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Validation of a self-administered 3-day

estimated dietary record for use in the elderly

Summary The aim of this study
was to assess the validity of a
3-day estimated dietary record,
especially developed for the
longitudinal study on nutrition and
health status in an aging population
(aged≥ 60 years) in Giessen,
Germany.
Methods The dietary record
comprises 146 food items. Portion
sizes of the foods consumed were
estimated by means of household
measures and corresponding
dimensions. The validity of the
dietary record was evaluated by
means of nitrogen excretion in the
24 h urine in 14 women and
9 men, and by comparing energy
intake and basal metabolic rate
determined by indirect calorimetry
in 238 women and 105 men.
Results Neither in women nor in
men were any differences found
between calculated nitrogen intake

(13.4 ± 2.2 g and 15.0 ± 2.0 g,
respectively) and nitrogen excretion
(12.9 ± 2.1 g and 15.7 ± 3.0 g,
respectively). The ratio between
reported energy intake and basal
metabolic rate was 1.62 ± 0.46 in
women and 1.53 ± 0.46 in men.
Regarding energy intake, 7.6 % of
the females and 16.2 % of the
males were classified as under-
reporters. They show a significantly
higher body weight and BMI than
the adequate reporters.
Conclusion The results have
proved the new 3-day estimated
dietary record as suitable to
determine energy and nutrient
supply of the elderly.
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Introduction

The current demographic trend towards increasing pro-
portion of elderly people in Germany and other western
countries (1, 2) indicates a need for more information
concerning the relation between nutrition and health of
older age groups. Therefore, within the longitudinal study
on nutrition and health status in an aging population in
Giessen, Germany (GISELA), the nutritional and health
status of elderly people has been investigated at annual
intervals since 1994. Basal metabolic rate, anthropometri-
cal data, body composition, and various biochemical pa-
rameters in blood as well as food intake and correspond-

ing energy and nutrient intake of the study participants
have been examined within the scope of this study. In or-
der to estimate food intake, an instrument of nutritional
assessment which is able to yield valid measurements of
food intake of a large group of elderly people, had to be
developed. The instrument should be easily comprehen-
sible and require as little effort as possible for elderly
people, but on the other hand it should also ensure a valid
determination of the energy and nutrient intake. To do
justice to these demands, a closed 3-day estimated dietary
record was developed for the GISELA study, in which the
participants were asked to record their food intake for
three consecutive days. To assess the validity of the die-
tary food record two independent validation approaches



were applied. First, nitrogen excretion in the 24 h urine
was used as a marker for protein intake. Second, energy
intake which was calculated from the dietary record was
compared to basal metabolic rate measured by indirect
calorimetry. More subjects with low reported relative en-
ergy intake were identified and compared to those with
high relative energy intake regarding gender, age, body
weight, and BMI.

Subjects and methods

Subjects

The study subjects were recruited by physicians, notices,
senior citizens’ meetings, advertisements in local newspa-
pers as well as by recruitment of friends through subjects
who were already participants. Subjects had to be at least
60 years of age, physically mobile, and available around
Giessen for the long term. The study protocol was ap-
proved by the Ethical Committee of the faculty of medi-
cine at the Justus-Liebig University and an informed con-
sent form was obtained in writing from each study par-
ticipant. During the first four years of this longitudinal
study (1994–1997), a total of 320 women and 133 men
participated in the investigations. Validation of protein
intake was carried out in a subsample of the GISELA col-
lective of 14 women (age: 65 ± 4 years; BMI: 25.5 ± 4.1
kg/m2) and 9 men (age: 66 ± 4 years; BMI: 26.2 ± 2.6
kg/m2). Validation of energy intake was carried out in
238 women (age: 68 ± 6 years; BMI: 26.8 ± 4.3 kg/m2)
and 105 men (age: 67 ± 5 years; BMI: 26.8 ± 3.2 kg/m2).

3-day estimated dietary record

To determine the food intake of the subjects of the
GISELA study, a 3-day estimated dietary record was de-
veloped. The participants were instructed to record their
entire food intake on three consecutive days right after
consumption, starting with a Sunday. The dietary record
consists of 146 food items, subdivided into 16 food
groups. Food items were formed considering the eating
habits of the elderly people, which were also assessed by
a questionnaire in the GISELA study. Foods similar in
energy and nutrient content were summarized in one food
item. These items were analyzed by taking the average
energy and nutrient content of the single foods. For every
food item both typical household measures (e.g., slice,
cup, spoon) and the appropriate weights were given, so
with this information the elderly were supposed to esti-
mate the amount of their food consumption. The food
items were compiled in a record booklet including in-
structions with examples. At the end of the booklet the
participants had the possibility to write down any con-
sumed food they were unable to classify under the head-
ing “others”.

To analyze the 3-day dietary record first, the foods re-
corded under the heading “others” were classified among
given food items according to their energy and nutrient
content. Then data were checked with regard to cooking
fat, i.e., if the subjects consumed meat or fish usually pre-
pared with fat, such as cutlet or steak, we checked
whether the corresponding fat for frying was also re-
corded. If reported fat quantities were used as bread
spreading only and no cooking fat was written down, fat
intake was corrected by adding 4 g cooking oil and 4 g
butter for each portion of meat or fish. Then energy and
nutrient contents of the food items were calculated by
means of the nutrient calculation program CALORA ver-
sion II and the Federal Nutrient Data Base version II.2
(3).

Protein intake calculated from the dietary record was
converted into nitrogen intake according to Isaksson: ni-
trogen intake = protein intake / 6.25 (4).

24 h urinary nitrogen

The subjects selected were asked to collect their 24 h
urine, on the third day of recording dietary intake, after
being informed orally and in writing how to collect a 24 h
urine. After the urine volume was determined, samples
were stored at –20oC until analyzed. Urinary creatinine
was measured colorimetrically by the Jaffé reaction (5).
Urinary nitrogen was analyzed with an automated chemi-
luminescence nitrogen analyzer (703 C, Antek Instru-
ments, Inc., Houston, Texas) (6). Total nitrogen excretion
was calculated applying the equation of Isaksson: nitro-
gen content in 24 h urine + 2 g for extrarenal nitrogen
losses (4). To determine the completeness of the 24 h
urine collections, 24 h creatinine excretion was compared
with the creatinine ratio according to Joossens and Ge-
boers (7). According to this procedure, one urine sample
had to be considered as incomplete and therefore was ex-
cluded from further consideration.

Basal metabolic rate

Basal metabolic rate was measured for 35 min in the
morning after an overnight fast by respiratory gas analy-
sis using a ventilated-hood system (DeltatracTM MBM-
100, Hoyer, Bremen, Germany). Data collected during the
initial 10 min of the measurements were discarded. Basal
metabolic rate was calculated by using the equation of
Weir (8). As measurements were made on an outpatient
basis, inpatient basal metabolic rate was calculated ac-
cording to Berke et al. (9) by multiplying measured basal
metabolic rate by 0.93.

Cut-off limits for energy intake

The cut-off 2 derived from Goldberg et al. (10), assuming
basal metabolic rate measured with 95 % confidence
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limits, was used to assess reported energy intake of the
subjects. The cut-off limit is based on sample size and
number of days recorded by the dietary record. Cut-off
values were 1.51 for females, 1.50 for males, and 1.52 for
the whole study group. To classify individuals (sample
size = 1), the cut-off value of 1.073 was used. Partici-
pants with a ratio of energy intake and basal metabolic
rate < 1.073 were considered to be underreporters, and
those with a ratio≥ 1.073 were classified as adequate re-
porters.

Statistical analysis

Statistical analyses were carried out with the SPSS/PC
Statistical Package version 6.1.3. Nitrogen intake and ex-
cretion were compared by using nonparametric Wil-
coxon’s matched-pair signed rank test. The relationship
between nitrogen intake and excretion was examined
using Spearman’s rank correlation test. The unpaired
Mann-Whitney rank sum test (two-tailed) was employed
to evaluate differences between underreporters and ade-
quate reporters. Results were considered statistically sig-
nificant if P values were less than 0.05.

Results

Nitrogen intake

There were no significant differences between nitrogen
intake calculated from the dietary record and nitrogen ex-
cretion (Table 1). Spearman’s correlation coefficient be-
tween nitrogen intake and nitrogen excretion was R =
0.57, P < 0.01 (Fig. 1). According to the crosstable,
47.8 % of the subjects were classified into the same
tertile and only 8.7 % were extremely misclassified with
regard to nitrogen intake and excretion (Table 2).

Energy intake

Table 3 shows the basal metabolic rate and the energy in-
take of the subjects. The ratio between calculated energy
intake and basal metabolic rate was 1.62 in females and
1.53 in males, which was 7.3 % and 2.0 % above the cut-
off limit, respectively.

Fig. 1 The relationship
between reported nitrogen
intake and total nitrogen
excretion.

Table 1 Reported nitrogen intake and nitrogen excretion
(Mean ± SD)

Females
(n = 14)

Males
(n = 9)

Total
(n = 23)

Nitrogen excretion
in 24 h urine [g/d]

10.9 ± 2.1 13.7 ± 3.0 12.0 ± 2.8

Total nitrogen
excretion [g/d]

12.9 ± 2.1 15.7 ± 3.0 14.0 ± 2.8

Reported nitrogen
intake [g/d]

13.4 ± 2.2 15.0 ± 2.0 14.0 ± 2.2

P NS NS NS

Table 2 Classification of the subjects into tertile of distribution
according to reported nitrogen intake and total nitrogen excretion

Reported nitrogen intake

Total nitrogen
excretion

Lower tertile Medium tertile Top tertile

Lower tertile 3 3 1

Medium tertile 3 4 2

Top tertile 1 2 4
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According to cut-off 2 derived from Goldberg et al.
(9), 7.6 % of the females, 16.2 % of the males, and
10.2 % of the total study group were classified as under-
reporters. The underreporters show a significantly higher
body weight and BMI than the adequate reporters (Table 4).

Discussion

The aim of the present study was to evaluate the validity
of a newly developed 3-day estimated dietary record for
use in the elderly. As a marker for reported protein in-
take, nitrogen excretion of 24 h urine was used. The ratio
between reported energy intake and basal metabolic rate

served as a marker for reported energy intake. The advan-
tage of these two methods is their independency from the
dietary method regarding errors (11).

One of the best biological markers for validation nutri-
tional assessment methods is the 24 h urinary nitrogen for
estimation protein intake (4, 12, 13). In healthy individ-
uals consuming normal western diets, 24 h urinary nitro-
gen excretion runs up to 81 ± 5 % of thehabitual dietary
nitrogen intake (12). In our study, mean 24 h urinary ni-
trogen amounted to 85.7 % of the reported nitrogen in-
take. Furthermore, mean total nitrogen excretion as calcu-
lated by Isaksson (4) is identical with nitrogen intake.
The correlation between nitrogen intake and excretion
(R = 0.57) is comparable to that observed in other studies
using 24 h urinary nitrogen to validate protein intake (R =
0.4–0.7) (14–16). The dietary record is also able to rank
subjects adequately according to their nitrogen intake and
excretion, because in the crosstable only 8.7 % of the sub-
jects were extremely misclassified. These results indicate
that the 3-day estimated dietary record reflects the protein
intake of the elderly subjects well.

The validity of reported energy intake was evaluated
by comparing the mean ratio between reported energy in-
take and measured basal metabolic rate with the cut-off
2 derived from Goldberg et al. (10). These cut-off limits
test whether reported energy intake was a plausible meas-
ure of food consumption during the current measurement
period. In the present study, mean ratio between energy
intake and basal metabolic rate is 1.62 for females and
1.53 for males and therefore over the cut-off limits. So
the 3-day estimated dietary record appears suitable to as-
sess energy intake validly. Results from other studies
measuring total energy expenditure by doubly labeled

Table 3 Reported energy intake and basal metabolic rate
(Mean ± SD)

Females
(n = 238)

Males
(n = 105)

Total
(n = 343)

Reported energy
intake [kJ/d]

8311 ± 2186 9705 ± 2579 8738 ± 2398

Basal metabolic
rate [kJ/d]

5212 ± 659 6434 ± 836 5586 ± 912

Ratio of re-
ported energy
intake and basal
metabolic rate

1.62 ± 0.46 1.53 ± 0.46 1.59 ± 0.46

Cut-off 2 (10) 1.51 1.50 1.52

Table 4 Characteristics of underreporters and adequate reporters (Mean ± SD)

Underreporters
(n = 18 F, 17 M)

Adequate reporters
(n = 220 F, 88 M)

P

Age F 65.9 ± 5.4 67.6 ± 5.5 NS

[y] M 66.5 ± 4.8 67.1 ± 4.8 NS

T 66.2 ± 5.1 67.5 ± 5.3 NS

Body height F 160.9 ± 5.4 160.5 ± 5.6 NS

[cm] M 175.4 ± 6.8 172.9 ± 6.3 NS

T 168.0 ± 9.5 164.1 ± 8.1 < 0.05

Body weight F 75.2 ± 13.4 68.5 ± 11.6 < 0.05

[kg] M 88.1 ± 11.7 78.9 ± 9.4 < 0.01

T 81.5 ± 14.1 71.4 ± 12.0 < 0.001

BMI F 29.0 ± 4.8 26.6 ± 4.2 < 0.05

[kg/m2] M 28.7 ± 3.9 26.4 ± 2.9 < 0.05

T 28.9 ± 4.3 26.5 ± 3.9 < 0.01

F = Females, M = Males, T = Total study group
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water as well as basal metabolic rate by indirect calorime-
try in Caucasian elderly subjects are in accordance with
our data. In a study performed by Pannemans and
Westerterp (17), the ratio between total energy expendi-
ture and basal metabolic rate was 1.66 for females and
1.52 for males. Goran and Poehlman (18) found a mean
ratio of 1.42 in women and 1.56 in men. In the report of
Carpenter et al. (19) total energy expenditure was 1.52-
fold of the basal metabolic rate in females and 1.63-fold
in males, respectively.

The proportion of underreporters of energy intake on
the individual level was also investigated. In our sample
7.6 % of the females and 16.2 % of the males were classi-
fied as underreporters. Compared to other studies with
different age groups (20–23), the proportion of underre-
porters is very low, especially in women. The male sub-
jects were more likely to underreport their usual energy
intake than women, in contrast to other studies (20–23).
In the third National Health and Nutrition Examination
Survey, 28 % of the adult women and 18 % of the adult
men were classified as underreporters according to the
cut-off limit 0.9 for the ratio between energy intake and
basal metabolic rate (20). In a study of Pryer et al. (21)
46 % of the women and 29 % of the men, aged 16–64
years, showed a ratio below 1.2 of energy intake and ba-
sal metabolic rate. Rothenberg et al. (22) classified 28 %
of the elderly women and 22 % of the elderly men as
underreporters by means of the cut-off limit 1.2. Price et
al. (23) determined that 22.7 % of the females and 18.5 %
of the males underestimated their usual energy intake by
using a cut-off limit 1.1. The reason for the low propor-
tion of underreporters in our study might be that the sub-
jects were self-selected, highly motivated, and compliant
volunteers. An explanation for the low proportion of
underreporters in females can be that they were more
motivated and willing to record their dietary intake than
males.

In the present study women and men who underre-
ported their energy intake were heavier and had a higher

BMI than the adequate reporters. The association between
a high body weight and BMI, respectively, and underre-
porting is well known from previous studies with young
and middle aged individuals (23–28). In studies with
older people findings are inconsistent. Rothenberg et al.
(22) showed a higher body weight for elderly women and
men who underreported their energy intake in comparison
to the adequate reporters as well as a positive correlation
between BMI and underreporting. In the reports of John-
son et al. (29) and Visser et al. (30) no relationship be-
tween underreporting and body weight or BMI could be
detected in the elderly.

The underlying reasons for the observation of a higher
body weight and BMI of the underreporters are unknown.
It is possible that those subjects either pretend to eat less
or they might use the days of recording for weight reduc-
tion and therefore reduce their typical level of food intake
consciously. Another reason could be that persons with
high BMI are more conscious of the body shape and diet
which can result in eating patterns oscillating between re-
strained and unlimited periods (23). These persons prob-
ably restrain and consequently underreport their food con-
sumption unconsciously if they have to protocol their
food intake.

In our study we were not able to evaluate the validity
of the reported intake of other nutrients. However, the in-
take of most nutrients is positively associated with energy
intake (11). Therefore, it can be assumed that the 3-day
estimated dietary record will neither underestimate nor
overestimate dietary intake of other nutrients on a large
scale.

In summary it can be concluded that the newly devel-
oped 3-day estimated dietary record is suitable to deter-
mine energy and nutrient intake in the elderly. Neverthe-
less we have to take into account that about 10 % of the
study subjects, especially volunteers with a high body
weight and BMI, underreported their energy intake.

under-recording. Eur J Clin Nutr 45: 569– 581

References

1. Statistisches Bundesamt (1993) Statisti-
sches Jahrbuch 1993 für die Bundesre-
publik Deutschland. Kohlhammer,
Wiesbaden

2. Macfadyen D (1990) International de-
mographic trends. In: Kane RL, Evans
JG, Macfadyen D (eds) Improving the
health of older people: a world view.
Oxford University Press, New York,
NY, pp 19–29

3. BGA, Bundesgesundheitsamt (1994)
Bundeslebensmittelschlüssel (BLS) Ver-
sion II.2. Berlin

4. Isaksson B (1980) Urinary nitrogen out-
put as validity test in dietary surveys.
Am J Clin Nutr 33:4–5

5. Seelig HP, Wüst H (1969) Die Krea-
tininbestimmung mit der Jaffé-Reaktion.
Ärztl Lab 15:34–39

6. Grimble GK, West MFE, Acuti ABC,
Rees RG, Hunjan MK, Webster JD,
Frost PG, Silk DBA (1988) Assessment
of an automated chemi-luminescence ni-
trogen analyzer for routine use in clini-
cal nutrition. JPEN 12:100–106

7. Joossens JV, Geboers J (1983) Moni-
toring salt intake of the population: me-
thodological considerations. In: Backer
de, Pedoe, Ducimetière (eds) Euro Nut
Report 2: Surveillance of dietary habits
of the population with regard to cardio-
vascular diseases Stichting Nederlands

Inst. voor de Voeding, Wageningen pp
61–73

8. Weir JB de V (1949) New methods for
calculating metabolic rate with special
reference to protein metabolism. J
Physiol 109:1–9

9. Berke EM, Gardner AW, Goran MI,
Poehlman ET (1992) Resting metabolic
rate and the influence of the pretesting en-
vironment. Am J Clin Nutr 55:626– 629

10. Goldberg GR, Black AE, Jebb SA, Cole
TJ, Murgatroyd PR, Coward WA, Pren-
tice AM (1991) Critical evaluation of
energy intake data using fundamental
principles of energy physiology: 1. De-
rivation of cut-off limits to identify

P.M. Lührmann et al. 239
Validation of a 3-day estimated dietary record



under-recording. Eur J Clin Nutr 45:
569– 581

11. Willet W (1998) Nutritional epidemiol-
ogy. Oxford University Press, New
York 2nd edn

12. Bingham SA, Cummings JH (1985)
Urine nitrogen as an independent vali-
datory measure of dietary intake: a
study of nitrogen balance in individuals
consuming their normal diet. Am J Clin
Nutr 42:1276–1289

13. Bingham SA (1994) The use of 24 h
urine samples and energy expenditure to
validate dietary assessments. Am J Clin
Nutr 59(suppl):227S–231S

14. Johnstone FD, Campbell Brown M,
Campbell D, MacGillivray I (1981)
Measurement of variables: data quality
control. Am J Clin Nutr 34:804–806

15. Rothenberg E (1994) Validation of the
food frequency questionnaire with the
4-day record method and analysis of
24-urinary nitrogen. Eur J Clin Nutr
48:725–735

16. Porrini M, Gentile MG, Fidanza F
(1995) Biochemical validation of a self-
administered semi-quantitative food-
frequency questionnaire. Br J Nutr 74:
323–333

17. Pannemans DLE, Westerterp KR (1995)
Energy expenditure, physical activity
and basal metabolic rate of elderly sub-
jects. Br J Nutr 73:571–581

18. Goran MI, Poehlman ET (1992) Total
energy expenditure and energy require-
ments in healthy elderly persons. Me-
tabolism 41:744–753

19. Carpenter WH, Fonong T, Toth MJ,
Ades PA, Calles-Escandon J, Walston
JD, Poehlman ET (1998) Total daily en-
ergy expenditure in free-living older
African-Americans and Caucasians. Am
J Physiol 274:E96–E101

20. Briefel RR, Sempos CT, McDowell
MA, Chien S, Alaimo C (1997) Dietary
methods research in the third National
Health and Nutrition Examination Sur-
vey: underreporting of energy intake.
Am J Clin Nutr 65(suppl):1203S–1209S

21. Pryer JA, Vrijheid M, Nichols R, Kig-
gins M, Elliott P (1997) Who are the
“low energy reporters” in the dietary
and nutritional survey of British adults?
Int J Epidemiol 26:146–154

22. Rothenberg E, Bosaeus I, Steen B
(1997) Evaluation of energy intake esti-
mated by a diet history in three free-
living 70 year old populations in
Gothenburg, Sweden. Eur J Clin Nutr
51:60–66

23. Price GM, Paul AA, Cole TJ, Wad-
sworth MEJ (1997) Characteristics of
the low-energy reporters in a longitudi-
nal national dietary survey. Br J Nutr
77:833–851

24. Prentice AM, Black AE, Coward WA,
Davies HL, Goldberg GR, Murgatroyd
PR, Ashford J, Sawyer M, Whitehead
RG (1986) High levels of energy expen-
diture in obese women. Br Med J
292:983–987

25. Heitmann BL, Lissner L (1995) Dietary
underreporting by obese individuals – is
it specific or non-specific? Br Med 311:
986–989

26. Stallone DD, Brunner EJ, Bingham SA,
Marmot MG (1997) Dietary assessment
in Whitehall II: the influence of report-
ing bias on apparent socio-economic
variation in nutrient intakes. Eur J Clin
Nutr 51:815–825

27. Heerstrass DW, Ocké MC, Bueno-de-
Mesquita HB, Peeters PHM, Seidell JC
(1998) Underreporting of energy, pro-
tein and potassium intake in relation to
body mass index. Int J Epidemiol
27:186-193

28. Braam LAJLM, Ocké MC, Bueno-de-
Mesquita HB, Seidell JC 1998) Deter-
minants of obesity-related underreport-
ing of energy intake. Am J Epidemiol
147:1081–1086

29. Johnson RK, Goran MI, Poehlman ET
(1994) Correlates of over- and underre-
porting of energy intake in healthy older
men and women. Am J Clin Nutr 59:
1286–1290

30. Visser M, de Groot LCPGM, Deuren-
berg P, van Staveren WA (1995) Vali-
dation of dietary history method in a
group of elderly women using measure-
ments of total energy expenditure. Br J
Nutr 74:775–785

240 European Journal of Nutrition, Vol. 38, Number 5 (1999)
 Steinkopff Verlag 1999


