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Abstract-A self-administered semiquantitative food frequency questionnaire including 
75 food items and providing information on the habitual intake of 31 nutritional 
parameters, based on the intake of protein, fat, carbohydrate, fiber and 11 vitamins and 
minerals, was developed for use in epidemiologic research on chronic disease among the 
elderly, such as diabetes and cardiovascular disease. By means of detailed frequency and 
quantity questions, specifications of types of food, preparation methods and seasonal 
variation, the questionnaire was expected to be an improvement on existing instruments. 
The relative validity of the questionnaire was examined in 74 men and women, aged 
5&75, by comparison with a modified dietary history. Systematic differences were 
absent or negligible for all nutrients, except vitamin C. Bias depending on the level of 
intake could be ruled out for all but seven nutrients. Pearson correlation coefficients for 
estimates from the questionnaire and dietary history were on average 0.7l(range: 
0.654.78) and 0.66 (range: 0.360.81) for macronutrients, and vitamins and minerals, 
respectively. Classifying individual intake estimates into tertiles of the distribution for 
both methods, on average 62.4 and 54.7% of the intakes were categorized into the same 
tertile and 3.9 and 5.9% into the opposite tertile for macronutrients, vitamins and 
minerals, respectively. These results demonstrate an acceptable relative validity for this 
newly developed questionnaire, as compared to the dietary history method. 

Diet Dietary history Epidemiologic methods Nutrition Questionnaires 
Validity 

INTRODUCTION and prognosis of chronic diseases, such as dia- 

There is a growing need for easily manageable 
betes and cardiovascular disease. For this pur- 

instruments to quantitate relevant nutrients in 
pose we designed a diet assessment method for 

the habitual diet as determinants in the etiology 
use in epidemiology research among the elderly 
and report on its validity. 

*Reprint requests to: P. A. Grootenhuis, Institute for 
To gain insight into the quality and quantity 

Research in Extramural Medicine, Vrije Universiteit, 
of the diet the investigator can use either recall 

Van der Boechorststraat 7, 1081 BT Amsterdam, The or record techniques. Recall techniques can be 
Netherlands. based on interview, such as 24 hour recall or 
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dietary history, or on self administration, in- 
cluding food frequency questionnaires. Record 
techniques include diaries and weighed food 
records. The method of choice will depend on 
the aim of the study, the population at issue and 
the amount of time, money and human re- 
sources available. Recall interview methods are 
generally time-consuming and costly. Conse- 
quently, these assessment methods are often not 
suitable for use in large-scale population-based 
studies. With record techniques, such as diaries 
and food records, only a limited number of days 
can be taken into account and considerable time 
commitment is required from both subjects and 
investigators. 

In contrast, self-administered questionnaires 
determining food frequency and, if possible, the 
amount of food products consumed are from an 
efficiency point of view very attractive, es- 
pecially for use in epidemiologic studies. Vari- 
ous questionnaires have been developed and 
tested for validity [l]. However, most of these 
are food frequency questionnaires which nutri- 
tionists have considered only to be useful for 
limited purposes, such as cross-validation or 
qualitative assessment, but inadequate for mak- 
ing quantitative estimates of dietary intake [2]. 
Semiquantative food frequency questionnaires 
have been designed for measuring food con- 
sumption both qualitatively and quantitatively 
[3,41. 

We developed a semiquantative food fre- 
quency questionnaire (SFFQ) which inquired 
about an extensive variety of foodstuffs in order 
to estimate the habitual intake of nutrients 
among the elderly as comprehensively as poss- 
ible. In SFFQs described so far, foodstuffs are 
indicated in terms of a particular portion size 
(e.g. 1 glass of milk) [5]. Consumption at irregu- 
lar times and of more portions per day will 
demand some arithmetic work from the respon- 
dent. Our questionnaire deals with this weakness 
in design by splitting up the question into two 
parts. Firstly, the subject is asked how often the 
product is consumed and secondly, how much (in 
average household portions) of the product is 
consumed. These questions can be answered 
more easily and probably also with more accu- 
racy. Another new feature of our questionnaire 
in comparison to others, is the attention paid to 
type of food (high/low-fat, brand names), sea- 
sonal variation and size of products, in which 
notable differences are often found. 

In dietary research there is no assessment 
method available that measures the actual food 

intake, and which can serve as a ‘gold standard’ 
for validity studies. Consequently, in principle, 
absolute (criterion) validity cannot be measured. 
Therefore, the relative (construct) validity of the 
SFFQ has to be evaluated against a reference 
method, with a generally accepted, but un- 
known validity [6,7]. In addition, the accuracy 
and precision of the reference method must be 
high and measure habitual intake, as does the 
SFFQ [6,8]. Food records and 24-hour recalls 
do not measure the habitual intake [9, lo], un- 
less multiple assessments are performed. The 
latter is, however, time consuming for both 
participants and investigators and was con- 
sidered less feasible in the context of the present 
study. Moreover, 24-hour recall methods tend 
to measure lower mean intakes, especially in the 
elderly [l 1, 121. The modified dietary history is 
an alternative reference method that measures 
the habitual dietary intake and can be used to 
study the relative validity of a SFFQ. In this 
case, both assessment methods estimate the 
usual intake. Accuracy, precision and validity of 
the dietary history are generally accepted 
[6, 13-161. 

However, the use of these two methods de- 
pends on memory and it is suggested that the 
validity of the SFFQ relative to the dietary 
history can be overestimated, since measure- 
ment errors might be correlated in both 
methods. In general, the dietary history pro- 
duces higher estimates of group mean intakes 
than the seven-day record method, especially if 
the estimated usual consumption for the dietary 
history has been assessed over a relatively long 
time period (e.g. 6 months to 1 year [17, 181. 
Unfortunately, it is not possible to decide 
whether this difference arises from underestima- 
tion of food intake by recording, or from over- 
estimation by the diet history, or both [19,20]. 
We used a modified dietary history as the 
reference method, since this is probably the 
most accurate and feasible method in our study 
population to measure usual mean food intake. 
In a cross-over design we studied the perform- 
ance of both dietary assessment methods in a 
Dutch population aged 50-75. 

MATERIALS AND METHODS 

Study design 

Between January and March 1990, 200 men 
and women, aged 50-75, randomly selected 
from the population registers of Hoorn, a 
medium-sized town in The Netherlands, were 
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invited to complete a SFFQ and to attend an 
interview. 

The questionnaire was entirely self-adminis- 
tered and had to be returned within 2 weeks 
after it was received by mail. The questionnaires 
were checked for completeness after receipt and 
incomplete questions were supplemented by 
telephone interview. The dietary history inter- 
view was performed at the participants home by 
three trained interviewers (dietitians), using a 
modification of Burke’s dietary history method 
with cross-check [21]. Since the completion of 
one method might affect the performance of the 
other, a cross-over method was used. One-half 
of the participants had to fill in the question- 
naire before being interviewed; the other half 
was interviewed first. Both groups were compar- 
able as far as age and sex are concerned, 
whereas between both food assessment methods 
a four-week time-interval was used. 

Semiquantitative food frequency questionnaire 

The SFFQ included questions on frequency 
and amount of intake in household measures of 
75 food items. Food items contributing substan- 
tially to energy and macronutrient intake were 
selected on the basis of earlier research [22]. 
Ideally, the contribution of micronutrient intake 
should also have been considered. An open- 
ended section involved foods not referred to, 
but consumed on a regular basis. 

Questions focused on bread consumption and 
filling, dairy products, mixed dishes and hot 
meal components, fruit, sweet and savory 
snacks and drinks, in that order. To prevent 
over-assessment, the questionnaire dealt first 
with less common items (e.g. buttermilk or fried 
potatoes) and subsequently with more common 
products (e.g. ordinary milk or boiled potatoes). 
Seasonal variation in consumption was taken 
into account by using separate questions for 

HOW OFTEN DO YOU USUALLY DRINK 

la) Milk in the summer? 

winter and summer intake of the following 
foodstuffs: fruits, salad/raw vegetables, butter- 
milk, milk, icecream, but not drinks. Detailed 
questions about fish and fat consumption were 
included to determine fatty acid intake. 

The 92 questions were similar in composition 
and provide information about the habitual 
dietary intake. An example question-format is 
given in Fig. 1. 

Subjects were asked about their usual diet and 
were requested to answer on the following is- 
sues: (A) frequency of consumption. Eleven 
answer-options are given: the number of days a 
week (l-7), once every 2 or 3 weeks, once a 
month, rarely or never. (B) Mean number of 
portions consumed per frequency of consumption. 
Answer-options are presented in average house- 
hold portions (e.g. glasses of milk). Because of 
the variation in household measures, attempts 
were made to quantify the contents more accu- 
rately for a number of products by asking how 
many glasses/mugs, dishes/plates could be filled 
from 1 1. of milk, yoghurt, fruit juice, etc. (C) 
Portion weights for products of which the portion 
sizes may d@er widely. Included are meat, fish 
and chicken for hot meals, etc. (D) Type of 
product. For some products more details were 
asked, such as high-fat/low-fat or high- 
fiber/low-fiber product, sort of fats used, brand 
names, etc. A copy of an English version of the 
questionnaire is available on request from the 
first author. 

Dietary history 

The interview method was more detailed than 
the questionnaire and consisted of two parts. 
Firstly, the subject was interviewed about the 
usual frequency and amount of food consump- 
tion. Subjects were asked to describe the foods 
eaten on a typical day. This was done on a 
meal-by-meal basis, including snacks. For each 

7 6 5 4 3 2 1 

day(s) a week 

I 
1 day in the 2-3 weeks 

I 
1 day a month 

I 
seldom or never 

b) If so, on average, how much do you drink that day? . . . . . glasses or mugs 

c) Is this usually? 0 full-fat milk 0 medium-fat milk 0 low-fat milk 

Fig. 1. Example question of the semiquantitative food frequency questionnaire. 
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food item, information was collected on method 
of preparation, serving size and-where indi- 
cated-brand name. Secondly, a checklist in- 
cluding over 250 food items was used both as a 
cross-check and to provide further information 
about variation in the usual diet. The subjects 
were asked whether in the past month the food 
item in question had been consumed, and at 
which meal, and whether it had been taken as an 
extra or as an alternative. Seasonal variation in 
consumption was taken into account concerning 
the intake of fruits, salad/raw vegetables, etc. 
Portion sizes were quantified more accurately by 
measuring the contents of cups and glasses and 
by weighing food items such as bread and 
butter. This method provided a quantitative 
estimate of the foods typically eaten as well as 
some indication of the variation within the diet. 

DATA ANALYSIS 

The conversion from foodstuffs to energy 
and nutrient intakes was established with a 
computerized version of the Dutch Food Com- 
position Table [23,24] and included the follow- 
ing macronutrients: energy, total protein, 
vegetable protein, animal protein, total fat, 
monounsaturated fat, polyunsaturated fat, 
saturated fat, cholesterol, total carbohydrates, 
mono/disaccharides, polysaccharides, dietary 
fiber, alcohol. Although the SFFQ was primar- 
ily designed to measure the habitual intake of 
macronutrients as comprehensively as possible, 
vitamins and minerals were also calculated, 
including vitamins A, B,, B,, B,, and C, 
nicotinic acid, and sodium, potassium, iron, 
calcium, phosphorous, and Ca/P ratio, respect- 
ively. Data on vitamin and mineral supplements 
are not included in these calculations. The nutri- 
ents are presented as mean ( + SD) for both 
questionnaire and dietary history. 

An analysis of variance was carried out to 
study whether the interviewers, the time order of 
methods and their mutual interactions influ- 
enced the estimates of energy and nutrients. 

To examine the existence of systematic bias 
both the mean difference of nutrients between 
both assessment methods and the relative 
difference with the dietary history as reference 
were calculated. The 95% confidence limits of 
the mean difference were calculated using a 
t-distribution of paired observations. The Pear- 
son correlation coefficient was used as a global 
measure of the degree of linear association 
between the two estimates. 

Agreement of mean intakes from the ques- 
tionnaire relative to the dietary history does not 
exclude the possibility of a non-constant bias, 
i.e. a bias which depends on the level of intake. 
Low intakes may be underestimated and high 
intakes overestimated, or vice versa, leaving the 
agreement of mean intakes unaffected. To 
examine the possibility of non-constant bias the 
differences between the two measurements x 
( = dietary history) and y ( = SFFQ) for each 
individual [di = yi - xi] and the mean values 
[mi = (Xi + y,/2] were computed. The association 
between both parameters 4 and mi was studied 
by means of regression analysis [d = a + /?(mi], 
as advocated by Altman and Bland [25] and by 
Burema et al. [26]. 

Finally, we cross-classified the nutrient 
scores into tertiles to evaluate the ability of 
both methods to classify individuals similarly 
in broad categories of nutrient intake. Tertiles 
were defined for both assessment methods sep- 
arately. The overall percentage of individuals 
classified into same or opposite tertiles was 
calculated. Within the extreme tertiles of the 
dietary history we also calculated the pro- 
portion of individuals classified by the question- 
naire in the same or in the opposite tertiles. 

RESULTS 

The sample of registry consisted of 200 sub- 
jects, of whom 15 inhabitants had left town. 
From the 185 eligible subjects, 44 (23.8%) re- 
fused, 66 (35.7%) did not respond after the 
invitation and 75 (40.5%; 33 men and 42 women 
with a mean age of 61 years) agreed to partici- 
pate. The subjects were asked about the time it 
took them to complete the questionnaire. How- 
ever, this was not successively registered, and 
detailed information is not available. On aver- 
age, the administration of the questionnaires 
required approx. 45 minutes. In other studies, 
the time needed to complete the questionnaire is 
not always reported, but varies from 15 minutes 
to 1 hour [l]. Half of the people had to be 
contacted by telephone because of incomplete 
data. Mostly 2 or 3 questions had been over- 
looked, without consequences for the mean 
nutrient intake, because in most cases the 
products were not consumed. One person who 
was unable to fill in the questionnaire was 
excluded. 

No significant differences among the inter- 
viewers were observed and the results were 
independent of the sequence in which the two 
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Table 1. Daily intake of macronutrients, energy, the proportion of energy derived from these nutrients (energy %), P/S 
ratio, assessed by dietary history and semi-quantitative food frequency questionnaire and Pearson correlation coefficients 

(data based on information provided by 74 men and women aged 50-75 in Hoorn, The Netherlands, 1990) 

Relative 
Questionnaire Dietary history Mean difference difference* 
mean ( + SD) mean ( f SD) (95% CI) (%I rt 

Total protein (g) 72k 19 71 + 16 (- 3;4) I.0 0.69 
Vegetable protein (g) 22 * 7 23 k6 

-:r 
(-3;l) - 6.8 0.73 

Animal protein (g) 50* 17 49+ 14 2 ( - 1;4) 3.3 0.68 

Total fat (g) 94 + 27 89 + 29 :: @lo) 5.7 0.70 
Monounsaturated fat (g) 35+11 33+ 12 (1;5) 7.9 0.72 
Polyunsaturated fat (g) 19*8 17+8 22 (1;4) 11.9 0.68 
Saturated fat (g) 38 & 12 36+ 12 2 ( - 4;4) 4.5 0.73 
Cholesterol (mg) 254 f 88 256 f 88 -2 (- 19;14) - 0.8 0.68 

Total carbohydrates (g) 201 + 55 212 * 51 -ll$ ( - 20;2) -5.1 0.72 
Mono/disaccharides (g) 100 k 38 105 f 35 -5 (- 11;2) - 4.3 0.70 
Polysaccharides (g) 98 f 27 101 + 29 -3 ( - 82) - 2.7 0.73 
Dietary fiber (g) 26 k 7 23 + 7 33 (2;4) 12.5 0.70 
Alcohol (g) 7_+ 10 7+ 11 0 ( - 22) - 0.4 0.77 

Energy (kJ) 8308 f 2037 8309 + 1900 - 1 ( - 343;340) 0.0 0.72 
Energy % protein 14.7 k 2.8 14.6 f 2.5 0.1 ( - 0.4;0.5) 0.5 0.71 
Energy % fat 42.4 k 4.5 39.7 + 6.1 2.73 (1.6;3.8) 6.9 0.65 
Energy % carbohydrates 40.5 & 5.5 43.0 f 6.2 -2.51 ( - 3.6; - I .4) - 5.8 0.67 
Energy % alcohol 2.7 + 3.4 2.7 f 3.9 0 (-0.6;0.9) 0.5 0.78 
P/S ratio 0.52 + 0.21 0.49 + 0.19 0.04t (0.01:0.07) 7.6 0.78 

* 100 x (questionnaire-dietary history)/(dietary history). 
tpearson’s product moment correlation; all coefficients significant with p K 0.001. 
SDifferences significant at p c 0.05. 

methods were applied. Table 1 summarizes the two means, expressed both absolute and relative 
results with regard to macronutrients, energy to the dietary history mean. The 95% confi- 
and the proportion of energy derived from those dence intervals of the mean differences are close 
macronutrients (energy percent), and ratio be- to zero for all nutrients. The point estimates of 
tween polyunsaturated and saturated fatty acids the relative difference are less than 8% for most 
(P/S ratio), as measured by both dietary assess- nutrients except polyunsaturated fat (11.9%), 
ment methods. Table 2 presents the results dietary fiber (12.5%), vitamins B, and B, 
regarding vitamins and minerals and the ratio (10.5 and 9.9%, respectively), nicotinic acid 
between calcium and phosphorous (CajP ratio). (15.5%) and vitamin C (27.6%). The Pearson 
Mean values are shown and standard devi- correlation coefficients are around 0.70 in most 
ations, together with the difference between the cases, with energy percent of fat, vitamin A 

Table 2. Daily intake of vitamins, minerals and Ca/P ratio, assessed by dietary history and semi-quantitative food 
frequency questionnaire and Pearson correlation coefficients (data based on information provided by 74 men and 

women aged 50-75 in Hoorn, The Netherlands, 1990) 

Questionnaire Dietary history Mean difference 
Relative 

difference* 

Vitamin A (mg) 
Vitamin B, (mg) 
Vitamin B, (mg) 
Vitamin B, (mg) 
Nicotinic acid (mg) 
Vitamin C (mg) 

Sodium (g) 
Potassium (g) 
Iron (mg) 
Calcium (g) 
Phosphorous (g) 
Ca/P ratio 

mean ( & SD) 

0.84 & 0.28 
1.07 k 0.24 
1.65 & 0.58 
1.32 f 0.32 
11.4z3.6 

102.2 + 48.6 

2.25 & 1.09 
3.60 & 0.81 
12.0 & 2.9 
1.11 kO.46 
1.45 f 0.42 
0.75 * 0.14 

mean-( + SDj 

0.87 + 0.37 
0.98 & 0.19 
1.63 & 0.45 
1.22 + 0.29 
10.2 + 3.2 
85.9 f 43.6 

2.29 f 0.85 
3.60 k 0.67 
11.7_+2.9 
1.15 & 0.33 
1.47+0.31 
0.78 k 0.12 

(95% CI) (%I rt 

0.09$ 
0.01 
0.1 
1.3 

16.3 

( - 0.11;0.06) 
(0.04;O. 14) 
( - 0.09;o. 11) 
(0.04;O. 16) 
(0.69; 1.86) 
(8.01;24.5) 

- 0.03 (- 0.21;0.04) 
0.008 (- 0.15;0.17) 
0.31 ( - 0.16;0.79) 

-0.04 (- 0.12;0.17) 
-0.02 ( - 0.08;0.04) 
-0.03f ( - 0.05; - 0.01) 

-4.0 0.36 
10.5 0.52 

1.4 0.69 
9.9 0.61 

15.5 0.73 
27.6 0.70 

-0.1 0.69 
0.8 0.62 

-2.7 0.74 
-3.8 0.75 
- 1.4 0.72 
-3.5 0.81 

* 100 x (questionnaire-dietary history)/(dietary history). 
tPearson’s product moment correlation; all coefficients significant with p < 0.001 
$Differences significant at p < 0.05. 
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Table 3 
derived 

Comparison of semiquantitative food frequency questionnaire scores with mean daily intakes of macronutrients 
‘from dietary history, based on joint classification by tertiles (data based on information provided by 74 men and 

women aged 50-75 in Hoorn, The Netherlands, 1990) 

Overall proportion Lowest tertile on Highest tertile on 
of subjects classified dietary history dietary history 

into into Lowest Highest Highest Lowest 
same opposite tertile on tertile on tertile on tertile on 
tertile tertile questionnaire questionnaire questionnaire questionnaire 
(%I (%) (%I (“/I (%I (%I 

Total protein 54. I 2.7 58.3 4.2 68.0 4.0 
Vegetable protein 62.2 2.7 70.8 8.3 68.0 0.0 
Animal protein 56.8 1.4 65.2 4.3 64.0 8.0 

Total fat 64.9 5.4 70.8 4.2 68.0 12.0 
Monounsaturated fat 59.5 4.1 68.0 4.0 64.0 8.0 
Polyunsaturated fat 66.2 6.8 72.0 8.0 68.0 12.0 
Saturated fat 67.6 2.7 80.0 4.0 68.0 4.0 
Cholesterol 55.4 5.4 57.7 7.7 68.0 8.0 

Total carbohydrates 59.5 5.4 58.3 8.3 72.0 8.0 
Mono/disaccharides 62.2 5.4 66.7 4.2 72.0 4.0 
Polysaccharides 64.9 5.4 71.0 8.0 68.0 8.0 
Dietary fiber 55.4 2.7 70.8 8.3 56.0 0.0 
Alcohol 70.3 0.0 83.3 0.0 72.0 0.0 

Energy (kJ) 56.8 
Energy % protein 66.2 
Energy % fat 62.2 
Energy % carbohydrates 54.1 
Energy % alcohol 77.0 
P/S ratio 70.3 

4.1 
4.1 
2.7 
9.5 

Overall mean 62.4 

0.0 
4.1 

3.9 

65.2 0.0 64.0 12.0 
75.0 4.2 65.4 7.7 
75.0 4.2 64.0 4.0 
58.3 16.7 60.0 12.0 
83.3 0.0 83.3 0.0 
72.0 4.0 76.0 8.0 

69.6 5.4 67.8 6.3 

and vitamin B, as extremes on the one side take estimates [di = yi - xi] were not significantly 
(0.65, 0.36 and 0.51, respectively) and energy related to the means [mi = (Xi + yi)/2] for the 
percent of alcohol, P/S ratio and Ca/P ratio as majority of the macronutrients. However, low 
extremes on the other (0.78, 0.78 and 0.81, intakes were underestimated and high intakes 
respectively). overestimated for total protein and animal 

Regression analysis demonstrated that the protein, and vice versa for energy percent, re- 
differences between the individual pairs of in- sulting in a regression equation: yi -xi = M: + 

Table 4. Comparison of semiquantitative food frequency questionnaire scores with mean daily intakes of vitamins 
and minerals derived from dietary history, based on joint classification by tertiles (data based on information 

provided by 74 men and women aged 50-75 in Hoorn, The Netherlands, 1990) 

Overall proportion Lowest tertile on Highest tertile on 
of subjects classified dietary history dietary history 

into into Lowest Highest Highest Lowest 
same opposite tertile on tertile on tertile on tertile on 
tertile tertile questionnaire questionnaire questionnaire questionnaire 
(%) (%I (%I (%I (“/I W) 

Vitamin A 56.8 9.5 66.7 8.3 56.0 16.0 
Vitamin B, 54.1 9.5 64.0 16.0 52.0 12.0 
Vitamin B, 59.5 8.1 66.7 4.2 60.0 20.0 
Vitamin B, 33.8 8.1 58.3 16.7 56.0 8.0 
Nicotinic acid 54.4 2.7 58.3 8.3 68.0 4.0 
Vitamin C 58.1 2.7 64.0 4.0 68.0 4.0 

Sodium 
Potassium 
Iron 
Calcium 
Phosphorous 
Ca/P ratio 

Overall mean 

39.2 4.1 62.5 12.5 68.0 0.0 
58.1 9.5 62.5 16.7 60.0 12.0 
s9.5 5.4 66.7 8.3 64.0 8.0 
67.6 2.7 75.0 4.2 72.0 4.0 
55.4 6.8 54.2 4.2 68.0 16.0 
59.5 1.2 64.0 0.0 72.0 4.0 

54.7 5.9 63.6 8.6 63.7 9.0 
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@(xi +y,)/2, in which /? (with 95% confidence 
interval) was equal to 0.23 (0.3; 0.43), 0.25 (0.05; 
0.45) and - 0.37 ( - 0.58; - 0.16), respectively. 
Non constant bias was also found for three 
minerals and one vitamin where low intakes 
were underestimated and high intakes overesti- 
mated (calcium, phosphorous, sodium and vita- 
min B,), in which p (95% CI) was equal to 0.36 
(0.19; 0.54), 0.32 (0.18; 0.51) 0.30 (0.10; 0.50) 
and 0.27 (0.04; 0.51) respectively, and vice versa 
for vitamin A (p (95% CI): - 0.43 (- 0.74; 
- 0.12). 

The results of the comparison of macronutri- 
ents, and vitamins and minerals based on the 
classification in tertiles for both assessment 
methods separately, are shown in Table 3 and 4, 
respectively. To evaluate the identical classifi- 
cation and gross misclassification of nutrient 
intakes for both methods, the overall percentage 
of individuals in the same and in the opposite 
tertile were calculated (Table 3 and 4, first two 
columns). On average 62.4% of the individuals 
were grouped into the same tertiles for 
macronutrients, ranging from 54.1% for total 
protein to 77.0% for energy percent of alcohol. 
For vitamins and minerals, 54.7% of the sub- 
jects were grouped into the same tertiles, vary- 
ing from 33.8% for vitamin B, to 67.6% for 
calcium. Gross misclassification (the percentage 
of individuals in the opposite thirds) for 
macronutrients, and vitamins and minerals was 
3.9 and 5.9% on average, respectively. 

Within the extreme tertiles of the dietary 
history we evaluated the proportion of individ- 
uals ranked by the questionnaire in the same or 
in the opposite tertile (Table 3 and 4, last four 
columns). 

The proportion of individuals belonging to 
the lower tertile on the basis of the dietary 
history, and classified by the questionnaire into 
the lower or upper tertile, was on average 69.6% 
(Table 3 column 3, range: 58.3-83.3) and 5.4% 
(Table 3 column 4, range: &16.7), respectively, 
for macronutrients, and 63.6% (Table 4 column 
3, range: 54.2-75) and 8.6% (Table 4 column 4, 
range: O-16.7) respectively, for vitamins and 
minerals. 

The proportion of individuals belonging to 
the upper tertile of the dietary history distri- 
bution and classified into the upper or lower 
tertile by the questionnaire was on average 
67.8% (Table 3 column 5, range: 64-83.3) and 
6.3% (Table 3 column 6, range: O-12), respect- 
ively, for macronutrients, and 63.7% (Table 4 
column 5, range: 52-72) and 9.0% (Table 4 

column 6, range: &20), respectively, for vita- 
mins and minerals. 

DISCUSSION 

In a cross-over design we compared the re- 
sults of a newly developed self-administered 
semiquantitative food frequency questionnaire 
and a dietary history method in a population of 
74 elderly Dutch people aged 50-75, randomly 
selected from the registry of a medium-sized 
Dutch town. The low response rate (41%) does 
not threaten the internal validity of our study, 
since we compared two different dietary assess- 
ment methods and did not aim at assessing the 
distribution of intake levels in the population as 
a whole. However, our respondents may com- 
pare favourably with other populations with 
regard to interest in dietary issues and, there- 
fore, with respect to accuracy of food consump- 
tion reports and, consequently, the degree of 
inter method correspondence. This latter prob- 
lem is probably also present in other validity 
studies for methods of dietary assessment, since 
their study populations are selected from in- 
itially on-going cohort studies [5,27] or pre- 
selected subjects visiting a Medical Center 
[28-301. 

Several studies have compared a self-adminis- 
tered SFFQ with a dietary history method. 
Browe et al. [28] compared 18 macronutrient 
intakes of a self-administered diet questionnaire 
with a Burke dietary history on 29 men involved 
in a cardiovascular study. Jain et al. [29] ob- 
served in 50 females, attending a breast cancer 
centre, the intake of 11 macronutrients and 
vitamin C by means of a questionnaire on 69 
items and a detailed dietary history. Sorenson 
et al. [31] compared the intake of energy and 8 
macronutrients and 10 micronutrients, obtained 
with a 24-hour recall, a 2-day record method, a 
modified dietary history and a quantitative food 
frequency questionnaire in 50 men and women. 
Brow et al. [28] did not report mean estimates 
or differences in mean intakes. Jain er al. [29] 
reported that the mean estimates of the 
questionnaire compared to the interview were 
significantly higher for total energy, total 
and saturated fat, oleic and linoleic acid, and 
significantly lower for crude and dietary fiber. 
Sorenson et al. [31] found higher mean 
estimates for all nutrients measured in the ques- 
tionnaire compared to the dietary history, with 
significant differences for total energy, saturated 
and polyunsaturated fatty acids, crude fiber, 
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calcium, phosphorous, potassium, vitamins A, 
Bz and C. None of the authors calculated the 
mean or relative differences, but reported on 
statistical significance of differences between the 
two assessment methods only. However, not 
statistical significance per se, but the 95% confi- 
dence intervals of the mean differences and the 
magnitude of the relative differences are most 
informative regarding systematic bias. In our 
study the 95% confidence intervals of the mean 
differences are close to zero for all nutrients, 
except for vitamin C, and the relative differences 
were small and less than 8% for most nutrients. 

In comparing different dietary assessment 
methods one often finds that one method sys- 
tematically over- or underestimates mean intake 
compared with another method [13,32]. Epstein 
[33] reported that mean intakes calculated from 
a dietary questionnaire tended to be lower than 
those derived from the Burke interview. Other 
studies found that a questionnaire gives higher 
mean intakes than dietary history [29,31]. Such 
is not the case in our study. With regard to 
macronutrients the mean intake of protein esti- 
mated by the questionnaire is almost equal to 
the intake estimated by the dietary history; the 
mean intake of fat is estimated somewhat higher 
by the questionnaire than by the dietary history, 
whereas for carbohydrates the reverse applies. 
The mean estimates of minerals are systemati- 
cally, but slightly lower in the questionnaire 
compared to the history, ranging from - 0.11 
to - 3.8%. Regarding the mean intake of vita- 
mins estimated by the questionnaire, there was 
no systematic over or underestimation com- 
pared to the dietary history. 

The Pearson correlation coefficient, widely 
used in nutritional research, although notori- 
ously difficult to interpret [34], can serve as a 
global measure of linear association. We com- 
pared the correlation coefficients for nutrients 
found in this study with those of other studies, 
using a dietary history as reference method. 
With regard to macronutrients, our results are 
similar to those of Browe et al. [28], and better 
than those of Jain et al. [29] and Sorenson et al. 
[31], who found values between 0.47 and 0.72 
and between 0.24 and 0.56, respectively. Results 
on micronutrients were reported by Sorenson 
et al. [31] only, and the correlations appeared 
to be lower, (0.23-0.56) as compared to our 
results (0.360.81). Others have used diet 
records or 24-hour recalls as reference method 
[5,27,30,35,36]. Differences in validation 
methods, study populations and distribution of 

nutrients among these populations makes 
mutual comparison rather difficult. The mean 
correlation coefficients we observed for both 
macronutrients, and vitamins and minerals were 
0.71 and 0.66, respectively. The other studies 
[5,27,30,35,36] reported substantially lower 
mean correlation coefficients for macro and 
micronutrients, ranging from 0.37 to 0.57 and 
0.30 to 0.52, respectively. 

Since no real ‘gold standard’ is available, and 
formal (criterion) validity cannot be measured, 
our data provide information on relative (con- 
struct) validity by comparing the SFFQ with the 
dietary history as reference method. Although 
the SFFQ and dietary history are both recall 
techniques, the assessment methods differ sub- 
stantially, as indicated in the method section. In 
addition, the validity of the dietary history is 
generally accepted [6,7], and it is therefore 
obvious that this study is not only a reliability 
study. As applies to any validation method in 
the absence of a real ‘gold standard’, good 
agreement does not necessarily indicate (cri- 
terion) validity, and may also be due to simi- 
larity of measurement errors. A possible 
similarity in measurement error is that the esti- 
mation of nutrients depends on memory, conse- 
quently enhancing the degree of agreement 
between both assessment methods. On the other 
hand, poor agreement may suggest that at least 
one of the dietary methods is less valid. As the 
precision and validity of the dietary history are 
generally accepted, our analysis indicates satis- 
factorily relative validity, and compares favour- 
ably to other food-frequency questionnaire 
validation studies [28-3 I]. Probably, the design 
of the questionnaire has contributed to its rela- 
tive validity as well. 

The good agreement we found does not ex- 
clude the possibility of a non-constant bias, i.e. 
a bias that depends on the level of intake. Others 
[l] have presented the so-called ‘flat slope syn- 
drome’ as an example: the phenomenon of one 
dietary assessment method providing an overes- 
timation of low intakes and an underestimation 
of high intakes, both relative to one another, 
supposedly more valid assessment method. 
However, as several authors have pointed out 
[37,38], the ‘flat slope syndrome’ may very well 
be explained by the random measurement error 
which must be regarded considerable, even in 
the best dietary assessment methods available. 
If a regression analysis is carried out for one 
intake estimate, y, as function of another, x, 
the random error in x inevitably results in an 
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underestimation of the slope p of the regression 
line of y on x in comparison with the real 
functional relationship, analogous to the well- 
known statistical phenomenon of ‘regression to 
the mean’ [39]. In our study, this phenomenon 
manifested itself most clearly. Expressing the 
questionnaire estimate y as a linear function of 
the dietary history estimate x, we found that the 
95% confidence interval of the regression co- 
efficient of y on x was situated between 0 and 1 
for 28 out of the total of 31 nutritional par- 
ameters (data not shown). This systematic flat- 
ness of the regression lines of y on X, however, 
was not at all reflected by the results of the 
regression analysis with [di = yi - Xi] as the de- 
pendent and [mi = (x + yi)/2] as the independent 
variable. In this second regression analysis, the 
slope of the regression line is not distorted by 
the statistical phenomenon ‘regression to the 
mean’. Therefore, a slope differing significantly 
from 0 suggests a real relation between intake 
level on the one side and magnitude of bias on 
the other [26]. Such a statistically significant 
non-zero fl was only found for three macronu- 
trients, three minerals and two vitamins in our 
analysis. In six of them the direction of the 
regression line was opposite to what would be 
expected on the basis of the ‘flat slope’ of y on 
x[m]. So, in our data the ‘flat slopes’ of the 
regression lines of y on x turned out to be due 
to random error in the measurement of x in 26 
out of 28 nutrients. The non-constant bias does 
not threaten the qualitative study of the relation 
between nutrition and the etiology or prognosis 
of chronic disease. It may, however, bias the 
quantitative study of risk increase per unit 
nutrient intake. Still, on balance, our analysis 
suggests that the semiquantitative food fre- 
quency questionnaire performs quite satisfac- 
torily as far as relative validity is concerned. 

The degree of agreement with respect to 
classification into percentiles (tertiles or quin- 
tiles) offers another possibility to compare our 
results with those of other studies. This ap- 
proach is not free from interpretational 
difficulties either, because the division into per- 
centiles depends strongly on the distribution of 
real intake levels in the study population. Con- 
sequently, it is not clear how a certain degree of 
misclassification in percentiles could be trans- 
lated into the amount of measurement error on 
a quantitative scale of nutrient intake. Only Jain 
et al. [29], who compared their questionnaire 
with a dietary history, used the method of 
classifying individuals into tertiles of low, 

medium and high nutrient intake for both 
methods. They reported that on average 56% of 
the subjects were assigned to the same tertile, 
and that 4-14% were misclassified. Our ques- 
tionnaire shows substantially higher percentages 
of agreement, except for animal protein and 
cholesterol, and correspondingly lower percent- 
ages of gross misclassification. More detailed 
information about the ability of the question- 
naire to classify individuals is provided by the 
calculation of the proportion of individuals 
correctly and incorrectly classified by the ques- 
tionnaire for both extreme tertiles of the dietary 
history. The literature reports this analysis of 
misclassification only for quintiles of the distri- 
bution [5, 27,30, 361. For purely statistical 
reasons, it could be expected that the percent- 
ages of individuals ranked incorrectly by the 
questionnaire would be less favourable for our 
tertile approach than for quintile ranking. This 
was hardly the case, however, which provides 
additional support for the good performance of 
our questionnaire. 

In conclusion, the good agreement of mean 
intake of nutrients and high correlation co- 
efficients between the estimates of the newly 
developed self-administered semiquantitative 
questionnaire and the dietary history method, the 
absence of non-constant bias for most nutrients 
and the ability of the questionnaire to classify 
individuals adequately into broad categories, 
demonstrates an acceptable relative validity. 
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