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Abstract

Objective: To assess whether self-reported physical activity during daily life reduces the mortality risk
associated with atherosclerotic burden, as measured by coronary artery calcium (CAC) scanning.
Methods: We assessed 2318 patients aged 65 to 84 years who underwent CAC scanning from August 31,
1998, through November 16, 2016, and had daily life physical activity assessed by a single-item question
that was used to divide patients by low, moderate, and high physical activity levels. Patients were followed
for a mean � SD of 10.6�4.9 years for the occurrence of all-cause mortality.
Results: The results indicated a graded relationship between the magnitude of CAC abnormality and
mortality and an inverse relationship between physical activity and mortality. Of patients with low CAC
scores (0-99), those with low, moderate, and high physical activity levels had similarly low mortality rates.
Of patients with high CAC scores (�400), however, there was a stepwise increase in mortality with
decreasing physical activity. Patients with CAC scores of 400 or greater but reporting high physical activity
had a mortality rate that was similar vs that observed in patients with CAC scores of only 0 to 99 and low
physical activity (19.9 vs 16.3 per 1000 person-years; P¼.60).
Conclusion: Combining CAC score with self-reported physical activity level provides a synergistic means for
predicting clinical risk in older patients, with high physical activity level substantially attenuating the mortality
risk associated with elevated CAC scores.Moreover, the useful prognostic information afforded by just a single-
itemphysical activity questionnaire supports current initiatives tomake such assessments into a “fifth vital sign.”
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C ardiovascular disease increases mark-
edly with age and constitutes a lead-
ing cause of death and disabilities in

older adults.1,2 The underlying substrate for
this increased risk is advancing atherosclerosis,
which can be characterized as to its presence
and extent by assessing the magnitude of
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coronary artery calcium (CAC) in the coronary
arteries. A growing evidence base indicates
that CAC scores predict clinical risk in older
patient populations,3-6 paralleling its utility
in younger populations. Accordingly, there is
growing interest in using CAC scanning to
identify older individuals who are at increased
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clinical risk and then assessing what interven-
tions might modify the risk associated with
high CAC scores in such individuals. A prac-
tical lifestyle intervention that may serve this
purpose is the promulgation of physical activ-
ity in older adults. However, how to best risk
stratify older adults for physical activity inter-
ventions has not yet been adequately
addressed. Therefore, to evaluate a new
approach to such risk stratification in older
adults on an exploratory basis, in this study
we assessed long-term mortality risk in a
cohort of older adults aged 65 to 84 years
who underwent CAC scanning on a clinical
basis and had assessment of physical activity
according to a single-item questionnaire.

METHODS
For this study, we identified 2653 patients aged
65 to 84 years who were referred for CAC scan-
ning on a clinical basis between August 31,
1998, and November 16, 2016, and who had
more than 1 year of follow-up for all-causemor-
tality (ACM). We excluded 227 patients with
known coronary artery disease (CAD) and 108
patients with incomplete clinical information,
resulting in a study cohort of 2318 patients.
The study was approved by the Cedars-Sinai
Medical Center institutional review board.

Each patient completed a questionnaire
regarding pertinent baseline clinical and demo-
graphic information at the time of CAC scan-
ning. This questionnaire included information
regarding chest pain symptoms, cardiac risk
factors, physical activity, and medication use.
Resting heart rate, blood pressure, height, and
weight were recorded at the time of testing.
Dyslipidemia was considered present if patients
had a preexisting diagnosis of dyslipidemia or
were receiving treatment with lipid-lowering
agents. Diabetes was considered present if pa-
tients had a previous diagnosis of diabetes or
were receiving treatment with diabetes medica-
tion. Hypertension was considered present if
patients had a previous diagnosis of hyperten-
sion or were being treated with antihyperten-
sive medications. Current smoking was
defined as either currently smoking or having
stopped smoking for less than 1 year. A family
history of premature CAD was considered pre-
sent if a primary relative had been diagnosed as
having CAD or a cardiac event when younger
than 55 years for a male family member or
Mayo Clin Proc Inn Qual Out n June 2020
younger than 65 years for a female family mem-
ber. Patients’ physical activity was assessed ac-
cording to a single-item question that was
incorporated into the standard questionnaire
as follows: On a scale of 0-10, how much do
you exercise (0 e none, 10 e always)?

CAC Scanning
Patients underwent coronary noncontrast
computed tomography (CT) using either an
Imatron C-150XL ultrafast CT scanner (GE
Imatron) or a Siemens Definition dual-source
64-slice scanner (Siemens Medical Solutions).
Tomographic imaging was electrocardiograph-
ically gated, and image acquisition occurred at
a predetermined time in diastole (50%-80% of
the R-to-R cycle depending on heart rate). The
coronary arteries were visualized without
contrast medium, with 30 to 40 consecutive
images obtained at 3-mm intervals from the
carina caudally to the diaphragm. A CT
threshold of 3 pixels and 130 HU was used
for identification of calcified coronary artery
lesions. Each focus exceeding the minimum
criteria was scored with the algorithm devel-
oped by Agatston et al.7

Follow-up Data Collection
Follow-up for ACM was conducted using inter-
nal hospital records and theSocial SecurityDeath
Index, the California Non-comprehensive Death
File, and the National Death Index. The last date
of access for the Social Security Death Index was
April 9, 2012; for the California Non-
comprehensive Death File was August 6, 2018;
and for the National Death Index was February
12, 2018. Mean � SD follow-up was 10.6�4.9
years; median follow-up was 11.4 years (inter-
quartile range, 6-15 years).

Statistical Methods
All the data were analyzed using Stata release 14
(StataCorp LP). Participants were categorized
into 3 groups based on their self-reported phys-
ical activity: 0 to 2 ¼ mild, 3 to 7 ¼ moderate,
and 8 to 10¼ high physical activity. Continuous
variables were compared using the Wilcoxon
rank sum test for 2 groups or the Cuzick test
for trend across ordered groups.Categorical vari-
ableswere compared using the Pearsonc2 test or
thec2 test for trend across ordered groups. Mor-
tality rates were visualized using Kaplan-Meier
curves and are expressed as annual event rates
;4(3):229-237 n https://doi.org/10.1016/j.mayocpiqo.2020.02.005
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TABLE 1. Study Population Characteristics

Characteristic
All patients
(N¼2318)

Low physical
activity (n¼402)

Moderate physical
activity (n¼1365)

High physical
activity (n¼551)

Trend
P value

Age (y), mean � SD 70.4�4.6 70.9�5.0 70.6�4.5 69.7�4.3 .001

Male sex (No. [%]) 1285 (55.4) 188 (46.8) 746 (54.7) 351 (63.7) <.001

Hypertension (No. [%]) 1004 (43.3) 205 (51.0) 576 (42.2) 223 (40.5) <.002

Dyslipidemia (No. [%]) 1536 (66.3) 265 (65.9) 932 (68.3) 339 (61.5) .089

Smoking (No. [%]) 119 (5.1) 31 (7.7) 72 (5.3) 16 (2.9) <.001

Diabetes (No. [%]) 179 (7.7) 47 (11.7) 101 (7.4) 31 (5.6) <.001

Family history of CAD (No. [%]) 650 (28.0) 112 (27.9) 414 (30.3) 124 (22.5) .031

BMI (mean � SD) 25.8�4.2 27.2�4.8 25.8�4.2 24.7�3.6 <.001
<25 (No. [%]) 1076 (46.4) 152 (37.8) 609 (44.6) 315 (57.2) <.001
25-29 (No. [%]) 927 (40.0) 147 (36.6) 586 (42.9) 194 (35.2) .403
�30 (No. [%]) 315 (13.6) 103 (25.6) 170 (12.5) 42 (7.6) <.001

Chest pain symptoms (No. [%])

Asymptomatic 1842 (79.5) 301 (74.9) 1074 (78.7) 467 (84.8) <.001
Nonanginal pain 208 (9.0) 40 (10.0) 132 (9.7) 36 (6.5) .048
Atypical angina 136 (5.9) 32 (8.0) 82 (6.0) 22 (4.0) .009
Typical angina 41 (1.8) 8 (2.0) 26 (1.9) 7 (1.3) .369
Dyspnea only 91 (3.9) 21 (5.2) 51 (3.7) 19 (3.5) .188

Medications (No. [%])

b-blockers 286 (12.3) 47 (11.7) 180 (13.2) 59 (10.7) .527
Calcium blockers 212 (9.2) 46 (11.4) 117 (8.6) 49 (8.9) .230
ACE inhibitors 324 (14.0) 66 (16.4) 190 (13.9) 68 (12.3) .077
Lipid-lowering medications 857 (37.0) 160 (39.8) 507 (37.1) 190 (34.5) .091
Aspirin 1135 (49.0) 178 (44.3) 689 (50.5) 268 (48.6) .267

CAC scores

Mean � SD 392.6�776.9 416.7�789.5 391.8�793.6 376.9�724.9
Median (interquartile range) 106.5 (7.5-430.2) 128.9 (23.3-501.3) 101.6 (4.8-416.0) 98.8 (8.7-404.7) .196
Category (No. [%])
0 451 (19.5) 63 (15.7) 287 (21.0) 101 (18.3) .459
1-99 683 (29.5) 116 (28.9) 392 (28.7) 175 (31.8) .281
100-399 573 (24.7) 108 (26.9) 329 (24.1) 136 (24.7) .505
400-999 361 (15.6) 69 (17.2) 208 (15.2) 84 (15.3 .461
�1000 250 (10.8) 46 (11.4) 149 (10.9) 55 (10.0) .458

Percentile score (mean � SD) 48.0�33.0 53.4�32.2 46.8�33.5 47.1�32.1 .007

Mortality incidence (No. [%]) 533 (23.0) 119 (29.6) 321 (23.5) 93 (16.9) <.001

Annual mortality (% [95% CI]) 2.3 (2.1-2.5) 2.9 (2.4-3.4) 2.3 (2.1-2.6) 1.7 (1.4-2.1) <.001

ACE ¼ angiotensin-converting enzyme; BMI ¼ body mass index (calculated as weight in kilograms divided by height in meters squared); CAC ¼ coronary artery calcium;
CAD ¼ coronary artery disease.

PHYSICAL ACTIVITY AND CORONARY CALCIUM SCORES
(dividing number of events by person-years)
or per 1000 person-years and were compared
using the log-rank test or the log-rank test for
trend. Cox proportional hazards models were
used to obtain unadjusted and risk-adjusted
hazard ratios where the proportional hazard
assumption was assessed using Schoenfeld re-
siduals. Multivariable predictors of ACM were
assessed using the likelihood ratio c2 test.
Two-tailed P<.05 was considered statistically
significant.
Mayo Clin Proc Inn Qual Out n June 2020;4(3):229-237 n https://d
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RESULTS
Comparison of the clinical characteristics of pa-
tients according to self-reported physical activity
levels is shown in Table 1. There were only min-
imal differences in mean age. The high physical
activity group had more males and fewer CAD
risk factors, including a lower frequency of hy-
pertension, dyslipidemia, smoking, and dia-
betes. In addition, patients with a high physical
activity level had a substantially lower frequency
of obesity (7.7%). Conversely, patients reporting
oi.org/10.1016/j.mayocpiqo.2020.02.005 231
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FIGURE 1. Kaplan-Meier survival curves for all-causemortality (ACM)amongpatients divided according to level
of reported physical activity in 3 coronary artery calcium (CAC) groups (scores of 0-99, 100-399, and�400).

MAYO CLINIC PROCEEDINGS: INNOVATIONS, QUALITY & OUTCOMES

232
a low level of physical activity had the highest fre-
quency of CAD risk factors and the highest fre-
quency of obesity (26.8%). Patients with a low
self-reported physical activity level tended to
have chest pain symptoms, but the frequencies
of typical angina and dyspnea were low and
similar among the physical activity groups. The
CAC scores had similar distributions among
the 3 physical activity groups: 15.7% to 18.3%
had CAC scores of 0 and 10.0% to 11.4% had
CAC scores greater than 1000, with no signifi-
cant differences noted either continuously or
categorically.

Mortality According to Physical Activity Level
and CAC Score
Patients were followed for a mean � SD of
10.6�4.9 years. During this time, 533 patients
(23.0%) died. For the entire cohort, annual-
ized mortality was 2.3% per year, with the
Mayo Clin Proc Inn Qual Out n June 2020
highest mortality occurring in patients report-
ing low physical activity (2.9% per year) and
the lowest mortality occurring in patients
reporting the highest physical activity (1.7%
per year) (P<.001).

Kaplan-Meier survival curves for patients
stratified according to baseline CAC scores
and self-reported physical activity levels are
shown in Figure 1. In patients with CAC scores
of 0 to 99 and 100 to 399, survival was similar in
patients with low, moderate, or high physical
activity levels. In patients with CAC scores of
400 or greater, a progressive decline in survival
was noted with decreasing physical activity. A
similar pattern of survival was noted in patients
stratified according to CAC percentile scores
(Supplemental Figure 1, available online at
http://www.mcpiqojournal.org). In patients
with percentile CAC scores less than 50%, the
survival curves were similar in patients
;4(3):229-237 n https://doi.org/10.1016/j.mayocpiqo.2020.02.005
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TABLE 2. Hazard Ratios for All-cause mortality in the Patient Cohorta,b

Group Patients (No.)

Hazard ratios

Unadjusted P value Risk adjustedc P value

CAC score
0-99 1134 1 (Referent) 1 (Referent)
100-399 573 1.40 (1.12-1.75) .003 1.21 (0.95-1.55) .12
�400 611 2.07 (1.70-2.52) <.001 1.59 (1.26-2.01) <.001

Physical activity level

High 551 1 (Referent) 1 (Referent)
Moderate 1365 1.39 (1.10-1.74) .006 1.26 (0.98-1.63) .08
Low 402 1.68 (1.28-2.20) <.001 1.60 (1.18-2.17) .003

CAC score/physical activity level

0-99/high 276 1 (Referent) 1 (Referent)
0-99/moderate 679 1.19 (0.82-1.73) .36 1.01 (0.67-1.52) .96
0-99/low 179 1.14 (0.70-1.85) .59 0.97 (0.57-1.64) .90
100-399/high 136 1 (Referent) 1 (Referent)
100-399/moderate 329 1.07 (0.69-1.66) .77 1.15 (0.71-1.87) .58
100-399/low 108 1.37 (0.83-2.29) .22 2.07 (1.16-3.69) .01
�400/high 139 1 (Referent) 1 (Referent)
�400/moderate 357 1.91 (1.28-2.83) .001 1.68 (1.06-2.66) .03
�400/low 115 2.63 (1.69-4.10) <.001 2.35 (1.39-3.97) .001

aCAC ¼ coronary artery calcium.
bA formal test for interaction showed that the Wald P value interaction between CAC score and physical activity level was significant
(P¼.013 unadjusted and P¼.009 risk adjusted).
cHazard ratios adjusted for age, male sex, hypertension, dyslipidemia, smoking, diabetes, and family history of premature coronary artery
disease, lipid-lowering medication use, and blood pressure medication use.

PHYSICAL ACTIVITY AND CORONARY CALCIUM SCORES
reporting low, moderate, and high physical ac-
tivity. In contrast, in patients with percentile
CAC scores of 75% or greater, there was a pro-
gressive inverse relationship between reported
physical activity and mortality.

After adjustment for patient, age, and CAD
risk factors, the adjusted hazard ratio for ACM
increased with both increasing CAC score and
decreasing physical activity level (Table 2).
When combining CAC scores and reported
physical activity level, the multivariable-
adjusted hazard ratios for mortality were
similar for each physical activity level in pa-
tients with CAC scores of 0 to 99. In contrast,
in patients with CAC scores of 100 to 399 and
400 or greater, there was a progressive in-
crease in the risk-adjusted hazard ratio for
ACM as physical activity diminished (trend
P<.001). In patients with moderate CAC
scores (100-399), the adjusted hazard ratio
for ACM was increased 2.07-fold in patients
with low vs high physical activity levels, and
in patients with CAC scores of 400 or greater,
the adjusted hazard ratio for ACM was
increased 2.35-fold in patients with low vs
high physical activity levels.
Mayo Clin Proc Inn Qual Out n June 2020;4(3):229-237 n https://d
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The mortality rate per 1000 person-years
varied widely according to the level of CAC
and physical activity (Figure 2). Patients with
CAC scores of 400 or greater but reporting
high physical activity had a mortality rate per
1000 person-years that was similar to the
rate observed in patients with CAC scores of
only 0 to 99 who reported low physical activ-
ity (19.9 vs 16.3 per 1000 person-years;
P¼.60). The mortality rate per 1000 person-
years showed a similar pattern of results for
patients who were stratified by CAC percentile
score and physical activity level (Supplemental
Figure 2, available online at http://www.
mcpiqojournal.org). When assessment of mor-
tality rate per 1000 person-years according to
patients’ CAC score and physical activity level
were confined to patients who were 75 years
or older at baseline, similar results were noted
(Supplemental Figure 3, available online at
http://www.mcpiqojournal.org).

Comparison of Clinical Predictors of ACM
The multivariable predictors of ACM are
shown in Table 3. By c2 analysis, age was
the strongest predictor of mortality, followed
oi.org/10.1016/j.mayocpiqo.2020.02.005 233
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by the CAC score. Of the other clinical vari-
ables, patient-reported physical activity level
was the next most potent predictor of ACM.

DISCUSSION
Although the magnitude of CAC, a reflector of
the anatomical extent of atherosclerosis, is a
strong predictor of clinical risk, recent data re-
ported a synergistic relationship between mea-
sures of physical fitness or self-reported
physical activity levels and CAC scores in pre-
dicting patients’ future risk of adverse clinical
events.8-11 To date, however, such studies have
been performed in primarily middle-aged popu-
lations, and there are not yet any reported studies
regarding how these variables may interact to
predict risk in more elderly individuals.

Because of the strong tendency of coronary
arteries to calcify with age, we also assessed
the relationship between age- and sex-
adjusted CAC percentile scores, self-reported
physical activity levels, and mortality risk. In
patients with CAC percentile scores that
were below average (<50% percentile), sur-
vival was comparable in those with low, mod-
erate, and high physical activity levels. In
contrast, in patients with CAC percentile
scores of 75% or greater, there was a stepwise
increase in mortality rates with decreasing
physical activity, with comparable mortality
rates noted in patients with high CAC percen-
tile scores and high physical activity levels vs
patients with low CAC percentile scores and
low physical activity levels.
Mayo Clin Proc Inn Qual Out n June 2020
Of the clinical parameters, age and the
magnitude of CAC abnormality were the most
potent predictors of mortality according to c2

analysis. Of the remaining variables, the pa-
tients’ reported physical activity was the next
most potent predictor. These results are notable
in that physical activity was assessed only ac-
cording to a single-item question in this study.

Comparison With Previous Studies
Recent studies have examined the interrelation-
ship among physical activity, atherosclerosis,
and clinical outcomes in middle-aged popula-
tions. Both cardiorespiratory fitness and self-
reported physical activity have been examined
for their potential effect on clinical risk in pa-
tients with differing levels of underlying athero-
sclerosis as assessed by CAC scanning. In a
study of 8425 patients who underwent both
treadmill exercise and CAC scanning, a strong
association was noted between a continuous
measurement of cardiorespiratory fitness and
cardiovascular events in all CAC subgroups.8

In patients with CAC scores greater than 400
in that study, the risk of composite cardiac
events was increased by approximately 5-fold
compared with patients with CAC scores of 0,
but this difference narrowed to only a 2-fold in-
crease in the most fit patients with CAC scores
greater than 400 compared with those with
CAC scores of 0. Similarly, Choi et al9 assessed
25,972 individuals who underwent CAC scan-
ning and treadmill exercise who were followed
for a mean of 5.5 years. The risk of ACM in par-
ticipants with high CAC scores was significantly
attenuated in those with high exercise capacity
(>10 metabolic equivalents). In further work,
Zafrir et al10 noted a synergistic relationship
among CAC scores, cardiorespiratory fitness,
and clinical outcomes in 600 patients with
type 2 diabetes. Finally, in a particularly large
study, DeFina et al11 assessed the relationships
among self-reported physical activity, CAC
scores, and subsequent cardiac mortality and
ACM during a 10.4-year mean follow-up of
21,758 generally healthy men with a mean
age of 51.7 years. At both low and high levels
of CAC abnormality, individuals with a high
level of self-reported physical activity had lower
mortality and cardiac death rates than did those
reporting a low level of physical activity.

In contrast to these studies, assessment of
the relationships among physical activity,
;4(3):229-237 n https://doi.org/10.1016/j.mayocpiqo.2020.02.005
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TABLE 3. Multivariable Predictors of All-cause Mortality

Variable c2 P value MVA HR (95% CI)

Age, per 5 years 120.38 <.001 1.70 (1.55-1.86)

CAC score 18.63 <.001
0 1 (Referent)
1-99 0.95 (0.70-1.30)
100-399 1.21 (0.89-1.64)
�400 1.56 (1.16-2.11)

Physical activity level 9.04 .01

High 1 (Referent)
Moderate 1.27 (1.00-1.61)
Low 1.55 (1.16-2.07)

Diabetes 4.50 .03 1.39 (1.04-1.86)

Chest pain symptoms 4.01 .41

Asymptomatic 1 (Referent)
Nonanginal chest pain 1.30 (0.96-1.75)
Atypical angina 1.13 (0.80-1.60)
Typical angina 1.32 (0.76-2.30)
Dyspnea only 0.80 (0.25-2.50)

Smoking 3.81 .05 1.39 (1.01-1.92)

Hypertension 2.42 .12 1.15 (0.96-1.38)

Body mass index, per 5 kg/m2 1.97 .16 0.92 (0.82-1.03)

Dyslipidemia 1.30 .25 0.90 (0.75-1.08)

Male sex 0.67 .41 1.09 (0.89-1.33)

Family history of premature CAD 0.06 .81 0.97 (0.79-1.20)

CAC ¼ coronary artery calcium; CAD ¼ coronary artery disease; HR ¼ hazard ratio;
MVA ¼ multivariate analysis.

PHYSICAL ACTIVITY AND CORONARY CALCIUM SCORES
CAC scores, and outcomes in elderly patients
have been sparse. However, in a study of inter-
est, von Bonsdorff et al12 assessed 4074 individ-
uals with a mean age of 76 years who
underwent both CAC scanning and measure-
ment of their gait speed over a 6-m distance.
During mean follow-up of 5.4 years, the com-
bined presence of low gait speed and high
CAC scores increased noncardiac mortality
beyond the effects noted with each individual
parameter. Although gait speed is a noncardio-
pulmonary parameter that may have many etio-
logical causes, the results of this study of older
adults parallel the results of the present study.

Pathophysiology
There are multiple mechanisms that could help
contribute to the observations of the present
study. First, it is notable that patients who re-
ported high physical activity levels manifested
better health profiles. This included a lower fre-
quency of hypertension, dyslipidemia, smok-
ing, and diabetes and a lower mean body
mass index. Of patients reporting high physical
activity in this study, only 7.7% had a body
mass index consistent with obesity. In contrast,
more than one-quarter of patients reporting low
physical activity in this study had obesity, as
well as manifesting the highest frequency of
other CAD risk factors. Thus, patients with
high physical activity levels may have had
increased survival because of better overall
CAD risk profiles in such patients, perhaps
mediated by the beneficial effects of physical ac-
tivity or representing an association between
greater physical activity and assumption of
other beneficial health behaviors. Still, after
risk adjustment for age, sex, and these risk fac-
tors, patients reporting a high physical activity
level still had a lower hazard ratio for ACM.
Thus, other mechanisms are likely contributing
to the findings as well.

It is likely that physical activity also benefits
health and survival through direct physiologic
mechanisms. Older patients become suscepti-
ble to clinical risk through both the direct ef-
fects of atherosclerosis and the indirect effects
of aging per se. The most prominent effects of
aging on the cardiovascular system include
the development of arterial stiffness and the
development of endothelial dysfunction.13,14

The latter can occur on an even nonatheroscler-
otic basis due to loss of nitric oxide
Mayo Clin Proc Inn Qual Out n June 2020;4(3):229-237 n https://d
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bioavailability with aging.13 Increasing evi-
dence suggests that physical activity can poten-
tially ameliorate these effects by preventing or
restoring age-related decline in endothelial
function in middle-aged and older individ-
uals15-17 as well as in old experimental ani-
mals.18 In addition, exercise may help
improve vascular function by blunting the ef-
fects of age-related vasconstrictive factors,
such as endothelin-1.19 In addition, it is
possible that physical activity may benefit pa-
tients by reducing platelet aggregation20 and
enhanced fibrinolysis.21 Combined, these ef-
fects may help explain recent preliminary evi-
dence linking cardiorespiratory fitness to
reduced lipid volume, increased fibrous vol-
ume, and thick fibrous cap thickness with cor-
onary plaque lesions.22 In addition, physical
activity can benefit metabolic and immune
function and lead to the production of myo-
kines during exercise that may potentially
benefit skeletal muscle through autocrine and
paracrine effects and the liver, bone, gut, brain,
oi.org/10.1016/j.mayocpiqo.2020.02.005 235
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and adipose tissue through endocrine ef-
fects.23,24 Conversely, low levels of physical ac-
tivity are associated with important adverse
effects, including an increased propensity to-
ward insulin resistance and diabetes, inflamma-
tion, and development of visceral obesity,
muscle weakness, and sarcopenia.23-25 Accord-
ingly, an accumulating literature provides mul-
tiple potential pathways by which physical
activity may decrease the clinical risk associated
with a high burden of coronary atherosclerosis,
but prospective study is needed to determine
which mechanisms are predominant.

Conversely, the finding that patients with
relatively low CAC scores (0-99) had similarly
low risk regardless of their level of self-reported
physical activity suggests a minification of risk
posed by sedentariness in elderly patients who
do not have significant atherosclerosis.

Limitations
This study contains important limitations. As a
single-center study, these findings require pro-
spective validation in other older patient co-
horts. The use of a single-item physical activity
questionnaire was not validated vs more stan-
dard questionnaires or objective measures of
physical activity. However, other studies have
found a moderate correlation between brief
physical activity questionnaires (1-2 items) and
more standard subjective or objective measures
of physical activity.26-28 Consistent with these
findings, we previously assessed physical activity
according to the same 1-item questionnaire used
in this study among 10,690 middle-aged pa-
tients who underwent CAC scanning and had
more than 1 year of follow-up.29 The results of
that study directly parallel the present findings
in older adults. Because we did not collect infor-
mation regarding the duration (in years) of pa-
tients’ physical activity, it is unknown from this
study whether the protective effect of physical
activity in this patient population was the result
of long-term physical activity or that of recent
onset. Another limitation is that we did not
collect information regarding important comor-
bid conditions that may have been present in the
patient population, such as the presence of
chronic kidney disease or previous stroke, which
could have accounted for both a lower level of
physical activity and increased mortality risk in
some patients; however, it is not common for
such patients to be referred for CAC scanning.
Mayo Clin Proc Inn Qual Out n June 2020
Finally, because follow-up was limited to ACM
only, we could not assess the direct influence
of physical activity in modifying cardiovascular
events in older patients with atherosclerosis.

Clinical Significance
This study indicates that a simple assessment
of self-reported daily life physical activity can
substantially improve the effectiveness of
CAC scanning for risk stratifying older adults.
Most notably, mortality risk was substantially
attenuated in older patients with CAC scores
of 400 or greater, even in a subanalysis of pa-
tients who were 75 years or older at baseline.
These results suggest a need to conduct pro-
spective intervention studies to assess the clin-
ical benefits of exercise programs in older
individuals with substantial atherosclerosis
on CAC scanning.

The present results are also notable in that
physical activity in this study was simply
assessed by a convenient single-item question.
These results are consistent with recent sug-
gestions to make assessment of physical activ-
ity a “fifth vital sign” that should be entered
into the electronic medical records of pa-
tients.30,31 However, prospective studies
should be conducted to ascertain which brief
clinical questions formulate the best evaluation
of physical activity at the time of patient
assessment during CAC scanning and other
medical encounters.

CONCLUSION
In this study, combining CAC scores with a
single-item self-reported question regarding
physical activity significantly improved the
assessment of mortality risk in older adults.
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