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Cardiorespiratory fitness (CRF) is inversely associated with atherosclerotic cardiovascu-
lar disease (ASCVD) risk. It is unclear whether the prognostic value of CRF differs by
baseline estimated ASCVD risk. We studied a retrospective cohort of patients without
known heart failure or myocardial infarction (MI) who underwent treadmill stress testing.
CRF was measured by metabolic equivalents of task (METs) and ASCVD risk was calcu-
lated using the Pooled Cohorts Equations. Multivariable-adjusted Cox regressions analy-
ses examined the association between METs and incident all-cause mortality and MI
outcomes stratified by baseline ASCVD risk. The C-index evaluated risk discrimination
while net reclassification improvement evaluated reclassification with CRF added to the
ASCVD risk score. Our study population consisted of 57,999 patients of mean age 53 (13)
years, 49% women, 64% white, 29% black. Over a median follow-up 11 years (interquar-
tile range 8 to 14 years) there were 6,670 (11%) deaths, while there were 1,757 (3.0%) MIs
over a median follow-up of 6 years (interquartile range 3 to 8 years). Among patients with
ASCVD risk ≥20%, those with METs ≥12 had a 77% lower risk of all-cause mortality
(Hazard ratio 0.23 95% confidence interval = 0.20, 0.27) and 67% lower risk of MI (Haz-
ard ratio 0.33 95% confidence interval = 0.24, 0.46) compared to METs <6. Similar results
were obtained for those with ASCVD risk <5%. Addition of METs to ASCVD risk score
improved the C-statistic from 0.778 to 0.798 for all-cause mortality and 0.726 to 0.733 for
MI (both p <0.001). Addition of METs to ASCVD risk score significantly reclassified risk
of all-cause mortality (p <0.001) but not MI (p = 0.052). In conclusion, CRF is inversely
associated with risk of all-cause mortality and MI at all levels of ASCVD risk, and pro-
vides incremental risk discrimination and reclassification beyond the ASCVD risk
score. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;124:511−517)
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Prediction of atherosclerotic cardiovascular disease
(ASCVD) is essential to effectively balance the risks and ben-
efits of therapy for primary prevention. The American Heart
Association (AHA)/American College of Cardiology (ACC)/
Multisociety guidelines recommend using the Pooled Cohorts
Equations as a first step in estimating 10-year absolute
ASCVD risk in order to guide preventive therapy.1−4 Cardio-
respiratory fitness (CRF) is an important independent marker
of cardiovascular heath in the general adult population.5−14

To evaluate the prognostic significance of CRF in the context
of the recent ACC/AHA guideline,3 we used data from the
Henry Ford ExercIse Testing (FIT) Project, a retrospective
cohort of patients referred for exercise stress testing who were
assessed at baseline for cardiovascular risk factors and fol-
lowed for incident all-cause mortality and myocardial infarc-
tion (MI) events. We hypothesized that (a) CRF is associated
with incident all-cause mortality and MI across all strata of
baseline estimated ASCVD risk; and (b) that CRF provides
incremental prognostic value over the ASCVD risk score.
Methods

The methods of the FIT Project have been previously
described.15 In summary, the FIT Project is a single health
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system investigator-initiated retrospective cohort study that
used multiple data sources including directly measured
exercise data and estimates of CRF. The FIT Project cohort
included 69,885 consecutive patients who underwent physi-
cian-referred treadmill stress testing at Henry Ford Health
System affiliated hospitals and ambulatory care centers in
metropolitan Detroit, MI between 1991 and 2009. Patients
younger than 18 years at the time of stress testing or
patients undergoing pharmacological stress testing, modi-
fied Bruce, and other non-Bruce protocol tests were not
included in the study. The FIT Project was approved by the
Henry Ford Health System Institutional Review Board.15

Patients with known coronary artery disease or with history
of congestive heart failure at baseline were excluded from
the present analysis (N = 10,190 and 877 respectively).

All patients underwent routine, clinically-indicated, symp-
tom-limited maximal treadmill stress testing following the
standard Bruce protocol.16 In accordance with ACC/AHA
guidelines, tests were terminated at the discretion of the super-
vising clinician for potentially life-threatening reasons that
included significant arrhythmias, abnormal hemodynamic
responses, diagnostic ST-segment changes, exercise-limiting
symptoms such as chest pain or shortness of breath, or if the
patient was unable to continue.17 Patients exercised for
3 minutes in each stage of the Bruce protocol. Based on
achieved speed and elevation, CRF (expressed in estimated
metabolic equivalents of task; METs) was assessed using
output data from the Quinton treadmill controller. METs
results were categorized into 4 groups: <6, 6 to 9, 10 to 11,
and ≥12 METs based on the distribution of the FIT data as
these best divide the cohort into nearly four equal groups.15

Prior studies have shown a graded lower risk of outcomes
with these categories.9,18−20

On the day of the stress test a nurse and/or clinical exer-
cise physiologist collected information on patients’ age,
sex, race, risk factor burden, past medical history, and
active medication use. Race was defined exclusively by
self-report. Current smoking was defined as self-reported
active smoking at the time of the stress test. Diabetes melli-
tus was defined as a prior diagnosis of diabetes, use of
hypoglycemic medications including insulin, or a database-
verified prior diagnosis of diabetes. Hypertension was
defined as a prior diagnosis of hypertension, use of antihy-
pertensive medications, or a database-verified prior diagno-
sis of hypertension. The blood pressure at the time of the
test was not used to diagnose hypertension. Dyslipidemia
was defined by prior diagnosis of any major lipid abnormal-
ity, use of lipid-lowering medications, or a database-verified
diagnosis of hypercholesterolemia or dyslipidemia. Medica-
tion use was supplemented using pharmacy claims data and
categorized into common indications (antihypertensive,
lipid-lowering, etc.). Laboratory results were identified (as
available) through a retrospective search of the EMR and
laboratory databases. Laboratory tests were performed
within 90 days of the study and tests closest to the date of the
stress test were selected for inclusion in the calculation of
the ASCVD score. The ASCVD risk score was then calcu-
lated using the Pooled Cohorts Equations and categorized as
<5%, 5 to 20%, and ≥20%.3

Mortality ascertainment was conducted through June 2013
using an algorithm for searching the Social Security Death
Index Death Master File making use of social security
number, first name, last name, and date of birth. Ascertain-
ment was conducted following federal law changes in 2011
limiting reporting of certain deaths by state agencies. A com-
plete algorithmic search of the Social Security Death Index
Death Master File was completed in over 99.5% of patients.15

Myocardial infarction was ascertained through June 2010 by
linkage with administrative claims files from services deliv-
ered by the affiliated group practice and/or reimbursed by the
health plan. Linkage was performed using appropriate Inter-
national Statistical Classification of Diseases and Related
Health Problems 9th (ICD-9) (410.xx). Patients were cen-
sored at their last contact with the integrated Henry Ford
Health System group practice.

Baseline characteristics of the study cohort including
stress test data were tabulated by METs categories and dif-
ferences were tested using Chi-square tests for categorical
variables and analysis of variance or nonparametric testing
for continuous variables. Incidence rates of all-cause mor-
tality and MI were calculated as number of events per 1000
person years for each CRF group according to ASCVD risk
category and visualized using bar graphs.

Multivariable-adjusted Cox proportional hazard models
were used to study the association of CRF with all-cause
mortality and MI after testing and confirming the propor-
tionality assumption using log-log plots. In continuous
analyses, hazard ratios were calculated for each 1-unit
higher METs. In categorical analyses, hazard ratios were
calculated in each ASCVD risk group using METs <6 as
the reference category. Results were stratified by baseline
estimated ASCVD risk categories. We also performed a
second categorical analysis using METs ≥12 and ASCVD
risk <5% as the reference category. Models were adjusted
for age, sex, race/ethnicity, cigarette smoking, hyperten-
sion, hyperlipidemia, diabetes mellitus, statin use, aspirin
use, and antihypertensive medication use.

To account for differences in cardiorespiratory fitness
between men versus women, we derived the FIT treadmill
risk score for each patient, which was calculated as (per-
centage of maximum predicted heart rate + 12 [metabolic
equivalents of task] − 4 [age] + 43 if female).21 We divided
this score in tertiles and examined the association with inci-
dent all-cause mortality and MI adjusting for the same
covariates as a sensitivity analysis. The incremental ability
of CRF to discriminate incident all-cause mortality and MI
was examined using receiver operating characteristic
curves (ROC). The C-index was calculated for the base
model consisting of the ASCVD risk score and then after
adding CRF. To evaluate the additive potential of CRF for
risk reclassification we used categorical net reclassification
improvement using an ASCVD risk score cut point of 20%
(<20% vs ≥20%).

A two-sided p-value of <0.05 was considered statisti-
cally significant. All analyses were performed using Stata/
IC version 13.1 (StataCorp, College Station, Texas).
Results

A total of 57,999 patients were included in our study of
mean age 53 (SD 13), 49% women, 64% white, and 29%
black. The baseline characteristics stratified by CRF are
shown in Table 1. Compared to patients with METs ≥12,
those with METs <6 were older and more likely to be
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Table 1

Baseline characteristics of the study cohort by cardiorespiratory fitness categories

Study cohort

(N = 57,999)

Metabolic equivalents

of task <6
(N = 7,626)

Metabolic equivalents

of task 6�9

(N = 15,627)

Metabolic equivalents

of task 10�11

(N = 21,323)

Metabolic equivalents

of task ≥12
(N = 13,423)

p Value

Demographics

Age (years) 53 § 13 64 § 12 58 § 12 51 § 11 45 § 10 <0.001
Female 28,151 (49%) 5066 (66%) 9875 (63%) 10,352 (49%) 2858 (21%) <0.001
Race/Ethnicity <0.001
White 37,152 (64%) 4317 (57%) 9228 (59%) 13,833 (65%) 9774 (73%)

Black 16,724 (29%) 3000 (39%) 5472 (35%) 5803 (27%) 2449 (18%)

Other 4123 (7%) 309 (4%) 927 (6%) 1687 (8%) 1200 (9%)

Cardiovascular risk factors

Hypertension 35,640 (61%) 6331 (83%) 11,404 (73%) 12,260 (58%) 5648 (42%) <0.001
Hyperlipidemia 24,806 (43%) 3262 (43%) 7379 (47%) 9183 (43%) 4982 (37%) <0.001
Current cigarette smoking 23,972 (41%) 3139 (41%) 6729 (43%) 9069 (43%) 5035 (38%) <0.001
Diabetes mellitus 10,445 (18%) 2368 (31%) 384s7 (25%) 3233 (15%) 997 (7%) <0.001
Family history of coronary

heart disease

29,745 (51%) 3467 (45%) 7933 (51%) 11,301 (53%) 7044 (52%) <0.001

History of obesity 13,308 (23%) 1987 (26%) 5124 (33%) 4993 (23%) 1204 (9%) <0.001
Medication use

Lung disease 5169 (9%) 956 (13%) 1634 (10%) 1787 (8%) 792 (6%) <0.001
Antihypertensives 24,858 (43%) 5065 (66%) 8638 (55%) 8142 (38%) 3013 (22%) <0.001
Statins 10,516 (18%) 1633 (21%) 3677 (24%) 3710 (17%) 1496 (11%) <0.001
Aspirin 9997 (17%) 1797 (24%) 3164 (20%) 3424 (16%) 1612 (12%) <0.001
Glucose lowering 4684 (8%) 1057 (14%) 1896 (12%) 1393 (7%) 338 (3%) <0.001

Atherosclerotic cardiovascular disease risk

<0.001
<5% 15,379 (27) 658 (9) 3105 (19) 6600 (31) 5016 (37)

5�20% 17,642 (30) 1950 (26) 5136 (33) 6730 (32) 3826 (29)

≥20% 24,978 (43) 5018 (66) 7386 (47) 7993 (37) 4581 (34)

Atherosclerotic cardiovascular disease risk score is calculated using the pooled cohort equations.

Continuous variables: mean (standard deviation) or median (interquartile range)*. Categorical variables: count (percentage).
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female and black. They also had higher prevalence of
ASCVD risk factors including hypertension, hyperlipid-
emia, diabetes mellitus, and current cigarette smoking (all
p <0.05). Furthermore, they were more likely to have
higher predicted ASCVD risk (Table 1)
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all-cause mortality with higher ASCVD risk categories for
all METs categories. Similarly, there was a graded higher
incidence rate of MI with higher ASCVD risk categories
among patients with METs <6 and 6 to 9 but not for those
with METs 10 to 11 and ≥12 (Figure 1b). In particular,
patients with ASCVD risk <5% and METs <6 had a higher
incidence rate of these outcomes compared to those with
ASCVD risk ≥20% and METs ≥12 (10.8 vs 3.9 for all-
cause mortality and 5.9 vs 1.5 for MI; p-value <0.001 and
0.44 in Figures 1a and 1b respectively).
Table 2

Multivariable-adjusted hazard ratios for the association of cardiorespiratory fitness

baseline estimated atherosclerotic cardiovascular disease risk

Atherosclerotic cardiovascular

disease risk

<5%

Metabolic equivalents of task

<6 1.00 (ref)

6�9 0.31 (0.23,0.42)

10�11 0.19 (0.14,0.26)

≥12 0.11 (0.07,0.15)

P for trend <0.001
Per 1-unit higher 0.80 (0.77,0.83)

Metabolic equivalents of task

<6 1.00 (ref)

6�9 0.60 (0.37,0.99)

10�11 0.32 (0.20,0.53)

≥12 0.17 (0.10,0.32)

P for trend <0.001
Per 1-unit higher 0.83 (0.79,0.88)

Model is adjusted for age, sex, race/ethnicity, cigarette smoking, hypertension

medication use.
In multivariable-adjusted analyses there was a graded
lower risk of all-cause mortality and MI with higher METs
categories across all strata of baseline estimated ASCVD
risk (Table 2). For example, among patients with ASCVD
risk ≥20%, those with METs ≥12 had a 77% lower risk of
all-cause mortality and 67% lower risk of MI compared to
METs <6. Similar results were obtained in continuous anal-
yses of 1-unit higher METs. Figure 2 demonstrates hazard
ratios of all-cause mortality and MI using METs ≥12 and
ASCVD risk <5% as the reference category. In this analysis
and incident all-cause mortality and myocardial infarction by categories of

Atherosclerotic cardiovascular

disease risk

5�20%

Atherosclerotic cardiovascular

disease risk

≥20%

All-cause mortality

1.00 (ref) 1.00 (ref)

0.51 (0.45,0.58) 0.57 (0.53,0.61)

0.29 (0.25,0.34) 0.35 (0.32,0.39)

0.21 (0.17,0.25) 0.23 (0.20,0.27)

<0.001 <0.001
0.84 (0.82,0.85) 0.85 (0.84,0.86)

Incident myocardial infarction

1.00 (ref) 1.00 (ref)

0.61 (0.49,0.77) 0.66 (0.57,0.76)

0.39 (0.30,0.51) 0.46 (0.38,0.56)

0.24 (0.17,0.34) 0.33 (0.24,0.46)

<0.001 <0.001
0.86 (0.83,0.89) 0.88 (0.86,0.91)

, hyperlipidemia, diabetes mellitus, statin use, aspirin use, antihypertensive
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Figure 2. Multivariable-adjusted hazard ratios of all-cause mortality and myocardial infarction by categories of estimated atherosclerotic cardiovascular dis-

ease risk{ and cardiorespiratory fitness
Model is adjusted for adjusted for age, sex, race/ethnicity, cigarette smoking, hypertension, hyperlipidemia, diabetes mellitus, statin use, aspirin use, antihy-

pertensive medication use

{Atherosclerotic cardiovascular disease risk is calculated using the pooled cohort equation.
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there was a higher risk of events with higher ASCVD risk
and lower METs categories.

In sensitivity analyses examining the FIT treadmill score,
a similar graded lower risk of all-cause mortality and MI
regardless of ASCVD risk category (Supplementary Table).

Addition of METs to ASCVD risk score incrementally
improved the C-statistic for all-cause mortality and MI
(both p <0.001). Addition of METs to ASCVD risk score
significantly reclassified risk of all-cause mortality but not
MI. Among those who died, 672 deaths (15%) were cor-
rectly reclassified at higher risk while 166 (4%) were cor-
rectly reclassified as lower risk (p <0.001). Among those
who had incident MI, 18 (1%) were correctly reclassified at
higher risk while 8 (0.1%) were correctly reclassified as
lower risk (p = 0.052).
Discussion

In support of our research hypothesis, we found that
higher CRF is inversely associated with risk of incident all-
cause mortality and MI independent of traditional cardiovas-
cular risk factors. This association is similar for individuals
at high, intermediate, and low risk of ASCVD.

The FIT Project is the largest epidemiologic database of
objectively assessed clinical exercise data to date. Our
results are generalizable to modern day clinical patient
cohorts since patients were referred by their primary care
providers. This has distinct advantages over volunteer study
populations who are typically healthier22 and may experi-
ence lower rates of adverse outcomes. Our database also
has significant racial diversity with nearly 30% of our
cohort being black and 50% women. In addition, the dura-
tion of follow-up extends for a maximum 22 years for all-
cause mortality, with more than 50% of patients followed
for at least 10 years.

Prior studies have shown that CRF is inversely associ-
ated with adverse outcomes regardless of sex,23 race,24

family history of CHD,25 history of MI,20,26 and medication
use.27−30 The present study further demonstrates that the
association between CRF and incident all-cause mortality
and MI is similar across strata of baseline estimated
ASCVD. In particular, individuals with low ASCVD risk
and low METs in our study had a higher risk of outcomes
than those with high ASCVD risk and high METs. This
suggests that there is significant heterogeneity even within
individuals of the same ASCVD risk stratum. The associa-
tion between CRF and all-cause mortality appears to be
stronger compared to MI, likely because CRF is associated
independently with risk of mortality from various can-
cers.14 As CRF is a marker of overall cardiovascular health,
it integrates the effect of genetics, ASCVD risk factors, and
health factors (physical activity, diet, exercise) over an indi-
vidual’s lifetime. On the other hand, estimation of 10-year
ASCVD risk using the ASCVD risk score involves measur-
ing risk factors at the time of risk assessment. Consistent
with prior studies, we also showed that the addition of CRF
to the ASCVD risk score leads to significant improvement
in discrimination and reclassification of incident death and
MI suggesting that CRF has the potential for further risk
stratification.14,31

Our results should be interpreted in the context of impor-
tant limitations. The FIT Project reports the experience of a
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single center with its unique practice patterns and modes of
operation. Although the cohort studied is diverse, the gener-
alizability may be limited. Most of our patients underwent a
clinically indicated stress test to assess symptoms or to
address other clinical questions. Thus, the findings may not
be generalizable to asymptomatic and otherwise healthy
individuals where clinical exercise testing is not currently
recommended. In addition, the exclusive reliance on the
Bruce protocol may have resulted in a possible selection
bias as patients who were older, overweight, or with physi-
cal limitations may have been tested using different proto-
cols and were therefore not included in our study. Holding
onto the railing for support during the test may have
resulted in overestimation of the fitness level, especially
given that metabolic testing for CRF (e.g., peak VO2) was
not performed. ECG results (i.e., ST segment changes)
from the stress test were not available in our project, and
therefore the Duke Treadmill Score, an important prognos-
tic index for detecting obstructive coronary disease, could
not be calculated. Furthermore, these outcomes were not
adjudicated by an independent panel of clinical experts.
The ASCVD risk score was not designed to be used in
patients already on lipid lowering therapies nor to predict
risk of all-cause mortality. Nevertheless we adjusted for
statin use in our analyses and ASCVD risk score does pre-
dict cardiovascular causes of mortality, which represent a
major cause of death.32 It is important to note that the FIT
Project does not currently have information on cause-spe-
cific mortality. Both physicians and patients were not
blinded to the fitness results and therefore it is possible that
the use preventive medications may have changed over fol-
low up, which could have influenced our results. Lastly,
although we adjusted for known risk factors for cardiovas-
cular disease, we cannot exclude the possibility of residual
confounding.

In conclusion, CRF is inversely associated with risk of
all-cause mortality and MI at all levels of baseline ASCVD
risk. Persons with low ASCVD risk and low METs were at
higher risk of these outcomes than those with high ASCVD
risk and high METs. CRF improved risk discrimination and
reclassification around clinically important risk categories
independent of the baseline ASCVD risk score. CRF may
therefore represent a valuable tool for additional risk strati-
fication although further studies are required to evaluate the
use of CRF in guiding the allocation of primary preventive
treatment.
Supplementary materials

Supplementary material associated with this article can
be found in the online version at https://doi.org/10.1016/j.
amjcard.2019.05.033.

1. Goff DC Jr, DM Lloyd-Jones, Bennett G, Coady S, D’Agostino RB Sr,
Gibbons R, Greenland P, Lackland DT, Levy D, O’Donnell CJ, Robin-
son JG, Schwartz JS, Shero ST, Smith SC Jr, Sorlie P, Stone NJ, Wil-
son PWF. 2013 ACC/AHA guideline on the assessment of
cardiovascular Risk: a report of the American College of Cardiology/
American Heart Association task force on practice guidelines. J Am
Coll Cardiol 2014;63:2935–2959.

2. Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, Blum CB,
Eckel RH, Goldberg AC, Gordon D, Levy D, Lloyd-Jones DM,
McBride P, Schwartz JS, Shero ST, Smith SC Jr, Watson K, Wilson
PW, American College of Cardiology/American Heart Association
Task Force on Practice Guidelines. 2013 ACC/AHA guideline on the
treatment of blood cholesterol to reduce atherosclerotic cardiovascular
risk in adults: a report of the American College of Cardiology/Ameri-
can Heart Association task force on practice guidelines. Circulation
2014;129:S1–45.

3. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal
RS, Braun LT, Braun LT, de Ferranti S, Faiella-Tommasino J, Forman
DE, Goldberg R, Heidenreich PA, Hlatky MA, Jones DW, Lloyd-
Jones D, Lopez-Pajares N, Ndumele CE, Orringer CE, Peralta CA,
Saseen JJ, Smith SC Jr, Sperling L, Virani SS, Yeboah J. 2018 AHA/
ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/
PCNA guideline on the management of blood cholesterol. Circulation
2018;0:cIR.0000000000000625.

4. Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, Denni-
son Himmelfarb C, DePalma SM, Gidding S, Jamerson KA, Jones DW,
MacLaughlin EJ, Muntner P, Ovbiagele B, Smith SC Jr, Spencer CC,
Stafford RS, Taler SJ, Thomas RJ, Williams KA Sr, Williamson JD,
Wright JT Jr. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/
ASPC/NMA/PCNA guideline for the prevention, detection, evaluation,
and management of high blood pressure in adults. Hypertension 2017.
published online Jan 1. http://hyper.ahajournals.org/content/early/2017/
11/10/HYP.0000000000000065.abstract.

5. Blair SN, Kohl HW, Paffenbarger RS, Clark DG, Cooper KH, Gibbons
LW. Physical fitness and all-cause mortality. A prospective study of
healthy men and women. JAMA 1989;262:2395–2401.

6. RR Pate, M Pratt, Blair SN, Haskell WL, Macera CA, Bouchard C,
Buchner D, Ettinger W, Heath GW, King AC. Physical activity and
public health. A recommendation from the Centers for Disease Control
and Prevention and the American College of Sports Medicine. JAMA
1995;273:402–407.

7. Blair SN, Haskell WL. Objectively measured physical activity and
mortality in older adults. JAMA 2006;296:216–218.

8. Hsu S, Ton VK, Dominique Ashen M, Martin SS, Gluckman TJ, Kohli
P, Sisson SD, Blumenthal RS, Blaha MJ. A clinician’s guide to the
ABCs of cardiovascular disease prevention: the Johns Hopkins Ciccar-
one Center for the Prevention of Heart Disease and American College
of Cardiology cardiosource approach to the million hearts initiative.
Clin Cardiol 2013;36:383–393.

9. Al-Mallah MH, Qureshi WT, Keteyian SJ, Brawner CA, AlamM, Dar-
dari Z, Nasir K, Blaha MJ. Racial differences in the prognostic value
of cardiorespiratory fitness (Results from the Henry Ford Exercise
Testing project). Am J Cardiol 2016;117:1449–1454.

10. Al-Mallah MH, Juraschek SP, Whelton S, Dardari ZA, Ehrman JK,
Michos ED, Blumenthal RS, Nasir K, Qureshi WT, Brawner CA,
Keteyian SJ, Blaha MJ. Sex differences in cardiorespiratory fitness
and all-cause mortality.Mayo Clin Proc 2016;91:755–762.

11. Clausen JSR, Marott JL, Holtermann A, Gyntelberg F, Jensen MT.
Midlife cardiorespiratory fitness and the long-term risk of mortality.
J Am Coll Cardiol 2018;72:987–995.

12. Myers J, McAuley P, Lavie CJ, Despres J-P, Arena R, Kokkinos P.
Physical activity and cardiorespiratory fitness as major markers of car-
diovascular risk: their independent and interwoven importance to
health status. Prog Cardiovasc Dis 2015;57:306–314.

13. Falcone C, Bozzini S, D’Angelo A, Matrone B, Colonna A, Benzi A,
Paganini EM, Falcone R, Pelissero G. Plasma levels of soluble recep-
tor for advanced glycation end products and coronary atherosclerosis:
possible correlation with clinical presentation. Dis Markers
2013;35:135–140.

14. Ross R, Blair SN, Arena R, Church TS, Despr�es JP, Franklin BA,
Haskell WL, Kaminsky LA, Levine BD, Lavie CJ, Myers J, Nieba-
uer J, Sallis R, Sawada SS, Sui X, Wisløff U. American Heart Asso-
ciation physical activity committee of the Council on Lifestyle and
Cardiometabolic Health; Council on Clinical Cardiology; Council
on Epidemiology and Prevention; Council on Cardiovascular and
Stroke Nursing; Council on Functional Genomics and Translational
Biology; Stroke Council. Importance of assessing cardiorespiratory
fitness in clinical practice: a case for fitness as a clinical vital sign:
a scientific statement from the American Heart Association. Circu-
lation 2016;134:e653–e699.

15. Al-Mallah MH, Keteyian SJ, Brawner CA, Whelton S, Blaha MJ.
Rationale and design of the Henry Ford Exercise Testing project (the
FIT project). Clin Cardiol 2014;37:456–461.

https://doi.org/10.1016/j.amjcard.2019.05.033
https://doi.org/10.1016/j.amjcard.2019.05.033
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0003
http://hyper.ahajournals.org/content/early/2017/11/10/HYP.0000000000000065.abstract
http://hyper.ahajournals.org/content/early/2017/11/10/HYP.0000000000000065.abstract
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0015
www.ajconline.org


Coronary Artery Disease/The Interplay of the Global Atherosclerotic Cardiovascular Disease Risk Scoring and Cardiorespiratory Fitness 517
16. Bruce RA, Kusumi F, Hosmer D. Maximal oxygen intake and nomo-
graphic assessment of functional aerobic impairment in cardiovascular
disease. Am Heart J 1973;85:546–562.

17. Gibbons RJ, Balady GJ, Bricker JT, Chaitman BR, Fletcher GF, Froe-
licher VF, Mark DB, McCallister BD, Mooss AN, O’Reilly MG, Win-
ters WL, Gibbons RJ, Antman EM, Alpert JS, Faxon DP, Fuster V,
Gregoratos G, Hiratzka LF, Jacobs AK, Russell RO, Smith SC. Ameri-
can College of Cardiology/American Heart Association task force on
practice guidelines. Committee to update the 1997 exercise testing
guidelines. ACC/AHA 2002 guideline update for exercise testing:
summary article. A report of the American College of Cardiology/
American Heart Association task force on practice guidelines (Com-
mittee to update the 1997 exercise testing guidelines). J Am Coll Car-
diol 2002;40:1531–1540.

18. Qureshi WT, Alirhayim Z, Blaha MJ, Juraschek SP, Keteyian SJ,
Brawner CA, Al-Mallah MH. Cardiorespiratory fitness and risk of inci-
dent atrial fibrillation: results from the Henry Ford Exercise Testing
(FIT) project. Circulation 2015;131:1827–1834.

19. J Juraschek SP, Blaha MJ, Blumenthal RS, Brawner C, Qureshi W,
Keteyian SJ, Schairer J, Ehrman JK, Al-Mallah MH. Cardiorespiratory
fitness and incident diabetes: the FIT (Henry Ford Exercise Testing)
project. Diabetes Care 2015;38:1075–1081.

20. Hung RK, Al-Mallah MH, McEvoy JW, Whelton SP, Blumenthal RS,
Nasir K, Schairer JR, Brawner C, Alam M, Keteyian SJ, Blaha MJ.
Prognostic value of exercise capacity in patients with coronary artery
disease: the FIT (Henry Ford Exercise Testing) project. Mayo Clin
Proc 2014;89:1644–1654.

21. Ahmed HM, Al-Mallah MH, McEvoy JW, Nasir K, Blumenthal RS,
Jones SR, Brawner CA, Keteyian SJ, Blaha MJ. Maximal exercise test-
ing variables and 10-year survival: fitness risk score derivation from
the FIT project.Mayo Clin Proc 2015;90:346–355.

22. Delgado-Rodr�ıguez M, Llorca J. Bias. J Epidemiol Community Health
2004;58:635–641.

23. Brawner CA, Al-Mallah MH, Ehrman JK, Qureshi WT, Blaha MJ,
Keteyian SJ. Change in maximal exercise capacity is associated
with survival in men and women. Mayo Clin Proc 2017;92:
383–390.

24. Ehrman JK, Brawner CA, Al-Mallah MH, Qureshi WT, Blaha MJ,
Keteyian SJ. Cardiorespiratory fitness change and mortality risk
among black and white patients: Henry Ford Exercise Testing (FIT)
project. Am J Med 2017;130:1177–1183.

25. Al Rifai M, Patel J, Hung RK, Nasir K, Keteyian SJ, Brawner CA,
Ehrman JK, Sakr S, Blumenthal RS, Blaha MJ, Al-Mallah MH. Higher
fitness is strongly protective in patients with family history of heart
disease: the FIT project. Am J Med 2017;130:367–371.

26. Shaya GE, Al-Mallah MH, Hung RK, Nasir K, Blumenthal RS, Ehr-
man JK, Keteyian SJ, Brawner CA, Qureshi WT, Blaha MJ. High exer-
cise capacity attenuates the risk of early mortality after a first
myocardial infarction: the Henry Ford Exercise Testing (FIT) project.
Mayo Clin Proc 2016;91:129–139.

27. Ahmed AM, Qureshi WT, Sakr S, Blaha MJ, Brawner CA, Ehrman JK,
Keteyian SJ, Al-Mallah MH. Prognostic value of exercise capacity
among patients with treated depression: the Henry Ford Exercise Test-
ing (FIT) project. Clin Cardiol 2018;41:532–538.

28. Shaya GE, Juraschek SP, Feldman DI, Brawner CA, Ehrman JK,
Keteyian SJ, Al-Mallah MH, Blaha MJ. Relation of exercise capacity to
risk of development of diabetes in patients on statin therapy (the Henry
Ford Exercise Testing project). Am J Cardiol 2017;120:769–773.

29. Same RV, Al Rifai M, Feldman D, Billups KL, Brawner CA, Dardari
ZA, Ehrman JK, Keteyian SJ, Al-Mallah MH, Blaha MJ. Prognostic
value of exercise capacity among men undergoing pharmacologic
treatment for erectile dysfunction: the FIT project. Clin Cardiol
2017;40:1049–1054.

30. Hung RK, Al-Mallah MH, Qadi MA, Shaya GE, Blumenthal RS, Nasir
K, CA5 Brawner, Keteyian SJ, Blaha M J. Cardiorespiratory fitness
attenuates risk for major adverse cardiac events in hyperlipidemic men
and women independent of statin therapy: the Henry Ford Exercise
Testing project. Am Heart J 2015;170:390–399.e6.

31. DeFilippis AP, Young R, Carrubba CJ, McEvoy JW, Budoff MJ, Blu-
menthal RS, Kronmal RA, McClelland RL, Nasir K, Blaha MJ. An
analysis of calibration and discrimination among multiple cardiovas-
cular risk scores in a modern multiethnic cohort. Ann Intern Med
2015;162:266–275.

32. Benjamin EJ, Virani SS, Callaway CW, Chamberlain AM, Chang AR,
Cheng S, Chiuve SE, Cushman M, Delling FN, Deo R, de Ferranti SD,
Ferguson JF, Fornage M, Gillespie C, Isasi CR, Jim�enez MC, Jordan
LC, Judd SE, Lackland D, Lichtman JH, Lisabeth L, Liu S, Longenecker
CT, Lutsey PL, Mackey JS, Matchar DB, Matsushita K, Mussolino ME,
Nasir K, O’Flaherty M, Palaniappan LP, Pandey A, Pandey DK, Reeves
MJ, Ritchey MD, Rodriguez CJ, Roth GA, Rosamond WD, Sampson
UKA, Satou GM, Shah SH, Spartano NL, Tirschwell DL, Tsao CW,
Voeks JH, Willey JZ, Wilkins JT, Wu JH, Alger HM, Wong SS, Munt-
ner P, American Heart Association Council on Epidemiology and Pre-
vention Statistics Committee and Stroke Statistics Subcommittee. Heart
disease and stroke statistics-2018 update: a report from the American
Heart Association. Circulation 2018;137:e67–e492.

http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0030
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0030
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0030
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0030
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0030
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0031
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0031
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0031
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0031
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0031
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0032
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0032
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0032
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0032
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0032
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0032
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0032
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0032
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0032
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0032
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0032
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0032
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0032
http://refhub.elsevier.com/S0002-9149(19)30600-9/sbref0032

	The Interplay of the Global Atherosclerotic Cardiovascular Disease Risk Scoring and Cardiorespiratory Fitness for the Prediction of All-Cause Mortality and Myocardial Infarction: The Henry Ford ExercIse Testing Project (The FIT Project)
	Methods
	Results
	Discussion
	Supplementary materials


