The most commonly used methods of dietary assess-
ment in surveys and studies of humans are: records;
recalls; and histories, such as the food frequency
questionnaire (FFQ). With some rare exceptions,  scale research use.
records and recalls focus on a single day or a 24-h
period. Therefore, many days must be assessed unless
the intent is to estimate group mean intake. By contrast,
a single administration of the FFQ ostensibly estimates
long-term average intake in an individual. These
instruments vary dramatically in terms of cost and
participant involvement, with important concomitants
for the scale of the study that may be feasible and for
response bias. Hence, understanding the statistical
properties of these tools is important to making an
informed decision about their use. Because short-term
recalls and records are thought to represent current diet
most accuratelyl_“, these instruments, when adminis-
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Abstract

Objective: In the vast majority of surveys and research in humans, dietary data are
obtained from self-reports: recalls; records; or historical methods, usually food
frequency questionnaires (FFQ). This study provides a rare opportunity to compare
data derived from all three methods.

Design: A crossover study of dietary fat in which data were collected using an average
of 114 food records and 11.7 24-h diet recalls. Using simple subtraction and
correlation, energy and nutrient intakes derived from the three methods were
compared to each other and with those derived from a single FFQ. Analysis of
variance was used to evaluate sources of variability in nutrient intakes estimated from
the individual days of records and recalls.

Setting: An independent, free-standing medical research institute.

Subjects: 13 men who were compliant with study procedures.

Results: FFQ-derived estimates of energy and nutrient intake were highest (e.g. 1967
kcal versus 1858 kcal and 1936 kcal for the records and recalls, respectively). Mean
differences in energy and nutrient intakes and their variances were lowest and
correlation coefficients highest in comparing the records and recalls (e.g. for fat the
mean difference was 5.0 g, and » = 0.85). Analysis of variance of individual days of
record- and recall-derived data (n = 300) revealed that there was no effect due to
either method (record or recall) or the sequence of administration.

Conclusions: Results of this study indicate that the FFQ overestimated dietary intake.
Energy and nutrient results obtained from the records and recalls were interchange-
able. However, based on smaller SDs around the means, it appears that the recalls
may perform slightly better in estimating dietary intake in groups such as these well-
educated, highly compliant men.
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tered over a sufficient number of days, also provide a
means to evaluate the validity of other assessment
tools, such as the FFQ, that are more feasible for large-

In dietary research, validity refers to the ability of an
assessment tool to provide an accurate estimate of food
and nutrient intake®. Because diets of free-living people
cannot be assessed without error, absolute validity
cannot be judged®™. Despite the absence of a ‘gold
standard’, in studies comparing dietary assessment
methods the term validity is taken to mean criterion
validity and not content validity (which is assumed) or
construct validity (which rarely is considered)™'*'". This
relative, or inter-method, validity is determined by
comparing an assessment tool to a practical standard
that is assumed to assess diet more accurately but which,
inevitably, has its own strengths and weaknesses.
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Generally, multiple food records are considered to
be most indicative of true dietary intake®; however,
some studies have shown that FFQ and multiple 24-h
recalls are superior'?, Because these instruments are
employed by humans, their performance would be
expected to vary according to a number of factors
including the ability and willingness to cooperate,
motivation, changes in eating habits or misrepresenta-
tion (conscious or subconscious) of the true diet 1371°,

Optimally, research studies that assess dietary intake
should utilize more than one method for determining
nutrient intakes'. However, the expense of dietary
assessments, especially records and recalls, normally
preclude this. For this study, we were fortunate to have
access to a large number of records and recalls, and an
FFQ administered in a group of highly motivated men.
The purpose of this study is to compare nutrient intake
estimates derived from the three assessment methods,
with a special emphasis on the recall-records compari-
son, which is this dataset’s unique attribute. Methods
were compared in terms of total variance or overall
‘error’, the sources of variance and differences in
average method-specific nutrient intake.

Materials and methods

Diet was assessed in an intervention trial conducted to
test the effect of specific dietary fats on the activity of
natural killer cells in humans'’~'°. Briefly, the study
consisted of a crossover design conducted over a
10-month period from June 1986 to March 1987
(Fig. 1). Participants became familiar with the low-fat
(20% of energy as fat) eating plan during the initial
2-month run-in period. Following this, all participants
were assigned to the low-fat intervention for 3 months.
Participants were then assigned randomly to consume
supplements of either coconut oil or safflower oil for
2 months. Following a 1-month washout period, the
subjects crossed over to take the other oil supplement
for 2 months.

Subjects were recruited in New York City from flyers
and newspaper advertisements. Eligible subjects had to
be male, non-smoking, not overweight (within 10% of
ideal body weight), neither currently engaging nor
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Fig. 1 Study design: t = time; LF = low-fat diet; CO = coconut oil
supplement; SO = safflower oil supplement; W = washout period.
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planning to engage in vigorous physical exercise, and
between the ages of 21 and 39 years. In addition, no
participant had allergies, and each was healthy, as
determined by a medical history. The men were
instructed not to attempt to lose weight or begin
using nutritional supplements or medications for the
entire study period. Informed consent was obtained
from each participant. All enrolment and data
collection procedures were approved by the
Institutional Review Board of the American Health
Foundation.

During the study run-in period, a trained nutritionist
spent 60-90 min counselling subjects about effective
steps for reducing dietary fat to ~20% of energy. At that
time, examples of low-fat menus and other nutrition
education materials were distributed and discussed.
Subjects were taught how to keep a food record by a
trained nutritionist, who also reviewed the use of
standardized measuring cups and spoons. Counter
scales for weighing foods were distributed to those
participants who did not have them already. Four
consecutive days of dietary intake were to be recorded,
using the scales to establish weights of foods eaten, at
the end of each intervention period (at the end of the
low-fat experimental period and the end of each of the
crossover periods), for a total of 12 days per subject.

During the entire study period, a trained nutritionist
contacted subjects on randomly selected days by
phone at home or work to conduct the recall interview.
Although each subject’s availability differed, an average
of 1.2 recalls per subject per month were collected.
Individual problems with complying with the low-fat
diet were discussed at the time of the call.

The semiquantitative FFQ was pretested on 11
healthy subjects (unpublished results). One hundred
and two food items which represented about 87% of
total energy, 97% of total fat and 97% of the three
classes of fatty acids (i.e. saturated (SFA), mono-
unsaturated (MFA), and polyunsaturated (PFA)) in the
American diet’?” were included in the FFQ. Food
ingredients and additives such as cooking oils,
margarines, nuts and other vegetable products such
as tofu were included because they affect the intake of
total fat and the ratio of PFA to SFA. The FFQ was
administered by a trained nutritionist at the end of the
study protocol to assess nutrient intake during the
previous 10 months. Three-dimensional food models
were used so that portion sizes could be visualized.
Nutrient scores were calculated from the FFQ by
multiplying a weight assigned to the frequency of use
(e.g. ‘once per day’ = 1) by the nutrient composition of
each food item.

The records, recalls and FFQ were used to determine
intake of energy, per cent of energy from fat, total fat,
SFA, PFA, MFA, cholesterol and dietary fibre. In
addition, estimates of vitamins A and C were obtained
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from the records and recalls. Nutrient values were
derived from the computerized diet analysis system
(DIAN, American Health Foundation, New York),
which obtained its nutrient data from the US
Department of Agriculture’s food composition tables®!
as well as from manufacturers’ data. When reported
foods were not found in the database, foods with
similar nutrient content were substituted.

Dietary data were analysed both as absolute nutrient
intakes (unadjusted) and as intakes per 1000 kcal
(adjusted). Summary statistics were computed, includ-
ing skewness and kurtosis, to assess normality. Based
on these analyses, both the energy unadjusted and the
adjusted intakes of fibre, cholesterol and vitamins A and
C were transformed by log. to achieve normality for
statistical analyses. Person-specific mean energy and
nutrient intakes from records and recalls were averaged
to determine the overall mean intakes estimated from
each method. Difference scores based on nutrient intakes
estimated from each of the three methods were
computed for each of the pairwise comparisons for all
nutrients with the exception of vitamins A and C, for
which only the record versus recall comparison was
possible (because of limitations of the FFQ). The SD of
this difference was computed. Pearson product-moment
(rp) and Spearman rank (ry) correlations assessed linear
and rank order agreement between nutrient intakes
derived from the three methods.

Linear regression modelling was used to determine
the predictors of variability for intakes of energy and
nutrients estimated by the recalls and records, because
it was from those methods that daily estimates of intake
could be derived. The general linear model (GLM) was
used to fit an analysis of variance (ANOVA) because it
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can handle imbalances in the data resulting from
missing values. Nutrient scores were fit as dependent
variables in the GLM. These were fit both as raw daily
intake and energy adjusted in order to remove variation
due to energy. Independent variables included: 12
dummy variables to indicate the individuals from
whom the dietary data were collected; a variable to
indicate whether supplements of oil were being
consumed at the time the data were collected; the
method (record or recall) by which the data were
obtained; and the sequence (i.e. order) in which the
data were collected. The total 7 for these analyses was
300 and the degrees of freedom for the model was 15.
Alternative models were fit that included a method-by-
sequence interaction term. All statistical analyses were
conducted using the PC version of the Statistical
Analysis System?*%*,

Results

Of the original 26 sample members, 13 complied with all
study procedures including satisfactory completion of all
three of the dietary assessment measures and were used
for these analyses. Nine of the original sample members
were dropped because of extremely poor compliance
with the low-fat diet, inability to be reached by telephone
or a permanent move from New York City. Four
additional subjects were dropped because of their
unwillingness to supply complete dietary information
and/or their refusal to take the dietary supplement.

An average of 11.4 records and 11.7 recalls were
collected per person. Table 1 presents the mean
energy and nutrient intakes as determined by each
of the dietary assessment methods. Mean per cent of

Table 1 Estimates’ of energy, per cent of energy as fat, and nutrients by three diet assessment methods

Nutrient Record" Recall* FFQ
Energy (kJ) 7766 * 1822 8092 =x 1973 8222 + 2261
Energy (kcal) 1858 + 436 1936 *+ 429 1967 + 541
Fat energy (%) 240 * 58 208 * 38 332 + 65
Fat (g) 506 * 17.4 456 = 159 728 * 262
energy adjusted § 267 * 64 231 * 42 369 + 73
Saturated fat (g) 133 = 44 123 =+ 36 247 + 83
energy adjusted $ 71 = 21 64 =* 16 127 = 3.0
Monounsaturated fat (g) 156 =* 5.1 43 =+ 47 205 =+ 85
energy adjusted § 82 = 22 74 * 17 103 = 31
Polyunsaturated fat (g) 115 = 54 96 =* 57 218 + 116
energy adjusted § 61 == 25 48 = 138 108 = 3.6
Cholesterol (mg) 126 * 78 136 + 97 151 = 111
energy adjusted § 73 0+ 48 78 * 64 77 * 50
Dietary Fibre (g) 218 * 1141 256 * 87 286 * 120
energy adjusted $ 119 + 38 141 * 36 151 = 52
Vitamin A (IU) 12,424 + 6160 14,069 + 10,438 N/A
energy adjusted § 7724 =+ 4760 7695 + 6115 N/A
Vitamin C (mg) 162 * 69 176 = 97 N/A
energy adjusted § 90 + 37 91 = 38 N/A

* Tabulated values are daily intakes estimated by each of the three methods (means = SD).

Tvalues are obtained from an average of 11.4 days of records.
*Values are obtained from an average of 11.7 days of recalls.
§ These nutrient values are expressed as the value per 1000 kcal day ™.
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Table 2. Mean differences in nutrient intakes and correlations between diet assessment methods (n = 13 research subjects)

Record vs. recall Record vs. FFQ Recall vs. FFQ
Mean Mean Mean
Nurient diference* SD*  r,' rs*  difference® SDS )t rt  difference’  SD' IR
Energy (kJ) -366 966 0.86 0.65 -456 2571 0.22 0.07 -130 2349 035 0.20
Energy (kcal) -78 231 0.86 065 -109 615 0.22 0.07 ~-31 562 035 0.20
Fat (g) 5.0 9.2 0.85 0.84 -22.2 23.0 0.51 0.50 -27.2 23.1 049 053
energy-adjusted 3.6 46 070 0.85 -10.2 57 0.66 0.68 ~13.8 56 064 071
Saturated fat (g) 1.0 3.0 0.74 0.92 -11.4 74 044 0.47 -12.4 71 055 047
energy adjusted ¥ 0.7 19 0.50 0.45 -56 3.0 0.37 0.36 -6.3 26 050 040
Monounsaturated fat (g} 1.3 3.7 0.72 0.86 -4.9 7.1 0.56 0.46 -6.2 7.2 0.54 0.58
energy adjusted ¥ 0.8 1.8 0.63 0.66 =21 25 0861 0.75 -2.9 24 062 054
Polyunsaturated fat (g) 19 53 075 0.85 -10.3 51 057 0.55 -12.2 11.7 051 061
energy adjusted * 1.3 22 053 0.66 -47 28 0.63 0.68 -6.0 33 043 046
Cholesterol (mg) -10 40 0.79 0.75 ~26 73 0.62 0.64 -16 56 0.81 081
energy adjusted -5 32 0.80 0.80 -4 36 0.66 0.61 1 39 0.75 0.73
Dietary Fibre (g) -38 81 066 070 -6.8 119 043 054 -3.0 126 036 047
energy adjusted ' ~-2.2 45 035 0.31 -3.2 38 063 0.54 -1.0 54 051 045
Vitamin A (1U) —1645 8978 0.78 0.80 - - - - - - - -
energy adjusted 29 5644 0.68 0.58 - - - - - - - -
Vitamin C (mg) -14 104 053 058 - - - - - - - -
energy adjusted 1 ~-1.0 39 0.50 0.53 - - - - - - - -

* Shown is the mean difference of record—recall and its SD.

' This is the Pearson product moment correlation.

*This is the Spearman, rank order correlation coefficient.

#Shown is the mean difference of record—FFQ and its SD.

"Shown is the mean difference of recall-FFQ and its SD.

1These nutrient values are expressed as the value per 1000 kcal day '

energy from fat and intakes of energy and nutrients
were highest with the FFQ. Mean intakes of energy,
cholesterol, dietary fibre and vitamin C were lowest as
determined by the records. The mean unadjusted
intake of vitamin A was lowest with the records while
the mean adjusted intake of vitamin A was lowest when
determined by the recalls.

Table 2 presents the mean difference, SD and
correlation coefficients in energy and nutrient intakes
between diet assessment methods. Consistent with data
presented in Table 1, mean differences were smallest in
comparing the records with the recalls. Differences
between the mean intakes of nutrients as determined by
the FFQ compared to either the records or recalls were
generally much larger. For example, the FFQ consistently
overestimated nutrient intake, even after adjusting for
energy intake. For fat, the difference between either
the records or the recalls and the FFQ is approximately

10-12% as a percentage of energy while the record—recall
difference was only about a quarter as large.

The SDs of the mean differences between the records
and the recalls were small compared to those obtained
when comparing the FFQ to either the recall- or record-
derived values. The SD of the record—FFQ and the recall-
FFQ differences were not only much larger than the
record—recall difference, but they were very similar to one
another.

In general, Pearson and Spearman correlation
coefficients, also shown in Table 2, were not appreciably
different from each other. Consistently, correlations were
highest for records versus recalls. Notably high
correlations (all > 0.65) were obtained for energy
intake, unadjusted intakes of fat, SFA, MFA, PFA and
vitamin A. With the exception of the recall versus FFQ
comparison of cholesterol intake (both energy adjusted
and unadjusted) and the adjusted intakes of PFA and

Table 3. Per cent contribution to variance in nutrient intakes reported via multiple food records and 24-h diet recalls

Energy Fat SFA MFA PFA Fibre* Cholesterol*  Vitamin C*  Vitamin A*

Per cent variability due to:

subjects (inter-person) 37.7 30.8 19.9 18.6 22.7 23.6 30.9 18.2 17.6

treatment? 0 0 0 0 0 0 0 0.7 1.8

method* 0 0 0 0 0 1.4 0 0 1.4

sequence’ 0 0 0 0 0 0 0 0.5 0

error (intra-person) 62.3 69.0 80.1 81.4 77.3 75.0 69.1 79.6 82.4
Model R 0.38 0.32 0.21 0.19 0.24 0.25 0.31 0.20 0.18

“Transformed by log, to improve normality.
t Low-fat diet only, or supplement.
* Food record or 24-h diet recall.

$The order of the assessment in a series of about 23 records and recalls per subject.

"This is the proportion of variability explained by the variables in this model.
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dietary fibre, correlations for records versus FFQ and
recalls versus FFQ were considerably lower than those
of records versus recalls. Most notable was the low
correlation for energy intake evident in the records
versus FFQ comparison.

Table 3 presents the results of the ANOVA, which
examined sources of variability in the record- and recall-
derived estimates of nutrient intakes. The dependent
variables were the daily intake of energy and specific
nutrients as estimated by either the records or the recalls.
Independent variables included factors that could
influence the estimated intakes of energy and nutrients,
as described in the methods section. For energy and every
nutrient examined, inter-person variability was signifi-
cantly (P < 0.0001) associated with estimates of intake.
For fat, SFA, MFA, PFA, cholesterol and dietary fibre, there
was no effect by treatment (ingestion of coconut or
safflower oil supplement versus no supplement), method
(record versus recall) or sequence (the placement of the
specific record or recall in the sequence of assessments
for each person) in the models in which an interaction
term was fit. Only for vitamin A were there effects by
method (b = 1.10, P = 0.03) and treatment (b = 0.59,
P =0.01). There was also a method-by-sequence
interaction for vitamin A (b= —0.09, P = 0.03), the
only such effect observed in any of these data.

Table 4 presents the energy adjusted results based on
the analogous analysis. As generally is true in such data,
inter-person variability was smaller than in the non-
energy adjusted data. This is due to the fact that total
intake (as indicated by energy) is a major determinant of
the consumption of specific nutrients. The only
exceptions to this were cholesterol and vitamin C.
However, it should be noted that in addition to inter-
person variability, intakes of vitamin A (transformed by
log.) were influenced by treatment (b= —0.55, P =
0.02) and method (b = 1.06, P = 0.04). As for the non-
energy adjusted data, there was an interaction of method-
by-sequence (b = —0.09, P = 0.02). Intake of vitamin C
was affected by sequence (b= —2.0,P = 0.004), in
addition to inter-person variability.

211
Discussion

In the parent study from which these data were
obtained, diet was assessed in order to have period-
specific estimates of intake to be used in regression
analyses where the dependent variable was natural
killer cell activity. Although this study was not designed
primarily as a ‘validation’ of the dietary assessment
methods, at the time we conducted the intervention
trial we were not sure which method would have
superior statistical properties. Therefore, we were
careful to approximate the kind of design used for
comparisons of dietary assessment methods.

We found that energy and nutrient results obtained
from records and recalls were generally interchange-
able. The multiple 24-h recalls may have performed
slightly better in estimating dietary intake, as evidenced
by smaller SDs around the means obtained by that
method compared to those obtained by the records or,
especially, the FFQ. With few exceptions, total
variability was smallest for the recalls. As expected,
the SD of the mean values of cholesterol and vitamin A
were large, regardless of method. This is because
consumption of cholesterol and vitamin A tends to vary
considerably within individuals over time*>*>?®. The
small SD from recalls could be the result of food
omissions, causing the method not to capture all of the
true variability. However, this explanation is incon-
sistent with our results, which showed similar intakes of
energy and nutrients across methods. Further, if there
were confounders compensating for this effect, the
resulting error variance would probably be larger.

Because nutrient intakes are determined, to a large
extent, simply by the total amount of food consumed,
we adjusted nutrients for total energy intake. Data were
presented both as absolute and as energy adjusted
intakes because the nutrient density of the diet may be
more relevant than the actual gross intake. In general,
adjusting for energy has an inconsistent effect on
correlation coefficients. Usually, controlling for energy
intake will cause the apparent range of nutrient intakes

Table 4. Per cent contribution to variance in energy adjusted nutrient intakes reported via multiple food records and 24-h diet recalls

Fat SFA MFA PFA Fibre* Cholesterol* Vitamin C* Vitamin A*

Per cent variability due to

subjects (inter-person) 20.6 16.7 16.3 18.7 12.7 36.0 17.5 111

treatment’ 0.2 0 0.4 0.9 0 0.1 2.7 0.2

method?* 1.0 0 08 15 1.0 0.1 0 0

sequence® 0.5 0 0 0 0.5 0 2.3 0

error (intra-person) 777 83.3 82.5 78.9 85.8 63.8 775 88.7
Modet A" 0.24 0.18 0.17 0.21 0.13 0.36 0.22 0.1

* Transformed by loge to improve normality.
1 Low-fat diet only, or supplement.
* Food record or 24-h diet recall.

$The order of the assessment in a series of about 23 records and recalls per subject.

" This is the proportion of variability explained by the variables in this model.
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to decrease, thereby decreasing the correlation coef-
ficients®’. In contrast, if subjects are biasing the data by
under- or overreporting total intakes, nutrients may be
better expressed as a proportion, and adjusting for total
energy intake could cause the correlation coefficients
to increase®®.

In these data, the effect of adjusting for energy intake
on the correlation coefficients was variable. For example,
for the records versus recalls comparison, controlling for
energy caused the correlation coefficients for all nutrients
to decrease with the exception of the 7, and 7, for
cholesterol and the r, for total fat. However, for records
or recalls versus FFQ, adjusting for energy produced
mixed effects, indicating that the FFQ may have been
subject to a bias relative to the other two methods. Block
et al.®® showed that adjusting for energy had little to no
effect on correlation coefficients in their study. However,
willett et al*® found that adjusting for energy intake
caused the correlation coefficients for macronutrients
(i.e. fat, protein, carbohydrate) to decrease. In contrast,
Willett et al.*® also showed, in a previous landmark study,
that correlation coefficients increased when nutrients
were adjusted by energy.

Besides examining differences and level of agree-
ment in energy and nutrient intakes as estimated by the
three methods, we sought to determine what specifi-
cally accounted for the variation in daily intake as
estimated by the records and the 24-h recalls. From the
outset, we expected that inter-person factors, method
(i.e. record or recall) and sequence (i.e. order of
administration) could help in determining daily
estimated intake. Because this was an intervention
study, we also had to account for the timing of the
assessment relative to the treatment. It is important to
note that the assignment of the assessment method was
not random. Although the exact number of recalls per
person varied and the exact day of the 24-h recall
interview was randomly selected, the pattern was a
series of recalls followed by four records, then more
recalls followed by four records, and finally more
recalls followed by four records. Because of this
pattern, the effect of sequence cannot be completely
disentangled from that of method.

Using the GLM to fit the variables noted in Tables 3
and 4, we found that for total energy intake and all of
the nutrients, inter-person variability was a significant
predictor of intake (P < 0.0001). These results confirm
the findings of other researchers®® and the intuitive
notion that individuals differ from one another in their
consumption of energy and specific nutrients. With the
exception of vitamins A and C, there was neither an
effect by treatment, nor by method or sequence. Similar
results were found by Beaton et al.*> who showed that
sequence did not affect the estimated intake of
nutrients when six 24-h recalls were obtained for
each subject. The absence of an effect of sequence
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indicates that there is no ‘training effect’ through which
a quantitative difference in reported intake emerges
over time. The absence of an effect of method indicates
that the records and recalls were interchangeable for
the men enrolled in this study.

In contrast to the macronutrients, estimates of vitamin
A were affected by treatment and method. Because of the
negative regression coefficient for treatment, intakes of
vitamin A would be predicted to be lower when
supplements of coconut or safflower oil were not taken
(i.e. in the pre-treatment phase). Conversely, because of
the positive regression coefficient for method, estimates
of vitamin A derived from the recalls would be predicted
to be high compared to those obtained from the records.

The sole nutrient which was affected by sequence
was vitamin C. This could be indicative of seasonal
variation in vitamin C-containing foods (no supple-
ments were permitted), dietary compensation for
treatment or a training effect. The effect of season is
the most likely explanation. Because the study
progressed from summer to late winter in New York
City, it is likely that subjects decreased their intake of
vitamin C from fresh fruits and vegetables over its
course. Despite its statistical significance, the practical
consequence is likely to be minimal because the
magnitude of effect (b= —2.0mg per 1000kcal) is
quite small.

The R® values for the ANOVA ranged from 0.13 for
fibre and vitamin A (both energy adjusted) to 0.38 for
energy, meaning that we could account for up to 38% of
total variability by the variables included in the models.
Although these R’ values indicate that a moderate
amount of variability has been accounted for by the
independent variables, they also indicate that there are
other factors which can account for day-to-day variations
in energy and nutrient intakes. Beaton et al.*®> showed
that gender was a major contributor to the variability of
the unadjusted intakes of nutrients. The results from this
study omit that source of variability because the sample
comprised of men. Two other sources of variability, age
and educational level®!, are largely factored out by
design because the subjects’ range of ages was small and
they had similar levels of education.

The primary purpose of this study was to focus on
the recall-records comparison, something for which it
was uniquely positioned to do. Still, the study allowed
for an interesting comparison between the FFQ-derived
nutrient scores and those derived from both the recalls
and records. It is interesting that, in contrast to the very
high levels of agreement between the recalls and
records, those obtained in comparing the FFQ with
either of these other methods produced correlation
coefficients that were similar to those obtained in other
studies?®?°. As noted by Delcourt et al.?’ the SD of the
difference between diet assessment methods is useful
as an indicator of agreement between methods.
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Consistently, the SD of the mean differences between
records and recalls were lowest among the three
comparisons. In contrast, when the FFQ-derived nutrient
values were compared to those from the records or
recalls, the SD of the mean differences in intakes were
usually considerably higher, indicating poor agreement
between the FFQ and the two other methods.

The correlation coefficients for both the records and
recalls versus FFQ were approximately the same
(r ~0.54) as those obtained by Block et al*® who
also compared an FFQ to the mean of three 4-day food
records. A mean correlation coefficient of about 0.54,
however, shows that their FFQ accounted for less than
30% of the food record’s variability. Similarly, Willett et
al.”® found that correlations between an FFQ and the
mean of four 1-week food records yielded mean
correlation coefficients ranging from 0.38 to 0.55,
showing that between ~ 14 and ~ 30% of the variability
of the records was accounted for by the FFQ.

In an intensive study where multiple recalls or
records are feasible, it appears that either of these
methods is superior to a single FFQ for assessing
dietary intake. Given the tremendous amount of time
and effort that must be expended conducting multiple
days of recalls or records, and the fact that they are
often considered as comparison methods, this should
not be too surprising. Nonetheless, many larger scale
studies and ones on very limited budgets will not
consider recalls or records as practicable options for
assessing habitual intake of study participants.

It is noteworthy that the sum of fatty acids and
cholesterol for the records and recalls (Table 1) does not
come within 10% of the figure for total fat. Specifically,
the sum of fatty acids and cholesterol equal less than 80%
of total fat for both of these methods while the sum of
fatty acids and cholesterol equals almost 92% of total fat
with the FFQ, even though the same nutrient data base
was used across all of the methods. The better
reconciliation between the fatty acid subsets and total
fat from the FFQ is explained by the fact that it is a list-
based method; only a limited number of foods are
presented, and the foods that were averaged to obtain
nutrient scores happened to have more complete data for
the fatty acids. Although it was not mentioned in their
results, Posner et al>? also showed that the sum of fatty
acids and cholesterol were not within 10% of total fat.
Using the Michigan State nutrient database, their results
for fatty acids and cholesterol summed to 84% of total fat
for women. For men, however, fatty acids and
cholesterol summed to less than 80% of total fat with
the recalls and to less than 70% of total fat with the FFQ.

The results from this and the other studies discussed
above highlight an often under appreciated fact: dietary
assessment research is handicapped not only by the
limitations of the diet assessment methods but also by
the flaws of incomplete data in the nutrient databases.
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In this instance, the analytical techniques for quantify-
ing total fat differs from the methodology used to
quantify fatty acids; additionally, nutrient databases
often have missing data for the fatty acids>. Although
analytical techniques and nutrient tables have
improved greatly over the past decade, even the best
of the databases are impeded by missing data.

Although FFQ ‘have become the primary method for
measuring dietary intake in epidemiologic studies’, the
method is certainly not without limitations. By design,
FFQ focus upon specific nutrients or food components.
That is, they are precoded' with a limited number of
foods; by choosing the frequency of consumption and a
serving size, rough estimates of dietary intake can be
obtained. Because of their low expense and the low level
of participant commitment required, at least relative to
multiple records or recalls, FFQ have become increas-
ingly popular in nutrition research. Unfortunately, many
researchers fail to observe the inherent measurement
error associated with FFQ and report their results as if the
data derived were without error. Furthermore, some
investigators have gone a step beyond by using FFQ to
estimate nutrient intake under circumstances for which
they were not designed or validated, for example to
detect change due to a dietary intervention'>*~%,
Misunderstanding the shortcomings and careless misuse
of diet assessment methods can result in the publication
of conflicting results, thus clouding real diet—disease
relationships and confusing the public.

This study purposely had high internal validity at the
expense of external validity because the intent was to
test the effect of dietary fat on natural killer cell activity,
a hypothesis that had never been tested previously in
humans. Consequently, the sample comprised 13 fairly
homogeneous men who were willing to reduce their
consumption of dietary fat and provide intake data over
a period of nearly 1 year. Due to a rigorous assessment
schedule in a very compliant but small group of men,
we were able to compare the assessment tools in an
‘ideal’ situation with a minimal number of confounders;
however, we acknowledge that this is just one step in
understanding the properties of these methods.

There is tremendous, though often misplaced,
interest in external validity. External validity really is a
second-order issue; there is not much point in
generalizing an invalid result. This study, though
small, has good internal validity. We intend to make
no claim about extrapolating results to a group very
different in terms of demographic characteristics or
level of compliance. This study is unique in that there
are a large number of dietary measurements made
using both the recalls and records. Of course, to obtain
such results requires a much higher level of compliance
than what may be attainable in larger-scale epidemio-
logical studies. Still, in studies where one would have to
choose between using multiple recalls or records, a
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relatively high level of compliance would be assumed.
So, the comparability of the recalls and records could
reasonably be extrapolated to such a circumstance.
Clearly, future work will need to include women,
different age groups and individuals with diverse
educational backgrounds because these factors are

known or thought to affect self-reports

37,38
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