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Accounting for misreporting when comparing energy intake 
across time in Canada 
by Didier Garriguet 

Abstract
Background: Estimates of energy intake are lower in 2015 compared with 2004. The difference observed is too large to be explained by a change in energy 
requirements or physical activity at the population level. Self-reported dietary intake is subject to misreporting and may explain part of this difference.  
The objectives of this study are to assess how misreporting has changed from 2004 to 2015 and to demonstrate how these changes may affect the interpretation 
of the national intake data of Canadians. 
Data and methods: Data from the 2004 Canadian Community Health Survey – Nutrition (CCHS – Nutrition) and the 2015 CCHS – Nutrition were used to 
estimate energy intake and requirements for all participants aged 2 or older. The ratio of energy intake to total energy expenditure requirements (EI:TEE) was 
used to categorize respondents as under-reporters (EI:TEE < 0.70), over-reporters (EI:TEE > 1.42) or plausible reporters (EI:TEE = 0.70 to 1.42). Descriptive 
analyses by category of respondent were conducted for respondents aged 2 or older who participated in the measured height and weight component.  
The main caloric sources that contributed to the difference in estimated energy requirements were used to show the impact of misreporting on the analysis.
Results: The prevalence of under-reporters was 7.5% higher in 2015 compared with 2004, while the prevalence of over-reporters was 7.4% lower. There 
was no change in the prevalence of plausible reporters. Estimated energy intake from participants categorized as plausible reporters showed a difference of  
84 kcal from 2004 to 2015, compared with a difference of 250 kcal for the entire sample. Estimated energy intake was lower in 2015 compared with 2004 
across all categories of respondents for many foods, including sugar-sweetened beverages and milk, and was higher for only pastries and nuts. 
Interpretation: Misreporting changes will affect analysis and should, at a minimum, be acknowledged when comparing 2015 with 2004. Using a comparable 
category of plausible reporters or adjusting for reporting status are options that will allow a better comparison of these two datasets.  

Keywords: Caloric intake, diet, food habits, energy expenditure, nutrition surveys, twenty-four-hour recall, under-reporting

In 2015, Statistics Canada collected national data on detailed 
dietary intake for the first time in over a decade.1 Previous 

data were collected in 2004.2 Initial estimates3 show that in 
2015, estimated energy intake was lower than in 20044 by 
250 kcal, on average. 

Any change observed in estimated energy intake should be 
reflected in corresponding changes to characteristics associated 
with energy requirements, such as age, height, weight, body 
mass index (BMI) and physical activity. For example, the data 
would be expected to show lower national estimates of BMI or 
physical activity in 2015 compared with 2004 as a consequence 
of a decrease of 250 kcal in estimated energy intake. Depending 
on age and sex, a decrease in weight varying from 8 kg to 27 kg 
would be expected to explain such a change in energy intake 
using the Institute of Medicine equations for predicted energy 
requirements.5 However, the 2015 CCHS – Nutrition shows 
little change in measured overweight and obesity rates in both 
children6,7 and adults.8 The Canadian Health Measures Survey 
(CHMS) also shows similar trends.9,10 Physical activity meas-
urements changed between the 2004 CCHS – Nutrition and 
the 2015 CCHS – Nutrition and cannot be compared; however, 
CHMS data indicate that measured physical activity levels have 
remained stable in children11 and adults12 over the last decade. 
An average daily decrease of 60 minutes of walking from 2004 
to 2015 would be required to explain a decrease of 250 kcal. 

Self-reported dietary intake is subject to misreporting (i.e., 
overestimating or underestimating dietary intake). In general, 
under-reporting tends to be more common than over-reporting 
in Europe, North America and Australia.13-16 If the direction 
(under or over) and magnitude of misreporting remained con-
sistent from 2004 to 2015, this systematic bias would potentially 
cancel itself out. However, if the direction or magnitude of 
misreporting changed, it may explain some of the differences 
observed in estimated energy intake.

Sophisticated measurement of energy intake using techniques 
such as doubly labelled water17 is not feasible within the context 
of population health surveys. This precludes any comparisons 
between “true” and “reported” intake. Energy intake is esti-
mated in the CCHS – Nutrition using self-reported information 
about what respondents drank and ate the day prior to their inter-
view. A “reasonable approach to characterize underreporting in 
the absence of objective measures of total energy expenditure  
requirements (TEE)”17 is to use a method to assess misreporting  
based on TEE and derived from formulas using age, height, 
sex, weight, BMI and physical activity. Such methods include  
the Goldberg method18 or the method proposed by McCrory,19  

which was used previously with the 2004 CCHS – Nutrition.20,21

Other nutrition surveys have compared misreporting through 
time. In Australia,16 the prevalence of low-energy reporters 
has increased from 1995 to 2011/2012. In the United States, 
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under-reporting also changed from 1971 
to 2010,22 but this was found to be mostly 
the result of methodological differences. 

The objective of this study is to esti-
mate the change in misreporting from 
the 2004 CCHS – Nutrition to the 2015 
CCHS – Nutrition and to determine how 
this change may affect further analysis 
of the data. In particular, this study 
examines the effects this change has on 
estimates of total energy intake, the main 
sources of the change and the potential 
introduction of a bias. 

Methods 

Data sources
The 2004 CCHS – Nutrition and the 
2015 CCHS – Nutrition collected 
information on food and beverage con-
sumption with a 24-hour dietary recall. 
The target population was residents of 
private dwellings aged 1 or older (people 
younger than 1 year of age were also 
included in the 2004 CCHS – Nutrition). 
Both surveys excluded members of the 
regular Canadian Forces; people living 

in the territories, on Indian reserves, in 
institutions and in some remote regions; 
and all residents (military and civilian)  
of Canadian Forces bases.

A total of 35,107 and 20,487 
respondents, respectively, took part in 
the initial 24-hour dietary recalls in 2004 
and 2015. In addition, 10,786 and 7,608 
respondents completed a second recall  
3 to 10 days later. Data were mainly col-
lected in person for the first recall, and 
through telephone interviews for the 
second. The 2004 response rates were 
76.5% for the first recall and 72.8% for 
the second recall. The corresponding 
2015 response rates were 61.6% for the 
first recall and 68.6% for the second. 
Height and weight were measured for 
20,739 respondents aged 2 or older in 
2004, and for 13,713 respondents aged  
2 or older in 2015. The item response rate 
for that component was 62.5% in 2004 
and 70.6% in 2015. 

To be representative of the Canadian 
population at the national and provin-
cial levels, both surveys were weighted 
to account for the sample design and 
non-response. Additional weights were 

provided to account for the additional 
non-response to the height and weight 
component. Details about the design, 
sample and collection are available 
online.1,2

Energy intake
Respondents were asked to report 
everything they ate and drank in the  
24 hours before the interview. To maxi-
mize recall, both surveys used the 
Automated Multiple Pass Method23, 
which consists of the following five 
elements: (1) a quick list of easily  
remembered foods; (2) probes for com-
monly forgotten foods; (3) time and 
occasion to group foods consumed at 
the same time; (4) detailed questions on 
the previously reported foods, including 
serving size; and (5) a final review.

A food booklet was used to show 
respondents pictures of plates, bowls, 
glasses and mugs to increase accuracy 
in the reporting of food and beverage 
sizes: in 2004, dishes were represented 
by drawings, but were replaced by  
pictures in 2015. Standard amounts in 
2015 were, in general, smaller than stan-
dard amounts in 2004, especially for 
bowls, glasses and mugs.1

Canadian Nutrient File
A food database is required to assign 
energy and other nutrient values to the 
foods and beverages reported in the 
24-hour recall. The Canadian Nutrient 
File (CNF) is maintained and con-
tinually updated by Health Canada24.  
Each CCHS – Nutrition uses a fixed 
version of the CNF. 

The CNF used for the 2004 survey 
was the 2001b Supplement version; for 
the 2015 survey, the 2015 version was 
used. The CNF reflects foods available 
on the market at the time of the survey.

Energy requirements
TEE requirements can be estimated 
with a series of equations developed by 
the Institute of Medicine (IOM)5. These 
equations are specific to age, sex and 
body mass index (BMI) category (normal 
weight compared with overweight or 

Table 1
Estimation of standard deviation (SD), by dietary reference intake (DRI) group, 
household population aged 2 or older, 2004 and 2015

Age Sex

Variance components (%)

SD (%)
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2004 2015 2004 2015
2004 and 

 2015 2004 2015
Total Both 32.0 32.0  11.6  11.5 8.2  35.0  35.0 
2 to 3 Both 25.8 27.3  10.6  10.7 8.2  29.0  30.5 
4 to 8 Both 28.3 28.4  9.2  9.0 8.2  30.8  30.9 
9 to 13 Male 30.4 30.5  6.2  6.1 8.2  32.0  32.2 

Female 30.2 29.7 8.1 8.0 8.2  32.3  31.9 
14 to 18 Male 37.6 33.2 5.9 6.0 8.2  39.0  34.7 

Female 32.8 33.6 8.7 8.8 8.2  34.9  35.7 
19 to 30 Male 34.3 36.0 11.5 11.5 8.2  37.1  38.6 

Female 40.3 35.9 11.7 11.7 8.2  42.8  38.6 
31 to 50 Male 33.9 31.9 11.7 12.0 8.2  36.8  35.1 

Female 32.7 34.2 12.1 12.2 8.2  35.9  37.2 
51 to 70 Male 32.6 32.8 12.8 12.8 8.2  36.0  36.1 

Female 33.2 33.3 13.1 13.1 8.2  36.6  36.7 
71 or older Male 27.5 28.4 14.2 14.4 8.2  32.1  32.9 

Female 30.9 29.1 14.8 14.8 8.2  35.2  33.6 

Notes:
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obese). In addition, physical activity 
level (sedentary, low active, active, very 
active) is required to estimate TEE. 

Height, weight and body mass 
index category
Trained interviewers measured the height 
and weight of CCHS respondents aged  
2 or older, following the same protocols 
in 2004 and 2015.1,2 The same model 
of scales (LifeSource Scales Model 
US-321) was used in both 2004 and 
2015. To minimize reporting mistakes, 
the measurement tape was changed to a 
metric-only tape in 2015 after a metric 
and imperial tape was used in 2004. 

BMI is calculated by dividing 
weight in kilograms by height in metres  
squared. According to Health Canada’s 
guidelines for adults,25 a BMI from 
18.5 kg/m2 to 24.99 kg/m2 is normal 
weight, from 25 kg/m2 to 29.99 kg/m2 
is overweight, and 30 kg/m2 or more 
is obese. For respondents aged 17 or 
younger, the categories defined by Cole 
et al.26 were used, since the World Health 
Organization categories27 were not pub-
lished when the IOM equations for TEE 
were published.

Physical activity
Physical activity was assessed differently 
in 2004 and 2015, precluding the use 
of physical activity estimates from the 
survey itself for comparison purposes. 
In the absence of comparable physical 
activity levels, a fixed level of  
physical activity is assumed for the 
entire population.28 In this study,  
children younger than 14 years of age 
were assumed to be low active, while 
teenagers aged 14 years or older and 
adults were assumed to be sedentary. 
These levels are consistent with what was 
observed in directly measured physical 
activity among children11 and adults12 
from 2007 to 2015. Sensitivity analyses 
were conducted assuming all groups 
were either sedentary or low active.

Misreporting
Since neither true energy intake nor 
biomarkers for true energy intake are 
available in the CCHS – Nutrition, 
it is reasonable to use predicted TEE  
to characterize misreporting and  
identify under-reporters, plausible 
reporters and over-reporter.17 To do so, 
thresholds must be established to create a 
confidence interval for the ratio of energy 

intake to energy requirement. Goldberg18 
suggested the original method, which 
Black29 and McCrory19,28 further modi-
fied. The latest technique was previously 
used with the 2004 CCHS – Nutrition.21 

To estimate the thresholds, a stan-
dard deviation (SD) is required that 
accounts for the coefficients of variation 
of multiple components according to the 
following formula: 
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Table 2
Energy intake and total energy expenditure (TEE) requirements, household population aged 2 and older, Canada excluding 
territories, 2004 and 2015

Age group 
(years) Sex

Average energy intake (kcal) TEE (kcal)
2004 2015 2004 2015

Mean

95%  
confidence 

interval
Mean

95%  
confidence 

interval
Mean

95% 
confidence 

interval
Mean

95%  
confidence 

interval
from to from to from to from to

Total Both  2,145  2,115  2,175  1,895 *  1,866  1,925  2,113  2,106  2,120  2,114  2,105  2,123 
2 to 3 Both  1,611  1,544  1,677  1,389 *  1,299  1,479  1,289  1,273  1,306  1,278  1,253  1,303 
4 to 8 Both  1,911  1,863  1,958  1,680 *  1,622  1,738  1,592  1,580  1,605  1,578  1,556  1,599 
9 to 13 Male  2,486  2,394  2,578  2,004 *  1,925  2,082  2,267  2,232  2,302  2,206 *  2,160  2,251 

Female  2,055  1,991  2,119  1,890 *  1,814  1,966  1,954  1,935  1,973  1,932  1,903  1,961 
14 to 18 Male  2,940  2,823  3,056  2,428 *  2,308  2,548  2,468  2,440  2,496  2,511  2,463  2,558 

Female  2,071  2,006  2,136  1,798 *  1,698  1,898  1,805  1,790  1,820  1,829  1,802  1,856 
19 to 30 Male  2,791  2,676  2,905  2,486 *  2,333  2,639  2,661  2,636  2,685  2,666  2,614  2,717 

Female  1,952  1,866  2,038  1,652 *  1,557  1,747  2,031  2,010  2,051  2,039  2,008  2,070 
31 to 50 Male  2,522  2,400  2,644  2,232 *  2,134  2,330  2,540  2,517  2,563  2,600 *  2,577  2,623 

Female  1,890  1,814  1,966  1,640 *  1,579  1,702  1,931  1,910  1,952  1,945  1,924  1,965 
51 to 70 Male  2,254  2,175  2,334  2,140  2,053  2,228  2,370  2,348  2,391  2,376  2,352  2,401 

Female  1,722  1,669  1,775  1,590 *  1,536  1,644  1,789  1,774  1,804  1,789  1,773  1,806 
71 and older Male  1,896  1,798  1,995  1,836  1,776  1,897  2,089  2,060  2,118  2,128  2,101  2,154 

Female  1,552  1,495  1,609  1,434 *  1,371  1,496  1,577  1,560  1,595  1,575  1,557  1,592 

* significantly different from 2004 (p<0.05)
Note: TEE is based on height, weight, age, sex and body mass index categories. Physical activity levels are assumed to be low active for respondents aged 13 and younger and sedentary for respon-
dents aged 14 and older.
Sources: Canadian Community Health Survey – Nutrition, 2004 and 2015.
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Bias
In addition to height, weight, age and 
BMI categories, other categories used to 
estimate potential bias among plausible 
reporters included being an immigrant 
or a daily smoker. The highest level of 
education in the household was also 
used based on the categories available in 
2004 (postsecondary diploma) and 2015 
(bachelor’s degree or above bachelor’s 
degree). These variables were previously 
identified21 to be correlated with the  
ratio EI:TEE.  

Statistical analysis
Descriptive statistics were used to 
present estimated energy intake, TEE, 
types of reporters, sources and potential 
bias. Only the first recall was used at 
this stage, since only averages are pre-
sented, and average daily intake is the 
same as average usual intake. Estimates 
were weighted using respondents aged 2 
or older with a specific sample weight, 
accounting for the lower response rate 
among people with measured height and 
weight. Energy intake estimates using 
the full sample were not different than 
energy intake estimates restricting the 
sample to respondents with measured 
height and weight (data not shown). 
The bootstrap method was used to esti-
mate confidence intervals, since it takes 
into account the complex nature of the 
survey. Comparisons were done using 
t-tests. The significance level was set  
at p<0.05.

Results

Estimated energy intake  
and requirements
Table 2 shows that, on average for the 
full sample, estimated energy intake was 
250 kcal lower in 2015 compared with 
2004, while predicted TEE was 1 kcal 
higher in 2015 compared with 2004. 
Differences in estimated energy intake 
ranged between -60 kcal and -512 kcal, 
depending on the age and sex group, with 
2015 estimates always lower than 2004 

energy expenditure. Since only the first 
recall is used in this study, d was set to 1. 
Table 1 shows the SD values estimated 
for the CCHS – Nutrition by dietary 
reference intakes (DRIs), for the entire 
population. For ease of use, a uniform SD 
value of 35% was used for both surveys.

Finally, the confidence interval for the 
ratio is built in the log scale to account 
for the skewness of the estimated 
energy intake distribution. A multiplic-
ative factor can be used with the SD,  
but the factor is set to 1 in this study.  
The resulting interval for the ratio 
EI:TEE is then (0.70, 1.42). Respondents 

are classified based on the percentage of 
their TEE that they reported as energy 
intake: less than 70%, under-reporters; 
between 70% and 142%, plausible repor-
ters; and over 142%, over-reporters.

Sources of estimated energy intake
The CCHS – Nutrition contains food 
categories based on the Bureau of 
Nutritional Sciences (BNS) classifi-
cation. These categories were used to 
estimate sources of energy intake. Basic 
food and recipe ingredients are used 
for this classification, not the recipes 
themselves. Categories are listed in 
Appendix 1.

Table 3
Prevalence of under-reporters, plausible reporters and over-reporters, household 
population aged 2 or older, Canada excluding territories, 2004 and 2015

Age group 
(years) Sex

2004
Under-reporters Plausible reporters Over-reporters

%

95% 
confidence 

interval
%

95% 
confidence 

interval
%

95% 
confidence 

interval
from to from to from to

Total Both  23.2  21.9  24.5  60.2  58.7  61.7  16.6  15.5  17.7 
2 to 3 Both  5.7 E  3.6  8.7  64.2  58.5  69.6  30.1  24.8  36.0 
4 to 8 Both  7.1  5.4  9.2  66.2  62.4  69.8  26.7  23.4  30.3 
9 to 13 Male  17.5  14.5  20.9  62.1  57.9  66.2  20.4  17.1  24.2 

Female  18.4  15.2  22.0  64.8  60.8  68.6  16.8  14.1  19.9 
14 to 18 Male  15.3  12.5  18.5  59.1  54.6  63.5  25.7  21.8  29.9 

Female  14.8  12.3  17.6  60.3  56.2  64.2  24.9  21.5  28.7 
19 to 30 Male  21.4  17.5  25.9  59.4  53.5  65.1  19.2  15.3  23.8 

Female  28.0  23.7  32.8  58.4  53.1  63.4  13.6  10.4  17.6 
31 to 50 Male  28.8  24.2  33.8  55.5  50.6  60.3  15.7  12.5  19.6 

Female  25.2  21.6  29.0  61.5  56.8  65.9  13.4  10.4  17.0 
51 to 70 Male  27.3  23.1  31.8  60.7  56.2  65.0  12.1  9.5  15.3 

Female  25.0  21.9  28.4  61.6  57.6  65.4  13.4  10.7  16.7 
71 and older Male  28.3  23.5  33.7  60.9  55.0  66.4  10.8 E  7.3  15.8 

Female  24.7  21.0  28.8  58.8  53.7  63.7  16.5  12.5  21.4 

2015
Total Both  30.7 *  29.0  32.4  60.1  58.4  61.8  9.2 *  8.4  10.1 
2 to 3 Both  15.6 E*  9.9  23.8  63.8  56.4  70.7  20.5 *  15.3  27.0 
4 to 8 Both  13.6   10.4  17.4  69.5  64.7  73.9  17.0 *  13.6  21.0 
9 to 13 Male  29.2 *  24.5  34.3  60.3  54.9  65.6  10.5 *  7.7  14.1 

Female  22.2  17.9  27.2  64.8  59.0  70.2  13.0  9.3  17.9 
14 to 18 Male  25.0 *  20.3  30.4  62.2  56.0  68.0  12.8 *  9.4  17.2 

Female  28.7 *  23.8  34.1  56.4  50.6  62.1  14.9 *  11.1  19.7 
19 to 30 Male  25.5  19.7  32.3  65.1  57.5  72.0  9.4 E*  6.0  14.5 

Female  38.1 *  30.5  46.2  57.5  49.6  65.1  4.4 E*  2.7  7.0 
31 to 50 Male  34.9  29.9  40.2  58.3  53.1  63.3  6.9 E*  4.8  9.8 

Female  34.5 *  29.9  39.4  59.1  54.2  63.8  6.4 E*  4.6  8.9 
51 to 70 Male  33.4  28.7  38.4  57.2  52.1  62.1  9.4  7.0  12.6 

Female  32.1 *  27.9  36.5  59.2  54.8  63.5  8.7 *  6.8  11.2 
71 and older Male  29.9  25.1  35.2  62.4  56.8  67.8  7.7 E  5.1  11.4 

Female  31.7 *  26.8  37.0  58.9  53.8  63.9  9.4 *  7.0  12.6 

* significantly different from 2004 (p<0.05)
E use with caution (coefficient of variation between 16.6% and 33.3%)
Sources: Canadian Community Health Survey – Nutrition, 2004 and 2015.
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estimates. Significant differences in TEE 
were observed for males aged 9 to 13 
(lower TEE in 2015) and 31 to 50 (higher 
TEE in 2015). These differences are 
mostly explained by the average weight 
being 2.5 kg lower in 2015 for males 
aged 9 to 13 and 3.7 kg higher for males 
aged 31 to 50 (data not shown). 

Misreporting 
Under-reporters, plausible reporters and 
over-reporters were identified using the 
ratio EI:TEE and applying the 0.7 and 
1.42 thresholds. The percentage of plaus-
ible reporters was stable from 2004 to 
2015 (Table 3). However, among age 
and sex groups in 2015, the percentage 

of over-reporters was lower in 11 out of 
14 groups, and the percentage of under- 
reporters was higher in 9 groups 
(Table 3).

Comparing estimated energy intake in 
2004 and 2015
Respondents categorized as under-re-
porters or over-reporters had similar 
estimated energy intake in 2004 and 
2015. In 2015, the estimated energy 
intake for under-reporters was 21 kcal 
lower than in 2004, and 2 out of 14 DRI 
groups had significantly lower estimates 
in 2015 (Table 4). Although the total 
estimated energy intake for over-repor-
ters was significantly lower (181 kcal) in 

2015, only 2 out of 14 DRI groups had 
significantly lower estimates in 2015 
(Table 4).

The difference in estimated energy 
intake was 84 kcal for plausible repor-
ters. Children aged 2 to 13 years, male 
teenagers (aged 14 to 18 years) and 
females aged 19 to 50 years had signifi-
cantly lower estimated energy intake in 
the plausible reporter category (Table 4). 

Sources of energy
Table 5 lists the top caloric sources that 
each contribute to at least 10 kcal of the 
difference in estimated energy intake by 
BNS group. The top sources are based 
on the entire sample and the absolute 

Table 4
Estimated energy intake by category of reporters, household population aged 2 or older, Canada excluding territories,  
2004 and 2015

Age group (years) Sex

2004
Under-reporters Plausible reporters Over-reporters

kcal

95% 
 confidence 

interval
kcal

95% 
 confidence 

interval
kcal

95% 
 confidence 

interval
from to from to from to

Total Both  1,186  1,164  1,207  2,125  2,105  2,145  3,559  3,478  3,640 
2 to 3 Both  723  611  836  1,405  1,365  1,445  2,216  2,123  2,310 
4 to 8 Both  941  890  993  1,699  1,670  1,727  2,692  2,618  2,765 
9 to 13 Male  1,406  1,337  1,474  2,312  2,253  2,371  3,939  3,765  4,113 

Female  1,143  1,085  1,200  1,997  1,958  2,037  3,277  3,166  3,388 
14 to 18 Male  1,386  1,311  1,462  2,639  2,579  2,698  4,555  4,327  4,784 

Female  1,005  963  1,048  1,881  1,838  1,925  3,160  3,052  3,268 
19 to 30 Male  1,471  1,396  1,547  2,679  2,616  2,742  4,605  4,430  4,780 

Female  1,080  1,029  1,131  2,037  1,977  2,097  3,386  3,243  3,529 
31 to 50 Male  1,378  1,314  1,442  2,589  2,513  2,664  4,380  4,114  4,647 

Female  1,039  1,000  1,078  1,941  1,889  1,993  3,257  3,050  3,464 
51 to 70 Male  1,334  1,280  1,387  2,339  2,279  2,398  3,908  3,654  4,163 

Female  943  903  984  1,773  1,741  1,804  2,938  2,834  3,042 
71 and older Male  1,150  1,081  1,219  1,990  1,915  2,065  3,324  3,187  3,462 

Female  898  863  934  1,564  1,529  1,598  2,490  2,387  2,593 

2015
Total Both  1,165  1,141  1,188  2,041 *  2,013  2,069  3,378 *  3,300  3,457 
2 to 3 Both  766  673  859  1,309 *  1,251  1,367  2,112  2,028  2,196 
4 to 8 Both  995  916  1,074  1,597 *  1,560  1,634  2,568  2,466  2,669 
9 to 13 Male  1,248 *  1,186  1,310  2,144 *  2,081  2,208  3,291 *  3,138  3,445 

Female  1,150  1,099  1,202  1,908 *  1,860  1,955  3,066 *  2,892  3,239 
14 to 18 Male  1,411  1,309  1,514  2,439 *  2,366  2,512  4,361  4,003  4,720 

Female  1,008  954  1,062  1,838  1,783  1,893  3,165  2,892  3,438 
19 to 30 Male  1,379  1,266  1,493  2,637  2,476  2,798  4,440  4,134  4,747 

Female  1,105  1,020  1,189  1,873 *  1,789  1,957  3,492  3,204  3,779 
31 to 50 Male  1,379  1,300  1,458  2,517  2,441  2,593  4,144  4,024  4,264 

Female  1,032  981  1,083  1,818 *  1,776  1,859  3,284  3,154  3,414 
51 to 70 Male  1,320  1,267  1,373  2,317  2,251  2,383  3,978  3,738  4,218 

Female  981  940  1,022  1,723  1,683  1,764  2,925  2,738  3,111 
71 and older Male  1,206  1,158  1,254  1,975  1,923  2,028  3,163  2,912  3,415 

Female  848 *  811  884  1,564  1,522  1,606  2,592  2,443  2,741 

* significantly different from 2004 (p<0.05)
Sources: Canadian Community Health Survey – Nutrition, 2004 and 2015.
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value of the difference, representing 
around 75% of all estimated energy 
intake for both years (data not shown). 
For the entire sample, two-thirds of the 
250 kcal difference in estimated energy 
intake is explained by sugar-sweetened 
beverages; pasta, rice, cereal grains 
and flours; meats; and milk. For plaus-
ible reporters, estimated energy intake  
differed very little by BNS group, 
except for sugar-sweetened beverages, 
explaining most of the difference. For the 
smaller sample of over-reporters, differ-
ences were more volatile.

Estimated energy intake from  
sugar-sweetened beverages and milk was 
lower in 2015 than in 2004, regardless 
of the category of reporters. On the con-
trary, estimated energy intake from nuts 
and pastries was higher in 2015 for all 
categories of reporters. 

Bias
Comparisons between the plaus-

ible reporters and the entire population 
are shown in Table 6. Bias is small 
between the plausible reporters and the 
entire population. Body weight and the 
percentage of the population who are 
overweight or obese are lower for plaus-
ible reporters, especially in 2015. Obesity 
prevalence was 3% lower for plausible 
reporters in 2015. 

Discussion
Reported energy intake in 2015 was 
substantially lower than reported energy 
intake in 2004 by 250 kcal on average. 
This decrease cannot be explained by a 
change in predicted total energy expendi-
ture (a difference of 1 kcal, on average) 
because of the lack of change in weight 
and physical activity during that period. 

If misreporting in the CCHS –  
Nutrition was similar in 2004 and 2015, 
the systematic bias for each year would 
cancel itself out, and any differences 
observed between cycles would reflect 
a change in the estimated energy intake 
of the population. This study found that 
misreporting did change from 2004 to 
2015. Compared with 2004, in 2015, the 
proportion of under-reporters was higher 
and the proportion of over-reporters was 
lower. When only the plausible repor-
ters from each survey are considered, 
the difference in estimated energy intake 
is 84 kcal, compared with 250 kcal for 
the entire population. An alternative to  
limiting the analysis to plausible repor-
ters is to adjust the energy intake estimate 
according to reporting status. This is 
similar to age standardization, only 
using reporting status instead. To do 
this, a reporting status distribution must 
be fixed. In this case, it is fixed to 2004. 
Average estimated intake by reporting 
status in 2015 is then multiplied by the 
proportion of under-reporters, plausible 
reporters and over-reporters observed 
in 2004. This would lead to an adjusted 
estimate for reporting status. With this 
approach, the energy intake decrease 
from 2004 to 2015 is 85 kcal, the same as 

was observed when only plausible repor-
ters were considered. 

Detailed analyses of food sources 
were not the main objective of this 
study. However, these analyses pro-
vided insight on the potential effect of 
a change in misreporting between the 
2004 CCHS – Nutrition and the 2015 
CCHS – Nutrition. For example, they 
highlight the observation that, no matter 
the category of respondents, estimated 
energy intake from beverages was lower 
in 2015 and estimated energy intake from 
pastries and nuts was higher in 2015.  
For many other sources, such as meat, 
sugars and oil, the decrease in estimated 
energy intake results from the decrease in 
the category of over-reporters.

Few studies have been published on 
the change in misreporting between time 
points of nutrition surveys. Archer22 
showed that in the United States, 
under-reporting also increased from 
1999 to 2010, but to a lesser extent 
than in Canada. Some assumptions 
of this analysis have been criticized.31  
In Australia, under-reporting increased 
from 1995 to 2011/2012.16 With the 
Goldberg method, the difference in esti-
mated energy intake among respondents 
aged 10 and older was 347 kcal for the 
entire Australian sample, compared 
with 244 kcal for the plausible reporters.  
The reported difference in energy intake 
includes over-reporters and may explain 
why the impact was smaller in Australia. 
By default, potential over-reporters 
were classified as plausible reporters in 
Australia, and it is not possible to know 
whether the change in under-reporters 
is a change from plausible repor-
ters or over-reporters. In Canada, the  
proportions of both under-reporters and 
over-reporters changed between surveys.

Limitations
Many assumptions were made 
in this study that could affect the  
estimated change in energy intake. 
Physical activity was assumed to be the 
same from 2004 to 2015 and among 
all respondents of a given age group. 
Therefore, the variability in physical 

What is already known 
on this subject?

 ■ Initial estimates show a 250 kcal 
decrease in estimated energy intake  
in 2015 compared with 2004.

 ■ Self-reported dietary intake is subject to 
misreporting and can vary through time.

 ■ Other differences in the database  
used to derive the nutritional profile  
or options given to provide food recalls 
can affect the difference in estimated 
energy intake.

What does this study 
add?

 ■ The proportion of plausible reporters 
did not change from 2004 to 2015; 
however, there are more under-
reporters and fewer over-reporters  
in 2015.

 ■ Estimated energy intake decreased  
by 84 kcal for plausible reporters. 

 ■ The decrease in estimated energy 
intake is mainly explained by a 
decrease in energy intake from  
sugar-sweetened beverages and milk.
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activity cannot be taken into account. 
Assuming the entire population is low 
active or sedentary would change misre-
porting for a given year, but would not 
affect assessments of the change in mis-
reporting between two time points (data 
not shown).

Although a different CNF was used in 
each CCHS – Nutrition, it was assumed 
in this analysis that this difference had  
no impact. However, changes to the 
CNF reflect changes in the food industry, 

recipes and food formulations, as well 
as changes to the way that certain foods 
have been amalgamated. For example, 
energy in Italian dressing has decreased 
threefold from 2004 to 2015. At the same 
time, energy from baking chocolate has 
gone down by 20%. Preliminary analysis 
has shown that this change in food pro-
files did not contribute significantly to 
the observed change in overall estimated 
energy intake (a decrease of 20 kcal for 
the entire population, on average). 

Demographics were taken into 
account when comparing TEE require-
ments. The predictive TEE equations are 
published by the IOM. These equations 
are not necessarily representative of the 
Canadian or U.S. population, but they are 
the best that are currently available. Other 
changes in sociodemographic character-
istics have not been taken into account. 
For example, many immigrants have 
come to Canada in the last 11 years.32 

Table 5
Difference in estimated energy intake by top source of the difference and category of reporters, household population  
aged 2 or older, Canada excluding territories, 2004 and 2015

Top sources of the difference†

Total Under-reporters Plausible reporters Over-reporters

Estimate 
(kcal)

95% 
confidence 

interval Estimate 
(kcal)

95% 
confidence 

interval Estimate 
(kcal)

95% 
confidence 

interval Estimate 
(kcal)

95% 
confidence 

interval
from to from to from to from to

Sugar-sweetened beverages -71 * -78 -64 -30 * -39 -21 -70 * -78 -62 -86 * -114 -57 
Meat -37 * -51 -23 -8 -24  9 -10 -28  8 -71 * -122 -20 
Milk -34 * -40 -27 -12 * -19 -4 -26 * -33 -18 -44 * -68 -20 
Pasta, rice, cereal grains and flours -25 * -37 -13  16 *  2  30 -4 -18  9 -59 * -106 -13 
Sugars -20 * -25 -14 -3 -8  2 -11 * -17 -5 -34 * -57 -12 
Pastries  19 *  10  28  9 -2  20  32 *  20  45  30 -1  61 
Oils -18 * -25 -10  12 *  5  20 -3 -12  6 -46 * -75 -16 
Breakfast cereals -17 * -23 -12  3 -5  10 -12 * -20 -5 -53 * -75 -31 
Soups -13 * -18 -8 -3 -9  3 -5 -12  1 -37 * -54 -19 
Potatoes, fried, roasted, chips -10 * -17 -4  0 -6  6 -8 * -15 -0  1 -32  35 
Cheese -10 * -17 -2 -4 -11  3 -7 -17  3  49 *  16  83 
Nuts  10 *  2  17  11 *  2  19  16 *  6  26  29 -6  63 

*significantly different from 2004
† Based on the list for the entire sample. See Appendix 1 for the list of Bureau of Nutritional Sciences groups included in each category.
Sources: Canadian Community Health Survey – Nutrition, 2004 and 2015.

Table 6
Prevalence estimates of selected characteristics, household population aged 2 or older, restricted and not restricted to plausible 
reporters, Canada excluding territories, 2004 and 2015

2004 2015

Characteristics

All respondents Plausible reporters All respondents Plausible reporters

Estimate

95% 
confidence 

interval
Estimate

95% 
confidence 

interval
Estimate

95% 
confidence 

interval
Estimate

95% 
confidence 

interval
from to from to from to from to

Average age (months)  466  464  468  462  457  468  506  503  509  501  494  508 
Average weight (kg)  69.2  68.7  69.6  68.2  67.5  68.8  71.2  70.6  71.7  69.1  68.2  70.0 
Average height (m)  1.62  1.62  1.62  1.62  1.61  1.62  1.63  1.62  1.63  1.62  1.61  1.62 
Average body mass index (kg/m2)  25.6  25.4  25.7  25.3  25.0  25.5  26.0  25.8  26.2  25.4  25.2  25.6 
Percentage overweight  33.1  31.7  34.5  33.4  31.6  35.3  32.0  30.4  33.7  31.3  29.3  33.5 
Percentage obese  20.5  19.3  21.7  19.0  17.5  20.6  23.9  22.5  25.4  20.9  19.1  22.8 
Highest level of education  
in the household
Postsecondary diploma  70.8  69.4  72.1  71.5  69.8  73.1 .. .. .. .. .. ..
Bachelor's degree .. .. .. .. .. ..  26.6  25.0  28.3  27.0  25.0  29.1 
Above bachelor's degree .. .. .. .. .. ..  13.8  12.6  15.2  14.5  12.8  16.3 
Percentage immigrant  20.2  18.8  21.7  19.8  18.0  21.7  24.1  22.4  26.0  22.4  20.2  24.6 
Percentage daily smoker  17.1  16.0  18.3  15.9  14.5  17.5  11.4  10.2  12.8  11.0  9.5  12.7 

.. not available for a specific reference period
Note: Response categories were different for highest level of education in 2004 and 2015.
Sources: Canadian Community Health Survey – Nutrition, 2004 and 2015.
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Overall, the estimated energy intake of 
recent immigrants was not different from 
that of the rest of the population (data  
not shown).

The analysis of top sources of energy 
intake used the BNS groups at the basic 
food and ingredient level. For example, 
“milk” includes milk as a beverage and 
milk as an ingredient in a cake recipe. 
This first analysis is sufficient to high-
light where further investigation should 
be made to separate certain foods in their 
basic form or in a recipe. The analysis 
of top sources is also influenced by 
some of the changes to the food booklet.  
Changes in the standard reporting options 
in 2015 could have affected the amount 
of beverages consumed.1 For example, 
the 2004 version included four drinking 
glass options. A full glass represented 
a quantity of 148 mL, 311 mL, 325 mL 
and 429 mL. The 2015 version included 
three pictures, representing quantities of 
200 mL, 270 mL and 390 mL. For the 
two biggest options, this represented 

a decrease of 9% (429 mL in 2004 to 
390 mL in 2015) and 16% (325 mL in 
2004 to 270 mL in 2015). A respondent 
consuming the same large glass in 
2004 and 2015 would select the biggest  
option, which would automatically 
assign a smaller amount in 2015. 

Excluding under-reporters and 
over-reporters from the analysis could 
potentially exclude plausible intakes 
of under-eaters or overeaters for that 
specific day. Other techniques adjust 
for reporting status without excluding 
respondents.33,34 However, this particular 
source of bias was minimal in this study 
for both 2004 and 2015.

This particular analysis used only the 
first recall to estimate average energy 
intake. To account for day-to-day vari-
ability, usual intake would have to be 
calculated. Tooze suggested accounting 
for misreporting by adding an indicator 
variable of misreporting to the usual 
intake modelling.34

Conclusion
The objective of this analysis was to 
estimate misreporting change from 2004 
to 2015 and how these changes affect 
the analysis of the data. Misreporting 
did change and does affect analysis of 
the CCHS – Nutrition data, particularly 
when comparisons are made with 2004. 

In the presence of misreporting, and  
in agreement with various other  
sources,15,31,33,34 misreporting should at 
least be acknowledged. A comparable  
category of plausible reporters can 
be used, although with the potential 
of creating a bias. Adjusting for type 
of reporters or for estimated energy 
intake can be done to avoid excluding 
respondents. ■
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Appendix 1
List of Bureau of Nutritional Sciences food groups used as main sources
Main sources Bureau of Nutritional Sciences groups included

Pasta, rice, cereal grains and flours 01 Pasta, rice, cereal grains and flours

Breads 02 White bread, and 03 Whole wheat and other whole grain breads

Pastries 04 Rolls, bagels, pita bread, croutons, dumplings, matzo, tortilla, crackers, crispbreads, muffins, English muffins, pancakes,  
waffles, croissants, pie crusts, phyllo dough and dry mixes (cakes, muffins, pancakes)

Breakfast cereals 05 Whole grain, oats and high fibre breakfast cereals, and 06 Breakfast cereal (other)

Cakes 07 Commercial cookies, commercial biscuits, granola bars, 08 Commercial pies (pop tarts), commercial cakes (frozen cake),  
and commercial danishes, doughnuts and other pastries

Frozen desserts 09 Ice cream, ice milk and frozen yoghurt

Milk 10 Whole, 2%, 1%, skim, evaporated (whole, 2%, skim), condensed, other types of milk (whey, buttermilk), plant-based beverages  
(soy, almond, coconut), goat and sheep

Cream 13 Whipping, table, half & half and sour

Cheese 14 Cheese and cottage cheese

Yoghurts 15 Yoghurts

Eggs 16 Eggs and egg substitutes

Oils 17 Butter, 18 Regular and calorie-reduced tub margarine, 20 Block margarine, 21 Vegetable oils, animal fats, and shortening

Meat 22 Beef, 23 Veal, 24 Lamb, 25 Pork, bacon, ham, 27 Chicken, turkey, other birds, 28 Liver, liver pâté, 29 Offal, 30 Sausage, 
31 Game meat and 32 Luncheon meat

Nuts 33 Nuts, seeds, and peanut butter and other nut spreads

Fish 34 Fish and 35 Shellfish

Vegetables 36 Beans, broccoli, cabbage and kale, cauliflower, carrots, celery, corn, lettuces and leafy greens (spinach, mustard greens, etc.), 
mushrooms, onion, green onions, leeks, garlic, peas and snow peas, red and green peppers, squashes, tomatoes, tomato and 
vegetable juices, and other vegetables (cucumber, immature beans, brussel sprouts, beets, turnips)

Legumes 37 Legumes and foods made with vegetable proteins (tofu)

Potatoes, fried or roasted 38 Potato chips and fried or roasted potatoes

Potatoes 39 Potato

Fruits 40 Citrus (oranges, grapefruits, lemons, etc.), apples, bananas, cherries, grapes and raisins, melons (canteloup, honeydew, 
watermelon), peaches, nectarines, pears, pineapple, plums and prunes, strawberries and other fruits (blueberries, dates, kiwis,  
fruit salads, etc.)

Sugars 41 Sugars (white and brown), jams, jellies and marmalade, other sugars (syrups, molasses, honey, etc.) and sugar substitutes 
(aspartame, dextrose)

Snacks 42 Plain popcorn and pretzels, salty and high-fat snacks (including tortilla chips), 43 Candies, gums, etc., popsicles, sherbert and 
commercial jello, dessert toppings and pudding mixes, and 44 Chocolate bars

Sugar-sweetened beverages 45 Fruit juice, 46 Regular and aspartame soft drinks, fruit drinks and other beverages (malted milk, chocolate beverage, energy 
drink, vitamin water, sports drink)

Alcoholic beverages 47 Spirits and liqueurs, 48 Wine, 49 Beer and coolers

Soups 50 Soups with and without vegetables, gravies, sauces (white, bearnaise, soya, tartar, ketchup, etc.), salad dressings (with  
or without oil) and seasonings (salt, vinegar, etc.)

Tea, coffee 51A Tea (including iced tea), 51B Coffee

Water 51C Water (well and mineral)

Other 52 Babyfood products and infant formula, 53 Spices and others (baking soda, baking powder, yeast, etc.), energy bars, protein bars 
and shakes, meal replacements and Mexican recipes
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