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Abstract

Objective: To elucidate whether cardiorespiratory fitness (CRF) is protective or contributory to coronary
artery disease plaque burden.
Patients and Methods: Study participants were working middle-aged men from the Mayo Clinic
Executive Health Program who underwent coronary artery calcium (CAC) assessment and exercise
treadmill testing for risk stratification. Data from January 1, 1995, through December 31, 2008, were
considered. The CAC assessment score was used for lifelong plaque burden analysis; functional aerobic
capacity (FAC) from treadmill testing was analyzed as 4 ranked categories of CRF. Known risk factors for
cardiovascular disease, including family history, were also considered.
Results: In 2946 male patients in this retrospective, cross-sectional, observational study, known car-
diovascular risk factor profiles and risk calculations tended to uniformly improve with increasing CRF,
defined by the FAC level. Only the above-average group, or the third of 4 levels, was found consistently
lower than other levels of FAC for CAC scores. The above-average group also had statistical significance
after controlling for age, body mass index, and family history of coronary artery disease in a U-shaped
distribution rather than the expected linear dose-response relationship. Plaque burden was significantly
increased in patients with the highest FAC level (P¼.005) compared with the above-average group despite
the observed maximal risk factor optimization in all known conventional cardiovascular risk factors.
Conclusion: For men, maximal CRF is associated with increased atherosclerosis, established with CAC
scores. By comparison, average-to-moderate CRF appears to be cardioprotective regardless of either age or
the influence of other contributing, recognized cardiac risk factors.
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C ardiovascular disease prevention has
been designed with exercise at its
center. Nevertheless, a number of

published studies have questioned whether
more intense activity and maximal cardiore-
spiratory fitness (CRF) are actually a best prac-
tice and cardioprotective. Increased
atherosclerosis has been noted in endurance
athletes in a number of studies and reports.
Greater amounts of coronary artery calcium
(CAC) have been found in marathon runners
than in controls matched for Framingham
risk score.1 Long-term marathon runners
who completed at least 25 marathons over
25 years were reported to have increased
CAC and calcified plaque volume on coronary
computed tomography (CT) angiography.2
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More recently, an analysis of the Coronary Ar-
tery Risk Development in Young Adults study3

found that persons partaking in higher-than-
recommended levels of physical activity by
self-report had increased odds of subclinical
coronary atherosclerosis by middle age.

Currently, the presumption is that higher
exercise frequency, intensity, and duration
and increased fitness capacity are cardiopro-
tective. However, the dose-response associa-
tion may not be a simple linear relationship.
The aims and findings of recent studies scruti-
nize this relationship at the highest levels of
CRF.4-7 An important aspect is whether a
serious departure from clinician understand-
ing exists for patients at the highest level of
CRF. Our study investigated whether a
;3(2):122-130 n https://doi.org/10.1016/j.mayocpiqo.2019.04.004
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quantifiable indicator of maximal CRF con-
tributes to disease burden, defined by the
CAC score in a primary prevention population
in which exercise is considered only for its
health benefits and not for a competitive sport.
We hypothesized that a high level of cardio-
vascular fitness, achievable only through
long-term aerobic conditioning (maximal
CRF and functional aerobic capacity [FAC]
�130%), would be paradoxically associated
with a higher level of CAC than average or
lower levels of fitness. Poor fitness (poor
CRF, deconditioned, FAC �69%), generally
associated with increased risk, would be asso-
ciated with the highest CAC level. We would
expect that traditional Framingham risk fac-
tors would optimize in response to exercise.
Knowledge gained from this study may inform
and improve the accuracy of exercise recom-
mendations for patients in the primary preven-
tion of coronary artery disease (CAD).

PATIENTS AND METHODS
For this retrospective, cross-sectional, observa-
tion study, we evaluated a homogeneous
group of middle-aged men from the Mayo
Clinic Executive Health Program who chose
to come to our institution for a comprehensive
preventive medical examination. From
January 1, 1995, through December 31,
2008, CAC assessments were performed for
patients without known CAD to identify those
patients at highest risk and to target them for
earlier medical intervention, including medica-
tion management and an exercise prescription
to enhance CRF.

The patient cohort was further delimited
to only those patients who underwent exercise
treadmill testing within a few days or maxi-
mally within 1 year of this assessment and
before an exercise prescription. Patients were
excluded if they did not sign the required
authorization for use of their health records
for research. Because our aim was to study
the cause of disease, we focused our assess-
ments on men, given that (1) relatively few
women were present in the Mayo Clinic Exec-
utive Health Program (16.5%; n¼628) and (2)
in general, the later development of plaque
burden in women could potentially skew the
analysis. Patients who had received a b-
blocker treatment regimen were also excluded
from the study because b-blockers may
Mayo Clin Proc Inn Qual Out n June 2019;3(2):122-130 n https://d
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notably affect heart rate response to exercise
and limit exercise capacity generally in the first
6 months of treatment onset. We were unable
to control the onset and duration of b-
blockade. Of the records that remained, coro-
nary calcification reports presented percentile
risk but no actual score, further reducing our
study cohort.

The original cohort had 3828 patients. Pa-
tient exclusions were those who did not sign
the required authorization (n¼29); female pa-
tients (n¼628); those treated with b-blockers
(n¼139); and those who had no score and
only percentile risk (n¼86). After these exclu-
sions, the study population totaled 2946
patients.

Coronary artery calcium was used as a sur-
rogate marker of atherosclerotic burden. Coro-
nary artery calcium burden was quantified
with CAC scoring of noncontrast medium car-
diac CT images. Continuous 3-mm-thick im-
ages were obtained using either electron
beam or multislice CT scanners; noncontrast
medium scans were obtained using a C-150
or C-100 scanner (Imatron Inc). Calcium
scoring was performed with automated
scoring software using the method described
previously.8-10

The main limiting symptom (eg, angina,
chest pain, fatigue, and orthopedic) was
selected as the test end point for the exercise
treadmill test with use of the standard Bruce
protocol on a motor-driven treadmill11 (Quin-
ton Instrument Co or Marquette Electronics
Inc). These limiting symptoms were selected
as the test end point, although overwhelm-
ingly present as fatigue in our cohort, as rated
on a standard Borg perceived exertion scale.12

Active use of the treadmill handrails was not
permitted.

Although exercise workload was esti-
mated in metabolic equivalents (METs) (1
MET ¼ 3.5 mL/kg per minute of oxygen con-
sumption), fitness was quantified with FAC, a
term interchangeable with aerobic or func-
tional capacity. Functional aerobic capacity is
calculated as achieved METs divided by pre-
dicted METs based on age and sex and is
considered a reliable and stronger predictor
of death than other established risk factors
for CAD.13-15 This parameter had been taken
from the CAC and FAC baseline assessments
upon entry into the program, before any
oi.org/10.1016/j.mayocpiqo.2019.04.004 123
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TABLE 1. Patient Characteristicsa,b,c

Characteristic

Overall (N¼2946)

Functional aerobic capacity (% predicted)

P valuee
�69 (n¼131) 70-99 (n¼1314) 100-129 (n¼1329) �130 (n¼172)

No.d Value No.d Value No.d Value No.d Value No.d Value

Age (y) 2946 52.1�7.5 131 51.9�8.0 1314 51.1�7.3 1329 52.7�7.4 172 55.4�6.9 <.001

Race 2518 113 1108 1146 151 .39
White non-Hispanic 2455 (97.5) 108 (95.6) 1078 (97.3) 1120 (97.7) 149 (98.7)
Other 63 (2.5) 5 (4.4) 30 (2.7) 26 (2.3) 2 (1.3)

BMI (kg/m2) 2797 29.0�4.4 124 36.2�6.2 1252 30.4�4.1 1255 27.4�3.3 166 26.0�2.6 <.001

Diabetes mellitus 2946 164 (5.6) 131 26 (19.8) 1314 89 (6.8) 1329 47 (3.5) 172 2 (1.2) <.001

Renal disease 2946 34 (1.2) 131 5 (3.8) 1314 16 (1.2) 1329 13 (1.0) 172 0 (0.0) .03

Hypertension 2946 131 1314 1329 172 <.001
None 2374 (80.6) 80 (61.1) 1033 (78.6) 1114 (83.8) 147 (85.5)
Treated 427 (14.5) 40 (30.5) 210 (16.0) 156 (11.7) 21 (12.2)
Untreated 145 (4.9) 11 (8.4) 71 (5.4) 59 (4.4) 4 (2.3)

Smoking status 2598 117 1124 1197 160 <.001
Never 1601 (61.6) 60 (51.3) 671 (59.7) 769 (64.2) 101 (63.1)
Former 791 (30.5) 43 (36.7) 332 (29.5) 362 (30.2) 54 (33.8)
Current 206 (7.9) 14 (12.0) 121 (10.8) 66 (5.5) 5 (3.1)

Family history of CAD 2896 126 1295 1305 170
Any CAD 1206 (41.6) 60 (47.6) 525 (40.5) 539 (41.3) 82 (48.2) .13
Premature CAD 804 (27.8) 37 (29.4) 345 (26.6) 359 (27.5) 63 (37.1) .04

Cholesterol level (mg/
dL)

2832 128 1258 1277 169

HDL 51.2�13.6 44.8�12.4 48.5�12.4 54.5�14.0 56.9�13.1 <.001
Total 205.1�38.2 203.9�39.4 208.1�39.9 203.0�36.7 198.5�33.5 <.001

Fasting blood glucose
level (mg/dL)

2831 102.0�17.0 128 113.5�30.5 1258 103.4�17.0 1276 100.0�15.2 169 98.7�10.9 <.001

Blood pressure (mm
Hg)

2740 117 1230 1231 162

Systolic 124.2�14.7 130.7�15.9 125.4�14.5 122.4�14.8 123.5�13.1 <.001
Diastolic 79.3�9.2 83.0�9.7 80.5�9.0 77.9�9.1 78.2�8.3 <.001

Resting HR (beats/min) 2180 67.1�10.0 95 74.8�10.8 968 69.7�9.8 990 64.7�9.1 127 60.2�8.9 <.001

Framingham risk score 2946 7.2�4.2 131 8.0�4.7 1314 7.0�4.3 1329 7.1�4.1 172 8.2�3.3 <.001

Exercise 1621 52 657 795 117 <.001
None 93 (5.7) 8 (15.4) 52 (7.9) 31 (3.9) 2 (1.7)
Light 1035 (63.9) 38 (73.1) 479 (72.9) 469 (60.0) 49 (41.9)
Moderate 66 (30.4) 6 (11.5) 126 (19.2) 295 (37.1) 66 (56.4)

Treadmill test results 2946 131 1314 1329 172
MET 11.2�2.0 7.2�1.0 10.2�1.2 12.2�1.2 14.8�1.6 <.001
Peak HR (beats/min) 168.6�15.4 154.8�18.3 168.1�15.9 170.5�13.9 169.0�14.4 <.001

aBMI ¼ body mass index; CAD ¼ coronary artery disease; HDL ¼ high-density lipoprotein; HR ¼ heart rate; MET ¼ metabolic equivalent.
bSI conversion factor: To convert to mg/dL values to mmol/L, multiply by 0.0259.
cData are presented as mean � SD or as No. (percentage).
dPatients with information available for the characteristic.
eFunctional aerobic capacity groups were compared using analysis of variance for continuous variables and the c2 test or Fisher exact test for nominal variables.
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exercise recommendations, and with further
validation provided by self-reported exercise
frequency. Functional aerobic capacity data
had been derived on the basis of indexed
age- and sex-specific METs on exercise tread-
mill testing.
Mayo Clin Proc Inn Qual Out n June 2019
Operationally, we defined CRF as meeting
the 4 ranked categories based on FAC deter-
mination of the exercise treadmill test. Cate-
gory A (FAC �69%) refers to poor CRF,
deconditioned with minimal or no exercise,
and sedentary; B (FAC 70%-99%), CRF below
;3(2):122-130 n https://doi.org/10.1016/j.mayocpiqo.2019.04.004
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TABLE 2. Characteristics of Patients 60 Y and Oldera,b,c

Characteristic

Overall (n¼502)

Functional aerobic capacity (% predicted)

P valuee
�69 (n¼26) 70-99 (n¼178) 100-129 (n¼248) �130 (n¼50)

No.d Value No.d Value No.d Value No.d Value No.d Value

Age (y) 502 63.3�3.3 26 62.2�3.2 178 63.2�3.4 248 63.5�3.3 50 63.6�3.3

Race 444 21 154 223 46 .11
White non-Hispanic 438 (98.6) 20 (95.2) 150 (97.4) 222 (99.6) 46 (100.0)
Other 6 (1.4) 1 (4.8) 4 (2.6) 1 (0.4) 0 (0.0)

BMI (kg/m2) 476 29.0�4.4 24 35.4�7.5 169 30.7�4.3 235 27.7�2.9 48 26.2�2.9 <.001

Diabetes mellitus 502 42 (8.4) 26 6 (23.1) 178 19 (10.7) 248 17 (6.8) 50 0 (0.0) .002

Renal disease 502 12 (2.4) 26 1 (3.8) 178 4 (2.2) 248 7 (2.8) 50 0 (0.0) .56

Hypertension 502 26 178 248 50 .36
None 338 (80.0) 14 (53.8) 116 (65.2) 168 (67.7) 40 (80.0)
Treated 9 (18.0) 10 (38.5) 52 (29.2) 65 (26.2) 9 (18.0)
Untreated 1 (2.0) 2 (7.7) 10 (5.6) 15 (6.1) 1 (2.0)

Smoking status 459 25 152 235 47 .80
Never 222 (48.4) 11 (44.0) 68 (44.7) 121 (51.5) 22 (46.8)
Former 209 (45.5) 12 (48.0) 72 (47.4) 102 (43.4) 23 (48.9)
Current 28 (6.1) 2 (8.0) 12 (7.9) 12 (5.1) 2 (4.3)

Family history of CAD 495 25 176 244 50
Any CAD 206 (41.6) 11 (44.0) 69 (39.2) 101 (49.3) 25 (50.0) .59
Premature CAD 116 (23.4) 6 (24.0) 41 (23.3) 51 (20.9) 18 (36.0) .15

Cholesterol level (mg/
dL)

486 25 170 241 50

HDL 54.0�15.1 47.6�13.9 50.2�13.3 56.1�15.6 59.7�14.6 <.001
Total 195.0�37.3 195.2�38.9 197.5�37.3 194.4�38.7 189.0�28.5 .55

Fasting blood glucose
level (mg/dL)

485 104.5�17.9 25 111.8�26.3 169 106.5�16.9 241 103.3�18.7 50 99.9�8.7

Blood pressure (mm
Hg)

462 20 167 228 47

Systolic 127.7�15.3 130.8�17.8 129.5�16.0 126.9�14.7 124.0�13.4 .09
Diastolic 78.5�8.8 82.7�12.0 79.1�8.4 77.8�8.9 78.1�7.2 .08

Resting HR (beats/min) 390 67.1�9.4 18 72.0�7.5 142 70.2�9.0 189 65.4�9.1 41 62.2�8.1 <.001

Framingham risk score 502 11.5�1.4 26 12.1�1.5 178 11.8�1.4 248 11.3�1.3 50 11.1�1.1 <.001

Exercise 322 11 95 177 39 <.001
None 9 (2.8) 0 (0.0) 5 (5.3) 3 (1.7) 1 (2.6)
Light 179 (55.6) 9 (81.8) 67 (70.5) 90 (50.8) 13 (33.3)
Moderate 134 (41.6) 2 (18.2) 23 (24.2) 84 (47.5) 25 (64.1)

Treadmill test results 502 26 178 248 50
MET 10.2�1.9 6.3�0.9 8.8�1.0 10.9�0.8 13.5�0.9 <.001
Peak HR (beats/min) 157.3�15.4 148.7�17.0 152.7�15.8 160.8�13.9 160.6�14.0 <.001

aBMI ¼ body mass index; CAD ¼ coronary artery disease; HDL ¼ high-density lipoprotein; HR ¼ heart rate; MET ¼ metabolic equivalent.
bSI conversion factor: To convert mg/dL values to mmol/L, multiply by 0.0259.
cData are presented as mean � SD or as No. (percentage).
dPatients with information available for the characteristic.
eFunctional aerobic capacity groups were compared using analysis of variance for continuous variables and the c2 test or Fisher exact test for nominal variables.
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average; C (FAC 100%-129%), CRF above
average; and D (FAC �130%), maximal
CRF, superconditioned with high-intensity ex-
ercise. Both CAC and log(CACþ1) were
Mayo Clin Proc Inn Qual Out n June 2019;3(2):122-130 n https://d
www.mcpiqojournal.org
profiled as continuous outcome variables.
The latter variable was thought to be most ac-
curate and representative of the effect because
it normalized the outcome data best, given
oi.org/10.1016/j.mayocpiqo.2019.04.004 125
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TABLE 3. CAC Levels According to FAC Ranked Categoriesa

Characteristic

FAC (% predicted)

P valuec
�69 70-99 100-129 �130

No.b Median (IQR) No.b Median (IQR) No.b Median (IQR) No.b Median (IQR)

Overall 131 21 (1-125) 1314 4 (0-60) 1329 2 (0-59) 172 18 (0-129) <.001d,e,f,g

Age group (y)
�49 45 3 (0-29) 560 0 (0-7) 444 0 (0-5) 40 0 (0-36) .002d,e

50-59 60 21 (1-165) 576 8.5 (0-83.5) 637 4 (0-59) 82 15.5 (0-128) .002f,h

�60 26 83.5 (9-298) 178 82.5 (12-306) 248 59 (3.5-243.5) 50 69 (1-281) .58

Family history of premature CAD
No 89 21 (0-88) 950 3 (0-59) 946 1.4 (0-54) 107 13 (0-100) .001d,e,g

Yes 37 10 (0-158) 345 6 (0-66) 359 6 (0-77) 63 34 (0-270) .11

aCAC ¼ coronary artery calcium; CAD ¼ coronary artery disease; FAC ¼ functional aerobic capacity; IQR ¼ interquartile range.
bNumber of patients with information available.
cCAC was compared across FAC groups using the Kruskal-Wallis test. If the overall comparison across groups was statistically significant, supplemental pairwise group
comparisons were performed using the Wilcoxon rank-sum test.
dP<.05 for pairwise comparison of �69% vs 70%-99%.
eP<.05 for pairwise comparison of �69% vs 100%-129%.
fP<.05 for pairwise comparison of 70%-99% vs �130%.
gP<.05 for pairwise comparison of 100%-129% vs �130%.
hP<.05 for pairwise comparison of 70%-99% vs 100%-129%.
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that a number of zero scores had skewed the
data.

We also had included age, body mass in-
dex (BMI; calculated as the weight in kilo-
grams divided by the height in meters
squared), and family history of CAD to control
for these variables in our analyses because they
may influence FAC. Furthermore, we pro-
vided descriptive epidemiological detail on
traditional Framingham risk factors for our
study cohort. The distribution of the Framing-
ham risk factors had differed across levels of
CRF, but the observed difference did not raise
concern that would explain an increased risk
in those with high CRF ranking.
Statistical Analyses
Data are presented as mean � SD or median
(interquartile range [IQR]) for continuous var-
iables and as frequency count (percentage) for
nominal variables. Baseline patient characteris-
tics were compared across FAC categories us-
ing analysis of variance for continuous
variables and the chi-square test or Fisher
exact test for nominal variables. Because the
distribution of CAC was highly skewed, this
variable was compared across FAC groups us-
ing the Kruskal-Wallis test, with pairwise com-
parisons of each FAC group with the 100% to
129% group performed using the Wilcoxon
Mayo Clin Proc Inn Qual Out n June 2019
rank-sum test. In addition, subgroup analyses
were performed for 3 age groups (�49, 50-59,
and �60 years) and for family history of pre-
mature CAD. A multivariable analysis was per-
formed using log(CACþ1) as the dependent
variable; FAC group, age group, family history
of premature CAD, and BMI were included as
explanatory variables. In all cases, a 2-tailed P
value of �.05 was considered statistically sig-
nificant. The Mayo Clinic Institutional Review
Board in Rochester, Minnesota, approved the
study. All analyses were performed with SAS
version 9.2 (SAS Institute Inc). The Strength-
ening the Reporting of Observational Studies
in Epidemiology guidelines were used in
reporting this study.
RESULTS
In total, the study involved 2946 patients. Pa-
tient characteristics are presented in Table 1.
Particularly of note is the favorable trend di-
rection (eg, lower level of low-density lipopro-
tein cholesterol and higher level of high-
density lipoprotein cholesterol) of all known
risk factors for CAD with increasing fitness
levels. Participants with the highest CRF
ranking (FAC �130%) were olderda trend
that likely influenced their Framingham risk
scoredand reported a family history of
CAD. A subgroup analysis of patients 60 years
;3(2):122-130 n https://doi.org/10.1016/j.mayocpiqo.2019.04.004
www.mcpiqojournal.org
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and older revealed that the Framingham risk
score was lower, and thus ideal, with
increasing fitness levels (P<.001) (Table 2).
No difference was observed among the various
fitness groups for family history of either CAD
(P¼.59) or premature CAD (P¼.15).

In an overall analysis, CAC differed signif-
icantly (Kruskal-Wallis, P<.001) across FAC
groups; those with FAC of �69% and
�130% had significantly higher CAC levels
than did those with FAC of 100% to 129%.
In age-specific analyses, significant differences
across FAC groups were found for patients 49
years and younger and those aged 50 to 59
years, with a similar pattern of CAC across
FAC categories (Table 3 and Figure 1).

Family history of premature CAD differed
significantly across FAC groups (P¼.04.),
and sensitivity analyses were performed to
assess the differences among the groups after
this covariate was taken into account. Among
patients without a family history of premature
CAD, the median (IQR) CAC level was 21 (0-
88), 3 (0-59), 1.4 (0-54), and 13 (0-100) for
those with FAC percentiles of �69%, 70%
to 99%, 100% to 129%, and �130%, respec-
tively. Among participants with a family his-
tory of premature CAD, the median (IQR)
CAC level was 10 (0-158), 6 (0-66), 6 (0-
77), and 34 (0-270), respectively. Among pa-
tients with and without a family history of pre-
mature CAD, those with an FAC percentile of
�130% had a significantly higher CAC level
than did those with an FAC percentile of
100% to 129% (Wilcoxon rank-sum, P¼.03
and P¼.04 with and without a family history
of premature CAD, respectively) (Figure 2).
A multivariable analysis was performed using
log(CACþ1) as the dependent variable. After
adjustment for age, BMI, and family history
of premature CAD, CAC still differed signifi-
cantly (P¼.03) across FAC groups, with pa-
tients with FAC percentiles of 70% to 99%
(P¼.04) and 100% to 129% (P¼.005) having
lower CAC levels than did those with FAC
�130%.
≤49
(n=1089)

≥60
(n=502)

50-59
(n=1355)

Age (y)
(N=2946)

FIGURE 1. CAC and FAC stratified by age. CAC ¼ coronary artery calcium;
FAC ¼ functional aerobic capacity.
DISCUSSION
The present study suggests that higher levels
of CRF may not confer additional cardiopro-
tection beyond a certain threshold, which
has been the conventional understanding.
Mayo Clin Proc Inn Qual Out n June 2019;3(2):122-130 n https://d
www.mcpiqojournal.org
Instead, they may contribute to disease
burden.

These data are in line with other studies2

that either suggested or found increased
atherosclerosis in high-performance athletes
(with adjustment for age and sex).

Strenuous exercise is associated with other
cardiovascular complications. Only moderate
exercise intensity and total physical activity
have been associated with a protective effect
on heart failure risk.16 Among apparently
healthy men in the Physician’s Health Study,
the frequency of vigorous exercise was associ-
ated with an increased risk of atrial fibrillation
in young men and joggers.17 Over time, the
long-term practice of robust training involving
endurance exercise may stimulate unfavorable
heart remodeling that causes a framework for
cardiac arrhythmia.18 Animal studies corrobo-
rate this finding and indicate that cardiac
fibrosis developed with long-term intensive
exercise training, along with documented
changes in ventricular function and increased
arrhythmia.18,19

Strenuous exercise has also been associ-
ated with an increase in all-cause mortality
rate with a U-shaped distribution. The lowest
hazard ratio for death has been found in per-
sons who do light jogging, followed by moder-
ate joggers and then strenuous joggers.6 The
mortality rate of strenuous joggers was not
oi.org/10.1016/j.mayocpiqo.2019.04.004 127
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FIGURE 2. CAC and FAC stratified by family history of premature coronary
artery disease. CAC ¼ coronary artery calcium; FAC ¼ functional aerobic
capacity.
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statistically different from that of their most
sedentary counterparts.

In this study, increasing fitness uniformly
optimizes known cardiovascular risk factors.
Paradoxically, it appears to have considerable
adverse effect on plaque burden for those in
the highest fitness and exercise parameters.
Conventional risk factors may lose some of
their protective and predictive power for pa-
tients with high CRF ranking. This outcome
suggests an optimal level of exercise, beyond
which other deleterious factors may have a
role.

This study has multiple strengths. First, a
large number of patients were identified in a
primary prevention population typically asso-
ciated with higher socioeconomic status, often
called the working well. They have access and
presumably lifelong exposure to a healthy life-
style and health care, which may control other
yet-unknown contributing and confounding
risk factors, such as nutrition. Although a
CAC score represents a single data point, it
also represents the cumulative burden of dis-
ease over a lifetime, rather than relying on in-
direct risk factors that may waver over time
and contribute only partially and minimally
to disease burden. Direct relationships have
been established between these scores and his-
tologic and angiographic measures of CAD on
Mayo Clin Proc Inn Qual Out n June 2019
a vessel-by-vessel and even segmental
basis.20,21

Second, we considered all conventional
risk factors currently included in CAD risk cal-
culations. Of interest, although maximal exer-
cise (ie, maximal CRF) inferred improved risk
factor profiles, it did not result in reduced
atherosclerotic cardiovascular burden. This
phenomenon suggests a more narrow range
for CRF than previously thought, although
different exercise regimens need to be consid-
ered with regard to their effect.

The use of an actually quantified FAC
ensured that only participants capable of
attaining the highest exercise endurance, and
thus the highest CRF ranking, were accurately
identified to avoid misclassification bias. One
might argue that those already at risk given
foreknowledge of a family history of CAD
would be exercising to a greater degree to
offset their risk and thereby potentially ac-
counting for this phenomenon. However,
this conclusion was refuted given the findings
from our separate analyses for both groups, as
was family history of CAD, biasing our
findings.

We found many CAC scores of zero. This
observation is not surprising given that partic-
ipants in our study were relatively young and
were interested in early subclinical disease
identification. Outcome data were skewed to
the left, accordingly, and affected our choice
for study analysis. The CAC levels presented
in Table 3 are low, even when looking at the
upper end of the IQR, and most of the me-
dians are 10 Agatston units or lower. Never-
theless, past published studies have noted
increased mortality rates with increasing
CAC scores, with a CAC score of zero having
a statistically significant mortality advantage
over CAC scores of 1 to 100.22

Although the present study focused on
etiological understanding of the disease pro-
cess, it is limited in its generalization to other
patient populations, such as women, other
ethnic groups, or patients of lower socioeco-
nomic status. This study cannot assess varying
training regimens from FAC and self-reported
exercise frequency. Those patients with FAC
�130% may also have had characteristics be-
sides CRF that affected their CAC scores. For
example, fitness, in part, may be genetically
determined.23 In older men, the association
;3(2):122-130 n https://doi.org/10.1016/j.mayocpiqo.2019.04.004
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between CRF and CAC seems to disappear.
This finding may be explained by the addi-
tional time, provided by work retirement,
that is devoted to fitness, nullifying an earlier
effect or perhaps a phenomenon whereby the
magnitude of difference within the CRF cate-
gories and capacity decreases with age.

CONCLUSION
Men from a primary prevention population
who were capable of achieving the highest
CRF ranking (FAC �130%) had higher levels
of atherosclerotic disease burden in a U-
shaped relationship. Average-to-moderate
CRF was associated with the least CAC burden
and thus may be the most cardioprotective.
Increased microtrauma may be responsible
for the amplification of the inflammatory
cascade, a critical component of CAD develop-
ment.24 This deleterious effect had not been
offset by the conventional CAD risk factor
optimization we observed. Further studies
should examine the effects of sex and ethnicity
and the interactions of specific exercise vari-
ables on disease progression.

A pathophysiological understanding is
needed to assess the findings of increased
CAC and presumed atherosclerotic burden of
persons with maximal CRF. Although our
study suggests that only average or moderate
CRF should be attained, we focused on a sin-
gle variable in the natural history of CAD.
Other factors that may be associated with
vigorous exercise may be cardioprotective
and may offset the observed risk of plaque
burden at the highest fitness parameters,
such as optimized capillary oxygen delivery
and solute transfer, coronary artery collaterali-
zation, and epicardial dilation with essentially
a protective ischemic reserve.25-28 Sex-based
differences may exist, as recently published
in a study of women in which no association
was observed between CRF and CAC after
risk factor adjustment.29

Additional research is needed to reconcile
our findings with those indicative that
increased exercise intensity is associated with
better outcomes vs studies that claim a more
complicated dose-response relationship,
whereby risk alternatively is increased at the
highest CRF parameters.6,7,30,31 The need is
urgent to identify components of exercise (ie,
type, frequency, duration, and intensity),
Mayo Clin Proc Inn Qual Out n June 2019;3(2):122-130 n https://d
www.mcpiqojournal.org
ethnicity and sex effects, and genetic variables
that inform fitness to maximally protect
against CAD. Such data would considerably
inform and affect the advice clinicians deliver
to patients as their current practice standard.
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