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ABSTRACT

BACKGROUND/OBJECTIVES: This study aimed to examine the reproducibility of food frequency
questionnaires (FFQs) designed for young female nurses in the Korea Nurses' Health Study.
SUBJECTS/METHODS: The reproducibility of web-based, self-administered FFQs was
evaluated among 243 Korean female nurses. The first FFQ (FFQ1) was administered from
March 2014 to February 2019 and the second FFQ (FFQ2) from November 2019, with a mean
interval of 2.8 years between the FFQs (range, 9 months—5.6 years). Pearson and Spearman
correlation coefficients (r values) and quartile agreements between FFQ1 and FFQ2 were
calculated for intakes of energy, nutrients, and foods.

RESULTS: Pearson correlation coefficients ranged from 0.41 to 0.55 (median r = 0.51) for
energy and raw nutrients and from 0.16 to 0.46 (median r = 0.36) for energy-adjusted
nutrients. Spearman correlation coefficients ranged from 0.25 to 0.72 (median r = 0.41) for
food items. The percentages of women who were classified into the same or adjacent quartile
were 77% to 84% (median = 82%) for raw nutrients and 69% to 86% (median = 78%) for foods.
CONCLUSIONS: The results indicated that the web-based FFQ used in the Korea Nurses'
Health Study has acceptable reproducibility.

Keywords: Food frequency questionnaire; reproducibility; Korea Nurses' Health Study

INTRODUCTION

Non-communicable diseases have emerged as a new global agenda for women's health [1,2].
A growing body of evidence from the long-term cohort studies has contributed to understand
and improve the health of women [3-6]. Diet is one of the most important determinants

of health throughout the life and across generations [7,8]. To ensure the research findings
regarding the association between diet and disease outcome, an accurate assessment of
dietary exposure is essential [9]. In the Nurses' Health Study (NHS), a large cohort study

of female nurses in the United States (US), various dietary factors assessed by validated
questionnaires have been identified as determinants of chronic diseases in women [10]. For
example, the NHS found that high consumption of red meat or sugar-sweetened beverages
and low consumption of dietary fiber or fruits and vegetables were associated with increased
risk of coronary heart disease [11].
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The Korea Nurses' Health Study (KNHS), which began in 2013, is a prospective study of
young female nurses in Korea [12]. The purpose of the KNHS is to investigate the effects of
occupational, environmental, and lifestyle factors on women's health. This long-term follow-
up study of women of reproductive age is expected to contribute to framing of evidence-based
policies and guidelines for women's health. In the KNHS, dietary information was assessed
using the web-based food frequency questionnaire (FFQ) [12]. Given that FFQs are designed
to evaluate the long-term dietary intake of the study population, the capacity of the FFQ to
measure the participants' diet over an extended period, despite the within-person variation,
should be evaluated. The FFQ is typically validated by comparing the reference methods, and
its reproducibility is generally assessed by administering the same FFQ twice to the same
group of participants. The FFQ used in the KNHS was initially developed for adults aged
19-64 years in the Korean National Health and Nutrition Examination Survey (KNHANES)
[13]. It has been reported that the FFQ used in this study has acceptable reproducibility and
modest validity [14]; significant associations between dietary factors, as assessed by this
FFQ, and disease-related outcomes [15-19] suggest that this FFQ appropriately captures diet-
disease associations.

However, the performance of the FFQ in the KNHS has not been addressed. Therefore, the
present study aimed to evaluate the reproducibility of the web-based FFQ used in the KNHS
in women aged 20-45 years in Korea.

SUBJECTS AND METHODS

Participants and study design

The KNHS is an ongoing web-based prospective cohort study of female registered nurses
aged 2045 years that began in 2013 in Korea [12]. The protocol and questionnaires of the
KNHS are based on the NHS3, an ongoing web-based prospective study in the US and Canada
that began in 2010 [20]. In the first phase of the KNHS (March 2013-December 2015), survey
modules 1-4 and pregnancy modules were open to participants. The initial baseline survey
(module 1) was conducted from July 2013 to November 2014, and a total of 20,613 women
were enrolled. Participants who responded to the module 1 survey were invited through a
text message to continue with subsequent online surveys. The second phase of the study was
conducted from June 2016 to March 2019, in which participants provided answers to survey
modules 5-7. The third phase began in March 2019 with module 8, and module 9 in the third
phase was administered beginning October 2020. Some questions such as job status, disease
history, and reproductive factors have been repeated in the modules. The KNHS has been
described in detail elsewhere [12].

In the baseline survey module 1, participants were asked about demographic characteristics,
weight and height, disease history, reproductive factors, employment, occupational
exposure, and lifestyle factors, including alcohol consumption and smoking status. In the
subsequent survey module 2, usual dietary intake during the past year was assessed using
the web-based FFQ. For the current analysis, we used dietary data collected from May 2014 to
February 2019. Among the 15,355 participants who agreed to participate in module 2, a total
0f 14,485 participants completed the FFQ. We aimed to recruit 300 participants in November
2019 to examine the reproducibility of the FFQ. In epidemiological studies, a sample size of
about 100 to 200 participants is reasonable to evaluate the performance of the FFQ [9].
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Among those who had completed the first FFQ (FFQ1), we excluded women who were
pregnant at the time of dietary assessment (n = 684), had been diagnosed with a chronic
disease, including type 2 diabetes, hypertension, cardiovascular diseases, or cancer (n = 743),
or had a short interval (< 9 months) from the date of FFQ1 completion to November 2019 (n
=3). We further excluded 875 participants who reported an implausible energy intake (< 500
kcal/day, > 95th percentile of energy intake). Consequently, 12,218 participants were eligible
for re-contact, and 900 individuals were selected as potential participants for this study as
follows. We initially included potential participants who had completed the FFQ1 within 9
months to less than 1year (n =151) and selected the rest of the participants using stratified
random sampling (n = 749). In other words, we oversampled participants who had recently
completed the FFQ1 to minimize the effect of dietary change over time. Participants who had
completed the FFQ1 > lyear prior were stratified into 3 groups by time since the completion
of the FFQ1 (1 to < 2.5 years, 2.5 to < 4 years, and > 4 years) and were randomly selected in a
ratio of 3:2:1 using PROC SURVEYSELECT in SAS (SAS Institute Inc., Cary, NC, USA).

The questionnaire comprised the second FFQ (FFQ2) and questions on reproductive factors
(pregnancy, childbirth, and breastfeeding), history of chronic diseases (type 2 diabetes,
hypertension, cardiovascular diseases, and cancer), and occupational status (current job
status and shift work information). The invitation to participate in the survey was sent to
potential participants via text message that included a link to the questionnaire. We sent a
reminder message to non-responders 3 days after sending the web-based questionnaire. The
online survey was closed when the number of respondents reached 300. A coffee coupon
was given to participants as an incentive. Among participants enrolled from November 5

to November 20, 2019 (n = 300), we excluded participants who were pregnant, had given
birth, or had breastfed an infant in the last year (n = 45), had been diagnosed with a chronic
disease (n =15), or reported an implausible energy intake (n = 4). Consequently, a total of 243
women were included in this analysis. The study was approved by the Institutional Review
Board of the Ewha Womans University (ewha-201904-0012-05). All participants provided the
informed consent after understanding the purpose of the study.

The FFQ

The semi-quantitative FFQ was developed to assess the usual dietary intake over the

past year in Korean adults [13]. The validity of the FFQ among 126 Korean adults have

been described in detail elsewhere [14]. In brief, the validity of the FFQ was assessed by
comparing energy as well as intake of thirteen nutrients between the FFQ findings and 4
seasonal 3-day dietary records (DR). The correlation coefficients between the first FFQ
and 12-day DR ranged from 0.27 to 0.45 (mean r = 0.38) for energy and nutrients and from
0.15 to 0.64 (mean r = 0.39) for energy-adjusted and de-attenuated nutrients [14]. The FFQ
includes 112 food items commonly consumed by Korean adults. Participants were asked to
select their average frequency of consumption over the past year by selecting one of nine
frequency categories (never or seldom, once per month, 23 times per month, once per
week, 2—4 times per week, 5-6 times per week, once per day, twice per day, or three times
per day). Participants were also asked to select their usual portion size as small, medium,
or large. In the KNHS, figures for the portion sizes of food items were provided to aid the
estimation of portion sizes. To calculate the daily intake, the selected frequency category
for each food item was converted to a daily frequency of consumption. Daily intakes of
energy, nutrients, and foods were calculated by multiplying the frequency of consumption
by the nutrient content of the selected portion size. The nutrient database for the FFQ in the
KNHANES was primarily based on the food composition table from the Korean National
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Academy of Agricultural Science and that provided by the Korea Disease Control and
Prevention Agency [21].

Statistical analysis

We compared the baseline characteristics of 300 participants who were administered FFQ2
with those of all study participants of the KNHS (n = 20,613). Descriptive statistics were
presented as mean and SD for continuous variables, and as number and proportion (%)

for categorical variables. Among the 243 subjects who were included in the reproducibility
analysis, group means and SDs were separately calculated from FFQ1 and FFQ2 for daily
intake of energy, % energy from macronutrients (protein, fat, and carbohydrate), and twenty-
two nutrients. We used a paired t-test to examine the differences in energy and nutrient
intakes between the FFQ1 and FFQ2.

To assess the reproducibility, we estimated the relative ranking of participants by the
test-retest responses. We calculated their Pearson's correlation coefficients for energy

and nutrients and Spearman's correlation coefficients for food items. We also calculated
their energy-adjusted nutrient intake using a residual method to estimate energy-adjusted
Pearson’s correlation coefficient [9]. To improve the normality of data, energy, % energy
from macronutrients, and nutrient intake values were log-transformed. We also calculated
the agreement in quartile classification of the dietary intake between FFQ1 and FFQ2. The
percentages of participants classified into the same quartile, the same or adjacent quartile,
and the opposite quartile were calculated. A few food items were not divided into quartiles
because of skewed distribution and therefore we did not compute % quartile agreement.
Because a longer time interval between FFQs decreases the reproducibility due to true
changes in diet as well as variations in response [9], we also evaluated the mean daily intakes
and reproducibility of FFQs administered in a relatively short interval. A time interval of <3
years was chosen to perform analysis with the sample size of more than 100 (n =139).

All statistical analyses were performed using SAS statistical software version 9.4 (SAS Institute
Inc.). All hypothesis tests were evaluated using 2-tailed tests of significance at P-value < 0.05.

RESULTS

The baseline characteristics of the current reproducibility study respondents did not
differ from those of all cohort participants in terms of age, body mass index, alcohol
consumption, smoking status, education levels, or marital status (Table 1). Among the
243 women included in this study, the mean time interval between FFQ1 and FFQ2 was
2.76 years and ranged from 9.24 months to 5.64 years. In addition, the mean time interval
between FFQs was 1.74 years among 139 women who completed FFQ2 within the 3 years
since FFQ1 administration.

Mean daily intakes, correlation coefficients, and quartile agreement between FFQs are shown
in Table 2. Mean daily intakes were lower in FFQ2 than in FFQ1, except for % energy from
protein and fat, carotene, and vitamin C intakes. Pearson's correlation coefficient between
FFQ1 and FFQ2 was 0.46 for energy intake. The correlation coefficients between FFQ1

and FFQ2 ranged from 0.41 for carbohydrate to 0.55 for protein or iron (median r = 0.51)

for nutrient intake. Adjustment for energy intake attenuated the correlation coefficients,
except for the correlation coefficient for carbohydrate. The correlations ranged from 0.16 for
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carotene to 0.46 for carbohydrate (median r = 0.36) for energy-adjusted nutrient intake. The
correlation coefficients for % energy from macronutrients were similar to those of energy-
adjusted macronutrients using the residual methods. The median percentages of the same

Table 1. Characteristics of the respondents of the reproducibility study and the cohort participants
KNHS participants

Characteristics” Reproducibility study

respondents (n = 300) (n =20,613)

Age (yr) 29.63 £ 5.86 29.38 £ 5.92
BMI? (kg/m?) 20.90 +2.54 20.95 + 2.72
Alcohol consumption (cups/day) 0.36 +0.73 0.32 +0.69
Smoking status

Never 9289 (96.33) 19,938 (96.74)

Ever 11 (3.67) 671 (3.26)
Education levels

3-year college 142 (47.33) 9,771 (47.40)

4-year university 139 (46.33) 9,316 (45.20)

Master's or higher 19 (6.33) 1,525 (7.40)
Marital status

Unmarried 187 (62.33) 13,548 (65.73)

Married 110 (36.67) 6,965 (33.79)

Others (cohabiting/divorced/separated/widowed) 3(1.00) 98 (0.48)

Values are presented as mean = SD or number (%).

KNHS, Korea Nurses' Health Study; BMI, body mass index.

YNumber may not total to 300 or 20,613 for each characteristic due to missing values. Data are missing for BMI (n
=4 among reproducibility study respondents; n = 93 among overall participants) and alcohol consumption (n =2
among reproducibility study respondents; n = 31 among overall participants).

2BMI was calculated as weight divided by height squared (kg/m?).

Table 2. Mean daily intakes and reproducibility of energy and nutrients between FFQ1 and FFQ1 (n = 243)

Daily intake Mean + SD" Pearson's correlation? Quartile agreement
FFQ1 FFQ2 Cruder Energy-adjusted r Same Same or adjacent  Opposite

Energy (kcal) 2,253.10 £1,029.69 1,845.85 £ 923.29 0.46 - 41 79 4

% Energy from protein 1419 + 2.62 14.46 + 2.70" - 0.40 37 77 7

% Energy from fat 22.25 + 5.99 23.54 £ 5.85 - 0.36 35 75 6

% Energy from carbohydrate 60.81+ 8.66 59.42 +8.33 - 0.46 39 80 5
Protein (g) 81.66 + 47.34 66.53 + 37.44 0.55 0.40 42 84 4
Fat (g) 57.35 + 36.09 47.41 + 26.25 0.52 0.36 43 82 4
SFA (g) 17.45 £ 11.36 14.26 + 8.07 0.51 0.42 40 82 4
MUFA (g) 18.35 £12.23 15.11 = 8.67 0.53 0.39 4 83 4
PUFA (g) 13.54 + 8.00 11.64 + 6.55 0.51 0.34 42 79 4
n-3 FA (g) 1.51+0.94 1.30 = 0.77 0.53 0.32 44 79 4
n-6 FA (g) 12.19 +7.22 10.49 +5.88 0.51 0.35 43 79 4
Cholesterol (mg) 341.96 + 220.83 303.55 £ 200.46 0.51 0.31 43 84 2
Carbohydrate (g) 337.63 + 145.37 975.85 + 143.91 0.41 0.46 39 77 4
Dietary fiber (g) 20.45 +12.97 16.93 = 11.09 0.53 0.35 A 81 4
Calcium (mg) 520.32 + 295.29 4923.77 + 250.21 0.50 0.40 44 82 4
Phosphorus (mg) 1,121.37 + 573.78 926.19 + 501.21 0.53 0.39 40 81 4
Iron (mg) 14.63 + 7.87 1213 £7.13 0.55 0.39 42 83 5
Sodium (mg) 3,836.82 = 2,445.90 3,079.85 £1,986.50 0.50 0.25 47 84 4
Potassium (mg) 2,908.51 + 1,611.46 2,474.58 +1,522.71 0.53 0.38 40 83 3
Vitamin A (ug RE) 636.42 + 385.50 562.48 + 390.81 0.47 0.21 47 79 4
Retinol (pg) 121.48 + 77.70 102.42 + 63.71 0.50 0.42 38 83 3
Carotene (pg) 2,870.83 +1,936.34 9,597.78 + 2,021.09* 0.43 0.6 43 79 )
Thiamin (mg) 2.03 £1.04 1.67 + 0.88 0.50 0.38 39 80 5
Riboflavin (mg) 1.60 £ 0.88 1.36 + 0.75 0.53 0.36 40 84 2
Niacin (mg) 15.70 £ 9.12 12.64 +7.39 0.51 0.34 47 82 6
Vitamin C (mg) 106.09 = 112.61 92.98 + 89.11" 0.49 0.36 39 78 3

FFQ1, the first food frequency questionnaire; FFQ2, the second food frequency questionnaire; SFA, saturated fatty acids; MUFA, monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids; FA, fatty acids.

"Non-significant differences in mean intakes at o = 0.05 between FFQs were noted as

2All correlation coefficients were statistically significant at o = 0.05.
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quartile, the same or adjacent quartile, and the opposite quartile classification for energy and
nutrients were 42%, 82%, and 4%, respectively.

FFQ reproducibility in the KNHS

The same sets of analyses for energy and nutrients were conducted among women who
completed FFQ2 during the period from 9 months to less than 3 years since they had
completed FFQ1 (Table 3). Mean daily intakes were generally lower in FFQ2 than in FFQI;
however, there were no statistically significant differences between the 2 FFQs in terms
of fat (fat subtypes and cholesterol), vitamin A, retinol, carotene, and vitamin C intakes.
The reproducibility was slightly increased among women who had a shorter time interval.
Pearson's correlation coefficient between FFQ1 and FFQ2 for energy intake was 0.49. For
nutrient intake, correlation coefficients between FFQ1 and FFQ2 ranged from 0.42 for
carbohydrate to 0.62 for potassium (median r = 0.57) for raw nutrients and from 0.11 for
carotene to 0.49 for potassium or retinol (median r = 0.39) for energy-adjusted nutrients.
The median percentages of the same quartile, the same or adjacent quartile, and the opposite
quartile classification for energy and nutrients were 45%, 82%, and 4%, respectively.

Spearman's correlation coefficients and quartile agreement of 40 food items according to
the time interval between FFQs are shown in Table 4. The correlation coefficients ranged
from 0.25 for cooked rice to 0.72 for beer (median r = 0.41) among the 243 women and
from 0.24 for kimchi stew/stir-fried kimchi to 0.74 for beer (median r = 0.45) among the 139
women who completed FFQ2 within < 3 years since FFQ1. The median percentages of the
same quartile, the same or adjacent quartile, and the opposite quartile classification were

Table 3. Mean daily intakes and reproducibility of energy and nutrients between FFQ1 and FFQ2, < 3 years apart (n = 139)

Daily intake Mean + SD" Pearson's correlation? Quartile agreement
FFQ1 FFQ2 Cruder  Energy-adjusted r Same Same or adjacent  Opposite

Energy (kcal) 2,110.76 + 984.91 1,859.44 + 951.83 0.49 - 45 80 6

% Energy from protein 14.05 + 2.65 14.58 = 2.83 - 0.43 38 79 5

% Energy from fat 22.34 + 6.31 24.22 £ 6.31 - 0.39 40 76 5

% Energy from carbohydrate 60.73 + 8.94 58.76 + 8.35 - 0.44 37 78 6
Protein (g) 75.14 £ 44.08 67.69 + 40.43 0.58 0.44 45 83 6
Fat (g) 53.75 + 35.81 48.79 + 27.91 0.57 0.38 45 80 4
SFA (g) 16.37 £ 11.36 14.70 + 8.56" 0.58 0.47 42 82 3
MUFA (g) 17.93 +12.33 15.60 = 9.26* 0.58 0.44 47 83 3
PUFA (g) 12.78 + 7.94 11.92 + 6.89" 0.53 0.30 45 81 5
n-3 FA (g) 1.42 + 0.93 1.32 + 0.82" 0.56 0.26 45 81 3
n-6 FA (g) 11.52 £ 7.19 10.76 + 6.19" 0.52 0.31 49 82 5
Cholesterol (mg) 325.66 + 220.12 314.929 = 217.52" 0.56 0.37 47 82 2
Carbohydrate (g) 316.72 £ 139.68 275.33 £145.29 0.42 0.43 42 78 6
Dietary fiber (g) 18.52 +10.93 17.16 £ 11.30 0.59 0.38 47 86 3
Calcium (mg) 479.81 £ 273.13 432.94 + 250.77 0.56 0.39 46 83 4
Phosphorus (mg) 1,040.00 = 534.00 942.82 + 523.86 0.57 0.43 43 81 4
Iron (mg) 13.46 = 7.24 12.47 + 7.59 0.60 0.38 44 86 4
Sodium (mg) 3,460.70 = 2,174.75 3,134.49 £ 2,071.77 0.54 0.6t 44 84 3
Potassium (mg) 2,674.20 +1,482.59 2,491.17 £ 1,529.11 0.62 0.49 49 86 4
Vitamin A (ug RE) 595.63 + 361.76 577.54 = 400.01" 0.53 017 45 82 4
Retinol (ug) 116.85 + 78.58 105.51 + 67.61" 0.59 0.49 40 83 2
Carotene (ug) 2,651.50 = 1,757.31 92,666.50 + 2,065.52" 0.45 ot 46 81 4
Thiamin (mg) 1.90 +1.00 1.70 = 0.92 0.55 0.45 42 82 6
Riboflavin (mg) 1.53 £ 0.87 1.40 + 0.77 0.57 0.39 41 86 2
Niacin (mg) 14.47 £ 8.71 12.88 + 8.00 0.56 0.43 47 86 5]
vitamin C (mg) 98.91+101.76 88.99 + 81.50" 0.57 0.39 40 83 2

FFQ1, the first food frequency questionnaire; FFQ2, the second food frequency questionnaire; SFA, saturated fatty acids; MUFA, monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids; FA, fatty acids.

oy

YNon-significant differences in mean intakes at a = 0.05 between FFQs were noted as “*”.
2Correlation coefficients were statistically significant at a = 0.05, unless otherwise noted as “”.
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Table 4. Reproducibility of selected food items between the first and second food frequency questionnaires

Food item All (n = 243) < 3years apart (n =139)
Spearman's Quartile agreement Spearman's Quartile agreement
correlation  same Sameor  Opposite correlation  same Sameor  Opposite

adjacent adjacent

Cooked rice 0.25 35 69 8 0.33 42 76 6

Cooked rice with other grains and legumes 0.51 43 80 6 0.52 45 82 6

Instant noodles, instant cup noodles 0.45 42 82 4 0.47 42 84 5

Loaf bread 0.45 43 79 7 0.47 49 81 9

Butter, margarine 0.36 - - - 0.46 - -

Jam 0.49 = = = 0.55 = = =

Sweet red-beans buns, steamed sweet red-bean buns, 0.41 - - - 0.47 - -

cream buns

Pizza 0.36 33 76 7 0.46 37 79 6

Hamburger, sandwich 0.35 37 74 8 0.47 49 79 6

Plain steamed rice-cake, steamed rice-cake with red-bean, 0.49 - = - 0.53 - - =

cubed rice-cake with soybean powder, plain cubed rice-cake

Cereal 0.36 - - - 0.41 - - -

Sea mustard soup 0.44 41 83 2 0.39 40 81 2

Bean paste soup 0.33 40 7 5 0.34 49 74 4

Kimchi stew, stir-fried kimchi 0.33 39 77 8 0.24 42 74 9

Bean curd, bean curd boiled in soy sauce, pan-fried bean 0.43 37 77 6 0.44 40 78 4

curd

Soybean boiled in soy sauce 0.41 - = - 0.37 - -

Fried egg, fried egg roll 0.41 39 79 3 0.44 M 81 4

Grilled pork belly 0.50 40 81 4 0.60 41 83 2

Stir-fried beef 0.45 37 77 3 0.52 35 80 5

Ham 0.43 39 78 8 0.48 40 78 8

Fried chicken 0.53 44 86 2 0.53 47 83 1

Anchovy, stir-fried anchovy 0.41 45 78 6 0.38 39 77 6

Bean sprout (seasoned, soup), seasoned mung bean sprout 0.40 33 78 7 0.45 42 81 5

Cucumber (seasoned, raw) 0.35 38 77 6 0.45 40 81 4

Vegetables salad 0.39 37 77 7 0.38 40 77 6

Boiled broccoli, boiled cabbage 0.46 45 73 7 0.54 50 78 7

Korean cabbage kimchi 0.46 49 79 4 0.51 48 84 8

Pickled vegetable (pepper, garlic, sesame leaf, onion, 0.37 46 74 10 0.36 40 72 10

radish), pickled cucumber

Grilled laver, raw laver, seasoned laver 0.34 40 72 7 0.34 35 76 6

Stir-fried potatoes, potatoes boiled with soy sauce 0.45 39 81 5 0.45 42 76 5

Milk (normal) 0.31 - - - 0.26 - -

Soybean milk 0.38 - - - 0.36 = = =

Tomato, cherry tomato 0.36 - - - 0.42 - - -

Apple 0.38 42 70 7 0.41 4 76 7

Banana 0.34 35 79 7 0.41 36 78 5

Coffee 0.54 46 83 5 0.54 46 83 5

Soft drink (cola, soda, fruit juice soda) 0.51 44 76 5 0.51 47 80 4

Snack 0.47 41 79 4 0.42 43 79 5

Cookie, cracker 0.36 33 80 7 0.40 49 77 9

Beer 0.72 58 86 2 0.74 60 87 2

ks

Correlation coefficients were statistically significant at a = 0.05, unless otherwise noted as

40%, 78%, and 6%, respectively, among the 243 women and 42%, 79%, and 5%, respectively,
among the 139 women. The correlation coefficients and quartile agreements of all food items
of the FFQs are listed in Supplementary Table 1. Spearman's correlation coefficients of food
intake between FFQI and FFQ2 ranged from 0.18 for persimmon/dried persimmon to 0.72
for beer (median r = 0.39) among the 243 women and from 0.10 for strawberry to 0.74 for
beer (median r = 0.41) among 139 women with a time interval of < 3 years since FFQ1. The
median of the same and opposite classification was 40% and 6% among the 243 women and
42% and 6% among the 139 women.
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DISCUSSION

This study aimed to assess the reproducibility of the web-based FFQ used in the KNHS
among 243 female nurses. A 112-item FFQ was administered twice at a mean interval of

2.76 years, ranging from 9.24 months to 5.64 years. The mean daily intakes of energy and
nutrients were lower from FFQ2 than from FFQ1. The median of reproducibility correlation
coefficients was 0.51 (range, 0.41-0.55) for energy and raw nutrients and 0.41 (ranged, 0.25—
0.72) for food items. The median percentages of participants who were classified into the
same quartile and the same or adjacent quartile were 42% and 82%, respectively, for energy
and nutrients. For food items, the median percentages of participants who were classified
into the same quartile and the same or adjacent quartile were and 40% and 78%, respectively.

The following reasons may have caused the differences in mean intakes between FFQ1

and FFQ2: aging, changes in dietary intakes, or random variation. However, although the
comparison of mean intakes is a simple approach for evaluating the performance of FFQs, it
does not provide information on the ability of the FFQ to rank individuals [9]. Correlations
between the repeated measures of FFQs could provide useful information for distinguishing
among individuals by dietary intakes. We found a moderate correlation between nutrient
intakes from FFQ1 and those from FFQ2. In our study, energy adjustment slightly attenuated
the correlation coefficients. The attenuation of the correlation coefficients for the
reproducibility of the FFQ has also been observed in some previous studies in Korea [22-
24], Japan [25-27], and Western countries [28-30]. Although the underlying reasons remain
unclear, adjustment for energy intake could add unexplained variation.

We included women who had a time interval between FFQs that ranged from 9.24 months

to 5.64 years. Because FFQ reproducibility has been often evaluated by assessing diet using
the same questionnaires 1-year apart, we limited the analysis to women who completed FFQ2
within the 3 years following completion of FFQ1. Reproducibility was slightly higher when
we limited the analysis to women with a shorter interval from FFQ1 completion than those
with a longer interval. A few studies examined temporal changes in the reproducibility of the
FFQ and observed a decline in correlation coefficients over time [31,32]. It may be natural
that we observed slightly higher correlations because diet can change over time. The mean
time interval between FFQs was 2.76 years among all participants in our study, comparable
to those of several previous studies reporting various time intervals between FFQs, ranging
from 9 months to 5.7 years [3,14,29,33-35].

Our results are comparable with those of a previous study that examined the reproducibility
of the same FFQ [14]. In the previous validity and reproducibility study of the FFQ, FFQs were
administrated twice at 9 months apart to 126 Korean men and women aged 2005 years. The
median correlation coefficients between the 2 FFQs were 0.55 (range, 0.53 for phosphorus

to 0.62 for fat) for energy and thirteen nutrients and 0.61 (range, 0.33 for rice to 0.87 for
alcoholic beverages) for eleven food groups. The median proportions of participants whose
dietary intakes were classified into the same or adjacent quartile was 83% for energy and
nutrients, and 87% for food groups. The median of correlations for energy-adjusted nutrients
and food groups was 0.55 for both nutrients and food groups [14].

Similar reproducibility results have been reported in several previous Korean studies.

The validity and reproducibility of the FFQ were assessed among middle-aged men and
women [22,23,36] and young women [24] in Korea. The correlation coefficients for the
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reproducibility of the FFQ generally ranged from 0.3 to 0.6 for energy and nutrients [22-
24,36], and energy adjustment attenuated the correlation coefficients in most studies [22-24].
For example, in the Korean diet and cancer research, 115 men and 173 women aged 30-66
years completed 2 FFQs administered approximately 9 months apart [23]. Among the 173
women, the correlation coefficients between 2 FFQs ranged from 0.42 for vitamin C to 0.59
for fat (median r = 0.54) for energy and fifteen nutrients and from 0.24 for niacin to 0.57 for
calcium (median r = 0.49) for energy-adjusted nutrients. For eleven food groups, the median
(range) correlation coefficient was 0.56 (0.35 for fruit to 0.72 for alcoholic beverages) for
unadjusted values and 0.50 (0.36 for fruit to 0.72 for alcoholic beverages) for energy-adjusted
values among women [23].

Our results are also consistent with findings of studies in other populations. The

correlation coefficients for the reproducibility of the FFQ generally ranged from 0.4 to

0.7 for energy and nutrients [26,27,33-35,37-49] and ranged from 0.3 to 0.8 for foods
[26,27,33,35,38,41,46,47,50-52] among female adults. Most previous studies used a self-
administered FFQ to assess dietary intake over the preceding year and re-administered

the questionnaire at approximately 1-year interval. For the reproducibility of food intake,
correlations were the highest for alcoholic beverages in several studies [26,27,33,35,51]. In the
US Nurses' Health Study, 1,497 female nurses self-administered 2 FFQs 9 months apart, and
the mean (range) of correlation coefficients was 0.57 (0.40 for trans-fatty acids to 0.71 for
vitamin E) for energy-adjusted nutrients and 0.56 (0.34 for ready-made pie to 0.76 for tea) for
foods [38]. In the Shanghai Women's Health Study, 2 FFQs were administered approximately
2 years apart to 191 Chinese women by interviewers [46]. In this study, the mean (range)

of correlation coefficients was 0.51 (0.30 for carotene to 0.59 for retinol) for energy and
nutrients and 0.49 (0.37 for soy foods to 0.66 for fruits) for food groups. The mean (range)
percentage of the same quartile classification was 36% (32% to 39%) for energy and nutrients
and 41% (35-51%) for food groups.

Web-based surveys have several advantages over traditional survey methods, such as access
to individuals at distant locations, ability to collect real-time data, low administration cost,
and ease of follow-up [53,54]. Because of the advances in technologies and increased internet
access, online surveys have become common research tools. Dietary assessment methods
are also integrated with novel technologies in current epidemiological research [55]. FFQs
are suitable for a web-based survey because the respondent's burden is modest and they
can be self-administered. In addition, data processing of the FFQ is inexpensive and can be
easily computerized [9]. Paper and web-based FFQ have shown comparable performance
in several studies [56-59]. Reproducibility of the web-based FFQs has shown moderate-to-
high correlation coefficients among adults [60-64] and adolescents [65-67]. Most studies
used web-based FFQs that assess dietary intake over the preceding month, and FFQs were
administered twice at one-month interval [60-62,64-67].

The strength of this study is a large sample size and extensive evaluation of various nutrients
and foods for the reproducibility of the FFQ. The limitation of our study is a relatively long-
time interval between FFQs compared to the previous studies. However, when we examined
the reproducibility among those with a shorter time interval between FFQs, we found
acceptable reproducibility. Our results were comparable to those from previous studies

that examined the reproducibility of the FFQ with intervals of 9 months or 1 year. Further
research, including that on the association of diet and disease, is needed to support the
validity of the questionnaire.
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In conclusion, the FFQ used in the KNHS study has acceptable reproducibility. The estimates
of reproducibility in our study are similar to a study that examined the reproducibility of the
same FFQ in Korean men and women, and studies that evaluated the reproducibility of FFQs
among women. This study may be a useful resource for testing future KNHS hypotheses
about dietary roles in women's health and wellness.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
Reproducibility of food items between the first and second food frequency questionnaires

Click here to view
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