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Abstract

Background: The COMPASS study is designed to follow a cohort of ~30,000 grade 9 to 12 students attending ~60
secondary schools for four years to understand how changes in school characteristics (policies, programs, built
environment) are associated with changes in youth health behaviours. Since the student-level questionnaire for
COMPASS (C,) is designed to facilitate multiple large-scale school-based data collections using passive consent
procedures, the C is only comprised of self-reported measures. The present study assesses the 1-week (1wk) test-
retest reliability and the concurrent validity of the C4 measures for weight status and dietary intake.

Methods: Validation study data were collected from 178 grade 9 students in Ontario (Canada). At time 1 (Ty),
participants completed the Cq and daily recoding of their dietary intake using the web-based eaTracker tool. After
one week, (T5), students completed the C, again, participants submitted their daily eaTracker logs and staff
measured their height and weight. Test-retest reliability of the self-reported (SR) weight status and dietary intake
measures at Ty and T,, and the concurrent validity of the objectively measured and SR weight status and dietary
intake measures at T, were examined using intraclass correlation coefficients (ICC).

Results: Test-retest reliability for SR height (ICC 0.96), weight (ICC 0.99), and BMI (ICC 0.95) are considered
substantial. The concurrent validity for SR height (ICC 0.88), weight (ICC 0.95), and BMI (ICC 0.84) are also considered
substantial. The test-retest reliability for SR dietary intake for fruits and vegetables (ICC 0.68) and milk and
alternatives (ICC 0.69) are considered moderate, whereas meat and alternatives (ICC 0.41), and grain products (ICC
0.56) are considered fair. The concurrent validity for SR dietary intake identified that fruits and vegetables (ICC 0.53),
milk and alternatives (ICC 0.60), and grain products (ICC 0.41) are considered fair, whereas meat and alternatives
(ICC 0.34) was considered slight.

Conclusions: While the test-retest reliability of the measures used in this study were all high, the concurrent
validity of the measures was considered acceptable. The results support the use of the self-reported COMPASS
weight status and dietary intake measures for use in research where objective measures are not possible.
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Background

Age-related increases in obesity and unhealthy eating that
occur among youth are cause for concern as they are asso-
ciated with increased risk of cardiovascular disease, cancer
and diabetes [1-4]. Since overweight, obesity, and poor
eating behaviours are prevalent among youth populations
[5-7], it is important to promote healthier body weights
and eating habits among youth populations.

Excessive weight gain among youth is an ongoing public
health problem in Canada. For instance, data from the
2007-09 Canadian Health Measures Survey (CHMS)
suggest that among Canadian youth aged 15 to 19, 31% of
boys and 26% of girls are overweight or obese [6]. This
represents a dramatic population-level increase from 25 -
years ago where only 14% of boys and 14% of girls were
considered overweight or obese [6]. According to the
World Health Organization (WHO), adequate fruit and
vegetable intake is the most important dietary indicator
related to weight management and disease prevention [8].
For optimal health outcomes, the Canada Food Guide
makes recommendations for teens aged 14 to 18 years
pertaining to daily recommendations for the consumption
of fruits and vegetable, grain products, milk and alterna-
tives, and meats and alternatives [9]. However, according
to the 2010 Canadian Community Health Survey (CCHS),
only 48% of males and 50% of females 12 to 19 years of
age consumed the recommended five daily servings of
fruits and vegetables [10]. Although these national recom-
mendations exist, data pertaining to the prevalence of
youth meeting these benchmarks for grain products, milk
and alternatives, and meats and alternatives are not avail-
able in the published literature. A simple tool to measure
whether youth are consuming the appropriate number of
servings per day for the four food groups could provide
valuable insight for stakeholders developing programs or
policies to promote healthy eating behaviours.

Since youth spend a large part of their days at school,
schools are increasingly tasked with preventing overweight
and obesity and promoting healthy eating behaviour
among youth populations. However, school stakeholders
are not provided with the tools or resources necessary to
develop evidence-based programs related to overweight,
obesity, and healthy eating [11,12]. The COMPASS study
was designed to fill this gap [www.compass.uwaterloo.ca];
it is a longitudinal study (starting in 2012-13) following a
cohort of ~30,000 grade 9 to 12 students attending ~60
Ontario secondary schools for four years to understand
how changes in school environment characteristics (pol-
icies, programs, built environment) are associated with
changes in youth health behaviours. COMPASS originated
to provide school stakeholders with the evidence to guide
and evaluate school-based interventions related to obesity
and healthy eating (as well as tobacco use, alcohol and
drug use, physical activity and sedentary behaviour, school
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connectedness, bullying, and academic achievement). The
student-level questionnaire for COMPASS has been de-
signed to facilitate multiple large-scale school-based data
collections. As such, there were key issues for measuring
both weight status and dietary intake that had to be con-
sidered when the questionnaire for COMPASS question-
naire was developed.

To accurately assess and monitor weight and nutritional
status among youth, researchers often rely on retrospect-
ive self-reports, requiring the recall of behaviours. While
accuracy may be compromised due to recall problems or
social desirability bias (i.e., misreporting on sensitive or
embarrassing behaviours to appear more favourable) [13],
any misreporting is likely to remain consistent over time
[14]. This is most important for longitudinal research and
tracking youth over time (such as in the COMPASS
study). While objective measures of height, weight, and
dietary behaviours provide the most accurate and valid
results, they are often costly, time consuming, and not
feasible for use in large population-based studies [13]. For
example, objective measures of height and weight require
active consent procedures and the time of a trained re-
searcher, while those for dietary behaviours require costly
machinery and may be considered invasive and impracti-
cal in non-clinical settings (i.e., doubly labeled water), or
are far too tedious and outside the realm for classroom
based studies (i.e., 7-day food recall). It is therefore im-
portant to develop valid tools to measure self-reported
weight status and dietary behaviours (i.e., surveys, ques-
tionnaires) that offer the advantage of being quick, inex-
pensive, and easy to administer in large samples using
passive consent procedures.

The protocol for COMPASS involves active information
with passive consent procedures. This ensures representa-
tive whole-school samples to inform and evaluate program
and policy decisions at the school-level. To facilitate this
large-scale data collection, enable fast and accurate pro-
cessing of questionnaires, and minimize labour costs and
transcription errors, the student-level questionnaire nee-
ded to be in a machine-readable format. The use of pas-
sive consent and questionnaire processing protocols do
not allow for objective measures of height and weight of
whole school samples. This is consistent with previous
large scale studies using similar methods [11,15,16]. As
such, we needed to develop and test the psychometric
properties of self-reported height and weight measures to
be used in COMPASS.

To minimize the burden on schools and students and
ensure survey completion in one class period (~30-40 -
minutes), it was necessary that the questionnaire be no
more than 12 pages long. This created a challenge in
selecting items to balance both the depth of the core
measures associated with each behavioural outcome and
the breadth of data that could be measured in each
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domain. Within this protocol restriction, it was not pos-
sible to use a detailed food frequency questionnaire to
measure eating behaviours in COMPASS (i.e., limited to
1-page for measuring dietary intake). The purpose of this
study was to assess the 1-week (1wk) test-retest reliability
and the concurrent validity of the self-reported COM-
PASS questionnaire measures used to determine weight
status and dietary intake associated with Canada Food
Guide servings.

Methods

Data collection

Validation study data were collected using a convenience
sample of 178 students in grade 9 from four schools
in Southwestern Ontario (Canada). Participants comple-
ted the COMPASS questionnaire (Cq) during class time
(~30 min) on two separate occasions between September
and December 2011. At time 1 (T;), staff administered the
Cq in classrooms using a common protocol and standard-
ized instructions. Once the C; was completed, student
participants were instructed on the eaTracker food con-
sumption diary [17]. eaTracker is a web-based dietary
measurement tool developed by the Dieticians of Canada
[17]; participants enter detailed information on their daily
food and beverage consumption [www.eatracker.ca]. Par-
ticipants completed daily food consumption logs using the
ealracker website for seven days following T;. After one
week, the C; was re-administered to the same students
(Ty). A self-generated code was included on the cover
sheet of the C, to permit accurate tracking of participants
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over time. Upon T, completion of the Cq study staff veri-
fied that all participants completed their daily eaTracker
logs and uploaded their data. Each participant’s weight
and height were then measured by study staff consistent
with existing protocols [18,19]. Students were provided an
honorarium of $35 for completing the C, at T,. Ethics ap-
proval was granted by the University of Waterloo Office
of Research Ethics and participating school board and
school ethics committees.

Measures

Overweight and obesity

Self-reported height and weight were measured using
two questions in the Cq (see Figure 1). The self-reported
height and weight items were consistent to those used in
the Youth Risk Behavior Survey (YRBS) [18] and the
School Health Action, Planning and Evaluation System
(SHAPES) [20]. We also provided respondents with both
metric and imperial response options and a blank line
prefaced by “My weight is ____ pounds/kilograms” and
“My height is ____ inches/centimetres”. Because of the
different format of response options from the YRBS, and
the preface wording from SHAPES, it was important to
establish the test-retest reliability and concurrent vali-
dity of the height and weight items used in the Cq. Ob-
jective measures of height and weight were taken by
study staff. Standing height was objectively measured to
the nearest 1 cm with shoes off, feet together, and back
against the wall with a horizontal measuring tape. Body
weight was measured to the nearest 1 kg using a digital

O 1 do not know how tall | am

"My height is feet inches"
OR

"My height is centimetres"

O | do not know how much | weigh

"My weight is pounds”

OR

"My weight is kilograms"

7. How tall are you without your shoes on? (Please write your height in feet and inches OR in
centimetres, and then fill in the appropriate numbers for your height.)

8. How much do you weigh without your shoes on? (Please write your weight in pounds OR in
kilograms, and then fill in the appropriate numbers for your weight.)

Figure 1 COMPASS questionnaire measures of height and weight used to calculate BMI.
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scale with participants wearing light clothes and no shoes.
Body Mass Index (BMI) was calculated for each participant
using self-reported and objectively measured body weight
(kg) and height (m) (BMI = 1<g/m2). Overweight and obesity
status were then determined using the International Obes-
ity Task Force BMI classification system [21] based on age
and sex adjusted BMI cut-points. A participant was classi-
fied as overweight if their age and sex adjusted BMI cut-
point was >25 and <30 kg/m? and obese if their age and
sex adjusted BMI cut-point was =30 kg/m? Students with
an age and sex adjusted BMI of 18 < 25 kg/m? were classi-
fied as normal weight.

Dietary intake

The Cq includes four questions to measure respondent
consumption of the four food groups outlined in the
Canada Food Guide [9]. Respondents were asked to re-
port: “Yesterday, from the time you woke up until the
time you went to bed, how many servings of meats and
alternatives did you have? One Food Guide serving of
meat and alternatives includes cooked fish, chicken, beef,
pork, or game meat, eggs, nuts or seeds, peanut butter or
nut butters, legumes (beans), and tofu;” “Yesterday, from
the time you woke up until the time you went to bed,
how many servings of vegetables and fruits did you
have? One Food Guide’ serving of vegetables and fruit in-
cludes pieces of fresh vegetable or fruit, salad or raw leafy
greens, cooked leafy green vegetables, dried or canned or
frozen fruit, and 100% fruit or vegetable juice;” “Yester-
day, from the time you woke up until the time you went
to bed, how many servings of milk and alternatives did
you have? One Food Guide’ serving of milk or milk alter-
natives includes milk, fortified soy beverage, reconstituted
powdered milk, canned (evaporated) milk, yogurt or kefir
(another type of cultured milk product), and cheese;” and,
“Yesterday, from the time you woke up until the time
you went to bed, how many servings of grain products
did you have? One Food Guide’ serving of grain products
includes bread, bagels, flatbread such as tortilla, pita,
cooked rice or pasta, and cold cereal.” (see Figure 2).
Health Canada granted permission for the COMPASS
study to use the Canada Food Guide images for the
types of servings and serving sizes for food groups mea-
sured within the C;. We used these self-reported mea-
sures to determine the number of servings of each food
group consumed, and whether the respondents met the
recommended number of servings for each food groups
as outlined in the Canada Food Guide. Participants are
classified as meeting the food guide recommendations
based on the following minimum number of servings:
meats and alternatives (2 for females, 3 for males), fruits
and vegetables (7 for females, 8 for males), milk and al-
ternatives (3 for females and males), and grain products
(6 for females, 7 for males). The eaTracker online tool
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was used to measure daily food consumption. As calcu-
lated in eaTracker, the dietary intake scores for Day 6
were used to determine both the total number of serv-
ings for each of the four food groups, and whether or
not the respondent met the thresholds for the Canada
Food Guide recommendations for teens.

Analyses

Conventional descriptive statistics were used for the self-
reported and measured weight status and dietary intake
measures (examined by sex). Test-retest reliability of
the self-reported weight status and dietary intake mea-
sures at T; and T,, and the concurrent validity of the
objectively measured and self-reported weight status and
dietary intake measures at T, were examined using
intraclass correlation coefficients (ICC). Given gender
biases in self-reported height and weight among youth
identified in previous research [22], we also examined
the concurrent validity of the weight status measures by
sex. For the purpose of comparison to previous studies,
test-retest reliability and concurrent validity were also
determined using Cronbach’s Alpha and Spearman cor-
relations for weight status and dietary intake (Spearman
correlations were used instead of Pearson correlations
since these data were not normally distributed), and
weighted Kappa for dietary intake. In order to make our
results meaningful and easier to interpret for a broader
audience of stakeholders and researchers, correlation
rating interpretations [23,24] are also provided to help
with the interpretation of the strength of the results
presented for our reliability and validity values: ICC
(0.00 to 0.10 virtually none, 0.11 to 0.40 slight, 0.41 to
0.60 fair, 0.61 to 0.80 moderate, and 0.81 to 1.0 substan-
tial); Spearman correlation (0.10 to 0.30 weak, 0.30 to
0.50 moderate, >0.50 strong); Cronbach’s Alpha (<0.50
unacceptable, 0.50 to 0.59 poor, 0.60 to 0.69 question-
able, 0.70 to 0.79 acceptable, 0.80 to 0.89 good, = 0.90
excellent); and, Kappa statistic (<0.20 slight, 0.21 to
<0.40 fair, 0.40 to <0.60 moderate, 0.60 to <0.80 substan-
tial, 0.81 to 1.00 excellent). Means and standard devia-
tions for the objectively measured and C, T self-reported
weight status and dietary intake measures were calculated
to determine the difference between the self-reported and
objective measures and the accuracy (over or under
reporting) of the self-reported measures. The statistical
package SAS 9.2 was used for all analyses.

Results

Descriptive statistics

Table 1 presents descriptive statistics of the sample and
the weight status and dietary intake measurements. The
sample was 52.8% (n = 94) female and 47.2% (n = 84) male.
Overall, self-reported T; and T, data required to calculate
BMI were only available from 139 respondents (78.1%);
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nut butters, legumes (beans), and tofu.

O None

O 1 serving
O 2 servings
O 3 servings
O 4 servings
O 5 servings

Fresh, frozen or canned

26. YESTERDAY, from the time you woke up until the time you went to bed, how many servings
of meats and alternatives did you have? One 'Food Guide' serving of meat and alternatives
includes cooked fish, chicken, beef, pork, or game meat, eggs, nuts or seeds, peanut butter or

O None Canada’s Food Guide Serving Sizes of Meats and Alternatives
O 1 serving # j -
O 2 servings
O 3servings &=
O 4 servings c =
ooked fish, ﬂmlﬁsh. Coolml hgurvm gg 5 Peanut or nut butters  Shelled nuts

O 5 or more Servings poultry, lean meat @ 175 mL (¥ cup) @ 2 eggs 30 mL (2 Thsp) and seeds

759 (2¥: oz) / 125 mL (¥ cup) 60 mL (¥ cup)

27. YESTERDAY, from the time you woke up until the time you went to bed, how many servings
of vegetables and fruits did you have? One 'Food Guide' serving of vegetables and fruit
includes pieces of fresh vegetable or fruit, salad or raw leafy greens, cooked leafy green
vegetables, dried or canned or frozen fruit, and 100% fruit or vegetable juice.

Canada’s Food Guide Serving Sizes of Vi

tables and Fruits

Fresh, frozen or 100% Juice

O 6 servings
O 7 servings
O 8 servings
O 9 or more servings

125 mL (% cup)

O 5 servings
O 6 or more servings ik ouPowdered

Q Leafy bl
Cooked: 125 mL (V2 cup) G
Raw: 250 mL (1 cup) g

28. YESTERDAY, from the time you woke up until the time you went to bed, how many servings
of milk and alternatives did you have? One 'Food Guide' serving of milk or milk alternatives
includes milk, fortified soy beverage, reconstituted powdered milk, canned (evaporated) milk,
yogurt or kefir (another type of cultured milk product), and cheese.

O None Canada’s Food Guide Serving Sizes of Milk and Alternatives
O 1 serving

O 2 servings -~

O 3 servings

O 4 servings

Fortified soy

250 m (1 cup)

O None s
O 1 serving
O 2 servings
O 3 servings
O 4 servings
O 5 servings
Q SSEN!DQS Bread Bagel

O 7 servings lslice (35g) Y bagel (459)
O 8 servings

O 9 or more servings

permission of the Minister of Health, 2011

e 250er1 cup) 'ﬁ

29. YESTERDAY, from the time you woke up until the time you went to bed, how many servings
of grain products did you have? One 'Food Guide' serving of grain products includes bread,
bagels, flatbread such as tortilla, pita, cooked rice or pasta, and cold cereal.

Cooked rice,

bnlgur or quinoa Cold: 3 OF COUsSCous
125 mL (¥ cup) ﬁ Hot: 1?5mL[ cup) ﬁ 125 mlL (¥2 cup) Q

Figure 2 COMPASS questionnaire eating behaviour measures. Images from Canada’s Food Guide. Health Canada, 2011. Reproduced with the

canned fruits
1 fruit or 125 mL (% cup)

125 mi (¥ cup)

Kefir Cheese

175 mL 509 (1% oz)
(¥ cup) ﬁ

(¥ cup)

rvi f in

Cereal @

Cooked pasta

J

data were missing from 30.9% of females (n=29) and
11.9% of males (n = 10).

Test-retest reliability

As shown in Table 2, test-retest reliability for self-reported
height (ICC 0.96), weight (ICC 0.99), and BMI (ICC 0.95)
are considered substantial. The test-retest reliability for
self-reported dietary intake for fruits and vegetables (ICC
0.68) and milk and alternatives (ICC 0.69) are considered
moderate, whereas meat and alternative (ICC 0.41), and
grain products (ICC 0.56) are considered fair. Test-retest
reliability for meeting the food guide recommendations

identified that for fruits and vegetables (ICC 0.53) and
milk and alternatives (ICC 0.54), the correlations are
considered fair, whereas meat and alternative (ICC 0.27),
and grain products (ICC 0.38) are considered slight. The
strength of the Spearman correlations, Cronbach’s Alpha
and Kappa values were consistent with the ICC estimates.

Comparison between self-report and objectively measured

Table 3 demonstrates the differences for self-reported and
objectively measured weight, height, and dietary intake.
On average, self-reported measures for height, weight and
BMI were underestimated relative to the measured values
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Table 1 Means and standard deviations of COMPASS weight status and dietary intake measures
Males Females Total
N u SD N u SD N M SD
Weight Status (Time 1 self-reported)
Height (cm) 74 173.85 941 65 163.96 6.90 139 169.06 9.56
Weight (kg) 74 65.61 13.19 65 57.21 1048 139 61.62 1271
Body Mass Index (kg/mz) 74 21.65 368 65 21.19 295 139 2145 335
Weight Status (Time 2 self-reported)
Height (cm) 74 173.97 9.29 65 163.50 795 139 168.90 10.02
Weight (kg) 74 65.71 13.09 65 57.55 10.75 139 61.84 12.72
Body Mass Index (kg/mz) 74 21.65 368 65 2147 3.26 139 2159 348
Weight Status (Time 2 measured)
Height (cm) 74 174.07 8.88 65 163.69 6.72 139 169.05 938
Weight (kg) 74 67.68 13.98 65 60.30 11.35 139 64.18 1333
Body Mass Index (kg/mz) 74 22.24 3.76 65 2242 344 139 22.34 3.60
Dietary Intake (Time 1 self-reported)
Meat and alternatives (0-5 servings) 84 2.50 1.07 94 1.91 0.89 178 2.19 1.02
Fruits and vegetables (0-9 servings) 84 342 203 94 327 225 178 334 215
Milk and alternatives (0-6 servings) 84 3.56 1.51 94 2.36 1.48 178 293 1.61
Grain products (0-9 servings) 84 376 1.85 94 264 1.31 178 317 1.68
Dietary Intake (Time 2 self-reported)
Meat and alternatives (0-5 servings) 84 2.26 092 94 1.69 0.89 178 1.96 0.95
Fruits and vegetables (0-9 servings) 84 3.64 2.30 94 3.35 233 178 349 231
Milk and alternatives (0-6 servings) 84 324 163 94 197 0.98 178 257 1.46
Grain products (0-9 servings) 84 392 1.96 94 302 1.70 178 344 1.88
Dietary Intake (Time 2 measured)
Meat and alternatives (0-5 servings) 84 2.07 1.11 94 158 1.08 178 1.81 1.11
Fruits and vegetables (0-9 servings) 84 3.65 242 94 3.28 234 178 346 238
Milk and alternatives (0-6 servings) 84 2.88 1.90 94 1.71 1.26 178 2.26 1.69
Grain products (0-9 servings) 84 499 227 94 4.05 2.06 178 449 220

for the whole sample and when examined by sex. For in-
stance, on average in the whole sample, weight was
underestimated by 2.34 kg, height was underestimated by
1.5 cm, and therefore BMI was also underestimated (by
0.76 kg/m?). For dietary intake, the mean difference in self-
reported consumption of grain product was negative
(underestimated by 1.04 servings), whereas mean diffe-
rences were positive for self-reported consumption of meat
and alternatives (overestimated by 0.15 servings) and milk
and alternatives (overestimated by 0.31 servings). Although
the mean difference in self-reported fruits and vegetables
consumption was positive, it was only overestimated by
0.03 servings. Self-reported measures of grain products
underestimated the true prevalence of respondents meet-
ing the food guide recommendation by 13%, whereas self-
reported measures of meat and alternatives and milk and
alternatives overestimated the prevalence of respondents
meeting the food guide recommendation by 7% and 11%

respectively. Self-reported fruit and vegetable intake only
overestimated the prevalence of respondents meeting the
food guide recommendation by 2%.

Concurrent validity

As shown in Table 4, the concurrent validity for self-
reported height (ICC 0.88), weight (ICC 0.95), and BMI
(ICC 0.84) are considered substantial for the entire sam-
ple. Among males, concurrent validity for self-reported
height (ICC 0.84), weight (ICC 0.95), and BMI (ICC 0.85)
are considered substantial. Similarly, among females, con-
current validity for self-reported height (ICC 0.82), weight
(ICC 0.94), and BMI (ICC 0.83) are considered substantial.
The concurrent validity for self-reported dietary intake
identified that fruits and vegetables (ICC 0.53), milk and
alternatives (ICC 0.60), and grain products (ICC 0.41) are
considered fair, whereas meat and alternative (ICC 0.34)
was considered slight. The concurrent validity for meeting
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Table 2 Test-retest reliability of the COMPASS weight status and dietary intake measures

N Intraclass Cronbach’s Spearman Kappa/Weighted
correlation alpha correlation Kappa
ICC a rho u (SD)
Weight Status °
Height (cm) 139 0.96 0.98 0.96 (p < 0.001) -
Weight (kg) 139 0.99 0.99 0.99 (p <0.001) -
Body Mass Index (kg/mz) 139 0.95 0.98 0.95 (p<0.001) -
Dietary Intake °
Meat and alternatives (0-5 servings) 178 041 0.59 042 (p <0.001) 0.28 (0.04)
Fruits and vegetables (0-9 servings) 178 0.68 0.81 0.69 (p <0.001) 0.52 (0.04)
Milk and alternatives (0-6 servings) 178 0.69 0.83 0.71 (p <0.001) 048 (0.04)
Grain products (0-9 servings) 178 0.56 0.73 0.57 (p <0.001) 0.42 (0.05)
Meeting Food Guide Recommendation °
Meat and alternatives ° 178 0.27 044 0.28 (p < 0.001) 0.27 (0.07)
Fruits and vegetables b 178 053 0.73 0.58 (p <0.001) 0.53 (0.12)
Milk and alternatives © 178 0.54 071 0.55 (p <0.001) 0.54 (0.06)
Grain products d 178 0.38 0.56 0.39 (p <0.001) 0.38 (0.12)

S Self-reported measure at Time 1 and Time 2.

@ >2 servings for females, >3 servings for males.
b >7 servings for females, >8 servings for males.
€ >3 servings for females and males.

9 >6 servings for females, >7 servings for males.

the food guide recommendations identified that meats
and alternatives (ICC 0.45), fruits and vegetables (ICC
0.54), and milk and alternatives (ICC 0.52) are considered
fair, whereas grain products (ICC 0.36) are considered slight.
The strength of the Spearman correlations, Cronbach’s
Alpha and Kappa values were consistent with the ICC esti-
mates, although the Spearman correlations for dietary intake
of meats and alternatives and meeting the food guide rec-
ommendation for grain products were considered moderate.

Discussion

Large scale school-based studies aiming to improve youth
health behaviours require instruments that are easily
administered in large populations, simple to fill out, cost-
effective, reproducible, and accurate [11,15,16,20]. How-
ever, due to the complexity, cost, and necessity of active
consent procedures when objectively measuring health
behaviours and weight status of youth populations, objec-
tive measures are often not feasible or appropriate. Yet, in
order to evaluate school-based programs and policies
associated with obesity prevention or dietary intake, re-
searchers require measures that provide both reliable esti-
mates over time and valid measures of the constructs they
intend to change. The present study was designed to
assess the test-retest reliability and concurrent validity of
self-reported measures of height, weight, and dietary
intake within the C;. We demonstrate that the concise yet
simple measures in the C, provide reliable and valid mea-
sures for collecting self-reported data on weight status

and eating patterns for use in large scale school-based
studies.

Reliability of the C; measures

We identified that the Cq self-report measures of weight
and height (and the derived measure for BMI) were
highly reliable with 1-week test-retest (Cronbach’s Alpha
>0.98 for all measures). This is consistent with available
evidence from studies examining both 1-week test retest
[18] and 2-week test-retest [18] of self-reported height
and weight. We also identified that the C, self-report
measures of dietary intake pertaining to the four food
groups and meeting Canada’s Food Guide recommenda-
tions had sufficient 1-week test-retest reliability. This is
consistent with previous research [25-28]. Given that
eating patterns and food choices fluctuate day-to-day, it
is to be expected that there would be some variability in
self-reported dietary behaviours of youth between weeks
and days and that reports would not be as robust as for
weight status measures [29]. As such, a 50% agreement
is considered to be reasonable and sufficient for measur-
ing reliability of self-reported dietary intake in youth
[29]. And since diets vary daily, a 7-day food record
should provide estimates of population means for nutri-
ents [30,31] and be sufficient to capture normal eating
patterns in the adolescent population. No research had
previously examined the reliability or validity of dietary
intake measures based on the four food groups outlined
in Canada’s Food Guide.
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Table 3 Comparison between self-reported (S) and objectively measured (M) weight status and dietary intake

N s® M S-M # # #
u (SD) u (SD) u (SD) Over' Under® Same’

Weight Status (males and females)

Height (cm) 139 168.90 (10.02) 169.05 (9.38) —0.15 (4.81) 63 48 29

Weight (kg) 139 61.84 (12.72) 64.18 (13.33) —2.34 (3.51) 18 110 12

Body Mass Index (kg/mz) 139 2159 (348) 2235 (3.60) —0.76 (1.87) 16 82 42
Weight Status (males only)

Height (cm) 74 173.97 (9.29) 174.07 (8.88) —-0.14 (5.17) 36 22 16

Weight (kg) 74 65.71 (13.09) 67.68 (13.98) -1.96 (4.11) 12 55 7

Body Mass Index (kg/mz) 74 21.65 (3.68) 22.24 (3.76) —060 (1.97) 1 41 22
Weight Status (females only)

Height (cm) 65 163.50 (7.95) 163.69 (6.72) —0.26 (4.46) 27 25 13

Weight (kg) 65 57.55 (10.75) 60.30 (11.35) —2.82 (2.69) 5 55 5

Body Mass Index (kg/mz) 65 2147 (3.26) 2242 (344) —1.00 (1.77) 4 41 20
Dietary Intake

Meat and alternatives (0-5 servings) 178 1.96 (0.95) 1(111) 0.15 (1.15) 61 22 95

Fruits and vegetables (0-9 servings) 178 349 (2.31) 346 (2.38) 0.03 (2.26) 55 47 76

Milk and alternatives (0-6 servings) 178 2.57 (1.46) 2.26 (1.46) 031 (1.37) 65 38 75

Grain products (0-9 servings) 178 344 (1.88) 449 (2.20) -1.05 (2.12) 29 87 62
Meeting Food Guide Recommendation

Meat and alternatives ° 178 047 (0.50) 040 (0.49) 0.07 (0.52) 30 18 130

Fruits and vegetables b 178 0.10 (0.29) 0.08 (0.27) 0.02 (0.27) 8 5 165

Milk and alternatives 178 048 (0.50) 0.37 (048) 0.11 (048) 31 12 135

Grain products ¢ 178 0.11 (0.31) 0.24 (043) —-0.13 (041) 5 28 145

S Self-reported measure at Time 2.

* Values were rounded to 0 decimal places (i.e., 21.59 = 22).
? >2 servings for females, >3 servings for males.

b >7 servings for females, >8 servings for males.

€ >3 servings for females and males.

4 >6 servings for females, >7 servings for males.

Validity of the C; measures

We identified that the concurrent validity of the Cg self-
report measures of weight and height (and the derived
measure for BMI) were substantial although discrepancies
between self-reported and actual measured height and
weight did exist. Consistent with the literature [18,32-35],
the C; measures underestimated weight (by 2.34 kg on
average) and subsequently BMI (by 0.76 kg/m” on aver-
age). While the average self-reported height was an under-
estimate of actual measured height (by only -0.15 c¢m), the
majority of respondents (45% of the sample) actually over-
report their height, a finding consistent with the literature
[18,32,36,37]. Although relying exclusively on self-reported
height and weight measures may provide erroneous esti-
mates for overweight and obesity, the Cq derived measure
for BMI was similar in robustness to other similar mea-
sures [18,20,32,34,38,39], and only underestimated BMI by
0.76 kg/m> It appears that the Cq measures can provide
valid measures of BMI for use in large-scale school-based
data collections requiring self-report measures among both

males and females. Moreover, since the Cg is designed for
use in a longitudinal study of youth populations (i.e., exam-
ining temporal patterns and tracking the same youth over
time), any modest biases in the data should remain consist-
ent within students over time [14].

Since there is no gold standard to assess dietary beha-
viours, determining the validity of a dietary measurement
technique must be done in comparison to one that would
seemingly capture more accurate measures [40]. Advances
in technology and the increased accessibility of the Inter-
net allow for the use of web-based alternatives to the 24-
hour recall or a demanding food-frequency questionnaire
[41,42]. Among youth populations, there are benefits to
using an Online tool (i.e., the eaTracker) as a gold standard
relative to the traditional food-frequency questionnaires
[41,42] as they offer immediate checks for incomplete re-
sponses, the opportunity to update consumption of food
products at any time throughout the day, and the use of
photographs to enhance portion size estimation [41]. The
comparison of the C, dietary intake responses to the online
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Table 4 Validity of COMPASS self-reported (S) and objectively measured (M) weight status and dietary intake

measures

N Intraclass correlation Cronbach’s ‘Ipha

Spearman correlation Kappa/Weighted Kappa

ICC a rho u (SD)

Weight Status (males and females) °

Height (cm) 139 0.88 0.94 0.88 (p <0.001) -

Weight (kg) 139 095 098 0.96 (p <0.001) -

Body Mass Index (kg/m?) 139 0.84 0.92 0.86 (p <0.001) -
Weight Status (males only) °

Height (cm) 74 0.84 0.91 0.84 (p <0.001) -

Weight (kg) 74 0.95 0.98 0.96 (p <0.001) -

Body Mass Index (kg/m?) 74 0.85 092 0.86 (p <0.001) -
Weight Status (females only) °

Height (cm) 65 0.82 0.89 0.83 (p < 0.001) -

Weight (kg) 65 0.94 0.99 097 (p <0.001) -

Body Mass Index (kg/mz) 65 0383 093 0.86 (p <0.001) -
Dietary Intake °

Meat and alternatives (0-5 servings) 178 0.34 0.56 0.38 (p <0.001) 0.36 (0.05)

Fruits and vegetables (0-9 servings) 178 0.53 0.70 0.54 (p <0.001) 047 (0.05)

Milk and alternatives (0-6 servings) 178 0.60 0.77 0.63 (p <0.001) 0.48 (0.04)

Grain products (0-9 servings) 178 041 0.64 047 (p <0.001) 0.33 (0.05)
Meeting Food Guide Recommendation °

Meat and alternatives ° 178 045 063 046 (p <0.001) 045 (0.07)

Fruits and vegetables b 178 0.54 0.70 0.54 (p <0.001) 054 (0.171)

Milk and alternatives © 178 052 0.69 0.52 (p<0.001) 0.51 (0.06)

Grain products ¢ 178 0.36 0.58 041 (p <0.001) 0.37 (0.08)

§ Self-reported measure at Time 2 and objective measure taken at Time 2.
@ >2 servings for females, >3 servings for males.

b >7 servings for females, >8 servings for males.

€ >3 servings for females and males.

4 >6 servings for females, >7 servings for males.

eaTracker data identified that the C, measures of dietary
intake and meeting food guide recommendations demon-
strated sufficient validity for use as self-reported measures
in a school-based survey tool.

It is difficult to compare the findings in this study to the
literature because no other studies have used Canada’s
Food Guide (or their international equivalent) to measure
dietary behaviours based on food group guidelines. Most
validation studies, rather, have made comparisons of eat-
ing behaviours in youth to servings as recommended in
Canada’s Food Guide or the American Food Pyramid
[25,43], but none have used Canada’s Food Guide itself
as the unit of measure. Studies have examined consump-
tion of nutrients instead of specific food group items. By
assessing patterns of food group consumption, it may be
easier to identify the cause of nutrient deficiencies [44]
and design appropriate interventions. Studies assessing
dietary behaviours may be limited by recall bias. Even pro-
vided with food descriptions, it is possible that students
will not properly classify their consumption behaviours;

this may be attributed to their difficulty conceptualizing
portion sizes [45], or because portion sizes are often not
provided in schools, snack bars, or restaurants. This may
lead to erroneous estimates of student dietary behaviours
since portions are most often overestimated [46]. The Cg
questions using Canada’s Food Guide include a brief de-
scription of serving sizes and images. The use of food pho-
tographs helps in estimating portion sizes and increases
the accuracy in estimation compared to unaided estimates
[47,48], but only slightly [45]. Therefore responses to
questions in the Cq may be more accurate depictions of
youth eating behaviours.

There are several limitations to this study. Since this is
the first time that these items have been used to measure
dietary behaviours, there are no direct comparison studies.
Second, the use of Canada’s Food Guide excludes any de-
piction in the measures of several food items which may
be unhealthy (e.g., there are no specific depictions of oils
or fats, or junk food/sugary beverage consumption). As
well, youth consuming meals made of several ingredients
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may not be able to distinguish or divide meals into its
constituent parts. Perhaps the addition of a ‘mixed foods’
category will better apportion the nutrients from mixed
food products [49] while capturing consumption of cer-
tain unhealthy foods. Third, researchers relied on a small
convenience sample of grade 9 students (age 14—15) from
southwestern Ontario, which may have limited the
generalizability of the findings. Fourth, while it would have
been ideal to collect test-retest data for a longer period of
time [24], the timeframe we used was consistent with
other similar validation studies with youth populations in
Canada [20,50]. However, there is little reason to believe
that high school students in Ontario would respond diffe-
rently to the survey than respondents in other jurisdic-
tions. And fourth, it is possible that youth consuming
foods/meals made up of several ingredients may not be
able to distinguish and divide the constituent parts into
the different food groups.

Conclusion

Traditional measures of height, weight, and dietary beha-
viours are not always feasible for large-scale school-based
studies. While the test-retest reliability of the measures
used in this study were all high, the validity of the mea-
sures was considered acceptable. Despite few limitations,
the results support the use of the C, to obtain proxy mea-
sures of weight status and dietary behaviours in youth.
This study is the first to contribute information on the use
of the food guide for self-reported measures of dietary
intake. The role of the four food groups in the Food Guide
is well established in Canada, where Canada’s first Food
Guide was introduced to the public in 1942 [51]. Compa-
ring dietary behaviours to national Food Guide recom-
mendations by using the recommendations themselves is
a novel way to explore and understand the reach of the
guidelines and youth dietary behaviours to help guide fu-
ture interventions. In addition to identifying reliable and
valid measures for future investigation of youth health be-
haviours, this study found that youth are not meeting
dietary recommendations for achieving health benefits.
With knowledge of the weight status and dietary beha-
viours of a representative sample of grade nine students, it
is possible to guide program and policy development. Pre-
liminary data from this validation study stress the urgency
for additional policies and programs in schools to improve
eating behaviours and reduce the risk of overweight and
obesity among youth in Ontario; if eating behaviours re-
main as found in this study, youth susceptibility to over-
weight and obese will likely increase.
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