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Abstract

Background—The emerging evidence of the effects of sedentary time on health outcomes
suggests a need to better measure this exposure. Healthcare settings, however, are not equipped
with a tool that can quickly assess the sedentary habits of their patient population. The purpose of
this study was to validate a tool for rapidly quantifying and tracking the sedentary time and low
levels of daily lifestyle physical activity among primary care patients.

Methods—The study examined the test-retest reliability and validity of the Rapid Assessment
Disuse Index (RADI) among adult patients from a large primary care clinic. Patients completed
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the RADI (comprised of 3 items: sitting, moving, and stair climbing) twice, followed by
accelerometer monitoring. Test-retest reliability was computed, and the correlation between
survey responses and accelerometry was determined. An ROC curve was constructed and the area
under the curve (AUC) was calculated.

Results—RADI was temporally stable (intraclass correlation coefficients 0.79), and a higher
score was significantly correlated with greater sedentary time (p=0.40; p<0.01), fewer sedentary to
active transitions (p=-0.42; p<0.01), and less light-intensity physical activity (p=—0.40; p<0.01).
The ability of RADI to detect patients with high levels of sedentary time was fair (AUC=0.72).

Conclusions—This brief assessment tool, designed to quickly identify patients with high levels
of sitting and low daily physical activity, exhibits good reliability and moderate validity. RADI
can assist in providing recommendations at the point of care pertaining to modifying sedentary
behavior.

Introduction

The aetiological relation between sedentary behaviour, defined as time in a sitting or
reclining posture with energy expenditure between 1.0 and 1.5 metabolic equivalents, and
the risk of morbidity and mortality from chronic diseases throughout the lifespan is
emerging.1~4 For example, van der Ploeg et al® and Patel et al, in large prospective cohort
studies, found that sitting time independently predicted mortality, while adjusting for
physical activity. Healy et al’, analysing data from the National Health and Nutrition
Examination Survey, found that prolonged sedentary time (measured objectively via
accelerometers) was independently associated with cardiometabolic risk, for example,
elevated triglycerides and markers of insulin resistance. These findings suggest that the
mechanism through which sedentary behaviour is linked to disease risk is not simply the
inverse of those attributed to physical activity.

Indeed, experimental studies of glucose and lipid metabolism have demonstrated that
sedentary behaviour elicits a number of cellular adaptations that are quite distinct from those
elicited by exercise training.8 Prolonged sedentary time appears to decrease the levels of
lipoprotein lipase (LPL), an enzyme facilitating the uptake of fatty acids into muscles and
adipose tissue.? Hence, high levels of sedentary behaviour result in low LPL levels, which
lead to increased triglycerides and decreased high-density lipoprotein.1 In addition, brief
periods of immobility have been found to affect the expression of numerous genes®;
however, further research is needed to elucidate the causal role of sedentary behaviour on
physiological function and related processes.

The evidence nonetheless supports the need to assess and promote the reduction of sedentary
time alongside increasing physical activity levels.>11 Historically, sedentary behaviour has
been measured simply as the absence of any reported leisure time physical activity. More
recently, researchers have begun to evaluate time spent sitting or in passive activities (eg,
television viewing and computer use) at work and during discretionary time. A few studies
have examined the validity of questionnaires (eg, Community Healthy Activities Model
Program for Seniors (CHAMPS)) focusing on sedentary behaviours2-15; however, these
surveys have not been designed specifically for the clinical setting. In the current study, we
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present a brief assessment tool designed for use in the clinical setting to quickly identify
patients who would benefit from clinician counselling focusing on decreasing the time per
day spent sitting and increasing the daily lifestyle physical activity. This tool, the Rapid
Assessment Disuse Index (RADI), is comprised of three questions aimed at measuring
sitting time as well as general moving about and stair climbing behaviours (ie, lifestyle
physical activity parameters). We evaluated the reliability and validity of RADI among adult
primary care patients. In addition, we established risk cutoff points based on RADI’s score
cross-sectional association with objectively measured sedentary time (measured via
accelerometers), which might guide the clinician when making recommendations pertaining
to sedentary behaviour and lifestyle physical activity.

Study design and participants

Measures

This study examines the test—retest reliability and validity of the RADI survey among
patients in a primary care setting. Participants were adult men and women aged 40-79 years
from a large academic primary care clinic in Dallas, Texas, USA. Inclusion and exclusion
criteria for this study as well as participants’ sociodemographics have been described
previously.16 Briefly, patients were excluded if they: did not consent to participate; had
physical disabilities that restricted lower limb function; were cognitively impaired; had a
medical procedure in the past year that restricted their usual physical function and/or
activity; were pregnant; or replied positively to one or more of the Physical Activity
Readiness (PAR-Q) screening test questions, such as indicating feeling chest pain when
physically active.1” Thus, a total of 179 patients were eligible and interested in the study and
completed a questionnaire on a computer interface at baseline.18 Of these, 157 (87.7%)
completed the survey again in the clinic 12-16 days after completing the baseline
questionnaire. Completion time for the questionnaire ranged from 2 to 5 min. The
participants who completed the survey in the clinic were given an accelerometer to wear on
their right hip for 7 days and asked to wear it during all waking hours. They were asked to
return the accelerometers to the research team by mail after the 7-day period. A total of 155
(98.7%) participants returned the accelerometers and of these 151 (97.4%) accelerometers
had valid wear time (ie, accelerometers were worn for =10 h per day for at least 4 days).
Data collection began in December 2010 and ended in June 2011. The study protocol was
approved by the Institutional Review Boards of the University of Texas Health Science
Center at Houston and the UT Southwestern Medical Center at Dallas, Texas, USA.

The RADI—RADI (figure 1) is a brief assessment tool for use in time-constrained clinical
practice. It is based on three questions from the Yale Physical Activity Survey,1° pertaining
to general domains of daily activity (eg, moving about and climbing stairs) and sitting
behaviour. RADI is self-administered and is presented as a matrix that can be completed in 5
min or less. The participants were asked to complete the matrix with reference to the past
week, month and year. They then answered each RADI question by selecting the number
that best corresponded to their behaviour in the appropriate box (figure 1). The two RADI
questions related to lifestyle activity (moving about and stair climbing) are reverse scored,
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that is, higher scores are indicative of less moving about and fewer stairs climbed; whereas
the sitting score is directly scored, that is, a higher score is indicative of more sitting. The
matrix is scored by summing the numbers for each column and then across the three time
periods. The total for column ‘A’ corresponds to the current ‘disuse’ index score, which
ranges from 3 to 15; the total across columns ‘A’, ‘B’ and ‘C” is the cumulative “disuse’
index (ie, the cumulative RADI score), which ranges from 9 to 45. Higher scores indicate
higher levels of ‘disuse’ (ie, a combination of more sitting and less activity).

Accelerometers: The ActiGraph GT3X accelerometer (Pensacola, Florida, USA) is a small,
triaxial piezoelectric device (4.6x3.3x1.5 cm; 19 g) that measures physical activity including
raw acceleration, activity counts (ct) and vector magnitude. The data output from the
accelerometer are activity cts, which quantify the amplitude and frequency of detected
accelerations; the activity cts are summed over an investigator-specified time interval (ie,
epoch). For the current study, a 60 s epoch was utilised. Technical specifications, as well as
reliability and validity of the ActiGraph accelerometer, have been described previously.20:21
Data from the accelerometer were downloaded and screened for wear time using the
methods described by Troiano et al.22 Briefly, device non-wear was defined as 60
consecutive minutes of 0 cts, with an allowance of 1-2 min for cts detected between 0 and
100. Wear time was determined by subtracting derived non-wear time from 24 h. Time spent
per day (min/day) in different intensity levels was estimated using the following cut-off
points: sedentary [0-99 ct/min], light (100-1951 ct/min), moderate (1952-5724 ct/min) and
vigorous (25725 ct/min) intensity.23:24 Sedentary to active transitions (ie, sedentary breaks)
were defined as an interruption in which a period of sedentary time was immediately
followed by a minute or more =100 cts; breaks were summed over each day and are
presented after adjustment for sedentary time.125 A summary estimate of time spent per day
in moderate-to-vigorous intensity physical activity (MVPA) was computed using a threshold
of 21952 ct/min. Summary estimates were computed by averaging the daily estimates across
the total number of days worn for participants with =24 days with =10 h/day of wear time.

Covariates: Personal information (ie, age, gender and race/ethnicity) was gleaned from
responses to a survey, and body mass index (BMI) was abstracted from the patients’
electronic medical records and based on measurements within the past 12 months. Based on
BMI (kg/m2), participants were classified as normal weight (18.5-24.9 kg/m2), overweight
(25.0-29.9 kg/m2) or obese (=30.0 kg/m2).26

Statistical analysis

We computed intraclass correlation coefficients and 95% Cls to determine the degree of
shared variance between the two administrations of RADI. To establish criterion validity,
we compared RADI scores from the second administration to accelerometer estimates, since
the survey completion was temporally sequenced with accelerometer wear time. Hence, we
computed the correlation coefficient (Spearman’s p) among each survey item, the
cumulative RADI scores (past week, month and year) and accelerometer-derived estimates
of sedentary time, sedentary breaks and light intensity and MVPA, after adjustment for
average daily accelerometer wear time. We also calculated Spearman’s partial correlations
to adjust for age, gender, race/ethnicity and BMI. For the cumulative RADI score, we
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combined reports from the past week, month and year due to high internal consistency
(Cronbach’s a range: 0.935-0.955). In addition, to determine the accuracy of RADI, a
receiver operating characteristic (ROC) curve was constructed by comparing the cumulative
RADI score (second administration) to accelerometer-derived sedentary time (highest
quartile of sedentary time vs lower quartile). In the ROC curve, the sensitivity is plotted as a
function of 1-specificity, thus enabling us to calculate the sensitivity and specificity for
several cut-off points. Furthermore, to determine the accuracy of the test, the area under the
curve (AUC) was calculated, where an AUC of 1.0 indicates a perfect test and 0.5, for
example, is indicative of a poor test.

The test—retest reliability for the RADI domains (moving, stair climbing and sitting) ranged
from moderate to strong agreement (ie, ICCs 0.5-0.7), with the cumulative score exhibiting
a strong agreement (table 1). Results pertaining to the criterion validity of RADI, assessed
by comparing survey responses to accelerometer estimates, appear in table 2. The
cumulative RADI score was directly correlated with sedentary time (Spearman’s p=0.402;
p<0.001) and inversely correlated with sedentary breaks (Spearman’s p=—0.425; p<0.001)
and light activity (Spearman’s p=—0.406; p<0.001), while adjusting for accelerometer wear
time, age, gender, race/ethnicity and BMI. The RADI cumulative score was not significantly
correlated with MVVPA. Similarly, the sitting scores (past week, past month and past year)
were significantly associated with sedentary time (direct correlation), sedentary breaks and
light activity (inverse correlations), but not MVVPA. In addition, the moving scores were
inversely correlated with sedentary breaks and light activity and were directly correlated
with sedentary time (table 2). In contrast, stair climbing was not significantly correlated with
accelerometer estimates in the adjusted models.

The accuracy of RADI, as well as the ability of the survey to distinguish between
individuals with high levels of sedentary time and those with lower levels, was determined
through an ROC curve (figure 2). The results revealed that the accuracy of the survey was
fair (AUC=0.722). Overall, there was a general trend towards higher sensitivity and lower
specificity with lower cut-off points. Hence, an RADI score of 27 resulted in a sensitivity of
0.60 and specificity of 0.74; a score of 26 resulted in sensitivity 0.79 and specificity 0.63,
and when the RADI score was 25, the sensitivity remained constant (0.79) and specificity
decreased (0.59).

Discussion

The present study aimed to establish the test—retest reliability and validity of an assessment
tool designed for use in clinical practice to identify patients who are at risk of high levels of
inactivity and who would benefit from clinician counselling pertaining to decreasing time
per day spent sitting while increasing daily lifestyle activity. RADI is the first such
instrument designed for a clinical setting that can be utilised by providers and patients to
identify and modify sedentary time and physical inactivity, which are modifiable risk factors
for chronic disease morbidity and mortality.1=311 Study findings reveal that the cumulative
RADI scale’s test—retest reliability was strong. In terms of validity, a higher cumulative
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RADI score was significantly correlated with increased sedentary time, as well as with
fewer sedentary breaks and decreased light physical activity, as measured by accelerometers.
The ability of RADI to distinguish between patients with high levels of sedentary time was
fair.

When compared with other studies, the RADI tool exhibited similar reliability and validity
traits to longer, more cumbersome questionnaires. For example, the CHAMPS
questionnaire, which assesses sedentary behaviour and physical activity in older adults,
displayed similar test—retest reliability (correlation coefficients ranging from 0.56 to 0.70).15
Our tool displayed higher correlations when comparing some self-report measures to
accelerometry, such as the correlation between reported sedentary behaviour (or sitting time)
to accelerometer estimated sedentary time (current study—Spearman’s p=0.40; CHAMPS-
Spearman’s p=0.12).15 Though the study by Gardiner et al12 observed comparable reliability
and validity attributes to our study, their survey was longer and measured a number of
sedentary behaviours (eg, TV viewing and commute time), rather than a global index in the
present study.

The current study extends previous work not only by developing a useful, brief assessment
tool, but also by developing a global “‘disuse’ score that combines sitting and lifestyle
activity. This index can be used for clinical screening of inactivity as well as an intervention
tool for decreasing sitting and encouraging lifestyle activity. For screening, various cut-off
points of the cumulative RADI score provide different sensitivity (the ability to correctly
detect those with high levels of sedentary time) and specificity (the ability to correctly
identify individuals with lower levels of sedentary time) values.2 In general, a lower RADI
cut-off point was associated with higher sensitivity and lower specificity of RADI. This
trade-off between sensitivity and specificity is common when changing the cut-off levels,
and entails deciding between higher percentages of false positives or, conversely, a higher
level of false negatives.2” In this case, since RADI can be utilised as a screening measure to
capture high levels of sedentary time, we suggest an RADI score of 26. This cut-off point
provides a sensitivity of 79% with fewer false negatives and more false positives (63%
specificity). Though not a perfect measure, it is the first instrument intended for primary
care and is comparable to the Stanford Brief Activity Survey, which exhibited a sensitivity
of 73% and specificity of 61% in detecting meeting physical activity guidelines.28
Therefore, patients receiving an RADI score of 26 or higher should reduce this score by
decreasing sitting as well as increasing lifestyle activity (via moving and stair climbing). In
addition, since higher RADI scores were linked in this study to fewer sedentary breaks,
patients should also be encouraged to take intermittent ‘activity’ breaks from sitting, such as
walking around the office or home, which have been linked to reduced metabolic risk.!

Interpretation of the study’s findings should be tempered by its limitations. The study
sample consists of adults and older adults from one primary care clinic in Dallas (Texas,
USA) which impacts the external validity of the study. Further validation of this tool is
needed in additional samples and settings. Furthermore, though the number of participants is
comparable to other validation studies, 12:14.29 the sample consists of more women than
men, thus limiting our ability to stratify by gender in the analysis, which we attempted to
compensate for by adjusting for this variable. In addition, when determining the criterion
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validity of RADI, we compared self-reported sitting time and lifestyle activity to
accelerometer estimates. Though accelerometers are often used to establish criterion
validity, they are not a gold standard for free-living activity since they underestimate upper
body movement and are not worn during water activities, such as swimming.2° Moreover,
the accelerometers utilised in this study are mounted on the waist and are not sufficiently
sensitive to postural changes, thus making it difficult to discern sitting from standing or
reclining and activity type. This might explain the lack of significant association observed
(in adjusted models) when comparing stair climbing to accelerometry. Hence, further
validation of RADI is warranted with sensors that are able to detect body as well as postural
positioning (eg, activPAL accelerometer).

In conclusion, given the increasing trends of sedentary and physical inactivity in the
population, there are enormous public health benefits in identifying and modifying these
behaviours, which have demonstrated a strong correlation with impaired health and
function.518 The current study offers a tool that is tailored to the primary care setting and is
comparable in its measurement properties to longer, more cumbersome surveys.1214 RADI
can assist in providing recommendations for decreasing sedentary behaviour and increasing
lifestyle activity at the point of care. It could be integrated into a sedentary behaviour/
lifestyle activity prescription for which specific goals would be set jointly by the patient and
clinician based on the RADI score.16:30:31 Fytyre research, however, is needed that explores
ways to integrate the RADI tool into clinical practice, followed by testing its feasibility,
utility and efficacy in modifying patients’ sedentary behaviour and lifestyle activity in the
primary care setting.
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What are the new findings?

*  Accumulating evidence linking prolonged sedentary time to increased risk for
chronic disease morbidity and mortality suggests a need to better measure this
exposure.

*  Although a number of studies have examined the validity of sedentary
behaviour surveys, none are designed specifically for a clinical setting.

*  The current study validates The Rapid Assessment Disuse Index (RADI), an
assessment tool which measures sedentary time and low levels of lifestyle
physical activity among primary care patients.

*  This brief assessment tool (2-5 min to complete) exhibits good reliability and
moderate validity in a primary care setting.

How might it impact on clinical practice in the near future?

* The Rapid Assessment Disuse Index (RADI) could assist in providing
recommendations for decreasing sedentary behaviour and increasing lifestyle
activity at the point of care.

* It could be integrated into a sedentary behaviour/lifestyle activity prescription
for which specific goals would be set jointly by the patient and clinician based
on the RADI score.

»  Future research, however, is needed that explores ways to effectively integrate
RADI into clinical practice.

Br J Sports Med. Author manuscript; available in PMC 2015 February 01.
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Figure 1.

Rapid Assessment Disuse Index

In the past
WEEK

In the past

MONTH

In the past
YEAR

About how many hours a day do you typically spend MOVING AROUND
ON YOUR FEET?

Include moving around on your feet during work related activities, household work (like
cleaning), yard work (like mowing the lawn/ raking), walking (from place to place or for
leisure/ sports), and running at a slow or fast pace.

5=less than 1 hour/day
4= 1 to less than 3 hours/day
3= 3 to less than 5 hours/day
2=5to less than 7 hours/day
1=7 or more hours/day

About how many flights of stairs do you typically climb UP each day?
(let 10 steps = one flight).

5=none

4= 1-4 flights

3=5-8 flights

2=9-12flights

1= 13 or more flights

About how many hours a day do you typically spend SITTING (include
sitting at work/ home, watching TV and video/DVDs, on the computer at
home and work, eating meals, etc.)?

5= 12 or more hours/day

4= 8 to less than 11 hours/day

3=6 to less than 8 hours/day

2=3 to less than 6 hours/day

1= less than 3 hours/day

Total of each column

Cumulative INACTIVITY RISK INDEX (columns a+b+c):

Rapid Assessment Disuse Index Tool

Br J Sports Med. Author manuscript; available in PMC 2015 February 01.
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1.0

08
|
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0.0
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Figure 2.
Receiver operating characteristics curves for the Rapid Assessment Disuse Index cumulative

score compared to accelerometer-derived sedentary time. The dotted line is the empirical
ROC curve whereas the solid line is the parametric ROC curve. The area under the curve is
0.722. The RADI score is compared to the highest quartile of accelerometer derived
sedentary time (adjusted for wear time). The RADI time two score is compared to
accelerometer estimates since it is temporally sequenced.
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Table 1

Page 13

Test-retest Reliability” of the Rapid Assessment Disuse Index (RADI): RADI and domain-specific Scores-

(N=157)
Domain ICC (95%Cl)
MovingT
Week 0.726 (0.642-0.793)
Month 0.672 (0.573-0.751)
Year 0.665 (0.568-0.744)
Stairst
Week 0.735 (0.652-0.800)
Month 0.644 (0.542-0.727)
Year 0.588 (0.476-0.681)
Sitting§
Week 0.559 (0.442-0.658)
Month 0.576 (0.462-0.672)
Year 0.602 (0.491-0.693)
RADI ScoresT
Week 0.775 (0.704-0.830)
Month 0.737 (0.656-0.801)
Year 0.710 (0.623-0.780)
Cumulative RADI score™ | 0.793 (0.727-0.845)

RADI, Rapid Assessment Disuse Index.

*
Test—retest reliability was determined through intraclass correlation coefficients and 95% Cls to determine the degree of shared variance between

two survey administrations.

TMoving—a score based on the number of hours spent per day ‘moving about’ (eg, during household work) in the past week, month and year.

¢Stairs—a score based on the number of flights of stairs climbed up each day in the past week, month and year.

§Sitting—a score based on the number of hours per day sitting in the past week, month and year.

1

Fk

The cumulative RADI score is a sum of the RADI scores in the past week, month and year.

Br J Sports Med. Author manuscript; available in PMC 2015 February 01.

RADI score—a combination of the moving, stairs, and sitting scores summed separately for the past week, month and year.
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