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Abstract

Objective—This study explored the criterion-related validity and test-retest reliability of the
modified RESIDential Enviroment (RESIDE) physical activity questionnaire and whether the
instrument’s validity varied by body mass index (BMI), education, race/ethnicity, or employment
status.

Design—Validation study using baseline data collected for randomized trial of a weight loss
intervention.

Method—~Participants recruited from health departments wore an ActiGraph accelerometer and
self-reported non-occupational walking, moderate and vigorous physical activity on the modified
RESIDE questionnaire. We assessed validity (n=152) using Spearman correlation coefficients
(SCC), and reliability (n=57) using intraclass correlation coefficients (ICC).

Results—When compared to steps, moderate physical activity, and bouts of moderate/vigorous
physical activity measured by accelerometer, these questionnaire measures showed fair evidence
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for validity: recreational walking (SCC 0.23-0.36), total walking (SCC 0.24-0.37), and total
moderate physical activity (SCC 0.18-0.36). Correlations for self-reported walking and moderate
physical activity were higher among unemployed participants and women with lower BMIs.
Generally no other variability in the validity of the instrument was found. Evidence for reliability
of RESIDE measures of recreational walking, total walking, and total moderate physical activity
was substantial (ICC 0.56-0.68).

Conclusions—Evidence for questionnaire validity and reliability varied by activity domain and
was strongest for walking measures. The questionnaire may capture physical activity less
accurately among women with higher BMIs and employed participants. Capturing occupational
activity, specifically walking at work, may improve questionnaire validity.
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Introduction

Globally, the health impact of physical inactivity is similar to that of smoking.! Trends
suggest that physical inactivity? and overweight and obesity2 are more prevalent among
low-income women compared to men and high-income groups. Increasing physical activity
(PA) is an important component of weight control and health improvement. However, valid,
reliable measures are needed to monitor and evaluate PA in high-risk populations.*>

Self-report questionnaires are feasible,® cost-effective* PA measures, but are subject to
recall and response biases.24 For example, while 51% of Americans self-reported 30 or
more minutes of PA at least five days per week in 20032004, fewer than 5% achieved this
level of PA according to accelerometer measures.? Further, factors such as sex, body mass
index (BMI),° education, and race/ethnicity may influence participant understanding and
interpretation of PA questionnaires.’—®

The RESIDential Environment (RESIDE) questionnaire was developed to assess PA,
specifically transportation and recreational walking, among Australian women. This
instrument has been shown to rapidly and reliably®:10:11 assess walking among Australian
adults, midlife Canadian women,! and older Chinese adults.1% A modified version of this
questionnaire was used in the Weight-Wise Il Study, a group-based weight loss intervention
for low-income women with a walking focused PA component. However, the reliability and
validity of the RESIDE questionnaire have not been assessed in low-income overweight or
obese populations. Variations in validity by participant BMI, education, race/ethnicity and
employment status also have not been assessed.10 Given reporting differences in other
behaviors,1213 overweight and obese individuals may respond differently to the RESIDE
questionnaire compared to normal weight respondents. The objectives of this study were to
assess the criterion-related validity and test-retest reliability of the modified RESIDE
questionnaire and to determine whether the validity of this instrument varied by BMI,
education, race/ethnicity, or employment status among overweight and obese women.
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This validation study was conducted using baseline assessments of participants in the
Weight-Wise Il Study (n=189), a randomized controlled trial evaluating a group-based
weight loss intervention program for overweight and obese, low-income, midlife women,
described in detail elsewhere.115 The Weight-Wise 11 Study enrolled participants at six
North Carolina county health departments located in two higher density (population
>130,001), two intermediate density (population 46,501 to 130,000), and two lower density
counties (population < 46,500).16 All assessments included in these analyses were
conducted prior to the intervention. All participants provided written informed consent and
the study was approved and monitored by the Institutional Review Board at the University
of North Carolina — Chapel Hill.

Each of six sites was asked to enroll 40 women during an eight-week period. Inclusion
criteria were: 1) aged 4064 years; 2) BMI 27.5-45 kg/m?; 3) willing to lose 5% or more of
initial body weight and follow recommendations for healthy dietary and PA patterns; 4)
English speaking; 5) household income < 250% of United States (US) federal poverty
guidelines; and 6) able and willing to give informed consent. Participants received gift cards
for attending the enrollment visit ($10), for wearing the accelerometer ($20), for completing
the initial telephone-administered surveys ($10), including the modified RESIDE PA
questionnaire, and for completing the test-retest reliability phone call ($20).

At the enrollment visit, participants self-reported sociodemographic information, prior
weight loss and coronary hear disease risk factors. Weight, height, and blood pressure were
objectively measured using protocols described elsewherel4 and BMI was calculated
(kg/m?) to confirm study eligibility. Participants were fitted with an ActiGraph GT1M
accelerometer (ActiGraph, Pensacola, FL) to directly measure PA. The ActiGraph can
accurately measure steps and counts during ambulatory activityl” and sedentary behaviorl8
in adults. Participants were instructed to wear the accelerometers attached to an elastic belt
over the right hip at waist level during all waking hours for the next 7 days, except while
showering or swimming. Accelerometers were configured to collect counts and steps in the
uniaxial mode using a 10-second epoch. Accelerometers were returned in a postage-paid
priority mailer to the research office where data were downloaded and stored.

Accelerometer wear time (min/d) was computed by subtracting non-wear time from 24h.
Non-wear time was defined as a period of 60 minutes or more of zero counts, allowing 2
minutes of counts > 0 but < 100. A minimum of 10 hours of wear time on at least 4 days was
required for inclusion in these analyses.

Accelerometer measured PA was calculated as average counts/min, and then converted to
min/d of activity by intensity level. A number of studies of adults provide count thresholds
or cutpoints to distinguish moderate to vigorous-PA from other forms of less intense
activity. We used the Troiano et al.219 definition from the US National Health and Nutrition
Examination Survey. Vigorous intensity was defined as = 5999 counts/min, moderate
intensity as 2020-5998 counts/min, and light intensity as 101-2019 counts/min. Bouts of
moderate to vigorous-PA were defined as intervals = 10 minutes with accelerometer counts
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= 2020 counts/min, allowing up to 2 minutes of interruption with counts below the
threshold.

The modified RESIDE PA questionnaire was administered to participants by phone 1-3
weeks (median 20 days) post-enrollment. The original RESIDE Neighborhood PA
Questionnaire is a 21-item self-administered instrument in which participants recall the
frequency, duration, and destination of their walking (for transport and recreation) within
and outside of their neighborhood, and cycling activity in a usual week.8 We modified the
questionnaire by combining the walking items into two location-neutral walking measures:
walking for transportation and walking for recreation. We also expanded the cycling item to
include all non-walking moderate- and vigorous-PA, revised PA locations for regional
appropriateness (e.g., fitness center replaced beach), and adapted the questionnaire for
telephone administration. The 16-item modified questionnaire addressed four activity
domains: walking for transportation; walking for recreation, health or fitness (“walking for
recreation”); moderate-PA; and vigorous-PA. Participants were asked whether they engaged
in each activity domain and if so, the location, frequency, and usual weekly duration of that
activity (supplementary material). We divided weekly durations by seven to calculate a daily
average duration (min/d) for each domain. Three summary measures were computed: total
walking (sum of walking for recreation and walking for transport), total moderate-PA (sum
of total walking and non-walking moderate-PA), and total activity (sum of total walking,
moderate- and vigorous-PA).

Criterion-related validity is the ability of an instrument to accurately measure the construct it
is intended to measure.2% We explored the ability of the modified RESIDE questionnaire to
accurately capture the frequency, duration, and intensity of participant PA by comparing PA
measured by accelerometer to self-reported PA using Spearman correlation coefficients
(SCC). SCC were calculated for three accelerometer measures: steps/d, moderate-PA
(min/d), and bouts of moderate to vigorous-PA (min/d) when compared to three
questionnaire measures: walking for recreation (min/d), total walking (min/d), and total
moderate-PA (min/d). SCC were calculated for the entire sample (n=152) and stratified by
BMI (27.5 - < 37, = 37), education level (< 13 years, = 13 years), race/ethnicity (non-
Hispanic black, non-Hispanic white), and employment status (employed, unemployed) to
explore differences in validity between subgroups.

Test-retest reliability gauges the consistency of repeated measurements, with high reliability
indicating that variation is attributable to true difference in the population rather than
measurement error.20 To assess test-retest reliability of the modified RESIDE questionnaire,
we re-administered the questionnaire by telephone to a consecutive sub-sample (n=57) a
median of 23 days after initial administration. The Shrout and Fleiss method based on a one-
way analysis of variance was used to calculate intraclass correlations (ICC) between
repeated measures.2! The ICC corresponds to the variance between participants expressed as
a proportion of total variance (measurement error plus between subject variance).

Validity and reliability were classified into five categories: poor (0 to < 0.2), fair (0.2 to <
0.4), moderate (0.4 to < 0.6), substantial (0.6 to < 0.8), and almost perfect (0.8-1.0).22
Stratified PA estimates and correlations were considered substantially different if the index
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group mean was not within the 95% confidence interval for the comparison group mean. No
adjustments were made for multiple comparisons. All analyses were conducted using SAS
version 9.3 (Cary, NC).

Of 189 women enrolled in the Weight-Wise Il Program, 152 (80%) were included in these
analyses. Thirty-seven women were excluded: 34 did not meet the minimum required
accelerometer wear time, one did not wear the accelerometer, and two did not complete the
modified RESIDE questionnaire.

The mean age of participants was 51.1 years, 53% were non-Hispanic black, and mean
educational achievement was 13 years (Table 1). More than half of participants were
employed (54%) and lacked health insurance (57%), and 17% reported an annual household
income of less than $10,000. Participants’ mean BMI was 37.3 kg/m?2.

Participants reported a median of 0 min/d (walking transportation, vigorous-PA) to 9 min/d
(total moderate-PA and total PA) of activity in each domain on the modified RESIDE
questionnaire (Table 2). Unemployed participants reported more total walking (median 9 vs.
4 min/d), moderate-PA (median 12 vs. 9 min/d), and total activity (median 12 vs. 9 min/d).
There were no meaningful differences in self-reported PA by BMI, education, or race/
ethnicity.

Median accelerometer wear time was 793 min/d (13.2 h/d) with a median of 132 counts/min
and 4871 steps/d (Table 2). By intensity, median activity levels were 302 min/d (5 h/d) for
light, 9 min/d for moderate, and 0 min/d for vigorous-PA and moderate to vigorous-PA in
bouts of 10 or more minutes. Women with lower BMIs completed more steps/d (median
5303 vs. 4508). Unemployed women completed fewer steps/d (median 4426 vs. 5242) and
less light-PA (median 288 vs. 316 min/d). There were no differences in accelerometer-
recorded PA by education or race/ethnicity.

Correlations between accelerometer and self-reported PA were poor to fair (SCC 0.18 to
0.37) (Table 3). Correlations were strongest for accelerometer-measured bouts of moderate
to vigorous-PA (min/d) compared with self-reported walking for recreation (min/d), walking
total (min/d), and total moderate-PA (min/d) (0.36, 0.37 and 0.36, respectively).
Correlations were weakest for accelerometer-measured steps/d and moderate-PA (min/d)
compared with self-reported total moderate-PA (min/d) (0.18 and 0.19, respectively).

Two correlations differed substantially by BMI category. SCCs were stronger for women
with BMI < 37 for accelerometer assessed steps/d (SCC 0.29 vs. 0.04) and moderate-PA
(min/d) (SCC 0.31 vs. 0.03) compared with self-reported moderate-PA. These differences
remained when the results were re-stratified by obesity class: overweight and obesity class |
(BMI < 35, n=45) compared to obesity class Il and 111 (BMI = 35, n=107). For those with
BMI < 35, the SCC between accelerometer-measured steps/d and self-reported moderate-PA
was 0.31 (95% CI: 0.02, 0.55) versus 0.11 (95% ClI: —-0.08, 0.29) for the higher BMI group.
Similarly, the SCC for accelerometer-measured moderate-PA with self-reported moderate-
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PA were 0.34 (95% CI: 0.05-0.57) for women with BMI < 35 and 0.12 (95% ClI: —0.07,
0.30) for those with BMI = 35.

Three correlations were stronger among unemployed relative to employed participants:
accelerometer assessed steps/d compared with self-reported total walking (min/d) (SCC 0.40
vs. 0.18), and accelerometer assessed moderate-PA (min/d) compared with self-reported
recreational walking (min/d) (SCC 0.33 vs. 0.12) and total walking (min/d) (SCC 0.37 vs.
0.11).

When stratified by education or race/ethnicity, no meaningful differences were observed
(data not shown) in the SCCs for self-report measures (walking for recreation, total walking,
and moderate-PA) compared with accelerometer measures (steps/d, moderate-PA, and bouts
of moderate to vigorous-PA).

Among those retested (n=57), the modified RESIDE questionnaire demonstrated substantial
test-retest reliability for measures of walking for recreation (min/d) (ICC 0.64; 95% CI:
0.46, 0.77), total moderate-PA (min/d) (ICC 0.68; 95% CI: 0.51, 0.80), and total activity
(min/d) (ICC 0.67; 95% CI: 0.50, 0.79). The total walking (min/d) measure (ICC 0.56; 95%
Cl: 0.36, 0.71) had moderate reliability, while the reliability of walking for transportation
(min/d) (ICC -0.01; 95% CI: —0.26, 0.25) and vigorous-PA (min/d) (ICC 0.11; 95% CI:
-0.15, 0.36) were poor.

Discussion

This study is among the first to evaluate the validity and reliability of a PA questionnaire in
an overweight and obese, low-income population. Key domains of the modified RESIDE
questionnaire demonstrated fair criterion-related validity with accelerometer measures,
while the test-retest reliability of recreational walking and moderate-PA measures was
substantial. There were no differences in validity by race/ethnicity or education and modest
differences in the validity of some measures by BMI and employment status. The evidence
for criterion-related validity and test-retest reliability of walking measures suggest that the
modified RESIDE questionnaire was an appropriate instrument to assess the Weight Wise Il
PA intervention effect on walking.

Current US guidelines call for PA to be accumulated in bouts lasting ten or more minutes.
Therefore, an important finding of this study was that the evidence for criterion-related
validity was strongest between modified RESIDE questionnaire measures and
accelerometer-measured moderate to vigorous-PA in bouts of at least ten minutes (SCC
0.36-0.37). Longer bouts of PA may be more memorable, thus longer duration PA may be
reported with greater accuracy and captured more completely by the questionnaire.

Evidence for validity of the modified RESIDE walking measures compared to
accelerometer-measured steps/d was also fair. Walking was a core recommendation of the
Weight Wise 1l PA intervention making the validity of these measures important. Cerin and
colleagues® found a stronger correlation between total walking (min/wk) and accelerometer
step counts in their study of a modified RESIDE questionnaire (r = 0.48) than identified here
(SCC 0.27). However, a greater range of activity levels among participants in their study
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may account for the stronger criterion-validity relative to our sample: the standard deviation
of accelerometer-measured counts/min among older Chinese adults was 107 10 compared to
only 62 counts/min in our sample.

Reduced criterion-related validity of PA questionnaires among individuals with higher BMI
was reported previously.>’ One explanation is increased over-reporting of PA among
overweight individuals due to social desirability bias.® In our study, self-reported PA did not
differ by BMI; however, participants in the lower BMI group completed more steps/d
according to accelerometer data. Although central girth can alter the tilt angle of the
accelerometer,23 previous studies indicate that BMI-based variations in device accuracy are
unlikely to explain the criterion-related validity differences identified here.24-26 However,
studies of device accuracy among individuals in the highest BMI classes (BMI = 35) are
needed.

We also identified differences in questionnaire validity by participant employment status.
Correlations between accelerometer-measured steps/d and self-reported total walking, and
accelerometer-measured moderate-PA compared with total and recreational walking were
stronger among unemployed compared to employed participants. Discrepancies in the types
of PA captured by the questionnaire and accelerometer may contribute to this difference.
Occupational PA by employed participants would have been captured by the accelerometer
but not reported on the questionnaire, which did not address occupational activities.
Unemployed participants reported more walking, moderate, and total PA, while
accelerometer measures (steps/d, light-PA) indicated greater activity among employed
participants. Capturing occupational activity, such as walking at work, could improve the
validity of the modified RESIDE questionnaire.

Substantial test-retest reliability supports the use of the modified RESIDE questionnaire to
detect changes in individuals’ behavior over time, a goal of the Weight-Wise Il study. Test-
retest reliability of the RESIDE questionnaire and modified versions may be enhanced by
assessing usual PA, which may be a more stable measure than PA assessed for a specific
seven-day period.6 Our modified questionnaire had similar test-retest reliability to two other
modified versions of RESIDE with average time to retest of 1710 and 2.71! days. However,
the original questionnaire had higher reliability among a convenience sample of Australian
adults (ICC 0.82 to 0.90; 7 day mean test-retest interval).® The longer test-retest interval in
our study (mean 25.5 days) may contribute to weaker ICC estimates. In our sample, poor
test-retest reliability of the walking for transportation and vigorous-PA measures are likely
attributable to the infrequency of these activities in this population.

This study has several limitations. The results should not be generalized to populations
distinct from the overweight-obese, mid-life American women in our sample. Also, due to
low PA levels, we were unable to assess variation in criterion-related validity and test-retest
reliability of the modified RESIDE questionnaire by PA level. Additionally, the small
number of participants (n=57) who completed the retest questionnaire precluded
stratification of reliability analyses by BMI, education, race/ethnicity, or employment status.
It is unclear from previous studies whether these characteristics impact questionnaire
reliability.>° Further, the accelerometer count thresholds used to define PA intensity may be
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higher than are appropriate for the mid-life women in our sample.2” This could result in
misclassification of moderate-PA as light-PA and consequently underestimation of
moderate-PA from accelerometer data. ActiGraph devices may be less accurate at slow
walking speeds (< 2.5 miles per hour)Z® and uniaxial accelerometers underestimate non-
ambulatory activities such as lifting.28 Slow walking speeds among our participants could
contribute to the limited strength of correlations between questionnaire and accelerometer
measures. Consistently limited criterion-related validity of PA questionnaires with
accelerometer data points to the lack of a definitive gold standard against which to compare
PA measures.

Conclusions

We identified fair validity and substantial reliability of a brief, 16-item questionnaire used to
assess PA among low-income overweight women, an understudied population facing
significant health disparities. The evidence for validity and reliability was similar to that
documented for other self-report PA instruments in two systematic reviews*8 and low-
income populations.22:30 However, our data suggest that the modified RESIDE
questionnaire may not capture PA as accurately among women with a BMI = 37 kg/m? and
employed women. Modifications that may improve the validity of the questionnaire include
additional items to capture occupational and light intensity PA, specifically walking at work,
and contextual cues to aid respondents in recalling short-duration PA bouts.
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Table 1

Sociodemographic and coronary heart disease (CHD) risk factor characteristics of Weight-Wise 11 Study
participants

Sociodemographics: Mean + SEM or % (n)
(n=152)

Age (y) 51.1+0.6
Race/Ethnicity

Non-Hispanic black 53 (81)

Other & 47 (71)
Educational achievement (y) 13.0+0.2
Living with spouse or someone like a spouse 47 (71)
Adults (= 18 y) in household 19+0.1
Children (< 18 y) in household 0.8+0.1
Currently employed 54 (82)
Lack health insurance 57 (86)
Annual household income < $10,000 17 (25)

CHD Risk Factors:

Weight (kg) 99.7+1.1
Body mass index (kg/m?) 37.3+04
Overweight (25 < BMI < 30) 5(8)
Obese, class | (30 < BMI < 35) 24 (37)
Obese, class 11 (35 < BMI < 40) 39 (60)
Obese, class I11 (BMI = 40) 31(47)
Systolic blood pressure (mm Hg) 1255+15
Diastolic blood pressure (mm Hg) 82.8+1.0
Current cigarette smoker 17 (25)
Diagnosed with high blood pressure 49 (75)
Treated with blood pressure medication 46 (69)
Diagnosed with high blood cholesterol 40 (60)
Treated with cholesterol medication 30 (45)
Diagnosed with diabetes 20 (31)
Positive family history for CHD 28 (43)
Known CHDP 15(22)

a66 Non-Hispanic White, 2 Hispanic White, 2 non-Hispanic American Indian/Alaska Native, and 1 non-Hispanic unknown

b ] . ]

Known CHD based on an affirmative response to any of the following: 1. Has the doctor ever told you that you have had a heart attack?; 2. Have
you had by-pass surgery or another procedure to open blood vessels in your heart like angioplasty, stent placement or atherectomy?; 3. Has a doctor
ever told you that you have angina; that is chest pain that comes from your heart?

BMI: body mass index; CHD: coronary heart disease; SEM: standard error of the mean; y: year
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