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Frtness and Mortality Among Persons 70
Years and Older Across the Spectrum of
Cardiovascular Disease Risk Factor Burden:

The FIT Project

Seamus P. Whelton, MD, MPH; Paul A. McAuley, PhD; Zeina Dardari, MS;
Olusola A. Orimoloye, MD, MPH; Enn D. Michos, MD, MHS;

Clinton A. Brawner, PhD; Jonathan K. Ehrman, PhD; Steven J. Keteyian, PhD;
Michael |. Blaha, MD, MPH; and Mouaz H. Al-Mallah, MD, MSc

Abstract

Objective: To determine whether fitness could improve mortality risk stratification among older adults
compared with cardiovascular disease (CVD) risk factors.
Methods: We examined 6509 patients 70 years of age and older without CVD from the Henry Ford
Exerclse Testing Project (FIT Project) cohort. Patients performed a physician-referred treadmill stress
test between 1991 and 2009. Traditional categorical CVD risk factors (hypertension, hyperlipidemia,
diabetes, and smoking) were summed from 0 to 3 or more. Fitness was grouped as low, moderate, and
high (<6, 6 to 9.9, and >10 metabolic equivalents of task). All-cause mortality was ascertained
through US Social Security Death Master files. We calculated age-adjusted mortality rates, multivar-
iable adjusted Cox proportional hazards, and Kaplan-Meier survival models.
Results: Patients had a mean age of 7514 years, and 3385 (52%) were women; during a mean follow-
up of 9.4 years, there were 2526 deaths. A higher fitness level (P<.001), not lower CVD risk factor
burden (P=.31), was associated with longer survival. The age-adjusted mortality rate per 1000 person-
years was 56.7 for patients with low fitness and 0 risk factors compared with 24.9 for high fitness and
3 or more risk factors. Among patients with 3 or more risk factors, the adjusted mortality hazard was
0.68 (95% CI, 0.61 to 0.76) for moderate and 0.51 (95% CI, 0.44 to 0.60) for high fitness compared
with the least fit.
Conclusion: Among persons aged 70 years and older, there was no significant difference in survival of
patients with 0 vs 3 or more risk factors, but a higher fitness level identified older persons with good
long-term survival regardless of CVD risk factor burden.

© 2021 Mayo Foundation for Medical Education and Research ® Mayo Clin Proc. 2021;96(9):2376-2385
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isk stratification in persons 70 years
R of age and older presents a signifi-

cant  challenge because with
increasing age, there is both an increased
prevalence of cardiovascular disease (CVD)
risk factors and a reduction in their predic-
tive strength.'” There is also a higher abso-
lute rate of both CVD and non-CVD
morbidity and mortality in older age, which
contributes to an increase in competing
risks.”® Accordingly, for older persons, age

functions as the dominant predictor in
most of the commonly used risk prediction
models, leading to nearly all individuals 70
years and older being classified as high
risk, whether they have 0 or multiple CVD
risk factors.”” Whereas CVD risk factors
are most strongly associated with CVD out-
comes, they are notably also associated
with an increased risk for total mortality,
an especially important outcome to consider

10-1
among  older persons.'”'*  Therefore,
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additional variables are needed to improve
risk stratification among older individuals.

Although fitness is not included in
commonly used risk scores, it is one of the
strongest predictors for the risk of both
CVD and total mortality in the general pop-
ulation, and among middle-aged persons,
treadmill exercise testing abnormalities
significantly improve risk stratification
beyond traditional CVD risk factors.'”*
However, fitness decreases with age, and its
utility for risk stratification is less well
defined among older individuals.”” It is un-
certain whether older individuals have dif-
ferences in their mean fitness level across a
low vs high CVD risk factor burden. In addi-
tion, it is unknown whether the association
between fitness and mortality differs by
risk factor burden. Therefore, we sought to
determine the association between fitness
and mortality among persons 70 years of
age and older across the spectrum of CVD
risk factor burden.

METHODS

The Henry Ford Exerclse Testing Project
(FIT Project) is composed of 69,885 patients
who performed a physician-referred exercise
treadmill stress test between January 2,
1991, and May 27, 2009, at the Henry Ford
Hospital (Detroit, Michigan) and affiliated
medical centers. A detailed description of
the study design, methods, follow-up, and
mortality ascertainment has been previously
reported.24 For this analysis, we excluded
patients who were younger than 70 years
(n=60,488), those with prior CVD
(n=2776), and those missing data on fitness
(n=112), for a total of 6509 persons 70 years
of age and older who were included in this
study.

Treadmill stress testing was performed
using a standard Bruce protocol per the
American Heart Association/American Col-
lege of Cardiology guideline recommended
methodology.””** The test was stopped if
the patient had exercise-limiting symptoms
as determined by the supervising clinician
(clinical exercise physiologist or nurse) or
if the patient requested that the test be
stopped. The test was also stopped if the

patient had an abnormal blood pressure
response (eg, a decrease in systolic blood
pressure of >10 mm Hg despite an increased
workload, systolic blood pressure >250 mm
Hg, or diastolic blood pressure >115 mm
Hg), significant ST-segment changes, clini-
cally significant arrhythmia, or exercise-
limiting chest pain. The patients’ peak exer-
cise workload (peak treadmill speed and
peak incline) was used to calculate their
maximal exercise capacity (eg, fitness),
which was reported as metabolic equivalents
of task (METs). Fitness was categorized as
low (<6 METs), moderate (6-9 METs), and
high (>10 METs).”” We chose 10 METs
and higher as the high-fitness group because
older persons have a lower mean fitness level
and few patients in this study achieved 12
METs or more (n=74). We used physician
referral information to group the stress test
indications into common categories, such
as chest pain and dyspnea.””’

Immediately preceding the treadmill
stress test, a trained nurse or clinical exercise
physiologist obtained a medical history
including the patient’s demographic charac-
teristics, CVD risk factors, current smoking
status, current medication use, and past
medical history. This self-reported informa-
tion was supplemented by a retrospective
search of the administrative databases or
pharmacy claims files for patients who
were enrolled in the Henry Ford Health Sys-
tem integrated health plan to augment the
information on medication use and past
medical history. For an electronic medical
record (EMR) diagnosis to be coded as
such in our database, it must have been pre-
sent on at least 3 separate clinical encoun-
ters.”" We used these data combining
patient self-report, use of a disease-specific
medication, or an EMR database—verified
diagnosis to classify hypertension, dyslipide-
mia, diabetes, and current smoking as pre-
sent or absent.

The reported resting systolic and dia-
stolic blood pressures were measured imme-
diately before the stress test, but these values
were not used to define hypertension for this
study because a diagnosis of hypertension
must be based on 2 separate measurements

Mayo Clin Proc. ® September 2021:96(9):2376-2385 ® https://doi.org/10.1016/j.mayocp.2020.12.039
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on at least 2 separate visits, patients may
have had higher than typical blood pressures
on the day of their stress test because of
withholding of medications for the stress
test, and it was not recorded whether the
blood pressure readings were measured
with the patient in the standing or supine
position. A family history of coronary artery
disease was defined as the presence of a first-
degree relative with a prior clinical coronary
artery disease event. For patients 80 years
and older, an age of 79 years was used to
calculate the pooled cohort equations
(PCEs) as recommended by the American
College of Cardiology/American Heart Asso-
ciation because the PCEs were developed us-
ing individuals aged 40 to 79 years. We
performed a retrospective search of the
EMR and associated laboratory databases to
identify laboratory values obtained within
90 days of the stress test. There were 614
participants missing laboratory data for total
cholesterol concentration, but EMR data for
a diagnosis of hyperlipidemia or lipid-
lowering medication use were available for
these patients. All-cause mortality was ob-
tained by linkage to the Social Security
Death Master File through April 2013.*
Each patient’s traditional CVD risk factor
(hypertension, dyslipidemia, diabetes, and
smoking) burden was summed from 0 to 3
or more, and the proportion of individuals
within each risk factor group was stratified
by fitness categories. The age-adjusted mor-
tality rate was calculated per 1000 person-
years of follow-up stratified by METs and
fitness groups. Kaplan-Meier survival anal-
ysis was performed on the basis of the num-
ber of CVD risk factors and fitness
categories.”® The primary outcome was all-
cause mortality. Follow-up was calculated
as the days between the exercise stress test
date and the date of death or the end date
for death matching (April 30, 2013). In addi-
tion, we performed multivariable adjusted
Cox proportional hazards modeling to
examine the risk of mortality based on the
number of traditional CVD risk factors and
fitness.”” In our adjusted analyses, model 1
included age, sex, race, and reason for the
stress test; model 2 additionally included

resting systolic and diastolic blood pressure,
total cholesterol concentration, high-density
lipoprotein cholesterol concentration, use of
hypertension medication, use of lipid-
lowering medication, diabetes, and smoking
status. We performed sensitivity analyses
excluding patients with a diagnosis of cancer
at baseline (n=777; defined as an EMR-listed
diagnosis), stratified by sex, and excluding
patients who died within the first year of
follow-up (n=107).

RESULTS

Patients ranged in age from 70 to 96 years,
with a mean age of 75 years (SD 4.2 years);
3385 (52%) were women, and 4603
(70.7%) were White (Table 1). Medication
treatment for the risk factors occurred
among 4269 (79%) patients with hyperten-
sion, 1766 (54%) patients with dyslipidemia,
and 714 (43%) patients with diabetes (71
(10%) of whom were prescribed insulin). Pa-
tients who reported current smoking
received smoking cessation advice per their
referring physician’s standard practice. The
proportion of patients with CVD risk factors
was lower with higher fitness levels
(Supplemental Table 1, available online at
http://www.mayoclinicproceedings.org).
There were 2526 deaths during a mean
follow-up of 9.4 years. The mean 10-year
PCE risk score was 35.3%, and only 0.2%
(n=10) had a 10-year PCE score below
7.5%. The CVD risk factor burden was
similar for patients across fitness levels;
6125 (94.1%) patients had at least 1 CVD
risk factor, whereas 1868 (28.7%) patients
had 3 or more CVD risk factors (Figure 1).
Regardless of the number of CVD risk fac-
tors, individuals in the low-fitness group
had the highest age-adjusted mortality rate
(56.7 per 1000 person-years), whereas pa-
tients in the highest fitness group had the
lowest age-adjusted mortality rate (25.1 per
1000 person-years). In addition, within
each fitness group, the age-adjusted mortal-
ity rate did not increase with a higher CVD
risk factor burden (Figure 2). During 15
years of follow-up, there was no significant
difference in survival for patients with
0 CVD risk factors compared with those

Mayo Clin Proc. ® September 2021;96(9):2376-2385 ® https://doi.org/10.1016/j.mayocp.2020.12.039

www.mayoclinicproceedings.org

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by
Elsevier on September 29, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.


http://www.mayoclinicproceedings.org
https://doi.org/10.1016/j.mayocp.2020.12.039
http://www.mayoclinicproceedings.org

FITNESS AND CVD RISK FACTORS IN PERSONS 70 YEARS AND OLDER

TABLE 1. Participant Characteristics Stratified by Number of Risk Factors®"<

No. of risk factors 0 (n=384) I (h=1743) 2 (n=2512) >3 (n=1870) P for trend
Age () 756 (43) 757 (45) 755 (42) 750 (38) <0l
Women 182 (47.4) 906 (52.0) 1392 (55.4) 905 (48.4) 37
Ethnicity
White 303 (78.9) 1249 (71.7) 1781 (70.9) 1270 (67.9) <001
Affican American 61 (159) 423 (243) 634 (252) 27.8) <00l
Systolic blood pressure (mm Heg) 1380 (19.5) 1412 (19.7) 1426 (19.7) 141.7 (19.1) 0l
Diastolic blood pressure (mm Hg) 794 (10.1) 907 (103) 807 (10.1) 79.6 (100) 17
Hypertension 0 (0) 1253 (71.9) 2304 (91.7) 1849 (989) <00l
Hypertension medication 0 (0) 971 (55.7) 1792 (71.3) 1506 (80.5) <00l
Total cholesterol (mg/dL) 2049 (39.7) 203.1 (39.1) 2065 (41.4) 1982 (42.2) <00l
HDL-C (mg/dL) 563 (17.5) 54.8 (169) 538 (15.7) 505 (15.0) <00l
Dyslipidemia 0 (0) 217 (12.5) 1415 (56.3) 1636 (87.5) <00l
Statin 0 (0) 72 (4.1 696 (27.7) 998 (53.4) <00l
Diabetes 0 (0) 49 (2.8) 470 (187) 1138 (609) <00l
Current smoking 0 (0) 224 (129) 835 (332) 1288 (689) <00l
Reason for stress test
Chest pain 162 (42.2) 761 (43.7) 1052 (41.9) 716 (38.3) <00l
Shortness of breath 37 (9.6) 189 (108) 318 (126) 252 (135) <00l
Rule out ischemia 59 (154) 227 (13.0) 334 (133) 254 (13.6) 94
Other 25 (32.8) 116 (32.5) 169 (32.2) 126 (34.6) 47
10-year ASCVD risk’ 247 (12.2) 289 (13.6) 342 (15.3) 447 (159) <00l
METs achieved 64 (2.5) 62 (2.5) 62 (24) 63 (22) 48
Achieving >10 METS 82 (214) 301 (172) 425 (167) 265 (14.1) <.00!
*ASCVD, atherosclerotic cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; METs, metabolic equivalents of task.
“To convert cholesterol values to mmol/L, multiply by 0.0259.
“Categorical variables are presented as number (%). Continuous variables are presented as mean (standard deviation).
IASCVD risk estimated using the 2013 American Heart Association/American College of Cardiology pooled cohort equations.
with 3 or more CVD risk factors (P=.31; had a 56% lower hazard of death (HR, 0.44;
Figure 3A). However, higher fitness levels 95%, CI, 0.38 to 0.50). Within each CVD
were associated with significantly longer sur-  risk factor group, there was approximately
vival, and during 15 years of follow-up, 669  a 35% reduction in hazard of death for those
(62.3%) patients in the highest fitness group  with moderate fitness and a more than 50%
were still alive compared with 1023 (35.4%)  reduction in hazard of death for those with
patients in the lowest fitness group (P<.001;  high fitness compared with patients in the
Figure 3B). lowest fitness group (Supplemental Table 2,
On multivariable adjusted Cox propor-  available online at http://www.
tional hazards modeling (Table 2), there  mayoclinicproceedings.org). In addition,
was no significant difference in the hazard  within each CVD risk factor group, there
of death for patients with 3 or more CVD  was approximately a 15% lower hazard of
risk factors compared with those with death for every 1 MET higher fitness
0 CVD risk factors (hazard ratio [HR], achieved (P<.001). In sensitivity analyses,
1.18; 95% CI, 097 to 143; P=.10). we found no significant difference in the re-
Compared with patients in the lowest fitness  sults after excluding patients with a diag-
group, those with moderate fitness had a  nosis of cancer at baseline, between women
37% lower hazard of death (HR, 0.63; 95% and men, or after excluding patients who
CI, 0.57 to 0.68), and those with high fitness  died within the first year of follow-up.
Mayo Clin Proc. ® September 2021:96(9):2376-2385 ® https://doi.org/10.1016/j.mayocp.2020.12.039 2379
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FIGURE 1. Proportion of risk factors by metabolic equivalents of task (METs) group.

DISCUSSION

Among patients aged 70 years and older who
were free of known CVD, we found no sig-
nificant difference in long-term survival by
the number of traditional CVD risk factors,
but a higher fitness level was strongly associ-
ated with a considerably lower mortality rate
across the spectrum of CVD risk factor
burden. These results highlight the utility
of fitness as a risk stratification tool among
older individuals, a group in whom risk
stratification by traditional risk factors is
especially challenging. In addition, our find-
ings add further evidence supporting the
importance of fitness as a leading modifiable
risk factor among older persons.”””!

CVD risk stratification based on tradi-
tional CVD risk factors is likely to be the
most commonly performed type of risk
assessment in routine clinical practice. It
may parenthetically also serve as a marker
of overall long-term prognosis, particularly
among older individuals, in whom CVD is
the leading cause of death. Commonly used
risk equations were derived using data
from predominantly middle-aged individuals
and are applied to older individuals, but this
pragmatic approach overlooks meaningful
physiologic differences between younger,

middle-aged, and older persons.’””* For
instance, whereas age is heavily weighted
in the PCE and serves as a surrogate for
CVD risk factor duration, the relative
strength of the association between CVD
risk factors and outcomes significantly de-
clines with increasing age.”” " This is largely
attributable to an increased prevalence of
CVD risk factors with increasing age, consis-
tent with our finding that 94% of individuals
in this study had at least 1 CVD risk factor.
In addition, higher absolute event rates for
both CVD and non-CVD outcomes lead to
increased competing risks.”’® Therefore,
variables that provide a measure of physio-
logic age rather than of chronologic age are
imperative for accurate risk stratification
among older persons.’”*

Whereas the absence of CVD risk factors
among older patients is typically considered
a healthy phenotype, nearly no men older
than 65 years or women older than 70 years
are deemed low risk (10-year risk, <7.5%)
by the PCE, even in the absence of tradi-
tional CVD risk factors.”' Consequently,
this limited ability to identify healthy older
individuals is a weakness of commonly
used risk scores that are based on traditional
CVD risk factors.™ In contrast, our results

Mayo Clin Proc. ® September 2021;96(9):2376-2385 m https://doi.org/10.1016/j.mayocp.2020.12.039
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demonstrate that higher fitness identifies
older patients with good long-term survival
regardless of their CVD risk factor burden.
Indeed, we found that patients with a high
fitness level and 3 or more CVD risk factors
had a nearly 60% lower mortality rate
compared with patients without any CVD
risk factors but a low fitness level.

The ability of higher fitness to identify
older persons with good long-term survival is
an equally important strength compared with
the identification of older persons with poor
long-term survival based on a low fitness level.
This robustness to identify both low- and high-
risk older persons is attributable to the depen-
dence of fitness on the global cardiovascular
health of an individual. Accordingly, fitness
indirectly integrates measures of an individ-
ual’s myocardial function, coronary and pe-
ripheral atherosclerotic burden, vascular
endothelial function, and pulmonary function
in addition to other important risk predictors,
such as large-muscle strength and frailty.***
The measurement of traditional CVD risk fac-
tors does not cohesively integrate these physi-
ologic measures, which is at least partly
responsible for the near absence of older indi-
viduals who are classified as low risk by
commonly used risk prediction models.

Previous attempts to improve risk strati-
fication in the elderly have shown only a
limited improvement compared with tradi-
tional risk scores. For example, Koller
et al’’ used data from the Cardiovascular
Health Study and Rotterdam Study to
develop a coronary heart disease risk predic-
tion model in persons 65 years of age and
older. Unfortunately, the risk score derived
from the elderly population showed only a
small improvement in risk prediction even
after the addition of novel risk factors, such
as ankle-brachial index, carotid intimal
thickness, and C-reactive protein level. Vlie-
genthart et al,* also using data from the Rot-
terdam Study, investigated the utility of
coronary artery calcium (CAC) scoring for
risk prediction among individuals aged 70
years and older. Whereas they found a high-
ly significant relative association between
CAC and adverse outcomes, the addition of
CAC to a multivariate model showed an
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FIGURE 2. Age-adjusted mortality rate per 1000 person-years of follow-up
stratified by metabolic equivalents of task (METs) groups and number of risk
factors.

increase in the area under the curve of only
0.013 for CVD and 0.006 for mortality.
Although traditional CVD risk factors are
most strongly associated with CVD mortal-
ity, this study’s primary outcome of all-
cause mortality remains an important and
relevant outcome to examine. A better un-
derstanding of one’s long-term mortality
risk may be important for a patient’s self-
awareness of overall health, identifying the
patient’s priorities for health care treatment
and quality of life along with identifying
long-term goals of care.”’ Indeed, the Na-
tional Institute for Health and Care Excel-
lence highlighted the need to develop new
methods for robust mortality risk stratifica-
tion among patients with multiple chronic
diseases, which is common among older per-
sons.”’ Mortality risk prediction equations
such as QMortality, Hospital-Patient One-
Year Mortality Risk, and the Johns Hopkins
Aggregated Diagnostic Groups predict only
short-term mortality (1-2 years) and contain
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between 20 and 57 variables.””">* There-
fore, they have a relatively narrow utility in
routine patient care.

The proportion of deaths due to CVD
also increases sharply above the age of 70
years and accounts for approximately one-
third of all deaths in this age group
(n=508,804 deaths among persons >75
years old in the United States in 2016).7°
Furthermore, the CVD risk factors included
in this study (eg, hypertension, dyslipide-
mia, diabetes, and smoking) are also associ-
ated with an increased risk of cancer,
Alzheimer disease, lung disease, and renal
disease, which combined with CVD deaths
accounts for 7 of the 10 leading causes of

death in this age group.’” Finally, all-cause
mortality is an objective outcome that is
not affected by misclassification bias, which
is a significant concern in the determination
for cause of death (especially CVD death)
among older individuals who typically have
multiple chronic diseases.”*”’

Limitations of our analysis include that
patients in this study may have been health-
ier than patients referred for a non—exercise
stress test, which may limit the generaliz-
ability of our results. However, individuals
deemed unsuitable for a treadmill stress
test are likely to have an even lower fitness
level and higher mortality rate. Submaximal
cardiorespiratory fitness testing is an

TABLE 2. Hazard Ratios and 95% Cls of All-Cause Mortality by Number of Risk Factors and METs Groups

No. of risk factors Unadjusted P value Model | P value Model 2 P value
0 Reference Reference Reference

I [.16 (0.98-1.36) 09 [.14 (0.97-135) 12 1.06 (0.89-1.26) 53
2 1.08 (092-127) 35 [.12 (0.95-131) 19 1.07 (0.90-1.28) 46
>3 [.10 (0.92-1.30) .30 [.17 (0.98-1.39) .08 [.18 (097-143) .10
METs group Unadjusted P value Model | P value Model 2 P value
<6 Reference Reference Reference

6-9.9 0.60 (0.55-0.66) <00 061 (0.56-0.67) <001 0.62 (0.57-0.68) <00
>10 0.43 (0.38-0.49) <00 043 (0.38-0.49) <.00| 044 (0.38-0.50) <001

METs, metabolic equivalents of task.

Model |: age, sex, race, reason for stress test.

Model 2: model | plus hypertensive medication use, statin use, and diabetes medication use.
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alternative measurement of fitness that im-
proves mortality risk stratification and could
be considered among individuals unable to
perform a traditional treadmill stress test.”
In our risk factor—based analyses, we did
not examine how well an individual's CVD
risk factors were controlled, although adjust-
ment for risk factor treatment with medica-
tion did not significantly change the
results. In addition, we did not examine
change in fitness over time, although we
have previously demonstrated that most in-
dividuals have a stable relative fitness level
during at least 4 years of follow-up.””
Strengths of this analysis include that more
than 50% of patients were women, and pa-
tients were observed for an average of 9.4
years. Survival was determined by Social Se-
curity Death Master File, which is nearly
identical to the Centers for Disease Control
and Prevention methodology for calculating
national death statistics in the United States
during this time period. In addition, fitness
was directly measured using the Bruce pro-
tocol, which is the most commonly used
method for measuring fitness in clinical
practice.

CONCLUSION

Among persons aged 70 years and older who
performed a treadmill stress test, an individ-
ual’s fitness level but not the CVD risk factor
burden was significantly associated with
long-term mortality risk across the spectrum
of CVD risk factor burden. In addition, a
high fitness level identified older patients
with good long-term survival, even in the
presence of a significant CVD risk factor
burden. These findings provide added sup-
port for the measurement of fitness as a sim-
ple and low-cost method to improve risk
stratification among older persons.

SUPPLEMENTAL ONLINE MATERIAL
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Supplemental material attached to journal
articles has not been edited, and the authors
take responsibility for the accuracy of all
data.

Abbreviations and Acronyms: CAC, coronary artery cal-
cium; CVD, cardiovascular disease; EMR, electronic medical
record;, HR, hazard ratio; METs, metabolic equivalents of
task; PCE, pooled cohort equation

Affiliations (Continued from the first page of this
article.): State University, Winston-Salem, NC (P.AM.);
the Department of Medicine, Vanderbilt University Medical
Center, Nashville, TN (O.A.Q.); the Division of Cardiovas-
cular Medicine, Henry Ford Hospital, Detroit, MI (CAB,
JKE, SJK); and the Houston Methodist DeBakey Heart &
Vascular Center, Houston, TX (M.HA-M.).

Potential Competing Interests: The authors report no
competing interests.

Correspondence: Address to Seamus P. Whelton, MD, MPH,
600 North Wolfe St, Blalock 524A, Baltimore, MD 21287
(seamus.whetton@jhmi.edu; Twitter: @seamuswhelton).

ORCID

Seamus P. Whelton: https://orcid.org/0000-0001-59 14-
0735; Paul A. McAuley: https://orcid.org/0000-0002-
9549-7202; Erin D. Michos: https://orcid.org/0000-
0002-5547-5084; Clinton A. Brawner: https://orcid.org/

0000-0002-1705-6620

REFERENCES

1. Whelton SP, Roy P, Astor BC, et al. Elevated high-sensitivity C-
reactive protein as a risk marker of the attenuated relationship
between serum cholesterol and cardiovascular events at older
age. The ARIC Study. Am | Epidemiol. 2013;178(7):1076-1084.

2. Lewington S, Whitlock G, Clarke R, et al. Blood cholesterol and
vascular mortality by age, sex, and blood pressure: a meta-
analysis of individual data from 6| prospective studies with
55000 vascular deaths [erratum appears in Lancet. 2008;
372(9635):292]. Lancet. 2007;370(9602):1829-1839.

3. Dalton JE, Rothberg MB, Dawson NV, Krieger NI, Zidar DA,
Perzynski AT. Failure of traditional risk factors to adequately
predict cardiovascular events in older populations. | Am Geriatr
Soc. 2020,68(4):754-761.

4. Lloyd-Jones DM, Leip EP, Larson MG, et al. Prediction of life-
time risk for cardiovascular disease by risk factor burden at
50 years of age. Circulation. 2006;1 13(6):791-798.

5. Lloyd-Jones DM, Dyer AR, Wang R, Daviglus ML, Greenland P.
Risk factor burden in middle age and lifetime risks for cardiovas-
cular and non-cardiovascular death (Chicago Heart Association
Detection Project in Industry). Am J Cardiol. 2007;99(4):535-540.

6. Berry JD, Dyer A, Cai X, et al. Lifetime risks of cardiovascular
disease. N Engl | Med. 2012;366(4):321-329.

7. Mortensen MB, Falk E. Primary prevention with statins in the
elderly. | Am Coll Cardiol. 2018;71(1):85-94.

8. Karmali KN, Goff DC Jr, Ning H, Lloyd-Jones DM. A systematic
examination of the 2013 ACC/AHA pooled cohort risk assess-
ment tool for atherosclerotic cardiovascular disease. | Am Coll
Cardiol. 2014;64(10):959-968.

9. DefFilippis AP, Young R, McEvoy JW, et al. Risk score overestima-
tion: the impact of individual cardiovascular risk factors and pre-
ventive therapies on the performance of the American Heart
Association—American College of Cardiology—Atherosclerotic
Cardiovascular Disease risk score in a modem multi-ethnic
cohort. Eur Heart J. 2017;38(8):598-608.

10. Murakami Y, Hozawa A, Okamura T, Ueshima H. Evidence for
Cardiovascular Prevention From Observational Cohorts in
Japan Research Group (EPOCH-JAPAN). Relation of blood

Mayo Clin Proc. ® September 2021:96(9):2376-2385 ® https://doi.org/10.1016/j.mayocp.2020.12.039

www.mayoclinicproceedings.org

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by
Elsevier on September 29, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.


http://www.mayoclinicproceedings.org
mailto:seamus.whelton@jhmi.edu
https://twitter.com/seamuswhelton
https://orcid.org/0000-0001-5914-0735
https://orcid.org/0000-0001-5914-0735
https://orcid.org/0000-0002-9549-7202
https://orcid.org/0000-0002-9549-7202
https://orcid.org/0000-0002-5547-5084
https://orcid.org/0000-0002-5547-5084
https://orcid.org/0000-0002-1705-6620
https://orcid.org/0000-0002-1705-6620
https://doi.org/10.1016/j.mayocp.2020.12.039
http://www.mayoclinicproceedings.org

MAYO CLINIC PROCEEDINGS

20.

21.

22.

23.

24.

25.

26.

27.

28.

2384

pressure and all-cause mortality in 180,000 Japanese partici-
pants: pooled analysis of |3 cohort studies. Hypertension.
2008,51(6):1483-1491.

Hansen TW, Jeppesen |, Rasmussen S, Ibsen H, Torp-
Pedersen C. Ambulatory blood pressure and mortality: a
population-based study. Hypertension. 2005;45(4):499-504.
Lakka HM, Laaksonen DE, Lakka TA, et al. The metabolic syn-
drome and total and cardiovascular disease mortality in middle-
aged men. JAMA. 2002;288(21):2709-2716.

Doran B, Guo Y, Xu J, et al. Prognostic value of fasting versus
nonfasting low-density lipoprotein cholesterol levels on long-
term mortality: insight from the National Health and Nutrition
Examination Survey Il (NHANES-IIl). Circulation. 2014;130(7):
546-553.

Carter BD, Abnet CC, Feskanich D, et al. Smoking and mortal-
ity—beyond established causes. N Engl | Med. 2015;372(7):
631-640.

Hung RK, Al-Mallah MH, McEvoy JWV, et al. Prognostic value of
exercise capacity in patients with coronary artery disease: the
FIT (Henry Ford Exerclse Testing) project. Mayo Clin Proc.
2014;89(12):1644-1654.

Al-Mallah MH, Juraschek SP, Whelton S, et al. Sex differences in
cardiorespiratory fitness and all-cause mortality: the Henry Ford
Exerclse Testing (FIT) Project. Mayo Clin Proc. 20169 1(6):755-
762.

Wickramasinghe CD, Ayers CR, Das S, de Lemos JA,
Willis BL, Berry JD. Prediction of 30-year risk for cardiovascu-
lar mortality by fitness and risk factor levels: the Cooper Cen-
ter Longitudinal Study. Circ Cardiovasc Qual Outcomes. 2014;
7(4):597-602.

Stamatakis E, Hamer M, O'Donovan G, Batty GD, Kivimaki M.
A non-exercise testing method for estimating cardiorespiratory
fitness: associations with all-cause and cardiovascular mortality
in a pooled analysis of eight population-based cohorts. Eur
Heart J. 2013;34(10):750-758.

Kodama S, Saito K, Tanaka S, et al. Cardiorespiratory fitness as a
quantitative predictor of all-cause mortality and cardiovascular
events in healthy men and women: a meta-analysis. JAMA.
2009;301(19):2024-2035.

Myers ], Prakash M, Froelicher V, Do D, Partington S,
Atwood JE. Exercise capacity and mortality among men
referred for exercise testing. N Engl | Med. 2002;346(1 1):793-
801.

Ozemek C, Laddu DR, Lavie CJ, et al. An update on the role of
cardiorespiratory fitness, structured exercise and lifestyle phys-
ical activity in preventing cardiovascular disease and health risk.
Prog Cardiovasc Dis. 201861 (5-6):484-490.

Bonikowske AR, Lopez-Jimenez F, Barillas-Lara MI, et al. Added
value of exercise test findings beyond traditional risk factors
for cardiovascular risk stratification. Int | Cardiol. 2019;292:
212-217.

Fleg JL, Morrell CH, Bos AG, et al. Accelerated longitudinal
decline of aerobic capacity in healthy older adults. Circulation.
2005;112(5):674-682.

Al-Mallah MH, Keteyian S), Brawner CA, Whelton S, Blaha M.
Rationale and design of the Henry Ford Exercise Testing Proj-
ect (the FIT project). Clin Cardiol. 2014;37(8):456-461.
Fletcher GF, Ades PA, Kligfield P, et al. Exercise standards for
testing and training: a scientific statement from the American
Heart Association. Circulation. 2013;128(8):873-934.

Fletcher GF, Balady GJ, Amsterdam EA, et al. Exercise standards
for testing and training—a statement for healthcare profes-
sionals from the American Heart Association. Circulation.
2001;104(14):1694-1740.

Whelton SP, Dardari Z, Marshall CH, et al. Relation of isolated
low high-density lipoprotein cholesterol to mortality and
cardiorespiratory fitness (from the Henry Ford Exercise Testing
Project [FIT Project]). Am J Cardiol. 2019;123(9):1429-1434.
Kaplan EL, Meier P. Nonparametric estimation from incomplete
observations. | Am Stat Assoc. 1958,53:457-481.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

45,

46.

47.

Cox DR. Regression models and life-tables. / R Stat Soc B. 1972;
34(2):187-220.

Lavie CJ, Ozemek C, Carbone S, Katzmarzyk PT, Blair SN.
Sedentary behavior, exercise, and cardiovascular health. Circ
Res. 2019;124(5):799-815.

Fletcher GF, Landolfo C, Niebauer ), Ozemek C, Arena R,
Lavie CJ. Promoting physical activity and exercise: JACC Health
Promotion Series. | Am Coll Cardiol. 2018;72(14):1622-1639.
Goff DC Jr, Lioyd-Jones DM, Bennett G, et al. 2013 ACC/AHA
guideline on the assessment of cardiovascular risk: a report of
the American College of Cardiology/American Heart Associa-
tion Task Force on Practice Guidelines [erratum appears in Cir-
culation. 2014;129(25, suppl 2):574-S75]. Circulation. 2014;
129(25, suppl 2):549-S73.

Goff DC Jr, Lloyd-Jones DM, Bennett G, et al. 2013 ACC/AHA
guideline on the assessment of cardiovascular risk: a report of
the American College of Cardiology/American Heart Associa-
tion Task Force on Practice Guidelines [erratum appears in |
Am Coll Cardiol. 2014;63(25, pt B):3026]. | Am Coll Cardiol.
2014,63(25, pt B):2935-2959.

Gransbo K, Almgren P, Nilsson PM, Hedblad B, Engstrom G,
Melander O. Risk factor exposure in individuals free from car-
diovascular disease differs according to age at first myocardial
infarction. Eur Heart J. 2016;37(25):1977-1981.

Sniderman AD, Furberg CD. Age as a modifiable risk factor for
cardiovascular disease. Lancet. 2008;371(9623):1547-1549.
Wilson PWF, Hoeg JM, D'Agostino RB, et al. Cumulative effects
of high cholesterol levels, high blood pressure, and cigarette
smoking on carotid stenosis. N Engl | Med. 1997,337(8):516-
522.

Shaw LJ, Raggi P, Berman DS, Callister TQ. Coronary artery cal-
cium as a measure of biologic age. Atherosclerosis. 2006;188(1):
[12-119.

Lewington S, Clarke R, Qizilbash N, Peto R, Collins R; Prospec-
tive Studies Collaboration. Age-specific relevance of usual
blood pressure to vascular mortality: a meta-analysis of individ-
ual data for one million adults in 61 prospective studies
[erratum in Lancet. 2003;361(9362):1060]. Lancet. 2002;
360(9349):1903-1913.

Hamczyk MR, Nevado RM, Barettino A, Fuster V, Andres V.
Biological versus chronological aging: JACC Focus Seminar.
J Am Coll Cardiol. 2020;75(8):919-930.

Blaha M], Cainzos-Achirica M, Greenland P, et al. Role of cor-
onary artery calcium score of zero and other negative risk
markers for cardiovascular disease: the Multi-Ethnic Study of
Atherosclerosis (MESA). Circulation. 2016;133(9):849-858.
Kavousi M, Leening MJG, Nanchen D, et al. Comparison of
application of the ACC/AHA guidelines, Adult Treatment Panel
Il guidelines, and European Society of Cardiology guidelines for
cardiovascular disease prevention in a European Cohort. JAMA.
2014311(14):1416-1423.

Ross R, Blair SN, Arena R, et al. Importance of assessing cardio-
respiratory fitness in clinical practice: a case for fitness as a clin-
ical vital sign: a scientific statement from the American Heart
Association. Circulation. 2016;134(24):e653-699.

Clarkson P, Montgomery HE, Mullen M), et al. Exercise training
enhances endothelial function in young men. | Am Coll Cardiol.
1999;33(5):1379-1385.

Hambrecht R, Wolf A, Gielen S, et al. Effect of exercise on cor-
onary endothelial function in patients with coronary artery dis-
ease. N Engl | Med. 2000;342(7):454-460.

Kemi O}, Haram PM, Wisloff U, Ellingsen O. Aerobic fitness is
associated with cardiomyocyte contractile capacity and endo-
thelial function in exercise training and detraining. Circulation.
2004;109(23):2897-2904.

Mitnitski AB, Graham JE, Mogilner AJ, Rockwood K. Frailty,
fitness and late-life mortality in relation to chronological and
biological age. BMC Geriatr. 2002;2:1.

Koller MT, Leening M), Wolbers M, et al. Development and
validation of a coronary risk prediction model for older U.

Mayo Clin Proc. ® September 2021;96(9):2376-2385 m https://doi.org/10.1016/j.mayocp.2020.12.039

www.mayoclinicproceedings.org

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by
Elsevier on September 29, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.


https://doi.org/10.1016/j.mayocp.2020.12.039
http://www.mayoclinicproceedings.org

FITNESS AND CVD RISK FACTORS IN PERSONS 70 YEARS AND OLDER

49.

50.

51.

S. and European persons in the Cardiovascular Health Study
and the Rotterdam Study. Ann Intern Med. 2012;157(6):
389-397.

Vliegenthart R, Oudkerk M, Hofman A, et al. Coronary calcifi-
cation improves cardiovascular risk prediction in the elderly. Cir-
culation. 2005;112(4):572-577.

Hippisley-Cox J, Coupland C. Development and validation of
QMortality risk prediction algorithm to estimate short term
risk of death and assess frailty: cohort study. BMJ. 2017,358:
j4208.

Multimorbidity: clinical assessment and management. NICE guide-
line [NG56]. London: National Institute for Health and Care
Excellence; 2016:443.

Austin PC, van Walraven C, Wodchis WP, Newman A,
Anderson GM. Using the Johns Hopkins Aggregated Diagnosis
Groups (ADGs) to predict mortality in a general adult popula-
tion cohort in Ontario, Canada. Med Care. 2011;49(10):
932-939.

52.

53.

54.

55.

56.

57.

van Walraven C. The Hospital-patient One-year Mortality Risk
score accurately predicted long-term death risk in hospitalized
patients. | Clin Epidemiol. 2014;67(9):1025-1034.

Heron M. Deaths: leading causes for 2016. Natl Vital Stat Rep.
2018:67(6):1-77.

Lauer MS, Blackstone EH, Young JB, Topol EJ. Cause of death in
clinical research: time for a reassessment? | Am Coll Cardiol.
1999;34(3):618-620.

Lloyd-Jones DM, Martin DO, Larson MG, Levy D. Accuracy of
death certificates for coding coronary heart disease as the
cause of death. Ann Intern Med. 1998;129(12):1020-1026.

de Lannoy L, Sui X, Lavie CJ, Blair SN, Ross R. Change in sub-
maximal cardiorespiratory fitness and all-cause mortality. Mayo
Clin Proc. 2018;93(2):184-190.

Brawner CA, Al-Mallah MH, Ehrman JK, Qureshi WT, Blaha M),
Keteyian SJ. Change in maximal exercise capacity is associated
with survival in men and women. Mayo Clin Proc. 2017,92(3):
383-390.

Mayo Clin Proc. ® September 2021:96(9):2376-2385 ® https://doi.org/10.1016/j.mayocp.2020.12.039
www.mayoclinicproceedings.org

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by
Elsevier on September 29, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

2385


https://doi.org/10.1016/j.mayocp.2020.12.039
http://www.mayoclinicproceedings.org

	Fitness and Mortality Among Persons 70 Years and Older Across the Spectrum of Cardiovascular Disease Risk Factor Burden: The FIT Project
	Recommended Citation
	Authors

	Fitness and Mortality Among Persons 70 Years and Older Across the Spectrum of Cardiovascular Disease Risk Factor Burden: Th ...
	Methods
	Results
	Discussion
	Conclusion
	Supplemental Online Material
	References


