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The current trend of changes in nutrient intakes may have some relationship with the increase in the occurrence of
degenerative diseases in the Korean population. To date, a calibrated food frequency questionnaire (FFQ) has not
been developed that can be further used for large-scale epidemiological research in Koreans aged 40 and older.
This study was undertaken to develop and calibrate an FFQ in Koreans. A total of 144 Koreans aged 40 years and
above participated in the first phase, which was conducted using the three-day dietary record method. One
hundred and thirty-eight of those who completed the first phase were then interviewed to test FFQ against dietary
records as a reference. The mean absolute nutrient intakes estimated by the dietary records were statistically
compared with those estimated by the FFQ using paired t-tests. The mean values from the FFQ differed at most
by 14% from those of the dietary records for all nutrients with the exception of vitamin A. Spearman rank-order
correlation coefficients and cross-classification were also calculated. The energy-adjusted and corrected
correlations for attenuation varied from 0.36 to 0.82. The degree of good agreement by cross-classification
between the dietary records and the FFQ ranged from 67% to 90%. The newly developed FFQ can be used as a
dietary assessment tool to measure usual nutritional status of Koreans aged 40 years and older. Furthermore, this
study demonstrates that the FFQ also provides a more labour-efficient tool that is easier to use than any of the
commonly used methods for large-scale epidemiological studies of the relationships between nutrition and

diseases in Koreans.
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Introduction

Of the commonly accepted tools for assessing dietary
intake in epidemiological studies, the one that is most
often used in population surveys is a food frequency
questionnaire (FFQ)."® The data from an FFQ are often
used to rank subjects into broad categories of low,
medium, and high intakes of certain foods, based on
tertiles, for example. Such rankings are often compared
with prevalence and/or mortality statistics for a specific
disease within the population studied. FFQs to be used in
epidemiological studies should first be assessed for their
applicability to the population under study. In general, to
test an instrument, one must have a standard against which
the instrument can be measured. However, in dietary
assessment, such a standard is not always available.
Ideally, biochemical markers could be used as a standard,
but unfortunately, biomarkers do not exist for many of the
common dietary components studied >°

Alternatively, one could conduct non-intrusive long-

term observations (over a period of months or years) to
determine individual diets, but this is difficult and
impractical. Therefore, self-reported food records or food
recalls of multiple days are often used as standards when
comparing methods of dietary assessment.’

Calibration refers to the process of assessing the ability
of an FFQ to estimate the dietary intake during an appro-
priate period, with appropriate accuracy.® The usual
procedure is to test the FFQ against another method, which
is assumed more accurate than other methods among a
representative sample of the study population.” In the
process of calibrating dietary assessment methods, the
reference measurement should be as accurate and as precise
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as possible, and any errors associated with the two
methods should be independent.” Dietary records were
chosen as the reference method for comparison purposes
in the present study, because they have a high appli-
cability in terms of measuring the actual food con-
sumption of an individual. It is also important that the
time period covered by the dietary assessment is long
enough to give an accurate assessment of usual intake if
the data are to be used for the study of diet-disease
relationship.*

Therefore, when calibrating an FFQ for use in studies
of nutrient intake, the investigator should pay careful
attention to both the quality and the quantity of the dietary
records used for comparison purposes, so that the best
possible measurement of the efficacy of an FFQ is
ensured.®  In the present study, an FFQ was developed
for application to chronic diseases, e.g., colorectal
cancers. The FFQ was then tested in terms of nutrient
intakes by comparing its results with three-day dietary
records as a reference method.

There is a growing interest among Koreans in health
problems associated with changes in food consumption
patterns. Korean vital statistics data show that diseases
of the circulatory system and cancer have become the
major causes of death, and death from infectious diseases
has declined sharply since 1980.** The current trend of
increased fat intake may have some relationship with the
increase in the occurrence of degenerative diseases in the
Korean population.’?  There have been some reports of
an FFQ used in epidemiological studies for Koreans, such
as for middle-aged men,™® women,* or the elderly;™ how-
ever, no FFQ that will be further used for large-scale epi-
demiological research in Koreans aged 40 and older has
been tested for calibration, e.g., by taking measurement-
error correction into consideration.

Using the FFQ approach, the intakes of foods on the
questionnaire can be specified in order to make the
instrument sensitive to the dietary habits of the study
populations. Such tailoring of the nutrient intakes
obtained from the foods in the FFQ for the specified
population should enhance the relevance of the dietary
intake estimates of the FFQ in epidemiological studies.

Methods

Development and calibration of the FFQ

This study was reviewed and approved by the Human
Subjects Committee of Seoul National University
Hospital. The FFQ was developed based both on contri-
bution analysis and on multiple regression analysis in the
first phase of the study during September — October 2000,
using the three-day dietary record method (p 249).
National statistics have shown that those aged 40 years
and older are likely to have a higher prevalence of
colorectal cancers.'® After about six months, during
March — April, 2001, the developed FFQ was tested for
calibration using face-to-face interview by graduate
students majoring in nutrition and dietetics. Finally, 138
of 144 who completed the first phase of the study at 40
years of ages and above, participated in the second phase
of the study. The results obtained were then compared
against the three-day dietary records. The FFQ was
administered to each participant to identify both usual

consumption frequencies and the average portion size for
food items using food models with standard measures.
The participants were asked how often and how much of
each food item was eaten on the average over the
previous year.

Data Analysis

Descriptive statistics, such as means, standard deviations,
and testing for normality, were calculated on all relevant
data using the SPSS-10.0 software package.'” Nutrient
compositions of dishes and foods were obtained from
food composition table revised by National Rural Living
Science Institute.’®  The nutrient intakes from the three-
day records were calculated using DS24," a computer
software program. By inputting all the information on
portion sizes and nutrients from the three-day dietary
records, the average nutrient composition of dishes was
standardized. A new computerized software program
with the same nutrient composition database as DS24,%
FAST (FFQ Analysis Software Tool) was developed by
the authors to analyze the individual nutrient intakes from
the FFQ. The information on frequencies and consumed
portion sizes of each specific food item were transformed
into daily nutrient consumption. Data editing procedures
(such as provisions for missing data) were performed
using FAST.

The nutrient intakes (energy, protein, fat, carbo-
hydrate, Ca, P, Fe, K, vitamin A (RE), Na, vitamin By,
vitamin B,, niacin, vitamin C, Zn, vitamin Bg, folate,
retinol, carotene, crude fibre, vitamin E, and cholesterol)
were compared. These were calculated by DS24 for the
three-day dietary records and by FAST for the FFQ. The
equivalence of the mean nutrient intake by the two
methods was evaluated using paired t-tests for each
nutrient. Ranking similarity of nutrient intakes obtained
by the two methods were assessed by calculating the
Spearman rank-order correlation coefficients. Calorie-
adjusted nutrient intakes were used in the analysis to
compensate for the effect of energy intake errors and also
to help reduce between-person variations due to general
over- or under-reporting.®? This approach is useful to
remove extraneous variations due to body size, physical
activity, and metabolic efficiency. Calorie adjustment
was done by computing residuals from regression models,
with nutrient intake as the dependent variable and total
energy intake as the independent variable. The residuals
so obtained were added to obtain the expected caloric
intake of an individual.”’ An attenuation correction of the
correlations was used to correct for the day-to-day
variations of subjects in the three-day dietary records.?
To de-attenuate correlations between the dietary records
and the FFQ, the observed correlations were multiplied by
the factor (1 + S%w/S%)"? where Sy is the intra-
individual variance and S%; the interindividual variance.

To measure the degree of agreement, respondents were
categorized by nutrient values into quartiles based on the
two dietary assessment methods. This comparison exa-
mined the percentage with good agreement (either the
same quartile ranking or a disparity of one quartile
between the two methods; e.g., the first quartile on both
the FFQ and the three-day dietary record or the first
quartile on the FFQ and the second quartile on the three-
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day dietary records), and the percentage showing a poor
agreement (disparities of two or three quartiles; e.g., the
first quartile on the dietary record but the third or fourth
quartile on the FFQ).

Result

Table 1 describes the age and gender profile of the
participants who completed both the first and second
phase of the study. One hundred and thirty-eight of the
original group of 144 responded to the study surveys
(96% completion rate). The mean ages of those that
completed the surveys were 56.5 years for men and 63.3
years for women.

Table 2 compares the daily nutrient intakes obtained
for the two dietary assessment methods. The mean abso-
lute nutrient intakes estimated by the three-day dietary
records were statistically equivalent to those calculated
from the FFQ in terms of energy, protein, calcium,
phosphorus, potassium, sodium, vitamins B1,

Table 1. The distribution of respondents by age and gender

First Phase Second Phase

(N = 144) (N =138)
Age/Gender Male Female Male Female

(N=67) (N=77) (N=63) (N=75)

40 - 49 27 (18.8)* 26(18.1) 25 (18.1) 26(18.8)
50-59 20 (13.9) 21 (14.6) 19 (13.8) 20(14.5)
60 - 69 12 (8.3) 18 (12.5) 12 (8.7) 17 (12.3)
70+ 8 (5.6) 12 (8.3) 7 (5.1) 12 (8.7)

*N (% of the respondents participated in each phase of the study)

B,, niacin, Zn, vitamin Bg, and vitamin E. However, the
FFQ tended to over-estimate fat, carbohydrate, iron,
vitamins A (RE), C, folate, retinol, carotene, fibre, and
cholesterol compared to the three-day dietary records.
The mean values from the FFQ differed at most by 14%
from those of the dietary records for all nutrients with the
exception of vitamin A.

Unadjusted observed Spearman rank-order correlation
coefficients between the nutrient intakes based on the
three-day dietary records and those based on the FFQ
varied from 0.34 for vitamin Bg to 0.66 for fat and
vitamin E (Table 3). The energy-adjusted correlations
ranged from 0.36 for vitamin Bg to 0.68 for fat and
vitamin A (RE). Adjustment for total energy intake
improved the correlations slightly for most nutrients but
not for carbohydrate, vitamins B;, B,, C, retinol, and
cholesterol. The correlations varied from 0.36 (carbo-
hydrate) to 0.82 (fat) after correcting for attenuation.

Another way of examining the agreement between the
dietary records and the FFQ involves cross-classifying the
respondents’ distribution. Respondents were divided into
quartiles by nutrient intakes as measured by the two
methods (Table 4). Cross-classification into the same
quartiles ranged from 24% for vitamin C to 51% for
cholesterol. One quartile differences were greatest for
calcium (62%) and least for niacin (29%). Using the
good agreement criteria, zinc was the nutrient with the
least agreement (67%), classified into the same quartile,
and vitamin E (90%) showed greatest agreement. With
the exception of carbohydrate and vitamin B, for which
5% or respondents differed by three quartiles, three
quartile differences occurred in 2% or less of the
respondents.

Table 2. Mean daily nutrient intakes (+ standard deviation) estimated by three-day dietary records (DR) and a food

frequency questionnaire (FFQ) (N = 138)

Nutrients DR FFQ
Energy (kcal) 1609.4 + 491.9 1652.9 + 499.9

Protein (g) 62.7 +27.2 (15.6 + 3.9%) 63.8 £25.5(15.4 £4.2)
Total fat (g) 32.7+19.3(18.3£5.5) 33.9+15.0(18.5+£3.9)
Carbohydrate (g) 262.1 +68.7 (65.2 £9.1) 271.9+75.2 (65.8 £8.3)
Calcium (mg) 420.1+182.1 4259+ 236.3
Phosphorus (mg) 847.6 £344.9 852.2 + 367.3

Iron (mg) 11.0+41 119+48

Potassium (mg) 2222.9+882.4 2275.4 £1002.5

Vitamin A (RE) 462.1 +302.1 617.6 + 331.3%*

Sodium (mg) 3672.1 +1636.4 3697.3 + 1467.0

Vitamin B, (mg) 0.99+0.50 1.02 £0.39

Vitamin B, (mg) 0.88+0.38 0.87 041

Niacin (mg) 14971 147+59

Vitamin C (mg) 76.3+52.0 83.9 +47.7*

Zinc (ug) 8.29 £3.23 8.43 +2.69

Vitamin Bg (mg) 23.0+7.7 23.8+7.2

Folate (ug) 188.6 +84.3 205.1 £ 90.1*

Retinol (ug) 74.0 £ 65.0 81.3 +43.2*
Carotene(ug) 2125.2 +1455.3 2426.5 + 1371.5**

Fibre (g) 524+214 5.63 +2.22

Vitamin E (mg) 9.40 +5.03 9.33+5.34
Cholesterol (mg) 239.8 + 145.2 273.1 £ 130.8**

%9 of calories; ™*P < .01, **P < .001 from paired t-tests
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Discussion

The nutrient intakes analyzed by the FFQ tend to be
higher than those obtained from the three-day dietary
records in this study, which is consistent with the results
of several other studies.’®** However, there are also other
reports that show just the opposite: the FFQs in these
studies produced a nutrient intake estimate that was about
20% lower than the dietary records.*?*? These studies
also overestimated vitamin A intake, as was observed in
the present study. Willett pointed out that vitamin A
discrepancy is due in part to modifications to the USDA
nutrient database, which has been changed drastically
with respect to the vitamin A values of several vegetables
and fruits.?

In this study, paired t-tests revealed significant
differences between the two dietary assessment methods
for fat, carbohydrate, iron, vitamins A (RE), C, folate,
retinol, carotene, fibre, and cholesterol. Another study
also found statistically significant differences for total
calories, total fat, saturated fat, cholesterol, vitamin A,
and B-carotene.®* In addition to errors in recall and data
processing, another cause for the differences may be
limitations of the nutrient database. In addition, there is a
possibility of errors caused by insufficient information in
the three-day dietary records. Participants were instructed
to report all the foods and beverages consumed, in as
much detail as possible, by specifying brand names and
cooking methods in the three-day dietary records. It
should also be noted that many variations in nutrient
values are caused by other factors, especially factors such
as food ingredients or preparation/ cooking methods.

Nutrient intakes vary according to when or how the food
was produced, whether it was cooked or raw or broiled or
stir-fried, and what was added to food (e.g., jam or butter
on toast). Therefore, the two dietary assessment methods,
both the three-day dietary records and the FFQ used in
this study, could not agree completely enough when
assessing nutrient intakes. A more likely basis for differ-
ences between the FFQ and three-day dietary record data
is that three days of recorded intakes may not have
represented usual intake for most individuals and that the
FFQ categories are not able to capture all the detail
available from the three-day records.

In this study, correlation coefficients ranged from 0.34
(vitamin Bg) to 0.66 (fat and vitamin E) for crude corre-
lation, from 0.36 (vitamin Bg) to 0.68 (fat and vitamin A)
after energy adjustment, and from 0.36 (carbohydrate) to
0.82 (fat) after correcting for within-person variations. A
study conducted to calibrate an FFQ in Koreans showed
that the correlation coefficients varied from 0.26 to 0.59,
which is similar to the results of the present study, though
slightly lower.** In the study by Lee®, the correlation
coefficient was lowest for total fat and highest for
calcium, ranging from 0.21 to 0.66. Neither of these
studies used measurement error correction, such as
energy-adjustment or deattenuation methods. High values
were reported by Balough et al.,® ; i.e. the correlation
coefficient for fat was 0.94 and for energy, 0.74. Low
values were reported by Stuff et al.,*: 0.04 for fat and
0.09 for energy, with the highest correlation for calcium,
0.24.

Table 3. Spearman rank-order correlation coefficients comparing nutrient intakes from three-day dietary records and a

food frequency questionnaire (N = 138)

Nutrients Observed correlation Energy-adjusted® Energy-adjusted
and corrected for
attenuation®

Energy (kcal) 54 - -

Protein (g) 44 .45 .68

Total fat (g) .66 .68 .82

Carbohydrate (g) .37 .37 .36

Calcium (mg) .59 .66 72

Phosphorus (mg) 49 .57 .80

Iron (mg) .57 .67 .69

Potassium (mg) .56 .58 72

Vitamin A (RE) .64 .68 a7

Sodium (mg) .56 .59 .66

Vitamin B; (mg) .55 .54 .60

Vitamin B, (mg) .62 .60 .61

Niacin (mg) A7 48 .63

Vitamin C (mg) .39 .37 .54

zinc (Mg) .38 44 .53

Vitamin Bg (Mg) .34 .36 .63

Folate (ug) .54 .56 .61

Retinol (ug) .56 .56 .69

Carotene(pg) .57 .60 .68

Fibre (9) .52 .54 .67

Vitamin E (mg) .66 .67 72

Cholesterol (mg) .56 .56 .59

*The energy-adjusted correlation used the residuals from regressing each nutrient on the total calories.
PCorrected for the ratio of the within-person to the between-person variance components by observed correlation
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Two statistical techniques that can be used to adjust
energy intake consist of dividing the nutrient intakes by
calories (nutrient densities) or adjusting nutrients based
on energy intakes using regression analysis. According
to Rimm,”” energy adjustment by regression analysis is a
better technique than adjustments involving nutrient
density, because the latter procedure does not fully
control for confounding by total energy intake in the
epidemiological analysis.

Energy adjustment by regression analysis did not
improve the crude correlation coefficients in the present
study. The effect of adjustment by total caloric intake
was minimal, as has been found by other studies.’®?
Lee®® pointed out that the reason for little or no improve-
ment after energy adjustment was that the body weights
of individuals had been quite stable during the study
period (none had shown substantial weight loss or gain).
Therefore, their total energy and macronutrient intakes
and the relationships between energy and other nutrients
may have been stable even after energy adjustment.

Correction for attenuation in our study improved the
crude correlation slightly more than energy adjustment, as
has been shown in some other studies,?*?*? although not
as much as in other cases.”®® The reason for the improve-
ment is probably due to large within-person day-to-day
variability in nutrient intake.**** In addition, three days
are not sufficient to correctly classify the average intake
for many nutrients.

In the study by Willett et al.,” about 50% of the
respondents fell into the same lowest or highest quintile
using both methods. In the present study, overall, there

was a range of 67% to 90% of good agreement between
respondents in terms of the same quartiles and the first
quartile differences by FFQ and dietary records, which is
similar to that obtained by Bonifacj et al,.** and Pietinen
etal.’

In conclusion, the mean values from the FFQ differed
by no more than 14% from those of the dietary records for
all nutrients with the exception of vitamin A. The energy-
adjusted and corrected correlations for attenuation varied
from 0.36 to 0.82. The degree of good agreement by
cross-classification between the dietary records and the
FFQ ranged from 67% to 90%. This study was under-
taken to develop an FFQ that approaches the accuracy of
dietary records, so that it could be used in epidemio-
logical studies. By implementing both the three-day
dietary records and the FFQ, standardized lists of average
portion sizes and ingredients for the usual dishes and
foods consumed by Koreans aged 40 and older were
developed. The study results enabled us to develop a
dietary assessment software program that can analyze the
nutrient intakes of individuals and groups.

However, there is a limitation in this study: it consi-
dered only people residing in Seoul and its vicinity. In
order to obtain results that are more generally repre-
sentative of Koreans, other Korean population subgroups
that differ in terms of age and gender profiles may be
required. It is suggested that other subgroups residing in
different regions, with different food availabilities and
different eating habits be included in additional research
studies.

Table 4. Cross-classification of nutrient distribution quartiles from three-day dietary records and a food frequency

questionnaire (N = 138)

Nutrients Concordant One quartile Two quartile Three
quartile classification differences differences differences
(%)°

Energy (kcal) 48 33 19 0
Protein (g) 36 45 19 0
Total fat (g) 48 38 14 0
Carbohydrate (g) 43 38 14 5
Calcium (mg) 26 62 12 0
Phosphorus (mg) 33 43 24 0
Iron (mg) 38 50 12 0
Potassium (mg) 31 52 17 0
Vitamin A (RE) 38 43 19 0
Sodium (mg) 36 50 14 0
Vitamin B; (mg) 33 52 14 0
Vitamin B, (mg) 38 45 14 2
Niacin (mg) 45 29 26 0
Vitamin C (mg) 24 60 14 2
zinc (Mg) 36 31 33 0
Vitamin Bg (Mg) 31 43 21 5
Folate (1g) 36 52 12 0
Retinol (ug) 40 45 12 2
Carotene(pg) 45 38 17 0
Fibre (g) 46 38 14 2
Vitamin E (mg) 50 40 7 2
Cholesterol (mg) 51 32 17 0

®Percentages may not add up to 100 due to rounding to the nearest whole number.
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