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Abstract

Objectives: To examine the associations of adiposity, dietary restraint and other
personal characteristics with energy reporting quality.
Design/subjects: Secondary analysis of 230 women and 158 men from the 1997/98
Ontario Food Survey.
Methods: Energy reporting quality was estimated by ratios of energy intake (EI) to
both basal metabolic rate (BMR) and total energy expenditure (TEE). Multivariate
regression analyses were conducted to examine energy reporting quality between
two dietary recalls and in relation to body mass index (BMI) with adjustment for
potential confounders. Energy reporting quality was explored across categories of
age, BMI, income, education, dieting status and food insecurity through analysis of
variance (ANOVA).
Results: From the ANOVA, energy reporting quality was associated with BMI group,
age category and weight loss for men and women, as well as with education among
women (P , 0.05). The multivariate regression analyses indicated that energy
reporting quality was positively associated with education and inversely associated
with obesity and dieting. No associations were observed in relation to food insecurity
or income (P . 0.05). EI:BMR and EI:TEE on the first and second 24-hour recalls were
positively related (P , 0.0001 for men and women). A higher proportion of variance
in energy reporting quality was explained for women than for men (R 2 ¼ 0.19 and
0.14, respectively).
Conclusions: Studies of diet and adiposity are probably hindered to some extent by
BMI-related variation in energy reporting quality. Methods to address this issue are
urgently needed if population surveys will continue to serve as the primary source of
dietary intake data.
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Population health interventions to address the high

prevalence of overweight and obesity require information

about the association between dietary habits and weight

status. However, error in self-reported dietary intake data

has been observed in many populations1–10, and greater

under-reporting has been noted among women1,2,6, those

with higher weight or body mass index (BMI)1–10 and

those who have reported some indication of weight loss

effort2,5,7. As such, studies of diet and adiposity are

complicated by not only the increased risk of under-

reporting among those with greater adiposity, but also the

potential for unusual dietary habits at the time of the

survey such as deliberate weight loss effort or restricted

intake due to food insecurity. The increased prevalence of

under-reporting among overweight or obese individuals

may simply be a marker of reduced energy intake (EI)

among those trying to lose weight, but this is unclear from

the existing research3,5,6. A clearer identification of factors

that are associated with the quality of dietary reporting

may be obtained by clarifying the independent contri-

butions of weight loss effort and adiposity.

Under-reporters can be identified with a high level of

accuracy using biomarkers such as doubly labelled water

(DLW) or urinary nitrogen excretion11,12. However,

because these methods are costly and place a burden on

the participants, they are impractical for the validation of EI

in large population studies. Energy under-reporters have

therefore typically been identified through comparisons of

reported EI with basal metabolic rate (BMR), a value

estimated from height, weight and age category13. In

previous research, participants were often identified as

under-reporters or non-under-reporters based on their

EI:BMR values in relation to specific cut-offs established by

Goldberg2,4,5,10,14. With information about a population’s
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physical activity level, the Goldberg cut-off can be used to

evaluate the mean population bias in reported EI.

However, this approach has limited sensitivity for identify-

ing under-reporters at the individual level, and the

application of a single cut-off point can result in gender-

and age-specific biases12,15. In addition, energy reporting

quality is consistent over several data collection periods6,16,

indicating that the error introduced by under-reporting

cannot be diminished with increased days of intake data.

The 2005 Dietary Reference Intakes (DRIs) for energy

include equations for estimating energy expenditure

based on DLW studies of people with a wide range of

age, weight and physical activity levels17. In contrast to the

BMR, these equations provide an estimate of total energy

expenditure based on height, weight and age, as well as a

measure of physical activity. Furthermore, the DRI

equations are specific to BMI groups17. These equations

were not developed specifically for evaluating dietary

reports in population surveys; however, a comparison of

reported EI with estimated energy expenditure can serve

as an indicator of dietary reporting quality.

The primary goal of the present analysis was to examine

adiposity, weight loss effort and other personal character-

istics in relation to energy reporting quality, measured by

the ratios of reported EI to the conventional BMR and the

new DRI estimates of total energy expenditure17. Lower

ratios are more likely than higher ratios to be indicative of

energy under-reporting. A secondary objective of the

present analysis was to examine the consistency of energy

reporting quality across two dietary recalls within

individuals. The Ontario Food Survey (OFS) provided

the opportunity to conduct such analyses, as there was a

high proportion of overweight and obese participants, and

data on several measures related to adiposity and energy

reporting quality were available.

Methods

Sampling and recruitment

The OFS was conducted between June 1997 and

September 1998. A full description of the survey method

has been published previously18. Participants were drawn

from the Ontario Health Insurance Program (OHIP)

database using a stratified multistage probability design,

and were contacted by letter and follow-up phone call.

The participants were randomly assigned to different days

of the week to allow for systematic day of the week

variations in dietary intake, and were interviewed in their

homes. Data were collected from 707 women and 480

men. The second dietary recall was collected at least 8

days later from a subset of the sample, and was conducted

on a different day of the week. The present analysis

includes only the 230 women and 158 men who

completed two dietary recalls. The study protocol was

approved by the Ethics Research Board at the University of

Toronto.

Anthropometrics

Participants were weighed to the nearest 0.5 kg on a

calibrated mechanical dial scale, and height was measured

with a measuring tape to the nearest 0.1 cm. Height and

weight measurements were obtained from 73% of men

and 78% of women in the present analyses, with 27 and

22% of men and women, respectively, self-reporting one

or both of height and weight values. BMI was defined as

weight (kg)/[height (m)]2.

Demographic and lifestyle characteristics

An interviewer-administered questionnaire was used to

collect data on participant’s age, education and household

income. Behaviours related to weight, the nature of

occupational physical activity and the frequency and

duration of vigorous leisure-time physical activity (LTPA)

were addressed in a lifestyle questionnaire. Participants

were asked if they were trying to lose, gain or maintain

their current weight. Those who indicated that they were

trying to lose weight were asked to identify from a list the

methods they were using to achieve their weight loss.

Participants were also asked four questions about their

household food security over the past 12 months19.

Individuals who gave an affirmative response to at least

one question were considered to be in food-insecure

households.

Energy intake measurement

Dietary intake data were collected in person with a

standardised multiple-pass 24-hour recall. Portion size

models, bowls, thickness indicators and measuring tapes

were used to improve reporting accuracy. The interviewer

recorded a list of all foods and beverages reported, probed

this list for descriptive details and for other forgotten items,

and reviewed the details of the 24-hour recall data with the

participant. Data from the 24-hour recalls were coded and

analysed by the Nutrition Research Division in the Food

Directorate in Health Canada using the in-house Nutrition

Survey System (NSS) software.

Measurement of energy reporting quality

The quality of self-reported EIs was first evaluated through

a comparison of reported average EI with estimates of

BMR (EI:BMR)13 and then with the estimated energy

requirements (EERs)17. Data on the frequency and

duration of physical activity throughout the day were

required for the EER equations. Because limited data were

available on occupational physical activity, the classifi-

cation of participants’ activity levels was based on LTPA.

Up to four levels of activity can be identified with the EER

equations; however, with the OFS data only two levels of

physical activity could be distinguished. Participants who

reported 30min or more of LTPA daily were classified as

‘low active’, otherwise they were considered sedentary.

Consistent with the DRI report, the equations for

overweight and obese individuals are referred to as
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measures of total energy expenditure (TEE) for weight

maintenance instead of EERs17. For consistency across the

sample, the term TEE is applied to all participants

throughout the present analyses. As suggested in the

introduction, the application of cut-off points to identify

under-reporters and non-under-reporters has limitations;

therefore, in the present analyses, energy reporting quality

has been examined as a continuous measure.

Statistical analyses

Statistical analyses were performed with SAS (version 9.1,

2003; SAS Institute Inc.). Interrelationships among the

variables under study were tested using x2 analyses.

Energy reporting quality from the first 24-hour recall was

regressed onto energy reporting quality from the second

24-hour recall in order to examine the within-person

variation in energy reporting quality.

Analysis of variance (ANOVA) was used to test

differences in energy reporting quality across categories

of age, income, education, weight loss status and food

insecurity. In order to meet the ANOVA requirement of a

normally distributed dependent variable, EI:BMR and

EI:TEE values were transformed using the Box–Cox

method, in which maximum likelihood estimates are used

to determine the optimal power transformation. For

variables with more than two levels, comparisons of least

square means with a Bonferroni correction for multiple

comparisons were conducted to identify which groups

were significantly different from each other.

Multivariate linear regression analyses were conducted

in order to identify variables that were independently

associated with energy reporting quality. The calculation

of BMI from self-reported height and weight values tends

to produce erroneously low BMI values20–24; therefore, a

dichotomous variable for measured versus self-reported

was also included in the adjusted models. The linear

regression analyses were repeated excluding participants

who had indicated they were attempting to lose weight at

the time of the survey to examine how the expressed

intention to lose weight may have affected observed

associations with the ratios of reported EI:BMR and

EI:TEE.

R 2 statistics are presented as an indicator of the amount

of total variance in energy reporting quality that has been

accounted for by variables in the models.

Results

Interrelationships among variables

Sample characteristics are presented in Table 1. Twenty-

six per cent of men in the sample were obese and 29%

were healthy weight, whereas among women, 31% were

obese and 40% were of healthy weight. Thirty-seven

per cent of men and 46% of women indicated that they

were attempting to lose weight. Six per cent of men and

18% of women responded affirmatively to at least one

question regarding food insecurity.

x2 analyses revealed that for men and women the

proportion of participants reporting weight loss effort was

greater among those identified as overweight or obese

than those of healthy weight (P , 0.0001 for men and

women, data not shown). Education level and BMI

classification were associated among women (P , 0.05):

13% of healthy weight women had less than a high school

education compared with 28% of obese women, and 21%

of healthy weight women had completed university

compared with 10% of obese women. Education level and

BMI were not associated among men (P . 0.05). The

proportion of women reporting weight loss effort differed

across education levels (P , 0.05); however, weight loss

effort did not increase or decrease in a linear fashion with

education level. BMI group was not associated with food

insecurity or income for men or women (P . 0.05).

Energy reporting quality

Linear regression analyses indicated that energy reporting

quality on the first 24-hour recall was a significant

predictor of energy reporting quality on the second 24-

hour recall, measured by either EI:BMR or EI:TEE

(P , 0.0001 for men and women). However, it accounted

for only a limited amount of variance in energy reporting

quality on the second day (EI:BMR, R 2 0.14 for men, 0.25

for women; EI:TEE, R 2 0.12 for men, 0.23 for women).

Table 1 Distribution of personal characteristics among the
Ontario Food Survey participants

Men, n (%) Women, n (%)

Age (years)
18– 34 25 (16) 62 (27)
35–49 41 (26) 65 (28)
50–64 49 (31) 59 (26)
65–75 43 (27) 44 (19)

Income
Very low income 16 (11) 38 (21)
Low income 25 (18) 61 (34)
Middle income 39 (28) 34 (19)
High income 60 (43) 46 (26)

Education
Less than high school 33 (21) 52 (23)
High school 33 (21) 58 (25)
Some post-secondary 57 (36) 88 (38)
Graduated university 35 (22) 31 (14)

Weight loss effort
No 98 (62) 120 (52)
Yes 60 (38) 110 (48)

Food insecurity
No 149 (94) 188 (82)
Yes 9 (6) 42 (18)

BMI groups*
Healthy weight 41 (26) 93 (40)
Overweight 71 (45) 66 (29)
Obese 46 (29) 71 (31)

BMI – body mass index.
* BMI group cut-offs (kg m22): healthy weight, BMI 18.5–24.9; overweight,
25–29.9; obese, .30.
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EI:BMR was associated with age category for men and

women (Table 2). EI:BMR was lower among men who

reported weight loss effort compared with those who did

not, and mean EI:BMR values decreased as BMI category

increased from healthy weight to obese (Table 2). Among

women, EI:BMR values increased with education level,

were lower among women reporting weight loss effort

and decreased as BMI categories increased (Table 2).

When the quality of energy reporting was measured by

EI:TEE as opposed to EI:BMR, the only difference that

emerged was that EI:TEE was significantly lower among

women who reported food insecurity than those who did

not (Table 2). Neither EI:BMR nor EI:TEE was associated

with income for men or women (data not shown).

From the linear regression analyses of men, EI:BMR and

EI:TEE were inversely associated with obesity and dieting,

and positively associated with education (Table 3). Among

women, EI:BMR was inversely associated with over-

weight, obesity and age; a positive association was

detected for education (Table 3). Similarly, EI:TEE was

positively associated with education and inversely

associated with obesity and dieting; the inverse association

between overweight and EI:TEE approached significance

(Table 3). Neither food insecurity nor the nature of height

and weight measurement (measured or self-reported) was

associated with EI:BMR or EI:TEE among men or women

(Table 3). The R 2 statistic indicated that a greater

proportion of variance in energy reporting quality was

explained by the multivariate EI:BMR model relative to the

EI:TEE model for men and women, with 14 and 19% of the

EI:BMR variance explained by all of the variables in the

model (Table 3).

Upon exclusion of adults who reported weight loss

efforts, EI:BMR and EI:TEE remained positively associated

with education for women and negatively associated with

obesity for men (Table 4). However, EI:BMR and EI:TEE

were no longer associated with education for men, or with

obesity for women; marginal associations with overweight

were observed for EI:BMR among women (Table 4).

Again, the R 2 values were greater for the EI:BMR models

than for EI:TEE (Table 4), but were lower than in the

previous set of linear regressions.

Discussion

Despite the differences in the calculation of BMR and TEE,

both approaches to measuring energy reporting quality

yielded robust associations with education, weight loss

effort and BMI classification in the present analyses. These

findings are in accord with another study in which weight

loss effort was significantly associated with under-

reporting independent of BMI5, and with other studies in

Table 2 Personal characteristics associated with energy reporting quality among men and women*

Men Women

EI:BMR (n ¼ 158) EI:TEE (n ¼ 156)† EI:BMR (n ¼ 230) EI:TEE (n ¼ 230)
n Mean ^ SD Mean ^ SD n Mean ^ SD Mean ^ SD

Age (years)
18–34 25 1.31 ^ 0.30 0.92 ^ 0.20 62 1.38 ^ 0.46a,b 0.99 ^ 0.32a

35–49 41 1.42 ^ 0.35a 1.02 ^ 0.25a,b 65 1.13 ^ 0.40a 0.83 ^ 0.29a

50–64 49 1.16 ^ 0.33a 0.86 ^ 0.24a 59 1.15 ^ 0.35b 0.87 ^ 0.26
65–75 43 1.23 ^ 0.32 0.88 ^ 0.23b 44 1.18 ^ 0.34 0.88 ^ 0.24
P-value 0.002 0.009 0.001 0.014

Education
Less than high school 33 1.18 ^ 0.31 0.85 ^ 0.22 52 1.02 ^ 0.31a,b 0.76 ^ 0.23a,b

High school 33 1.30 ^ 0.36 0.93 ^ 0.25 58 1.16 ^ 0.36 0.84 ^ 0.26
Some post-secondary 57 1.29 ^ 0.35 0.92 ^ 0.25 88 1.32 ^ 0.44b 0.97 ^ 0.30b

University 35 1.31 ^ 0.33 0.95 ^ 0.23 31 1.33 ^ 0.39a 0.98 ^ 0.28a

P-value NS NS , 0.0001 , 0.0001
Weight loss effort‡

No 98 1.34 ^ 0.34 0.96 ^ 0.24 120 1.31 ^ 0.42 0.96 ^ 0.29
Yes 60 1.16 ^ 0.31 0.84 ^ 0.22 110 1.11 ^ 0.36 0.82 ^ 0.26
P-value 0.002 0.0007 0.0001 0.0003

Food insecure
No 149 1.27 ^ 0.34 0.91 ^ 0.24 188 1.23 ^ 0.39 0.91 ^ 0.28
Yes 9 1.29 ^ 0.36 0.94 ^ 0.25 42 1.13 ^ 0.47 0.81 ^ 0.33
P-value NS NS NS 0.031

BMI
Healthy weight 41 1.41 ^ 0.30a 1.00 ^ 0.20a 93 1.37 ^ 0.37a 0.99 ^ 0.27a

Overweight 71 1.29 ^ 0.34b 0.93 ^ 0.24 66 1.15 ^ 0.31 0.86 ^ 0.23
Obese 46 1.11 ^ 0.32a,b 0.82 ^ 0.23a 71 1.07 ^ 0.45a 0.79 ^ 0.33a

P-value , 0.0001 0.0007 , 0.0001 , 0.0001
Adjusted P-value§ 0.002 0.011 0.001 0.004

EI – energy intake; BMR – basic metabolic rate; TEE – total energy expenditure; SD – standard deviation; BMI – body mass index; NS – not significant.
*P-values are the significance probability associated with the F-value; means with the same superscript letter are different (P , 0.05)
† TEE not calculated for two men due to missing data on leisure-time physical activity.
‡ Participant indicated use of dietary change, pills, exercise, etc. for weight loss.
§ Adjusted for age, education, expressed intention to lose weight, food insecurity and BMI measurement type (measured or self-reported).
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which adiposity was associated with under-reporting1–10.

Among OFS participants, there was evidence of higher

EI:BMR and EI:TEE among those with higher levels of

education, independent of BMI classification and weight

loss effort. In some studies, lower levels of education have

been associated with greater under-reporting among

women1,2,6 and men2, but many authors have found no

association between education and energy reporting

quality among women3,25 or men1,3,6. The inconsistency

of these findings may be due to variation in the dietary

data collection methods and EI:BMR cut-off points for

identifying under-reporters or to differences between the

populations under study.

By conducting the linear regression analyses without

the adults who were attempting to lose weight, we

confirmed that some of the patterns of energy reporting

quality observed in the full sample could not be accounted

for by reported intention to lose weight. Other studies

have chosen to remove participants who were dieting as

their reported EI could be expected to be relatively

low6,26. However, even after the removal of adults who

were trying to lose weight, energy reporting quality

remained inversely associated with obesity for men and

positively associated with education for women despite a

considerable decrease in sample size.

The high prevalence of weight loss effort within the OFS

sample raises the question of whether reported intention

to lose weight resulted in restricted EI or was merely a

function of a desire for social approval. Two studies from

the USA found that social approval scores were positively

Table 3 Multivariate regression analyses of energy reporting quality by gender

EI:BMR EI:TEE

Parameter
estimate SE P-value

Adjusted
model R 2

Parameter
estimate SE P-value

Adjusted
model R 2

Men (n ¼ 158) 0.14 0.13
Overweight 20.092 0.064 NS 20.045 0.046 NS
Obese 20.237 0.073 0.001 20.134 0.051 0.010
Age category 20.035 0.025 NS 20.018 0.018 NS
Dieting 20.129 0.056 0.024 20.108 0.040 0.008
Education 0.058 0.025 0.021 0.046 0.018 0.010
Food insecure 20.008 0.113 NS 0.019 0.080 NS
Measured data for BMI* 0.082 0.058 NS 0.058 0.041 NS

Women (n ¼ 230) 0.19 0.16
Overweight 20.131 0.061 0.033 20.076 0.044 NS
Obese 20.205 0.062 0.001 20.132 0.045 0.004
Age category 20.064 0.024 0.008 20.030 0.018 NS
Dieting 20.124 0.053 0.019 20.081 0.038 0.035
Education 0.078 0.026 0.003 0.059 0.019 0.002
Food insecure 20.075 0.059 NS 20.061 0.050 NS
Measured data for BMI* 0.083 0.066 NS 20.070 0.043 NS

EI – energy intake; BMR – basic metabolic rate; TEE – total energy expenditure; SE – standard error; BMI – body mass index; NS – not significant
(P . 0.05).
* Compared with self-reported data for BMI.

Table 4 Multivariate regression analyses of energy reporting quality by gender among adults not indicating weight loss effort

EI:BMR EI:TEE

Parameter
estimate SE P-value

Adjusted
model R 2

Parameter
estimate SE P-value

Adjusted
model R 2

Men (n ¼ 98) 0.09 0.06
Overweight 20.116 0.075 NS 20.054 0.053 NS
Obese 20.276 0.093 0.004 20.161 0.066 0.017
Age category 20.030 0.031 NS 20.011 0.023 NS
Education 0.040 0.032 NS 0.031 0.022 NS
Food insecure 0.130 0.169 NS 0.112 0.120 NS
Measured data for BMI* 0.147 0.075 0.052 0.107 0.054 0.050

Women (n ¼ 119) 0.15 0.11
Overweight 20.162 0.085 0.058 20.097 0.061 NS
Obese 20.071 0.098 NS 20.053 0.071 NS
Age category 20.085 0.033 0.013 20.040 0.024 NS
Education 0.090 0.037 0.017 0.062 0.027 0.025
Food insecure 20.136 0.108 NS 20.116 0.078 NS
Measured data for BMI* 0.056 0.085 NS 0.049 0.061 NS

EI – energy intake; BMR – basic metabolic rate; TEE – total energy expenditure; SE – standard error; BMI – body mass index; NS – not significant
(P . 0.05).
* Compared with self-reported data for BMI.
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associated with dietary under-reporting for men and

women27,28; the same trend was observed in another study

of women, but only among those with college education

or greater29. However, energy under-reporting and

restricted EI are not necessarily mutually exclusive

practices. Some evidence of concurrent energy restriction

and under-reporting comes from a longitudinal study of

Australian young women in which under-reporters lost

weight over time but not as much as expected based on

their reported EI. However, height and weight data were

self-reported in this study, and there were no data on

weight loss intention. In order to understand energy

under-reporting and restricted dietary intake better,

longitudinal studies that include measures of weight loss

intention, dietary intake and weight status are required.

Regardless of whether lower EI is genuine or a function of

reporting error, dietary records that are not representative

of usual dietary habit present a problem for researchers

who are attempting to identify relationships between

dietary patterns and health status.

The proportion of women reporting weight loss effort

was similar among those with relatively low and high

education levels, therefore this cannot account for the low

EI:BMR values among women with the lowest education

level. Another potential explanation is that the dietary data

collection method was particularly effective for women

with higher education. A prior study found that higher

literacy scores were associated with higher reported EIs;

the author suggested that the skills of reading and writing

might be related to the use of language30. If higher literacy

is associated with higher levels of education, the women

with more education in the OFS may have had an

advanced ability to communicate their intake. Further-

more, all of the OFS interviewers were highly educated

women, having completed either university or a pro-

fessional nursing programme. It is possible that the

interviewers may have established a better rapport with

those for whom they had the most in common (i.e. highly

educated women) and thus obtained a more thorough

dietary recall from these participants. Consideration of the

demographics of the interviewers in relation to partici-

pants, as well as ensuring that dietary recalls are

appropriate for participants across the spectrum of

education levels, may improve the quality of dietary

reports among those of lower education.

The present analyses were limited by the measure of

physical activity in the OFS. The questions were not

designed to measure total activity throughout the day, and

the nature of the questions regarding occupational activity

lacked thenecessarydetail to identify participants as having

anything other than a relatively sedentary level of

occupational activity. As such, overall physical activity

may have been underestimated, resulting in relatively

higher ratios of EI to BMR and TEE. Furthermore, only two

levels of physical activity could be discerned from the

available data; the crudeness of this approach may have

contributed to the similarity between EI:BMR and EI:TEE

values. Food insecurity was not associated with energy

reporting quality in the OFS. This was counter to the

expectation that individuals fromhouseholds experiencing

food insecuritymight report a lower than expected EI. Also,

food insecurity in some populations was associated with

increased risk of obesity31–33, and obesity has been

associated with energy reporting quality2–5,7–10. However,

the use of a household-level measure of food insecurity

over the past year may have impeded our ability to observe

associations with individual-level energy reporting quality

over 2 days. Furthermore, the food insecure categorisation

in the present analyses included subjects who had reported

relatively ‘mild’ household food insecurity. Therefore, it is

possible that there were insufficient participants with food

insecurity severe enough to be mistaken for poor energy

reporting quality.

In addition to considering energy reporting quality in

relation to a broad spectrum of factors separately for men

and women, to our knowledge this is the first time that the

DRI TEE equations have been applied for the study of

under-reporting in a population survey. The method

appears to yield results comparable with the traditional

EI:BMR approach, though it is not known if this similarity

would persist in the presence of more detailed data on

physical activity.

It is preferable to improve data quality at the collection

point rather than remove suspect reports or otherwise

modify the data set. The present analyses suggest that the

energy reports of highest quality come from adults with

lower BMI, women with higher education or women

who reported no current attempt to lose weight;

however, the advancement of health research would be

stunted if it were restricted to these groups alone.

The substantial and ever-increasing body of evidence

regarding the patterns of variation in energy reporting

quality across population subgroups highlights the need

for the development of methods to address this issue, and

a reminder of the caution required when interpreting

existing nutrition data.
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