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Abstract
Objective: The aims of the present study were (1) to evaluate the degree to which
underreporting of energy intake by repeated 24-hour recalls was related to gender,
age, weight status, day of interview, educational level, smoking habits and area of
living, and (2) to compare the dietary characteristics of underreporters with those of
others.
Design: Cross-sectional study. Ten 24-hour recalls were performed during a one-year
period.
Setting: The VaÈsterbotten intervention programme of cardiovascular disease and
diabetes in Northern Sweden.
Subjects: Ninety-four men and 99 women in four age groups: 30, 40, 50 and 60 years.
Results: The prevalence of men and women with a food intake level (FIL; reported
energy intake divided by estimated basal metabolic rate) below 1.2 was 44% and
47%, respectively. The youngest age group had higher FIL values than the oldest age
group for both men (1.5 versus 1.1) and women (1.4 versus 1.1). The prevalence and
magnitude of underreporting were directly related to body mass index (BMI;
correlation coefficient: 20.47 (men) and 20.55 (women)). Smokers had a lower FIL
value (1.1) than non-smokers (1.3). The nutrient density was lower for the group
with high FIL values for protein and calcium and higher for fat and sucrose. The
upper FIL group often had higher intake frequencies and larger portion sizes than
the lower FIL group.
Conclusions: Underreporting of energy intake is prevalent when 24-hour recalls are
used, but the prevalence differs between sub-groups in the population. BMI was the
main predictor of underreporting but also old age and smoking seem to contribute in
this aspect. Socially desirable food items were not underreported to the same extent
as socially undesirable food items. The intake frequencies and portion sizes partly
explained the differences in FIL.
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Underreporting of food intake is a commonly documen-

ted problem, which can seriously distort the interpretation

of results from dietary surveys1±8. Many factors, such as

physiological factors (for instance age and body weight3±8)

and psychological factors (such as concern about diet and

body weight9±13, social desirability and inter-personal

distrust14,15), may affect the ability and willingness to

report various foods. A differential underreporting of

various food items in relation to the total food intake

makes the interpretation of epidemiological studies of

diet and health complicated, and unevenly biased

reporting within the population disturbs identification of

the dietary influence on health and disease16. Several

publications indicate lifestyle factors to be associated with

dietary habits, such as smokers having different eating

habits from non-smokers8,17±20. However, besides the

described relation between obesity and systematic under-

reporting21, limited knowledge exists on how or if
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lifestyle factors bias reporting of food intake, such as

whether smokers and non-smokers report food intake in

the same manner. A more thorough knowledge on factors

biasing food recording would be a step towards improv-

ing instruments for dietary assessment and possibly the

design of studies evaluating diet±disease relationships.

Black et al. categorised underreporting by dietary

assessment method and found that 64%, 88% and 25%

of the results fell below an acceptable cut-off value using

diet records, diet recall and diet history, respectively22.

These data indicate that dietary assessment methods have

a strong bias towards underestimation of habitual dietary

intake and this is especially true for diet recall, where nine

out of 10 surveys were not plausible.

The aims of the present study were to evaluate the

prevalence of underreporting of energy intake in a

Northern Swedish population, and to compare the dietary

characteristics of underreporters and others.

Material and methods

Subjects

For the present study a sub-sample of the individuals

attending the VaÈsterbotten County Cardio Vascular

Disease (CVD) Study23 in 1992 was randomly selected.

A request to participate in the study, along with a

description of the study and the names of the inter-

viewers, was mailed to the selected men and women. A

few days later they were called by one of the interviewers

and participation confirmed. In total, 246 individuals were

invited to participate but 43 declined due to lack of time

for the interviews. Eight people did not complete the

dietary interviews and two lacked information on body

weight. Thus, 94 men and 99 women, equally distributed

over the ages of 30, 40, 50 and 60 years, were included

(Table 1). The participants were recruited in equal

proportions from the coastal (urban, i.e. UmeaÊ) and the

inland/mountain (rural) areas of VaÈsterbotten County. All

participants had been screened for height and weight and

CVD risk factors, such as total cholesterol, blood pressure,

obesity and blood glucose, within the VaÈsterbotten CVD

Study.

The study was approved by the Ethics Committee for

Human Experiments at UmeaÊ University.

Repeated 24-hour recalls

Full size illustrations24 (produced by the National Food

Administration, Uppsala, Sweden), including five options

for portions of food on a plate, five options for spread on

a knife, and a set of schematic drawings �n � 38�; were

used to indicate thickness and sizes of various types of

food item. These illustrations were referred to during the

interviews as a support to estimate the amounts eaten.

Household measures were used for food items not

included in the handout. Each respondent was inter-

viewed over the telephone about their intake of food,T
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beverages and supplements during the preceding day on

10 unannounced occasions. On average each interview

lasted 15±20 minutes. The 10 interviews were equally

spread over the year (January 1993 to January 1994) and

all weekdays were represented. Local food traditions exist

in the study area and therefore careful efforts were made

to describe recipes and cooking style. Two of the

interviewers, a nutritionist and a dietician, who worked

closely together, coded the 24-hour recalls. Energy and

nutrient intake was calculated using the software MAT's

(Rudans LaÈttdata, Sweden) and the database from the

National Food Administration25. Frequencies of intakes of

single food items as well as recorded portion sizes were

extracted from MAT's based on food item or food group

codes.

Assessment of lifestyle variables

Data on gender, age, area of living and lifestyle variables

were obtained within the framework of the VaÈsterbotten

CVD Study23. The respondents answered a questionnaire

including questions on smoking habits, educational level

and physical activity. The participants were classified into

a low or high educational level (less than 10 years in

school and 10 years or more, respectively).

Evaluation of underreporting

Underreporting was based on an evaluation of food

intake level (FIL)2, which is reported energy intake

divided by predicted basal metabolic rate (EI/BMR), in

relation to a plausible physical activity level (PAL)26,

which is the ratio of energy expenditure divided by

predicted basal metabolic rate (EE/BMR). BMR was

predicted from equations based on age, sex and body

weight27. PAL and FIL should be of the same value, if

there is a true energy intake, given that the estimation of

the energy expenditure is right. The FIL cut-off level

chosen in this study was 1.2, which corresponds to a PAL

for a chair-bound or bed-bound person (survival limit)28.

The other FIL cut-off level used was 1.35. This is the

former Goldberg cut-off 1 level29, which is no longer

recommended30. However, in the absence of good

estimates of energy expenditure, this arbitrary value is

used. It is still true that PAL � 1:35 is the mean value of

people staying in calorimeters and reflects a PAL value of

an extremely sedentary lifestyle29.

The difference in intake frequencies was calculated as

follows: number of intakes of food items by the group

with FIL , 1:2 minus the number of intakes by the group

with FIL $ 1:2 divided by the number of intakes by the

group with FIL $ 1:2; expressed as a percentage (Table

5). Calculations were made with the use of one decimal

digit. Only differences equal to or above 10% were taken

into consideration.

Statistical analysis

Statistical analyses were carried out using the Statistical

Analyses System (SAS Inst., Carry, MO, USA) and SPSS

software (Chicago, IL, USA). Univariate analyses of

differences between mean values were done with analysis

of variance (ANOVA), and Pearson correlations between

FIL and body mass index (BMI) were calculated. When

the ANOVA indicated a difference among the groups or

when two groups were compared, a multiple mean test

(two-sided Tukey's test) was applied. Differences

between portions were tested by the chi2 test. Multivariate

evaluation of the simultaneous effect of gender, age, BMI,

education level, smoking and area of living on recorded

food intake level was performed by a stepwise multiple

linear regression. P values below 0.05 were used as

indication of statistical significance.

Results

Food intake (10 repeated 24-hour recalls per person) and

body weights were monitored in 193 randomly selected

30-, 40-, 50- and 60-year-old respondents in Northern

Sweden (Table 1). Average reported energy intake for

men was 9.2 MJ day21 (2192 kcal day21) (ranging from

4.6 to 16 MJ day21), and for women was 6.9 MJ day21

(1642 kcal day21) (ranging from 3.1 to 12.4 MJ day21).

Reported energy intakes were evaluated for credibility

versus underreporting in relation to two cut-off limits for

FIL (Table 2). When FIL , 1:2 was applied as cut-off limit,

the prevalence of underreporting was 44% and 47% for

men and women, respectively, whereas the cut-off limit

FIL , 1:35 would classify 61% of men and 72% of women

as underreporters.

Age, BMI and lifestyle associations with under-

reporting

Age, BMI and smoking were significantly associated with

underreporting of food intake (Fig. 1). Thus, the average

FIL was significantly higher for 30-year-olds than for 40-,

50- and 60-year-olds, but did not differ among the 40-, 50-

and 60-year-olds (Fig. 1); 26%, 58%, 45% and 54% among

30-, 40-, 50- and 60-year-olds, respectively, underreported

�P , 0:01� (Table 2). This pattern was largely the same

when the genders were evaluated separately (Table 1).

Both men and women displayed a negative correlation

between BMI and FIL (correlation coefficient: 20.47 and

20.55, respectively, both P , 0:001; Figs. 2(a) and (b)).

Thus, FIL averages decreased consecutively by BMI group

�BMI , 25; 25±30 and . 30 kg m22; Fig. 1), and the

proportion of underreporters increased by BMI group

from 32%, to 52% and 75% of men �P � 0:07� and from

33%, to 62% and 92% of women �P , 0:001�; respectively

(cf. Table 2). In fact, the average FIL (0.89) for the 16 most

obese respondents �BMI . 30 kg m22� was lower than

their estimated BMR.

Smokers and former smokers had similar FIL, but both

groups had lower FIL than non-smokers �P , 0:05; Fig. 1).

Consequently, the proportion of underreporters was

921Underreporting by 24-hour recalls in Northern Sweden



lower among non-smokers (37%), but, interestingly, also

among former smokers (44%) compared with smokers

(68%, P , 0:01; Table 2). Smokers, former smokers and

non-smokers had similar BMI (Fig. 1), but smokers

reported lower energy intake than former smokers and

non-smokers �P , 0:05; data not shown).

Respondents with less than 10 years at school had

slightly lower average FIL (1.20 (0.32)) than those with a

higher educational level (1.28 (0.34)), P � 0:08; but the

proportion of underreporters did not differ significantly

(50% and 40%, respectively, Table 2). Respondents with

higher education were leaner than those with lower

education (BMI: 24.2 (3.0) and 25.8 (3.5) kg m22,

respectively, P , 0:01�; but their average recorded energy

intakes were similar (data not shown). Reporting of food

intake was unrelated to gender (Fig. 1), area of living, and

day of interview (data not shown).

A stepwise multiple linear regression, employing FIL as

dependent variable and BMI, age, smoking habit, gender,

area of living and education as independent variables,

confirmed high BMI �P , 0:001�; high age �P , 0:01� and

smoking habit �P , 0:05; Table 3) to be independently

associated with underreporting of food intake.

Composition of the diet at different levels of FIL

Underreporters �FIL , 1:2� reported a significantly higher

intake of protein per energy unit, but a lower intake of fat

and sucrose than respondents with FIL . 1:35 (`credible

intake') (Table 4). Density of other nutrients, e.g.

carbohydrates, fibre, vitamin C, etc. and alcohol, did not

differ significantly between the groups.

Intake frequencies and recorded portion sizes for 80

single food items were compared between respondents

with FIL , 1:2 and FIL $ 1:2 (data not shown). Respon-

dents with FIL , 1:2 reported significantly lower intake

frequencies for 24 out of the 80 food items. Thus, the

intake frequencies of most evaluated sweet products and

breads, and `high-fat' products, such as sandwich spread

with 80%, milk with 3% and cheese with 28% fat,

sausages, bacon, crisps and alcohol, were significantly

lower in underreporters than in others. The numbers of

recorded intakes in 10 food groups of clustered food

items were compared between men and women,

respectively, with FIL below or above 1.2 (Table 5). In

general, both male and female underreporters reported

fewer intakes per day in nearly all food groups (up to

239%). The difference was highly significant for both

men and women for fats on bread, bread/cereals and

sweets. In addition, underreporting men had significantly

fewer intakes of fruits and meat, and women of dairy

products, potato/rice/pasta and alcoholic beverages.

In order to understand the nature of the lower intake

frequencies in underreporters ± e.g. if it reflected that

underreporters avoided an item or if they only ate it less

frequently, proportions reporting consumption were

compared as well as their intakes (i.e. respondents

reporting consumption on at least one of the recall days

versus no consumption). The explanation for lower

frequencies in those with FIL , 1:2 was complex. For

some items it mainly reflected underreporters avoiding

the item, such as high-fat milk, mashed potatoes and

high-fat spread on bread (Bregott), fruit syrup, soft drinks,

juice and crisps (all P , 0:01�: For other items the lower

frequency reflected eating it less frequently, such as white

bread, high-fat cheese, sausage on sandwich and various

Table 2 Proportion (%) of underreporters by 24-hour recalls after
stratification for gender, BMI (body mass index), smoking habit,
age education level or area of living. Two cut-off levels were
applied for FIL (food intake level, equivalent to reported energy
intake/estimated basal metabolic rate)

Underreporters (%)

Strata FIL , 1:2* FIL , 1:35²

Gender
Men �n � 94� 44 (NS) 61 (NS)
Women �n � 99� 47 72

BMI (kg m22)
,25 �n � 105� 32 �P , 0:001� 53 �P , 0:001�
25±30 �n � 32� 56 79
.30 �n � 16� 88 94

Smoking habit³
Non-smoker �n � 89� 37 �P , 0:01� 78 �P , 0:01�
Former smoker �n � 32� 44 80
Smoker �n � 40� 68 57

Age
30 years �n � 50� 26 �P , 0:01� 40 �P , 0:001�
40 years �n � 48� 58 75
50 years �n � 47� 45 77
60 years �n � 48� 54 75

Education level
High �n � 106� 40 (NS) 59 �P , 0:06�
Low �n � 87� 50 72

Area of living
Urban �n � 98� 44 (NS) 64 (NS)
Rural �n � 95� 47 68

* FIL , 1:2 corresponds to a PAL for a chair-bound or bed-bound person
(survival limit).
² FIL , 1:35 corresponds to a PAL for the lowest possible free-living
sedentary lifestyle.
³ Non-smokers using snuff are not included.
P values obtained with chi2-testing among the groups. NS=not significant.

Table 3 Linear regression models for variables associated with FIL
in men and women combined

Variable*§ Parameter² estimate SE³ P value Partial R2 (%)

BMI 20.039 0.006 ,0.001 23.5
Age 20.063 0.020 ,0.01 4.6
Smoking 0.064 0.027 ,0.05 2.5

* BMI, age, smoking habit, area of living and gender were entered into the
model. Variables are listed in the order they were introduced into the model.
No other variable met the 0.05 significance level for entry into the model.
² Parameter estimate=regression coefficient.
³ Standard error (SE) of the regression coefficient.
§ When energy intake was added to the model as independent variable,
reported energy intake explained 72.2% of the variation in FIL, BMI another
9.1%, and smoking and age group each 0.4%.
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sweet items (all P , 0:01�: In addition, consumers with

FIL , 1:2 reported smaller portion sizes of most food

items (45 out of 80 food items differed by more than 10%);

13 of these items differed significantly. Smaller portion

sizes were most evident for high-fat foods, such as butter,

cheese with 28% fat, fried potatoes, liver paste and

pancakes. However, a striking exception (larger portion

sizes) was reported for some `healthy foods', such as

frozen mixed vegetables, spinach, cabbage, root vegeta-

bles, oranges, porridge from wholemeal, bran flakes, fatty

fish, shell fish, and blood-based foods, although statistical

significance was not reached for all of these items.

Discussion

The present study confirms that underreporting is

common, and unevenly distributed in the population,

when diet exposure is assessed by 24-hour recalls. Thus,

for more than 40% of the respondents, the recorded

energy intake fell below BMR. Besides the confirmation of

a strong relation between underreporting of food intake

and high BMI, we demonstrated that old age and smoking

habits co-varied with underreporting. In contrast, gender,

area of living and level of education did not bias food

recording in the North Swedish population. In addition,

Fig. 1 Horizontal bar chart displaying average FIL (food intake level, equivalent to reported energy intake/estimated basal metabolic rate) to
the right and BMI (body mass index, kg m22) to the left in groups stratified for smoking habit, educational level, gender, age and body mass
index. In total, 193 30- to 60-year-old men and women in Northern Sweden were studied

Table 4 Composition of the diet at different levels of FIL (food intake level, equivalent to reported energy intake/estimated basal metabolic
rate). Data are expressed as mean (standard deviation (SD))

FIL
ANOVA
P value,1.2 �n � 88� 1.2±1.35 �n � 40� .1.35 �n � 65�

Energy (MJ) 6.2 (1.4)a,b 8.1 (1.4)a,c 10.3 (2.0)b,c ,0.001
Protein (g/10 MJ) 97 (15)a 92 (11) 86 (10)a ,0.001
Fat (g/10 MJ) 90 (11)a 93 (13) 97 (9)a ,0.01
Carbohydrates (g/10 MJ) 282 (27) 275 (35) 278 (29) NS
Sucrose (g/10 MJ) 50 (20)a 45 (13)b 57 (16)a,b ,0.01
Fibre (g/10 MJ) 21 (5) 21 (6) 20 (5) NS
Vitamin C (mg/10 MJ) 87 (52) 84 (42) 79 (42) NS
Vitamin D (mg/10 MJ) 7.6 (3.2) 7.5 (2.2) 6.8 (2.2) NS
Vitamin E (mg/10 MJ) 9.3 (2.4) 9.0 (1.6) 9.1 (2.0) NS
b-Carotene (mg/10 MJ) 3.5 (3.1) 3.4 (2.6) 2.6 (1.6) NS
Calcium (mg/10 MJ) 1249 (312) 1198 (262) 1171 (233) NS
Alcohol (g/10 MJ) 7.5 (10.4) 10.9 (11.3) 7.7 (10.0) NS

a±c Numbers (within a line) sharing the same superscript differ significantly, by at least P , 0:05; when tested with a multiple mean test (Tukey's test) applied
after the ANOVA had indicated a significant difference among the groups.
NS=not significant.
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we demonstrated that the `pattern' of underreporting by

24-hour recalls was complex, i.e. a mixture of avoiding

food items, reporting lower intake frequencies and

smaller portion sizes, but also a contrasting overreporting

of portion sizes for some items. However, when having

relatively small numbers of participants in each group,

one should be cautious when interpreting the results.

Energy intakes not reaching true intakes may reflect a

`poor' interview technique, or inability or `unwillingness'

of respondents to report intakes given that databases are

considered correct. The fact that potential factors other

than underreporting per se have contributed to low levels

of recorded energy intakes can certainly not be excluded

in the present study, but the following argues for a `true'

underreporting. (1) Respondents were interviewed 10

times over the telephone due to the vast distances in

Northern Sweden. We cannot evaluate the fact that the 24-

hour recalls were obtained over the telephone, but

conclude that `our' proportion of underreporting was

similar to what was reported in other studies employing

24-hour recalls30,31. (2) The interviewers had been

calibrated and they also rotated randomly among

respondents. In a previous study on middle-aged men

and women, the FIL values decreased when 24-hour

recalls were repeated31. This was not the explanation for

the low average energy intakes in the present study since

Fig. 2 Plot of FIL (food intake level, equivalent to reported energy intake/estimated basal metabolic rate) versus BMI (body mass index,
kg m22) in (a) 93 men and (b) 99 women in Northern Sweden. The linear regression curve is displayed. The Pearson correlation coefficients
were 20.47 for men and 20.55 for women (both P , 0:01�
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there was no significant difference between the days of

interview. Neither could we explain the low energy

intakes by differences in interviewers. (3) The illustrations

used for portion size estimations have previously been

validated, and it was concluded that differences between

served and estimated amounts of foods and subsequent

under- and overestimation of single food items were

eliminated when several meals were evaluated in a

series24. Therefore, the portion model is not likely to

have biased the recordings largely.

Black et al. found in a review of dietary surveys that

nine out of ten 24-hour recalls were physiologically

unlikely to be true within some specified statistical

conditions22. The present confirmation of the difficulties

of achieving plausible energy intakes with 24-hour recalls,

reflected by the high proportion of both men and women

with FIL values below even liberal cut-off levels, supports

the hypothesis that only certain people with a well-

developed episodic memory bank are suitable to perform

24-hour recalls32. In general, recall is better when the

permanent memory bank can be employed32. This

hypothesis is also supported by the review of Black

et al.22, since dietary history methods were more likely to

be true than other recall methods. However, biased food

recording is not limited to recall of past diets but occurs

with all dietary assessment methods, indicating involve-

ment of subject-specific underreporting too. This may be

related to biological factors, such as body weight, or

psychosocial factors, such as social desirability15.

In agreement with several other studies3±8, we found

univariate negative correlations between energy intake

and BMI, and accordingly between FIL and BMI. In

multivariate modelling BMI explained 9% of the variation

in FIL among respondents, whereas smoking and age

added less than 1% to the 72% explained by recorded

energy intake. Therefore, BMI seems to be one of the

most consistent factors confounding recording of food

intake level and prediction of underreporting. This calls

for special attention when dietary surveys are performed

on obese people, such as those employing biomarkers as

internal standard, or when dietary intakes are compared

between groups with different BMI, such as matching for

BMI. It also emphasises the importance of including BMI

as a confounder when various lifestyle factors are related

to diet intake. However, it should be remembered that

even though weight consciousness and a desire to lose

weight are important factors for predicting underreport-

ing, the highest number of underreporters are found

among subjects of normal weight3.

The present data indicate smokers to be slightly more

likely than others to have a biased recording of food

intake. Our finding of smokers having lower average FIL

value than non-smokers is consistent with some

reports8,33, but not others3. Smokers' lower FIL value in

the present study could not be explained by differing

BMI. Optional explanations for lower FIL in smokers are

lower energy expenditure or underreporting per se. The

following argues for the latter explanation: (1) smoking is

considered to enhance, not reduce, energy metabolism;

and (2) no indication of a lower physical activity level

among smokers than non-smokers was found as esti-

mated by six questions about physical activity at work and

leisure. Since smoking is also reported to change food

preferences and appetite34, caution should be taken when

evaluating dietary habits in smokers.

The numbers of reported intakes were generally lower,

and the portion sizes smaller, for the group with low FIL

value compared with the group with higher FIL value.

However, in accordance with other studies2,3,35, the

former group frequently reported larger portion sizes

for socially desirable food items, although not consistently

statistically significant. The combined pattern of numbers

of reported intakes, total avoidance of the food item or

reporting smaller portion sizes indicated that under-

reporters `forgetting' food intake occasions was a larger

problem than `reducing' portion sizes for low recorded

energy intake levels and FIL values. This is probably a

greater problem for foods rich in fat and sucrose3,4,36, as

indicated by the low density of these components in the

low FIL group. In order to better understand the nature of

Table 5 Reported number of daily intakes in food groups for respondents with FIL $ 1.2 and FIL , 1.2

Men Women

Food group
FIL$1.2²
�n � 53�

FIL,1.2²
�n � 41�

Difference³
(%)

FIL $ 1:2²
�n � 52�

FIL , 1:2²
�n � 47�

Difference³
(%)

Fat on bread 2.4 1.7** 229 2.3 1.5*** 235
Dairy products 3.1 2.8 212 3.3 2.4*** 227
Bread/cereals 3.9 3.0*** 222 3.7 2.7*** 227
Fruits 0.8 0.5** 238 1.2 1.0 217
Vegetables 0.9 0.7 221 1.2 1.0 219
Potato/rice/pasta 1.0 0.9 210 0.9 0.8* 212
Meat 1.1 0.9* 221 0.9 0.8 27
Fish 0.3 0.3 27 0.3 0.2 231
Sweets 4.1 2.7*** 234 3.4 2.5** 226
Alcoholic beverages 0.5 0.4 231 0.3 0.2* 239

² FIL , 1:2 corresponds to a PAL for a chair-bound or bed-bound person (survival limit).
³ Difference in mean reported number of intakes between respondents with FIL,1.2 and FIL$1.2 in per of intake for respondents with FIL$1.2.
***, P , 0:001; **, P , 0:01; *, P , 0:05:
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biased food recording and take appropriate measures,

more studies providing detailed characterisation of

individuals with a low FIL value when recording of

meals and snacks are omitted, and the cause of omissions,

are needed. One way to extend the present knowledge

would be to look into the role of behaviour factors on

food recording. For instance, Taren et al. identified

psychosocial factors, such as social desirability and self-

image of body shape, to be important factors to predict

underreporting15.

The major conclusions of this study, also confirmed by

other studies, are that it seems extremely difficult to

obtain plausible energy intakes with 24-hour recalls and

differential underreporting seems obvious. The problems

discussed in this study call the method into question. Can

it be improved or should it be abandoned?
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