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In the Men’s Lifestyle Validation Study (2011–2013), we examined the validity and relative validity of a physical
activity questionnaire (PAQ), a Web-based 24-hour recall (Activities Completed Over Time in 24 Hours (ACT24)),
and an accelerometer by multiple comparison methods. Over the course of 1 year, 609 men completed 2 PAQs,
two 7-day accelerometer measurements, at least 1 doubly labeled water (DLW) physical activity level (PAL)
measurement (n = 100 with repeat measurements), and 4 ACT24s; they also measured their resting pulse rate.
A subset (n = 197) underwent dual-energy x-ray absorptiometry (n = 99 with repeated measurements). The
method of triads was used to estimate correlations with true activity using DLW PAL, accelerometry, and the
PAQ or ACT24 as alternative comparison measures. Estimated correlations of the PAQ with true activity were
0.60 (95% confidence interval (95% CI): 0.52, 0.68) for total activity, 0.69 (95% CI: 0.61, 0.79) for moderate-to-
vigorous physical activity (MVPA), and 0.76 (95% CI: 0.62, 0.93) for vigorous activity. Corresponding correlations
for total activity were 0.53 (95% CI: 0.45, 0.63) for the average of 4 ACT24s and 0.68 (95% CI: 0.61, 0.75)
for accelerometry. Total activity and MVPA measured by PAQ, ACT24, and accelerometry were all significantly
correlated with body fat percentage and resting pulse rate, which are physiological indicators of physical activity.
Using a combination of comparison methods, we found the PAQ and accelerometry to have moderate validity for
assessing physical activity, especially MVPA, in epidemiologic studies.

accelerometry; Activities Completed Over Time in 24 Hours (ACT24); doubly labeled water; dual-energy x-ray
absorptiometry; measurement error; physical activity questionnaires; validity

Abbreviations: ACT24, Activities Completed Over Time in 24 Hours; CI, confidence interval; DLW, doubly labeled water; DXA,
dual-energy x-ray absorptiometry; ICC, intraclass correlation coefficient; MET, metabolic equivalent of task; MVPA, moderate-
to-vigorous physical activity; PAEE, physical activity energy expenditure; PAL, physical activity level; PAQ, physical activity
questionnaire; RPR, resting pulse rate; TDEE, total daily energy expenditure.

Physical activity is associated with lower risk of car-
diovascular disease, type 2 diabetes, and some cancers, in
addition to disease risk factors such as obesity and high
blood pressure (1). Because of its substantial role in health,
physical activity is widely studied in epidemiology, requir-
ing assessments that are scalable to large populations and,
ideally, repeated over time. Such studies primarily use ques-
tionnaires for their ease of administration and capacity to

represent usual or long-term behavior, which is of primary
interest in epidemiologic studies (2, 3). Validation studies
are needed to evaluate how well assessments reflect true
levels of physical activity.

Physical activity has multiple dimensions and domains,
each of which may involve distinct or similar biological
changes (4, 5). Epidemiologic studies demonstrate associa-
tions with health outcomes for total activity volume (6) and
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specific activity types (7–9). Since various physical activity
assessments capture different activity constructs, no single
measure is agreed to be a “gold standard.”

Physical activity validation studies use biomarkers, device-
based methods, and self-report assessments as comparison
methods (10). Doubly labeled water (DLW), a gold standard
measure for assessment of total energy expenditure (11,
12), is often considered optimal for validating self-reported
physical activity, although it is costly and one cannot dis-
tinguish among its dimensions. Accelerometers measure
body movement and can serve as a comparison method, but
they have limitations for some activities (e.g., swimming,
biking). With declining costs, accelerometers can also be
used as a primary activity measure in large-scale studies.
Self-report recalls of recent physical activity may also be
used as a primary method for physical activity assessment or
as a comparison method in validation studies, particularly if
repeated measures capture seasonal variation (13). Physical
activity induces changes in body composition (14–16) and
can lower resting pulse rate (RPR) (17). Thus, DLW and
dual-energy x-ray absorptiometry (DXA) body composition
assessment and RPR offer indirect, physiologically relevant
indicators of physical activity.

In the Health Professionals Follow-up Study, physical
activity was assessed biennially beginning in 1986 using
a modified Paffenbarger physical activity questionnaire
(PAQ) that assesses long-term, habitual activity over the past
year. Since the previous validation study (13), the PAQ has
been modified, with several specific activities and intensity
options added. Our primary objective was to examine the
validity of the updated PAQ by comparing it with DLW-
determined physical activity level (PAL), accelerometer
measures, and multiple Web-based Activities Completed
Over Time in 24 Hours (ACT24) recalls. We additionally
aimed to assess the validity of the ACT24 and accelerometry
as alternative measures of physical activity. We applied
the method of triads to estimate the correlation between
physical activity measured by each method and the latent
true activity level. Because body composition and pulse
rate are biological consequences of physical activity, we
used DXA and DLW adiposity measures and RPR to assess
the relative validity of the PAQ, ACT24, and accelerometer
assessments.

METHODS

Study population

The Men’s Lifestyle Validation Study is one of 3 National
Cancer Institute–funded validation studies that comprise the
Multi-Cohort Eating and Activity Study for Understanding
Reporting Error (MEASURE), with the purpose of evalu-
ating the validity of dietary and physical activity assess-
ments (18). Briefly, the Men’s Lifestyle Validation Study
included a subset of Health Professionals Follow-up Study
participants and men from Greater Boston, Massachusetts,
who were members of the Harvard Pilgrim Health Care
insurance plan. In total, 671 men consented to participate
and completed the study protocol. This analysis included
609 men after excluding those without 2 complete PAQs

(n = 17) and those without at least 1 complete ACT24
measure (n = 27), RPR (n = 1), DLW PAL (n = 13),
and accelerometry (n = 4) (total number excluded = 62).
The study was approved by the human subjects research
committees at Partners Healthcare and Harvard T.H. Chan
School of Public Health (Boston, Massachusetts).

Data collection procedures

Data collection for each participant occurred over 12–
15 months, between 2011 and 2013. Participants were ran-
domly assigned to one of 4 groups to vary measurement
order across four 3-month phases (Figure 1). Participants
were asked to maintain their regular PALs throughout the
study. The PAQ represents habitual activity over the past
year and was administered at baseline and at the end of the
study, approximately 1 year later. To capture variation during
the year, the ACT24 was administered once per season
(4 times in total). Accelerometer measures were obtained
twice approximately 6 months apart. To avoid misleadingly
high correlations between methods due to proximity in time
(19, 20), administration was designed to maintain a 2-week
minimum spacing between PAQ, ACT24, and accelerometer
measurements. DLW PAL was measured once, at random
during the year, with a subset of participants (n = 100)
providing a repeat measure 9–15 months later. DXA was
performed in a subset of participants (n = 197), and 99
participants completed a second DXA 12 months later.

PAQ and ACT24

On the PAQ, participants reported the average amount of
time (hours/week) they had engaged in specific activities
during the past year, using 13 response categories rang-
ing from “none” to “40+ hours” (21). Activities included
walking to work or for exercise (including golf), jogging
(>10 minutes/mile), running (≤10 minutes/mile), bicycling
(including a stationary machine), lap swimming, tennis,
squash or racquetball, other aerobic exercise (e.g., exercise
classes), lower-intensity exercise (e.g., yoga, stretching, or
toning), moderate outdoor work (e.g., yardwork or gar-
dening), heavy outdoor work (e.g., digging or chopping),
weightlifting (including machines), and standing or walking
around at work and at home. Participants indicated activity
intensity (low, medium, or high) for swimming, biking, and
tennis. Participants also reported their usual walking pace
outdoors and the number of flights of stairs climbed daily.
Sedentary behaviors included sitting at work or while com-
muting, sitting at home while watching television/videocas-
settes/digital video discs, and other sitting at home.

A metabolic equivalent of task (MET) value was assigned
to each activity (see Web Table 1, available at https://doi.
org/10.1093/aje/kwac051) (22). We derived MET-hours per
day for each activity by multiplying the MET value by
the participant-reported average amount of time using the
category midpoint. Total physical activity was defined as
the sum of specific MET-hours per week for each activity,
including all intensity levels. Activities were also grouped
by intensity: vigorous physical activity (≥6.0 METs:
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Phase I Phase II Phase III Phase IV
Month 1 2 3 4 5 6 7 8 9 10 11 12

Group 1

PAQ 1
ACT24 1
RPR 1

Accelerometer 1
DLW 1
DXA 1

ACT24 2
RPR 2

ACT24 3
RPR 3

Accelerometer 2

PAQ 2
ACT24 4
RPR 4
DLW 2
DXA 2

Group 2
PAQ 1

ACT24 1
RPR 1

DLW 1
DXA 1

ACT24 2
RPR 2

Accelerometer 1

ACT24 3
RPR 3

PAQ 2
ACT24 4
RPR 4

Accelerometer 2

Group 3

PAQ 1
ACT24 1
RPR 1

Accelerometer 1

ACT24 2
RPR 2

ACT24 3
RPR 3

Accelerometer 2
DLW 1
DXA 1

PAQ 2
ACT24 4
RPR 4

Group 4

PAQ 1
ACT24 1
RPR 1

ACT24 2
RPR 2

Accelerometer 1

ACT24 3
RPR 3

PAQ 2
ACT24 4
RPR 4

Accelerometer 2
DLW 1
DXA 1

Figure 1. Study timeline and activities according to study group in the Men’s Lifestyle Validation Study, Boston, Massachusetts, 2011–2013. The
doubly labeled water (DLW), accelerometer, physical activity questionnaire (PAQ), and Activities Completed Over Time in 24 Hours (ACT24)
measurements were designed to occur during the same 3-month window (phase) during the study but not during the same week, to avoid
artificially high correlations. A subgroup (n = 100) of participants in group 1 completed a second DLW measurement at approximately 9, 12, or
15 months. Dual-energy x-ray absorptiometry (DXA) was conducted in participants residing in the Boston area, where scans were performed
and scheduled to occur between DLW measurements 1 and 2, or as close as possible to this range. DXA was repeated once in a subset (n = 99)
of participants in group 1 in month 12. RPR, resting pulse rate.

walking at a pace of ≥4 miles/hour (6.4 km/hour), jogging,
running, climbing stairs, playing squash/racquetball, and
high-intensity bicycling, lap swimming, and tennis), mod-
erate physical activity (3.0–5.9 METs: walking at a pace of
2.0–3.9 miles/hour (3.2–6.2 km/hour), lower-intensity exer-
cise, moderate/heavy outdoor work, other aerobic exercise,
weightlifting, and low- to moderate-intensity bicycling, lap
swimming, and tennis), and combined moderate-to-vigorous
physical activity (MVPA; ≥3.0 METs). Sedentary behavior
was defined as sitting with a low energy expenditure (<2.0
METs).

The ACT24 is a Web-based tool for assessing physi-
cal activity over the previous 24-hour period (23). Par-
ticipants reported amounts of time spent sleeping and in
active and sedentary behaviors. Participants selected among
more than 200 possible activities in four 6-hour blocks and
reported the starting and stopping times of activities in ≥5-
minute increments. Active behaviors were defined as those
that were performed standing upright or that required a
higher energy expenditure level (≥2.0 METs). Sedentary
behaviors were those performed while sitting, reclining, or

lying down and that required a low energy expenditure level
(<2.0 METs). Active behaviors were categorized according
to intensity in MET-hours per day using thresholds consis-
tent with the PAQ.

Accelerometry

Participants were provided with an accelerometer (Acti-
Graph GT3X; ActiGraph Corporation, Pensacola, Florida),
detailed instructions for its use, and a wear-time diary.
Accelerometer data collection and analytical methods have
been described previously (18). We used accelerometer
data based on the triaxial vector magnitude. Total activity
counts per day were used to represent total physical activity
volume. We used a threshold of <200 counts/minute for
sedentary behavior (24), 2,690–6,166 counts/minute for
moderate-intensity activity (3.00–5.99 METs), and ≥6,167
counts/minute for vigorous-intensity activity (≥6.00 METs)
(25). We derived the amount of time spent in each intensity
category by summing all minutes spent per day at each
intensity level. For sedentary behavior, we also examined
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Reproducibility

Relative Validity

Validity

Intraclass Correlation Coefficients

DLW 1

Deattenuated Spearman Correlation Coefficients

ACT24 1

Method of Triads

DLW PAL

Comparison

PAQ

True PAL

Deattenuated Spearman Correlation Coefficients

RPR

ACT24 2 ACT24 3 ACT24 4

RPR 1 RPR 2 RPR 3 RPR 4

DLW 2
DXA 1 DXA 2
PAQ 1 PAQ 2

Accel 1 Accel 2

versus

versus

versus

Accelerometer
ACT24

DLW PALACT24 versus
Accelerometer

PAQ
ACT24

DLW PAL
Accelerometer

versusPAQ
ACT24

Accelerometer

DXA Body Fat %

DLW Body Fat %

1 2      3      4       5       6      7      8      9      10      11      12
Month

Objective

DLW PAL

PAQ
ACT24

Accelerometer

Figure 2. Study objectives and analytical methods used in the Men’s Lifestyle Validation Study, Boston, Massachusetts, 2011–2013. Accel,
accelerometer; ACT24, Activities Completed Over Time in 24 Hours; DLW, doubly labeled water; DXA, dual-energy x-ray absorptiometry; PAQ,
physical activity questionnaire; RPR, resting pulse rate.

time spent in ≥15-minute bouts. Accelerometer measures
were averaged over the valid number of days worn for each
week of wear (Web Appendix).

Biomarker assessments

Total daily energy expenditure (TDEE) was measured
from urine samples using the DLW method, as previously
described (18). DLW PAL was estimated by dividing DLW
TDEE by resting metabolic rate (26). Physical activity
energy expenditure (PAEE) was estimated by subtracting
resting metabolic rate and the thermic effect of food (10%
of total energy) from DLW TDEE (27). Resting metabolic
rate was predicted as described by Mifflin et al. (28).

Whole-body DXA was used to assess total body fat per-
centage, excluding bone mineral density, in a subset of men
using a Hologic Discovery QDR x-ray bone densitometer
(Hologic, Inc., Bedford, Massachusetts). Scans were per-

formed and analyzed at Tufts Medical Center. Scans were
reviewed for quality control and analyzed using Hologic
Discovery software (Hologic, Inc.) to obtain body compo-
sition measures.

RPR was self-reported 4 times (mean = 3.8 times), ap-
proximately once per season, on the PAQ (phases 1 and 4)
and using a Web-based survey (phases 2 and 3). Participants
reported their RPR in 10 categories ranging from <55 beats/
minute to ≥100 beats/minute after sitting for 5 minutes.

Statistical analysis

We calculated mean values and standard deviations for
physical activity and body composition variables at each
administration. To assess reproducibility, we calculated in-
traclass correlation coefficients (ICCs) among participants
with repeated measures (Figure 2). Data for all measures
except body fat percentage were log-transformed to increase
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normality. We defined PAQ validity as the Spearman cor-
relation coefficient, with DLW PAL, accelerometer mea-
surements, and the ACT24 used as comparison methods.
DLW TDEE and DLW PAEE were used as comparison
methods in secondary analyses. The second PAQ was used
as the primary comparison to best approximate the period
during which comparison methods were administered. We
also assessed the validity of the first PAQ and an average
of both. To evaluate ACT24 validity, we also calculated
correlations of ACT24 with DLW PAL and accelerometry.
We assessed individual ACT24s to represent a typical mea-
surement in an epidemiologic study and the average of up to
4 (mean = 3.5) ACT24s to represent activity throughout the
year. The validity of the accelerometer was assessed using
method-of-triads analysis. To assess the relative validity of
the PAQ, ACT24, and accelerometer to capture biological
responses to physical activity, we used correlations of these
methods with RPR and DXA and DLW body fat percentage.
Individual accelerometer measures and the average of up to 2
(mean = 1.8) measures were used. Men who reported taking
antihypertensive medication were excluded (n = 130) from
RPR analyses, as some of these medications affect pulse rate.

Spearman correlations were adjusted for age across all
comparisons by using residuals from linear regression on
age. Accelerometer measures were additionally adjusted for
wear time. We obtained deattenuated correlation coefficients
to adjust for random within-person variation in the compar-
ison methods by using information from individuals with
repeated DLW measurements (n = 100 with 2 replicates),
DXA (n = 99 with 2 replicates), RPR (n = 479 with up to
4 replicates), accelerometry (n = 516 with 2 replicates), and
ACT24 (n = 578 with up to 4 replicates) (Web Appendix)
(29). For the comparison with DLW PAL, we examined
subgroups of age (<70 years, ≥70 years) and body mass
index (weight (kg)/height (m)2; <25.0, ≥25.0) using median
values as cutoffs.

We applied the method of triads to estimate correla-
tions with the latent, true physical activity variable for each
method using validity coefficients and 95% confidence inter-
vals (CIs) as described previously (Web Appendix) (30,
31). We used data from 3 pairwise correlations between
the questionnaire (second PAQ or average of ACT24s), the
mean of 2 accelerometer measures, and DLW PAL. The
method of triads assumes that errors in the 3 methods are
uncorrelated, which is a reasonable assumption because the
technologies are completely different and rely on different
types of information. In addition, we ensured by design that
the different methods were administered at different times
over the 1-year period to avoid spuriously high correlations.
We further assumed positive linear correlations between the
assessment methods and the true PALs (30).

RESULTS

Descriptive statistics

In the Men’s Lifestyle Validation Study overall, partici-
pants had a mean age of 68.1 (standard deviation, 7.6) years
and a mean baseline body mass index of 26.1 (standard
deviation, 3.7) (Table 1). Participants who completed at least

1 DXA scan and repeated DLW measurements were younger
on average, had a higher DLW PAL, and were more likely to
be Harvard Pilgrim Health Care enrollees than participants
overall. Harvard Pilgrim enrollees were younger on average
and more likely to be African-American (Web Table 2).

The distributions of energy expenditure, body composi-
tion, and physical activity variables overall (Table 2) and
by age and body mass index subgroup (Web Table 3) are
presented. On average, PAQ measures were lower than
ACT24 measures. Compared with accelerometry, activity
was higher according to the ACT24 and PAQ for moderate
activity, vigorous activity, and MVPA. Accelerometer-
determined sedentary time was more similar to PAQ when
considering ≥15-minute bouts and more similar to ACT24
when including every minute assessed.

Reproducibility

PAQ measurements representing the past year adminis-
tered approximately 12 months apart had high reproducibil-
ity, with the highest ICC being 0.75 for vigorous activity
and the lowest being 0.50 for sedentary time (Table 2). Two
7-day accelerometer measurements and 2 DLW measure-
ments had similarly high reproducibility, with ICCs of 0.71–
0.79. DXA body fat percentage assessed 12 months apart
demonstrated the highest reproducibility, with an ICC of
0.96. ACT24 recalls of the past day, completed up to 4 times
over 12 months, had the lowest reproducibility, with ICCs of
0.22–0.43.

Validity

DLW as the comparison method. Deattenuated correlation
coefficients for correlation between the age-adjusted second
PAQ and DLW PAL were 0.44 (95% CI: 0.36, 0.51) for total
activity, 0.47 (95% CI: 0.38, 0.54) for MVPA, 0.39 (95%
CI: 0.31, 0.47) for vigorous activity, 0.27 (95% CI: 0.18,
0.36) for moderate activity, and −0.16 (95% CI: −0.25,
−0.07) for sedentary time (Table 3). These correlations were
similar when comparing PAQ with DLW PAEE (Web Table
4). Correlations of PAQ total activity and MVPA with DLW
PAL were stronger among men under age 70 years than
among older men and were similar between body mass
index subgroups (Web Tables 5 and 6). Correlations between
age-adjusted averaged ACT24s and DLW PAL ranged from
0.27 to 0.42 for active categories, similar to the PAQ. For
sedentary time, we observed a correlation of age-adjusted
averaged ACT24 with DLW PAL of −0.23 (95% CI: −0.32,
−0.14), slightly stronger than for PAQ. The second PAQ,
capturing recalled activity over the same time period as the
comparison methods, performed similarly to the baseline
PAQ capturing the previous year.

Accelerometry as the comparison method. Correlations
between adjusted accelerometer measures and the second
PAQ were 0.43 (95% CI: 0.36, 0.50) for total activity,
0.41 (95% CI: 0.34, 0.48) for MVPA, 0.35 (95% CI: 0.26,
0.42) for vigorous activity, and 0.37 (95% CI: 0.31, 0.44)
for moderate activity (Table 3). Correlations were similar
when comparing averaged ACT24 active categories with
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Table 1. Characteristics of Participants, Overall and by Dual-Energy X-Ray Absorptiometry and Doubly Labeled Water Subset, in the Men’s
Lifestyle Validation Study, Boston, Massachusetts, 2011–2013

Total
(n = 609)

Completed 1
DXA Scana

(n = 197)

Completed Repeat
DLW Measurementsb

(n = 100)Variable

Mean (SD) % Mean (SD) % Mean (SD) %

Age, years 68.1 (7.6) 61 (8.1) 62.4 (9.1)

Height, m 1.8 (0.1) 1.8 (0.1) 1.8 (0.1)

Weight, kg 81.7 (12.3) 83.1 (12.4) 83 (12.8)

Weight change, kgc −0.04 (2.67) 0.15 (2.94) 0.0 (3.4)

Body mass indexd 26.1 (3.7) 26.5 (3.7) 26.5 (3.7)

Current smokere 1.2 1.0 1.0

African-American race/ethnicity 2.3 4.6 4.0

Harvard Pilgrim Health Care member 28.2 85.3 72.0

Second PAQ

Total activity, MET-hours/day 10.4 (6.6) 9.7 (6.9) 9.4 (7.3)

MVPA, MET-hours/day 7.4 (5.5) 6.9 (5.5) 6.9 (5.7)

Sedentary time, hours/day 4.6 (2.9) 5.5 (3.2) 5.2 (3)

First DLW PAL 1.7 (0.2) 1.8 (0.3) 1.8 (0.3)

Abbreviations: DLW, doubly labeled water; DXA, dual-energy x-ray absorptiometry; MET, metabolic equivalent of task; MVPA, moderate-to-
vigorous physical activity; PAL, physical activity level; PAQ, physical activity questionnaire; SD, standard deviation.

a DXA was conducted in a subset of participants residing in the Boston area (n = 197).
b A subgroup (n = 100) of participants in group 1 completed a second DLW measurement at approximately 9, 12, or 15 months.
c Weight change was calculated as the difference in reported weight between administration of the first and second PAQs; data were missing

for 1 participant.
d Weight (kg)/height (m)2.
e Data on current smoking were missing for 5 men.

accelerometry, except that the vigorous activity correlation
of 0.13 (95% CI: 0.05, 0.22) was much lower. For sedentary
time, correlations of PAQ 2 and averaged ACT24 with
accelerometry were 0.24 (95% CI: 0.16, 0.32) and 0.37 (95%
CI: 0.29, 0.43), respectively. Correlations were stronger for
the averaged ACT24s than for a single measurement (Web
Tables 7 and 8).

ACT24 as the comparison method. When ACT24 served
as the comparison method, correlations were markedly
stronger after deattenuation to account for within-person
variation in repeated ACT24 assessments (Table 4). Deat-
tenuated correlations between the age-adjusted second PAQ
and ACT24 were highest in magnitude for vigorous activity,
at 0.72, and lowest for sedentary time, at 0.26 (Table 4).

Relative validity using body fat percentage and RPR as
biological responses. Total activity, MVPA, and vigorous
activity measured by the PAQ, ACT24, and accelerome-
ter were significantly predictive of lower DLW and DXA
body fat percentage and lower RPR (Table 5; Web Tables
9 and 10). Compared with other methods, DLW PAL was
most strongly correlated with DXA body fat percentage.
Accelerometer-measured sedentary time was more strongly
predictive of body fat than the PAQ and ACT24, while

PAQ-measured MVPA predicted body fat more strongly
than accelerometry and ACT24. Vigorous activity had the
highest inverse correlations with RPR, and correlations were
strongest for the second PAQ (r = −0.33, 95% CI: −0.40,
−0.24), followed by accelerometry (r = −0.26, 95% CI:
−0.34, −0.17) and averaged ACT24s (r = −0.21, 95% CI:
−0.29, −0.11).

Estimated correlations with true PAL. Using the method of
triads with DLW PAL serving as a biomarker and accelerom-
etry as the reference method, validity coefficients comparing
PAQ-measured activity with true activity were 0.60 for total
activity, 0.69 for MVPA, 0.76 for vigorous activity, and
0.52 for moderate activity (Table 6). Validity coefficients
comparing accelerometry with true activity were 0.68 for
total activity, 0.53 for MVPA, 0.38 for vigorous activity, and
0.64 for moderate activity. Validity coefficients comparing
DLW PAL with true activity were 0.70 for total activity, 0.64
for MVPA, 0.49 for vigorous activity, and 0.50 for moderate
activity. Correlations were similar when DLW PAEE and
body-weight–adjusted DLW PAEE served as biomarkers
(Web Tables 11 and 12). ACT24 performance as compared
with true activity was similar to the PAQ, with slightly lower
correlations for MVPA and vigorous activity.
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Table 2. Mean Values and Intraclass Correlation Coefficients for Physical Activity and Body Composition Variables in the Men’s Lifestyle
Validation Study, Boston, Massachusetts, 2011–2013a

Variable and Measurement No.
No. of

Participants
Mean (SD) ICC 95% CI

Predicted RMR, kcal/dayb

RMR 1 609 1,589 (155)

RMR 2 100 1,626 (153)

Accelerometer wear time, hours/day

Accelerometer 1 609 15.1 (1.2)

Accelerometer 2 516 15.1 (1.2)

Physical activity level 0.72 0.63, 0.79

DLW 1 609 1.7 (0.2)

DLW 2 100 1.8 (0.3)

PAEE, kcal/day 0.74 0.66, 0.81

DLW 1 609 902 (335)

DLW 2 100 1,036 (388)

TDEE, kcal/day 0.79 0.73, 0.85

DLW 1 609 2,767 (429)

DLW 2 100 2,957 (482)

Body fat, %

DLW 0.91 0.88, 0.93

DLW 1 609 27.9 (6.6)

DLW 2 100 26.8 (6.1)

DXA 0.96 0.94, 0.97

DXA scan 1 197 23.2 (5.2)

DXA scan 2 99 23.1 (4.9)

Total physical activityc

PAQ, MET-hours/day 0.62 0.57, 0.67

PAQ 1 609 10.6 (11.2)

PAQ 2 609 10.4 (6.6)

Average PAQd 609 10.5 (7.6)

ACT24, MET-hours/day 0.43 0.39, 0.48

ACT24 1 540 18.8 (11.6)

ACT24 2 524 16.5 (9.8)

ACT24 3 528 15.3 (9.9)

ACT24 4 540 16.2 (9.9)

Average ACT24e 609 17.0 (7.9)

Accelerometer, TAC/day 0.76 0.73, 0.80

Accelerometer 1 609 596,032 (193,831)

Accelerometer 2 516 574,118 (186,905)

Average accelerometerf 609 587,021 (181,709)

Table continues

DISCUSSION

Our study examined the reproducibility and validity of
self-reported physical activity assessed by questionnaire
(PAQ) using DLW, accelerometry, ACT24 recalls, RPR, and
DXA as comparison methods in a cohort of men aged 46–

82 years. Repeated measurements allowed adjustment for
random within-person variation of each comparison method.
We observed moderate correlations of PAQ-measured total
activity and MVPA with DLW PAL, ACT24, and accelerom-
eter measures. The 3 alternative methods—PAQ, ACT24,
and accelerometry—all demonstrated moderate validity in
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Table 2. Continued

Variable and Measurement No.
No. of

Participants
Mean (SD) ICC 95% CI

MVPA

PAQ, MET-hours/day 0.68 0.63, 0.72

PAQ 1 609 7.4 (9.3)

PAQ 2 609 7.4 (5.5)

Average PAQ 609 7.4 (6.4)

ACT24, MET-hours/day 0.28 0.24, 0.33

ACT24 1 540 12.6 (11.7)

ACT24 2 524 10.3 (10.1)

ACT24 3 528 9.5 (9.9)

ACT24 4 540 10.0 (9.9)

Average ACT24 609 10.7 (7.7)

Accelerometer, hours/dayg 0.76 0.72, 0.79

Accelerometer 1 609 0.85 (0.51)

Accelerometer 2 516 0.79 (0.48)

Average accelerometer 609 0.83 (0.47)

Vigorous activity

PAQ, MET-hours/day 0.75 0.71, 0.78

PAQ 1 609 2.6 (3.6)

PAQ 2 609 2.7 (3.5)

Average PAQ 609 2.6 (3.3)

ACT24, MET-hours/day 0.26 0.21, 0.31

ACT24 1 540 4.2 (8.9)

ACT24 2 524 3.2 (7.0)

ACT24 3 528 2.6 (6.7)

ACT24 4 540 2.6 (6.1)

Average ACT24 609 3.3 (5.2)

Accelerometer, hours/dayg 0.73 0.69, 0.77

Accelerometer 1 609 0.07 (0.14)

Accelerometer 2 516 0.07 (0.13)

Average accelerometer 609 0.07 (0.13)

Moderate activity

PAQ, MET-hours/day 0.54 0.48, 0.59

PAQ 1 609 4.5 (4.2)

PAQ 2 609 4.7 (4.2)

Average PAQ 609 4.6 (3.7)

ACT24, MET-hours/day 0.22 0.17, 0.27

ACT24 1 540 8.4 (8.2)

ACT24 2 524 7.1 (7.9)

ACT24 3 528 6.8 (7.9)

ACT24 4 540 7.3 (8.0)

Average ACT24 609 7.4 (5.6)

Accelerometer, hours/dayg 0.74 0.70, 0.78

Accelerometer 1 609 0.78 (0.46)

Accelerometer 2 516 0.72 (0.44)

Average accelerometer 609 0.76 (0.43)

Table continues
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Table 2. Continued

Variable and Measurement No.
No. of

Participants
Mean (SD) ICC 95% CI

Sedentary time, hours/day

PAQ 0.50 0.44, 0.56

PAQ 1 609 4.8 (3.0)

PAQ 2 609 4.6 (2.9)

Average PAQ 609 4.7 (2.6)

ACT24 0.38 0.33, 0.44

ACT24 1 540 8.9 (3.4)

ACT24 2 524 9.0 (3.2)

ACT24 3 528 9.1 (3.2)

ACT24 4 540 8.8 (3.3)

Average ACT24 609 8.9 (2.6)

Accelerometer

Including bouts ≥1 minute 0.71 0.67, 0.75

Accelerometer 1 609 8.5 (1.5)

Accelerometer 2 516 8.6 (1.5)

Average accelerometer 609 8.5 (1.4)

Including bouts ≥15 minutes 0.73 0.69, 0.77

Accelerometer 1 609 4.5 (1.6)

Accelerometer 2 516 4.7 (1.6)

Average accelerometer 609 4.6 (1.5)

RPR, beats/minuteh 0.67 0.63, 0.70

RPR 1 464 63.7 (8.6)

RPR 2 469 63.0 (7.9)

RPR 3 407 63.3 (8.3)

RPR 4 468 63.6 (8.5)

Average RPR 479 63.4 (7.2)

Abbreviations: ACT24, Activities Completed Over Time in 24 Hours; CI, confidence interval; DXA, dual-energy x-ray absorptiometry; ICC,
intraclass correlation coefficient; MET, metabolic equivalent of task; PAEE, physical activity energy expenditure; RMR, resting metabolic rate;
RPR, resting pulse rate, PAQ, physical activity questionnaire; SD, standard deviation; TAC, total activity count; TDEE, total daily energy
expenditure.

a The ICCs represent correlations between administrations of the PAQ, the ACT24, and the accelerometer that ref lect activity performed
over the past year, the past 24 hours, and the current week, respectively.

b RMR was predicted on the basis of age, sex, height, and weight as described by Miff lin et al. (28).
c Total activity determined by PAQ and ACT24 was based on active MET-hours/day (i.e., not including sedentary behavior).
d Average PAQ indicates the average of the first and second questionnaires.
e Average ACT24 indicates the average of up to four 24-hour recalls.
f Average accelerometer indicates the average of up to 2 accelerometer measurements.
g MVPA, vigorous activity, and moderate activity were calculated on the basis of bouts ≥1 minute in duration.
h Men who reported taking antihypertensive medication at baseline were excluded.

comparison with true activity levels, with correlations
ranging from 0.53 to 0.71. DLW PAL, PAQ, ACT24, and
accelerometer-measured activity significantly predicted
DXA body fat percentage and RPR, with PAQ correlations
at least as high as those for the other methods. Addition-
ally, the method of triads demonstrated moderate validity
of PAQ-measured total activity, MVPA, and vigorous
activity compared with true activity, having estimated
correlations with true activity that were similar to or greater

than those for methods that have been considered gold
standards.

Our validation study uniquely used 6 different methods
to assess physical activity and body composition in a large
population of men with heterogeneous age and body mass
index. The high reproducibility of the PAQs observed in our
study is consistent with other studies (32–34). A systematic
review showed that only a limited number of existing PAQs
had acceptable validity when compared with accelerometry
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Table 3. Spearman Correlation Coefficients Comparing a Physical Activity Questionnaire and the ACT24 Web-Based 24-Hour Recall
With Doubly Labeled Water–Determined Physical Activity Level and Corresponding Accelerometer-Determined Activity in the Men’s Lifestyle
Validation Study (n = 609), Boston, Massachusetts, 2011–2013a

DLW-Determined PALb Accelerometerc

Variable and Measurement No.
Age-Adjusted

r
Deattenuated

r
95% CI Age-Adjusted

r
Deattenuated

r
95% CI

Total activity, MET-hours/day

PAQ 1 0.35 0.41 0.33, 0.49 0.35 0.38 0.31, 0.45

PAQ 2 0.38 0.44 0.36, 0.51 0.40 0.43 0.36, 0.50

Average PAQd 0.40 0.46 0.37, 0.54 0.41 0.44 0.37, 0.51

ACT24 2 0.29 0.33 0.24, 0.41 0.34 0.37 0.29, 0.44

Average ACT24e 0.36 0.42 0.34, 0.50 0.39 0.43 0.36, 0.49

MVPA, MET-hours/day

PAQ 1 0.38 0.45 0.37, 0.53 0.32 0.36 0.28, 0.43

PAQ 2 0.40 0.47 0.38, 0.54 0.37 0.41 0.34, 0.48

Average PAQ 0.42 0.50 0.41, 0.57 0.38 0.41 0.34, 0.48

ACT24 2 0.28 0.33 0.23, 0.41 0.29 0.32 0.23, 0.39

Average ACT24 0.37 0.42 0.34, 0.50 0.32 0.36 0.28, 0.42

Vigorous activity, MET-hours/day

PAQ 1 0.34 0.40 0.32, 0.48 0.27 0.31 0.23, 0.38

PAQ 2 0.33 0.39 0.31, 0.47 0.30 0.35 0.26, 0.42

Average PAQ 0.35 0.41 0.33, 0.49 0.30 0.34 0.26, 0.42

ACT24 2 0.18 0.21 0.11, 0.31 0.06 0.08 −0.02, 0.16

Average ACT24 0.30 0.34 0.26, 0.42 0.11 0.13 0.05, 0.22

Moderate activity, MET-hours/day

PAQ 1 0.19 0.22 0.12, 0.31 0.31 0.33 0.26, 0.40

PAQ 2 0.23 0.27 0.18, 0.36 0.34 0.37 0.30, 0.44

Average PAQ 0.23 0.27 0.18, 0.36 0.35 0.39 0.31, 0.45

ACT24 2 0.17 0.20 0.11, 0.29 0.25 0.27 0.18, 0.35

Average ACT24 0.23 0.27 0.18, 0.36 0.27 0.29 0.21, 0.37

Sedentary time, hours/day

PAQ 1 −0.11 −0.13 −0.21, −0.04 0.23 0.25 0.17, 0.33

PAQ 2 −0.14 −0.16 −0.25, −0.07 0.22 0.24 0.16, 0.32

Average PAQ −0.14 −0.16 −0.25, −0.08 0.26 0.28 0.20, 0.36

ACT24 2 −0.15 −0.17 −0.27, −0.08 0.26 0.28 0.20, 0.37

Average ACT24 −0.20 −0.23 −0.32, −0.14 0.34 0.37 0.29, 0.43

Abbreviations: ACT24, Activities Completed Over Time in 24 Hours; CI, confidence interval; DLW, doubly labeled water; MVPA, moderate-
to-vigorous physical activity; PAL, physical activity level; PAQ, physical activity questionnaire.

a n = 524 for the second ACT24 recall.
b PAL was estimated from DLW total daily energy expenditure divided by resting metabolic rate. Resting metabolic rate was predicted on the

basis of age, sex, height, and weight as described by Miff lin et al. (28).
c Measurements were based on the triaxial vector magnitude. Total activity was based on total activity counts per day; accelerometer

measures of MVPA, vigorous, and moderate activity included ≥1-minute bouts; sedentary time was based on ≥15-minute bouts. Values from
accelerometry were adjusted for age (years) and accelerometer wear time (hours/day).

d Average PAQ indicates the average of the first and second questionnaires.
e Average ACT24 indicates the average of up to four 24-hour recalls.

or DLW energy expenditure (32). Of 65 included studies,
there was a median validity correlation of 0.30 among adults
and 0.40 among the elderly. These correlations are similar to

what we observed when using a single comparison method,
but the previous studies have generally not considered errors
in the comparison methods. Consistent with our study,
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Table 4. Spearman Correlation Coefficients Comparing Physical Activity Measured by a Physical Activity
Questionnaire With the Average of Four 24-Hour Recalls of Activity in the Men’s Lifestyle Validation Study (n = 609),
Boston, Massachusetts, 2011–2013

Variable and Measurement No.

ACT24 Recalla

Age-Adjusted
r

Deattenuated
Age-Adjusted r

95% CI

Total activity, MET-hours/day

PAQ 1 0.44 0.53 0.44, 0.60

PAQ 2 0.43 0.52 0.43, 0.59

Average PAQb 0.49 0.58 0.49, 0.65

MVPA, MET-hours/day

PAQ 1 0.47 0.58 0.48, 0.66

PAQ 2 0.43 0.56 0.46, 0.64

Average PAQ 0.49 0.62 0.52, 0.69

Vigorous activity, MET-hours/day

PAQ 1 0.41 0.68 0.51, 0.81

PAQ 2 0.42 0.72 0.55, 0.83

Average PAQ 0.44 0.74 0.57, 0.86

Moderate activity, MET-hours/day

PAQ 1 0.38 0.50 0.39, 0.59

PAQ 2 0.37 0.51 0.40, 0.60

Average PAQ 0.41 0.56 0.45, 0.64

Sedentary time, hours/day

PAQ 1 0.30 0.36 0.28, 0.44

PAQ 2 0.22 0.26 0.17, 0.35

Average PAQ 0.30 0.36 0.28, 0.44

Abbreviations:ACT24, Activities Completed Over Time in 24 Hours;CI, confidence interval;PAQ, physical activity
questionnaire.

a Up to 4 ACT24 measurements were used.
b Average PAQ indicates the average of the first and second questionnaires.

previous validation studies found lower validity correlations
for sedentary behavior compared with active behavior
assessed by PAQ (32).

Previously, in a subset of 238 Health Professionals
Follow-up Study participants, our research group conducted
a validation study of PAQs compared with 4 weekly phys-
ical activity diaries across different seasons, and they ob-
served correlations for inactivity, nonvigorous activity,
and vigorous activity of 0.41, 0.28, and 0.58, respectively
(13). These correlations for activity were lower than those
observed in the current study comparing the PAQ with
ACT24s. Despite potential for overstating validity due
to correlated errors between the PAQ and 24-hour recall
methods, the similar deattenuated correlations observed
when comparing the PAQ with ACT24s or when using
the method of triads to estimate correlations with true
activity suggested that correlated errors were not substantial.
Furthermore, these methods also have different sources of
error, given that they rely on different types of memory and
involve different procedures. Nevertheless, some degree of

correlated errors cannot be excluded, and the method of
triads is sensitive to such errors (35).

When comparing the PAQ and ACT24 with DLW PAL,
we observed the strongest correlations for total activity and
MVPA. This was consistent with our expectations, since
PAL represents all energy expenditure due to physical activ-
ity rather than any one particular type. In a previous study,
Matthews et al. (23) found a high level of accuracy when
comparing PAEE estimated from multiple ACT24s with
that from DLW. Correlations of PAQ-measured MVPA with
DLW PAL in the present study were similar to those of
accelerometry with DLW energy expenditure in a prior
analysis in the Men’s Lifestyle Validation Study (18).

When comparing PAQ and ACT24 with accelerometry,
correlations were similar to those with DLW PAL as
the comparison method. The strongest correlations were
observed for total activity and MVPA. An advantage of
accelerometers is their ability to capture short activity incre-
ments, including ≥1-minute bouts. PAQ- and accelerometer-
determined sedentary time were more similar when using
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Table 5. Spearman Correlation Coefficients Comparing a Physical Activity Questionnaire, Multiple ACT24 Recalls, and Accelerometer
Measurements With Resting Pulse Rate and Body Fat Percentage Measured by Doubly Labeled Water in the Men’s Lifestyle Validation Study,
Boston, Massachusetts, 2011–2013

Variable and Measurement No.

RPR (n = 479)a DLW Body Fat % (n = 609)a

Age-Adjusted
rb

Deattenuated
Adjusted rb 95% CI Age-Adjusted

rb
Deattenuated
Adjusted rb 95% CI

DLW PAL 1 −0.19 −0.21 −0.30, −0.11

Total activity

PAQ 1 −0.21 −0.22 −0.31, −0.13 −0.27 −0.27 −0.35, −0.20

PAQ 2 −0.19 −0.18 −0.27, −0.09 −0.27 −0.28 −0.35, −0.20

Average PAQc −0.20 −0.21 −0.30, −0.12 −0.29 −0.29 −0.37, −0.22

ACT24 2 −0.11 −0.11 −0.21, −0.02 −0.16 −0.17 −0.25, −0.09

Average ACT24d −0.15 −0.15 −0.24, −0.07 −0.21 −0.22 −0.30, −0.14

Average accelerometere −0.19 −0.20 −0.29, −0.11 −0.34 −0.35 −0.42, −0.28

MVPA

PAQ 1 −0.25 −0.26 −0.35, −0.17 −0.32 −0.33 −0.39, −0.25

PAQ 2 −0.28 −0.26 −0.35, −0.17 −0.33 −0.34 −0.40, −0.27

Average PAQ −0.27 −0.28 −0.37, −0.19 −0.35 −0.35 −0.42, −0.28

ACT24 2 −0.09 −0.09 −0.19, 0.00 −0.13 −0.14 −0.22, −0.05

Average ACT24 −0.18 −0.18 −0.26, −0.09 −0.20 −0.21 −0.28, −0.12

Average accelerometer −0.20 −0.21 −0.3, −0.11 −0.29 −0.30 −0.37, −0.22

Vigorous activity

PAQ 1 −0.28 −0.29 −0.37, −0.20 −0.37 −0.38 −0.44, −0.31

PAQ 2 −0.31 −0.33 −0.40, −0.24 −0.35 −0.37 −0.43, −0.30

Average PAQ −0.32 −0.34 −0.41, −0.25 −0.37 −0.39 −0.45, −0.32

ACT24 2 −0.05 −0.05 −0.15, 0.05 −0.11 −0.11 −0.19, −0.03

Average ACT24 −0.20 −0.21 −0.29, −0.11 −0.23 −0.24 −0.31, −0.16

Average accelerometer −0.25 −0.26 −0.34, −0.17 −0.27 −0.28 −0.36, −0.20

Moderate activity

PAQ 1 −0.05 −0.05 −0.13, 0.05 −0.12 −0.12 −0.20, −0.04

PAQ 2 −0.61 −0.02 −0.11, 0.07 −0.16 −0.16 −0.24, −0.09

Average PAQ −0.06 −0.04 −0.12, 0.06 −0.14 −0.15 −0.23, −0.07

ACT24 2 0.01 0.02 −0.08, 0.11 −0.03 −0.03 −0.11, 0.05

Average ACT24 −0.17 −0.05 −0.14, 0.04 −0.09 −0.09 −0.17, −0.01

Average accelerometer −0.16 −0.17 −0.26, −0.08 −0.26 −0.27 −0.35, −0.19

Sedentary time

PAQ 1 0.03 0.04 −0.06, 0.12 0.03 0.03 −0.05, 0.11

PAQ 2 0.07 0.07 −0.02, 0.16 0.05 0.05 −0.03, 0.12

Average PAQ 0.00 0.00 −0.10, 0.09 0.01 0.01 −0.08, 0.09

ACT24 2 0.04 0.04 −0.06, 0.13 0.06 0.07 −0.02, 0.15

Average ACT24 0.08 0.08 −0.01, 0.17 0.10 0.10 0.02, 0.18

Average accelerometer 0.11 0.09 0.00, 0.18 0.31 0.32 0.25, 0.39

Abbreviations: ACT24, Activities Completed Over Time in 24 Hours; CI, confidence interval; DLW, doubly labeled water; MVPA, moderate-
to-vigorous physical activity; PAL, physical activity level; PAQ, physical activity questionnaire; RPR, resting pulse rate.

a For ACT24 2, n = 414 in the RPR analysis and n = 524 in DLW analysis.
b Accelerometer measures additionally adjusted for wear time (hours/day).
c Average PAQ indicates the average of the first and second questionnaires.
d Average ACT24 indicates the average of up to four 24-hour recalls.
e Average accelerometer indicates the average of up to 2 accelerometer measurements.
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Table 6. Validity Coefficientsa Showing Correlations With True Physical Activity for Physical Activity as Estimated From the Second Physical
Activity Questionnaire, the ACT24, Accelerometry, and Doubly Labeled Water–Determined Physical Activity Level in the Men’s Lifestyle
Validation Study (n = 516), Boston, Massachusetts, 2011–2013b

Validity Coefficient

Variable

Spearman’s Correlation
Coefficientc

Q-T R-T M-T

rQR rQM rRM VCQT 95% CI VCRT 95% CI VCMT 95% CI

Q = PAQ 2

Total activity 0.40 0.42 0.47 0.60 0.52, 0.68 0.68 0.61, 0.75 0.70 0.62, 0.78

MVPA 0.37 0.45 0.34 0.69 0.61, 0.79 0.53 0.45, 0.63 0.64 0.55, 0.75

Vigorous activity 0.29 0.37 0.18 0.76 0.62, 0.93 0.38 0.29, 0.48 0.49 0.38, 0.63

Moderate activity 0.34 0.26 0.32 0.52 0.43, 0.64 0.64 0.53, 0.78 0.50 0.40, 0.62

Q = average ACT24

Total activity 0.38 0.35 0.47 0.53 0.45, 0.63 0.71 0.63, 0.80 0.67 0.58, 0.76

MVPA 0.32 0.36 0.34 0.58 0.49, 0.69 0.55 0.46, 0.66 0.62 0.53, 0.73

Vigorous activity 0.12 0.28 0.18 0.42 0.29, 0.62 0.28 0.19, 0.43 0.65 0.46, 0.92

Moderate activity 0.27 0.24 0.32 0.45 0.36, 0.58 0.60 0.48, 0.75 0.53 0.42, 0.67

Abbreviations: ACT24, Activities Completed Over Time in 24 Hours; CI, confidence interval; DLW, doubly labeled water; MVPA, moderate-
to-vigorous physical activity; PAL, physical activity level; PAQ, physical activity questionnaire; VC, validity coefficient.

a Q = second PAQ adjusted for age or the average of up to 4 ACT24 recalls adjusted for age; R = accelerometer-determined activity adjusted
for age and wear time; M = DLW-determined PAL adjusted for age; T = true physical activity.

b This analysis was restricted to men with 2 accelerometer measurements.
c Coefficient for correlation between the PAQ 2 or average ACT24 and the accelerometer (rQR), the PAQ 2 or average ACT24 and DLW PAL

(rQM), or the accelerometer and DLW PAL (rRM).

accelerometer bouts of ≥15 minutes. This suggests that the
PAQ may better capture longer bouts of sedentary time as
compared with 1-minute bouts. Comparing PAQ and
ACT24, we observed higher absolute activity based on
ACT24s. The ACT24 provides more activity response
options and assesses activities of daily living more broadly
than the PAQ. We observed relatively low but statistical-
ly significant correlations when comparing PAQ, ACT24,
DLW, and accelerometer measures with body fat and RPR;
these are useful for evaluation of relative validity for
assessment of physical activity that is physiologically
relevant. Our results are consistent with previous studies
showing that MVPA but not sedentary time is associated
with body fat percentage (36, 37). In our study, PAQ-
measured MVPA tended to predict body fat and RPR
more strongly than accelerometer-measured activity, while
DLW PAL was most strongly predictive of DXA body
fat. This is in contrast with a UK Biobank study finding
that associations of accelerometer-measured activity with
adiposity were 2-fold larger than those of questionnaire-
measured activity (38). However, the adapted version of the
International Physical Activity Questionnaire used in the
UK Biobank study only assessed 3 intensities of activity.

Our method of evaluating validity was based on rankings
of PAL, not absolute measures. Our finding that the PAQ
tended to provide higher absolute values of physical activity
time than accelerometer measures should be considered in
making specific recommendations regarding activity times.

However, thresholds for activity levels using accelerometer
counts have varied across studies. Furthermore, the method-
of-triads analyses suggested that accelerometer-measured
vigorous activity did not perform well in comparison with
true activity. Future study would be needed to calibrate the
PAQ or ACT24 to absolute levels of physical activity with
consideration of the scale of measurement and the optimal
comparison method. While calibration is desirable, it would
not affect statistical power or change the ability to observe
associations using the PAQ or ACT24.

Multiple factors have been proposed to explain discrep-
ancies between PAQs and comparison methods (12, 39).
First, different methods may not capture activity over the
same time periods. Our study design included careful timing
of assessments to represent the same period of physical
activity as much as possible and to avoid correlated errors
due to administration of multiple short-term measures close
in time. Nonetheless, as reflected in our reproducibility
estimates, appreciable within-person variation in DLW
PAL and accelerometer measures was present, and neither
directly measures activity over the past year as the PAQ
does. Second, correlations are influenced by MET values
assigned to activities reported by both PAQ and ACT24,
which could potentially induce correlated errors. For
accelerometry, intensity-level thresholds used to categorize
data may influence observed correlations with this method.
Third, neither the PAQ nor the accelerometer captures
the full range of physical activities. Our current PAQ
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includes 15 active behaviors and 3 sedentary behaviors, pri-
marily in the leisure domain. The waist-worn ActiGraph
GT3X may not fully capture activities such as cycling,
carrying objects, or arm movements, and it cannot be
worn during water activities. Correlations with DLW are
affected by errors due to variations in energy balance and
homeostatic control mechanisms, variation in the dietary
carbohydrate:fat ratio, biological differences in absorption
and metabolism, and technical laboratory measurements
(20, 40).

This validation study expanded substantially on our pre-
vious study (13) in that it included a larger population and
combined multiple types of assessments, including mea-
sures of energy expenditure and body composition that are
considered gold standards (20) and that can be reasonably
considered to have no correlated errors with self-reported
activity. However, errors in the comparison methods are to
be expected, and correlated errors between methods cannot
be ruled out. The multiple assessment methods used in this
study enabled us to utilize 2 approaches to estimate the
validity of the PAQ as compared with true activity levels:
1) Spearman correlations adjusting for random error in a
single comparison method and 2) validity coefficients using
the method of triads. In the first approach, nonrandom errors
in the comparison method could lead to an underestimate of
validity. In the second approach, correlated errors between
methods could lead to an overestimate of validity. Therefore,
we consider the correlations derived using the method of
triads an upper “boundary” of validity and the correlation
with DLW or accelerometry alone a lower “boundary.” The
method-of-triads analyses suggested that DLW PAL and
accelerometer measures of physical activity have apprecia-
ble error and may not be substantially superior to the PAQ or
ACT24 for assessing physical activity. Implications include
the possibility that the validity of physical activity may have
been underestimated in previous studies using these methods
alone as comparisons.

Another limitation of this study is that these methods may
perform differently in other contexts or study populations.
Therefore, our findings may not be generalizable to women
or to populations with a different distribution of age, educa-
tional level, occupation, or race/ethnicity.

In summary, we found that physical activity assessed by
our updated questionnaire was moderately correlated with
physical activity assessed by DLW or accelerometry, and
that it had moderate estimated correlations with true activity
levels using a combination of methods. These correlations
with true activity were similar to those with multiple 24-hour
recalls using the ACT24, suggesting that multiple recalls can
serve as a reasonable comparison method in validation stud-
ies of PAQs if associations are adjusted for within-person
variation. Furthermore, correlations with true activity sug-
gest that the optimal standard may be a combination of meth-
ods rather than 1 alone. Although biomarker or device-based
measures of physical activity are useful in validation studies,
they are far more expensive than self-report measures and do
not directly assess activity type. Importantly, questionnaires
provide information beyond that gleaned from accelerom-
etry or biomarker assessments, including specific activities
and domains. This information is relevant to understanding

behavior and informing public health messaging around
physical activity. Our study showed that the PAQ performs
particularly well when measuring MVPA, an important fac-
tor in many chronic diseases. Given its low cost, acceptabil-
ity, ease of administration, and ability to capture physical
activity repeatedly over the long term, the PAQ is appropri-
ate and provides useful information for large observational
studies of chronic disease risk.
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