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Abstract

In older adults with aortic stenosis, we evaluated whether accelerometer-measured physical 

activity provides distinct clinical information apart from self-reported surveys or performance-

based function tests. We employed wrist-mounted accelerometry in 52 subjects with severe aortic 

stenosis prior to transcatheter aortic valve replacement (TAVR). Daily daytime activity was 

estimated using the maximum 10 h of daily accelerometer-measured activity (M10) reported in 

activity counts. Subjects completed baseline surveys (New York Heart Association (NYHA), Short 

Form 12 (SF12), Kansas City Cardiomyopathy Questionnaire (KCCQ), EuroQol-5D (EQ-5D), 

Revised Life Orientation Test (LOT-R), Life Space, Detailed Activity Form) and performance-

based function tests (Short Physical Performance Battery, 6-min walk test distance, grip strength) 
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to estimate functional status. Simple and multiple linear regression models were used to evaluate 

the relationship between accelerometer-measured activity and survey data and performance-based 

function tests. Among all baseline surveys and performance-based function tests, the only 

statistically significant univariable relationships identified were weak, negative associations 

between M10 and SF-12 Mental Composite Score (R2=0.1970, P=0.04) and between M10 and 

grip strength (R2=0.1568, P=0.004). Neither multiple linear regression of overall survey data 

(R2=0.6159, P=0.23) nor performance-based function tests (R2=0.1743, P=0.10) correlated with 

M10. Self-reported surveys and performance-based function tests are not meaningfully correlated 

with daytime accelerometer-measured activity. The results of our study suggest that accelerometer-

measured physical activity provides distinct clinical information apart from self-reported surveys 

or performance-based function tests.
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Introduction

In older adults with aortic stenosis, one of the primary treatment goals is to improve activity 

level in those individuals with severe symptoms or to maintain physical activity level among 

those individuals who are minimally symptomatic. Self-reported patient surveys of symptom 

status and quality of life have been used to directly or indirectly estimate physical activity in 

older adults with aortic stenosis [1]. In addition, performance-based function tests, such as 

the 6-min walk test, have been used to measure functional capacity [2, 3•]. However, both 

self-reported surveys and objective performance-based function tests are administered at a 

specific time point and are only indirect measures of true everyday physical activity level in 

the patient’s environment.

Wearable accelerometer-measured activity, or actigraphy, has emerged as a valuable tool to 

assess physical activity in research and clinical settings. Wearable accelerometers can 

objectively quantify and monitor activity counts continuously over an extended period of 

time, making them an ideal tool for measuring physical activity in older adults with 

cardiovascular disease [4–6].

Accordingly, in a cohort of older adults with aortic stenosis, we sought to determine whether 

surveys or performance-based function tests correlated with accelerometer-measured 

physical activity in order to understand whether accelerometer-measured physical activity 

provides distinct clinical information apart from self-reported surveys or performance-based 

function tests.

Methods

Participants

Participants were part of a prospective cohort study, evaluating high-risk patients with severe 

aortic stenosis (AS) presenting to the outpatient Valve Center at the Columbia University 

Medical Center/New York-Presbyterian Hospital for transcatheter aortic valve replacement 
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(TAVR) consideration between 2011 and 2012. Subjects were 60 years of age and older and 

had severe, calcific AS (aortic valve area <0.8 cm2 and mean gradient >40 mmHg or jet 

velocity >4.0 m/s) and were determined to be TAVR candidates after a careful selection 

process assessing their overall appropriateness for the procedure. The Columbia University 

Medical Center Institutional Review Board approved this protocol, and all participants 

signed informed consent.

Actigraphy

The ActiGraph is a small, wristwatch-like triaxial accelerometer capable of real-time 

ambulatory monitoring of activity counts at various epochs. Fifty-two subjects were given 

ActiGraph accelerometer activity monitors worn continuously on the non-dominant wrist 

prior to their TAVR. Using the ActiLife propriety software, data were collected using a 1-

min epoch, generating an activity count for each minute of the day. Accelerometers were 

worn for an average of 17.6 days (median 15.5, interquartile range 9–25.3). Daily daytime 

activity was estimated using the maximum 10 h of daily accelerometer-measured activity 

(M10) [4] reported in activity counts.

Study Measurements

Baseline demographic, clinical, and echocardiographic information were collected for all 

subjects. Estimates of baseline physical function and quality of life were assessed by 

surveys. Subjects were classified into one of four New York Heart Association (NYHA) 

heart failure classes based on a self-reported symptomatology survey [7]. The Kansas City 

Cardiomyopathy Questionnaire (KCCQ), previously validated as a measure of health status 

for heart failure [8] and aortic stenosis [9••], was used to calculate an overall KCCQ score 

(minimum value 0 to maximum value 100, 100=highest functioning). The Short Form 12 

(SF12) was used to calculate a physical composite score (SF12-PCS) and mental composite 

score (SF12-MCS) (minimum value 0 to maximum value 100, 100=highest functioning) [10, 

11]. EuroQol-5D (EQ-5D) survey was used to calculate the EQ-5D time trade-off (TTO) 

utility score (minimum value −0.109 to maximum value 1, 1= highest functioning) validated 

for the USA [12]. Self-reported lack of energy (anergia) was evaluated with a validated 7-

item questionnaire; these results were used to calculate an overall anergia score (minimum 

value 0 to maximum value 7, 7=least functioning) and patient was classified as anergic or 

not anergic [13]. The Revised Life Orientation Test (LOT-R), an estimate of positive or 

negative outlook in life, was used to calculate the LOT score (minimal value 0, maximum 

value 40, 40=highest functioning) [14]. The Life Space survey was used to calculate the Life 

Space level score (minimal value 0 to maximum value 40, 40=highest functioning) [15]. A 

Detailed Activity Form (DAF) (condensed from the original 18 activities of the Minnesota 

Leisure Time Physical Activity Questionnaire to assess participation in six activities) was 

used to estimate weekly energy expenditure in kilocalories [16–18]. Independence in 

activities of daily living was assessed by the Katz ADL survey [19]. The need for assistance 

with any one of the six ADLs resulted in the subject being considered dependent, and 

performing all activities independently was required to be considered independent.

Measurement of baseline physical functioning was assessed using several performance-

based function tests. Gait speed was assessed according to time in seconds to walk 15 ft 
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[20]. Subjects were instructed to “walk at their comfortable pace” until a few steps past the 

15-ft line. Usual assist devices (e.g., walkers, canes) were permitted. If able, each subject 

completed one 15-ft walk. Gait speed was calculated by dividing 4.57 m (15 ft) by time to 

walk this distance in seconds and reported in meters/second. Subjects unable to perform the 

task were assigned a gait speed of 0 m/s. Test of balance included side-by-side, semi-

tandem, and tandem stands. For each stand, the interviewer first demonstrated the task, then 

supported one arm while subjects positioned their feet, asked if they were ready, then 

released the support and began timing. The timing was stopped when subjects moved their 

feet or grasped the interviewer for support, or when 10 s had elapsed. Subjects first 

attempted the side-by-side stand, and if able to stand side-by-side for 10 s, they moved on to 

the semi-tandem stand, and if able to hold semi-tandem stand for 10 s, they moved on to the 

tandem stand. To test ability to rise from a chair (chair stand), subjects were seated in a 

straight-backed chair with their feet on the floor, asked to fold their arms across their chest, 

and asked to stand from seated position. If subjects were unable to rise without using their 

arms, they were told to stand using their arms. If successful, subjects were asked to stand up 

and sit down five times as quickly as possible and were timed from initial sitting position to 

final standing position after the fifth stand. A Short Physical Performance Battery (SPPB) 

score (minimum value 0 to maximum value 12, 12=highest functioning) was calculated 

using each subject’s gait speed, balance testing, and chair stand results [21]. Subjects 

performed a 6-min walk test (6MWT) in which subjects were asked to walk as far as 

possible for 6 minutes, without running or jogging [22]. Assist devices (e.g., walkers, canes) 

were permitted. Dominant hand grip strength was assessed as the average of 3 trials of 

maximal isometric grip measured in kilograms with a Jamar dynamometer (Sammons 

Preston, Chicago, Illinois) [23, 24].

Statistical Analysis

The primary outcome variable was daily daytime activity as measured by ActiGraph 

accelerometer activity, measured as daily M10 activity (M10), and averaged over the total 

number of days the subject wore their accelerometer. Distribution of M10 measurements 

was evaluated by histogram analysis. Simple linear regression was used to evaluate the 

association between M10 and assessments of physical function and quality of life by survey 

data (SF12-PCS, SF12-MCS, KCCQ overall score, EQ-5D TTO score, LOT-R score, Life 

Space level score, DAF weekly energy expenditure) and performance-based function tests 

(SPPB score, 6MWT, grip strength). Multiple linear regressions were used to model M10 

with measurements of physical function and quality of life based on survey data (NYHA 

class, SF12-PCS, SF12-MCS, KCCQ overall score, EQ-5D TTO score, anergia, LOT-R 

score, Life Space level score, DAF weekly energy expenditure, and Katz ADLs dependence) 

and with performance-based function tests (SPPB score, 6MWT, grip strength). All analyses 

were repeated using total 24-h daily counts as the primary outcome. Since results were 

similar, only analyses for daytime activity (M10) are presented. All analyses were performed 

with STATA (version SE12, StataCorp LP, College Station, Texas). A P value of <0.05 was 

considered to be statistically significant.
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Results

Fifty-two subjects with severe AS being considered for TAVR and who wore ActiGraph 

activity monitors prior to TAVR were included in the analysis. The median age was 88 years 

(interquartile range 85–90) and 63 % were female. All subjects were community dwelling. 

Subjects had a high prevalence of comorbid illness; 87 % had hyperlipidemia, 94 % had 

hypertension, and 88 % had coronary artery disease (Table 1).

The results of the baseline survey assessments and performance-based functional tests are 

shown in Table 1. Overall, there was a significant symptom burden. Most subjects were 

NYHA class II or III; 2 % class I, 33 % class II, and 65 % class III, none were class IV. 

Sixty-two percent of subjects qualified as being anergic based on previously defined criteria 

[11], and 38 % of subjects were dependent in at least one Katz ADL category. The 

population demonstrated a low median 6-min walk distance of 183 (interquartile range 57–

237) meters and weak median dominant hand grip strength of 16.3 (interquartile range 11.3–

20.2) kg. Median daily M10 accelerometer activity was 966,131 (interquartile range 720, 

529–1,267,931) activity counts (Table 1, Fig. 1).

Survey Assessments

There was no association between M10 and SF12-PCS, KCCQ overall score, EQ-5D TTO 

score, LOT-R score, Life Space level score, or DAF weekly energy expenditure (Table 2). 

There was a statistically significant but weak, negative association between SF12-MCS and 

M10 (R2=0.1970, P=0.04) (Fig. 2). Multiple linear regressions of M10 with survey 

assessments were not statistically significant (R2=0.6159, P=0.23) (Table 2).

Performance-Based Function Assessments

M10 was not associated with SPPB score or 6MWT. There was a statistically significant but 

weak, negative association between grip strength and M10 (R2=0.1568, P=0.004) (Table 2, 

Fig. 2). Multiple linear regressions of M10 with performance-based function tests were not 

significant (2=0.1743, P=0.10) (Table 2).

Discussion

In a cohort of well-characterized older adults with severe symptomatic aortic stenosis, we 

evaluated the relationship between symptom and functional status as assessed by surveys 

and performance-based functional test and objectively measured activity using continuous 

wrist-worn accelerometry. We found that in older adults with severe AS, self-reported 

surveys and performance-based function tests are not meaningfully correlated with daytime 

activity as estimated by maximum 10 h of daily accelerometer-measured activity. The results 

of our study suggest that accelerometer-measured physical activity provides distinct clinical 

information apart from self-reported surveys or performance-based function tests. This 

underscores the importance of using objective measures of physical activity to accurately 

quantify physical function in older adults with severe aortic stenosis.

Self-reported surveys have been traditionally used to estimate quality of life and functional 

capacity in adults with heart failure and to predict morbidity and mortality. However, 
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because self-reported surveys are subjective and indirect in nature, they fall short in 

estimating true daily physical activity. Surveys are prone to recall bias; subjects may 

exaggerate responses one way or another based on a multitude of factors, including their 

state of mind when the survey was taken and who the intended recipients of the survey 

results are, in most cases clinicians or research investigators. Moreover, surveys, which ask 

patients to recall previous events over an extended period of time, are administered at one 

point in time, making results prone to error and inaccuracy. As with self-reported surveys, 

performance-based function tests have been used to estimate functional capacity in adults 

with heart failure and predict morbidity and mortality but are also imperfect surrogates for 

daily physical activity. Although objective in nature, performance-based tests such as the 

6MWT, grip strength, and Short Physical Performance Battery tests are measured at only 

one point in time. Therefore, although they estimate maximal and submaximal functional 

capacity, they may not correlate well with true physical activity over an extended period of 

time. Andrews et al. found that both cross-sectional and longitudinal KCCQ survey scores 

and 6MWT distances were statistically correlated, suggesting survey and performance-based 

functional tests may provide complimentary information [25]. However, both survey and 

performance-based assessments have their limitations; accelerometer-measured physical 

activity is both objective and a continuous measurement of a subject’s activity in their home 

environment, thus offering unique clinical information apart from subjective self-reported 

surveys and point-in-time performance-based tests.

The concept of frailty in aging adults has been associated with greater morbidity and 

mortality. Frailty as a distinct physiologic phenotype was first validated by Fried who 

offered a standardized definition for frailty which predicted falls, disability, hospitalizations, 

and death in the elderly [24]. Her standardized definition included both subjective and 

objective measures of functional status as follows: weight loss, grip strength, self-reported 

exhaustion and physical activity, and 15-ft walk time. Further studies have modified Fried’s 

original definition of frailty and adapted its use to predict outcomes in older adults with 

coronary artery disease [26, 27], recovery after general [28] and cardiac surgery [29], and 

survival after transcatheter aortic valve replacement (TAVR) [30•]. However, no study has 

used objective measurements of daily activity in their standardized definition of frailty. 

Accelerometer-measured activity may therefore serve as a valuable and distinct adjunct to 

future frailty studies. Moreover, accelerometer-measured activity may be used to evaluate 

and monitor therapeutic benefit following surgical and medical interventions. Several studies 

have begun to use accelerometer-measured activity to assess daytime and sleep activity 

following orthopedic [31, 32] and cardiac surgeries [33, 34]. In our cohort of subjects who 

all underwent TAVR, further studies will evaluate whether pre-TAVR accelerometer-

measured physical activity predict post-operative outcomes. We will also be able to monitor 

improvements in functional capacity longitudinally by comparing changes in accelerometer-

measured physical activity after TAVR.

It must be noted that we did find a statistically significant, albeit weak, negative association 

between the SF12 Mental Composite Score (SF12-MCS) and M10. The SF12-MCS 

estimates subjects’ self-reported emotional stress and anxiety. We speculate that a potential 

explanation for this finding is subjects who reported a greater level of anxiety also had a 

greater amount of responsibility in their day-to-day lives and thus were more physically 
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active. On the other hand, less active subjects who were sedentary and exerted themselves 

less reported a lesser degree of anxiety. Another unexpected finding was the statistically 

significant, although weak, negative association between grip strength and M10. Poor grip 

strength, a surrogate marker for overall decreased muscular strength, is a marker of frailty 

and has been previously shown to predict mortality and morbidity in older adults [24, 35]. 

However, in our cohort of subjects with severe AS and poor cardiovascular reserve, subjects 

who were more sedentary may have compensated for lack of mobility with greater use of 

upper extremities to perform day-to-day tasks and thus preserved relative grip strength. 

Moreover, greater grip strength does not necessarily imply greater lower extremity strength 

and therefore, mobility and activity. These unexpected inverse relationships between anxiety 

and activity and between grip strength and activity must be confirmed in larger cohorts.

There are several methodological issues to be addressed. First, all subjects included in this 

study were carefully evaluated and deemed appropriate candidates for TAVR by meeting 

strict inclusion criteria, resulting in a cohort with a high burden of comorbid illness. 

Therefore, the generalizability of these findings to lower risk populations and to subjects 

without severe AS is unknown. Moreover, our study includes a relatively small sample size 

and not every subject completed all surveys or performance-based tests due to poor follow-

up. Another limitation was the variability in the amount of time subjects wore their 

accelerometers. As a result, daily accelerometer-measured activity for subjects who wore 

accelerometers for fewer days may not accurately reflect their average activity over a longer 

period of time. The cross-sectional nature of our study also limits inferring causality. 

Because of these study limitations, larger longitudinal studies, which include healthier 

subjects and maintain better follow-up, are needed to better characterize the relationship 

between accelerometer-measured activity and self-reported or performance-based function.

Conclusion

Self-reported surveys and performance-based function tests are not meaningfully correlated 

with daytime activity as estimated by maximum 10 h of daily accelerometer-measured 

activity. The results of our study suggest that accelerometer-measured physical activity 

provides distinct clinical information apart from self-reported surveys or performance-based 

function tests, thus underscoring the importance of using objective real-world measures to 

understand physical activity in older adults with cardiovascular disease.
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Fig. 1. 
Distribution of daytime activity as estimated by maximum 10 h of daily accelerometer-

measured activity counts (M10)
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Fig. 2. 
Scatterplots of maximum 10 h of daily accelerometer-measured activity counts (M10) vs. 

survey and performance-based assessments
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Table 1

Baseline characteristics, survey and performance-based assessment summaries, and accelerometer activity

Variable

Age (years) 88 [85, 90]

Female 33 (63 %)

Caucasian 50 (96 %)

BMI (kg/m2) 25.2 [22.1, 28.7]

Community dwelling 52 (100 %)

Diabetes 10 (19 %)

Hyperlipidemia 45 (87 %)

Hypertension 49 (94 %)

Lung disease 14 (27 %)

Coronary artery disease 46 (88 %)

Arrhythmia 17 (33 %)

Previous percutaneous coronary angioplasty 4 (8 %)

Previous coronary artery bypass 15 (29 %)

Previous aortic valvuloplasty 1 (2 %)

Previous pacemaker 5 (10 %)

Previous stroke 3 (6 %)

NIHSS>0 5 (13 %)

Peripheral vascular disease 9 (17 %)

Weight loss >10 lbs in past year 15 (33 %)

Aortic valve mean gradient (mmHg) 42.9 [37.0, 54.9]

Aortic valve area (cm2) 0.70 [0.60, 0.75]

Ejection fraction (%) 63 [54, 67]

Albumin (g/dL) 4.2 [3.8, 4.4]

Systolic blood pressure (mmHg) 138 [119, 150]

Diastolic blood pressure (mmHg) 67 [63, 76]

NYHA class 1 1 (2 %)

NYHA class 2 17 (33 %)

NYHA class 3 34 (65 %)

NYHA class 4 0 (0 %)

SF12-PCS (0–100) 31.3 [26.8, 38.7]

SF12-MCS (0–100) 55.0 [39.0, 60.1]

KCCQ overall score (0–100) 45.4 [33.7, 68.5]

EQ-5D TTO score (−0.109–1) 0.78 [0.60, 0.84]

Anergia, total score (0–7) 4 [3, 5]

Anergia, meets criteria 32 (62 %)

Life Orientation Test score (0–40) 27 [24, 29]

Life Space level score (0–40) 18.5 [12.0, 23.8]

Detailed Activity Form energy expenditure (kcal/week) 41.9 [0.0, 352.0]

Katz ADLs score (0–6) 6 [5, 6]
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Variable

Katz ADLs <6 (dependent) 20 (38 %)

Short Physical Performance Battery score (0–12) 7.5 [5.0, 9.0]

6-min walk distance (meters) 183 [57,237]

Grip strength (kg) 16.3 [11.3, 20.2]

M10 accelerometer activity (activity counts) 966,131 [720,529, 1,267,931]
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Table 2

Simple and multiple linear regressions of M10 and survey and performance-based assessments

Variable R2 P value Coefficient

Simple linear regression of M10 and survey and performance-based assessments

 SF12-PCS 0.0004 0.93 1245 [−29,282, 31,772]

 SF12-MCS 0.1970 0.04 −18055 [−35,058, −1053]

 KCCQ overall score 0.0392 0.38 −4214 [−13,939, 5512]

 EQ-5D TTO score 0.0016 0.86 −115,084 [−1,462,923, 1,232,755]

 Life Orientation Test score 0.0272 0.25 −19989 [−54687,14709]

 Life Space level score 0.0088 0.52 5503 [−11,428, 22,433]

 Detailed Activity Form energy expenditure 0.0119 0.45 92 [−151,334]

 Short Physical Performance Battery score 0.0064 0.58 −12,456 [−57,631, 32,718]

 6-min walk distance 0.0071 0.62 115 [−351,581]

 Grip strength 0.1568 0.004 −22,477 [−37,444, −7511]

Multiple linear regressions of M10 and survey assessments

 Overall regression 0.6159 0.23

 NYHA class 1.00 −1303 [−715,024, 712,418]

 SF12-PCS 0.71 −11,652 [−78,482, 55,178]

 SF12-MCS 0.15 −25,702 [−62,432, 11,028]

 KCCQ overall score 0.94 854 [−24,409, 26,118]

 EQ-5D TTO score 0.78 −288,278 [−2,556,553, 1,979,998]

 Anergia, meets criteria 0.98 7004 [−553,418, 567,425]

 Life Orientation Test score 0.56 −25280 [−118,711, 68,151]

 Life Space level score 0.16 25,426 [−12,060, 62,912]

 Detailed Activity Form energy expenditure 0.28 323 [−313,959]

 Katz ADLs <6 (dependent) 0.79 97,263 [−691573, 886,099]

Multiple linear regressions of M10 and performance-based assessments

 Overall regression 0.1743 0.10

 Short Physical Performance Battery score 0.92 −2607 [−57,824, 52,610]

 6-min walk distance 0.45 179 [−300,657]

 Grip strength 0.02 −23,022 [−41,988, −4055]
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