (77.1) 12,573 (76.2) 16,977 (77.7)
Rural 8800 (22.9) 3932 (23.8) 4868 (22.3)

CVD risk factors
HDL-C (mg/dL) 49.1 ± 11.7 46.1 ± 10.9 51.4 ± 11.8 <0.001
LDL-C (mg/dL) 114.1 ± 33.6 110.4 ± 3.9 117.0 ± 32.3 <0.001
TC (mg/dL) 190.9 ± 35.9 189.0 ± 35.4 192.4 ± 36.3 <0.001
SBP (mmHg) 119.8 ± 17.3 122.2 ± 16.0 118.1 ± 18.1 <0.001
SBP treat, n (%) 8209 (21.4) 3486 (21.1) 4723 (21.6) 0.238
Smoking, n (%) 15,004 (39.1) 13,251 (80.3) 1753 (8.0) <0.001
Diabetes, n (%) 2885 (7.5) 1530 (9.3) 1352 (6.2) <0.001

Resting heart rate (beats/min) 69.3 ± 9.7 68.5 ± 10.1 69.9 ± 9.3 <0.001
Physically inactive, n (%) 25,146 (65.6) 9741 (59.0) 15,405 (70.5) <0.001
Follow-up time (years) 7.3 ± 2.4 7.3 ± 2.4 7.3 ± 2.4 0.241
Death, n 1474 875 599 <0.001
Person/years (PY) 280,315 120,368 159,946 <0.001
Death rate per 1000 PY 5.3 7.3 3.8 <0.001

BMI: body mass index, HDL-C: high density lipoprotein cholesterol, LDL-C: low density lipoprotein cholesterol,
TC: total cholesterol, SBP: systolic blood pressure.

Table 2 shows the descriptive statistics of study participants dichotomized based
on eCRF. Fit individuals were younger (p < 0.001), had higher income (p < 0.001) and
higher education level (p < 0.001), tended to be married (p < 0.001), reside in urban areas
(p < 0.001), had lower BMI (p < 0.001), lower LDLC (p < 0.001), lower TC (p < 0.001), lower
SBP (p < 0.001), lower smoking rate (p < 0.001), and lower rate of diabetes (p < 0.001) with
higher HDLC (p < 0.001) than did unfit individuals.
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Table 2. Demographics of participants stratified by estimated cardiorespiratory fitness (eCRF).

eCRF
p-ValueFit

(n = 29,339)
Unfit

n = 9011)

eCRF (METs) 10.1 ± 2.1 6.4 ± 1.7 <0.001
Women, n (%) 16,692 (56.9) 5153 (57.2) 0.624
Age (years) 47.7 ± 11.4 68.1 ± 7.6 <0.001
BMI (kg/m2) 23.6 ± 3.1 25.0 ± 3.4 <0.001
Income (10,000/won) 367.6 ± 271.2 203.9 ± 230.4 <0.001
Education, n (%) <0.001

Elementary or less 4861 (16.6) 5599 (62.1)
Middle 3394 (11.6) 1276 (14.2)
High 10,771 (36.7) 1466 (16.3)
College or higher 10,313 (35.1) 670 (7.4)

Marital status, n (%) <0.001
Married 24,841 (84.7) 6280 (69.7)
Widowed/divorced 2718 (9.3) 2665 (29.6)
Unmarried 1780 (6.0) 66 (0.7)

Residence area, n (%) <0.001
Urban 23,331 (79.5) 6219 (69.0)
Rural 6008 (20.5) 2792 (31.0)

CVD risk factors
HDL-C (mg/dL) 49.9 ± 11.8 46.6 ± 11.1 <0.001
LDL-C (mg/dL) 113.8 ± 33.0 115.3 ± 35.6 <0.001
TC (mg/dL) 190.6 ± 35.2 192.0 ± 38.4 0.001
SBP (mmHg) 117.1 ± 16.4 128.9 ± 17.2 <0.001
SBP treat, n (%) 3940 (13.4) 4269 (47.4) <0.001
Smoking, n (%) 11,477 (39.1) 3527 (39.1) 0.970
Diabetes, n (%) 1611 (5.5) 1274 (14.1) <0.001

10-year FRS (%) 8.3 ± 8.7 19.4 ± 9.4 <0.001
eCRF: estimated cardiorespiratory fitness, MET: metabolic equivalent task, BMI: body mass index, CVD: cardio-
vascular disease, FRS: Framingham risk score, HDL-C: high density lipoprotein cholesterol, LDL-C: low density
lipoprotein cholesterol, TC: total cholesterol, SBP: systolic blood pressure.

Table 3 shows the mortality risk stratified based on eCRF and the FRS. Fit individuals
had lower all-cause (HR (95% CI) = 0.74 (0.66–0.84), p < 0.001) and CVD mortality (HR
(95% CI) = 0.77 (0.68–0.87, p < 0.001) compared with unfit individuals (HR = 1). The lower
HR remained significant for all-cause (HR (95% CI) = 0.62 (0.47–0.80), p < 0.001) and CVD
mortality (HR (95% CI) = 0.64 (0.49–0.83, p = 0.001) even after adjustments for all covariates.
In addition, based on FRS category, a positive linear trend was observed for all-cause
(HR (95% CI) = 1.14 (0.95–1.36) and HR (95% CI) = 1.31 (1.07–1.60), p = 0.025), and CVD
mortality (HR (95% CI) = 1.31 (0.87–1.96) and HR (95% CI) = 2.16 (1.41–3.30), respectively,
p < 0.001). Furthermore, the linear trend in FRS category remained significant for all-cause
(HR (95% CI) = 1.08 (0.91–1.30), HR (95% CI) = 1.26 (1.03–1.54, respectively, p = 0.046),
and CVD mortality (HR (95% CI) = 1.25 (0.83–1.87) and HR (95% CI) = 2.07 (1.36–3.16,
respectively, p < 0.001) even after adjustments for all covariates. As illustrated in Figure 2,
the Kaplan–Meier mortality functions showed that the survival rates of all-cause and CVD
mortality decreased significantly by decremental eCRF (from fit to unfit) and incremental
FRS (from low to high), respectively.
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Table 3. All-cause and CVD mortality risks stratified by 10-year Framingham risk score (FRS) and
estimated cardiorespiratory fitness (eCRF).

N Number of
Deaths

Death Rate
a

HR (95% CI)
for

All-Cause
Mortality b

HR (95% CI)
for

All-Cause
Mortality c

HR (95% CI)
for CVD

Mortality b

HR (95% CI)
for CVD

Mortality c

eCRF
Fit 29,339 562 2.6 1 1 1 1

Unfit 9011 912 15.1 1.35
(1.20–1.52)

1.31
(1.16–1.47)

1.62
(1.24–2.12)

1.57
(1.20–2.05)

p-value <0.001 <0.001 <0.001 0.001

10-year FRS
Low 22,653 230 1.4 1 1 1 1

Moderate 7443 344 6.4 1.14
(0.95–1.36)

1.08
(0.91–1.30)

1.31
(0.87–1.96)

1.25
(0.83–1.87)

High 8254 900 15.5 1.31
(1.07–1.60)

1.26
(1.03–1.54)

2.16
(1.41–3.30)

2.07
(1.36–3.16)

p-value for trend 0.025 0.046 <0.001 <0.001
a Deaths per 1000 person/years of follow-up. b Adjusted for age and sex. c Adjusted for household income,
marital status, and residence area. HR: hazard ratio; CI: confidence interval. Low: <10% of 10-year FRS; moderate:
10–20% of 10-year FRS; high: ≥20% of 10-year FRS.
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Figure 2. The Kaplan–Meier survival curves for all-cause and cardiovascular disease (CVD) mortality
by estimated cardiorespiratory fitness (eCRF) and 10-yr Framingham risk score (FRS): (a) eCRF and
all-cause mortality; (b) eCRF and CVD mortality; (c) FRS and all-cause mortality, and (d) FRS and
CVD mortality.

Table 4 represents HRs and 95% CI for all-cause and CVD mortality by eCRF and FRS.
There were significant interaction effects between eCRF and FRS on all-cause and CVD
mortality in all models (p < 0.001 and p < 0.001, respectively). With respect to all-cause
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mortality, the negative impact of elevated FRS was found to be significant in unfit category
but not in fit category. Compared to the combination of fit eCRF and low FRS (HR = 1), the
combination of unfit eCRF and moderate FRS and the combination of unfit eCRF and high
FRS were associated with the higher risk of all-cause mortality (HR = 1.21, p < 0.001 and HR
= 1.34, p < 0.001, respectively) in the fully adjusted model. With respect to CVD mortality,
the negative impact of elevated FRS was observed in the combination of fit eCRF and high
FRS (HR = 1.53, p < 0.001) as well as the combination of unfit eCRF and moderate FRS (HR
= 1.55, p < 0.001) and the combination of unfit eCRF and high FRS (HR = 2.55, p < 0.001).

Table 4. The combined associations of estimated cardiorespiratory fitness (eCRF) and 10-year Fram-
ingham risk score (FRS) with all-cause and cardiovascular disease (CVD) mortality.

HR (95% CI) for All-Cause
Mortality HR (95% CI) for CVD Mortality

Total Number of
Deaths

Death
Rate a Model 1 Model 2 Model 1 Model 2

Fit
Low FRS 20,635 169 1.1 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Moderate
FRS 4586 126 3.6 0.89 (0.67–1.14) 0.84 (0.66–1.07) 1.05 (0.58–1.90) 0.98 (0.54–1.77)

High FRS 3556 267 9.4 1.03 (0.80–1.31) 0.98 (0.77–1.26) 1.62 (0.92–2.86) 1.53 (0.87–2.69)
Unfit
Low FRS 1788 61 4.9 0.84 (0.61–1.15) 0.79 (0.58–1.08) 1.07 (0.54–2.09) 0.98 (0.50–1.93)
Moderate
FRS 2513 218 11.9 1.32 (1.04–1.67) 1.21 (0.95–1.54) 1.70 (0.98–2.93) 1.55 (0.90–2.67)

High FRS 3798 633 21.4 1.44 (1.13–1.84) 1.34 (1.05–1.71) 2.73 (1.58–4.72) 2.50 (1.45–4.31)
P for
interaction <0.001 <0.001 <0.001 <0.001

a Deaths per 1000 person/years of follow-up. Model 1 adjusted for age and sex. Model 2 adjusted for household
income, marital status, and residence area. HR: hazard ratio; CI: confidence interval. Low: <10% of 10-year FRS;
moderate: 10~20% of 10-year FRS; high: >20% of 10-year FRS.

Figure 3 shows the ROC curves plotted for the FRS only model and the FRS plus eCRF
model. The AUC for the FRS plus e-CRF model was significantly greater (p < 0.001) than
that for the FRS only model, indicating that the FRS plus eCRF model compared with the
FRS only model has higher predictive power for estimating all-cause and CVD mortality.
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4. Discussion

In this population-based prospective cohort study, we found that all-cause and CVD
mortality were positively correlated with the 10-year FRS and inversely correlated with
eCRF in Korean adults. In addition, we found that the protective effect of high eCRF against
all-cause and CVD mortality was more prominent in the moderate and high FRS category
than in the low FRS category, suggesting that fitness promotion via regular exercise may
protect the premature death risks from elevated FRS. Notably, the FRS plus eCRF model
has better predictive power for all-cause and CVD mortality compared with the FRS only
model, implying the added value of eCRF to the traditional risk factor model.

In agreement with the current findings of the study, CRF has been well-established
as an independent predictor of CVD mortality in healthy adults [14] as well as in CVD
patients [24]. Specifically, Imboden et al. [25] showed that a 1-unit increase in MET was
associated with 20% and 38% decreases in 30-year mortality risk for males and females,
respectively. Cao et al. [12] showed that CRF was associated inversely with all-cause and
cancer mortality in a US Baby Boomers and Generation Xers-based cohort study. The
association between higher CRF and lower mortality also is observed in in a 10-year
prospective cohort study involving 59,941 Koreans 30–84 years [17], and in a retrospective
cohort study of 18,775 Korean men [18].

Although CRF is a well-known predictor of all-cause and CVD mortality risk, it is not
routinely checked during clinical visits because specialized equipment, trained personnel,
and sufficient time are needed. However, in recent studies, CRF was estimated with an
acceptable accuracy using easily obtained health indicators [23], and it has been used as a
parameter for predicting morbidity and mortality risk. In a population-based cohort study
involving 12,834 participants aged 20 to 86 years, Zhang et al. [26] showed that higher
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eCRF was significantly associated with lower all-cause and CVD mortality risk in males
and females. Wang et al. [27] also showed that a 1-MET increase in eCRF was associated
with 30% and 27% lower risk of all-cancer mortality in males and females, respectively. In
a prospective cohort study involving 29,850 men from the Aerobics Center Longitudinal
Study, Gander et al. [28] showed that higher eCRF was associated with lower coronary
heart disease (CHD) and lower CHD mortality. In our previous study with Korean older
adults, we also found that higher eCRF was significantly associated with lower all-cause
mortality risk [29]. However, we are not sure if eCRF can replace direct measurement of
CRF as a predictor for mortality risk, which should be further investigated in a future study
involving both predictors.

The prognostic value of adding eCRF to the FRS only model observed in the current
study is of particular interest and supports the findings from previous studies. For example,
Gupta et al. [24] examined the effect of adding CRF to traditional risk factors on risk
classification in 66,371 healthy adults and found that the addition of CRF to the traditional
risk factors improved classification of short- and long-term risk for CVD mortality. In a
cross-sectional study involving 6962 patients, Myers et al. [30] showed that addition of
physical activity and CRF to the traditional risk factor model improved risk classification
accuracy for mortality by 22.8% and 43.5%, respectively. The prognostic role of adding
other health indicators to the CVD risk factors-based model for mortality risk has been
reported in previous studies [31,32]. Likewise, the role of adding other health indicators to
the CVD risk factors-based model for predicting mortality risk has also been reported in
previous studies [31,32]. For example, the algorithm for eCRF used in the current study
includes age, sex, PA, RHR, and BMI as parameters. Among them, PA, RHR, and BMI are
additional predictors that are not included in the FRS model. Therefore, the added value of
eCRF to the FRS only model may imply the potential of the three parameters. In support
of this notion, elevated RHR is a significant predictor of all-cause mortality in ambulatory
patients with heart failure [33] and middle-aged populations [34,35]. In addition, mortality
risk is significantly and independently associated with overweight/obesity [36,37], and
physical inactivity [9,10] in different populations. Together, the findings from the current
and previous studies suggest that adding eCRF to the traditional risk factor-based models
may positively contribute to the accuracy for predicting mortality risk.

Several explanations are possible for the protective effect of high CRF against increased
all-cause and CVD mortality risk associated with the traditional risk factors. CVD risk
factors either individually and/or additively contribute to increased mortality risk via
(i) decreased insulin sensitivity and increased insulin resistance, (ii) unfavorable blood
lipids and lipoproteins, (iii) obesity/overweight, (iv) inflammatory responses, (v) elevated
blood pressure, (vi) increased sympathetic and decreased parasympathetic tone, and
(vii) metabolic disorders [38–40]. Conversely, obtaining and/or maintaining high CRF
through regular physical activity provides morbidity and mortality benefits via improved
insulin sensitivity and decreased insulin resistance [41], favorable changes in blood lipids
and lipoproteins [42], anti-inflammation [43], decreased blood pressure [44], increased
parasympathetic/decreased sympathetic tone [45], and decreased clustering of metabolic
risk factors [46].

This study has limitations. First, the cross-sectional nature of the study limits any
cause-and-effect explanation for the relationships between exposures and mortality. Second,
parameters used to obtain eCRF would change during follow-up. However, only baseline
eCRF was used in this study, which could result in an underestimation of the study’s
associations. Third, the possibility cannot be excluded that other biomarkers or covariates
not included in the current study may mediate or modulate the relationships between
exposures and mortality [47]. This study also has strengths. First, this study included a
large and representative sample of Korean adults for generalization of study outcomes.
Second, the mortality data were gathered from a reliable register. Third, eCRF classification
(unfit vs. fit) was based on the ROC analysis of the current data, which would provide a
more reliable and reproducible association between the exposure and mortality.
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5. Conclusions

In summary, we examined the relationship of the 10-year FRS point summation and
eCRF levels with all-cause and CVD mortality in a representative sample of Korean adults
and found that all-cause and CVD mortality risk was positively correlated with the FRS
but inversely correlated with eCRF. The protective effect of high eCRF against all-cause
and CVD mortality was noticeable in moderate and high FRS categories. In addition, we
found that the FRS plus eCRF model has better predictor power for mortality risk than the
FRS only model. Together, the current findings indicate that CRF promotion via physical
activity should be encouraged for subjects at increased CVD risk, and incorporating eCRF
into the traditional risk factors could be an alternative to objectively measuring CRF for
mortality risk prediction.
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