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Abstract
The aim of this study was to test the reproducibility and validity of a self-administered FFQ for the Trace Element Study of Korean Adults in
the Yeungnam area (SELEN). Study subjects were recruited from the SELEN cohort selected from rural and urban areas in Yeungnam, Korea.
A semi-quantitative FFQ with 146 items was developed considering the dietary characteristics of cohorts in the study area. In a validation study,
seventeen men and forty-eight women aged 38–62 years completed 3-d dietary records (DR) and two FFQ over a 3-month period. The validity
was examined with the FFQ and DR, and the reproducibility was estimated using partial correlation coefficients, the Bland–Altman method and
cross-classification. There were no significant differences between the mean intakes of selected nutrients as estimated from FFQ1, FFQ2 and DR.
The median correlation coefficients for all nutrients were 0·47 and 0·56 in the reproducibility and validity tests, respectively. Bland–Altman’s index
and cross-classification showed acceptable agreement between FFQ1 and FFQ2 and between FFQ2 and DR. Ultimately, 78% of the subjects were
classified into the same and adjacent quartiles for most nutrients. In addition, the weighted κ value indicated that the two methods agreed fairly.
In conclusion, this newly developed FFQ was a suitable dietary assessment method for the SELEN cohort study.
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Growing epidemiological evidence indicates that chronic diseases
are mostly related to modifiable environmental factors such as
dietary and lifestyle habits rather than genetic background(1,2). In
particular, maintaining a healthy diet is an important part of
disease prevention(1–6). In recent decades, considerable nutritional
transition has occurred with rapid economic growth in Korea(7–9),
resulting in substantial variation in dietary habits according to
generations and geographical regions(10,11). These shifts in dietary
patterns have influenced disease distribution in the Korean
population(9,12); hence, an accurate and appropriate dietary
assessment tool specifically designed to capture dietary habits
related to chronic disease and public health burden in Korea is
indispensable.
Generally, the examination of long-term rather than short-

term dietary exposure is more relevant to analyses of diet and
chronic disease(13). The FFQ is one of the most commonly
used dietary assessment tools, especially in large-scale cohort
studies(13). It is often used to examine habitual dietary intake
levels of participants over a 1-year period. However, possible
measurement errors, mainly due to the fixed food lists, lack of
memory or self-report issues, should be considered in the
development of FFQ(13–15). A well-designed FFQ can potentially
dilute the limitations through memory aids (e.g. pictures to aid
the estimation of portion size) and food lists specific to regional
cultures(16,17) besides representing the usual dietary intake of
the study population. Nevertheless, the validation of a newly

developed FFQ using various statistical tests is essential to
assess the magnitude of measurement errors and bias – for
example, it is important to know whether the FFQ show con-
sistent results with repeated measurements (reproducibility)
and how well they represent the usual intake (validity).
Reproducibility and validity tests can confirm whether the
results are obtained by chance and whether the method can be
used to investigate the relationship between nutritional expo-
sure and outcomes.

We developed an FFQ for assessing dietary intake levels of
Korean adults participating in an ongoing cohort study called
the Trace Element Study of Korean Adults in the Yeungnam
area (SELEN). The purpose of our study was to assess
the reproducibility and validity of the newly developed, self-
administered, semi-quantitative FFQ used in both urban and
rural areas in the Yeungnam region in South Korea.

Methods

Subjects

The SELEN study investigates the relationship of trace elements
with metabolic health conditions in an ongoing prospective
cohort of healthy, middle-aged, Korean adults residing in the
Yeungnam area. In total, 740 subjects were recruited through
advertisements. This study was approved by the Institutional

Abbreviations: DR, dietary records; LOA, limits of agreement; SELEN, Trace Element Study of Korean Adults in the Yeungnam area.
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Review Board of Yeungnam University Medical Centre
(YUH-12-0468-O94), and all participants gave their written
and informed consent to participate in the SELEN study.
The necessary sample size for a statistical power of 0·80 was

calculated using G*Power (version 3.1.9.2). On the basis of the
results from previous studies, the effect size using the point
biserial correlation model as |ρ| = 0·30 α= 0·05 was
entered(13,18–20). As a result, the minimum sample size required
was seventy with additional 10% included for dropouts,
calculated by G*power. Approximately 100 subjects from the
cohort agreed to participate in the validation study, and of them
seventy-two subjects gave their informed consent. Participants
completed 3-d dietary records (DR) and two FFQ without
missing any information. The first FFQ (FFQ1) was administered
at baseline. For validation, we collected additional dietary
information, including 3-d DR, 7 d before the second FFQ
(FFQ2). The interval between FFQ1 and FFQ2 was on average
3 months.

FFQ development and administration

A 146-item, semi-quantitative FFQ was developed on the basis
of the validated 106-item FFQ used in the Korean Genome
Epidemiologic Study (KoGES)(21) and a database of the
most frequently consumed foods among adults residing in the
Yeungnam area (24-h dietary recall data from Korea National
Health and Nutrition Examination Survey (KNHANES)
2007–2010). The following ten frequency categories were used:
almost never, less than once a month, once a month, two to
three times per month, once per week, two to four times per
week, five to six times per week, once a day, twice per day and
≤three times per day. The portion size of each food item was
determined on the basis of the portion size in the KoGES FFQ,
intake levels from KNHANES analysis and the standardised
serving size suggested by the Ministry of Health and Welfare
and the Korean Health Industry Development Institute(22).
The following answer categories were provided: medium
(reference), small (0·5 times reference) and large (1·5 or 2 times
of reference). For instance, milk intake could be 1/2 cup or less,
one cup (200ml) and two cups or more, and almond intake
could be five pieces or less, ten pieces or twenty pieces or
more. Furthermore, we took food photographs with household
volume measures or weight to assist in estimating the portion
size and reduce bias in reporting related to the amount of food
consumed.
Supplement use was assessed separately according to the

type, dose, duration and brand. To help administer the
questionnaire, a short video clip was posted on the study
website. It showed how the FFQ should be checked, what it
means and things that should be considered. Finally, the FFQ
was cross-checked by nutrition and epidemiology experts to
determine the completeness and usability of the food lists, and a
pilot study was performed three times with seventeen subjects.
The format of the questionnaire was revised and refined
according to feedback comments.
All completed FFQ were returned by mail and cross-

checked by three trained nutritionists. The respondents

were asked to clarify omitted or implausible answers by
telephone if necessary.

3-d Dietary records

The participants were requested to make a thorough list of all
the food and dish names, recipes and approximate amounts of
ingredients in the food consumed on 3 d (including 2 weekdays
and 1 weekend day). Further, detailed instructions with
photographs of serving size or standard portion size aided in
visualising the portion size, completing the DR and measuring
with household utensils (cup, spoon, bowl, etc.) or by eye
(ping-pong ball size, palm size, handfuls, etc.).

Collected DR were carefully checked by trained nutritionists,
and insufficient information was calibrated using a standardised
recipe(22) and a telephone interview with participants.
The estimates were converted to weight using a published
database(22). Nutrient estimates from FFQ and DR data were
calculated using CAN-Pro 4.0 (Computer-Aided Nutritional
analysis program for Professional 4.0; The Korean Nutrition
Society 2011) with the aid of food composition databases of the
Korean Nutrition Society (2009) and Korea National Academy
of Agricultural Sciences (2006).

Statistical analyses

Mean nutrient intakes as estimated by FFQ1 v. FFQ2 and FFQ2 v.
DR were compared using a paired t test. Normal distribution
of the data was checked using the Shapiro–Wilk test, and
skewed data were transformed logarithmically when required.
Pearson’s correlation coefficients and Spearman’s correlation
coefficients were calculated for normally distributed and
non-parametric data, respectively. In addition, the coefficients
were adjusted for age, sex and energy when required. Residuals
from regression where total energy intake was the independent
variable and absolute nutrient intake was the dependent vari-
able were used for energy adjustment of nutrient intakes(13).

For FFQ validation, 3-d DR were used as reference. As
this took several days, the day-to-day variation, that is, within-
person variation, might have attenuated the correlation
between the FFQ and the DR, and the coefficients were
corrected for within-person variation(13). The ratio of within-
person variance:between-person variance was calculated using
the minimum variance quadratic unbiased estimation method
with the variance component procedure. Nutrient intake was
the dependent variable, and the number of DR repeats was the
independent variable.

rt = ro
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 + λx =nx

p
;

rt is the true intake, ro the observational intake, λx the ratio of
within-person variance:between-person varianceðS2w = S2bÞ, nx

the number of repeated days.
Agreements between the two FFQ and/or FFQ2 and DR were

analysed using the mean difference (%), limits of agreement
(LOA), the Bland–Altman index (%) and cross-classification (%)
with weighted κ values. To improve the normal distribution, the
values were log-transformed. The mean difference between
two methods was calculated, anti-logged and multiplied by 100.
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These values (%) indicate mean agreement or bias; 100%
indicates exact agreement(23).
To measure the agreement between the two methods on the

same subjects, the Bland–Altman method was used. For this, the
difference between the two methods ðdÞ – that is, FFQ1 and
FFQ2 and FFQ2 and DR – and its standard deviation as well as
the average of the two methods – that is, (FFQ1 + FFQ2)/2 and
(FFQ2+DR)/2 – were calculated for the same subjects. If the
differences are normally distributed, 95% of the difference
would be expected to lie between d�1�96 ´ SD and
d + 1�96 ´ SD – that is, within 95% LOA. A Bland–Altman index
<5% means that 95% of the nutrient intake falls within the LOA.
This indicates a good agreement between the two methods(24).
During cross-classification, subjects were classified into

quartiles by nutrient intake level from the two dietary methods
as follows: same quartile, adjacent quartile, one quartile apart and
opposite quartile(25). The κ coefficient measures the difference
between the observed and expected agreement and can range
from −1 to 1. Accordingly, the agreement is classified as follows:
κw< 0·00 for poor, κw= 0·00–0·20 for slight, κw= 0·21–0·40 for fair,
κw= 0·41–0·60 for moderate, κw= 0·61–0·80 for substantial
and κw= 0·81–1·00 for almost perfect agreement(26).
All data were calculated and analysed using Statistical

Analysis System (SAS version 9.4; SAS Institute).

Results

A total of seventy-two subjects from the SELEN cohort study
were included in this validation study. Of these, eight subjects
were excluded because of incomplete DR or missing FFQ1. In
total, sixty-five subjects (seventeen men and forty-eight
women) aged 38–62 years were included in the analysis. The
general characteristics of the study population are described in
Table 1. The mean age of the participants was 46 years, and a
third of the participants were educated beyond the college
level. Approximately 86 and 18% of the participants were
current non-smokers and non-alcohol drinkers, respectively.

Reproducibility

The correlation coefficients for macronutrients and micro-
nutrients in FFQ1 and FFQ2 showed good reproducibility
(Table 2). There were no significant differences in the intake
levels of all selected nutrients estimated in both FFQ.
The correlation coefficients for crude energy and nutrients
ranged from 0·32 for carbohydrates to 0·57 for β-carotene.
The correlation coefficients for fourteen of twenty nutrients
were 0·40 and higher; the correlation coefficients for fat, retinol,
β-carotene, vitamin E and Mg intakes were 0·50 and higher.
After energy adjustment, the correlation coefficients for
macronutrients attenuated, but very marginally. Additional age-
and sex-adjusted correlation coefficients for most nutrient
intakes ranged from 0·24 for thiamine to 0·61 for niacin,
indicating stronger correlations compared with crude
coefficients; the correlation coefficient for niacin increased by
0·17 after age, sex and energy adjustment.

FFQ1 showed reasonably good agreement in the ranking
of participants for most nutrients compared with FFQ2 based
on the findings from the Bland–Altman method and cross-
classification into same and extreme quartiles (Table 3).
The mean agreement between FFQ1 and FFQ2 ranged from
95% (β-carotene) to 111% (vitamin C), but no significant
differences between the two FFQ were observed. For most
nutrients, the Bland–Altman index fell <5% and ranged from
3·1% (riboflavin, Ca, Zn) to 9·0% (Na).

In cross-classification, the proportion of subjects classified
into the same lowest and highest quartiles ranged from 29% for
folate to 51% for niacin, and the agreement proportions for
twelve of twenty nutrients were 40% and higher. More than
70% of the subjects were classified in the same or adjacent
quartile for all nutrients except carbohydrates. For instance,
>80% were classified in the same or adjacent quartile for
dietary fibre, retinol, β-carotene, vitamin E, vitamin C, K and Fe
intakes. The proportion of participants classified into extreme
quartiles (disagreement) ranged from 2% for β-carotene to
9% for energy, carbohydrate, P, Na and Zn. The weighted
κ coefficients for most nutrient intakes were from 0·18 for
energy and P to 0·41 for β-carotene.

Validity

Table 4 shows the mean levels of nutrients estimated by FFQ2
and the 3-d DR. The mean intake levels for fat, protein, vitamin E,
Na and Fe as estimated from the DR were significantly higher
than those estimated from FFQ2. The correlation coefficients for
crude energy and nutrient intakes ranged from 0·12 for vitamin E
to 0·51 for protein. The correlation coefficients for eleven of
twenty nutrients were 0·40 and higher. Energy adjustment

Table 1. General characteristics of the study population
(Numbers and percentages; mean values and standard deviations)

Characteristics n %

Men 17 26
Age (years)

Mean 46
SD 6·3
35–40 years 4 6
40–50 years 46 71
≥50 years 15 23

Education level
Middle school graduation or less 3 5
High school graduation 19 29
College graduation 30 46
Graduate school graduation 13 20

Smoking status
Non-smoker 56 86
Former smoker 7 11
Current smoker 2 3

Current alcohol drinker 53 82
BMI (kg/m2)

Mean 22·4
SD 2·3
Underweight (<18·5)* 2 3
Normal (≥18·5 and <23) 40 62
Overweight (≥23 and <25) 17 26
Obesity (≥25) 6 9

* BMI classification for the Asia-Pacific population by the WHO.
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Table 2. Comparison of energy and nutrient intakes by the first and second administration of the FFQ (FFQ1 v. FFQ2)
(Mean values and standard deviations)

Correlation coefficients

FFQ1 FFQ2 Crude† Energy adjusted‡ Age, sex energy adjusted§

Mean SD Mean SD P* Values P Values P Values P

Energy (kJ) 7464 2577 7740 3364 0·486 0·38 0·002 – –

Energy (kcal) 1784 616 1850 804 0·486 0·38 0·002
Carbohydrate (g) 297 99 315 139 0·282 0·32 0·009 0·27 0·028 0·31 0·013
Fat (g) 42 21 41 21 0·719 0·53 <0·001 0·37 0·003 0·37 0·003
Protein (g) 63 27 64 33 0·636 0·47 <0·001 0·48 <0·001 0·50 <0·001
Dietary fibre (g) 21 10 21 12 0·965 0·44 <0·001 0·52 <0·001 0·48 <0·001
Retinol (µg) 125 77 130 95 0·649 0·56 <0·001 0·37 0·002 0·38 0·002
β-Carotene (µg) 4848 3882 4848 4589 0·999 0·57 <0·001 0·59 <0·001 0·52 <0·001
Vitamin E (mg) 11 5·3 11 5·4 0·709 0·50 <0·001 0·60 <0·001 0·56 <0·001
Thiamin (mg) 1·2 0·5 1·4 0·9 0·221 0·31 0·012 0·24 0·052 0·24 0·056
Riboflavin (mg) 1·1 0·5 1·3 0·8 0·136 0·44 <0·001 0·44 <0·001 0·42 0·001
Niacin (mg) 15 6 16 8·1 0·332 0·44 <0·001 0·58 <0·001 0·61 <0·001
Folate (µg) 487 251 482 260 0·898 0·45 <0·001 0·52 <0·001 0·47 <0·001
Vitamin C (mg) 119 72 132 96 0·239 0·45 <0·001 0·50 <0·001 0·47 <0·001
Ca (mg) 529 288 526 301 0·945 0·45 <0·001 0·52 <0·001 0·49 <0·001
P (mg) 1129 442 1161 574 0·640 0·38 0·002 0·42 0·001 0·42 0·001
Na (mg) 2514 1562 2499 1775 0·948 0·44 <0·001 0·30 0·016 0·28 0·026
K (mg) 2873 1240 3034 1709 0·444 0·37 0·002 0·44 <0·001 0·41 0·001
Mg (mg) 81 44 76 42 0·385 0·52 <0·001 0·51 <0·001 0·53 <0·001
Fe (mg) 12 5·7 13 7·5 0·461 0·42 0·001 0·55 <0·001 0·54 <0·001
Zn (mg) 10 3·9 10 4·6 0·876 0·39 0·001 0·44 <0·001 0·45 <0·001

* Paired t test.
† Log-transformed values.
‡ Energy adjustment using residual methods.
§ Energy adjustment using residual methods and age and sex adjustment using partial correlation.
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Table 3. Agreement between the two FFQ (FFQ1 and FFQ2)
(Geometric means of differences in two methods and 95% confidence intervals; 95% limits of agreement)

Mean agreement Cross-classification (%) Weighted κ coefficients

Mean (%)* 95% CI 95% Limits of agreement† Bland–Altman index (%)‡ Same quartile Same+adjacent quartile Opposite quartile κw P

Energy (kJ) 103 93, 114 46, 228 7·7 31 77 9 0·18 0·041
Energy (kcal) 103 93, 114 46, 228 7·7 31 77 9 0·18 0·041
Carbohydrate (g) 104 94, 115 47, 232 7·7 34 68 9 0·13 0·136
Fat (g) 101 88, 115 35, 291 6·2 40 77 3 0·31 0·001
Protein (g) 102 91, 115 41, 253 7·7 45 78 6 0·33 <0·001
Dietary fibre (g) 99 86, 113 34, 286 4·6 42 82 3 0·36 <0·001
Retinol (µg) 104 88, 123 27, 395 4·6 38 80 5 0·31 0·001
β-Carotene (µg) 95 79, 114 22, 401 4·6 45 83 2 0·41 <0·001
Vitamin E (mg) 100 88, 115 34, 295 4·6 38 82 6 0·31 0·001
Thiamin (mg) 106 92, 123 35, 326 4·6 48 78 6 0·36 <0·001
Riboflavin (mg) 109 95, 125 37, 321 3·1 48 75 3 0·36 <0·001
Niacin (mg) 105 95, 117 45, 247 6·2 51 78 6 0·38 <0·001
Folate (µg) 100 93, 131 34, 290 4·6 29 72 6 0·36 <0·001
Vitamin C (mg) 111 87, 114 28, 433 7·7 42 85 3 0·38 <0·001
Ca (mg) 101 88, 117 33, 313 3·1 35 77 5 0·26 0·004
P (mg) 101 91, 114 41, 250 4·6 35 72 9 0·18 0·040
Na (mg) 100 85, 117 29, 345 9·0 40 77 9 0·26 0·004
K (mg) 103 91, 118 37, 290 4·6 43 80 6 0·33 <0·001
Mg (mg) 97 85, 112 33, 289 4·6 32 78 6 0·23 0·009
Fe (mg) 104 91, 119 36, 304 4·6 43 83 6 0·36 <0·001
Zn (mg) 98 88, 110 40, 240 3·1 40 77 9 0·26 0·004

* Geometric means of differences in energy and nutrient intakes (log-transformed values) estimated by FFQ1 and FFQ2 were multiplied by 100 after anti-logging.
† Mean difference±1·96× SD of the differences.
‡ Percentage of subjects with values out of limits of agreement.
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resulted in a stronger correlation for the majority of nutrients; in
particular, the correlation coefficients for vitamin E, folate,
Ca and Mg increased from 0·12–0·23 (crude) to 0·51–0·57 (energy
adjusted). Among the energy-producing nutrients, the correlation
coefficients of fat and carbohydrate were higher after additional
energy adjustment.
In addition to the adjustment for age, sex and energy

intake, the correlation coefficients were multiplied by the
de-attenuation factor, taking into account within- and between-
person variances in the 3-d DR. The within-person variance was
higher than the between-person variance. The magnitude of the
variance ratio varied considerably with nutrients and ranged
from 1·21 for energy intake to 400·10 for retinol in our study;
a ratio <2 was observed with energy, carbohydrates, Ca,
vitamin C, Na, dietary fibre and K, and a ratio >10 was observed
with vitamin E, Mg and retinol. After additional adjustment with
the de-attenuation factor, the correlation coefficients for most
nutrients increased. However, the de-attenuated values did not
apply when the ratio of within-person variance:between-person
variance was too high and the coefficients were >1 – for
example, retinol and Mg.
The agreement between FFQ2 and DR is presented in

Table 5. The mean agreement between FFQ2 and DR ranged
from 53% for Na to 112% for retinol. Half of the nutrient intakes
estimated from the DR were significantly overestimated
(fat, protein, dietary fibre, vitamin E, riboflavin, niacin, Na, Mg,
Fe and Zn). The range of LOA for FFQ2 and DR was narrower
than that for FFQ1 and FFQ2. Compared with the nutrient

intake levels estimated from DR, half of the nutrient intakes
estimated from FFQ2 were significantly underestimated; nine of
twenty nutrient and energy intakes had Bland–Altman indices
that fell <5% and ranged from 3·1% for Na to 7·7% for energy,
carbohydrate and folate. To further assess agreement, subjects
were classified into quartiles according to the nutrient
levels estimated by both methods. The proportion of subjects
classified into the same lowest and highest quartiles ranged
from 43% for dietary fibre and thiamine to 25% for vitamin C.
More than 70% of the subjects were classified in the same or the
adjacent quartile for almost all nutrients. The proportion of
participants classified into opposite quartiles varied from 2% for
energy and dietary fibre to 9% for retinol, vitamin E and vitamin C.
The weighted κ coefficients ranged from 0·03 for vitamin E to
0·36 for dietary fibre and riboflavin.

Discussion

We assessed the reproducibility and validity of a self-administered,
semi-quantitative FFQ with 146 items newly developed for the
SELEN cohort study. Using various statistical approaches including
the paired t test, adjusted and de-attenuated correlation
coefficients, and agreement tests using cross-classification and the
Bland–Altman method(27), we found that an FFQ had acceptable
reproducibility (range, 0·3–0·6) and validity (range, 0·2–0·6)
for most macronutrients and micronutrients, and fairly high
agreements between FFQ1 and FFQ2 as well as FFQ and DR

Table 4. Comparison of energy and nutrient intakes by 3-d dietary records (DR) and FFQ2

Correlation coefficients

DR Crude† Energy adjusted‡ Age, sex, energy adjusted§
Age, sex, energy adjusted,

Mean SD P* Values P Values P Values P de-attenuated||

Energy (kJ) 7866 1561 0·730 0·45 <0·001 – – –

Energy (kcal) 1880 373 0·730 0·45 <0·001 – – –

Carbohydrate (g) 299 64 0·324 0·35 0·004 0·39 0·002 0·43 0·001 0·51
Fat (g) 47 14 0·013 0·35 0·004 0·42 0·001 0·41 0·001 0·68
Protein (g) 73 17 0·018 0·51 <0·001 0·45 <0·001 0·47 <0·001 0·65
Dietary fibre (g) 22 5·7 0·276 0·45 <0·001 0·55 <0·001 0·55 <0·001 0·69
Retinol (µg) 129 162 0·983 0·32 0·010 0·42 0·001 0·42 0·001 0·42¶
β-Carotene (µg) 4469 2278 0·483 0·41 0·001 0·46 <0·001 0·43 0·001 0·59
Vitamin E (mg) 16 5·1 <0·001 0·12 0·352 0·51 <0·001 0·46 <0·001 0·96
Thiamin (mg) 1·3 0·4 0·376 0·42 0·001 0·21 0·089 0·22 0·091 0·37
Riboflavin (mg) 1·3 0·9 0·491 0·45 <0·001 0·38 0·002 0·37 0·003 0·48
Niacin (mg) 16 3·7 0·368 0·48 <0·001 0·49 <0·001 0·50 0·001 0·83
Folate (µg) 488 131 0·872 0·23 0·060 0·57 <0·001 0·56 <0·001 0·75
Vitamin C (mg) 136 65 0·746 0·30 0·017 0·43 <0·001 0·40 0·001 0·49
Ca (mg) 549 193 0·568 0·22 0·077 0·54 <0·001 0·52 <0·001 0·63
P (mg) 1174 258 0·830 0·47 <0·001 0·37 0·002 0·37 0·003 0·50
Na (mg) 4154 1271 <0·001 0·36 0·003 0·33 0·008 0·32 0·010 0·40
K (mg) 2900 662 0·495 0·43 <0·001 0·44 <0·001 0·44 <0·001 0·56
Mg (mg) 85 30 0·100 0·22 0·082 0·51 <0·001 0·52 <0·001 0·52¶
Fe (mg) 15 5·5 0·028 0·43 <0·001 0·41 0·001 0·42 0·001 0·56
Zn (mg) 10 2·5 0·276 0·49 <0·001 0·50 <0·001 0·50 <0·001 0·76

* Paired t test.
† Log-transformed values.
‡ Energy adjustment using residual methods.
§ Energy adjustment using residual methods and age and sex adjustment using partial correlation.
|| Age, sex and energy adjustment multiplied with the de-attenuated factor using variance of component.
¶ Without multiplying the de-attenuated factor because the coefficients were more than 1.
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Table 5. Agreements between 3-d dietary records and FFQ2
(Geometric means of differences in two methods and 95% confidence intervals; 95% limits of agreement)

Mean agreement Cross-classification (%) Weighted κ coefficients

Mean (%)* 95% CI 95% Limits of agreement† Bland–Altman index (%)‡ Same quartile Same+adjacent quartile Opposite quartile κw P

Energy (kJ) 93 86, 101 50, 176 7·7 40 78 2 0·33 <0·001
Energy (kcal) 93 86, 101 50, 176 7·7 40 78 2 0·33 <0·001
Carbohydrate (g) 100 92, 109 51, 197 7·7 40 75 5 0·28 0·002
Fat (g) 81 72, 90 33, 195 4·6 35 69 6 0·18 0·040
Protein (g) 82 75, 90 40, 170 6·2 34 85 5 0·31 0·001
Dietary fibre (g) 84 75, 94 33, 211 6·2 43 78 2 0·36 <0·001
Retinol (µg) 112 89, 141 18, 697 6·2 38 82 9 0·28 0·002
β-Carotene (µg) 87 72, 105 20, 378 4·6 35 80 5 0·28 0·002
Vitamin E (mg) 65 57, 75 23, 189 4·6 26 63 9 0·03 0·704
Thiamin (mg) 96 86, 108 38, 240 4·6 43 77 3 0·33 <0·001
Riboflavin (mg) 87 77, 99 32, 236 6·2 37 88 5 0·36 <0·001
Niacin (mg) 89 82, 97 46, 175 4·6 35 83 5 0·31 0·001
Folate (µg) 91 80, 103 34, 244 7·7 29 72 6 0·12 0·077
Vitamin C (mg) 88 74, 105 23, 340 4·6 25 74 9 0·11 0·225
Ca (mg) 89 78, 102 30, 266 6·2 28 62 3 0·08 0·349
P (mg) 92 85, 101 46, 185 6·2 35 77 5 0·26 0·004
Na (mg) 53 47, 61 19, 147 3·1 38 74 5 0·26 0·004
K (mg) 95 86, 106 41, 222 4·6 32 85 6 0·28 0·002
Mg (mg) 84 73, 96 29, 242 6·2 31 66 5 0·13 0·313
Fe (mg) 78 69, 88 30, 201 4·6 34 83 6 0·28 0·002
Zn (mg) 89 82, 97 45, 176 6·2 32 80 5 0·26 0·004

* Geometric means of difference in energy and nutrient intakes (log-transformed values) estimated by FFQ1 and FFQ2 were multiplied by 100 after anti-logging.
† Mean difference±1·96× SD of the differences.
‡ Percentage of subject with values out of limits of agreement.
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where 78% of subjects on average were correctly classified in the
same or adjacent quartiles for most nutrients were found.
Generally, lower validity and reliability have been observed for

the FFQ in the Korean population because of unique traditional
dietary habits(13,19,21,23,25,28–33). Typically, Koreans have three
meals a day consisting mainly of rice with some grains and
legumes, soup or stew and various side dishes. The majority of
Koreans do not use weighing and/or measuring utensils
while cooking, and meals are served in family portions with
multiple people sharing the side dishes. Thus, it is difficult to
obtain an accurate portion size for an individual diet. In addition,
frequently eating out makes it more difficult to recall the
frequency of consumption of a specific food item, particularly in
the case of an unknown recipe. Nonetheless, our SELEN FFQ
showed a higher validity and reliability compared with other
validation studies conducted in the Korean population(21,31,33–36).
We observed that the mean values of the macronutrient intakes
were comparable with those of other Korean studies (range,
energy intake 7213–8180kJ (1724–1955kcal), protein 63–79g, fat
29–49g, carbohydrate 279–335g), especially with a similar range
for age and sex(21,33–37).
Ratios of within-person variance:between-person variance

can vary considerably between nutrients. For example, internal
organs of cattle, pigs or chickens are occasionally used in
Korean cuisine. Among them, the liver is a major source of
retinol. Similarly, certain types of eels are also high in retinol
(range, 360 μg for conger eel to 7808 μg for lamprey)(38).
However, such foods are not frequently consumed, thus
consumption (rarely consumed but high in a particular nutrient)
on dietary recording days may led to a poor correlation
between dietary assessment methods(39). The SELEN FFQ
consists of 146 items and considers this problem; thus, the
correlation coefficient between FFQ and DR for retinol (r 0·42)
was relatively higher than in other validation studies conducted
in the Korean population(21,30,31).
In this study, the agreements between the two FFQ or

between the FFQ and the DR for energy and carbohydrate
intakes were lower than that for other macronutrients and
micronutrients. This finding is due to a few outliers and cultural
dietary habits in which the intakes of energy and carbohydrates
are highly dependent on rice – the staple food of the Korean
population. Most participants responded that they consumed
a bowl of white rice (with or without other grains and legumes)
two or three times a day, and, between FFQ1 and FFQ2,
only a few participants answered the frequency of rice-item
consumption differently. Nevertheless, the results are compar-
able with those of other Korean studies(21,31,33,40).
Although correlation coefficients indicate the strength of the

linear relationship between the two methods, they do not
provide accurate information regarding agreement levels
between the methods(24). Therefore, previous validation studies
have often used the Bland–Altman method or κ statistics to
assess the agreement between two methods rather than linear
regression or correlation alone(20,24). In the Bland–Altman
method, the standard deviation of the difference between
the two methods is used, because it is less affected by between-
person variance(27). The proportion of agreement for the
quartile distribution of energy and nutrient intakes and

κ coefficients estimated in this study was fairly acceptable and
relatively higher than in other validation studies conducted in
the Korean population(21,30,31,35,41–43).

A recent systemic review suggested that sex is an important
factor influencing portion size, and estimates of nutrient intakes
are more often overestimated in women than in men in
validation studies(44). To take into account this difference, as
well as individual differences in portion size, we included the
following answer categories in the SELEN FFQ: medium
(reference), small (0·5 times reference) and large (1·5 or 2 times
reference). These categories regarding portion size may reduce
the more frequent and significant overestimation of nutrient
intakes in women observed in other validation studies.

This is the first FFQ that has been carefully designed for
middle-aged adults residing in the Yeungnam area where fish
and seafood consumption levels are higher and a unique food
culture exists. For example, consumption levels of shark and
whale meat are higher than in other areas(45). Considering
the rapid shifts in dietary habits and substantial variation in
dietary patterns according to generations and geographical
regions in Korea, it is very important to build a validated dietary
assessment tool suitable for the Korean population. Therefore,
we analysed the dietary information of Yeungnam residents
and included their main unique food items for a similar range
of age groups, using data from the KNHANES, a national
representative cross-sectional survey.

Our study has several limitations. First, the present study used
a 3-d DR from a relatively small sample. The range of the LOA
was wider than in other Korean studies with larger sample
sizes(21,30), and 3d may not be sufficient to capture usual dietary
intakes. Nonetheless, the mean difference by two methods
showed moderate-to-good agreement, and sample size calcula-
tion showed adequate power to detect statistical significance.
Second, the current study examined the reproducibility of the
FFQ for a 3-month interval (on average), which may be a
limitation, as a FFQ captures dietary information over the
previous year. However, seasonal variations or changes in
dietary habits and health status may influence the reproducibility
of the FFQ, with a 1-year interval or more(46). Considering the
seasonal pattern of variation of fruit and vegetable consumption
observed in Korea, examining reproducibility of the FFQ over
a long-term interval (>6 months) may not be ideal for this
population. In addition, a much shorter-term interval (<1 month)
is also not recommended, because it affects accurate recall(47).
Finally, the FFQ and food records were self-administered by
participants; thus, issues with clarity and low-response rates are
possible as opposed to other methods such as interviews or
researcher-administered questionnaires(48). However, the
majority of our participants were well educated, and the SELEN
FFQ was revised and updated using repeated pilot studies.
Therefore, over time, it probably became clearer and more
comprehensible for the study participants. In addition, we
provided photographs of the reference portion size with a scale
mark and a pen with the questionnaire to get a more accurate
estimate of the amount of food consumed. Furthermore, to
compensate for the limitations of a self-administered FFQ, we
conducted additional telephone interviews when the returned
questionnaires had missing values or ambiguous answers.
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A new FFQ, developed for the SELEN cohort, was tested for
its validity and reproducibility using various statistical
analyses. Overall, the results revealed that the FFQ had good-
to-acceptable validity and reproducibility. Therefore, this FFQ is
a suitable dietary assessment method for the SELEN cohort study.
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