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Background. Nutritional epidemiology relies largely on dietary assessment methods for the estimation of the ‘exposure’
variables which may be related to disease risk.

Methods. This paper describes a methodological study conducted in Malmd, Sweden, to compare nutrient intake—
estimated by two alternative dietary assessment methods—uwith a reference method consisting of 18 days of weighed
food records. The two candidate methods were an extensive food frequency questionnaire with portion size to be
estimated from a booklet of 120 sets of photos (method A) and a method involving the combination of a shorter question-
naire and a two-week food record (method B).

Results. In absolute values, both methods overestimated nutrient intake by 20-40%, with method B closer to the refer-
ence for most nutrients. Both crude and energy-adjusted correlations between A-reference and B-reference were of the
order of 0.50-0.60 for energy, energy-providing nutrients and most vitamins and minerals. Correlations were in the same
range for most of the 14 fatty acids considered in the analyses. Protein intake, estimated from the analyses of urinary
nitrogen on 6-8 repeated 24-hour urine collections per subject, was almost identical to the reference method values.
Correlation between nitrogen-derived values and dietary measurement was 0.75.

Conclusions. Overall, the study indicated that both methods A and B had good ranking validity compared to the reference
and that in most cases the combined method (B) performed slightly better than the extensive food frequency method (A).
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Research on the relation of diet to the aetiology of cancer
and other chronic diseases has proved to be one of the
most challenging areas of modern epidemiology. The
difficulty of measuring diet during the time period rele-
vant to disease aetiology and with a validity and pre-
cision sufficient to detect underlying relations has been
widely discussed.'?

As compared to the empirical approach often used
in epidemiological studies on diet and cancer during
the 1970s, there has been a growing awareness in re-
cent years of the limitations of using dietary question-
naires of unknown validity and reproducibility and, as
a consequence, a new interest in the methodological
development of dietary questionnaires tailored for
epidemiological studies.
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Some of these questionnaires have been tested for
their relative validity and reproducibility in so called
‘validation’ studies.®> In these methodological studies
the measurements of current usual diet during a given
time period for agroup of subjects were compared to the
measurements obtained for the same subjects with a
method of (relatively) much higher validity but too cum-
bersome to be used for thousands and even tens of thou-
sands of subjectsin large epidemiological cohort studies.

The Mamé diet study was originally designed in
1984 in order to test two alternative methods of measur-
ing diet, to be used eventually in the Malmé Diet and
Cancer Study. The design of the study was conceptually
based on the idea of comparing three ‘families’ of
measurements: the two candidate methods, the dietary
method of reference (weighed food records) and bio-
markers of diet from blood and urine samples. A suc-
cinct description of the study and partial results were
reported in the proceedings of a symposium held in
Malmé in 1991.°

This paper reports the results on the relative validity
of the measurements of 16 main nutrients and 12 fatty
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Randomized Dietary Reference dietary method Dietary No. of
groups method (3-day weighed food records — 6 times) method subjects
1 2 3 4 5 6
1 Al » A2 57
1 2 3 4 5 6
2 Al » B2 50
1 2 3 4 5 6
3 Bl » B2 54
1 2 3 4 5 6
4 Bl » A2 45
Time in months 0 1-2 3-4 5-6 7-8 9-10 11-12 12-13

A: 250-question food frequency questionnaire

B: 130-question food frequency questionnaire combined with a two-week food record

Ficure 1 General outline of the study protocol

acids obtained by the two candidate methods as com-
pared to those obtained with the weighed food records.
In addition, measurements of proteins from the dietary
assessment methods were compared to the protein in-
take estimated from urinary nitrogen excretion. Results
on reproducibility, which have been published,” showed
correlation coefficients of the order of 0.50-0.90 for
nutrients and foods.

The main reason for including two alternative methods
in the study was to compare an extensive food fre-
quency questionnaire—with food portions estimated using
photos—to a new method based on the combination of
14 days of (non-weighed) food records with a shorter
quantitative food frequency questionnaire with closed
and open questions. This decision seemed justified to
the authors by the potential interest in using infor-
mation on ‘actually consumed’ food, as can be provided
by food records, which was expected to overcome some
of the limitations of the more traditional food frequency
approach. Moreover, there was an interest in testing the
performances of a food frequency questionnaire devel-
oped close to the maximum length still compatible with
reasonable compliance. These approaches were some-
what at variance with the prevailing tendency of the
1980s of trying to simplify as far as possible the dietary
questionnaires designed for diet and cancer studies.

MATERIALS AND METHODS

Study Design

To estimate the validity of the two dietary assessment
methods it was decided to sub-divide the study subjects
randomly into six groups. The two methods which, for
brevity, are called Method A (extensive food frequency

guestionnaire) and Method B (combined food record-
food frequency method) are described below.

Groups 1 to 4 were set up to estimate validity by com-
paring method A or B, administered at the beginning
and at the end of the 12-month study period, with the
reference method. While groups 1 and 3 filled in twice
either method A or B, the subjects in groups 2 and 4
switched method from A to B or from B to A. This pro-
vided a kind of 2 X 2 squared design, the aim of which
was to estimate whether the concordance between
methods would be affected by the order in which diet-
ary assessment methods are administered in validation
studies (Figure 1).

Subjects in groups 5 and 6 were asked to complete
twice, 1 year apart, either method A or B but not to keep
weighed food records. The results of this component of
the study were reported in a paper on reproducibility of
dietary measurements.”

Subject Recruitment and Participation

A list of 887 residents (half men, half women) of the
town of Malmé aged 50-69 was randomly extracted
from the computerized population registry. All subjects
were invited by letter to attend the general health
screening which was ongoing at the Institute of Pre-
ventive Medicine and were asked to volunteer to take
part in a study on diet.

Of the 887 invited, 563 (64%) attended the health
screening in September-October 1984. After 19 sub-
jects had been excluded for medical reasons or lan-
guage problems, 544 people were randomized to groups
1to 6; 75% of those assigned to groups 1 to 4 accepted,
while the corresponding figure for groups 5 and 6 was
84%. Of those in groups 1 to 4 who started the first
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3-day period of diet recording, 18% dropped out during
the 1-year period and did not complete the study. The
dropout rate was higher in groups 5 and 6; of those who
filled in questionnaire A or B at the start, 24% did not
return 1 year later when they were invited to fill in the
same questionnaire a second time.

Methods for Measuring Diet
Extensive food freguency questionnaire with portion size
estimation (method A). Method A, which was designed
to cover the whole diet over the preceding 12-month
period, contained questions on frequency of con-
sumption and usual portion size for 350 foods. It was
50 pages long, self-administered, and was structured
by major groups of foods, prepared dishes and bev-
erages. Subjects were asked to indicate frequency of
usual consumption per week or month, seldom or never.
Frequency was open and not in pre-defined categories.
The portion size was estimated from a 78-page
booklet with 122 sets of photographs or drawings of
foods and dishes in varying portions (usually four). For
each food the corresponding series of pictures in the
booklet was indicated by a number in the questionnaire,
and portions were indicated by alphabetical letters A,
B, C or D going from the smallest to the largest. The
subjects, in groups of 1-4 people, were instructed by a
dietician on how to fill in the questionnaire in the
hospital where health screening took place. It took most
of the subjects 1-2 hours to compl ete the questionnaire.
Approximately 1 week later a dietician had a personal
meeting with each subject to check whether the ques-
tionnaire was filled in satisfactorily.

Combined food record-food frequency method (method B).
Method B involved the combination of a much shorter
food frequency questionnaire (130 items) and a 2-week
food record. The questionnaire did not cover any ‘hot
meals’, i.e. lunch and dinner, and, to assess these, a
2-week food record was used. The subjects were in-
structed to record detailed information on what was
eaten at each ‘hot meal’. When subjects returned the
questionnaire and the food records 2—3 weeks later, the
dietician recorded the usual amounts of each item con-
sumed by the subject. Theinitial instructions were given
to study subjects in small groups, and the checking was
carried out individually when the subjects returned the
questionnaires.

The reference method, to which methods A and B
were compared, consisted of weighed food records kept
over six 3-day periods, evenly distributed over 1 year
(Table 1). The periods were selected so that each sub-
ject recorded the food once every 2 months and so that
the 18 days of records for each subject included two

TaBLE 1 Mean and standard deviation of age, height, weight and
quetelet index for the subjects randomized in the four study
groups

Study groups: 1 2 3 4
Dietary method: A1+ A2 Al1+B2 Bl1+B2 Bl+ A2
No. of subjects 57 50 54 45
Age Mean 62.7 61.2 60.3 61.3
+SD 57 51 5.8 55
Height Mean 168.2 168.8 169.9 167.0
+SD 10.7 8.1 9.7 8.6
Weight Mean 73.3 717 715 72.0
+SD 12.7 8.1 11.0 12.0
Quetelet Mean 25.9 25.1 24.7 25.8
+SD 3.8 34 24 3.9

Tuesdays, Wednesdays and Thursdays, and three of each
of the other days of the week. Thus, the subject was
asked to weigh and record everything he/she ate or
drank for atotal of 18 days. For each recording period
the dietician had two individual meetings with the sub-
ject, the first to provide instructions and the second to
check the food records. Information for the validity
study (groups 1, 2, 3 and 4) was collected by four diet-
icians, while the repeatability study (groups 5 and 6)
was run by only one dietician. Each dietician followed
‘her’ subjects from the first health screening, and all
through the second screening. In groups 1, 2, 3 and 4,
however, another dietician carried out the final A or B
measurement because the participant’s ‘usual’ dietician
was suspected of knowing too much about the person’s
food habits from the reference method to make a ‘ blind’
measurement.

In order to minimize inter-interviewer variation and
its potential effects on the study results, all the
dieticians were trained together, quality checks were
performed several times during the study, and each
dietician in the validity study had approximately 25%
of the subjects in each group (1 to 4).

Food coding and nutrient calculations. The data were
coded using the Swedish Food Data Base® prepared
by the National Food Administration, which provides
figures on the content of 34 nutrients for about 1500
food items, drinks and recipes. The food data collected
were coded by dieticians other than those doing the
field work. The concordance of the coding was checked
on several occasions (e.g. by two dieticians coding the
same material); only a very low proportion of minor
discrepancies were found, and these were solved by the
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head nutritionist. For the purposes of the statistical
analyses presented in this paper, vitamin intakes were
restricted to vitamins contained in foods and did not
include vitamin supplements. This information was
collected, and will be used in connection with measure-
ments of vitamins in blood.

Collection and Analysis of Urine and Blood Samples
Twenty-four hour urine samples were collected from a
subsample of the subjects included in the methodolo-
gical study. Each subject was asked to collect 24-hour
urines eight times during the 12-month study period. To
simplify the task and make it less cumbersome for the
volunteers, the 8 days were in most cases subdivided
into four periods of 2 days each, but the urines of the
two consecutive days were kept in separate bottles.

Samples were collected using standard procedures.
The subjects were provided with a bag, plastic bottles
and cups. They were instructed by the dieticians to keep
a careful record of their urine collection, which in-
cluded the time of start and end of the collection, and
a self-evaluation of the completeness of collection at
each micturation (certainly complete, possibly incom-
plete, certainly incomplete). When the subjects brought
in their samples, the dieticians went over with them the
reports on completeness of urine collection over the
24-hour period, and a score of completeness was then
computed on a scale of 1 to 10 for the whole 24-hour
period. This was used to classify 24-hour urine samples
into ‘probably or certainly complete’ and ‘probably or
certainly incomplete’. Statistical analyses were con-
ducted on the two subgroups separately.

Urine samples were analysed for urinary nitrogen in
Professor Isaksson’s Department of Clinical Nutrition,
University of Gothenburg, by the Kjelldahl method.
Protein values (g/day) were computed from nitrogen
output by means of the formula:

Protein in diet (g) = (Ng + 2) X 6.25

where 2 indicates the average extra-urinary losses of
nitrogen (in grams, through faeces, sweat and skin cell
exfoliation), and 6.25 the standard nitrogen factor for
protein in diet.®

During the study period, blood samples were col-
lected four times (once every 3 months) from 60 sub-
jects. Results of the biochemical analyses will be
presented in a separate report.

Satistical Methods

Data on nutrient intake for each day of food recording
(reference method) and for the usual daily intake
estimated by methods A and B were first analysed for
quality control in terms of distributions, outliers,

absolute and relative values. Outliers were systematic-
ally checked by returning to the original records, and
corrections were made, when appropriate, in the
reference method. Errors detected in methods A and B
were not corrected if they were due to a subject’s
misinterpretation of the questionnaire, as this was con-
sidered to be part of the characteristics of the methods
to be tested, while errors due to data input or manage-
ment were corrected whenever detected.

Nutrient data were analysed using SAS statistical
procedures for calculation of means, standard devia-
tions, quintiles and Pearson’s correlation coefficients.
Energy-adjusted correlation coefficients were calculated
following the regression residual method described by
Willett and Stampfer.'° The correlations were also com-
puted adjusting for age but they are not presented; as
might be expected from the narrow age range (50-69)
they were identical to those adjusted for energy only.

RESULTS

Average age and standard deviation for age, height,
weight and Quetelet’s index (Body Mass Index) for the
206 subjects (101 men and 105 women) included in the
final analysis are shown in Table 1 for each of the four
study groups included in the validity study. The four
groups did not differ significantly for any of these
variables.

The average intake of energy, energy-providing
nutrients, and some vitamins and minerals estimated by
different dietary assessment methods are reported in
Tables 2a and 2b for men and women, respectively.

The dietary patterns estimated by the reference
method are typical of those expected in a middle-aged/
elderly group of men and women (aged between 50-69)
with arather sedentary lifestyle.*!

Both methods A and B overestimated the intake of
energy-providing nutrients and therefore of total energy.
The two methods also provided substantially larger
estimates of between-person variability than the refer-
ence method, as shown by the larger standard devia-
tions of the means for all nutrients. The overestimation
was more pronounced for A1 and B1 than for A2 and
B2. These results may suggest either that A2 and B2
were more appropriate measurements of the diet during
the 12 months covered by the reference method or that
the subjects had ‘learned’ during the study period to
report their diet more correctly. While this issue is of
general interest for the interpretation both of the present
study and of similar studies, and will be reconsidered in
the discussion, it is of interest to note that the lower
overestimation observed for A2 and B2 is independent
of the order in which method A or B was administered.
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TABLE 2a Daily intake of selected nutrients estimated by either method A (extensive food frequency questionnaire) or method B (combined
food records-food frequency) compared to the reference method. Al and B1 at start of 12-month study period. A2 and B2 at the end.

Groups 1 & 2 Groups3 & 4 Groups 1 & 4 Groups2 & 3
No. of subjects 57 44 46 55
Al Ref B1 Ref A2 Ref B2 Ref
Energy (kcal) Mean: 3093 2348 3005 2323 2892 2340 2771 2335
+ SD 950 451 1127 461 933 437 721 470
Protein, % energy Mean: 13 14 14 14 14 14 13 14
+SD 2 2 2 2 2 2 2 2
Fat, % energy Mean: 40 39 40 40 39 40 41 39
+ SD 8 5 7 5 7 5 7 5
Carbohydrates, % energy Mean: 45 44 44 43 45 43 44 44
+SD 7 5 8 6 8 5 7 6
Alcohol, % energy Mean: 2 3 3 3 2 3 2 3
+SD 3 3 4 4 3 4 2 2
Protein (g) Mean: 100 80 103 79 97 80 90 80
+ SD 29 14 44 16 29 14 22 16
Fat (9) Mean: 138 102 131 104 126 103 126 102
+ SD 56 22 48 23 53 20 40 24
Cholesterol (mg) Mean: 446 390 460 379 407 309 395 381
+SD 170 106 176 115 128 98 130 120
Carbohydrates (mg) Mean: 349 262 337 253 327 254 307 261
+ SD 119 62 154 68 120 64 100 65
Sugar (g) Mean: 62 47 52 43 54 46 49 45
+SD 41 25 27 24 25 23 35 26
Alcohol (g) Mean: 9 10 10 10 9 11 8 8
+SD 10 9 13 12 9 12 8 8
Retinol (ug) Mean: 2213 1384 2162 1529 2203 1345 2133 1533
+ SD 1176 638 1369 754 1689 593 1263 758
B-carotene (1g) Mean: 3653 1943 2587 2024 2665 1958 2775 1995
+ SD 2454 1074 1548 1265 1648 1215 2023 1115
a-tocopherol (ug) Mean: 12 342 8622 11183 8676 10 800 8368 11 485 8878
+SD 8993 3266 6501 2904 9686 3116 6924 3093
Ascorbic acid (mg) Mean: 98 61 82 61 81 58 76 64
+SD 47 35 38 33 38 34 41 34
Folate (ug) Mean: 308 220 294 208 287 209 267 220
+SD 96 53 128 52 109 53 89 52
Calcium (mg) Mean: 1300 921 1352 916 1104 921 1096 918
+SD 570 267 910 344 461 305 447 302
Zinc (ug) Mean: 12 667 10 372 13738 10 464 12 558 10 356 12 072 10 459
+SD 3764 1970 6307 2215 3728 1909 3132 2211
Selenium (ug) Mean: 41 37 40 34 39 35 36 37
+SD 14 12 14 9 14 9 11 12
Fibre (g) Mean: 27 18 25 17 25 17 25 19
+SD 11 5 11 5 12 5 11 6
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TABLE 2b Daily intake of selected nutrients estimated by either method A (extensive food frequency questionnaire) or method B (combined

food records-food frequency) compared to the reference method. Al and B1 at start of 12-month study period. A2 and B2 at the end.

Groups 1 & 2 Groups 3 & 4 Groups 1 & 4 Groups2 & 3
No. of subjects 50 55 56 49
Al Ref B1 Ref A2 Ref B2 Ref
Energy (kcal) Mean: 2039 1634 1886 1663 1959 1670 1768 1625
+SD 460 277 572 315 566 283 537 312
Protein, % energy Mean: 14 14 14 14 14 14 14 14
+SD 3 2 2 2 3 2 2 2
Fat, % energy Mean: 39 39 39 39 39 39 38 39
+SD 6 4 5 4 7 4 7 4
Carbohydrates, % energy Mean: 46 45 45 45 45 44 46 45
+ SD 6 5 5 5 7 5 7 5
Alcohol, % energy Mean: 1 2 2 2 1 2 1 2
+ SD 1 3 2 2 2 3 1 2
Protein (g) Mean: 73 58 65 58 69 58 62 58
+SD 19 11 16 10 19 9 19 12
Fat (g) Mean: 88 71 83 73 87 73 76 70
+SD 27 13 32 17 37 16 29 14
Cholesterol (mg) Mean: 337 289 299 291 308 289 288 292
+SD 101 94 92 80 103 87 106 87
Carbohydrates (mg) Mean: 236 185 216 187 221 187 307 185
+SD 60 41 65 40 59 38 68 43
Sugar (g) Mean: 39 37 37 37 38 37 37 36
+SD 22 16 17 14 20 14 31 16
Alcohol (g) Mean: 3 5 4 5 3 6 2 4
+SD 3 7 6 5 4 7 3 5
Retinol (ug) Mean: 1701 1009 1228 927 1260 895 1163 1048
+SD 1198 690 888 521 781 474 865 724
B-carotene ((ug) Mean: 4464 2741 3047 2237 3704 2442 3043 2516
+SD 3111 1942 1837 1648 3059 1819 2650 1815
a-tocopherol (ug) Mean: 10 036 7178 8965 7601 9655 7783 8303 6962
+SD 5873 2417 5056 2899 9979 2697 7620 2611
Ascorbic acid (mg) Mean: 104 78 82 67 94 72 84 73
+SD 53 43 38 33 53 38 42 38
Folate (ng) Mean: 276 193 224 183 244 189 209 186
+SD 95 58 91 52 198 49 67 61
Calcium (mg) Mean: 940 672 882 725 920 792 820 693
+ SD 456 185 344 180 367 163 420 206
Zinc (ug) Mean: 9371 7415 8385 7390 8936 7425 8091 7575
+SD 2705 1531 2084 1366 2809 1273 2264 1622
Selenium (ug) Mean: 34 30 29 28 30 28 28 30
+SD 11 12 9 9 10 10 10 12
Fibre (g) Mean: 22 15 19 15 19 15 18 15
+SD 8 5 6 4 8 4 6 5
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TABLE 3a Over- or underestimation of dietary methods Al and
B1 as compared to the reference method. The values in the table
were calculated as ([Al-Ref]/Ref) X 100 for each subject and
expressed as the average percentage of the reference value. (Al
and Bl were administered at the start of the 12-month study
period)

Women All
subjects

Nutrient Men

TABLE 3b Over- or underestimation of dietary methods Al and
B1 as compared to the reference method. The values in the table
were calculated as ([Al-Ref]/Ref) X 100 for each subject and
expressed as the average percentage of the reference value.

Women All
subjects

Nutrient Men

Al B1 A1 B1 Al B1

Al Bl Al Bl Al B1

No. of subjects 57 44 50 55 107 99
Energy 33 29 27 14 30 21
Protein, % energy -8 0 0 0 —4 0
Fat, % energy 3 0 0 0 1 0
Carbohydrates,

% energy 2 2 2 0 2 1
Protein 25 30 27 14 26 21
Fat 35 27 28 15 32 21
Cholesterol 17 26 23 8 20 16
Carbohydrates 36 33 30 16 33 24
Sugar 51 43 11 3 32 21
Alcohol 14 186 7 -21 11 75
Retinol 79 61 96 51 87 56
Carotene 120 76 87 89 104 83
Tocopherol 40 31 41 17 41 23
Ascorbic acid 90 59 45 36 69 46
Folate 44 42 47 28 45 34
Calcium 42 52 41 23 42 36
Zinc 24 31 28 16 26 23
Selenium 16 22 23 11 19 16
Fibre 49 44 46 32 48 38

No. of subjects 57 44 50 55 107 99
Saturated
Total 37 30 28 14 33* 217
10:0, Capric acid 41 43 32 15 37 28
12:0, Lauric acid 57 40 39 27 49 32
14:0, Myristic acid 37 35 28 12 33 22
16:0, Palmitic acid 35 29 29° 13° 32¢ 20°
18:0, Stearic acid 41 29 28 152 350 21
20:0, Arachidic acid 10 1 5 -5 8 -2
Monounsaturated
Total 35 26 24 15 30 20
16:1, Palimitoleic acid 19 35 12 12 16 23
18:1, Oleic acid 28 23 17 14 23 18
Polyunsaturated
Total 38 29 38 22 38 25
18:2, Linoleic acid 39 31 39 23 39 26
18:3, Linolenic acid 34 29 27 16 31 22
20:4, Arachidonic acid 33 31 31 18 32 24
20:5, Timnodonic acid 24 30 5 31 15 31

22:5, Eicosapentaenoic acid (EPA) 28 22 17 15 23 18
22:6, Eicosahexaenoic acid (DHA) 15 22 11 16 13 19
P/S ratio 2 4 8 8 5 6
Mono+poly/sat. ratio 17 14 13 11 16 12

In practice, the tendency is the same for the subjectsin
groups 1 and 3 (A-Ref-A or B-Ref-B) as for those in
groups 2 and 4 (A-Ref-B, B-Ref-A).

When intake values, at the individual level, obtained
by methods A1 or B1 were compared to those obtained
by the reference method (Table 3a), there was a stat-
istically significant overestimation for method A of
energy, protein, carbohydrates, cholesterol, retinol,
tocopherol, folate, calcium and zinc among women.
Among men, the overestimation was also more pro-
nounced for method A than for method B, but the two
methods did not differ significantly. Overall, method B
showed a less pronounced overestimation of intakes
than method A, for both energy-providing nutrients and
for vitamins and minerals. It is of interest to note that
the differences in estimated intake of vitamin C were
mainly due to overestimation of vegetable consumption
by both methods A and B, and the differences in cal-
cium intake were mainly due to overestimation of dairy
products.

abed |ndicate statistically significant (P < 0.05) differences in over-
estimation (A > B).

In recent years there has been growing interest in
investigating the role of the fatty acid composition of
dietary fats in addition to total fat intake, and to go
beyond the simple distinction between saturated, mono-
unsaturated and polyunsaturated fats. Table 3b shows
the average percentage over- or underestimation of the
intakes of specific fatty acids estimated by either method
A or B compared to the reference method. It can be seen
that overestimation was higher for method A than for
method B, particularly among women. The difference
in overestimation was statistically significant for 16:0
among women and for 16:0, 18:0 and total saturated fat
in both sexes combined. It should be noted that the P/S
ratio was only very slightly overestimated (2—8%). In
fact, the overestimation was very similar at the indi-
vidual level for the intake of both polyunsaturated and
saturated fatty acids, and the ratio was almost not affected.

Crude and energy-adjusted Pearson correlations
between the reference method and either method A or B
arereported in Tables 4aand 4b. To correct for skewness
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TABLE 4a Pearson correlation coefficients, crude and energy-adjusted, between daily nutrient intakes measured either by method A and
reference or by method B and reference. Correlations were computed on log-transformed variables

Men
Crude correlation Energy-adjusted correlation
Al-Ref B1-Ref A2-Ref B2-Ref A1l-Ref B1-Ref A2-Ref B2-Ref

Energy 0.55 0.59 0.56 0.55 - - - -

Protein 0.56 0.52 0.55 0.49 0.54 0.53 0.49 0.54
Fat 0.59 0.51 0.63 0.51 0.65 0.50 0.62 0.64
Cholesterol 0.56 0.44 0.59 0.56 0.54 0.46 0.59 0.56
Carbohydrates 0.57 0.66 0.60 0.64 0.65 0.60 0.60 0.66
Sugar 0.63 0.61 0.49 0.67 0.62 0.57 0.50 0.60
Alcohol 0.67 0.75 0.85 0.78 0.72 0.74 0.86 0.80
Retinol 0.24 0.37 0.55 0.27 0.37 0.28 0.58 0.39
Carotene 0.41 0.29 0.48 0.53 0.46 0.30 0.42 0.48
Tocopherol 0.68 0.59 0.70 0.60 0.77 0.45 0.70 0.65
Ascorbic acid 0.59 0.56 0.58 0.66 0.64 0.58 0.62 0.64
Folate 0.48 0.61 0.47 0.66 0.53 0.66 0.42 0.75
Calcium 0.63 0.56 0.74 0.64 0.58 0.55 0.75 0.70
zZinc 0.46 0.52 0.41 0.52 0.41 0.57 0.25 0.58
Selenium 0.53 0.48 0.53 0.45 0.53 0.44 0.56 0.46
Fibre 0.58 0.69 0.54 0.72 0.61 0.72 0.60 0.74

95% confidence interval for a sample size = 50: —-0.09-0.46 for r = 0.20; 0.01-0.54 for r = 0.30; 0.13-0.62 for r = 0.40; 0.25-0.69 for r = 0.50;
0.38-0.76 for r = 0.60; 0.52-0.82 for r = 0.70; 0.67-0.88 for r = 0.80.

TABLE 4b Pearson correlation coefficients, crude and energy-adjusted, between daily nutrient intakes measured either by method A and
reference or by method B and reference. Correlations were computed on log-transformed variables

Women
Crude correlation Energy-adjusted correlation
Al-Ref B1-Ref A2-Ref B2-Ref Al-Ref B1-Ref A2-Ref B2-Ref

Energy 0.28 0.54 0.48 0.55 - - - —

Protein 0.56 0.24 0.41 0.46 0.64 0.40 0.60 0.53
Fat 0.22 0.56 0.35 0.55 0.60 0.58 0.37 0.69
Cholesterol 0.59 0.43 0.41 0.69 0.68 0.52 0.58 0.71
Carbohydrates 0.51 0.63 0.66 0.64 0.46 0.65 0.43 0.70
Sugar 0.68 0.77 0.57 0.74 0.67 0.73 0.49 0.74
Alcohol 0.79 0.82 0.82 0.83 0.73 0.81 0.80 0.78
Retinol 0.52 0.32 0.40 0.69 0.52 0.29 0.44 0.72
Carotene 0.68 0.51 0.55 0.71 0.68 0.50 0.58 0.70
Tocopherol 0.57 0.77 0.66 0.72 0.70 0.74 0.69 0.83
Ascorbic acid 0.77 0.64 0.78 0.73 0.78 0.65 0.85 0.71
Folate 0.59 0.40 0.69 0.73 0.69 0.47 0.71 0.75
Calcium 0.62 0.57 0.58 0.72 0.63 0.65 0.58 0.73
zZinc 0.54 0.28 0.39 0.45 0.47 0.31 0.51 0.44
Selenium 0.61 0.15 0.52 0.41 0.60 0.22 0.59 0.44
Fibre 0.61 0.50 0.69 0.63 0.67 0.60 0.69 0.69

95% confidence interval for a sample size = 50: —0.09-0.46 for r = 0.20; 0.01-0.54 for r = 0.30; 0.13-0.62 for r = 0.40; 0.25-0.69 for r = 0.50;
0.38-0.76 for r = 0.60; 0.52-0.82 for r = 0.70; 0.67-0.88 for r = 0.80.
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TABLE 5 Pearson correlation coefficients, crude and energy-adjusted for daily intake of specific fatty acids, measured by method A and
reference or by method B and reference. Correlations were computed on log-transformed variables

Fatty acids Men Women
Crude Energy-adjusted Crude Energy-adjusted
correlation correlation correlation correlation
Al-Ref B1-Ref Al-Ref B1-Ref Al-Ref B1-Ref A1l-Ref B1-Ref
Saturated
Total 0.56 0.55 0.68 0.56 0.28 0.54 0.63 0.68
10:0, Capric acid 0.59 0.59 0.71 0.65 0.56 0.24 0.68 0.64
12:0, Lauric acid 0.56 0.52 0.62 0.41 0.22 0.56 0.52 0.49
14:0, Myristic acid 0.57 0.51 0.73 0.59 0.59 0.43 0.66 0.64
16:0, Palmitic acid 0.63 0.44 0.64 0.47 0.51 0.63 0.66 0.66
18:0, Stearic acid 0.67 0.67 0.52 0.51 0.68 0.77 0.61 0.69
Monounsaturated
Total 0.41 0.75 0.50 0.59 0.52 0.32 0.58 0.66
16:1, Palmitoleic acid 0.20 0.37 0.66 0.51 0.68 0.51 0.56 0.45
18:1, Oleic acid 0.68 0.29 0.47 0.58 0.57 0.44 0.57 0.63
Polyunsaturated
Total 0.59 0.39 0.72 0.26 0.57 0.77 0.69 0.64
18:2, Linoleic acid 0.48 0.59 0.77 0.23 0.77 0.64 0.69 0.68
18:3, Linolenic acid 0.63 0.56 0.58 0.22 0.59 0.40 0.79 0.58
20:4, Arachidonic acid 0.46 0.61 0.70 0.55 0.62 0.57 0.54 0.44
20:5, Timnodonic acid 0.53 0.56 0.49 0.24 0.54 0.28 0.69 0.38
22:5 0.58 0.52 0.38 0.37 0.61 0.15 0.65 0.40
22:6, Docosahexaenoic acid 0.69 0.48 0.50 0.20 0.61 0.50 0.70 0.27
P/S ratio 0.73 0.44 0.72 0.41 0.75 0.77 0.74 0.74
Mono+poly/sat. ratio 0.58 0.51 0.65 0.21 0.57 0.62 0.65 0.68
Average correlation? 0.55 0.52 0.59 0.40 0.58 0.52 0.62 0.56

2 Does not include P/S and Mono+poly/sat ratios.

95% Confidence Interval for a sample size = 50: —0.09-0.45 for r = 0.20; 0.01-0.54 for r = 0.30; 0.13-0.62 for r = 0.40; 0.25-0.69 for r = 0.50;

0.38-0.76 for r = 0.60; 0.52-0.82 for r = 0.70; 0.67-0.88 for r = 0.80.

of the distributions, all values of nutrient intake were
log transformed. Average energy-adjusted correlations
are of the order of 0.53-0.57 for method A and
0.52-0.69 for method B, depending on subgroup and
sex. Most of the correlations were similar for methods
A and B.

It should be noted that correlations for fat intake
were relatively high for method B (0.50-0.69), while
for method A the crude correlation for fat among
women was quite low (0.22). As usual, the highest
correlations were found for alcohol intake (0.67—0.86).

Overall, the means of the energy-adjusted correla-
tions for method B are 0.40 and 0.56 for men and
women, respectively, and 0.59 and 0.62 for men and
women, respectively, for method A. The detailed values
for fatty acid composition available from the Swedish
food tables made it possible to estimate the validity
of the measurements of specific fatty acids which may

be of particular interest in investigations on cancer or
cardiovascular disease and diet (Table 5). The correla-
tions for the essential fatty acids (linoleic and linolenic
fatty acids) were higher for method A (range 0.58-0.79)
than for method B (range 0.22-0.68). The correlations
for long chain polyunsaturated fatty acids were also
generally lower with method B than with method A.

For all variables shown in Tables 4 and 5 we also
computed rank order (Spearman) correlations, crude
and energy-adjusted, and obtained results very similar
to those provided by Pearson correlations. The Spear-
man correlations are therefore not shown.

Table 6 examines the concordance between methods
from a different point of view, namely that of the
correspondence between quartile distribution obtained
with each method as compared to the reference. For
simplicity, the table reports the proportion of subjects
in the lowest or in the highest quartile of intake by the
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TABLE 6 Cross-classification of subjects by quartile of nutrient intake for reference method and methods A or B. The figures indicate the
proportion of subjects in the lowest quartile on the reference method who were also classified in the lowest quartile (correctly) or in the
highest quartile (incorrectly) by methods A or B (men and women combined)

Nutrient Lowest quartile on reference method (%) Highest quartile on reference method (%)
Lowest Second Highest Lowest Second Highest Highest Second Lowest Highest Second Lowest
quartile lowest quartile quartile lowest quartile quartile highest quartile quartile highest quartile
on Al quatile onAl onBl quatile onBl1 onAl quartile onAl onAl quatile onB1l

on Al on B1 on Al on B1

Energy 42 31 8 50 33 0 70 19 4 72 16 0

Protein 54 31 4 38 46 13 63 22 4 60 20 0

Fat 42 33 4 54 21 4 70 26 4 72 20 4

Saturated 46 31 8 63 17 4 67 30 0 56 36 4
Monounsaturated 46 15 4 63 21 4 67 26 4 72 20 8
Polyunsaturated 46 31 4 58 29 4 59 30 7 60 20 0
Cholesterol 54 19 12 54 21 8 59 39 4 60 16 4

Carbohydrates 58 27 4 50 38 0 56 26 4 68 28 0

Sugar 54 27 0 54 33 8 63 19 7 50 29 8

Alcohol 73 19 4 75 13 4 67 33 0 82 24 0

Retinol 54 27 12 42 38 4 41 30 7 48 24 16

B-carotene 50 31 4 42 29 13 52 26 0 56 16 8

a-tocopherol 50 31 0 71 25 0 67 11 11 56 36 0

Ascorbic acid 46 27 4 54 21 4 63 26 0 46 38 8

Folate 54 27 4 58 25 8 44 22 11 48 36 8

Calcium 65 15 8 58 21 8 56 33 4 56 32 0

Zinc 46 31 4 46 33 8 59 22 4 60 20 4

Selenium 50 31 4 50 21 13 59 19 7 36 36 16

Fibre 54 27 0 58 21 4 63 22 4 60 24 0

Average per cent 53 28 48 23 60 23 60 23

81 4 81 6 83 5 83 5

reference method who were correctly classified in the
same or in the adjacent quartile by methods A or B, and
the proportion of subjects grossly misclassified.

The proportion of subjects correctly classified in the
same highest or lowest quartile as by the reference
method ranged between 42 and 73% for method A and
between 38 and 75% for method B for different nutri-
ents. By adding also the proportion of subjects in the
highest and lowest quartiles by the reference method
who were classified in the adjacent second highest or
second lowest quartile by method A or B, the figures
ranged between 66 and 100% for method A, and 71 and
96% for method B. On average, 81-83% of subjectsin
the lowest or in the highest quartile by the reference
method were classified in the lowest or highest quartile
or in the adjacent one by methods A or B. The pro-
portion of subjects grossly misclassified in the opposite
highest or lowest quartile was on average 4-6%, and
was very similar for both methods and both sexes.

Protein intake estimated from urinary nitrogen output
was estimated for 63 subjects who completed at |east six
24-hour collections. However, results are presented for
53 subjects who had the highest score for completeness
of urinary collection. Their average protein intake es-
timated by urinary nitrogen output was 70.8 g per day,
while for the 12 subjects who reported incomplete col-
lection it was 56.4 g per day. This large difference in-
dicates that subjects carefully reported the information
on incompleteness of urine collection on the ad hoc
guestionnaire and interview.

The mean protein intakes estimated from the urinary
nitrogen by the methods tested (reference, A1, A2, B1
and B2) are reported in Table 7. The mean values from
urinary nitrogen and the reference method are very
close (difference: +1.2 g), and the Pearson correlation
between the protein intakes estimated by the reference
method and those derived from urinary nitrogen was 0.75,
indicating good concordance, both in mean absolute
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TABLE 7 Mean daily intake of protein estimated from urinary
nitrogen (average of 6-8 X 24-hour urines) and from the ref-
erence method, and methods A and B in 53 subjects (24 women,
29 men)

Women Men

No. Mean+SD No. Meant SD

Protein calculated from

urinary nitrogen 24 6222+101 29 78.0*+153
Reference (food records) 24  61.0°+ 10.2 29 76.8%+13.3
Method A1 12° 756°+13.8 16° 951°%29.2
Method B1 12 71.4°% 119 13 93.5°+ 36.1
Method A2 15 67.3°+15.2 13 88.7°+ 25.1
Method B2 9 74.0°+126 16  89.9°+19.0

2paired t-test between food record value and protein calculated from
urinary nitrogen: P = 0.60.

5The numbers of subjects indicated refer to subsets of the 24 women
and 29 men who completed either method A or method B on different
occasions.

CPaired t-test versus protein calculated from urinary nitrogen:
P= <0.05.

values and subject ranking, as shown by the plot in
Figure 2. On the other hand, both methods A and B
overestimated protein intake, compared to the nitrogen-
derived values, by +8.2% to 23.8% depending on the
subgroup of study subjects.
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DISCUSSION

The present study was designed to test the validity of
two dietary assessment methods developed for a large
epidemiological study in Sweden. Both methods were
designed with the aim of collecting as much detailed
information as possible on a large variety of foods
while at the same time avoiding making the methods so
cumbersome that subjects’ compliance would be too
low.

The purpose of dietary measurements within a pros-
pective cohort study on diet and chronic diseases is to
estimate the usual intake of foods and nutrients in
individual subjects who will then be followed up, and
for whom the occurrence of a given disease will be
investigated in relation to their diet at baseline.

The main difficulty in evaluating the validity of a
dietary questionnaire relates to the very nature of what
the questionnaire is intended to measure. In fact, while
it would be relatively easy to evaluate the validity of
a method designed to measure diet over a short period
of time (e.g. a few days), it is much more complex to
evaluate the validity of a measurement of usual diet
referring to a long period of time such as one or more
years. The difficulty is obviously related to the practical
absence of areal ‘gold standard’ which could be used as
measurement of reference. In fact, any of the methods
normally used as reference in ‘validity’ studies might
themselves be affected by under- or overestimation
biases as well as by some degree of random error.
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Ficure 2 Malmd Food Study—Plot of the mean daily intake of protein estimated in 53 subjects by:
X = mean urinary nitrogen output measured in 6-8 X 24-hour urine collections per subject
y = mean protein intake estimated from 18 days of weighed food records
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In the present study it was decided to use as reference
method a series of 18 days of weighed records spread
over six periods of 3 days repeated every 2 months. The
rationale for this design was to collect dietary data over
a sufficient number of days in order to minimize ran-
dom errors due to day-to-day variations in food intake
and, at the same time, to cover seasona variations
throughout a 1-year period. It is important to note that
this is the first of the recent generation of ‘validation’
studies of dietary assessment methods in which, in addi-
tion to weighed food records, urine and blood samples
were collected from the study subjects on repeated
occasions during the study period in order to measure
objective biochemical markers of nutrient intake. The
results reported on protein provide strong support for
the validity of the measurements obtained with 18-day
weighed food records in the present study and, at the
same time, add value to the relatively good perform-
ance observed for the two candidate methods.

The two dietary methods which were compared to the
weighed food records were both new and had been
designed to cover as wide a range as possible of foods
commonly eaten in southern Sweden. The more original
of the two was the combined food record/food
frequency method (B) in which the information on food
consumption is provided by a ‘retrospective’ quantita-
tive questionnaire addressing relatively ‘simple’ foods
(breakfast, snacks, sandwiches, beverages) while the
14-day food record is intended to capture the con-
sumption of more complex foods such as hot dishes,
casseroles and specific recipes.

The results of the analyses at the group level
indicated that both methods A and B overestimated the
intake of al nutrients with the exception of alcohol.
Although weighed food records may underestimate
total food intake for the simple reason that study
subjects may forget to write down some of the foods
they eat, further analyses of our dietary data in com-
parison to biomarkers, and particularly urinary nitrogen
excretion, indicated that in this study the underestima-
tion of the reference method was negligible while the
overestimation of both methods A and B was consider-
able (+9-13 g/day).

Pearson correlation coefficients are the most imme-
diate statistical indicator of the concordance in ranking
between two measurements. They have the advantage
of not being influenced by systematic over- or under-
estimation of one method with respect to the other but
mainly by the concordance in ranking between methods.

In our study, the correlations found between either
method A or B and the reference method are of the
order of 0.5-0.6 for most of the nutrients, thus indicat-
ing fairly good concordance between the two candidate

methods and the reference. These results indicate that
the relative validity of the two dietary methods tested in
our study rank with the best reported in previous
studies.*>2 in which weighed food records were used
as reference method. Adjustment for energy did not
significantly modify the correlation coefficients for
most of the nutrients. The very modest effect of energy
adjustment may be explained partly by the fact that the
subjects in our study were rather homogeneous with
respect to age, and possibly that the dietary assessment
methods were relatively extensive and completein terms
of foods and energy-providing nutrients.

Regarding energy-providing nutrients it is worth not-
ing the good correlations found for fat and for most of
the fatty acids, particularly for method B. This is par-
ticularly important in view of the interest in investi-
gating the role of the fat composition of diet in the
aetiology of several types of cancer.

Finally, the analyses of the distribution by quartile
indicated that about half of the subjects in the lowest
quartile were correctly classified by either method A
or B and about 80% of the subjects were correctly
classified above or below the median (data not shown).

Overall, the results of our validity study indicate that
both the extensive food frequency questionnaire and the
new method combining food records plus a short food
frequency questionnaire provided correlations with the
reference method comparable with the highest observed
in similar validation studies. However, method B pro-
vided more accurate estimates of absolute intake of sev-
eral nutrients (including energy-providing nutrients),
some fatty acids, vitamins and minerals of particular
interest in research on cancer, cardiovascular diseases
and diet. Considering also the interest in investigating
dietary patterns as well as in adopting an open-ended
method for collection of consumption data on specific
foods, the investigators' preference went for the com-
bined method. The prospective design of the project in-
fluenced this choice, as it gave weight to the value of a
dietary method which is not based on predefined food
lists and by means of which it is therefore possible to
combine and to group specific foods according to inter-
esting scientific hypotheses which may be put forward
over the next decade, when it will be possible to harvest
the results of current efforts.
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