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INTRODUCTION

We compared the usual nutrient intake in both the semi-quantitative food frequency
questionnaire (SQFFQ) and 24-hour recall methods and determined the association
between metabolic syndrome (MetS) risk and nutrient intake calculated by both methods
in Korea National Health and Nutrition Examination Survey (KNHANES; 2012-2014) data.
Adjusted odds ratios for MetS were calculated according to the intake of macronutrients,
measured by the 2 methods in 10,286 adults, while controlling for covariates associated
with MetS. Fat and carbohydrate intake (energy percent) calculated by 24-hour recall and
SQFFQ was significantly different between the MetS and non-MetS groups, particularly in
women. The differences in other nutrient intakes determined by both methods were
mainly non-significant. The correlation coefficients between the 2 methods were about 0.4
for most nutrients except total vitamin A and iron (Fe). Energy intake according to gender
and MetS presence was similar between the 2 methods. Carbohydrate intake exhibited a
positive association with the MetS risk, while fat intake showed a negative association in
both methods. The association exhibited a gender interaction with carbohydrate and fat
intake calculated by 24-hour recall: women exhibited a significant association. However,
for the SQFFQ a gender interaction was evident only for carbohydrate intake. In diet
quality index of SQFFQ the adequacy of vegetables and total fat intake was higher in the
non-MetS than the MetS. In conclusion, the MetS prevalence exhibited a positive
association with carbohydrate intake only in women, as assessed by 24-hour recall and
SQFFQ. The SQFFQ can be used to assess the association between usual food intake and
MetS risk in large population studies.

Keywords: 24-hour Recall; Semi-quantitative Food Frequency Questionnaires; Metabolic
Syndrome; Fat Intake; Carbohydrate Intake

outcomes (7). In addition, replacement of saturated fat by car-
bohydrates, particularly refined carbohydrates, elevates serum

Metabolic syndrome (MetS) represents a cluster of symptoms
including abdominal obesity, dyslipidemia, and elevated blood
pressure and glucose. MetS can contribute to pro-inflammato-
ry and pro-thrombotic states (1). Although MetS results from a
disturbance in energy, glucose and lipid metabolism, the inter-
relation of these factors is not completely understood, although
they are known to increase insulin resistance. Caucasians with
MetS have a twofold higher risk of cardiovascular disease in
comparison to those without MetS (2); in Asian populations,
MetS is associated with even greater risks of cardiovascular dis-
eases (3). The known risk factors of MetS are dietary fat, calcium
(Ca), physical activity, smoking, and stress (4,5). Reducing the
intake of saturated fat has long been recommended but this ad-
vice has been modified somewhat (6). A systematic review re-
ported that, when fat intake represents 35%-45% of total energy
intake, it is unlikely to be associated with cardiovascular disease
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triglyceride (TG) and low-density lipoprotein (LDL) cholesterol
and reduces high-density lipoprotein (HDL) cholesterol (8). In
a previous study, low fat intake (< 15% of total energy intake)
was associated with an increased risk of MetS, and especially
with serum TG and HDL levels (9). Thus, it would be interesting
to determine whether fat intake is associated with the risk of
MetS.

This association between nutrient intake and the risk of MetS
should be assessed according to usual nutrient intake data. How-
ever, the optimum method for determining usual intake of nu-
trients is unclear. Food intake can be assessed using several meth-
ods, such as 24-hour recall, 3-day food records, and semi-quan-
titative food frequency questionnaires (SQFFQs); each of these
methods has advantages and disadvantages (10). Korean dish-
es also comprise various foods, cooking oils, and seasonings.
Accurate estimation of the dietary intake of nutrients is difficult
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in Koreans. Daily food and nutrient intake can be measured
relatively accurately through the 24-hour recall method by a
skilled dietician, and by using 3-day food records, in conjunc-
tion with education regarding portion sizes (10). However, an
individual’s usual intake of nutrients cannot be determined un-
less multiple measurements are conducted during all 4 seasons
of the year. In large-scale population surveys, such as the Korea
National Health and Nutrition Examination Survey (KNHANES),
multiple dietary measurements are not feasible. SQFFQs are an
alternative method for measuring usual food intake over long
periods (11), although SQFFQs may not measure correct nutri-
ent intake since it does not include some dishes in the SQFFQ
list. In 2012, the SQFFQ used in the KNHANES changed from a
63- to 112-item instrument, to more accurately reflect Korean-
style dishes. The list of foods in SQFFQ are selected for the com-
mon foods consumed from Koreans during a year on a daily
basis. Kim et al. (12) demonstrated that the updated KNHANES
SQFFQ had good reproducibility, in terms of estimating nutri-
ent intake (r* = 0.54) and intake by food group (r* = 0.54), as
shown by the similarity between the data of 2 SQFFQs com-
pleted about 9 months apart by 126 adults aged 20-65 years. In
addition, the validity of SQFFQ was acceptable since correla-
tion coefficients were about 0.4 for all nutrients between the
new SQFFQ and 3-day dietary records completed 4 times (once
in each season of the year) (12). Thus, the SQFFQ used in the
KNNHANES from 2012 onward exhibited acceptable reproduc-
ibility and modest validity in the study of Kim et al. (12). How-
ever, that study had several limitations. First, the subjects were
drawn from metropolitan areas only; among rural populations,
the validity of the SQFFQ may be higher. Furthermore, the study
did not measure other factors that influence food intake, such
as socioeconomic, biochemical and anthropometric variables.
The 3-day food records are not used for measuring nutrient in-
takes in large population studies, including KNHANES; rather,
24-hour recall is applied to determine food intake. If the nutri-
ent intakes from both SQFFQs and 24-hour recall show similar
associations to the risk of MetS, the newly developed SQFFQ
list can be validated for studying the association between nutri-
ent intake and the risk of diseases in the Korean population.

It would be instructive to determine the validity of the newly
developed KNHANES SQFFQ based on 24-hour recall data, and
to compare the association between risk of MetS and nutrient
intake using the 24-hour recall vs. SQFFQ method. We hypoth-
esized that the new SQFFQ would show acceptable validity, and
that the association between macronutrient intake and risk of
MetS in Korean adults would be similar using the 24-hour recall
vs. new SQFFQ method. We tested this hypothesis in adults aged
19-65 years using KNHANES data from 2012-2014, which con-
stitutes a representative sample of the non-institutionalized ci-
vilian population.

https://doi.org/10.3346/jkms.2017.32.9.1474

MATERIALS AND METHODS

Design and data collection

This study utilized the 3-year KNHANES data from 2012 to 2014.
KNHANES is annually conducted using a rolling sampling de-
sign that involves a complex, stratified, multistage, probability-
cluster survey of a representative sample of the civilian Korean
population. The survey is performed by the Korean Centers for
Disease Control and Prevention and Korean Ministry of Health
and Welfare, and it has 3 components: health interview, health
examination, and nutrition surveys (13).

The present cross-sectional analysis was restricted to adults
aged 19-65 years who completed both the health examination
survey and nutrition survey of the KNHANES (n = 10,286). De-
tailed descriptions of the survey designs have been reported
previously (14). Briefly, anthropometric parameters—such as
height, weight, and body fat—were determined. The height and
weight of the participants were measured while they were wear-
ing light clothing and no shoes. Body mass index (BMI) was
calculated as the weight in kilograms divided by the square of
the height in meters (kg/m?). Obesity was categorized into 3
groups according to the Asian obesity definition recommended
by the International Obesity Task Force and the World Health
Organization Regional Office for the Western Pacific Region
(15): lean (BMI < 18.5), normal (18.5 < BMI < 25), and obese
(BMI > 25). Participants were classified into 5 groups according
to age at the time of the health interview.

The age, area of residence, education level, occupation, in-
come, physical activity, smoking history, and alcohol intake of
the participants were obtained during the health-related inter-
view. These parameters were categorized on the basis of the
previous reports (10,14). Area of residence was divided into ur-
ban (defined according to the administrative divisions of a city)
and rural areas. Income level was categorized into 4 quartiles
and education level was categorized into 3 groups: below high
school, high school, and college or higher. Occupation was cat-
egorized into 4 groups: clerical, manual, technical, and unem-
ployed. Smoking status was defined based on self-reported cig-
arette use: never-smokers had smoked fewer than 100 cigarettes
in their lifetime, while participants who had smoked 100 or more
cigarettes were considered as past or current smokers, accord-
ing to current tobacco use status. Alcohol consumption was as-
sessed by asking the participants about their drinking behavior
during the month prior to the interview, including the average
frequency (days per month) and amount (in mL) of alcohol con-
sumed on a single occasion. The data were converted to give
the amount of pure alcohol consumed per day (g/day). Alcohol
consumption status was categorized into 4 groups according to
average daily consumption: nondrinkers, light drinkers (1-15
g), moderate drinkers (16-30 g), and heavy drinkers (> 30 g).
Regular exercise was defined as > 30 minutes moderate-inten-
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sity exercise at least 5 times per week, or > 20 minutes vigorous
exercise at least 3 times per week.

Definition of MetS

MetS was defined as the presence of 3 or more of the following
5 categories: 1) elevated blood pressure (average systolic blood
pressure > 130 mmHg or diastolic blood pressure > 85 mmHg)
or current blood pressure medication use; 2) low HDL-choles-
terol level (< 40 mg/dL); 3) elevated serum TG level (> 150 mg/
dL) or current anti-dyslipidemic medication use; 4) elevated
fasting blood glucose level (> 100 mg/dL) or current anti-dia-
betic medication use; and 5) abdominal obesity (waist circum-
ference > 90 cm) (14).

Laboratory testing
Blood samples were collected from the participants in the morn-
ing who had an overnight fast. Serum was separated from blood
by centrifugation and the serum concentrations of glucose, HDL,
and TG were measured using a Hitachi automatic analyzer 7600
(Hitachi, Tokyo, Japan). LDL was calculated using the Friede-
wald equation:

LDL = total cholesterol - HDL - (TG/5.0)
if the TG concentration was not above 400 mg/dL. When the
TG concentration was above 400 mg/dL, LDL concentration
was measured directly using a Hitachi automatic analyzer 7600.
All clinical analyses were conducted by the Neodin Medical In-
stitute, a laboratory certified by the Korean Ministry of Health
and Welfare.

Assessment of nutrient intake

All participants were instructed to maintain their usual dietary
habits prior to the nutrition survey. Daily food intake was mea-
sured using the 24-hour recall and SQFFQ methods. The 24-hour
dietary recalls were supervised by a trained dietician during in-
person interviews conducted in mobile examination centers.
The participants provided data on their intake of foods, includ-
ing type and amount, during the past 24 hours (midnight to mid-
night). Daily intake of calories and nutrients was calculated us-
ing Can-Pro nutrient intake assessment software ver. 2.0, devel-
oped by the Korean Nutrition Society (Seoul, Korea), and the
data of the nutrient intake from 24-hour recall and SQFFQ were
provided in KNHANES.

Dietary assessment using SQFFQs

Since the lists of food intakes in each subject were not provided
from 24-hour recall assessment, DQI was calculated from SQFFQ.
Food intake data were collected using a validated SQFFQ. The
SQFFQ, which covered 112 food groups derived from the KN-
HANES (2012-2014 data), was developed by the Ministry of
Health and Welfare (12). The validity and reproducibility of the
SQFFQ were acceptable for calculation of participants’ average
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consumption of food items during the previous year (12). Food
intake frequency was divided into the following 9 categories for
all 112 items: never or seldom, once per month, 2 to 3 times per
month, once or twice per week, 3 to 4 times per week, 5 to 6 times
per week, once per day, twice per day, and 3 or more times per
day. The participants indicated the frequency of intake of each
food based on the portion size definitions provided. Respon-
dents indicated whether the amount of a given food that they
consumed in one sitting was more than, equal to, or less than 1
portion, based on pictures of the foods. Daily intake was com-
puted based on the midpoint of the assigned frequencies of
each category for each food item. Food intake was calculated by
multiplying the midpoints of frequencies for each food category
by the number of times each food. Using the SQFFQ food in-
take data, intakes of energy and nutrients (such as protein, car-
bohydrates, fat, fiber, total vitamin A, vitamin B-1, vitamin C,
Ca, and Fe) were calculated using the Can-Pro 2.0 software.

Dietary quality index (DQI) using SQFFQ

DQI is schemed to evaluate person’s quality of food intake by
the variety, adequacy, and moderation of foods (16). Food vari-
ety in the diet was examined in 2 aspects such as overall variety
and variety within protein sources. At least one serving of food
per day from each of the 5 food groups such as meat/poultry/
fish/egg, dairy products, grains, fruits, and vegetables was given
the maximum overall variety score, 15. If the intake of any 1 food
group was missing, the score was reduced from the maximum
score of 15 by 3 points. Variety intake within protein sources in-
cluding meat, poultry, fish, dairy, beans, and eggs was estimat-
ed. In variety intake of protein sources, more than half the serv-
ing size per day was considered to be meaningful consumption.
When a person had > 3 different protein sources per day, the
highest score of 5 points was given. As the number of different
protein sources decreased to 2, 1, and 0, the scores were also
reduced as 3, 1, and 0 points, respectively.

Adequate intake of each food group (grain, vegetable, and
fruit) and some nutrients (protein, fiber, Ca, Fe, and vitamin C)
was scored. The scores for the 8 components in each category
were assigned on the basis of the percentage of the recommend-
ed intakes (RIs) on a continuous scale, ranging from 0 points for
0% to 5 points for 100%. The RI of fruits, vegetables, grains, and
fiber was dependent on energy intake. Daily consumption of
> 2 to 4 servings of fruits and > 3 to 5 servings of vegetables was
given as the highest score of 5 points, depending on 3 levels of
energy intake (1,700, 2,200, and 2,700 kcal). The highest score
for the grain and fiber groups was given in daily intakes of > 6,
9, and 11 servings from the grain group and > 20, 25, and 30 g
of fiber for the 3 energy intake categories, respectively. Protein
intake was considered as adequate (highest score, 5) when the
protein proportion of total energy intake was > 10%. When the
intake of Fe, Ca, and vitamin C met the dietary reference intakes
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(DRISs) according to age and gender, the highest score for their
adequacy was given. The individual intake was lower every 10%
from the DRI, the score was reduced by point 1. Fat intake was
divided into < 20, 20-30, > 30 energy % of total energy intake
and they were given score 6, 3, or 0, respectively.

Statistical analysis

Statistical analyses were performed using SAS (ver. 9.4; SAS In-
stitute, Cary, NC, USA) and SUDAAN software (release 11.0;
Research Triangle Institute, Research Triangle Park, NC, USA).
These software packages incorporate sample weights and ad-
just analyses to take account of complex sample designs. Sur-
vey sample weights were used in all analyses to obtain intake
estimates representative of the non-institutionalized civilian
Korean population.

Frequency distributions of categorical demographic and per-
sonal behavior related variables were obtained according to the
presence of MetS, and statistical significance was determined
by the ¥ test.

The mean (+ standard deviation) intake of each nutrient, as
determined by the 24-hour recall and SQFFQ methods, was
calculated according to gender. Statistical significance was de-
termined by 2-way analysis of variance (ANOVA) and multiple
comparisons were conducted using Tukey’s test.

Next, Pearson’s correlation was used to assess the association
between 24-hour recall and SQFFQ data, using the “Proc vargen”
function of SUDAAN, which computes point estimates and their
associated variances for correlations in survey populations.

Finally, adjusted odds ratios (ORs) and 95% confidence in-
tervals (CIs) for MetS risk were calculated using logistic regres-
sion analysis as a continuous variable of macronutrient intake
by 5% decrease or as categorical variables of macronutrient in-
take divided by tertiles after covariate adjustment in daily intake
of carbohydrate, fat, and protein calculated using the 24-hour
recall and SQFFQ methods. Covariates included sex, age, area
of residence, occupation, income, education level, drinking sta-
tus, obesity, and physical activity.

Ethics statement

The Institutional Review Board of the Korean Centers for Dis-
ease Control and Prevention approved the survey (approval No.
2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21-C, and
2015-01-HR-05-01). Informed consent was replaced by the ques-
tionnaire submission.

RESULTS
Characteristics of subjects in the MetS and non-MetS
groups

The general characteristics of subjects, according to the pres-
ence of MetS, are listed in Table 1. The prevalence of MetS dif-

https://doi.org/10.3346/jkms.2017.32.9.1474

Table 1. General characteristics by MetS of adult population (age of 19-64) accord-
ing to KNHANES 2012-2014

MetS Non-MetS

Variables (0 =1,643) (= 8,643) Pvalue*
Gender <0.010
Men 757 (17.1) 3,239 (82.8)
Women 886 (12.8) 5,404 (87.1)
Age, yr 4740 £0.33 3970 £0.18 <0.010
Age group <0.010
19-29 63 (4.42) 1,490 (95.5)
30-39 222 (10.5) 2,212 (89.4)
40-49 398 (17.2) 2,097 (82.7)
50-59 590 (23.5) 1,988 (76.5)
60-69 370 (30.3) 856 (69.6)
>70 2,128 (37.7) 3,653 (62.2)
Residence area <0.010
Urban 1,266 (13.9) 7,256 (86.0)
Rural 377 (20.6) 1,387 (79.4)
BMI 2740 £ 012 23.00£0.05 <0.010
Obesity <0.010
Lean 3(0.50) 467 (99.5)
Normal 456 (5.86) 6,096 (94.1)
Obese 1,182 (35.8) 1,986 (64.1)
Smoking status <0.010
Non-smoker 897 (12.4) 5,511 (87.5)
Past-smoker 273 (16.0) 1,325 (83.9)
Current smoker 473 (19.5) 1,807 (80.5)
Drinking status <0.010
Non-drinker 556 (18.6) 2,299 (81.3)
Mild drinker (1-10 g) 702 (11.9) 4,634 (88.0)
Moderate drinker (11-30 g) 176 (16.2) 882 (83.7)
Heavy drinker (> 30 g) 209 (19.4) 828 (80.5)
Education level <0.010
< High school 1,163 (21.2) 4,120 (78.8)
High school 141 (9.21) 1,440 (90.7)
> College 339 (9.73) 3,083 (90.2)
Regular exercise <0.010
Yes 161 (12.0) 1,079 (87.9)
No 1,482 (15.4) 7,564 (84.5)
Regular walking <0.010
Yes 512 (12.5) 3,203 (87.5)
No 1,131 (16.5) 5,440 (83.4)

Data are shown as mean % standard error or number (%).

MetS = metabolic syndrome, KNHANES = Korea National Health and Nutrition Exami-
nation Survey, Non-MetS = no metabolic syndrome, BMI = body mass index.
*Chi-square test for categorical variables and t-test for continuous variables.

fered according to gender and age. The prevalence of MetS was
17.1% and 12.8% in 19-65-year-old Korean men and women,
respectively (KNHANES 2012-2014 data). The prevalence of
MetS increased with older age. Subjects residing in rural areas
had a higher prevalence of MetS. BMI was markedly higher in
the MetS group compared to the non-MetS group (27.4 + 0.12
vs. 23.0 + 0.05). Smoking and drinking status were significantly
associated with the prevalence of MetS: current smokers had a
higher prevalence of MetS, whereas mild drinkers had a lower
prevalence of MetS than moderate or severe drinkers. Educa-
tion level was also associated with the prevalence of MetS, while
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Table 2. Major nutrient intake according to genders and MetS calculated from 24-hour recall and SQFFQs methods

Variables

Men

Women

MetS (n = 757)

Non-MetS (n = 3,239)

MetS (n = 886)

Non-MetS (n = 5,404)

24-hour recall

Energy, kcal 2,458 (2,363-2,554) 2,533 (2,489-2,577) 1,789 (1,726-1,853) 1,797 (1,772-1,822)
Protein, g 91.7 (87.2-96.2) 90.8 (88.9-92.7) 63.6 (60.6-66.5) 64.6 (63.5-65.7)
Carbohydrate, g 350.7 (339.3-362.1) 361.2 (355.5-366.9) 288.8 (278.1-299.5) 282.6 (278.6-286.6)
Total fat, g 56.6 (52.9-60.3) 59.4 (57.7-61.0) 39.8 (37.4-42.1) 421 (41.2-43.1)
Protein, En% 14.6 (14.2-14.9) 14.3 (14.1-14.4) 141 (13.7-14.5) 14.3 (14.1-14.4)
Carbohydrate, En% 60.0 (58.8-61.1) 59.3 (58.8-59.8) 65.5 (64.4-66.6) 64.1 (63.7-64.5)*

Total fat, En%

(
(
(
(
(
(
19.3 (18.6-20.0)
(
(
(
(
(
(

(
(
(
(
(
(
20.2 (19.9-20.5)
(
(
(
(
(
(

(
(
(
(
(
(
19.4 (18.6-20.2)
(
(
(
(
(
(

(
(
(
(
(
(
20.2 (20.0-20.5)
(
(
(
(
(
(

Ca, mg 547.3 (518.4-576.2) 577.4 (564.0-590.9) 461.3 (430.7-491.9) 478.0 (467.5-488.5)
Fe, mg 19.0 (17.8-20.2) 20.1 (19.1-21.1) 14.8 (13.9-15.6) 15.2 (14.9-15.5)
Na, mg 5,194 (4,902-5,487) 5,444 (5,297-5,591) 3,758 (3,513-4,003) 3,814 (3,728-3,399)
Vitamin A, ug RE 891.5 (797.9-985.0) 923.5 (875.1-971.8) 761.1 (673.5-848.8) 788.8 (735.8-841.9)
Vitamin B1, mg 219 (2.07-2.32) 223 (2.18-2.29) 1.58 (1.49-1.67) 1.65 (1.62-1.68)
Vitamin C, mg 105.1 (91.50-118.7) 106.7 (102.0-111.5) 99.60 (89.02-110.1) 112.1 (107.0-117.3)"

SQFFQs
Energy, keal 2,512 (2,436-2,588) 2,497 (2,462-2,531) 1,925 (1,868-1,982) 1,892 (1,869-1,915)
Protein, g 81.0 (77.8-84.3) 80.0 (78.6-81.5) 64.1 (61.8-66.4) 64.2 (63.2-65.2)
Carbohydrate, g 382.8 (372.5-393.2) 376.9 (372.2-381.6) 316.7 (307.8-325.7) 306.6 (303.1-310.1)*
Total fat, g 50.6 (48.2-52.9) 50.0 (48.9-51.1) 38.3 (36.6-40.1) 39.6 (38.8-40.3)
Protein, En% 12.6 (12.4-12.8) 12,6 (12.5-12.7) 13.1 (12.9-13.3) 13.3 (13.3-13.4)
Carbohydrate, En% 62.1 (61.4-62.8) 61.7 (61.4-62.0) 66.9 (66.3-67.5) 65.7 (65.5-66.0)*
Total fat, En% 17.2 (16.8-17.7) 17.3 (17.1-17.5) 17.2 (16.7-17.6) 18.1 (18.0-18.3)*
Ca, mg 547.7 (525.9-569.6) 550.7 (540.3-561.0) 473.7 (452.1-495.3) 494.9 (487.1-502.8)
Fe, mg 16.0 (15.4-16.6) 15.8 (15.5-16.1) 13.6 (13.2-14.1) 13.6 (13.4-13.8)
Na, mg 4,013 (3,838-4,188) 3,944 (3,865-4,023) 3,195 (3,064-3,326) 3,208 (3,157-3,259)
Vitamin A, ug RE 681.1 (649.2-713.1) 675.1 (660.8-689.3) 625.6 (597.2-654.0) 645.7 (633.9-657.6)
Vitamin B-1, mg 220 (2.12-2.27) 218 (2.14-2.21) 1.82 (1.76-1.88) 1.81 (1.78-1.893)
Vitamin C, mg 106.9 (100.5-113.4) 109.0 (105.8-112.3) 121.8 (114.3-129.3) 127.5 (124.2-130.8)

Values represented mean (95% Cls) after adjusting for age group, residence, smoking status, drinking status, education level, physical activities, and BMI.
MetS = metabolic syndrome, SQFFQs = semi-quantitative food frequency questionnaires, Non-MetS = no metabolic syndrome, Ca = calcium, Fe = iron, Na = natrium, Cl = con-

fidence interval, BMI = body mass index.
*Significantly different between MetS and Non-MetS groups at P < 0.05.

regular exercise and regular walking were associated with a low-
er prevalence of MetS.

Daily nutrient intake of subjects in the MetS and non-MetS
groups

Table 2 shows the daily intake of energy, fat, Ca, Fe, vitamin A,
vitamin B-1, and vitamin C, according to MetS status and gen-
der, according to the 24-hour recall and SQFFQ methods. With
the 24-hour recall method, the intake of all nutrients was mark-
edly higher in men than in women, whereas the absolute intake
of energy and nutrients in the MetS group was not significantly
different from the non-MetS group after adjusting for age group,
residence, smoking status, drinking status, education level, phys-
ical activities, and BMLI. The proportion of energy intake attrib-
utable to fat was lower in the MetS vs. non-MetS group for both
genders, whereas the proportion of energy intake attributable
to carbohydrate was higher in the MetS group, only in women
(Table 2). Intake of minerals (Ca and Fe) and vitamins (vitamin
A and vitamin B-1) was higher in men than in women, likely
due to the higher overall energy intake of the former group, wher-
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eas there was no difference between the MetS and non-MetS
groups. Vitamin C intake was significantly higher in non-MetS
group than MetS group only in women.

There were significant differences between the MetS and non-
MetS groups in carbohydrate energy percent calculated by SQ-
FFQ only in women after adjusting for age group, residence,
smoking status, drinking status, education level, physical activi-
ties, and BMI (Table 2). These results indicated that carbohy-
drate intake exhibited the similar trend in 24-hour recall and
SQFFQ. Overall, intake of energy and macronutrient measured
by SQFFQ showed a similar trend with that by 24-hour recall in
both genders. However, the intake of Fe, natrium (Na), vitamin
A, and vitamin C was somewhat different between the 24-hour
recall and SQFFQ methods (Table 2) although the micronutri-
ent intake except vitamin C did not show significant differences
between the MetS and non-MetS groups.

Diet quality index measured by SQFFQ

Intake of variety foods in overall food groups was not significant-
ly different between the MetS and non-MetS groups in both gen-
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Table 3. Diet quality index (mean and 95% Cl) according to genders and MetS calculated from SQFFQs

Men

Women

Variables
MetS (n = 757)

Non-MetS (n = 3,239)

MetS (n = 886) Non-MetS (n = 5,404)

Variety

Overall food group*
Variety for protein source?

7.46 (7.17-7.75)
0.51 (0.43-0.60)

7.49 (7.34-7.64)
0.52 (0.48-0.56)

Adequacy
Grain group* 3.73 (3.65-3.81) 3.65 (3.61-3.69)
Vegetable group* 477 (4.71-4.83) 4.77 (4.75-4.80)
Fruit group* 4.18 (4.09-4.26) 412 (4.08-4.17)
Protein® 2.89 (2.83-2.95) 2.92 (2.90-2.95)
Fiber" 0.52 (0.42—-0.62) 0.49 (0.44-0.54)
Ca' 2.43 (2.33-2.53) 2.43 (2.39-2.48)
Fe' 3.78 (3.73-3.82) 3.76 (3.74-3.78)
Vitamin C** 2.60 (2.45-2.75) 2.72 (2.65-2.79)
Moderation
Total fat't 5.07 (4.95-5.18) 5.00 (4.95-5.05)
Sodium** 1.93 (1.73-2.13) 1.98 (1.88-2.07)

8.35 (8.04-8.66)
0.56 (0.47-0.65)

3.65 (3.57-3.73)
4.85 (4.80-4.89)
4.04 (3.95-4.13)
3.08 (3.02-3.14)
0.51 (0.40-0.61)
2.35 (2.27-2.44)
3.05 (2.98-3.13)
2.70 (2.58-2.82)

4.92 (4.80-5.04)
2.90 (2.70-3.11)

8.65 (8.52-8.77)
0.62 (0.59-0.66)

3.59 (3.56-3.63)
4.91 (4.90-4.92)®
4.07 (4.03-4.10)
3.08 (3.06-3.10)
0.47 (0.44-0.51)
2.40 (2.37-2.44)
3.03 (2.99-3.06)
2.77 (2.72-2.82)

479 (4.74-4.83)"
2.89 (2.81-2.97)

Values represented mean (95%Cls) after adjusting for age group, residence, smoking status, drinking status, education level, physical activities, and BMI.
MetS = metabolic syndrome, Non-MetS = no metabolic syndrome, SQFFQs = semi-quantitative food frequency questionnaires, Cl = confidence interval, BMI = body mass in-

dex, Rl = recommended intake.

* > 1 serving from each food group/day was 15 and scores were lower by 3 from 15 by missing every 1 any food group; ™ > 3, 2-3, < 2, and 0 servings from different protein
food sources (meat, poultry, fish, dairy, beans, eggs) per day was 5, 3, 1, and 0, respectively; *Vegetable intake (> 3-5, < 3, and 0 serving/day), fruit (> 2—4, < 2, and 0 serv-
ing/day), and grain (> 2, < 2, and 0 serving/day) was scored as 5, 3, and 0, respectively, on the basis of energy intake; SProtein intake, > 10,5-10, and < 5 energy %, was
scored as 5, 3, and 0, respectively; "Fiber intake, 2030, 10-20, and < 10 g/day, was scored as 5, 3, and 0, respectively; "intake of Ca and Fe, > 100, 80-100, 60-80, 40—
60, and < 40% of RI, was scored as 5, 4, 3, 2, and 1, respectively; **Vitamin C intake, > 100, 90-100, 80-90, 70-80, 60-70, and < 60% of RI, was scored as 5, 4, 3, 2,
and 1, respectively; "Total fat intake, < 20, 20-30, and > 30% of total energy, was scored as 6, 3, and 0, respectively; ¥Na intake, < 2,400, 2,400-3,400, and > 3,400
mg per day was scored as 6, 3, and 0, respectively; §§Significantly different between MetS and Non-MetS groups at P < 0.010; "Significantly different between MetS and

Non-MetS groups at P < 0.050.

ders after adjusting for age group, residence, smoking status,
drinking status, education level, physical activities, and BMI
(Table 3). Variety intake within the protein sources was not also
significantly different between the MetS and non-MetS groups
in both genders. In the aspect of adequacy in food groups, veg-
etable intake was significantly higher in non-MetS group than
MetS group in women, not men. Intake of other food groups
was not significantly different between the MetS and non-MetS
(Table 3). In addition, the adequacy of protein, fiber, Ca, Fe, and
vitamin C intake showed no significant differences between the
non-MetS and the MetS groups (Table 3). These results of pro-
tein, fiber, Ca, and Fe adequacy intake from SQFFQ was consis-
tent with their intake from 24-hour recall in Table 2. Although
vitamin C was significantly lower in the MetS group than the
non-MetS group in 24-hour recall results but not SQFFQ results,
the adequacy intake of vegetable intake was significantly higher
in the non-MetS group than the MetS group in SQFFQ. These
results indicated that the usual food intake could be determined
by both 24-hour recall and SQFFQ. Scores for the moderation
of total fat intake was lower in the non-MetS group than MetS
group, in women and it was consistent with 24-hour recall group
since the lower score means lower fat intake (Table 3). The mod-
eration of Na intake was not significantly different between the
MetS and the non-MetS groups (Table 3). Thus, adequacy of
food intake and usual nutrient intake, not variety of food intake,
should be meaningful to use SQFFQ in KNHANES.
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Correlation of nutrient intake between the 24-hour recall
and SQFFQ methods

The correlation between the 24-hour recall and SQFFQ data,
with respect to intake of the different nutrients, are shown in
Table 4. Energy, carbohydrate, and fat intakes on the SQFFQ
were moderately correlated with 24-hour recall intakes (* = 0.418,
0.417, and 0.337, respectively). However, the correlation coeffi-
cients for the intake of other foods, between the 24-hour recall
and SQFFQ data, were < 0.30; the differences between 24-hour
recall and SQFFQ intakes for all foods were statistically signifi-
cant (Table 4).

Adjusted ORs for having MetS by nutrient intake using the
24-hour recall and SQFFQ

The association between macronutrient intake on the SQFFQ
and the presence of MetS is shown in Table 5. Log-transformed
carbohydrate intake (En%) showed a linear and positive rela-
tionship with the prevalence of MetS after adjusting for covari-
ates (Table 5). The covariates were sex, age, area of residence,
occupation, income, education level, drinking, smoking, obesi-
ty, and physical activity status. The prevalence of MetS increased
1.089-fold for each 5% increase in carbohydrate intake (Table 5).
Moreover, there was a significant gender difference: in women,
the prevalence of MetS increased 1.183-fold for each 5% increase
in carbohydrate intake. In a categorical analysis, the OR for MetS
was significantly higher in the highest (> 69.9 En% for women
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Table 4. Pearson correlation coefficients* of nutrient intake between 24-hour recall and SQFFQs

Nutrient intake En_fq Prop_fq Fatp_fq CHOp_fq Ca_fq Fe_fq VA_fq VB1_fq VC_fq
En24 0.418 -0.024 0.051 -0.205 0.250 0.310 0.210 0.349 0.085
< 0.001 0.017 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Prop24 0.044 0.148 0.110 —0.091 0.077 0.071 0.084 0.076 0.059
< 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Fatp24 0.104 0.182 0.337 -0.215 0.143 0.050 0.094 0.108 0.041
< 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
CHOp24 -0.207 -0.070 —-0.210 0.417 -0.125 —0.082 —-0.079 -0.134 0.040
< 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Ca24 0.218 0.078 0.069 -0.074 0.289 0.240 0.226 0.235 0.158
< 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Fe24 0.108 0.016 -0.005 -0.028 0.090 0.123 0.115 0.115 0.078
< 0.001 0.095 0.593 0.005 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
VA_24 0.094 0.057 0.027 -0.029 0.096 0.123 0.127 0.114 0.088
< 0.001 < 0.001 0.006 0.003 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
VB1_24 0.298 0.017 0.043 -0.126 0.198 0.257 0.195 0.284 0.111
< 0.001 0.085 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
VC_24 0.049 0.040 —-0.031 0.093 0.096 0.144 0.151 0.103 0.267
< 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Daily intake of energy (En24), protein (Prop24), fat (Fatp24), carbohydrate (CHOp24), Ca (Ca24), Fe (Fe24), vitamin A (VA_24), vitamin B-1 (VB1_24), and vitamin C (VC_24)
were calculated from 24 recall data. Daily intake of energy (En_fq), protein (Prop_fa), fat (Fatp_fq), carbohydrate (CHOp_fq), Ca (Ca_fq), Fe (Fe_fq), vitamin A (VA_fq), vitamin
B-1 (VB1_fq), and vitamin C (VC_fq) were calculated from SQFFQ data using 112 food items.

SQFFQs = semi-quantitative food frequency questionnaires.

*Adjusted for survey design weighting using VARGEN which estimates the population covariance and Pearson correlation between 2 variables.

Table 5. Adjusted ORs (95% CI)* for having MetS by carbohydrates, protein, and fat
intake according to SQFFQs

Interaction model

Main effect model (ref [women = 0))

Classifications

Carbohydrate intake percent

Model 1
Continuous value (unit = 5%)  1.089 (1.032—1.148) 1.183 (1.108—1.264)
Model 2
First tertile Ref (1.000) Ref (1.000)
Second tertile 0.993 (0.805-1.225) 1.171(0.857-1.601)
Third tertile 1.227 (0.983-1.532) 1.697 (1.277-2.255)
Protein intake percent
Model 1
Continuous value (unit = —=5%) 1.123 (0.950-1.329) 1.349 (1.061-1.715)
Model 2
First tertile Ref (1.000) NA
Second tertile 0.990 (0.825-1.189)
Third tertile 0.906 (0.755-1.088)
Fat intake percent
Model 1
Continuous value (unit = —=5%) 1.122 (1.040-1.209) 1.268 (1.156—1.392)
Model 2
First tertile Ref (1.000) Ref (1.000)
Second tertile 0.900 (0.751-1.079) 0.727 (0.568-0.931)
Third tertile 0.745 (0.613-0.907) 0.548 (0.411-0.731)

OR = odds ratio, Cl = confidence interval, MetS = metabolic syndrome, SQFFQs =
semi-quantitative food frequency questionnaires, NA = not applicable, BMI = body
mass index.

*Adjusted for gender, age, BMI, residence area, education level, smoking and drinking
status, physical activities, and obesity. Carbohydrate intake tertiles: first tertile; < 62.6
for women, < 58.2 for men, second tertile; 62.7 < and < 69.9 for women, 58.2 <
and < 65.9 for men, third tertile; >69.9 for women and > 65.9 for men. Protein
intake tertiles: first tertile; < 12.3 for women, < 11.6 for men, second tertile; 12.3 <
and < 14.2 for women, 11.6 < and < 13.4 for men, third tertile; > 14.2 for wom-
enand > 13.4 for men. Fat percent tertiles: first tertile; < 15.2 for women, < 14.7
for men, second tertile; 15.2 < and < 20.8 for women, 14.7 < and < 19.7 for men,
third tertile; > 20.8 for women and > 19.7 for men.
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and 2 65.9 En% for men) vs. lowest carbohydrate intake tertile
(< 62.6 En% for women, < 58.2 En% for men), for women only
(Table 5). However, protein intake did not have any significant
association with the presence of MetS, and there was no signifi-
cant gender interaction with protein intake in the MetS risk (Ta-
ble 5).

In contrast to carbohydrate intake, log-transformed fat intake
(En%) was negatively associated with the prevalence of MetS,
and this association was stronger in women (OR, 1.268, Table
5). The categorical analysis also showed that the ORs for MetS
for moderate (< 15.2 En% and < 20.8 En% for women, < 14.7
En% and < 19.7 En% for men) and high fat intakes (> 20.8 En%
for women and > 19.7 En% for men) were lower than those for
low fat intake (< 15.2 En% for women, < 14.7 En% for men). In
women, the prevalence of MetS in the high fat intake group was
0.548-fold lower than that in the low-fat intake group (Table 5).

The adjusted ORs determined using the 24-hour recall meth-
od exhibited similar trends to those determined by the SQFFQ
(Table 6). Adjusted ORs and 95% ClIs for MetS risk exhibited a
gender by carbohydrate intake interaction: in women only, log-
transformed carbohydrate intake showed a positive association
with the risk of MetS (OR, 1.076), and moderate (OR, 1.691; 95%
CI, 1.253-2.283) and high intake (OR, 1.839; 95% CI, 1.332-2.538)
of carbohydrates showed a positive association with the preva-
lence of MetS (Table 6). Log-transformed fat intake was nega-
tively associated with the prevalence of MetS; moreover, mod-
erate (OR, 0.918; 95% CI, 0.769-1.094) and high (OR, 0.786; 95%
CI, 0.650-0.949) fat intakes were associated with lower incidence
(Table 6). There was no gender difference in the association be-
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Table 6. Adjusted ORs (95% CI)* for having MetS by carbohydrates, protein, and fat
intake according to 24-hour recall data

Interaction model

Classifications Main effect model (ref [women = 0]
Carbohydrate intake percent
Model 1
Continuous value (unit =5%)  1.021 (0.989-1.054) 1.076 (1.024-1.132)
Model 2
First tertile Ref (1.000) Ref (1.000)
Second tertile 1.118(0.920-1.359) 1.691 (1.253-2.283)
Third tertile 1.202 (0.978-1.476) 1.839 (1.332-2.538)
Protein intake percent
Model 1
Continuous value (unit = —=5%) 0.939 (0.864—1.021) NA
Model 2
First tertile Ref (1.000) NA
Second tertile 0.902 (0.751-1.085)
Third tertile 1.101 (0.919-1.317)
Fat intake percent
Model 1
Continuous value (unit = —=5%) 1.059 (1.008-1.112) NA
Model 2
First tertile Ref (1.000) NA
Second tertile 0.918 (0.769-1.094)
Third tertile 0.786 (0.650-0.949)

OR = odds ratio, Cl = confidence interval, MetS = metabolic syndrome, NA = not
applicable, BMI = body mass index.

*Adjusted for sex, age, BMI, residence area, education level, smoking and drinking
status, physical activities, and obesity. Carbohydrate intake tertile: first tertile; < 60.1
for women, < 54.7 for men, second tertile; 60.1 < and < 70.6 for women, 54.7 <
and < 67.1 for men, third tertile; > 70.6 for women and > 67.1 for men. Protein
intake tertile: first tertile; < 12.2 for women, < 12.4 for men, second tertile; 12.2 <
and < 15.2 for women, 12.4 < and < 15.3 for men, third tertile; > 15.2 for wom-
enand > 15.3 for men. Fat percent tertile: first tertile; < 15.4 for women, < 15.5
for men, second tertile; 15.4 < and < 23.4 for women, 15.5 < and < 23.1 for men,
third tertile; > 23.4 for women and > 23.1 for men.

tween fat intake and MetS incidence.
DISCUSSION

Although the fundamental causes of MetS remain unclear, its
prevalence is associated with personal behaviors including di-
etary intake and physical activity (17). The association between
the prevalence of MetS and energy and carbohydrate intake
was similar between the 24-hour recall and SQFFQ methods,
but the association between fat intake and prevalence of MetS
showed a gender difference only in the 24-hour recall data. Over-
all, data calculated by the 24-hour recall and SQFFQ methods
can be used for evaluation of the association between nutrient
intake and MetS incidence. This novel study, which included a
large population, validated 24-hour recall and SQFFQ nutrient
intake data.

The SQFFQ can be validated in comparison to 3 to 4 3-day
food records, or 3 to 4 24-hour recall datasets (18); and the re-
producibility of SQFFQ results have been determined by com-
paring data across 2 or 3 separate SQFFQ datasets in various
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studies (18-20). Most of these studies were conducted prior to
the SQFFQ being applied in studies including large populations
(19,20). Correlations between nutrient intakes determined by
the 24-hour recall and SQFFQ methods have also been investi-
gated: most such validation studies reported moderate correla-
tions between nutrient intakes determined by the 2 methods as
shown in the present study. Prior to its inclusion in the KNHANES,
the SQFFQ comprised 112 items and was validated in a study
including 126 Korean subjects, aged 20-65 years, by using 3-day
food record four times; its reproducibility was also evaluated in
the same study, which reported correlation coefficients for mac-
ro- and micro-nutrients similar to those obtained in the present
work (12).

The number of items in different SQFFQs ranges from 5-350
according to variability in food consumption and availability
for a given population (18-20). The median number of SQFFQ
items is 79 in a Spanish population study (19). The 112 items
used in the present study was deemed sufficient to cover most
foods consumed by Koreans (12). Meals consumed in Korea do
not tend to vary geographically or with age. In the KNHANES
SQFFQ, 112, rather than 109, items were included. The major
problem associated with SQFFQs is difficulty in evaluating the
consumption of dishes instead of individual foods, and so the
new SQFFQ included some dishes related to the food category.
For example, the tofu category included tofu, fried tofu, and
hard-boiled tofu in soy sauce. People checked the frequencies
of food and dishes as one food group although the nutrients in
each food and dish in the food group differed. Thus, nutrient
intake data in the context of the food group included some er-
rors. However, in real life, people consume meals rather than
individual foods, and the SQFFQ used in the KNHANES includes
several meals frequently consumed by Koreans. In the present
study, vitamin A intake differed between the 24-hour recall and
SQFFQ methods. Vitamin A intake, calculated as the sum of
retinol and carotenoid intake, may vary according to daily and
seasonal differences in consumption. Thus, the SQFFQ may be
more useful for determining the usual intake of vitamin A. The
intake of other nutrients can also be measured by SQFFQ food
intake data.

The prevalence of MetS is associated with personal behavior
related factors, including nutrient intake and dietary behaviors.
Many studies have assessed this association, but nutrient intake
has most frequently been determined by the 24-hour recall me-
thod. Dietary patterns and/or intake of items in different food
groups, indexed by the SQFFQ, have been used to determine
the association between usual food intake and prevalence of
MetS (9,21). However, the SQFFQ has not previously been ap-
plied to investigate the association between nutrient intake and
MetS prevalence, although SQFFQ and 24-hour recall data ex-
hibited moderate-to-high correlations for nutrient intake. How-
ever, a few studies have calculated nutrient intake using the SQ-
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FFQ (22). In the present study, the association between macro-
nutrient intake, calculated using the SQFFQ and 24-hour recall
methods, and the risk of MetS was examined. In addition, the
variety and adequacy of food intake and the moderation of food
and nutrient intake calculated by SQFFQ results demonstrated
that the moderation of total fat intake had lower scores in the
non-MetS group than the MetS group, indicating the non-MetS
groups had higher fat intake than the MetS group. Thus, the fat
intake (energy %) showed consistent results from 24-hour recall
and SQFFQ. In addition, the risk of MetS showed a similar as-
sociation with carbohydrate intake in both methods. The preva-
lence of MetS was positively associated with carbohydrate in-
take using both the SQFFQ and 24-hour recall methods; more-
over, a gender difference was detected. This association between
carbohydrate intake and MetS prevalence may reflect the high
intake of refined grains among Koreans, as reported previously
(23). In summary, the association between usual intake of nu-
trients and MetS risk can be determined using SQFFQ nutrient
intake data.

The present study showed that the carbohydrate intake had a
gender interaction with the risk of MetS. Women had a higher
risk of MetS when carbohydrate intake was higher. However, a
few studies have demonstrated the gender interaction of carbo-
hydrate intake and MetS risk (24,25). Koreans and East Asians
consume high carbohydrate diets, about 60%-70% of daily en-
ergy intake, and the high carbohydrate diet has been shown to
increase hypertriglyceridemia and lower serum HDL concen-
tration (26,27). Since the subjects included in the present study
ranged from 20-75 years old, the gender interaction could not
be explained by sex hormones including estrogen and proges-
terone. However, gender interaction might be associated with
the amount of daily carbohydrate intake: women (average 64.3%)
consumed much higher carbohydrate than men (average 59.4%)
in the present study. These results suggested that exceeding 60%
dietary energy intake from carbohydrate might be a crucial risk
factor for the MetS.

There were several limitations to the present study. First, the
results cannot be interpreted in cause-and-effect terms because
a cross-sectional design was used. Second, as some meals pre-
pared according to different recipes are included within the same
food group in the SQFFQ, nutrient intakes extrapolated from
such food group data might represent under- or over-estima-
tions due to variations in the seasonings used by the different
recipes. Finally, the results could be biased due to omitted or
residual confounding variables, which is a weakness inherent
to all association studies.

In conclusion, the association between macronutrient intake
and the MetS risk was similar in 24-hour recall and SQFFQ me-
thods although the energy percentage of fat intake in the adult
population was different by 2% between both methods. The prev-
alence of MetS was positively associated with carbohydrate in-
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take and negatively associated with fat intake in an adult popu-
lation who consumed about 14%-20% fat diet, as assessed by
both the 24-hour recall and SQFFQ methods; these associations
were mainly seen in women. Diet quality index also demonstrat-
ed that the adequate intake of vegetables in SQFFQ was posi-
tively associated with reducing the risk of MetS. The SQFFQ can
be used to assess usual food and nutrient intake in studies that
include large populations.
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