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The Framingham Risk Score (FRS) was developed to quantify a patient's coronary heart disease (CHD) risk. Non-
exercise estimated CRF (e-CRF) may provide a clinically practical method for describing cardiorespiratory fitness.
We computed e-CRF and tested its association with the FRS and CHD.

Male participants (n=29,854) in the Aerobics Center Longitudinal Study (ACLS) who completed a baseline ex-
amination between 1979-2002 were followed for 12 years to determine incident CHD defined by self-report
of myocardial infarction, revascularization, or CHD mortality. e-CRF was defined from a 7-item scale and catego-
rized using age-specific tertiles. Multivariable survival analysis determined associations between FRS, e-CRF, and
CHD. Interaction between e-CRF and FRS was tested by stratified analysis by ‘low’ and ‘moderate or high’ 10-year
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Exercise capacity CHD risk.

Framingham risk score Men with high e-CRF were significantly (p-value < 0.0001) younger, and less likely to be smokers, compared to
Men men with low e-CRF. Multivariable survival analysis reported men with high e-CRF were 29% (HR = 0.71; 95%
Risk 0.56, 0.88) less likely to experience a CHD event compared to men with low e-CRF. Stratified analyses showed

men with ‘low’ 10-year FRS predicted CHD risk and high e-CRF had a 28% (HR = 0.72; 95% C1 0.57, 0.91) lower
CHD-mortality risk compared to men with low e-CRF, no association was found in this group and men with mod-
erate e-CRF. Men who were more fit had a decreased risk for CHD compared to men in the lowest third of fitness.

Estimated CRF may add clinical value to the FRS and help clinicians better predict long-term CHD risk.
©2017 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Despite the decrease in coronary heart disease (CHD) incidence
worldwide in the past 30 years (Rodriguez et al., 2006; Bennett et al.,
2006). a decrease in age-adjusted CHD mortality in the United States
(US) (Xu et al., 2010), and decrease in self-reported CHD (Centers for
Disease Control and Prevention, 2011) from 2006 to 2010, CHD remains
one of the leading causes of death in the US. (Murphy et al., 2012) CHD
risk factors include diabetes (Grossman & Messerli, 1996), hypercholes-
terolemia (Wijeysundera et al., 2010), hypertension (Strauer, 1979),
and smoking (Scheidt, 1997). Accordingly, risk scores have been devel-
oped to enable clinicians to quantify these risk factors from their

Abbreviations: CRF, cardiorespiratory fitness; e-CRF, estimated cardiorespiratory
fitness; CHD, coronary heart disease.
* Corresponding author at: 101 Woodruff Circle, Suite 5001, Emory University, Atlanta,
GA 30306, United States.
E-mail address: jennifer.gander@emory.edu (J.C. Gander).
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patients' medical histories in order to provide an estimate of CHD risk
(Assmann & Schulte, 1988; Wilson et al., 1998).

The Framingham Risk Score (FRS) was reported by physicians to be
the most widely used CHD risk score (Sposito et al.,, 2009; Kannel et al.,
1976) The FRS was developed from the Framingham Heart Study
(Kannel et al., 1976), and a 1998 version by Wilson et al. (1998) catego-
rized the aforementioned risk factors to determine 10-year CHD risk
and provide a score sheet for clinical implementation. The FRS' predictive
power has persisted through validation in various populations (Kagan et
al,, 1975; Stampfer et al.,, 1991) as well as modifications such as the inclu-
sion of apolipoproteins (Ingelsson et al., 2007), C-reactive protein
(Pischon et al., 2007), and involuntary job loss (Gallo et al., 2006).

Few studies have examined the association between FRS and cardio-
respiratory fitness (CRF) (Gander et al.,, 2015). The protective effect of
CRF on CHD (Chong et al., 1999; Ekelund et al., 1988), and other adverse
events has been well documented (Blair et al., 1989a; Sui et al., 2007;
Sui et al., 2008; Sieverdes et al., 2010; Gander et al., 2011). Our recent
study examining the association between CRF and 10-year CHD risk
showed that men with high CRF had a 26% (HR = 0.75; 95% CI 0.56-
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0.98) lower risk of CHD compared to men with low CRF, while control-
ling for an individual's FRS-predicted risk (Gander et al., 2015). A clinical
limitation to CRF, however, is the methodologic rigor and associated
high costs required to determine an individual's CRF, traditionally deter-
mined via a maximal exercise test. For these reasons, researchers have
developed methods for estimating a patient's CRF (Nes et al., 2014;
Jackson et al., 2012; Coleman et al., 2012). Recently, a 7-item, non-exer-
cise, scale estimating CRF (e-CRF) (Jackson et al., 2012) was developed
that incorporates sex, age, body mass index (BMI), waist circumference
(WC), resting heart rate (RHR), smoking status, and physical activity
(PA). No study has investigated the association between e-CRF and
CHD independently or in addition to a CHD risk score, such as the FRS.
This study was designed to expand on previous literature by determin-
ing the relationship between e-CRF and CHD. A second aim was to eval-
uate the potential for the e-CRF to add clinical value to the FRS by testing
for improvement in predicting 10-year CHD risk.

2. Methods
2.1. Study population

This study focused on men from the Aerobics Center Longitudinal
Study (ACLS) prospective cohort. The ACLS participants were recruited
from patients attending the Cooper Clinic in Dallas, TX for a preventive
medical examination and health behavior counseling. The participants
completed a baseline examination at the Cooper Clinic from January 1,
1979 through December 31, 2002. Women were excluded from analy-
ses due to a low number of CHD events (n = 45). The five inclusion
criteria for men were 1) age at baseline was between 30 and 74 years,
2) BMI > 18.5 kg/m?, 3) free of a previous CHD, cancer, or stroke diagno-
sis at baseline, 4) reached an age-predicted maximal exercise heart rate
> 85% at each visit, and 5) had complete data with a minimum of 1 year
of follow-up. The Cooper Clinic Institutional Review Board reviewed and
approved the ACLS protocol annually. Fig. 1 displays the inclusion and
exclusion criteria for this study.

2.2. Clinical examination

Standardized protocols were followed by trained technicians at
every clinical exam. Personal and family medical histories were taken

during the baseline examination. Other clinical baseline measures in-
cluded a 12-hour fasting cholesterol and glucose measurement,
blood pressure assessment, electrocardiogram, anthropometric
measurements, and a maximal exercise test (Blair et al., 1989b;
Blair et al., 1995; Blair et al., 1996). A standardized questionnaire
was used to capture an individual's current smoking status and
medical history.

2.3. Measures

2.3.1. Definition of outcome

CHD was defined either by self-reported myocardial infarction, by-
pass surgery, coronary balloon, angioplasty, or stent placement, or by
CHD mortality. Self-reported history of CHD was collected through a
mail-back survey administered in 1982, 1986, 1990, 1995, 1999, and
2004 and this method of event identification has been described before
(Sui et al., 2007). The aggregate survey response rate across all survey
periods in the ACLS is approximately 65%. Nonresponse bias is a concern
in epidemiologic surveillance, and this issue has been investigated pre-
viously (Macera et al., 1990). CHD-specific mortality was determined
through linking the ACLS cohort with the National Center for Health
Statistic's National Death Index. The primary cause of death was deter-
mined by International Classification of Disease Ninth (ICD-9) and
Tenth (ICD-10) revisions. CHD mortality was classified with ICD-9
codes 410.0-414.0 and ICD-10 codes 120-125. In accordance with FRS's
follow-up definition, the cut-off for maximum follow-up time for CHD
event was 12 years.

2.3.2. Primary exposure

Estimated CRF (e-CRF) was expressed in metabolic equivalent of
task (MET) units, which were estimated using a 7-item algorithm
(Artero et al., 2014). The sex-specific scale is composed of a
participant's age, BMI, WC, RHR, two-level PA, and smoking status
(smoke). Details on PA were captured through a medical history
questionnaire in which participants reported their regular PA for
the past 3 months (Kampert et al., 1996; Cheng et al., 2000), and di-
chotomized in to two levels: none or low, vs. moderate or high phys-
ical activity. The accuracy of the developed algorithm was determine
by computing the random intercept's square root of the sum and the
residual variances (Jackson et al., 2012; O'Connor et al., 2010). These

‘ ACLS Men age 30-74 years ‘
(n= 36,153)
Exclusion Criteria Applied Exclusion Criteria
(n=6,299) Missing FRS data (n=1,108)
Body mass index<18.5 (n=866)
Not reaching 85% of predicted maximal HR (n=1,435)
History of CHD (n=818)
History of stroke (n=60)
History of cancer (n=571)
. . : Missing follow-up survey (n=722)
Men included in the final analytic Less than one year of follow-up (n=719)
cohort
(n=29,854)
1
il _ | ‘ |
Low Moderate High
e-CRF e-CRF e-CRF
(n=9,950) (n=9,953) (n=9,951)
ICHD free during 12 year| | Experiencea CHD | |CHD free during 12 year, | Experience a CHD HD free during 12 year| | Experience a CHD
‘ follow-up during 12 year follow-up| follow-up during 12 year follow-up follow-up during 12 year follow-up
(n=9,776) | (n=174) [ (n=9,771) (n=182) (n=9,808) (n=143)

Fig. 1. Aerobics Center Longitudinal Study participants flow diagram. FRS,

Framingham Risk score; CHD, coronary heart disease; HR, heart rate.
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variables are applied to Jackson et al.'s algorithm (Jackson et al.,
2012) below:

e—CRF = 21.2870
+ (Age x 0.1654)— (Age2 x 0.0023)
—(BMI x 0.2318)—(WC x 0.0337)

—(RHR x 0.0390) + (PA x 0.6351)— (Smoke x 0.4263)

The estimated METs were categorized into three age-adjusted e-CRF
tertiles. This classification is similar to a previous e-CRF study (Jackson
etal, 2012).

2.3.3. Application of Framingham Risk Score (FRS)

A composite 10-year CHD risk score was generated for each partici-
pant using the FRS. The FRS was derived from the Framingham Heart
Study and the 1998 modeling (Wilson et al., 1998) to predict 10-year
CHD risk. The FRS is a sex-specific and age-adjusted risk score that in-
corporates categorical variables for blood pressure, total cholesterol,
high density lipoprotein cholesterol (HDL-C), diabetes diagnosis, and
smoking status. Blood pressure, total cholesterol, and HDL-C were cate-
gorized based on FRS definitions (Wilson et al., 1998). Point values were
tabulated for each participant based on Wilson et al.'s study (Wilson et
al., 1998). Men were stratified based on their level of 10-year CHD risk
and men with a 10-year CHD risk < 10% (point summation < 5 points)
were classified as ‘low’ risk and a point summation >5 points was cate-
gorized as ‘moderate or high'’ risk for CHD (Wilson et al., 1998).

2.4. Statistical analysis

Descriptive statistics were calculated for the total study population
and stratified by e-CRF. Chi-square tests and Cochran Armitage trend
tests were conducted to determine significant differences between the
e-CRF levels and each risk factor. Death rate per 10,000 person-years

Table 1
Demographics of participants stratified by estimated cardiorespiratory fitness (e-CRF).

of follow-up was calculated for e-CRF and 10-year FRS predicted CHD
Risk. We conducted a sensitivity analysis to determine the correlation
between estimated METS and FRS point summation. Crude Cox Propor-
tional Hazard Models, adjusting for baseline examination year, were fit
to determine the association between e-CRF and CHD, and the relation-
ship between 10-year FRS predicted CHD risk and actual CHD events. A
fully adjusted Cox Proportional Hazard Model was used to determine
the relationship between e-CRF, 10-year FRS predicted CHD risk and
CHD. The effect of e-CRF on CHD also was investigated on population
subsets defined by age, smoking status, hypertension status, and diabe-
tes diagnosis. To investigate if there was a significant interaction be-
tween e-CRF and 10-year FRS predicted CHD risk, the male ACLS
participants were stratified by ‘low’ or ‘moderate or high’ FHS predicted
CHD risk and hazard ratios between e-CRF and CHD were calculated.
The receiver operating characteristic (ROC) curves were plotted to de-
termine if there was a significant improvement in the predictive accura-
cy of CHD by augmenting the FRS point summation with e-CRF. The chi-
square test determined if there was a significant difference between the
models. The Hosmer-Lemeshow statistics was used to assess calibration
and goodness of fit; the statistics compares the predictive and observed
events but is limited to sample sizes smaller than 10,000 observations
(Paul et al.,, 2013). To control for this limitation, a random sample pop-
ulation was generated from the larger study population to perform this
goodness of fit test. Sensitivity analyses determined the correlation be-
tween e-CRF and objectively measured CRF, and compared the predic-
tive accuracy of CHD using ROC curves containing FRS point
summation and either e-CRF or CRF.(Gander et al., 2015) SAS® version
9.3 was used to perform all descriptive, survival, and predictive model-
ing analyses.

3. Results

There were 499 CHD events among 29,854 men (contributing
248,890 person-years of observation) (Fig. 1). Table 1 displays the

Risk factor Total Population Low Middle High Cochran-Armitage Trend
e-CRF e-CRF e-CRF p-value
(n =29,854) (n =9950) (n =9953) (n=19951)
% % % %
Number of CHD events (%) 499 (1.7) 174 (1.8) 182 (1.8) 143 14) 0.08
Mean (SD) age, y 44.7 (8.6) 49.7 (8.8) 46.8 (8.6) 42.1 (8.4) <0.0001
Age, range (years) 30-74 30-74 30-74 30-70
Moderate or high 10-year CHD risk 2.1 3.7 1.7 0.8 <0.0001
SBP, mean (SD)? 120.7 (12.9) 124.5 (13.1) 120.1 (12.2) 117.5 (12.5) <0.0001
DBP, mean (SD)? 81.2 (9.4) 84.7 (9.5) 80.9 (8.9) 78.1 (8.7) <0.0001
Blood pressure, mm HG
Optimal (SBP < 120, DBP < 80) 28.8 16.6 294 404 <0.0001
Normal (120 < SBP < 130, 80 < DBP < 85) 31.8 29.2 33.7 326 <0.0001
High normal (130 < SBP < 140, 85 < DBP < 90) 16.0 18.6 16.1 132 <0.0001
Stage | HTN (140 < SBP < 160, 90 < DBP < 100) 18.7 269 174 119 <0.0001
Stages II-IV HTN 4.7 8.7 34 1.9 <0.0001
(SBP 2 160, DBP > 100)
Total cholesterol, mg/dL, mean (SD)* 208.63 (39.739) 216.197 (41.0532) 216.197 (41.0532) 199.578 (36.5252) <0.0001
<160 9.2 6.8 8.2 12.5 <0.0001
160-199 34.1 28.7 333 40.3 <0.0001
200-239 36.9 38.5 379 343 <0.0001
240-279 153 19.6 15.7 10.6 <0.0001
>280 45 6.4 4.8 23 <0.0001
HDL-C, mg/dL, mean (SD)* 46.1 (12.1) 42.0 (10.7) 459 (11.5) 50.4 (12.6) <0.0001
<35 15.6 24.8 14.2 7.9 <0.0001
35-44 34.1 399 36.0 26.5 <0.0001
45-49 15.6 13.8 16.7 16.2 <0.0001
50-59 214 15.1 214 27.7 <0.0001
>60 133 6.5 11.7 21.7 <0.0001
Diabetes 14 2.8 0.9 0.6 <0.0001
Current smoker 16.6 244 171 8.1 <0.0001

Abbreviations: DBP, diastolic blood pressure; e-CRF, estimated cardiorespiratory fitness; HDL-C, high density lipoprotein- cholesterol; SBP, systolic blood pressure.
@ Categorization for blood pressure, total cholesterol, and HDL-C were based on the 1998 Framingham Risk Score classification (Wilson et al., 1998).
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Table 2
Adjusted survival risks for coronary heart disease (CHD) events by estimated cardiorespi-
ratory fitness (e-CRF) and 10-year CHD risk group.

N Number of Death  HR HR
deaths rate? (95% C1)® (95% CI)©
Estimated CRF
(e-CRF)
Low 9950 174 31.93 1.00 (ref) 1.00 (ref)
Moderate 9953 182 18.90 0.93 0.99
(0.76,1.14)  (0.81,1.22)
High 9951 143 10.31 0.64 0.71
(0.51,0.80) (0.56,0.88)
P value for trend <0.001 0.003
10-year CHD risk
Low 29241 447 1834  1.00 (ref)  1.00 (ref)
Moderate or high 613 52 102.58 5.59 5.25
(4.20,7.45) (3.92,7.01)

Abbreviations: CHD, coronary heart disease; CI, confidence interval; HR, hazard ratio.
2 Deaths per 10,000 person-years of follow-up adjusted for examination year.
b Adjusted for examination year.
€ Further adjusted e-CRF for 10-year CHD risk or 10-year CHD risk for e-CRF.

comparisons between men stratified by their e-CRF. Men with low e-
CRF had a higher proportion of CHD events compared to high-fit men.
Men with low e-CRF also were less likely to have optimal or normal
blood pressure compared to men with moderate or high e-CRF. High-
fit men were more likely to have increased levels of HDL-C
> 60 mg/dL, be nondiabetic, and be a nonsmoker compared to low- or
moderate fit men.
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Our sensitivity analysis testing the correlation between estimated
METS and FRS point summation reported a significant inverse correla-
tion (Spearman r = —0.54, p < 0.001). Crude survival analysis, adjusted
for baseline examination year, reported that both e-CRF and ‘moderate
or high’ 10-year FRS predicted CHD risk were statistically significant
with CHD (Table 2). In the crude survival analysis, men with high e-
CRF had a 36% (HR = 0.64; 95% C1 0.51, 0.80) lower CHD risk compared
to low-fit men (p-value for trend <0.001). The significant association
between e-CRF and CHD remained in a subsequent model controlling
for ‘moderate or high’ 10-year FRS predicted CHD risk, although effect
size was slightly attenuated. The significant protective effect between
e-CRF and CHD was also found in subpopulations of male ACLS cohort
members. Fig. 2 shows that among men age > 60 years, high-fit men
had a 44% (HR = 0.56; 95% C1 0.32, 0.97) lower risk for CHD compared
to low-fit men. A similar association between high-fit men and CHD risk
was found among nonsmokers (HR = 0.62; 95% CI 0.48, 0.79).

Fig. 3 reports the interaction between e-CRF and FRS predicted CHD.
In analyses stratified by ‘low’ and ‘moderate or high’ FRS predicted CHD
risk, men with ‘low’ 10-year FRS predicted CHD risk and high e-CRF
have a 28% (HR = 0.72; 95% C10.57, 0.91) lower risk of CHD compared
to men with low 10-year FRS predicted CHD risk and low e-CRF. Among
men with ‘moderate or high’ 10-year FRS predicted CHD risk, men with
moderate e-CRF were 38% (HR = 0.62; 95% C1 0.32, 1.22) lower risk for
CHD compared to men with low e-CRF. High e-CRF was associated with
a protective effect (HR = 0.69; 95% CI 0.31, 1.51) of CHD in men with
‘moderate or high’ FRS predicted CHD risk, although neither relation-
ship was statistically significant.

Estimated Cardiorespiratory

Fitness* Moderate W High
1.8
1.6
1.4
'9 1.2 I
i T
= -
®os |l HR=0.62
[ HR=0.94
- 06 + HR=0.97 HR=1.08
0.4
0.2
0
Non-Smoker Smoker
(n=24,911) (n=4,943)
Smoking Status
6
5
o4
&
T3
E HR=0.62
== 2 .
HR=0.98
) - HR=0.64
= [ | | HR=2.07
0
No Yes
(n=29,439) (n=415)

Diabetes Diagnosis

Fig. 2. Multivariable adjusted hazard ratio and 95% confidence intervals for estimated cardiorespiratory fitness (e-CRF) and coronary heart disease (CHD) events among population subsets.
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Fig. 3. Adjusted survival analysis of the association between estimated cardiorespiratory fitness (e-CRF) and risk of coronary heart disease (CHD); low e-CRF represented the reference

group.

The ROC curves were plotted for ‘FRS point summation only’ model
and the ‘FRS point summation with e-CRF’ (Fig. 4). The Area Under the
Curve was higher for the ‘FRS point summation with e-CRF’ (c-statistic
= 0.7987; 95% C1 0.7813, 0.8161) compared to the model ‘FRS point
summation only’ (c-statisti = 0.7972; 95% C10.7798, 0.8146). However,
there was no significant difference in predictive power between the
models (p-value = 0.90) and the goodness of fit test reported that the
predicted events were not different from the observed events with a
Hosmer-Lemeshow p-value > 0.05. The sensitivity analysis to determine

the correlation between e-CRF and objectively measured CRF reported a
significant correlation between e-CRF (R = 0.54; p < 0.001) and similar
predictive accuracy (CRF's c-statistic = 0.7976), and no significant dif-
ference in predictive power (p = 0.93).

4. Discussion

Men with high e-CRF were at a significantly lower risk for CHD com-
pared to men with low e-CRF (reference group). Among men with ‘low’
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Fig. 4. Receiver Operating Characteristic Curve comparing the predictive ability of the Framingham Risk Score (FRS) point summation (Model A) compared to the Framingham Risk Score
point summation and estimated cardiorespiratory fitness (e-CRF) (Model B).
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FRS predicted risk for CHD, high-fit men had a significantly lower risk
for CHD compared to men with e-CRF. To our knowledge, this is the
first study to examine the protective effect of e-CRF on CHD among
men with ‘moderate or high'’ risk for CHD by the FRS assessment.

Cardiorespiratory fitness is a protective factor for all-cause
mortality,(Blair et al., 1989a; Wei et al., 2000) CHD mortality,(Chong
etal., 1999; Ekelund et al., 1988; Wilson et al., 1998) CHD incidence,(Oja
et al., 1974) and diabetes incidence,(Sui et al., 2008) but is not routinely
collected during clinical visits. Estimated CRF provides a clinically feasi-
ble alternative, can be captured by using a simple algorithm,(Nes et al.,
2014; Artero et al.,, 2014; O'Connor et al,, 2010) and has been shown to
be a protective factor of all-cause mortality in a cohort of healthy men
and women,(Nauman et al., 2016) all-cause mortality in adults with el-
evated inflammation index,(Edwards & Loprinzi, 2017) and cardiovas-
cular-specific mortality.(Nauman et al., 2016) Our study reports a
significant protective association between e-CRF and CHD, congruent
with previous reports on e-CRF's protective effect on other cardiovascu-
lar outcomes.(Nes et al., 2014; Artero et al., 2014; Stamatakis et al.,
2012) Nauman et al. reported that e-CRF was strongly associated with
an inverse association of cardiovascular disease mortality in a healthy
Norwegian sample of 38,480 men and women.(Nauman et al., 2016)
The study reported that the addition of e-CRF resulted in net gain reclas-
sification of cardiovascular-specific mortality of 2.8% and 6.8% in men
and women, respectively, independent of traditional cardiovascular dis-
ease risk factors. Our study reports similar protective effects, in men, of
e-CRF on CHD mortality in the overall cohort and stratified by various
patient characteristics. Furthermore, e-CRF's protective association of
CHD mortality is independent of 10-year CHD risk measured by the FRS.

The FRS has been validated in various populations with similar re-
sults to ours (Gander et al., 2014). Male physicians in the US, enrolled
in the Physician's Health Study, reported their CHD risk factors through
a questionnaire at enrollment and completed follow-up surveys every
6 months to capture CHD incidence (Stampfer et al., 1991). The study
found similar risk factors associated with CHD as those reported in the
Framingham Heart Study, with the exception of smoking status. Addi-
tionally, D'Agostino et al. conducted a comparison analysis to determine
the level of agreement between the FRS applied to the Framingham
Heart Study cohort and the FRS applied to non-Framingham Heart
Study populations. They concluded that the level of agreement was rea-
sonably sound between the predicted and actual CHD events, with the
exception of the study implemented using the Japanese-American co-
hort (D'Agostino et al., 2001). More specifically, when the FRS was ap-
plied to the ACLS cohort the ROC reported FRS had a strong predictive
power of CHD mortality (c = 0.7697; 95% CI 0.7523, 0.7871) (Gander
etal,, 2014). While the e-CRF algorithm overlaps with the FRS by includ-
ing age, sex, and smoking status, Artero et al.'s calculation additionally
includes BMI, waist circumference, resting heart rate, and physical
activity,(Artero et al., 2014). each variable known to be independently
associated with CHD and CHD-mortality.(Fitzgerald & Jarrett, 1992;
Jousilahti et al., 1996; de Hollander et al., 2013; Dyer et al., 1980;
Gillman et al., 1993; Rexrode et al., 1998; Rimm et al., 1995; Bijnen et
al., 1994; Batty & Lee, 2004; Berlin & Colditz, 1990; Slattery et al.,
1989). The addition of the aforementioned variables may explain e-
CRF's incremental, additional protective effect on CHD mortality and
slight improvement on FRS' predictive power. In the current report,
when we stratified our cohort by FRS 10-year CHD risk (‘low’ vs ‘moder-
ate or high’), among those with ‘low’ CHD risk, men with high e-CRF ap-
peared to have a lower risk of CHD mortality compared to men with low
e-CRF.

A study measuring the association of CRF on CHD risk reported CRF's
significant protective effect on CHD while controlling for individuals'
FRS predicted risk (Gander et al., 2015). That study was conducted in
men from the ACLS cohort and reported that in the model adjusting
for FRS predicted risk, high-fit men had 26% (HR = 0.74; 95% CI 0.56,
0.98) lower risk for CHD compared to low-fit men. A clinical limitation
to that study however, is the rigorous methodology required to obtain

an individual's CRF. The American Heart Association reported on the im-
portance of collecting CRF and the additional information measured CRF
could provide for patient management.(Ross et al., 2016). Our study
provides a clinically feasible method to obtain e-CRF which offers the
predictive capability of traditionally measured CRF (Jurca et al., 2005).
while reducing the cost/burden to the patient and clinician.(Myers,
2014). As stated above, improvements in CRF as calculated by e-CRF
may lead to additional improvements in other CHD risk factors, such
as hypertension and glycemic control and could potentially be consid-
ered as part of primary and secondary prevention (Ross et al., 2016;
Vuori et al,, 2013; Swift et al,, 2013; Lavie et al., 2015).

4.1. Study limitations

The limitations of this study should be noted and considered when
determining generalizability. Due to the small number of CHD events
occurring in women, only men were included in the present analysis.
Future research should investigate the association between e-CRF and
CHD in asymptomatic women. The non-significant association between
e-CRF and CHD among stage II-IV hypertensive men may be due to the
small proportions; therefore, generalizations toward this group should
also be made cautiously. It also should be noted that the ACLS cohort
consists predominately of non-Hispanic White individuals from middle
to upper socioeconomic status who were relatively young (i.e., with a
mean age of 42 years). Although this limitation may be considered a
strength because of its tendency to improve internal validity while
exerting inherent control for possible demographic confounders, gener-
alizations and implementations of e-CRF should be made cautiously. In
addition, the ACLS cohort is a relatively healthy population with respect
to CHD and 10-year CHD risk. While previous publications have shown
the predictive power of FRS within the ACLS cohort,(Gander et al., 2015;
Gander et al., 2014) generalizations should be made with caution. Spe-
cifically, our stratified, adjusted associations between ‘moderate or high’
10-year FRS predicted CHD risk and e-CRF showed a protective effect,
though not statistically significant, possibly due to a limited number of
events within these sub-populations. Future studies should investigate
this association among a population with more CHD events among
‘moderate or high’ 10-year FRS predicted risk participants. Our sensitiv-
ity analyses reported a statistically significant inverse correlation be-
tween non-exercise estimated METS and FRS point summation and
may be considered a limitation. However, these variables were both sig-
nificant predictors of mortality in the fully adjusted regression model
and they were both included in the model. Physical activity was collect-
ed through a medical history questionnaire that requests the participant
to report their physical activity habits during the past 3 months.(Jackson
et al.,, 2012; Cheng et al.,, 2000) While the self-reported physical activity
may be limited by recall bias, literature shown successful utilization of
physical activity questionnaires within clinical practice that led to a
higher number of patients discussing exercise with their physician
(Grant et al,, 2014).

5. Conclusion

Our study found that among men with ‘low’ 10-year FRS predicted
CHD risk, those with high e-CRF had a lower risk for CHD compared to
men with low fitness. Increasing awareness through early quantifica-
tion of a patient's risk for CHD is important for CHD prevention. The
FRS is a validated tool that enables physicians to assess an individual's
risk, and our results suggest that assessing e-CRF may add considerably
to the clinicians’ overall risk assessment for CHD. The results of this 7-
item survey (age, sex, WC, BMI, PA, RHR, and smoking status) can be
quickly and easily collected during a clinical exam by paramedical
staff, may help clinicians predict adverse CHD events, and provide clini-
cians ammunition for the promotion of PA and exercise training for im-
proving CRF and CHD risk.
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