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Abstract 
Objectives: To investigate the frequency and the determinants of under-reporting in a 
semiquantitative food frequency questionnaire used in the Greek segment of the 
European Prospective Study on Nutrition, Cancer and Health (EPIC study). 
Lksign: A food frequency questionnaire was completed by 9262 adult men and 
women. The questions included in this questionnaire covered the average intake of 
approximately 150 food items and beverages over 1 year. Evaluation of under- 
reporting was conducted on an individual basis taking into account the expected 
daily variation of nutritional intakes during the time period of recording. Individuals 
whose energy intake was lower than 1.14’BMR (basal metabolic rate) were defined as 
under-reporters. 
Setting: Urban and rural population of Greece. 
Results: The data indicated underestimation of energy intake by 11.8% of individuals 
enrolled. Results from a logistic regression model indicated that body mass index 
(BMI), gender, age and educational level were significant predictors of under- 
reporting. The proportion of overweight participants (BMI>30) who tend to 
under-report energy intake was more than twice that of normal-weight individuals. 
Men were significantly more prone to under-reporting compared to women, while 
low education individuals under-report more often than others. Exclusion of under- 
reporters generated, as expected, mean nutrient values that were significantly higher 
(by about 6%) than those derived from the total number of participants. When the 
nutrient values were energy-adjusted, however, or were expressed as percentages 
of energy intake for macronutrients or as nutrient densities for micronutrients, the 
emerging differences were minimal and generally statistically not significant. 
Conclusions; Under-reporting does exist and it is more extensive among men, those 
with low education levels and the overweight participants. Adjustment for energy 
intake minimizes the bias generated by under-reporting with respect to particular 
nutrients and their association with various disease outcomes in the cohort. 
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Over the last few years researchers have gained 
substantial experience on  the evaluation of results 
derived from large-scale nutritional studies. A major 
methodological issue has been the ascertainment of 
energy intake data, since most of these studies were 
based on the assumption that the reported energy 
intake was umbiased without being able to establish 
this by using independent non-nutritional methods. 

The doubly-labelled water technique for the 
measurement of total energy expenditure in free- 
living persons, enabled scientists to conduct validation 
studies comparing energy expenditure to energy 
intake’-’. However, the fact that this method is very 
expensive and technically difficult to employ as a 
routine process makes it impossible to use in wide 
ranging nutritional epidemiological studies. Investiga- 
tors have ~ u g g e s t e d ~ - ~  the determination of cut-off 
points to represent the limits of energy needs for 

free-living persons. Such values have been stated as 
multiples of the basic metabolic rate and the lower 
cut-offs indicate the lowest level of energy expendi- 
tures for weight-stable individuals. Therefore, assum- 
ing that there is no weight loss, estimates of energy 
intake lower than these cut-off points could be 
‘suspected’ of underestimated energy intake. 

Goldberg e# al.’ determined the lowest level of 
energy expenditure of individuals based on germane 
principles of energy physiology. In their approach, data 
from doubly-labelled water and whole body calori- 
metry studies on a large number of healthy individuals 
were used. The cut-off point was first determined as 
1.35. This is defined as the lowest likely long-term 
habitual intake for healthy sedentary adults. However, 
habitual intake is very difficult to assess, even when 
dietary intake is recorded over long periods of time 
(e.g. by food frequency questionnaires or diet history 
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records). Thus, in order to establish valid energy intake 
records during the actual period of measurement, a 
second cut-off point was determined. The formula to 
calculate this took into consideration the daily variation 
of nutrition during the time period of recording. The 
latter cut-off point is more ‘liberal’ from the first one, 
and its calculation depends on the sample size and the 
number of days for which intake is recorded. This value 
results in more specific rejection of intake values, 
deemed as biased estimates of true nutritional intake. 

The objective of this study is to investigate the extent 
and the determinants of under-reporting in a large 
cohort study in which dietary intakes were ascertained 
through a food frequency questionnaire. The lowest 
critical value for energy intake was determined using 
the equations proposed by Goldberg et a13 

Subjects and methods 

In the context of the Greek component of the European 
Prospective Study on Nutrition, Cancer and Health 
(EPIC study), a semi-quantitative food frequency 
questionnaire was completed by 9262 adult men and 
women aged from 30 to 82 years old. These study 
participants were volunteers from throughout Greece, 
who have all signed an informed consent form. The 
EPIC is a multi-country prospective study on nutrition 
and other lifestyle and environmental factors in relation 
to the incidence of, and mortality from, cancer and 
other diseases. Approximately 350,000 Europeans, all 
volunteers, from nine European countries will even- 
tually have participated in the EPIC study. For all these 
individuals there is a detailed recording of nutritional 
habits, information concerning their lifestyle and family 
history, while anthropometric measurements and 
blood samples are also collected6*’. 

The semi-quantitative food frequency questionnaire 
was developed from previous experience from several 
case-control studies conducted in the population of 
Athens* and from dietary ascertainment methodology 
obtained in the large cohort studies conducted in 
the The repeatability and the validity of the 
questionnaire was evaluated in the pilot phase of 
the The questions included in this ques- 
tionnaire regarded the average intake of approximately 
150 food items and beverages over 1 year. For a 
number of these items (about 201, there were separate 
questions concerning seasonal differences in consump- 
tion. Portions were estimated by ‘natural’ units (e.g. one 
egg) or standard quantities (e.g. one teaspoon), where 
possible or on the basis of pictures. The analysis of 
the nutritional data was carried out using a food 
composition database adapted to accommodate the 
characteristics of the Greek diet13. 

The anthropometric data of the volunteers in this 
study, specifically the weight and height, were used 

for the estimation of their basal metabolic rate 
(BMR). The BMR was estimated using the Schofield 
equations’*. 

The values of BMR derived from these equations, 
were subsequently used for the calculation of the 
EI/BMR ratio (where EX is the daily energy intake). 
This value is essentially the reported daily energy 
intake of an individual expressed in ‘metabolic units’, 
that reflect physical activity level. The cut-off limits 
for the physiologically plausible energy intake of a 
weight-stable individual were calculated from the 
equations developed by Goldberg et aL3 These 
equations are based on  an expected mean total 
energy expenditure value (TEE/BMR), which for an 
average sedentary individual is estimated to be 1.5515. 
EI/BMR should be greater than or equal to TEE/BMR. 
The lower cut-off limit is then defined as the lower 
95% confidence limit of the expected TEE/BMR, taking 
into account inter-individual variation in TEE/BMR 
values. The calculations also allow for the day-to-day 
variation in individual energy intake, the error in 
predicting BMR, the number of days on which the 
intake is based and the number of individuals in 
the group. Based on  these assumptions Goldberg 
et al. came up with the following equation to 
calculate the limits of a physiologically plausible 
EI/BMR value: 

EI/BMR I TEEJBMR x exp -2 x ~ [ (SF)] 
where S = d[(CV;w/k) + CV; + cv:l 

and CVI, = within-individual coefficient of variation 
for energy intake; CV,=coefficient of variation of 
measured or predicted BMR; CVp =coefficient 
of variation for TEE/BMR; n = number of individuals 
for which intake is examined (if recording is under- 
gone on an individual basis then n = 1); and 
k =number of days for which intake is recorded (for 
FFQs k approaches infinity and so CV:,/k = 0). 

The TEE/BMR ratio for an average sedentary 
individual is estimated to be 1.5515. The mean within- 
individual CV for energy intake, has been found 
in various studies to be approximately 23%16. The 
CV for estimated BMR has been determined to be 
8%’* while the CV for the TEE/BMR ratio is 12.5V0’~. 

Thus in the context of our study, for a physiologically 
plausible EI/BMR value the following assumptions 
apply: 

CV;, = 0, CV; = (8)*, CV; = (12.5)2 
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Table 1 Mean values for age, BMI, energy intake, BMR and EllBMR ratio according to gender of participants 

Men Women Total 
(n = 3884) (n = 5378) (n = 9262) 

Mean SD Mean SD Mean SD 

Age 52.1 12.5 52.3 12.1 52.2 12.3 
BMI 27.8 3.7 27.8 5.2 27.8 4.5 
Energy (kcal) 2779.0 859.0 2328.0 728.0 2517.0 81 6.0 
Energy (MJ) 11.6 3.6 9.7 3.0 10.5 3.4 
BMR (MJ) 7.2 0.9 5.7 0.5 6.3 1 .o 
EVBMR 1.62 0.48 1.72 0.53 1.67 0.51 

EVBMR 2 1.55 x exp -2 x - [ (SF)] 
where S = J[(8)’ + (12.51’1 

so EVBMR L 1.14 provided that evaluation is con- 
ducted on an individual basis (n = 1). Individuals 
whose energy intake was below this cut-off point were 
defined as under-reporters. 

For a study sample of about 10,000 individuals the 
under-reporting cut-off point, under the conditions 
of our study, is calculated as 1.54 ’. 

Statistical methuds 

Statistical analysis was made using the SPSS statistical 
package (version 7.5, SPSS Inc., Chicago). Predictors 
of under-reporting were assessed by modelling the 
data through logistic regression. A model was devel- 
oped using as independent variables age, sex, BMR and 
educational level of the participants, whereas the 
dependent variable was under-reporting status (yes/ 
no). Between-group comparisons for nutrient means 
were conducted through t-test. 

Results 

Individuals for the evaluation of under-reporting were 
those who declared that no specific diet was used at 
the time of recording. This implies, to a large extent, 
that the participants were not on a diet for weight loss. 
The study base consisted of 5378 (58.1%) females and 
3884 (41.9%) males. The average age for each gender 
was approximately 52 years, and the average BMI for 

each gender was 27.8kgm-*. The mean daily energy 
intake assessed from the analysis of the nutritional 
data was 2779kcal (11.6MJ) for men and 2328kcal 
(9.7 MJ) for women. Also, the mean EI/BMR ratio is 1.67 
ranging from 0.44 to 6.37. This mean value is greater 
than the lower cut-off limit of the expected mean 
TEE/BMR = 1.54 for the total of the sample individuals3 
(Table 1). 

Individuals who under-report their energy intake 
represent 11.8% of the participants. This percentage 
varies by gender (men 13.5%, women 10.5%) and BMI 
value (Table 2). 

Results from the logistic regression modelling 
indicate that BMI, gender and educational level are 
significant predictors of under-reporting. BMI appears 
to have a strong influence on the probability that 
someone reports implausibly low energy intakes. A 
person with BMI over 30 kg m-2 is more than twice as 
likely to under-report energy intake compared to an 
individual with a BMI equal or less of 25 kgm-’, after 
adjusting for sex, age and educational level. Males 
are significantly more prone to under-reporting 
compared to females, while illiterate people appear 
to under-report more often than others. Finally, age is 
a significant predictor for under-reporting after adjust- 
ment for other variables (Table 3). 

Table 4 refers to mean daily intake values of various 
nutrients for men and women, before and after 
exclusion of under-reporters. As expected, all values 
increase by approximately 6% when data from under- 
reporters are excluded. 

Finally, Tables 5 and 6 refer to mean daily energy 
intake values derived from macronutrients as a 
percentage of the total, and mean daily micronutrient 
densities (mg MJ-’1, respectively. Differences in the 

Table 2 Distribution of under-reporters’ according to gender and BMI 

BMI s 25 2 5 < B M I ~ 3 0  BMI >30 Total 

n Yo n YO n YO n YO 

Men 73 8.8 282 13.4 171 17.9 526 13.5 
Women 118 6.6 194 9.6 252 16.2 564 10.5 

Total 191 7.3 476 11.5 423 16.8 lo90 11.8 

‘Under-reporters were identified assuming a physical activity level (PAL) of 1.55. 
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Table 3 Predictors for under-reporting’ energy intake 

Variables Odds ratio 95% confidence interval 

BMI 
S 25 1 .oo 
25 < BMI 5 30 1.50 1.25-1.80 
>30 2.32 1.92-2.80 

Gender 
Female 
Male 

1 .o 
1.41 1.23-1.61 

Educational level 
Illiterate 1 .o 
Primary 0.60 0.50-0.74 
Secondary 0.66 0.53-0.83 
Universrty 0.76 0.60-0.96 

C40 1 .o 
40-49 1.36 1.09-1.70 
50-59 1.65 1.31 -2.08 
60+ 1.39 1.08-1.78 

‘Under-reporters were identified assuming a physical activity level (PAL) of 
1.55. 

Age 

proportional energy intake values from macronutrients 
when under-reporters are excluded are generally 
minor, even when they are statistically significant, as 
is the case with respect to fat and carbohydrates in 
women. Significant differences for the micronutrient 
densities were found for potassium, iron, magnesium 
and nicotinic acid in both genders. It should be noted 

Table 4 Effect of under-reporting‘ on mean nutrient intakes 

that these significant differences, are due to higher 
nutrient/energy ratios for the specific nutrients among 
under-reporters. 

Discussion 

This study indicates underestimation of energy intake 
by about 12% of individuals enrolled. Underestimation 
by a fraction of study participants is unavoidable in 
all methods of dietary ascertainment, whether these 
apply to epidemiological studies of individuals in 
habitual conditions or to metabolic studies which 
measure energy intake under controlled condi- 
t i o n ~ ” ” ~ .  Previous published studies show the pre- 
valence of under-reporting to vary from low values 
to almost 50% among obese  individual^'^.^^.^^ while in 
this investigation individuals underestimating energy 
intake were found to be proportionally fewer than 
in most other published studies. However, both the 
method used for determining dietary intake and 
the cut-off points adopted for the estimation of 
under-reporting, vary considerably among studies. 
The only published report using the same method for 
estimating energy intake (semi-quantitative food 
frequency questionnaires) and the same cut-off point 
(EI/BMR ratio = 1.14) as those used in our study was 

Excluding 

(n = 8172) 
under-reporterst Under-reporters 

All subjects (n = 9262) (n = 1090) 

Nutrients Male Female Male Female Male Female 

Energy (kcal) 
Proteins 
Total fat (9) 
Saturated fat (9) 
Monounsaturated fat (9) 
Polyunsaturated fat (9) 
Cis-linoleic acid (9) 
Cholesterol (mg) 
Total carbohydrates (9) 
Mono- and disaccharides (9) 
Polysaccharides (9) 
Dietary fibre (9) 
Alcohol (9) 
Potassium (mg) 
Calcium (mg) 
Phosphorus (mg) 
Iron (mg) 
Magnesium (mg) 
Zinc (mg) 
Retinol (A) (mg) 
&carotene (mg) 
Thiamin (B,) (mg) 
Riboflavin (82) (mg) 
Pyridoxin (Bg) (mg) 
Nicotinic acid (mg) 
Ascorbic acid (mg) 

2779 
82.1 

163.5 
41 .O 
87.0 
22.0 
11.3 

265.8 
225.7 
99.5 

124.4 
27.9 
19.7 

3850 
1030 
1301 

14.1 
306.4 

9.5 
0.64 
5.52 
1.76 
1.43 
2.32 

33.2 
235.5 

2328 
68.9 

144.5 
35.5 
78.2 
18.8 
10.3 

220.7 
194.3 
91.4 

101.4 
24.8 
4.0 

3406 
935 

1130 
11.9 

258.0 
8.0 
0.50 
5.47 
1.53 
1.28 
2.03 

27.5 
230.5 

2945 
86.7 

173.7 
43.6 
92.4 
23.3 
11.9 

282.0 
238.0 
105.2 
130.9 
29.4 
21.2 

4061 
1090 
1376 

14.9 
323.4 
10.1 
0.68 
5.88 
1.86 
1.52 
2.46 

35.0 
249.1 

2443 
72.9 

152.1 
37.5 
82.2 
19.7 
10.8 

232.2 
202.9 
95.8 

105.5 
26.0 
4.2 

3564 
983 

1186 
12.4 

269.8 
8.4 
0.53 
5.77 
1.60 
1.35 
2.13 

28.7 
241.9 

1719 
52.8 
98.9 
24.6 
52.6 
13.3 
6.9 

162.7 
147.2 
63.0 
82.9 
18.3 
9.8 

2504 
647 
820 

9.2 
197.6 

6.1 
0.34 
3.25 
1.13 
0.90 
1.48 

21.5 
148.1 

1344 
41.4 
79.2 
18.7 
43.0 
10.5 
5.8 

122.4 
120.8 
53.3 
66.6 
15.3 
2.0 

2062 
530 
654 

7.3 
156.7 

4.7 
0.23 
2.91 
0.91 
0.75 
1.20 

16.7 
132.8 

’Under-reporters were identified assuming a physical activity level (PAL) of 1.55. 
tWhen under-reporters are excluded. all dinerem in mean nutrient intakes are statistically significant, except alcohol intake among women. 
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Table 5 Effect of under-reporting' on percentage of energy obtained from macronutrients 

Excluding 

(n  = 8172) 
under-reporters Under-reporters 

All subjects ( n  = 9262) (n  = 1090) 

Nutrients Male Female Male Female Male Female 

Total fat 52.6 55.3 52.8 55.6t 51.6 52.8 
Proteins 11.8 11.9 11.8 11.9 12.3 12.3 

Alcohol 4.8 1.2 4.9 1.2 3.9 1 .o 
'Under-reporters were identified assuming a physical activity level (PAL) of 1.55. 
tStatistically significant difterences (P  c 0.05) in mean intakes when under-reporters are excluded. 

Total carbohydrates 32.8 33.9 32.7 33.6t 34.4 36.2 

done in Australia". The proportion of under-reporting 
in that study was 23% of all participants. 

As indicated, the prevalence of under-reporters 
depends on the method used for determining dietary 
intake and the cut-off point adopted for the evaluation 
of the EI/BMR ratio. The cut-off point of energy intake 
used in this analysis (1.14'BMR) is relatively low 
compared to those used in most previous studies. 
These ranged between 2. IO'BMR and 1 .0b'BMR22.The 
use of a low cut-off point is justified by the fact that 
participants in the study had low physical activity levels. 

The prevalence of under-reporters in this study is 
related to BMI value. The proportion of overweight 
participants (BMI > 30) who tend to under-report 
energy intake is more than twice that of normal- 
weight individuals. This finding is in accordance with 
results of several previous ~ t u d i e s ~ l - ~ ~ .  An exception 
is a study by Lissner et a1.26 where no relationship was 
found between under-reporting and adiposity. In our 
study, the percentage of male under-reporters (13.5%) 
is greater than that of female under-reporters (10.5%). 
Conflicting results have been obtained in this area of 
research - some studies have found a larger percentage 
of under-reporters among women21v22 whereas others 
have found no relationship between the two variables4. 

Despite the relatively low prevalence of under- 
reporting, it was necessary to investigate its effect on 
nutrient intake values. As expected, exclusion of under- 
reporters generates mean values that are systematically 
and significantly higher than those derived from the 
total number of participants. When the nutrient values 
are energy-adjusted, however, or are expressed as 
percentages of energy intake for macronutrients or 
as nutrient densities for micronutrients, the differences 
which arise are minimal and generally statistically 
not significant or marginally significant. For data 
concerning macronutrients, minor differences were 
noted among women for energy intake from fat and 
carbohydrates: proportional intake increased for fat 
when female under-reporters were excluded, whereas 
the opposite was found for carbohydrates. Minor 
changes were also noted in micronutrient densities 
when under-reporters were excluded. Relatively more 
evident changes were recorded for potassium, iron, 
magnesium and nicotinic acid: the values for these 
nutrients decrease, when under-reporters were 
excluded, among both women and men. 

The interpretation of data concerning under-repor- 
ten depends on the objectives of the study. If the prime 
interest is on estimation of absolute intake of various 

Table 6 Effect of under-reporting' on micronutrient densities 

Excluding under-reporters 
(n  = 8172) All subjects (n  = 9262) Under-reporters (n  = 1090) 

Micronutrients 
(mg MJ-l) Male Female Male Female Male Female 

Potassium 
Calcium 
Phosphorus 
Iron 
Magnesium 
Zinc 
Retinol (A) 
&carotene 
Thiamin (B,) 
Riboflavin (82) 
Pyridoxin (B,) 
Nicotinic acid 
Ascorbic acid 

334.1 
88.6 

112.0 

26.5 
1.23 

0.823 
0.053 
0.472 
0.152 
0.123 
0.201 
2.87 

20.4 

352.1 
95.7 

116.1 

26.7 
1.23 

0.821 
0.050 
0.551 
0.158 
0.132 
0.210 
2.85 

23.6 

331.7t 
88.4 

111.7 
1.22t 

0.820 
0.054 
0.475 
0.151 
0.123 
0.200 
2.86t 

26.4t 

20.3 

350.4t 
95.9 

116.1 
1.22t 

26.5t 
0.82 
0.51 0 
0.555 
0.157 
0.132 
0.209 
2.83t 

23.6 

349.3 
89.8 

113.7 

27.5 
1.28 

0.840 
0.047 
0.451 
0.157 
0.125 
0.206 
2.99 

22.1 

367.0 
94.2 

116.1 

27.9 
1.31 

0.831 
0.041 
0.515 
0.162 
0.133 
0.213 
3.01 

23.5 

'Under-reporters were identied assuming a physical activity level (PAL) of 1.55. 
tStatistically significant difterences (P  < 0.05) in mean intakes when under-reporters are excluded. 

https://doi.org/10.1079/PHN19980020 Published online by Cambridge University Press

https://doi.org/10.1079/PHN19980020


1 36 C Gnardellis et al. 

nutrients and accuracy of estimation is of importance, 
then the exclusion of under-reporters leads to more 
valid results. If, however, interest is focused on energy- 
adjusted estimates, then the exclusion of under- 
reporters has minimal effect on the results. This last 
situation usually occurs in many nutritional epidemio- 
logical studies where energy intake is considered as 
a possible confounding factor. 

In this analysis a physical activity level of 1.55 was 
used, as suggested by FAO/WHO/UNU'5, in order to 
identify individuals most likely to under-report. 
Recently, meta-analyses of doubly-labelled water data 
have generated physical activity values specific for 
age and gender and have also demonstrated that under- 
reporting is more The more detailed 
analyses, however, require calculation of physical 
activity levels for individuals and the relevent data 
have not yet been validated in the Greek sociocultural 
context. Nevertheless our findings are qualitatively 
sound and the implications correct, even if the under- 
reporting is not fully captured through the indicated 
procedure. 

The validation of intake values is usually focused on 
under-reporters, whereas the possible overestimation 
is rarely addressed. In the latter situation, the physical 
activity level of each individual would have to be 
considered in order to determine relevant 'upper limits' 
of nutritional intake4,22. The problem is compli- 
cated, however, because over- and underestimation 
of physical activity may actually be more extensive than 
that concerning dietary intakes. 
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