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ABSTRACT
Introduction: Diet quality scores or indices, which are based on assessment of
compliance with dietary guidelines, are used to summarize dietary intake into a single
numeric variable. The aim of this study was to develop a diet quality index for
Koreans and evaluate the relationship between diet quality and mortality.
Methods: A new diet quality index for Koreans (DQI-K) was developed based on the
assessment of compliance with Korean dietary guidelines. The construct validity of
the DQI-K was evaluated by examining the relation between the DQI-K and selected
characteristics and intake of food groups. Additionally, the DQI-K was compared
with other diet quality indices. The association between all-cause and cause-specific
mortality and the DQI-K was examined in Cox’s proportional hazard regression
models.
Results: The DQI-K was based on 8 components: 1) daily protein intake, 2) percent
of energy from fat, 3) percent of energy from saturated fat, 4) daily cholesterol intake,
5) daily whole-grain intake, 6) daily fruit intake, 7) daily vegetables intake and 8)
daily sodium intake. In the construct validity test, good diet quality according to the
DQI-K was correlated with being older, having higher educational level and higher
income. The magnitude of correlation with macronutrients density was greater in the
DQI-K than in the Diet Quality index (DQI) or Korean Diet Score (KDS). In
multivariate adjusted models, poor diet quality according to the DQI-K was
i

associated with all-cause mortality in men and women (HR=1.35, 95% CI=1.09-1.67
in men and HR=1.19, 95% CI=1.02-1.40 in women). Furthermore, poor diet quality
significantly increased the risk for gastric cancer mortality in men (HR=3.10, 95%
CI=1.41-6.78), while poor diet quality significantly increased the risk for colorectal
cancer among women (HR=4.17, 95% CI=1.25-13.97) after multivariate adjustment.
Conclusions: The DQI-K developed in the present study can be used to assess the
diet quality of Koreans. It is possible to examine the effect of compliance with the
diet guidelines for Koreans on health outcomes using the DQI-K.
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INTRODUCTION

A. General Introduction
1. Diet assessment
Dietary excess and imbalance are the leading causes of illness and death. (Willett,
2013). In 2010, dietary risk factors were the leading cause of disease burden and
contributed to disability-adjusted life years. (DALYs; sum of years lived with
disability and years of life lost). Of the individual dietary risk factors, the largest
attributable burden was associated with diets having low fruit intake (4.2 % of global
DALYs) and high sodium intake (2.5% of global DALYs) (Lim et al., 2012b). Diet is
a major modifiable determinant of chronic disease. It is important to be able to
evaluate the diets of individuals or a group (Basiotis et al., 1995).
Human diets are complex with various correlations between the intakes of nutrients
as well as due to the many nutrient-to-nutrient interactions affecting the metabolism
and physiology of the body (Mertz, 1984). Research on the relationship of health with
the whole diet rather than with single nutrients, foods, or food groups has intuitive
appeal (Kant, 2004). Two approaches for assessing overall dietary exposure can be
distinguished. One approach is data driven, with dietary exposure summarized using
the statistical techniques of factor and cluster analysis (Hoffman et al., 2002). An
empirically derived dietary pattern consists of patterns statistically derived ‘a
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posteriori’ from collected food consumption data based on correlations in the intakes
of the various dietary components (Newby and Tucker, 2004). Studies on dietary
patterns have examined the effects of beneficial diets (prudent or Mediterranean diets)
and harmful diets (western diets); these studies have captured the overall effects of
the differences in dietary components (Hu, 2002). However, it is a challenge to public
health officials to accomplish population wide adoption of healthful dietary patterns
within the context of powerful influences that currently promote unhealthy consumer
choices, behaviors, and lifestyles (USDA, 2010). The second approach is based on
prevailing hypotheses and guidance about the role of nutrients in disease prevention,
and the diet is assessed for compliance with this guidance (Kant, 2004). Theoretically
defined diet quality indices are created ‘a priori’ based on current nutrition knowledge.
They consist of nutritional variables, generally foods and/or nutrients considered to
be important to health that are quantified and summed to provide an overall measure
of dietary quality (Waijers et al., 2007). These diet quality indices are based on dietary
guidelines, which are meant to assist the population in making decisions about dietary
intake patterns that may reduce the risk of disease.

2

2. Diet quality indices
Despite the multidimensional nutritional recommendations and food guidelines, the
pandemic of non-communicable chronic diseases (NCCDs) continues and constitutes
a leading cause of mortality (Lachat et al., 2013). Diet quality contributes to an
individual’s nutrition and health status, with a high-quality diet bringing the right
nutrients in the right amounts for health and wellbeing (Preedy et al., 2013). Around
60%-70% of all primary health care visits are for lifestyle-based (and therefore
preventable) diseases (AIHW, 2006). Lifestyle intervention, such as diet, physical
activity and smoking, offers prevention and management of chronic diseases (Egger
et al., 2009). Diet and/or nutrition intervention has a beneficial effect on obesity,
hypertension, dyslipidemia, type 2 diabetes and cardiovascular disease in randomized
controlled trials and impaired glucose tolerance, metabolic syndrome, osteoarthritis,
breast cancer and prostate cancer in observational studies (Jeong and Go, 2014).
Certain dietary patterns have been associated with beneficial health outcomes.
However, 1) the same labelled patterns are not fundamentally the same; 2) one pattern
cannot fit all populations, and 3) it is difficult to generalize certain dietary patterns in
guiding populations towards healthy eating (Jones-McLean et al., 2010). And there is
need to be able to easily and cheaply monitor diet quality in populations. Dietary
quality indices or indicators aim to evaluate the overall diet and categorize individuals
according to the extent to which their eating behavior is “healthy” (Gil et al., 2015).

3

Indices of diet quality are a popular topic in nutrition research. Numerous dietary
indices have been developed to reflect various aspects of diet quality. These indices
have varied in composition from a simple tool (e.g., count the number of food intakes)
to complex indices (e.g., substantial analysis of macronutrient intakes). The rationale
for a diet quality index or indicator is that all nutrients and other bioactive components
of the diet have or may have synergistic, antagonistic or other interaction effects in
the food matrix or in the whole diet (Jacobs et al., 2009).
Researchers have devised summary measures for the quality of dietary intake for
epidemiological and intervention research. Kant was the first to review the indices of
diet quality (Kant, 1996). A majority of the indices have been examined in relation to
nutrient adequacy only. Moreover, he concluded that the definition of diet quality
depends on attributes selected by the investigators. Later, Waijers et al. reviewed the
indices of overall diet quality and suggested that existing indices do not predict
disease or mortality significantly better than individual dietary factors; in contrast,
diet quality indices are useful to measure the extent to which individuals adhere to
dietary guidelines (Waijers et al., 2007). In 2008, Arvaniti and Panagiotakos reviewed
commonly used dietary indices, which mostly overlap with the review of Waijers et
al (Arvaniti and Panagiotakos, 2008). Fransen reported on an overview of the dietary
quality indices and concluded that diet quality indices have become more widespread
with applications in more countries for the prevention of specific diseases, and for
specific subpopulations (Fransen and Ocke, 2008). In 2014, Alkerwi presented a
simple review of diet quality concepts and pointed out the need for collaboration
4

among the different disciplines interested in nutritional evaluation to develop an
integrated standard definition of diet quality (Alkerwi, 2014). More recently, Gil
summarized the diet quality indices and suggested the consideration of a global
quality of life index which goes beyond food groups and nutrients and selected items
on food safety (e.g. consumption rate of processed foods, food handling, preparation
and storage and access to drinking water), selected food habits, including alcoholic
beverages and salt consumption patterns, purchase of seasonal and local foods, home
cooking and conviviality, as well as patterns of physical activity, sedentary and rest
habits and some selected sociocultural habits, particularly those related to food
selection, religious beliefs and socializing with friends (Gil et al., 2015).
The Diet Quality Index (DQI)(Patterson et al., 1994), the Healthy Eating Index
(HEI)(Kennedy et al., 1995) and the Healthy Diet Indicator (HDI)(Huijbregts et al.,
1997) are the three ‘original’ diet quality indices that have been referred to and/or
validated most extensively. Several indices have been adapted and modified. The DQI,
HEI, and HDI include 1) measures of nutrients, 2) measures of food or food-group
intake, 3) a combination of nutrient and food group intake, and 4) a combination of
nutrients, food group intake, and diversity. The underlying concept is that no one food
is involved in all of the necessary nutrients and that variety in dietary sources is
needed to make certain a “balanced” diet (Kennedy, 2004). Table I-1 summarizes the
country of origin, data source, dietary methods, and fundamental knowledge for
variable chosen, number of components, purpose, scoring, characteristic of the
database including design, sex, age group and number of subjects for the diet quality
5

indices in previous studies. Tables I-2, 3 and 4 show components of the diet quality
indices briefly and Appendix Table 1 presents the details including the cut-off values
to define a good quality diet and list of food items for each component of the diet
quality indices.
Patterson et al. proposed DQI based on US dietary recommendations from Diet and
Health to measure overall dietary intake patterns and to predict chronic disease risk.
Data from the 1987-1988 National Food Consumption Survey (NFCS) were used to
design the DQI. Participants in the NFCS represented the U.S. population. However,
no information on morbidity or mortality in the NFCS data because it was a crosssectional survey. Individual dietary intakes in the NFCS were obtained for 3-day
periods with a mix of 24-hour recall and 2-day food records. This index consisted of
eight components drawn directly from the diet and health recommendations: total fat,
saturated fat and cholesterol, fruits, vegetables, grains and legumes, protein, sodium
and calcium intakes. Each component was stratified into three levels of intake for
scoring: 1) Participants who met a dietary goal were given a score of zero; 2) those
who did not meet a goal, but had a fair diet, were given one point, and 3) those who
had a poor diet were given two points. These points were summed across eight diet
variables to score the index from zero (high quality diet) to 16 (low quality diet).
Haines et al. provided the dietary quality index revised (DQI-R) to incorporate more
recent dietary guidelines and to improve the interpretability of the DQI (Haines et al.,
1999), while using different data sources and methods. The DQI-R is based on
recommendations from the Food Guide Pyramid and the Dietary Reference Intakes.
6

Dietary intake data from the 1994 Continuing Survey of Food Intakes by Individuals
(CSFII) were used to compute the DQI-R. The CSFII used two 24-hour dietary recalls.
The Dietary Quality Index-International (DQI-I) was developed in 2003 (Kim et al.,
2003). The aim of the DQI-I was a cross-national comparison of diet quality between
China and the United States. The authors from this study concluded that the DQI-I
provides an effective means of cross-national comparative work for global
understanding of diet quality. The DQI has been used to classify healthy and
unhealthy lifestyle characteristics (Patterson et al., 1994) to examine racial and socioeconomic differences in diet quality (Popkin et al., 1996), and to examine the dietary
intake of participants in a hypertension reduction intervention (Karanja et al., 1999).
HEI is an index which has been developed by the US Department of Agriculture as a
measure of diet quality. The HEI is constructed for monitoring dietary intake and
nutrition promotion activities for the US population, and employs 10 criteria for
evaluating diet quality with possible HEI scores ranging from 0 to 100. The HEI
criteria are based on the Dietary Guidelines for Americans and the Food Guide
Pyramid. Doing well on only one component does not ensure a high score. While a
high HEI score obviously indicates a good diet, it is not clear whether a high score is
also favorably associated with health outcomes. Two studies on the HEI and health
outcomes in large cohorts of health professional men and women found inverse
association between HEI and the risk of major chronic diseases (McCullough et al.,
2000a; McCullough et al., 2000b).

7

HDI was developed by Huijbregts and colleagues, using the World Health
Organization's guidelines for the prevention of chronic diseases. A dichotomous
variable was generated for each of these groups. If a person's intake was within the
recommended borders of the WHO guidelines, this variable was coded one and if the
intake was outside these limits, it was coded zero. Summation of all these
dichotomous variables resulted in a healthy diet score (range 0–9). They used the
variable “mono-saccharides and disaccharides” instead of free sugars because the free
sugar variable was not comparable between countries. HDI is a strong tool for
assessing the quality of diet, and for the evaluation of future adverse health events
(Stefler et al., 2014).

8

Table 1. Overview of diet quality indices in the previous studies
Country of
origin
Nutrients, foods and food group
HEI
US
Index

a

Data source
(No. of subjects)

Dietary method

CSF II
(n=7,463)
NA

24HR and 2day food record
NA

HPFS (n=38,615)
NHS (n=67,271)
QNS
(n=2,103)
(n=121)

130-item FFQ

BRFSS
(n=2,532)
BPRHS
(n=1,203)
NFCS
(n=5,484)
CSF II
(n=3,202)

19 dietary
questions
SQFFQ

Sources of
components

No. of
components

Food guide pyramid

10

2010 Dietary
guidance
Original HEI
Dietary guidance
Canadian nutrition
recommendations
Dietary Guidelines
and the Food
Guide Thailand
Nutrition Flag
Healthy Eating Index

12

Healthy Eating Index

13

24HR and 2day food record
2-day 24HR

Diet and Health

8

Food guide pyramid

10

24HR in CHNS
and
2-day 24HR in
CSF II
24HR

Dietary guidance
Food guide pyramid

17

Canadian nutrition
recommendations
Chinese Food Guide
Pagoda
Diet and Health
Recommendations
American Heart
Association
Dietary guidance

8

HEI-2010

US

AHEI

US

HEI-C

Canada

THEI

Thailand

MI-HDI

US

AHA-DLS

Porto Rico

DQI

US

DQI-R

US

DQI-I

China and
US

DQI-C

Canada

China: CHNS
(n=8,352)
US: CSF II
(n=9,768)
QNS (n=2,103)

DQI-CH

China

CHNS (n=7,450)

MDQI

France

(n=964)

3-day diet
record
162-item FFQ

HDI

Finland,
Netherland
and Italy

(n=3,045)

Dietary history

24HR
3-day food
record

9
9
11

10

10
7

9

9

Purpose

Scoring

Design

Sex

Age group

Monitor diet intake for
nutrition promotion
Revised HEI

0-100

CS

Both

≥2

0-100

-

NA

NA

Prediction of chronic
disease risk
Develop a standardized
indicator
Development of index
for Thailand

0-10

PC

Both

0-100

CS

Both

M: 40-75
W: 30-55
18-74

0-110

-

Both

25-60

Measure overall diet
quality
Predictive ability on
CVD risk factors
Risk assessment of
health outcomes
Revised DQI and
measures of dietary
variety and moderation
National comparison of
diet quality

0-100

CS

Both

≥18

0-110

CS

Both

45-75

0-16

CS

Both

≥21

0-100

CS

Both

≥18

0-100

CS

Both

≥20

Develop a standardized
indicator
Development of DQI
for China
Overall assessment of
dietary habits

0-16

CS

Both

18-74

-74-56

CS

Both

20-59

0-14

CS

Both

20-76

Prevention of chronic
diseases

0-9

PC

M

58-60
(mean age)

Country of
origin
Nutrients, foods and food group
HDI-C
Canada
Index

Data source
(No. of subjects)

Dietary method

QNS
(n=2,103)
CHANCES
(n=396,391)
NHS
(n=88,517)
SU.VI.MAX
(n=5,500)
SU.VI.MAX
(n=1,479)

24HR

HDI-WHO

US

DASH

US

PNNS-GS

France

mPNNS-GS

France

WCRF

Canada

NBSS
(n=49,613)

86-item FFQ

DGI

US

IWHS
(n=34,708)

FFQ

TDS

Australia

145-item FFQ

DHD-index

Netherland

BMES
(n=2,897)
DNFCS
(n=749)

RFDS

Finland

DQI-SNR

Sweden

ODI-R

Taiwan

DILGOM
(n=4,720)
MDC
(n=12,991)

FFQ and
dietary history
61-item FFQ
3-day 24HR
3-day 24HR

2-day 24HR
and
additional
questionnaires
131-item FFQ
168-item FFQ

Sources of
components

No. of
components

Scoring

Design

Sex

Age group

Develop a standardized
indicator
Predictive ability on
mortality
Association of CHD

0-8

CS

Both

18-74

-

PS

Both

≥60

8-40

PC

W

30-55

Adherence to the
guidelines
Adherence to the
guidelines, with 6-yearchanges in weight and
waist circumference
Association of breast
cancer risk

0-15

CS

Both

35-60

0-15

CS

Both

45-60

-

PC

W

40-59

Compliance with the
dietary guidelines and
incident cancer
Adherence to the
guidelines
Development of index
for Dutch guidelines

0-18

PC

W

55-69

0-20

PC

Both

≥49

0-100

CS

Both

19-30

Adherence to the
guidelines
Adherence to the
guidelines

0-24

CS

Both

25-74

-

CS

Both

M: 46-73
W: 41-73

Canadian nutrition
recommendations
Dietary Guidelines

8

DASH diet

8

National Program on
Nutrition and Health
National Program on
Nutrition and Health

13

WCRF/AICR
recommendations for
Cancer Prevention
Dietary guidance

7

Australian Dietary
Guidelines
Dutch Guidelines for
a Healthy Diet

10

Finnish nutrition
recommendations
Swedish nutrition
recommendations
Swedish dietary
guidelines
Taiwanese Food
Guides and Dietary
Guidelines

8

9

Develop a global
dietary quality index

0-100

CS

Both

19-84

Relation to all-cause
death
Association of allcause death

0-5

PC

Both

25-74

0-23

PC

W

40-93

7

13

9

10

6

MJ
Health
Screening Center
(n=46,000)

SQFFQ

Foods and food group
DDS
US

NHEFS(n=10,424)

24HR

Dietary guidance

5

RFS

BCDDP(n=42,254)

62-item FFQ

Dietary guidance

23

US

Purpose

10

Country of
origin
Foods and food group
MSDPS
US
Index

Data source
(No. of subjects)

Dietary method

FHS
Offspring
Cohort (n=3,021)
NSCS
(n=10,851)
NNS
(n=7,578)
ALSWH
(n=9,895)

126-item FFQ

Aussie-DQI

Australia

129-item
SQFFQ
108-item FFQ

Aust-HEI

Australia

ARFS

Australia

DGI-A

Australia

NNS
(n=8,220)

108-item FFQ

HFI

Denmark

DAN-MONICA
(n=7,306)

26-item FFQ

FPI

Italy

32-item FFQ

MAI

Italy

MDS-1

Greece

RIFLE
(n=7,665)
Two rural Italian
cohorts
(n=253)
(n=182)

MDS-2

Greece

ATTICA study
(n=3,042)

156-item
SQFFQ

ACS

Canada

NBSS
(n=49,613)

86-item FFQ

FBDG

Netherland

DNFCS
(n=1,493)

2-day record

74-item FFQ

Dietary history
and
weighted record
FFQ

Sources of
components

No. of
components

Purpose

Scoring

Design

Sex

Age group

Assess the conformity
of an individual's diet
Examining diet-disease
association
Adherence to the
guidelines
Adherence to the
guidelines

0-100

CS

Both

0-120

PC

Both

60-62
(mean age)
≥25

0-60

CS

Both

≥19

0-74

CS

W

50-55

Adherence to the
Australian Guide to
Health Eating
Examining diet-disease
relation

0-150

CS

Both

≥19

0-4

PC

Both

30-70

Predictive ability on
CHD risk factors
Trend of food and
nutrient intake

-

CS

Both

20-59

-

Longitudinal

M

40-59

Influence of a MDS on
overall survival
Predictive ability on
CVD risk and markers

-

PC

Both

≥70

0-55

CS

Both

≥18

6

Association of breast
cancer risk

-

PC

W

40-59

7

Develop countryspecific index

0-7

CS

W

22-49

Mediterranean diet
pyramid
Australian dietary
guidelines
Previous HEI
Dietary guidelines
Australian Dietary
Guidelines
Australian Guide to
Health Eating
Australian Guide to
Health Eating

10

Previous indices of
overall diet quality
Current
recommendations
Food Pyramid

4

11
7
9

15

32

Reference
Mediterranean
dietary pattern
Traditional
Mediterranean diet
Traditional
Mediterranean diet
pyramid
ACS Guidelines on
Nutrition and
Physical Activity for
Cancer Prevention
Netherlands Bureau
for Nutrition
Education

11

4

8
5

Country of
origin
Diversity or dietary pattern
DVS
US

Data source
(No. of subjects)

DVSR

US

FVS

Mali

NHIS
(n=10,799)
(n=502)

DDS-B

Belgium

QUANTIDD

Japan

Index

(n=48)

Dietary method

Sources of
components

No. of
components

Purpose

Scoring

Design

Sex

Age group

24HR and 15day food
records
68-item FFQ

US dietary
recommendations

5

Link to other measures
of diet quality

1-15

CS

Both

20-30 and
60-75

Food guide pyramid

27

0-27

CS

Both

≥18

7-day QFFQ

Simple count of food
items

76

0-76

CS

Both

15-45

BNFCS
(n=3,083)

2-day 24HR
and FFQ

Food-based dietary
guidelines

10

0-100

CS

Both

>15

J-NNS

food weighing
methods

Dietary Guidelines

5

Construct dietary
variety measures
Association between
nutrient adequacy and
dietary diversity
Relationships between
index and different
dimensions of the diet
Quantitative
distribution of
consumed foods
measurement

-

-

Both

NA

Abbreviation: AHEI, alternate healthy eating index; CS, cross-sectional; DDS, diet diversity score; DGI, dietary guideline index; DQI, diet quality index; DQIC, diet quality index, adjusted to Canadian; DQI-I, diet quality index-international; DQI-R, diet quality index-revised; DVS, dietary variety score; DVSR,
dietary variety score for recommended food; FVS, food variety score; HDI, healthy diet indicator; HDI-C, healthy diet indicator, adjusted to Canadian; HEI,
healthy eating index; HEI-2010, healthy eating index-2010; HEI-C, healthy eating index, adjusted to Canadian; HFI, healthy food index; MAI, mediterranean
adequacy index; MDQI, mediterranean diet quality index; MDS, mediterranean diet score; MMDS1, modified mediterranean diet score1; MMDS2, modified
mediterranean diet score2; RFS, recommended food scores; DASH, Dietary Approaches to Stop Hypertension; ACS, American Cancer Society; WCRF, World
Cancer Research Fund; ODI-R, Overall Dietary Index-Revised; DQI-CH, Diet Quality Index for China; Aussie-DQI, Diet Quality Index for Australia; THEI,
Healthy Eating Index for Thais; FPI, Food Pyramid Index; QUANTIDD, Quantitative Index for Dietary Diversity; FBDG, Food-Based Dietary Guidelines;
DDS-B, Dietary Diversity Score in Belgium; DQI-SNR, Diet Quality Index based on the Swedish Nutrition Recommendations; MSDPS, Mediterranean-Style
Dietary Pattern Score; PC, prospective cohort; NA, Not attained; DHD-index, Dutch Healthy Diet index; AHA-DLS, American Heart Association released Diet
and Lifestyle Recommendations; MI-HDI, Michigan Healthy diet indicator; RFDS, Recommended Finnish Diet Score; PNNS-GS, Programme National
Nutrition Sante Guideline Score; mPNNS-GS, Modified Programme National Nutrition Sante Guideline Score; TDS, Total Diet Score; Aust-HEI, Australian
Diet Quality Index; ARFS, Australian Recommended Food Score; HDI-WHO, Healthy Diet Indicator components based on the World Health Organization's
2003 Dietary Guidelines; DGI-A, Dietary Guideline Index in Australia;
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Table 2. Components on diet quality indices based on HEI, DQI and HDI
Components

HEIa

HEI-2010

AHEIb

HEI-Ca

THEIa

MI-HDIa

AHA-DLSc

DQI

DQI-Rd

DQI-Ie

DQI-C

X

X

DQI-CHf

MDQI

HDI

HDI-C

HDI-WHO

X

X

X

X

X

X

X

Nutrients
Energy

X
Xg

Protein (% of E)
Xh

Starches and other complex CHO

X

X

CHO: protein: fat

X

Complex CHO (% of E)
Mono- and disaccharides

X

Total Fat (% of E)

X

Saturated Fat (% of E)

X

Xi

X

X

X

Xj

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Polyunsaturated fat (% of E)
Xk

Polyunsaturated fat: Saturated Fat
Cholesterol

X

Sodium

X

X

X

X

X

X

X

X

X

X

X

Calcium

X

Iron
Fiber

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Xl

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Vitamin C

X

Foods and food group
Whole grains
Grain

X
X

X

Xm

X

X

X

X

Cereals

X

Vegetables and fruits

X

X

X

X

Vegetable

X

X

X

X

X

X

X

Fruit

X

X

X

X

X

X

X

Whole fruit (except juice)

X
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X

X

Table 2 (Cont’d)
Components

HEIa

HEI-2010

AHEIb

HEI-Ca

THEIa

MI-HDIa

Xn

X

X

X

X

X

X

AHA-DLSc

DQI

DQI-Rd

DQI-Ie

DQI-C

DQI-CHf

MDQI

HDI

HDI-C

X

X

HDI-WHO

Foods and food group
Meat

X

X

Meat, poultry, seafood, and eggs
Red meat and products
Lean red meat
Dairy

X

X

Low fat dairy
Protein foods

X

Fish

XX

Legumes

Xp

Empty calorie (% of E)

X

Sugar (% of E)

X

X

X
X
X

X

Olive oil

X

Water and soda

Abbreviation: CHO, carbohydrate; E, Energy; HEI, health eating index; HEI-2010, healthy eating index-2010; AHEI, alternate healthy eating index; HEI-C,
healthy eating index, adjusted to Canadian; THEI, Healthy Eating Index for Thais; MI-HDI, Michigan Healthy diet indicator; AHA-DLS, American Heart
Association released Diet and Lifestyle Recommendations; DQI, diet quality index; DQI-I, diet quality index-international; DQI-R, diet quality index-revised;
DQI-C, diet quality index, adjusted to Canadian; DQI-CH, Diet Quality Index for China; MDQI, mediterranean diet quality index; HDI, healthy diet indicator;
HDI-C, healthy diet indicator, adjusted to Canadian; HDI-WHO, Healthy Diet Indicator components based on the World Health Organization's 2003 Dietary
Guidelines
a included diet diversity b included duration of multivitamin use and alcohol consumption c included variety and variety for protein source, alcohol consumption,
weight status and physical activity d included diet diversity and moderation e included variety and variety for protein source f included variety and variety for
protein source and alcohol consumption g gram of protein intake h rice-Starch intake i trans Fat (% of energy) j Fat (% of energy) and trans Fat (% of energy)
k MUFA + PUFA: SFA l PUFA: MUFA: SFA m refined grains intake n ratio of white to red meat intake o seafood and plant proteins intake p greens and beans
intake
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Table 3. Overview of diet quality indices based on nutrients, foods and food group components
Components

DASH

PNNS-GSa

mPNNS-GSb

WCRFc

DGId

TDSe

DHD-indexf

RFDSg

DQI-SNR

ODI-Rh

Aussie-DQIi

Nutrients
Energy
Protein (% of E)
Starches and other complex CHO
CHO: protein: fat
Complex CHO (% of E)
Mono- and disaccharides
Total Fat (% of E)

X

X

X

Saturated Fat (% of E)

X

X

X

X

Polyunsaturated fat (% of E)
Xi

P:S
Cholesterol
Sodium

X

X
X

X
X

X

X

X

X

X
X

X

X

X

X

Calcium
Iron
Fiber

X

X

Vitamin C
Foods and food group
Whole grains

X

X

X

X

Grain

X

X

X

Cereals

Xj

Xj

Vegetables and fruits

X

X

X
X

X

X

X

Vegetable

X

X

X

X

X

X

X

Fruit

X

X

X

X

X

X

X

Whole fruit (except juice)
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Table 3 (Cont’d)
Components

DASH

PNNS-GSa

mPNNS-GSa

WCRFb

DGIc

TDSd

DHD-indexe

RFDSf

DQI-SNR

ODI-Rg

Aussie-DQIh

Foods and food group
Meat

Red meat and products

X

Xi
Xm

X

X

X

X

Lean red meat

X

X

Dairy
Low fat dairy

Xk

X

Meat, poultry, seafood, and eggs

X

X

X

X

X

X

X

X

Protein foods
Fish
Legumes

X

X

X

X

X
X

Empty calorie (% of E)
Sugar (% of E)

X

X
X
Xn

Xn

Xn

X

X

Xn

X

X

X

X

X

Olive oil
Water and soda

Xm

Abbreviation: CHO, carbohydrate; E, Energy; DASH, Dietary Approaches to Stop Hypertension; PNNS-GS, Programme National Nutrition Sante Guideline
Score; mPNNS-GS, Modified Programme National Nutrition Sante Guideline Score; DGI, dietary guideline index; TDS, Total Diet Score; DHD-index, Dutch
Healthy Diet index; RFDS, Recommended Finnish Diet Score; DQI-SNR, Diet Quality Index based on the Swedish Nutrition Recommendations; ODI-R,
Overall Dietary Index-Revised; Aussie-DQI, Diet Quality Index for Australia;
a included alcohol consumption, physical activity and use of olive oil in cooking b included alcohol consumption, weight status and physical activity c included
variety of grains, fruit and vegetables, alcohol consumption, weight status and physical activity d included variety of vegetables, alcohol consumption, physical
activity, ratio of energy intake to energy expenditure and Foods, not essential to provide nutrients and maybe high in salt, fat or sugar e included alcohol
consumption and physical activity f included alcohol consumption g included dietary diversity and alcohol consumption h included variety of grains, fruit,
vegetables and fish and alcohol consumption i PUFA:SFA + trans-Fat j bread, cereals, potatoes, and legumes intake k ratio of white to red meat l processed meat
intake m sweets and sugar-sweetened beverages intake n meat, fish, soy and egg intake n soda intake only
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Table 4. Overview of diet quality indices based on foods and food group components
Components
Foods and food group
Whole grains
Grain
Cereals
Vegetables and fruits
Vegetable
Fruit
Whole fruit (except juice)
Meat
Meat, poultry, seafood, and eggs
Red meat and products
Lean red meat
Dairy
Low fat dairy
Protein foods
Fish
Legumes
Sweet and sugar
Water and soda

DDS

RFS

X

X

MSDPSa

Aust-HEIb

ARFSc

X
Xf

DGI-Ad
X

HFI

MDS-1c

X

X

MDS-2a
X
Xf

ACSe

FBDG

X
Xf
X

X
X

X
X

X
X

X

X

X
X

X
X

X
X

X
X

X
X

X
Xg

X

X
X

X
X

X
X

X

X
X

X
X
Xj
X

X
X
X

X
X
X
X

Xh
X
X

Xi

X

X
X

X
X
X

X

X
X

Abbreviation: E, Energy; DDS, diet diversity score; RFS, recommended food scores; MSDPS, Mediterranean-Style Dietary Pattern Score; Aust-HEI, Australian
Diet Quality Index; ARFS, Australian Recommended Food Score; DGI-A, Dietary Guideline Index in Australia; HFI, healthy food index; MDS, mediterranean
diet score; ACS, American Cancer Society; FBDG, Food-Based Dietary Guidelines;
a included alcohol consumption and use of olive oil in cooking b included dietary diversity, healthy choice, trim fat off meat and High saturated fat, low nutrient
density foods c included alcohol consumption d included dietary diversity, alcohol consumption, use of salt in cooking, use of table salt and consumption of
extra foods e included alcohol consumption, weight status and physical activity f potato intake g egg and poultry intake h poultry intake only i full fat dairy
products intake j included olive intake
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3. Epidemiological studies on diet quality index

3.1. Demographic factors
Gender, age, education level, smoking habit, alcohol drinking and physical activity
are important factors related to risk of morbidity and mortality (Shannon et al., 2007).
Age and gender are non-modifiable risk factors and are usually controlled in studies
of disease-related outcome risk during data analysis using stratification or adjustment
techniques. Education level is highly associated with economic status and is often
used in studies to represent socioeconomic status (SES). Smoking habit, alcohol
drinking and physical activity are modifiable risk factor for many diseases, and may
be controlled during data analysis using adjustment techniques.
The association between diet quality index and selected general characteristics
including age, sex, income level, educational level, tobacco use, drink alcoholic
beverages, BMI, physical activity and supplement users were summarized in Table 5.
Participants with good diet quality tend to be older, women, nonsmoker, physical
exerciser, supplement user and having higher educational level and lower BMI.
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Table 5. Summary of association between demographic factors and diet quality index (high quality diet) in previous studies
Index (ref)

Age

Sex
(% of men)

Income
level

Educational
level

Tobacco
use

Aussie-DQI(M) (Zarrin et al., 2013)
Aussie-DQI(W) (Zarrin et al., 2013)
PANDiet
(Verger et al., 2012)
RFS
(Kant et al., 2000)
DQI
(Patterson et al., 1994)
DGI(M) (McNaughton et al., 2008)
DGI(W) (McNaughton et al., 2008)
DGAI
(Fogli-Cawley et al., 2006)
HEI
(Fisberg et al., 2006)
aMed
(Fung et al., 2009)
RFS (Mai et al., 2005)
aMed (Panagiotakos et al., 2006)
ARFS
(Collins et al., 2008)
DQI-SNR(M)
DQI-SNR(W)
DDS(M)
DDS(W)
DHD-index
TDS
mPNNS-GS(M)
mPNNS-GS(W)
MDQI
AHEI(M)
AHEI(W)
PNNS-GS(M)
PNNS-GS(W)
AHA-DLS

Older
Older
Older

NS

-

NS
NS
-

Never
Never
Never

Drink
alcoholic
beverages
-

Oldera

-

-

Increasea

-

Oldera

Decreasea

Decreasea

Increasea

Older
Older
Older

Decrease

-

Older

Decrease

-

Older
-

a

Older
Older
Oldera
Oldera
NS
Older
Older
Oldera
Oldera
Oldera
Oldera
NS

Decrease
NS

-

BMI

Physical
activity

Supplement
user

NS
NS
-

NS
NS
-

-

Increasea

Decreasea

Increasea

Increasea

-

-

-

-

-

-

Never
Never
Never

-

NS
NS
Decrease

Decrease
Decrease
NS

Increase

Increase

-

-

NS

-

a

-

Increase

Never
Never

Increase
-

a

Never
Never
Never
Never
NS
Never
Nevera
Nevera
Nevera
Formera
NS

NS
NS
Decrease

Never
a

-

Increase
Increase

Increase

Increase
Increase
Increasea
Increasea
NS
Increase
NS
NS
Decrease
Increasea
Increasea
Increase

Abbreviation: M, men; W, women
a not tested statistic test
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Decrease
a

a

Decrease

a

Increase

a

-

Decrease
Decrease
-

a

Decrease

-

Increase
Increase
Increasea
Increasea
NS
NS
Decrease
NS
Decreasea
Decreasea
Decreasea
Decreasea
Decrease

Increase
Increase
Increase
Increase
Increase
Increasea
Increasea
-

NS
Increase
Increasea
Increasea
Increase

3.2. Mortality

Diet quality indices were developed to measure overall dietary quality and to be
interpreted that high diet quality can predict chronic disease risk. As the diet quality
index was constructed, a higher diet quality expected to be associated with decreased
mortality. A few indices of diet quality have been examined for associations with
measures of health status, and little is known about the ability of theses indices to
predict mortality.
Table 6 showed summary of cohort studies that investigate the associations of diet
quality and all-cause mortality. Good diet quality by DASH score was significantly
associated with a reduced risk of all-cause mortality (HR=0.83, 95%CI=0.80-0.85).
Among 9 researches, all diet indices showed statistically significant association with
all-cause mortality, except CPS II study with non-significant association.
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Table 6. Summary of HR with 95% CI for the highest diet quality vs lowest diet quality category for all-cause mortality in cohort
studies
Age at entry

Sex

HR (95% CI)
Good diet quality vs. poor diet quality

Journal
(Reference)

15

50-70

Both

M: 0.78 (0.76-0.80)
W: 0.77 (0.74-0.80)

J Nutr
(Reedy et al., 2014)

M:54,871
W: 31,548

15

50-70

Both

M: 0.76 (0.74-0.78)
W: 0.76 (0.74-0.79)

J Nutr
(Reedy et al., 2014)

M:242,321
W:182,341

M:53,871
W:31,548

15

50-70

Both

M: 0.83 (0.80-0.85)
W: 0.78 (0.75-0.81)

J Nutr
(Reedy et al., 2014)

M:8,239
W:9,372

M:1,908
W:1,775
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≥18

Both

0.77 (0.63-0.94)

Eur J Clin Nutr
(Kappeler et al., 2013)

Iowa WHS

41,836

10,243

20

55-69

W

0.82 (0.77-0.87)

Am J Clin Nutr
(Mursu et al., 2013)

UK

Whitehall II

7,319

M: 372
W: 162

18

39-63

Both

0.76 (0.61-0.95)

Am J Clin Nutr
(Akbaraly et al., 2011)

rMDS

Spain

EPIC-Spain

M: 15,324
W: 25,298

M:1,121
W:734

13.4

29-69

Both

0.79 (0.69-0.91)

Br J Nutr
(Buckland et al., 2011)

RFS

US

BCDDP

42,254

3,724

9.5

40-64

W

0.80 (0.73-0.88)

Int J Epidemiol
(Mai et al., 2005)

DQI

US

CPS II

M: 52,724
W: 63,109

M: 1,736
W: 869

4

50-79

Both

M: 1.19 (0.94-1.49)
W: 1.23 (0.84-1.81)

Am J Epidemiol
(Seymour et al., 2003)

Index

Country

Cohort

Subjects (n)

Events (n)

HEI

US

NIH-AARP

M:242,320
W:182,340

M:54,871
W:31,548

AHEI

US

NIH-AARP

M: 242,320
W: 182,340

DASH
score

US

NIH-AARP

HEI

US

NHANES III

AHEI

US

AHEI

F/U
(years)

Abbreviation: NIH-AARP; National Institutes of Health-AARP, NHANES III; National Health and Nutrition Examination Survey III, WHS; Women's Health
Study, EPIC-Spain; European Prospective Investigation into Cancer and Nutrition Spain, BCDDP; Breast Cancer Detection Demonstration Project, CPS II;
American Cancer Society Cancer Prevention Study II, HEI; Healthy Eating Index, AHEI; Alternative Healthy Eating Index, DASH; Dietary Approaches to Stop
Hypertension, RFS; Recommended Food Score, rMDS; relative Mediterranean Diet Score DQI; Diet quality index, M; men, W; women
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4. Diet quality indices in the Korean population
Several diet quality indices including DQI-I, DQI-R, AHEI, AHEI-2010, DASH
score, aMED, HDI, RFS and DDS have been reported, and studies using these dietary
indices have found associations with diseases, internal function, specific substance
level and nutritional profile (Table 7). A total of 11 studies have been conducted with
a cross-sectional design, and one study was conducted with a cohort design (Choi et
al., 2011), but among children.
Table 7. Previous studies on diet quality index in Korea
Diet quality index

Outcome

Journal. (Ref.)

DQI-I

Clin Nutr Res. (Shin et al., 2015)

DQI-I

Gestational diabetes
mellitus
Circulating cardio
metabolic biomarkers
Hemodialysis

Food habit score

Renal function

Clin Nutr Res. (Kim et al., 2014)

Food habit score

Hyperuricemia

Clin Nutr Res. (Ryu et al., 2014)

AHEI and aMED

C-reactive protein

Metabolism. (Park et al., 2014)

DQI-I, AHEI and HDI

Type-2 diabetes

Clin Nutr Res. (Kim et al., 2013)

DVS and DDS

Gastric cancer

RFS and aMDS

Oxidative stress

Nutr Res Pract. (Lim et al.,
2012a)
Eur J Clin Nutr. (Kim et al., 2011)

DDS

Nutritional profile

DQI-R

Hypertension

AHEI-2010 and DASH score

Clin Nutr. (Ko et al., 2015)
Clin Nutr Res. (Kim et al., 2015)

Osong Public Health Res
Perspect. (Choi et al., 2011)
J Adv Nurs. (Kim et al., 2007)

Heart disease prevention eating Trends in diet quality
J Am Diet Assoc. (Lee et al.,
index
2007)
Abbreviation: DQI-I, diet quality index-international; AHEI-2010, alternate healthy eating index-2010;
DASH, Dietary Approaches to Stop Hypertension; AHEI, alternate healthy eating index; aMED,
alternative mediterranean diet score; HDI, healthy diet indicator; DVS, dietary variety score; DDS, diet
diversity score; RFS, recommended food scores; aMDS, alternative mediterranean diet score; DQI-R,
diet quality index-revised
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There was one study that developed a diet quality index for Koreans. The Korean diet
score (KDS) was developed by Lee and colleagues in 2013 (Lee et al., 2013) to assess
adherence to a Korean healthy diet based on the Food Balance Wheels, and evaluated
whether diet based on the Food Balance Wheels are associated with various healthrelated factors such as clinical, physical, socioeconomic, and disease historic factors.
The dietary data of 5,320 subjects from the 4th Korean National Health and Nutritional
Examination Survey were used for the analysis. This tool assessed the suitability of
assessing dietary quality in a cross-sectional design and no further studies were
conducted after the development to investigate prospectively the association between
nutritional status or dietary habits and the risk of health-related outcome (e.g.
mortality).
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5. Need to diet quality researches for the Korean population
Although the Korean diet is moving towards a western dietary pattern characterized
with high consumption of animal products and fat, Koreans were still featured with a
typical Korean diet including steamed rice, several vegetables in raw, pickled, and
steamed rice, and protein food sources such as fish, meat, and soybean based products.
From this point of view, the development of a new dietary index for Koreans to reflect
Korean traditional meal is needed.
Pre-developed diet quality indices in other countries were developed to evaluate the
level of adherence to dietary guidelines in their country (Kourlaba et al., 2009). A
variety of such indices have been proposed in the literature, but no “gold standard”
has been adopted (Bach et al., 2006; Waijers et al., 2007). Although several indices
have been used to evaluate the association between dietary quality and health-related
outcome in Koreans, no research has been conducted to develop a new diet quality
index based on dietary recommendations for Koreans.
Therefore development of a new diet quality index for Korean is needed due to
absence of validated previous diet quality indices and different diet patterns of
Koreans from those of Western and other Asian countries.
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B. Hypothesis and Objectives

The aim of this study was to develop a diet quality index to evaluate comprehensively
the quality of diet and examine relationship between diet quality and mortality using
a cohort database. The specific goals were as follows.

1. To develop a diet quality index based on Korean dietary guidelines and examine
construct validity of the new diet quality index

2. To evaluate associations between diet quality and all-cause and cause-specific
mortality in a large cohort
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Development and Validity Assessment
of a Diet Quality Index for Korean
(DQI-K)
I.

one

A. Introduction
There has been much interest in recent years to develop a single index to provide an
overall assessment of diet quality to use in epidemiology research and to assess,
monitor and manage nutritional status (Schwingshackl and Hoffmann, 2015). Diet
quality indices are a popular topic in nutritional epidemiology. People consume
complex foods and diets instead of just single nutrients. In addition, a strong
intercorrelation among some nutrients and foods makes it difficult to detect their
isolated effects as single nutrients or foods (Jacobs and Steffen, 2003; Willett, 2013).
An instrument to measure overall diet quality that reflects a risk gradient for major,
diet-related, chronic diseases has been devised by several studies based on current
dietary guidelines or based on the dietary and health recommendations of the US
National Research Council. Measurement of total diet quality uses an index, in which
separate nutritional elements or constructs are combined into a single score (Kant,
1996).
The diet quality index (DQI) was developed as a composite assessment of diet,
including measures for the 8 food groups and nutrient-based recommendations, by
Patterson and colleagues in 1994 to examine clusters of healthful and unhealthful
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lifestyle characteristics (Patterson et al., 1994). The index presents summary scores
of an individual’s overall dietary intake pattern rather than just one aspect of that diet;
therefore, these are useful in estimating variability within a diet and overall dietary
quality for individual populations. The DQI was developed to be predictive of chronic
disease risk. However, its development came from a cross-sectional survey. Although
a few studies have examined the relations between diet quality and morbidity or
mortality in the United States (Seymour et al., 2003; Fung et al., 2006), these studies
have not been done in Korea.
In a recent review by Waijers and colleagues, most diet quality indices have modest
validity, particularly in predicting health outcomes (Waijers et al., 2007). Waijers et
al pointed out a lack of clarity for many indices in their purpose or what their score
intends as well as arbitrary choices in the dietary components and cutoff values
included and scoring systems. This possibly reflects a stage of development in the
field for which there is not yet consensus on the important differences between
indices for different purposes and evidence base for validity appropriate to each
purpose (Zarrin et al., 2013).
Recently, it has been recognized that validating a scale is really a process in which
we determine the degree of confidence we can place on inferences we make based on
scores from that scale (Arambepola et al., 2008). The best and most obvious way of
assessing validity is to compare the new measure with another measure of the trait
under study, ideally a ‘gold standard’ which has been used and accepted in the field.
This is called testing for criterion validity. In the absence of a gold standard
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(Arambepola et al., 2008), we could not test for the criterion validity of the diet
quality index. Testing for the construct validity of the diet quality index is another
way of assessing its validity.
The most common approach used to assess the validity of the diet quality index has
been “construct validity”, where the direction of the association between the diet
quality index scores and demographics, foods and nutrients is assessed (Bland and
Altman, 2002).
In this paper, 1) a new diet quality index for Koreans (DQI-K) was developed based
on a literature review, and 2) we tested the construct validity of the DQI-K. The aim
of this study was therefore to develop a new diet quality index to assess the whole
diet quality among Koreans. Additionally, we evaluated the relation of the DQI-K
with demographic characteristics as well as its correlation with the intake of food
groups. Moreover, different diet quality indices (Diet Quality Index, DQI and Korean
Diet Score, KDS) were compared with the DQI-K.

B. Materials and Methods

1. Development of the diet quality index for Koreans (DQI-K)
For the current study, the diet quality index for Koreans (DQI-K) was developed
based on a literature review. Among diet quality scores, HEI, DQI and HDI are used
widely to examine the association between various outcomes and diet quality. The
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purpose of HEI is to promote health guidelines and the DQI and HEI were devised to
assess health-related outcomes. The DQI-K has adapted the components of these
indicators which are based on American dietary recommendations, to the Korean
model. The index was based on the Korean dietary recommendation and dietary
reference intakes for Koreans. A total of eight components were adapted from the
original DQI replacing carbohydrates with whole grains.
The following describes the methods used to determine the components scores that
comprise the overall DQI-K score for the current analysis.

1.1 Daily protein intake
In the DQI and HDI, protein intake was included. The DQI used a cutoff of ≤100%,
100-150% and >150%. The Recommended Diet Allowances (RDA) and HDI used a
cutoff of 10-15% energy from protein and <10 or >15% energy from protein,
respectively. We thought it most comparable if we used a cutoff in our study of
≤100%, 100-150% and >150% for the Recommended Nutrient Intake (RNI). Because
there is a lack of evidence for the effect of protein deficiency among adults, we
adapted a cutoff from the DQI. Dietary Reference Intakes for Koreans (KDRIs) did
not provided the RDA for protein, thus, we used the RNI of protein.
The FFQ Installer was used to estimate the daily intake of grams of protein from the
FFQ. The RNI for protein was based on summary values from the KDRIs.
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1.2 Percent of energy from fat
The DQI used a cutoff of ≤30%, 30-40% and >40% energy from fat and ≤30%, 3045% and >45% energy from fat was used in the HEI. KDRIs recommended 15-25%
energy from fat; we choose 20%, the median of the range, as the cutoff of the percent
of energy from fat.
The FFQ Installer was used to estimate the daily intake of grams of fat from the FFQ.
The percent of energy from fat was calculated as follows:
(daily fat [g] * 9[kcal/g] / daily kilocalories) * 100

1.3 Percent of energy from saturated fat
The cutoff of percent for the energy from saturated fat was ≤10%, 10-13% and >13%
in the DQI, 0-10% and >10% in the HDI, and ≤10%, 10-15% and ≥15% in the HEI.
We selected <7% and ≥7% as the cutoff based on 4.5~7% of energy from saturated
fat in the KDRIs.
The FFQ Installer did not provide daily intake of grams of saturated fat. The saturated
fat intake was collected from the food composition tables of national institutions.
Appendix Table 2. shows milligram of saturated fatty acids per 100g edible portion
based on the 2010 Tables of the Food Functional Composition Mineral, Fatty Acid
(Science, 2010), Fatty acid composition of fisheries products in Korea (NFRDI, 2012)
and journal articles that previously reported on the analytical saturated fat content of
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some Korean foods (Jung and Paik, 1993). Percent of energy from saturated fat was
calculated as follows:
(daily saturated fat [g] * 9[kcal/g] / daily kilocalories) * 100

1.4 Daily cholesterol intake
The statements and guidelines of the American Heart Association (AHA) formulate
the core elements of population-wide recommendations to prevent and treat
cardiovascular disease. These statements suggests that there is no precise basis for
selecting a target level for dietary cholesterol intake for all individuals and
recommend <300g/day on average. All of the indices, the DQI, HDI and HEI, used
this cutoff for cholesterol intake. We also choose <300g and ≥300g as the cutoff. The
FFQ Installer was used to estimate the daily intake of grams of cholesterol from the
FFQ.

1.5 Daily whole-grain intake
For related carbohydrate intake, the DQI included servings from starches and other
complex carbohydrates; the HDI included energy from complex carbohydrates, and
the HEI counted servings of grain intake. Asians traditionally consume carbohydrates
from large amounts of rice as a staple food. Additionally, dietary carbohydrates
account for a considerable part of the daily energy intake in Koreans (Song et al.,
2014). Furthermore, the Korean dietary guidelines stated that one should eat various
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grains and choose whole-grains as a goal for a healthy diet. Consumer or nonconsumer was divided by the consumption of rice with whole grains.

1.6 Daily vegetable intake
The DQI and HDI included vegetables and fruits, and the HEI included vegetables
and fruits, separately. The cutoff for vegetables and fruits were ≥5 servings, 3-4
servings and 0-2 servings in the DQI and >400 g and ≤400 g in the HDI. In the HEI,
a cutoff of 3-5 servings or none was used. The Korean dietary recommendation stated
eating 2-3 different vegetables excluding Kimchi at every meal, and the National
Health plan 2020, which is a strategy for promoting national health by the Minister
of Health and Welfare in Korea, recommended a daily intake of 400 g of vegetables
and fruits, excluding Kimchi. The recommendation for fruits were 2 servings per day,
and 1 serving is 100g. Therefore >200 g and ≤200 g of vegetables excluding Kimchi
were used.
The FFQ Installer does not provide an estimate of the daily servings of food groups.
The FFQ was included which has 103 foods based on 412 food items (e.g., dumpling
was one of the foods in the questionnaire, and it was based on six food items which
were tofu, flour, pork, bean sprouts, egg and oil). Daily intake of vegetables was
estimated from food items that were included for each food in one question in the
FFQ. The vegetable group included vegetables, mushrooms and seaweeds. The
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amount of daily vegetable, mushroom and seaweed consumption was estimated from
the FFQ Installer.

1.7 Daily fruit intake
The DQI used a cutoff for vegetables and fruits that was ≥5 servings, 3-4 servings
and 0-2 servings, and the HDI used >400 g and ≤400 g. In the HEI, a cutoff of 2-4
servings or none was used. For the DQI-K, >200 g and ≤200 g of fruits were assigned
as the cutoff. Daily fruit intake was calculated in the same manner as the daily
vegetable intake. The fruit group included raw fruits and fruit juice. The amount of
daily vegetable consumption was estimated from the FFQ Installer.

1.8 Sodium intake
The DQI and HEI included sodium intake as one of the components, and ≤2400,
2400-3400, and >3400 mg and ≤2400, 2400-4800, ≥ 4800 mg were used as the cutoff,
respectively. The Korean dietary recommendation recommended less than 2000 mg
of sodium intake. We assigned <2000 mg and ≥2000 mg as the cutoff for sodium
intake. The FFQ Installer was used to estimate the daily sodium intake from the FFQ.

The DQI-K was calculated based on 8 components: 1) daily protein intake, 2) percent
of energy from fat, 3) percent of energy from saturated fat, 4) daily cholesterol intake,
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5) daily whole-grain intake, 6) daily fruit intake, 7) daily vegetables intake and 8)
daily sodium intake. DQI-K scores of 0, 1 and 2 or 0 and 1 were assigned to each
component, and the scores for the individual components were summed to determine
each participant’s overall DQI-K score, which ranged from 0 to 9; a lower DQI-K
score indicated a higher-quality diet. A description of the components of the DQI-K
are listed in Table I-1.
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Table I-1. Description of the components of the diet quality index for Koreans (DQI-K)
DQI-K components
Daily protein intake

Percent of energy from fat
Percent of energy from
saturated fat
Daily cholesterol intake
Daily whole-grain intake

Daily vegetables intakea

Daily fruit intake

Score
0
1
2
0
1

Cut-point
≤100% RNI
100-150% RNI
>150% RNI
<20%
≥20%

Selection of variables
From DQI and HDI

Construction of score
KDRIs

From DQI and HEI

KDRIs

0

<7%

From DQI, HDI and HEI

1
0
1
0

≥7%
<300 g
≥300 g
Daily

From DQI, HDI and HEI

Previous indices and KDRIs

To capture rice with whole grain as a staple food

1

None

0

≥200 g

1

<200 g

0

≥200 g

To divide consumer and nonconsumer for rice with wholegrain
Korean dietary
recommendation
HP 2020 for Koreans
Korean dietary
recommendation
HP 2020 for Koreans
KDRIs

From DQI, HDI and HEI

From DQI, HDI and HEI

KDRIs

1
<200 g
0
<2,000 mg
From DQI, HDI and HEI
1
≥2,000 mg
KDRIs, Dietary reference intakes for Koreans 2010; RNI, Recommended nutrient intake; HP 2020, National Health plan for Korean
a
Kimchi was excluded from vegetable intake based on the Korean dietary recommendation
Daily sodium intake
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2. Construct validity of the DQI-K
Testing for construct validity involves three steps, 1) Explicitly spelling out a set
of theoretical concepts and how they are related to each other; 2) Developing
scales to measure these theoretical constructs; and 3) Testing the relationships
among the constructs (Cronbach and Meehl, 1955).
Unless there is an articulated theory there is no construct validity. Accordingly,
we hypothesized the following;
1) Participants who consume a diet categorized as ‘high quality diet’ measured by
the DQI-K should be older, should have certain general characteristics (e.g., older
age, regular exerciser, non-smoker etc.) compared to people who have a low diet
quality (Thiele et al., 2004; Zarrin et al., 2013).
2) The consumption of a diet categorized as a ‘high quality diet’ measured by
DQI-K as a proportion of healthier food intake which should be higher in people
who have a high diet quality compared to people who have a low diet quality
(Arambepola et al., 2008).
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2.1 Health Examinees (HEXA) study

The construct validity were examined using a HEXA study. The HEXA Study,
which is a large-scale genomic cohort study, was conducted to investigate the
epidemiologic characteristics, genomic features, and gene-environment interactions
of major chronic diseases in the Korean population; this study has been described
previously (Health Examinees Study Group, 2015). In brief, the HEXA study consists
of 161,981 subjects aged 40 to 69 years from 38 health examination centers and
training hospitals located in 8 regions in Korea at the baseline between 2004 and 2012.
After excluding subjects with unusable information on the FFQ (n=2,960) and
implausible energy intakes (outside the range of 800-4,000 kcal for men, or 500-3,500
kcal for women) (n=2,339), 156,682 subjects remained.
Dietary data were collected using the FFQ. Nutrient intake was calculated from the
usual intake of 103 food items based on the Food Composition Table in the
Recommended Dietary Allowances for Koreans. For each food item, participants
indicated their average frequency of consumption over the last year by checking 1 of
9 frequency categories, which ranged from “almost never” to “3 times/d”, followed
by a question on the amount of consumption, which were “less than one serving size”,
“one serving size” and “more than one serving size.” Taking into consideration the
seasonal variation for fruit consumption, the duration (monthly) of fruit consumption
was additionally asked during the last year. Food items that were not answered on the
FFQ were considered to reflect nonconsumption and were recoded as “almost never”.
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Dietary data from the FFQ were converted to the average daily intake value (e.g. one
serving/week = 0.14 serving/day). The FFQ Installer (Version 1.0, 2005, HIH, Korea)
was used to estimate the daily intake of grams of food weight and nutrients.
A validation study comparing this FFQ and 12-day diet records among 124
participants from December 2002 to May 2004 was conducted previously. The
intakes of energy and some nutrients estimated from the FFQ were different from
those assessed by the diet records. Age, sex, energy-adjusted and de-attenuated
Pearson’s correlation coefficients for all nutrients were 0.45 and ranged from 0.34 to
0.64 for macronutrients and between 0.23 and 0.54 for micronutrients (Ahn et al.,
2007)

3. Comparison of the DQI-K with previous diet quality index;
the Diet Quality Index (DQI) and Korean Diet Score (KDS)
The DQI-K was compared with the DQI and KDS using a HEXA study.

3.1 Diet quality index (DQI)
Patterson et al. proposed the DQI based on US dietary recommendations from Diet
and Health to measure overall dietary intake patterns and to predict chronic disease
risk. This index consisted of eight components drawn directly from the diet and health
recommendations: total fat, saturated fat and cholesterol, fruits, vegetables, grains
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and legumes, protein, sodium and calcium intakes. Each component was stratified
into three levels of intake for scoring. These points were summed across eight diet
variables to score the index from zero (high quality diet) to 16 (low quality diet).

3.2 Korean diet score (KDS)
The Korean diet score (KDS) was developed by Lee and colleagues in 2013 (Lee et
al., 2013) to assess adherence to a Korean healthy diet based on the Food Balance
Wheels, and evaluated whether diet based on the Food Balance Wheels are associated
with various lifestyle characteristics and biochemical factors. The Korean Food
Balance Wheel was established in 2010 by the Korean Nutrition Society, which is
based on the Dietary Guidelines for Koreans. The food guide may be developed based
on a common Korean meal consisting of six basic food group categories: grain dishes
(including rice, bread, and noodles), fish and meat dishes (including meat, fish, eggs
and soybeans), vegetable dishes (including vegetables, mushrooms, potatoes, and
seaweed), fruits (fruits and 100% fruit juice counted as half the weight), milk (milk
and milk products) as well as oils and sugars. The KDS measuring adherence to this
food guide were calculated from the dietary information.
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5. Statistics
Distribution of the components in the DQI-K and the overall score are presented by
the number of subjects and percent. Mean values of the components of the DQI-K or
other dietary factors are presented according to each score of the DQI-K. The dietary
factors included energy, carbohydrate density, simple sugar, dietary fiber, daily
legume intake, daily meat intake, and diet diversity. Diet diversity was calculated by
summing the number of foods consumed by the participants in the FFQ.
To assess the construct validity, correlations between selected characteristics (age,
education, income, smoking amount, daily alcohol intake, duration of exercise and
BMI) and the DQI-K were assessed by Pearson’s correlation coefficients. All
variables adjusted for age and energy intake. Foods were grouped based on
similarities in nutrient composition and uses in the diet. Relative mean intake of major
healthy and unhealthy food groups such fruits, vegetables, sweets, processed products
and red meats were visualized as a percentage compared to the highest observed mean
intake across each DQI-K score.
To compare the DQI-K and DQI, the distribution of components in the DQI and
overall score were presented by the number of subjects and percent. Macronutrients
in calories expressed as a percentage of total energy intake to examine the correlation
of the macro nutrients density with the DQI_K and DQI. The same manner was used
to assess the correlation of macro nutrients density with the DQI-K and KDS.
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All analyses were stratified by sex. All statistical analyses were done with the SAS
statistical software version 9.4 (SAS Institute, Cary, NC). Statistical significance was
determined as p<0.05.

C. Results

1. Distribution of the diet quality index for Koreans (DQI-K)
The distribution of the components in the DQI-K is shown in Table I-2. Low ‘percent
of energy from fat’ and ‘percent of energy from saturated fat’ caused classifying
almost all participants as having a lower score. Participants in the high quality of
‘daily whole-grain intake’ were 73.0% and 82.7% men and women, respectively.
Whereas participants in the high quality of ‘daily vegetable intake’ and ‘daily fruit
intake’ were lower than the low quality of these components. Women had a higher
diet quality than men for every component except for protein intake. The distribution
of the overall DQI-K score is shown in Table I-3.
Mean values of the components of the DQI-K stratified by DQI-K score are shown
in Tables I-4 and I-5. The mean DQI-K was 4.4 in men and 3.9 in women. There is a
general trend of increasing or decreasing intake by the DQI-K score for the eight
components. Daily protein intake, percent of energy from fat and saturated fat, daily
cholesterol intake and daily sodium intake increased steadily as the DQI-K increased
(i.e. decreasing diet quality). Conversely, daily intake of wholegrain, fruits and
vegetables steadily decreased as the DQI-K increased.
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Mean values for dietary factors not included in the DQI-K stratified by the DQI-K
score are presented in Tables I-6 and I-7. Energy, simple sugar, daily legume intake,
daily meat and diet diversity had a positive relation with the DQI-K, whereas
carbohydrate density had a negative relation.
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Table I-2. Distribution of the components of the DQI-K in HEXA study, 2004-2012
DQI-K Component

Score

Daily protein intake

0

≤100% RNI

19,179 (36.0)

33,295 (32.2)

1
2
0
1
0
1
0
1
0

100-150% RNI
>150% RNI
<20%
≥20%
<7%
≥7%
<300mg
≥300mg
Daily

23,034 (43.3)
11,039 (20.7)
46,299 (86.9)
6,953 (13.1)
53,034 (99.6)
218 (0.4)
46,937 (88.1)
6,315 (11.9)
38,877 (73.0)

44,021 (42.6)
26,114 (25.3)
91,643 (88.6)
11,787 (11.4)
103,170 (99.8)
260 (0.3)
92,667 (89.6)
10,763 (10.4)
85,488 (82.7)

1
0
1
0
1
0
1

None
≥200g
<200g
≥200g
<200g
<2,000 mg
≥2,000 mg

14,375 (27.0)
9,661 (18.1)
43,591 (81.9)
12,286 (23.1)
40,966 (76.9)
18,126 (34.0)
35,126 (66.0)

17,942 (17.4)
24,332 (23.5)
79,098 (76.5)
37,968 (36.7)
65,462 (63.3)
43,106 (41.7)
60,324 (58.3)

Percent of energy from fat
Percent of energy from saturated fat
Daily cholesterol intake
Daily whole-grain intake
Daily vegetables intake
Daily fruit intake
Daily sodium intake

Cut-point
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Men (n=53,252)

Women (n=103,430)

Table I-3. Distribution of the overall DQI-K score in HEXA study, 2004-2012
(N=156,682)
Men
DQI-K
0
1
2
3
4
5
6
7
8
9

78 (0.2)
1,172 (2.2)
9,865 (18.5)
15,695 (29.5)
14,495 (27.2)
7,072 (13.3)
3,162 (5.9)
1,358 (2.6)
344 (0.7)
11 (0.02)
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Women
351 (0.3)
4,949 (4.8)
24,319 (23.5)
31,839 (30.8)
24,916 (24.1)
11,065 (10.7)
4,381 (4.2)
1,380 (1.3)
224 (0.2)
6 (0.01)

Table I-4. Mean values of components of the DQI-K stratified by the DQI-K score for men in HEXA, 2004-2012 (N=53,252)
Diet
Daily
Quality
protein
Index
intake (g)
Score
Overall
4.4
62.7
Good diet
0
41.6
1
45.8
2
56.2
3
51.5
4
55.6
5
64.7
6
76.8
7
92.2
8
101.3
9
106.3
Poor diet

Percent of
Percent of
energy from
energy from
saturated fat
fat (%)
(%)

Daily
cholesterol
intake (mg)

Daily
wholegrain
intake (g)

Daily
fruit
intake
(g)

Daily
vegetables
intake (g)

Daily
sodium
intake (g)

14.3

3.3

170.5

465.0

145.6

134.9

2713.6

10.0
10.6
12.0
11.6
12.8
14.6
17.5
21.2
23.8
25.0

2.7
2.9
3.0
3.1
3.3
3.3
3.6
3.8
4.2
4.5

82.6
98.3
131.3
118.1
139.1
174.3
234.5
322.2
381.5
414.0

481.6
553.7
538.5
580.0
460.6
468.3
336.4
339.3
262.5
32.4

417.7
329.3
340.5
172.0
129.7
113.3
112.0
104.3
93.4
92.1

266.9
134.3
185.6
118.4
122.8
132.6
149.3
173.2
162.5
129.0

1478.7
1492.8
2487.4
2008.3
2402.1
3106.9
3453.5
3716.2
3734.5
3824.1
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Table I-5. Mean values of components of the DQI-K stratified by the DQI-K score for women in HEXA, 2004-2012 (N=103,430)
Diet
Daily
Quality
protein
Index
intake (g)
Score
Overall
3.9
56.9
Good diet
0
37.9
1
40.6
2
51.2
3
48.9
4
54.4
5
62.2
6
73.4
7
86.8
8
95.0
9
99.1
Poor diet

Percent of
Percent of
energy from
energy from
saturated fat
fat (%)
(%)

Daily
cholesterol
intake (mg)

Daily
wholegrain
intake (g)

Daily
fruit
intake
(g)

Daily
vegetables
intake (g)

Daily
sodium
intake (g)

13.5

3.1

159.2

458.0

202.2

155.3

2458.7

10.6
10.7
11.8
11.5
12.9
14.5
17.5
21.2
23.9
26.3

2.5
2.7
2.8
2.9
3.1
3.2
3.3
3.5
3.8
4.1

79.4
92.8
126.0
118.0
148.2
179.5
237.7
328.8
384.2
440.8

377.2
453.3
481.4
510.5
448.9
467.7
368.8
338.0
255.7
9.2

409.6
356.2
364.6
223.5
177.6
143.4
134.0
117.8
105.5
99.1

270.3
147.3
186.2
144.4
144.8
155.9
168.3
195.8
165.9
133.0

1426.6
1424.3
2169.9
2059.6
2319.1
2945.8
3274.0
3466.0
3521.4
3303.8
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Table I-6. Mean values of dietary factors not included in the DQI-K stratified by the DQI-K score for men in HEXA, 2004-2012
(N=53,252)
Diet
Quality
Energy from
Energy
Index
carbohydrate (%)
Score
Overall
4.4 1856.5
71.2
Good diet
0 1464.5
78.6
1 1590.1
77.0
2 1804.3
75.0
3 1675.0
74.7
4 1731.5
73.0
5 1897.8
70.5
6 2107.4
66.8
7 2307.3
61.9
8 2392.9
58.4
9 2466.4
56.8
Poor diet

Simple
sugar (g)

Dietary fiber Daily legume
(g)
intake (g)

Daily meat
intake (g)

Diet
diversity

6.7

5.7

2.9

58.7

30.7

4.0
5.2
6.0
5.7
6.4
7.1
7.9
8.4
8.9
9.5

6.0
5.1
6.7
5.0
5.2
6.1
6.5
6.9
6.6
6.0

2.2
2.1
2.9
2.4
2.5
3.0
3.5
4.5
4.9
4.2

20.0
26.6
37.2
37.0
44.9
58.8
85.5
125.6
164.7
192.0

29.0
27.6
33.2
25.9
27.4
31.5
36.3
41.1
43.5
44.6
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Table I-7. Mean values of dietary factors not included in the DQI-K stratified by the DQI-K score for women in HEXA, 20042012 (N=103,430)
Diet
Quality
Index
Score
Overall
3.9
Good diet
0
1
2
3
4
5
6
7
8
9
Poor diet

Energy

Energy from
carbohydrate (%)

Simple
sugar (g)

Dietary fiber Daily legume
(g)
intake (g)

Daily meat
intake (g)

Diet
diversity

1683.0

72.2

4.7

5.8

3.2

41.0

31.9

1281.3
1384.0
1632.9
1549.9
1643.3
1776.6
1956.7
2109.5
2209.2
2250.3

78.0
77.2
75.2
74.9
72.8
70.5
66.6
61.6
58.1
55.0

3.2
3.4
4.1
4.0
4.6
5.2
5.9
6.4
7.1
7.8

5.8
5.1
6.4
5.4
5.5
6.2
6.6
6.9
6.4
5.5

2.9
2.5
3.0
2.7
2.9
3.5
4.2
5.1
5.4
4.1

15.0
18.9
27.7
27.8
36.6
46.9
68.4
98.6
132.4
161.9

30.8
28.9
33.4
28.6
30.3
33.4
37.8
41.7
42.7
41.9

48

2. Construct validity for selected demographics and food
groups and the DQI-K

Pearson correlation analysis was used to examine selected factors for the linear
relation with diet quality (Table I-8). The DQI-K was negatively correlated with age,
education and income. Additionally, daily alcohol intake was positively related to diet
quality in both men and women.
Table I-8. Correlation between selected characteristic and the DQI-K in HEXA
study, 2004-2012 (N=156,682)
ρa

P-value

Age (y)

-0.12

<0.0001

Education (y)

-0.04

<0.0001

Income (10,000 won/m)

-0.03

<0.0001

Smoking amount (cigarette/d)

0.004

0.38

Daily alcohol intake (g)

0.11

<0.0001

Duration of exercise (min/week)

0.009

0.06

0.003

0.48

Age (y)

-0.13

<0.0001

Education (y)

-0.02

<0.0001

Income (10,000 won/m)

-0.03

<0.0001

Smoking amount (cigarette/d)

0.006

0.06

Daily alcohol intake (g)

0.07

<0.0001

Duration of exercise (min/week)

0.06

0.11

0.03

<0.0001

DQI-K
Men

2

BMI (kg/m )
Women

BMI (kg/m2)
a
all variables adjusted for age and energy intake
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Figure I-1 shows the relative mean intake of each food group according to the DQIK scores. Major healthy foods such as fruits and vegetables showed high intake in a
low DQI-K (good diet quality), whereas unhealthy foods such as sweets, processed
products and red meats showed high consumption in a high DQI-K (poor diet quality).
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(a)

(b)

Figure I-1. Relative mean intake for DQI-K score shown as a percentage compared
to the highest observed mean intake across the selected food groups among (a) men
and (b) women in HEXA study, 2004-2012 (N=156,682)
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3. Comparison of DQI-K with DQI and KDS

3.1 Comparison of the DQI and DQI-K
Table I-9 shows the distribution of the components in the diet quality index (DQI),
developed by Patterns. The DQI consisted of eight components and the proportion of
participants who received each of the three possible component scores. A larger
percentage of participants with lower scores was in the components for ‘percent of
energy from fat’, ‘percent of energy from saturated fat’ and ‘daily cholesterol intake’.
For components of ‘vegetable and fruit intake’, ‘daily complex carbohydrate intake’
and ‘daily calcium intake’, half of the participants had a higher score. Overall score
of the DQI ranged from 0 to 13 (Table I-10).
Table I-11 presents the correlation between the macro nutrients density and the DQI
and DQI-K. Both the DQI and DQI-K showed the same direction of correlation
coefficients. Protein density and fat density had a positive correlation with the DQI
and DQI-K, whereas carbohydrate had a negative correlation. The range of
coefficients for the DQI-K was from -0.586 to 0.731, whereas the coefficients for the
DQI ranged from -245 to 0.231. The magnitude of the correlation of macro nutrients
with the DQI-K was greater than that with the DQI.
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Table I-9. Distribution of the components of the diet quality index (DQI) in HEXA study, 2004-2012 (N=156,682)
DQI Component
Daily protein intake

Percent of energy from fat

Percent of energy from saturated fat
Daily cholesterol intake

Daily of vegetable and fruit intake

Daily complex carbohydrate intake

Daily sodium intake

Daily calcium intake

Score
0
1
2
0
1
2
0
1
0
1
2
0
1
2
0
1
2
0
1
2
0
1
2

Cut-point
≤100% RDA
100-150% RDA
>150% RDA
≤30%
30-40%
>40%
<10%
10-13%
≤300mg
300-400mg
>400mg
≥5 servings/d
3-4 servings/d
≤2 servings/d
≥6 servings/d
4-5 servings/d
≤3 servings/d
≤2,400 mg
2,400-3400 mg
>3400mg
≥ RDA
2/3 RDA
<2/3 RDA
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Men (n=53,252)
19,179 (36.0)
23,034 (43.3)
11,039 (20.7)
52,815 (99.2)
401 (0.8)
36 (0.1)
53,248 (100.0)
4 (0.0)
46,937 (88.1)
4,007 (7.5)
2,308 (4.3)
11,849 (22.3)
10,572 (19.9)
30,831 (57.9)
29,052 (54.6)
9,168 (17.2)
15,032 (28.2)
24,724 (46.4)
14,895 (28.0)
13,633 (25.6)
10,659 (20.0)
15,326 (28.8)
27,267 (51.2)

Women (n=103,430)
33,295 (32.2)
44,021 (42.6)
26,114 (25.3)
102,658 (99.3)
708 (0.7)
64 (0.1)
103,416 (100.0)
14 (0.0)
92,667 (89.6)
6,955 (6.7)
3,808 (3.7)
28,886 (27.9)
20,079 (19.4)
54,465 (52.7)
46,793 (45.2)
18,937 (18.3)
37,700 (36.5)
56,239 (54.4)
26,824 (25.9)
20,367 (19.7)
28,332 (27.4)
30,912 (29.9)
44,186 (42.7)

Table I-10. Distribution of the DQI in HEXA study, 2004-2012 (N=156,682)
Men
DQI
0
1
2
3
4
5
6
7
8
9
10
11
12
13

Women

6 (0.0)
116 (0.2)
879 (1.7)
3,744 (7.0)
11,258 (21.1)
15,434 (29.0)
13,706 (25.7)
5,560 (10.4)
1,924 (3.6)
466 (0.9)
117 (0.2)
27 (0.1)
13 (0.0)
2 (0.0)

11 (0.0)
515 (0.5)
2,952 (2.9)
9,312 (9.0)
22,437 (21.7)
28,541 (27.6)
27,065 (26.2)
9,062 (8.8)
2,784 (2.7)
591 (0.6)
130 (0.1)
26 (0.0)
3 (0.0)
1 (0.0)

Table I-11. Pearson correlation between macro nutrients density on DQI and DQI-K
in HEXA study, 2004-2012 (N=156,682)
DQI

DQI-K

0.156
-0.245
0.231

0.474
-0.586
0.731

Women
Percent of energy from protein (%)
0.070
Percent of energy from carbohydrate (%)
-0.141
Percent of energy from fat (%)
0.108
all correlation coefficients were statistically significant (P<0.05)

0.404
-0.515
0.450

Men
Percent of energy from protein (%)
Percent of energy from carbohydrate (%)
Percent of energy from fat (%)
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3.2 Comparison of the KDS and DQI-K
Table I-12 presents the correlation between the macro nutrients density and the KDS
and DQI-K. Both the KDS and DQI-K showed the same direction for the correlation
coefficients. Protein density and fat density had a positive correlation with KDS and
DQI-K, whereas carbohydrate had a negative correlation. The magnitude of the
correlation of the macro nutrients with the DQI-K (range of coefficients; -0.586 to
0.731) was greater than that of the KDS (range of coefficients; -0.290 to 0.353).

Table I-12. Pearson correlation between macro nutrients density on KDS and DQIK in HEXA study, 2004-2012 (N=156,682)
KDS

DQI-K

0.353
-0.290
0.302

0.474
-0.586
0.731

Women
Percent of energy from protein (%)
0.287
Percent of energy from carbohydrate (%)
-0.240
Percent of energy from fat (%)
0.286
all correlation coefficients were statistically significant (P<0.05)

0.404
-0.515
0.450

Men
Percent of energy from protein (%)
Percent of energy from carbohydrate (%)
Percent of energy from fat (%)
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Association of all-cause and causespecific mortality with the Diet Quality
Index for Korean (DQI-K)
II.

two

A. Introduction
Research has been done on the relationship between individual nutrients and mortality.
There is a need, however, to examine the whole diet because nutrients are net
consumed independently but together within a variety of foods in the diet. In recent
years, research has been done on the association of overall diet quality with the risk
of mortality (Trichopoulou et al., 1995; Osler and Schroll, 1997; Russell et al., 2013).
Data from these studies have been used to produce guidelines for overall dietary
intake. Relations between risk of mortality and overall dietary intake require further
investigation, especially for those diets that are in accordance with the recommended
guidelines. Only a few indices on diet quality have been examined for associations
with measures of health status.
In this study, we examined the association of all-cause and cause-specific mortality
with the Diet Quality Index for Koreans (DQI-K) – developed for the purpose of
assessing diet quality. The DQI-K is a score that rates individual’s diet quality on a
scale from 0 (good) to 9 (poor) based on their daily protein intake, percent of energy
from fat, percent of energy from saturated fat, daily cholesterol intake, daily whole56

grain intake, daily fruit intake, daily vegetables intake and daily sodium intake.
Based on how the DQI-K was constructed, a higher DQI-K is indicative of a poorer
diet quality and is therefore expected to be positively associated with mortality. For
the current study, we assumed that a low diet quality is associated with the risk of
mortality. This assumption was based on the weight of the evidence from association
studies between individual foods and nutrients and all-cause and cause-specific
mortality. The aim of this study was to investigate whether the DQI-K is positively
associated with all-cause and cause-specific mortality.

B. Materials and Methods

1. Study design and population
Subjects of this study came from the Health Examinees (HEXA) Study. The HEXA
Study, which is a large-scale genomic cohort study, was conducted to investigate the
epidemiologic characteristics, genomic features, and gene-environment interactions
of major chronic diseases in the Korean population; this study has been described
previously (Health Examinees Study Group, 2015). Briefly, the HEXA study
consisted of 169,730 subjects aged 40 to 69 years from 38 health examination centers
and training hospitals located in 8 regions in Korea at the baseline between 2004 and
2012. After excluding subjects with unusable information on the FFQ (n=2,982) and
implausible energy intakes (outside the range of 800-4,000 kcal for men, or 500-3,500
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kcal for women) (n=2,618) and withdrawal from the study (n=1,406), 162,724
subjects remained (Figure II-1).
Information on the socio-demographic characteristics, medical history, medication
use, family medical history, lifetime consumption of alcohol and tobacco, diet,
physical activity, and, for women, reproductive factors using a standardized
questionnaire survey was collected by well-trained research interviewer (Table II-1).
Participants were prospectively recruited following a standardized study protocol that
was approved by the Ethics Committee for the Korean Health and Genomic Study of
the Korean National Institute of Health and institutional review boards from all
participating hospitals.

Total study population in the
HEXA database (N=173,357)

Subjects aged <40 or >69 (N=3,627)

Subjects aged 40-69
(N=169,730)
Unable information on FFQ (N=2,982)
Implausible energy intake (<800or >4000,
men; <500 or >3500, women) (N=2,618)
Withdrawal (N=1,406)
Final analytical subjects
(N=162,724)
Figure II-1. Flow diagram of the analytical sample selection criteria for a cohort study:
the Health Examinees (HEXA) study 2004-2012
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Table II-1. Composition of the HEXA questionnaire
Category (Total number of items=1,303)a
Socio-demographic factors
(N=52)
Past medical history, drug usage, and
family history
(N=501)
Smoking and alcohol drinking
(N=60)

Diseases diagnosed by a doctor (diagnosis of various chronic diseases, age at first diagnosis, treatment),
treatment methods (medication, surgery, anti-cancer therapy etc.), operation history, use of complimentary
alternative medicine, family history of diseases (first degree family members diagnosed with major chronic
diseases, age at first diagnosis), etc.
Smoking habit (frequency, amount, duration, lifetime tobacco exposure, etc.), information on indirect smoking
at home and/or workplace, drinking habit (type of alcohol, amount, frequency, duration, etc.)

Physical activity and weight change
(N=245)

Information on sleeping pattern (time, duration, snoring etc.), physical activity (level, duration, frequency, type,
etc.), occupation related physical activity, sedentary activity, perceived height and weight at current age, weight
at various ages, age at maximum and minimum weight, etc.

Socio-psychological factors
(N=87)

Information on stress, depression (18 PWI-SF questions), self-rated health status, social network and support,
social relationship, social activity (frequency, type), etc.

Reproductive factors (for women)
(N=51)

Menstruation (age, duration, frequency, menopause etc.), pregnancy history (age, labor, lactation etc.),
contraception, gynecological surgery, etc.

Dietary habits
(N=241)

Dietary habits (frequency of meals, cooking pattern, oil usage, etc.), semi-quantitative food frequency
questionnaire (average intake
frequency and amount of 106 selected food items)
Blood and urine test, anthropometry (height, weight, waist circumference, and body composition, etc.), medical
checkup, etc.

Clinical test and physical examination
(N=66)
a

Age, sex, education level (examinee and his/her parents), marital status, average monthly household income,
number of family members, information on current/past residence, current occupation, occupational history
(type, duration etc.), employment condition

adapted from Health Examinees Study Group (Group, 2015)

59

2. Ascertainment of all-cause and cause-specific mortality
Passive follow-up using the National Death Certificate and health insurance medical
records databases was done for all cohort members in the HEXA. Subjects known to
be alive with no evidence of death were censored on December 31, 2013. Besides allcause mortality, we also investigated mortality from cardiovascular diseases and
cancers, which are the most important causes of premature death (WHO, 2013).
Causes of death were classified according to the International Statistical
Classification of Diseases and Related Health Problems 10th Revision (ICD-10)WHO Version: coding I00-I99 for all circulatory diseases, I60-I69 for stroke, I20-I25
for coronary heart disease, C00-C97 for all cancers, C33-C34 for lung cancer, C22
for liver cancer, C16 for gastric cancer, C18-C21 for colorectal cancer, C25 for
pancreatic cancer and C50 for breast cancer (Table II-2).
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Table II-2. Definition of cause of death according to International Statistical
Classification of Diseases and Related Health Problems 10th Revision (ICD-10)WHO Version
Cause of death

ICD-10 Codes

All circulatory diseases

Men

Women

I00-I99

181

122

I60-I69

71

55

I20-I25

66

31

44

36

C00-C97

524

402

Lung cancer

C33-C34

130

61

Liver cancer

C22

117

52

Gastric cancer

C16

55

31

Colorectal cancer

C18-C21

48

39

Pancreatic cancer

C25

43

37

Breast cancer

C50

-

39

131

143

Stroke
Coronary heart disease
Other circulatory disease

a

All cancers

Other cancer

b

All causes
1,130
765
includes all ICD-10 circulatory disease codes except the site-specific codes listed
above
b
includes all ICD-10 cancer codes except the site-specific codes listed above
a
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3. Statistics
The entire cohort was divided into two groups of DQI-K, and multivariate-adjusted
HRs are reported using the group with the lower DQI-K score (good diet quality) as
the referent category. To create the best cut-off point, sensitivity and specificity were
graphically represented by receiver operating characteristic (ROC) curves that plotted
the true-positive rate (sensitivity) against the false-positive rate (1-specificity) by the
SAS macro %AUC (ARIC, 2010). The macro %AUC, which is based on algorithms
for time-dependent computations related to the assessment of performance of a risk
score estimated from survival data in the presence of censoring, creates a calculation
for various goodness of fit type measures and predicts the best cut-off point
maximizing the area under the curve (Chambless and Diao, 2006). To evaluate the
linear trend with mortality, the DQI-K score was also used as a continuous variable
in the model.
The entry time-point was defined as the age at recruitment, and the exit time-point
was defined as the age at death (for cases) or last complete follow-up (for at-risk
participants), depending on which occurred first. Cox’s proportional hazard
regression models were applied to estimate the hazard ratio (HR) and 95% confidence
interval (95% CI), using age as the underlying time variable (Korn et al., 1997), to
assess the association between the DQI-K and all cause and cause-specific mortality.
All models were stratified by sex. All covariates with missing values were less than
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4%, except daily alcohol intake for men (<9%). Subjects with missing values were
excluded from the final analysis, which was the most common method dealing with
missing values (Chong Guan and Bahri Yusoff, 2011).
We examined the association between selected characteristics and all-cause mortality
in Cox’s proportional hazard regression models. Relevant covariates were adjusted in
the final multivariate model. The multivariate model was adjusted for education
(middle school, high school and ≥ college), smoking status (never and ever smoker),
alcohol drinking (never, past and current), regular sweating exercise (yes and no) and
BMI (<23, 23-25 and ≥25kg/m2) for men and smoking amount per day (never smoker,
<10, 10-20 and ≥20 cigarettes) and regular sweating exercise (yes and no) for women.
The relative importance of each of the DQI-K components on mortality was assessed
(Trichopoulou et al., 2009). Each component was alternately subtracted from the
original DQI-K score (i.e. score without vegetable), and the percentage reduction in
the apparent effect was estimated from the original HR. Considering the multiple
hypothesis testing in the present study, the Bonferroni rule was applied by dividing
the statistical significance levels by the number of tests.
To examine the robustness of our findings, we conducted sensitivity analyses. To
exclude the possibility that subjects with a chronic disease may differ in diet quality
at baseline, additional analysis was also conducted excluding subjects with chronic
diseases (diabetes, hypertension and diabetes and/or hypertension) at recruitment. To
exclude the possibility of those reporting poor diets at baseline due to pre-clinical
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disease, we reexamined the association between DQI-K and all-cause mortality after
excluding the first one-year of follow-up time or two years of follow-up time.
All statistical analyses were done with SAS statistical software version 9.4 (SAS
Institute, Cary, NC). Statistical significance was determined as p<0.05.
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C. Results
Median duration of follow up was 4.6 years (IQR=3.2-6.5 years and Max=9.4 years)
for men and 5.1 years (IQR=3.2-6.7 years and Max=10.0 years) for women. There
were 1,895 deaths (1,130 in men and 765 in women) observed in the HEXA study.
Baseline characteristics of the study population are summarized in Tables II-2 and II3. At baseline, the mean age was 53.4 years in men and 52.4 years in women. In men,
all-cause mortality was increased in less educated, ever smoker, participants with
more cigarettes per day, past drinker, participants with higher intake of daily alcohol
intake, non-exerciser and low BMI. Women in ever smoker, participants with more
cigarettes per day, and non-exerciser showed increased all-cause mortality risk
compared with the reference group.
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Table II-3. Hazard ratios for all-cause death according to selected characteristic
among men in the HEXA study, 2004-2012 (N=55,207)
Personyear
Education
Middle school
High school
≥College
Smoking
Never smoker
Ever smoker
Smoking amount (cigarette/d)
Ever smoker
<10
10-20
≥20
Alcohol drinking
Never drinker
Past drinker
Current drinker
Daily alcohol intake (g)c
Never drinker
<25
25-50
≥50
Regular sweating exercise
Non-exerciser
Exerciser
Duration of exercise (min/week)
Non-exerciser
<150
150-300
≥300
BMI (kg/m2)
<23
23-25
≥25.0

No. of
death

HR (95% CI)a

HR (95% CI)b

64,878
107,188
90,780

479 (43.3)
402 (36.4)
225 (20.3)

Reference
0.70 (0.61-0.80)
0.49 (0.42-0.58)

Reference
0.73 (0.64-0.84)
0.54 (0.46-0.64)

77,709
188,271

241 (21.5)
882 (78.5)

Reference
1.73 (1.50-2.00)

Reference
1.67 (1.45-1.93)

77,709
19,152
60,418
102,966

241 (22.0)
88 (8.0)
266 (24.3)
500 (45.7)

Reference
1.52 (1.19-1.94)
1.67 (1.40-1.99)
1.81 (1.55-2.11)

Reference
1.52 (1.19-1.94)
1.66 (1.39-1.98)
1.71 (1.47-2.00)

52,897
19,828
193,661

231 (20.5)
174 (15.4)
722 (64.1)

Reference
1.93 (1.58-2.35)
1.06 (0.91-1.23)

Reference
1.93 (1.59-2.35)
1.07 (0.92-1.25)

52,897
131,597
34,623
22,159

231 (24.3)
444 (46.6)
134 (14.1)
143 (15.0)

Reference
0.93 (0.79-1.09)
1.22 (0.99-1.51)
1.87 (1.52-2.31)

Reference
0.96 (0.82-1.13)
1.23 (0.99-1.52)
1.73 (1.40-2.14)

116,615
149,549

569 (50.4)
560 (49.6)

Reference
0.82 (0.71-0.94)

Reference
0.82 (0.71-0.95)

116,615
37,118
42,354
59,832

569 (52.2)
133 (12.2)
146 (13.4)
243 (22.3)

Reference
0.83 (0.69-1.00)
0.72 (0.60-0.86)
0.69 (0.60-0.80)

Reference
0.95 (0.79-1.15)
0.82 (0.68-0.99)
0.80 (0.69-0.94)

79,131
79,524
106,875

448 (39.8)
290 (25.7)
389 (34.5)

Reference
0.67 (0.58-0.78)
0.70 (0.61-0.80)

Reference
0.70 (0.60-0.81)
0.72 (0.63-0.82)

a

crude HR
adjusted for education (middle school, high school and ≥college), smoking amount per day
(never smoker, <10, 10-20 and ≥20 cigarettes), alcohol drinking (never, past and current),
BMI (<23, 23-25 and ≥25kg/m2) and total calories
c
daily alcohol intake were asked among current alcohol drinkers
b
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Table II-4. Hazard ratios for all-cause death in the HEXA according to selected
characteristic among women in the HEXA study, 2004-2012 (N=107,517)
Personyear
Education
Middle school
High school
≥College
Smoking
Never smoker
Ever smoker
Smoking amount (cigarette/d)
Ever smoker
<10
10-20
≥20
Alcohol drinking
Never drinker
Past drinker
Current drinker
Daily alcohol intake (g)c
Never drinker
<25
25-50
≥50
Regular sweating exercise
Non-exerciser
Exerciser
Duration of exercise (min/week)
Non-exerciser
<150
150-300
≥300
BMI (kg/m2)
<23
23-25
≥25.0

No. of
death

HR (95% CI)a

HR (95% CI)b

217,357
217,305
89,229

450 (60.3)
222 (29.8)
74 (9.9)

Reference
0.84 (0.71-1.00)
0.76 (0.59-0.99)

Reference
0.87 (0.73-1.03)
0.79 (0.61-1.03)

511,749
17,811

721 (94.7)
40 (5.3)

Reference
1.82 (1.32-2.50)

Reference
1.78 (1.30-2.45)

511,749
7,056
6,308
3,052

721 (94.9)
14 (1.8)
15 (2.0)
10 (1.3)

Reference
1.65 (0.97-2.80)
2.06 (1.24-3.44)
2.28 (1.22-4.26)

Reference
1.61 (0.95-2.73)
2.02 (1.21-3.37)
2.21 (1.18-4.12)

352,856
12,073
165,235

554 (73.0)
25 (3.3)
180 (23.7)

Reference
1.61 (1.08-2.41)
1.00 (0.84-1.18)

Reference
1.53 (1.02-2.30)
0.97 (0.82-1.16)

352,856
151,199
4,432
1,603

554 (77.1)
156 (21.7)
6 (0.8)
3 (0.4)

Reference
0.94 (0.79-1.13)
1.40 (0.63-3.14)
2.01 (0.65-6.25)

Reference
0.92 (0.77-1.11)
1.24 (0.55-2.78)
1.68 (0.54-5.27)

260,763
270,124

421 (55.0)
344 (45.0)

Reference
0.73 (0.65-0.82)

Reference
0.84 (0.75-0.95)

260,763
67,806
82,037
101,031

421 (57.1)
95 (12.9)
86 (11.7)
136 (18.4)

Reference
0.96 (0.77-1.20)
0.67 (0.53-0.84)
0.83 (0.68-1.01)

Reference
0.97 (0.78-1.22)
0.68 (0.54-0.85)
0.84 (0.69-1.02)

229,133
143,446
157,674

285 (37.6)
187 (24.7)
286 (37.7)

Reference
0.85 (0.71-1.02)
1.02 (0.87-1.21)

Reference
0.86 (0.71-1.03)
1.02 (0.86-1.21)

a

crude HR
adjusted for education (middle school, high school and ≥college), smoking status (never and
ever smoker), alcohol drinking (never, past and current), BMI (<23, 23-25 and ≥25kg/m2) and
total calories
c
daily alcohol intake were asked among current alcohol drinkers
b
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The best cut-off value for the DQI-K was determined by considering a reasonable
range of sensitivity, specificity, positive predictive values and negative predictive
values with the maximized AUC values calculated. Cut-off scores of 5 for men and 3
for women were optimal for discriminating poor diet quality among the HEXA
population. With these cut-off values, the AUC was 0.6563 for men and 0.6251 for
women (Figure II-2).
The associations between DQI-K and mortality in the HEXA are shown in Table II5. Poor diet quality significantly increased the risk for all-cause mortality in both men
and women (HR=1.07, 95% CI=1.02-1.13 in men and HR=1.10, 95% CI=1.03-1.17
in women). Moreover, men with a poor diet quality (DQI-K score 6-9) compared with
a good diet quality (DQI-K score 0-5) had an HR of 1.35 (95% CI=1.09-1.67) for allcause mortality. And women with a poor diet quality (DQI-K score 4-9) compared
with a good diet quality (DQI-K score 0-3) had an HR of 1.19 (95% CI=1.02-1.40)
for all-cause mortality.
After alternately subtracting each of the eight components from the DQI-K score, the
magnitude of the decrease in the risk of death generally decreased, but remained
significant (Figures II-3 and II-4). Figures II-3 and II-4 also confirm that there was
no predominant weight that the energy % of saturated fatty acids in both men and
women contributes to the association between mortality and 1-unit increase in the
DQI-K score because alternate exclusion of these dietary components from the score
resulted in zero change in the effect. Excluding single components of the DQI-K
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produced little difference in the hazard ratio estimates compared with the overall
result. All estimates remained statistically significant, ranging from 1.06 (95%
CI=1.00-1.12) to 1.09 (95% CI=1.02-1.16) in men and 1.02 (95% CI=1.04-1.21) to
1.12 (95% CI=1.04-1.20).
In the sensitivity analyses excluding subjects with the presence of diabetes,
hypertension and diabetes and/or hypertension or deceased subjects within the first 1
or 2 years after cohort enrollment, the associations between 1-unit increase of the
DQI-K and all-cause mortality were replicated from the original ones (Table II-6).
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(a)

(b)

Figure II-2. Receiver operating characteristic (ROC) curve for a DQI-K with a
cutoff value of score 5 (a) in men and score 3 (b) in women
AUC-ROC model adjusted for education (middle school, high school and ≥college), smoking
amount per day (never smoker, <10, 10-20 and ≥20 cigarettes), alcohol drinking (never, past
and current), BMI (<23, 23-25 and ≥25kg/m2) and total calories for men and education
(middle school, high school and ≥college), smoking status (never and ever smoker), alcohol
drinking (never, past and current), BMI (<23, 23-25 and ≥25kg/m2) and total calories for
women
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Table II-5. Association between the DQI-K and mortality in the HEXA study, 20042012 (N=162,724)
DQI-K

Person-year

No. of death

HR (95%CI)a

HR (95%CI)b

1.04 (0.99-1.09)

1.07 (1.02-1.13)

Men (N=55,207)
1-unit increase
Good diet quality
(score 0-5)
Poor diet quality
(score 6-9)

242,702

1,025 (90.7)

Reference

Reference

24,347

105 (9.3)

1.22 (1.00-1.50)

1.35 (1.09-1.67)

1.06 (1.01-1.12)

1.10 (1.03-1.17)

Women (N=107,517)
1-unit increase
Good diet quality
(score 0-3)
Poor diet quality
(score 4-9)

313,888

450 (58.8)

Reference

Reference

219,060

315 (41.2)

1.13 (0.98-1.31)

1.19 (1.02-1.40)

a

crude HR
adjusted for education (middle school, high school and ≥college), smoking amount
per day (never smoker, <10, 10-20 and ≥20 cigarettes), alcohol drinking (never, past
and current), BMI (<23, 23-25 and ≥25kg/m2) and total calories for men and
education (middle school, high school and ≥college), smoking status (never and ever
smoker), alcohol drinking (never, past and current), BMI (<23, 23-25 and ≥25kg/m2)
and total calories for women
b
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Figure II-3. Association between all-cause mortality and 1-unit increase of the DQIK score while alternately subtracting each component among men in the HEXA study,
2004-2012 (N=55,207)
HR; Hazard ratio was adjusted for education (middle school, high school and
≥college), smoking amount per day (never smoker, <10, 10-20 and ≥20 cigarettes),
alcohol drinking (never, past and current), BMI (<23, 23-25 and ≥25kg/m2) and total
calories
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Figure II-4. Association between all-cause mortality and 1-unit increase of the DQIK score while alternately subtracting each component among women in the HEXA
study, 2004-2012 (N=107,517)
HR; Hazard ratio was adjusted for education (middle school, high school and
≥college), smoking status (never and ever smoker), alcohol drinking (never, past and
current), BMI (<23, 23-25 and ≥25kg/m2) and total calories
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Table II-6. Association between the DQI-K and mortality after several exclusion criteria have been applied in the HEXA study,
2004-2012

DQI-K
Men
1-unit increase

Participants with Participants with Participants with
diabetes at
hypertension at
diabetes and/or
baseline
baseline
hypertension
at baseline
(N=42,876)
(N=38,808)
(N=49,401)
1.08 (1.02-1.15) 1.06 (1.00-1.12) 1.07 (1.00-1.15)

Participants who Participants who
died within the
died within the
first 1 year of
first 2 year of
follow-up
follow-up
(N=53,584)
(N=51,391)
1.07 (1.01-1.13) 1.07 (1.01-1.14)

Good quality (score 0-5)
Poor quality (score 6-9)

Reference
1.36 (1.08-1.73)

Reference
1.24 (0.96-1.61)

Reference
1.25 (0.93-1.66)

Reference
1.29 (1.02-1.62)

Reference
1.28 (1.00-1.65)

Women
1-unit increase

(N=100,787)
1.09 (1.02-1.16)

(N=91,051)
1.09 (1.01-1.17)

(N=85,958)
1.08 (1.00-1.16)

(N=104,158)
1.09 (1.02-1.17)

(N=99,146)
1.07 (1.00-1.16)

Good quality (score 0-3)
Reference
Reference
Reference
Reference
Reference
Poor quality (score 4-9)
1.18 (0.99-1.39) 1.28 (1.06-1.54) 1.23 (1.01-1.49)
1.17 (0.99-1.38) 1.13 (0.94-1.35)
Hazard Ratio were estimated adjusting for education (middle school, high school and ≥college), smoking amount per day (never
smoker, <10, 10-20 and ≥20 cigarettes), alcohol drinking (never, past and current), BMI (<23, 23-25 and ≥25kg/m2) and total
calories for men and education (middle school, high school and ≥college), smoking status (never and ever smoker), alcohol drinking
(never, past and current), BMI (<23, 23-25 and ≥25kg/m2) and total calories for women
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The associations between DQI-K and cause-specific mortality in the HEXA study
was are presented in Tables II-7, II-8, II-9 and II-10. In men, a poor diet quality
compared with a good diet quality was associated with a borderline significant
increased risk in mortality from stroke (HR=2.04, 95% CI=0.99-4.23) and a
significant increased risk in mortality from gastric cancer (HR=3.10, 95% CI=1.416.78). In women, there was no evidence of a significant association between mortality
from all circulatory diseases and diet quality. However, a poor diet quality showed a
significant association with mortality from colorectal cancer compared with a good
diet quality (HR=4.17, 95% CI=1.25-13.97). We examined the associations between
gastric cancer and DQI-K in men that were significant at a Bonferroni-corrected level
of P<0.00714. Among women, the association between colorectal cancer and DQI-K
was not significant at a Bonferroni-corrected level of P<0.00625, which has a
probability of a false positive (a Type I error).
The associations between gastric cancer mortality and a 1-unit increase of the DQIK score in men while alternately subtracting each component are shown in Figure II5. The predominant weight of protein intake was found in the association between
hypertension and a 1-unit increase in the DQI-K score, because alternate exclusion of
these dietary components from the score resulted in the highest increase in effect.
And a significant association was detected while alternately subtracting vegetable
components (HR=1.27, 95%CI=1.01-1.61). Among women, excluding single
components of the DQI-K produced little difference in the hazard ratio estimates
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compared with the overall result in the association between colorectal cancer
mortality and DQI-K ranging from 0.99 (95% CI=0.70-1.39) to 1.16 (95% CI=0.841.61).
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Table II-7. Association between DQI-K cardiovascular-specific mortality among men in HEXA study, 2004-2012 (N=55,207)
No. of death

HR (95%CI)a

Person-year

Pc

HR (95%CI)b

Pc

All circulatory disease
Score 0-5
161
242,702
Reference
Reference
Score 6-9
20
24,347
1.46 (0.91-2.32)
0.114
1.38 (0.84-2.27)
0.205
Coronary heart disease
Score 0-5
58
242,702
Reference
Reference
Score 6-9
8
24,347
1.60 (0.76-3.35)
0.217
1.49 (0.67-3.31)
0.329
Stroke
Score 0-5
61
242,702
Reference
Reference
Score 6-9
10
24,347
1.95 (1.00-3.83)
0.051
2.04 (0.99-4.23)
0.054
Other circulatory disease
Score 0-5
42
242,702
Reference
Reference
0.417
0.292
Score 6-9
2
24,347
0.56 (0.13-2.30)
0.45 (0.11-1.97)
a
crude HR
b
adjusted for education (middle school, high school and ≥college), smoking amount per day (never smoker, <10, 10-20 and ≥20 cigarettes),
alcohol drinking (never, past and current), BMI (<23, 23-25 and ≥25kg/m2) and total calories
c
P-values calculated with Cox’s proportional hazard regression models
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Table II-8. Association between DQI-K and cancer-specific mortality among men in HEXA study, 2004-2012 (N=55,207)
No. of death
All cancer
Score 0-5
Score 6-9
Lung cancer
Score 0-5
Score 6-9
Liver cancer
Score 0-5
Score 6-9
Gastric cancer
Score 0-5
Score 6-9
Pancreatic cancer
Score 0-5
Score 6-9
Colorectal cancer
Score 0-5
Score 6-9
Other cancer
Score 0-5
Score 6-9

Person-year

HR (95%CI)a

Pc

HR (95%CI)b

483
41

242,702
24,347

Reference
1.05 (0.77-1.45)

0.752

Reference
1.15 (0.82-1.61)

0.418

118
12

242,702
24,347

Reference
1.34 (0.74-2.42)

0.339

Reference
1.33 (0.71-2.52)

0.373

110
7

242,702
24,347

Reference
0.74 (0.34-1.58)

0.431

Reference
0.96 (0.43-2.14)

0.925

46
9

242,702
24,347

Reference
2.29 (1.12-4.70)

0.024

Reference
3.10 (1.41-6.78)

0.005

42
1

242,702
24,347

Reference
0.29 (0.04-2.13)

0.224

Reference
0.39 (0.05-2.93)

0.358

43
5

242,702
24,347

Reference
1.44 (0.57-3.64)

0.444

Reference
1.35 (0.50-3.62)

0.554

124
7

242,702
24,347

Reference
0.73 (0.34-1.56)

0.412

Reference
0.68 (0.31-1.50)

0.337

crude HR adjusted for education (middle school, high school and ≥college), smoking amount per day (never smoker, <10, 10-20 and ≥20
cigarettes), alcohol drinking (never, past and current), BMI (<23, 23-25 and ≥25kg/m2) and total calories
c
P-values calculated with Cox’s proportional hazard regression models
a

Pc

b
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Table II-9. Association between DQI-K and cardiovascular -specific mortality among women in HEXA study, 2004-2012 (N=107,517)
No. of death

HR (95%CI)a

Person-year

Pc

HR (95%CI)b

Pc

All circulatory disease
Score 0-3
33
313,888
Reference
Reference
Score 4-9
89
219,060
1.20 (0.80-1.79)
0.378
1.45 (0.95-2.22)
0.085
Coronary heart disease
Score 0-3
7
313,888
Reference
Reference
Score 4-9
24
219,060
1.60 (0.69-3.71)
0.275
2.34 (0.97-5.65)
0.058
Stroke
Score 0-3
16
313,888
Reference
Reference
Score 4-9
39
219,060
1.04 (0.58-1.87)
0.890
1.05 (0.56-1.97)
0.868
Other circulatory disease
Score 0-3
10
313,888
Reference
Reference
Score 4-9
26
219,060
1.17 (0.56-2.43)
0.676
1.59 (0.74-3.44)
0.235
a
crude HR
b
adjusted for education (middle school, high school and ≥college), smoking status (never and ever smoker), alcohol drinking (never, past and
current), BMI (<23, 23-25 and ≥25kg/m2) and total calories
c
P-values calculated with Cox’s proportional hazard regression models
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Table II-10. Association between DQI-K and cancer-specific mortality among women in HEXA study, 2004-2012 (N=107,517)
No. of death
All cancer
Score 0-3
Score 4-9
Lung cancer
Score 0-3
Score 4-9
Liver cancer
Score 0-3
Score 4-9
Gastric cancer
Score 0-3
Score 4-9
Pancreatic cancer
Score 0-3
Score 4-9
Colorectal cancer
Score 0-3
Score 4-9
Breast cancer
Score 0-3
Score 4-9
Other cancer
Score 0-3
Score 4-9

Person-year

HR (95%CI)a

Pc

HR (95%CI)b

Pc

109
293

313,888
219,060

Reference
1.15 (0.93-1.44)

0.203

Reference
1.09 (0.86-1.39)

0.455

20
41

313,888
219,060

Reference
0.89 (0.52-1.53)

0.678

Reference
0.92 (0.52-1.63)

0.768

12
40

313,888
219,060

Reference
1.47 (0.77-2.81)

0.240

Reference
1.73 (0.88-3.42)

0.113

6
25

313,888
219,060

Reference
1.69 (0.69-4.14)

0.248

Reference
1.41 (0.54-3.64)

0.481

16
21

313,888
219,060

Reference
0.59 (0.31-1.13)

0.113

Reference
0.56 (0.27-1.13)

0.106

3
36

313,888
219,060

Reference
5.17 (1.59-16.81)

0.006

Reference
4.17 (1.25-13.97)

0.021

10
29

313,888
219,060

Reference
1.12 (0.55-2.31)

0.751

Reference
1.10 (0.51-2.38)

0.818

42
101

313,888
219,060

Reference
1.04 (0.73-1.49)

0.825

Reference
0.95 (0.64-1.40)

0.791

crude HR b adjusted for education (middle school, high school and ≥college), smoking status (never and ever smoker), alcohol drinking (never, past and current), BMI
(<23, 23-25 and ≥25kg/m2) and total calories
a

c

P-values calculated with Cox’s proportional hazard regression models
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Figure II-5. Association between gastric cancer mortality and 1-unit increase of the
DQI-K score while alternately subtracting each component among men in the HEXA
study, 2004-2012 (N=55,207)
HR; Hazard ratio was adjusted for education (middle school, high school and
≥college), smoking amount per day (never smoker, <10, 10-20 and ≥20 cigarettes),
alcohol drinking (never, past and current), BMI (<23, 23-25 and ≥25kg/m2) and total
calories
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Figure II-6. Association between colorectal cancer mortality and 1-unit increase of
the DQI-K score while alternately subtracting each component among women in the
HEXA study, 2004-2012 (N=107,517)
HR; Hazard ratio was adjusted for education (middle school, high school and
≥college), smoking status (never and ever smoker), alcohol drinking (never, past and
current), BMI (<23, 23-25 and ≥25kg/m2) and total calories
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DISCUSSION
In the present study, the DQI-K was developed based on 8 components based on the
Korean dietary recommendation and dietary reference intakes for Koreans: 1) daily
protein intake, 2) percent of energy from fat, 3) percent of energy from saturated fat,
4) daily cholesterol intake, 5) daily whole-grain intake, 6) daily fruit intake, 7) daily
vegetables intake, and 8) daily sodium intake. Women had a higher diet quality (lower
DQI-K) than that of men. The construct validity test showed that the DQI-K was
negatively correlated with age, education and income. Moreover, the intake of healthy
food groups and unhealthy food groups according to the DQI-K score was the same
as the previous studies on diet quality indices.
In the DQI-K, the cutoff of energy from fat and saturated fat was assigned according
to the appropriate cut-point for Koreans. The percent energy of fat intake was 33.0,
34.0, 34.0, 35.0, 33.0 and 34.0 in 2001, 2003, 2005, 2007, 2009 and 2011,
respectively in the U.S (Cohen et al., 2015). However, in the 2013 Korea Health
Statistics, the percent energy of fat intake was 20.3, 18.4, 18.6, 19.0, 19.7, 20.0 and
20.4% in 2005, 2007, 2008, 2009, 2010, 2011 and 2012, respectively (KCDC, 2013).
In the current study, the level of intake of daily cholesterol in the population was very
similar to the intake of the Cancer Prevention Study II (CPS II) population (Seymour
et al., 2003). In the current study, 89.1% of the participants had a score of zero and
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83.9% in the CPS II.
And daily protein consumption in these study participants was very similar to the
intake of the Nationwide Food Consumption survey (NFCS) population, which was
used for the development of the DQI.
Related to gender difference in diet quality, it coincides with previous studies on diet
quality in Korea. Among 976 participants aged 29 to 79 years in the Biomarker
Monitoring for Environmental Health Study, the mean diet quality scores of the
Recommended Food Score (RFS, 22.7±10.3) and alternate Mediterranean Diet Score
(aMDS, 3.4±1.4) were higher than the mean score of the RFS (16.6±10.0) and aMDS
(2.9±1.5) in men (Kim et al., 2011). Additionally, Park et al. reported that the
Alternate Healthy Eating Index (AHEI) was 43.5±12.7 in men and 46.0±11.7 among
151 Koreans (Park et al., 2014).
The results of the construct validity in for selected characteristics and the DQI-K were
consistent with previous studies. Women were in the high diet quality compared to
men (Patterson et al., 1994; Fogli-Cawley et al., 2006; McNaughton et al., 2008) as
well as older participants (Azadbakht et al., 2006; Shannon et al., 2007; McNaughton
et al., 2008; Tobias et al., 2012; Reeves et al., 2013; InterAct, 2014), non-drinkers
(Fung et al., 2007; Tobias et al., 2012; George et al., 2014) and those with higher
educational level (Azadbakht et al., 2006; Shannon et al., 2007; McNaughton et al.,
2009; Alhazmi et al., 2014; Boggs et al., 2015) and higher income (Alhazmi et al.,
2014) and lower BMI (Fisberg et al., 2006; Fogli-Cawley et al., 2006; Fung et al.,
84

2007; Shannon et al., 2007; George et al., 2014).
Related to food intake, diet quality has been shown to be positively associated with
the consumption of fruits and vegetables (Patterson et al., 1994; Osler et al., 2001;
Verger et al., 2012).
In this prospective study of 162,724 men and women, the DQI-K was associated with
all-cause mortality in men and women, and the association remained after exclusion
of subjects with a baseline chronic disease history or subjects with 1 or 2 years of
follow-up time. Furthermore, men with a poor diet quality in their diet showed a
significant increase in mortality from gastric cancer, whereas women with a poor diet
quality in their diet showed a significant increase in mortality from colorectal cancer.
Our findings, which parallel with previous research, support that a poor diet quality
significantly increased the risk for all-cause mortality (Kant et al., 1993;
Trichopoulou et al., 1995; Huijbregts et al., 1997; Osler and Schroll, 1997; Kant et
al., 2000; Seymour et al., 2003; Knoops et al., 2006; Sjogren et al., 2010; Buckland
et al., 2011; Russell et al., 2013; Jankovic et al., 2014), whereas a null result was
reported (Farchi et al., 1989). Previous publications have detected significant risk
reductions of 10% to 15% in total mortality from the Healthy Diet Indicator (HDI)
(Huijbregts et al., 1997; Knoops et al., 2006). The NIH-AARP cohorts reported that
a higher diet quality based on the HEI, AHEI, and DASH scores reduced 17~24% of
all-cause mortality (Reedy et al., 2014). In the EPIC-Spain cohort, a high diet quality
reduced 21% of all-cause mortality (Buckland et al., 2011). In a recent meta-analysis
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that included nine studies, the pooled relative risk estimate for overall 4-12-y
mortality was 0.91, with a variation from 0.48 to 0.93 (Sofi et al., 2008).
The poor diet quality did not appear to increase the mortality from cancer when all
cancers were analyzed together, a finding common to other studies (Knoops et al.,
2004; Lagiou et al., 2006; Buckland et al., 2011), although not all (Trichopoulou et
al., 2003; Mitrou et al., 2007). This is not unexpected considering cancer risk factors
vary greatly depending on the cancer site (WHO, 2013), and cancer is often described
as a constellation of many different diseases, some much less dietary related. Along
these lines, we found that there was a significant association between the DQI-K and
more dietary related cancers. This is consistent with evidence from previous studies
that have observed that the diet quality is related to a reduced risk of stomach,
colorectal, breast and upper aerodigestive tract cancers (Farchi et al., 1989; Verberne
et al., 2010; Buckland et al., 2011). Additionally, the beneficial effect of the
components of the DQI-K (e.g. fruits, vegetables and whole grain) on cancer risk may
be mediated through several biological mechanisms such as chronic inflammation
and oxidative stress (Verberne et al., 2010).
Our analyses largely exclude the possibility that reverse causation (due to subjects
with preclinical disease at baseline reporting poor diets) accounts for the results
observed. Deaths occurring early in the follow-up (within the first 1 or 2 years) were
excluded without materially affecting the results observed. Similarly, the results
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observed remained significant after exclusion of subjects who reported chronic
conditions at recruitment.
This study has several limitations. One recognized limitation is that dietary data were
collected by a single FFQ at recruitment for assessing the whole dietary quality.
However, adult dietary patterns appear to remain relatively stable over time (Jensen
et al., 1984; Jain et al., 1989; Lindsted and Kuzma, 1989; Thompson et al., 1990;
Sijtsma et al., 2012; Mursu et al., 2013).
The DQI-K did not include weighing factors for the subscores when calculating the
total DQI scores. The dietary guidelines were designed to be applied to the total diet
with no individual guidelines being considered in isolation (Russell et al., 2013);
therefore we gave each component equal weighting.
Although the strategy of examining measures of diet quality is consistent with the
complexity of diets consumed by free-living individuals, one limitation of this
approach is that it makes it difficult to explain mechanisms through which the diet
effect on a particular health outcome is mediated. An approach to measuring the
whole diet is one that is capable of capturing complex interactions between dietary
components and health beyond the sum of each nutrient. This notion is supported by
the results in the study by Trichopoulou et al in which a Mediterranean diet was
strongly related to survival, whereas the individual components were not
(Trichopoulou et al., 2003). From a public health perspective, however, it is not
essential to wait for the elucidation of every mechanism underlying health promoting
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activities and interventions.
There was the probability of dietary measurement errors; however; a validated food
frequency questionnaire was used (Ahn et al., 2007). Subjects were asked about their
dietary intake for the year preceding the diagnosis using the FFQ. Due to this,
measurement errors likely occurred because of poor recall despite the validity and
reproducibility evidence of the questionnaire. The FFQ in the current study was
assessed twice at 1-year intervals for the reproducibility analysis the correlation
coefficients of the nutrients were 0.49, 0.56 and 0.58 for protein, fat and cholesterol,
respectively. The FFQs were compared with 12-day diet records (3 days during each
of the four seasons) for the validity analysis. The correlation coefficients of the
nutrients were 0.48, 0.45 and 0.37 for protein, fat and cholesterol, respectively. The
FFQ correlations were lower than that reported in western countries which were
between 0.5-0.7 (Willett and Lenart, 1998). In Asia, the median of the correlation
coefficients for the FFQ has ranged from 0.3-0.5 in Japan (Tsugane et al., 2003; Date
et al., 2005) and Korea (Lee et al., 2002; Shim et al., 2002), and the lower FFQ
correlation may have been caused by the dining etiquette and cultural foods of Korea
(Ahn et al., 2007).
The study has several strengths. The diet pattern of Koreans is distinct from those of
Westerns and other Asian countries and consequently limits the extrapolation of data
from other countries. The DQI-K, which is based on the diet guidelines for Koreans,
can serve as a simple scoring system for the rapid evaluation of diet quality and as a
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basis for education or counseling participants.
It is important to stress that no one component of the DQI-K was wholly responsible
for the observed association. The overall DQI-K conferred the greatest benefit
because it combined the health effects of many food groups and the biological
interactions that take place between them (Bach et al., 2006).
Using the DQI-K, it is possible to examine the effect of compliance with diet
guidelines for Koreans on health outcomes. Other advantages of the present study
include its prospective design with a sufficient number of subjects which takes into
account plausible confounders and effect modifiers.
This large prospective study supports the important role that diet quality based on diet
guidelines has on risk of mortality. The present results also confirm that the DQI-K
is significantly associated with selected cancers that potentially are more diet related.
Our results support the health benefits of compliance with diet guidelines to achieve
improved health outcomes.
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CONCLUSION
The new diet quality index for Korean (DQI-K) were developed based on assessment
of compliance with Korean dietary guidelines. The DQI-K was consisted of 8
components: 1) daily protein intake, 2) percent of energy from fat, 3) percent of
energy from saturated fat, 4) daily cholesterol intake, 5) daily whole-grain intake, 6)
daily fruit intake, 7) daily vegetables intake, and 8) daily sodium intake.
In the construct validity test, good diet quality according to the DQI-K was correlated
with being older age, higher educational level and higher income. The magnitude of
the correlation with macronutrients density were greater in the DQI-K than in the Diet
Quality index (DQI) or Korean Diet Score (KDS).
In multivariate adjusted models, poor diet quality according to the DQI-K was
associated with all-cause mortality in men and women. Furthermore, poor diet quality
significantly increased the risk for gastric cancer mortality in men, while poor diet
quality significantly increased the risk for colorectal cancer among women.
The DQI-K developed in the present study can be used to assess the diet quality of
Koreans. It is possible to examine the effect of compliance with the diet guidelines
for Koreans on health outcomes using the DQI-K.
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APPENDIX TABLES
Appendix Table 1. Overview of diet quality indices based on nutrients, food and
food group components
Components

Med Diet Score
(MDS)
Trichopolou et al.
2003
EPIC-Greece

Relative Med
Diet Score
(rMED)
Buckland et
al. 2009
EPIC-Spain

Alternate
Med Diet
Score
(aMed)
Fung et al.
2009
Nurses’
Health Study

Alternate HEI
(AHEI)
McCullough et al.
2002
Health
Professionals
Follow-up Study &
Nurses’ Health
Study

Alternative
HEI
(AHEI)-2010
Chiuve et al.
2012
Health
Professionals
Follow-up
Study &
Nurses’
Health Study

Vegetables

(+) ≥Median =1
<Median =0

(+)
Vegetables
(except
potatoes)
0,1,2
(low to high)

(+) (except
potatoes)
≥Median =1
<Median =0

(+) (except potatoes
& french fries)
0-10
5 serv/d=10

(+) (except
potatoes &
french fries)
0-10
≥5 serv/d=10

Legumes

(+) ≥Median =1
<Median =0

(+) 0,1,2

(+) ≥Median
=1
<Median =0

Fruits and/or Nuts

(+) ≥Median =1
<Median =0

(+) Fruits
(+nuts &
seeds, not
juice)
0,1, 2

(+) ≥Median
=1
<Median =0

(+) Fruits
0-10
4 serv/d=10
Nuts & Soy protein
0-10
1 serv/d=10

(+) Fruits
0-10
≥4 serv/d=10
Nuts &
legumes
0-10
≥1 serv/d =10

Cereals and Whole Grains

(+) ≥Median =1
<Median =0

(+) Whole
grain &
refined flour,
pasta, rice,
bread, grains
0,1,2

(+) Whole
grains
≥Median =1
<Median =0

(+) Cereal fiber
0-10
15g/d =10

(+) Whole
grains
0-10
75g/d♀ =10
90g/d ♂ =10

Fish or Fresh Fish

(+) ≥Median =1
<Median =0

(+) 0,1,2

(+) ≥Median
=1
<Median =0
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(+) Nuts &
legumes
0-10
≥1 serv/d =10

Fat

(+) MUFA/SFA
≥Median =1
(+) <Median =0

(+) Olive Oil
(+) 0,1,2

(+)
MUFA/SFA
≥Median =1
(+) <Median
=0

(+) PUFA/SFA
0 - 10
(+) ≤0.1 to ≥1.0

(+) Long-chain
fats (EPA +
DHA)
(+) 0 - 10
0 - 250 mg/d
PUFA %
energy
≤2 to ≥10

Total Meat

(−) ≥Median =0
<Median =1
Meat & Poultry

(−) Total +
Proc meat
2,1,0
(low to high)

(−) Red +
Proc meat
≥Median =1
<Median =0

(+) White/Red Meat
Ratio
0 - 10, 4 =10
White meat = poultry
& fish
Red meat = beef,
pork, lamb &
processed meats

(−) Red + Proc
meat
0-10
≥1.5-0 serv/d

Dairy Products

(−) ≥Median =0
<Median =1

(−) Low &
high fat milk,
yogurt,
cheese,
desserts
2,1,0

Sweets or Sugar Products

(−) Sugar
Sweetened
Beverages &
Fruit Juice 0 10
≥1 - 0 serv/d

Sodium

(−) 0 - 10
Highest to
Lowest decile,
mg/d

Trans fat

(−) % energy 0 - 10
≥4 to ≤0.5

Multivitamin use

(+) 2.5 (non-user)
7.5 (user)

Alcohol

(+m) 5-25♀,
10-50♂ g/d =1

(+m)
Moderate=2
>or <
moderate=0
(mod defined
using MDS
cutoffs)

(+m) 5-15 g/d
=1

(+m) 0.5 - 1.5 ♀
1.5 - 2.5 ♂
Drinks/d =10

(−) % energy 0
- 10
≥4 to ≤0.5

(+m) 0.5 - 1.5
♀
1.5 - 2.5 ♂
Drinks/d =10

Component score based on correspondence to recommendations. (+) indicates ‘positive components’,
(−) indicates ‘negative components and (+m) indicates positive in moderation
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(Cont’d)
Components

Healthy
Eating
Index
(HEI)*
Kennedy
et al.
1995
1990
DGAs

Healthy Eating Index
(HEI)-2005
Guenther et al. 2008
2005 DGAs

Healthy Eating Index
(HEI)-2010
Guenther et al. 2013
2010 DGAs

Healthy
Eating
Index for
Canadian
(HEI-C)
Dubois et
al. 2000
Québec
Nutrition
Survey

Diet Quality
Index
(DQI)
Patterson et
al. 1994
Nationawide
Food
Consumption
Survey

Vegetables

(+) 0-10
3-5
serv/d=10

(+) Total vegetables
0-5
Dark green/orange/
legumes
0-5

(+) Total vegetables
0-5
Greens & beans
0-5

(+)
Vegetable
& fruits
5-10
serv/d=10

(+) Vegetables
& Fruits
≥5 serv/d=0
3-4 serv/d=1
0-2 serv/d=2

(+) Dark
green/orange/legumes
0-5

(+) Greens & beans
0-5

Legumes

Fruits and/or Nuts

(+) Fruits
2-4
serv/d=10

(+) Total fruit
0-5
Whole fruits (except
juice)
0-5

(+) Total fruit
0-5
Whole fruits (except
juice)
0-5

(+)
Vegetable
& fruits
5-10
serv/d=10

(+) Vegetables
& Fruits
≥5 serv/d=0
3-4 serv/d=1
0-2 serv/d=2

Cereals and Whole Grains

(+) Grains
6-11
serv/d=10

(+) Total grains 0 - 5
Whole grains 0 - 5

(+) Whole grains 0 - 10

(+) Grains
5-12
serv/d=10

(+) ≥6
serv/d=0; 4-5
serv/d=1; 0-3
serv/d=2

(−) Total
Fat 10-0
<30%E >45%E
SFA 10-0
<10%E ≥15%E

(−) Total fat
≤30% E=0; 3040% E=1;
>40% E=2
SFA
≤10% E=0; 1013% E=1;
>13% E=2

Fish or Fresh Fish

Fat

Total Meat

(+) Seafood & plant
proteins
0-5
(−) Total
Fat 10-0
<30%E >45%E
SFA 10-0
<10%E >15%E

(−) SFA
0 - 10
≥15% - ≤7% E

(+) Meat
2-3
serv/d=10
[legumes
if needed
for 10]

(+) Meat & Beans
0 - 10

(+) Healthy oils
0 - 10
0 - 12 g/d

(+) Meat
2-3
serv/d=10
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Dairy Products

(+) Milk
2-3
serv/d=10

Sweets or Sugar Products

(+) Milk, yogurt,
cheese, & soy
beverages
0 - 10

(+) 0 - 10

(+) Milk
2
serv/d=10

(−) 0 - 10

(−) 10-0
<2400mg ≥4800mg

(−)
≤2400mg/d=0
2400–
3400mg/d=1
>3400mg/d=2

(−) 10-0
<300 mg ≥450 mg

(−) ≤300mg=0;
300-400mg=1;
>400mg=2

(−) Solid fats,
alcoholic beverages &
added sugars
0 - 20
≥50% - ≤20% E

Sodium

(−) 10-0
<2400mg
>4800mg

Cholesterol

(−) 10-0
<300 mg >450 mg

(−) 0 - 10
Highest – Lowest
decile, mg

Protein

(+) Protein foods
0 - 10

PUFA:MUFA:SFA

(+) 0 - 10
(PUFAs +
MUFAs)/SFAs≥2.5=10
(PUFAs +
MUFAs)/SFAs≤1.2=0

(+) ≤100%
RDA=0
100-150%
RDA=1
>150%
RDA=2

Iron, Calcium, Vitamin C

Variety

Alcohol

(+) Calcium
≥100%
RDA=0; 2/3
RDA=1; <2/3
RDA=2
(+) 10-0
16 dif
foods/3
d=10
<6 dif
foods/3 d

(+) 10-0
Each dif
food
groups/
d=10
(−) Solid fats,
alcoholic beverages &
added sugars
0 - 20
≥50% - ≤20% E

(−) Solid fats, alcoholic
beverages & added
sugars
0 - 20
≥50% - ≤19% E

Component score based on correspondence to recommendations. (+) indicates ‘positive components’,
(−) indicates ‘negative components and (+m) indicates positive in moderation
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(Cont’d)
Components

Diet quality index
based on Swedish
Nutrition
Recommendations
(DQI-SNR)
Drake et al. 2011
Malmo Diet and
Cancer

Diet Quality Index for
Australians
(Aussie-DQI)
Zarrin et al. 2013
Dietary guidelines for
Austalian

Mediterranean
Diet Quality
Index
(MDQI)
Scali et al. 2000

Diet Quality
Index for
Canadian
(DQI-C)
Dubois et al.
2000
Quebec
Nutrition
Survey

Diet Quality
Index for
Chinese
(DQI-CH)
Stookey et al.
2000
China Health
and Nutrition
Survey

Vegetables

(+) Vegetables &
Fruits
≥400g/d

(+) ≥5 serv/d=10

(+) Vegetables
& Fruits
>700g=0
700-400g=1
<400g=2

(+) Vegetables
& Fruits
≥5 serv/d=0
3-4 serv/d=1
0-2 serv/d=2

(+) Vegetables &
Fruits -12-0

Fruits and/or
Nuts

(+) Vegetables &
Fruits
≥400g/d

(+) Fruits
≥2 serv/d=10

(+) Vegetables
& Fruits
>700g=0
700-400g=1
<400g=2

(+) Vegetables
& Fruits
≥5 serv/d=0
3-4 serv/d=1
0-2 serv/d=2

(+) Vegetables &
Fruits -12-0

Cereals and
Whole Grains

(+m) Fiber
2.4-3.6g/MJ

(+) Cereals
19-60y: 6-12 serv /d ♂
4-9 serv /d ♀
>60 y: 4-9 serv /d ♂
4-7 serv /d ♀

(+) Cereals
>300g =0; 300100g=1;
<100=2

(+) ≥6 serv/d=0;
4-5 serv/d=1; 03 serv/d=2

(+m) Total
carbohydrates
55-69% E=0; 5054% E=5; 7074% E=-5; <50%
E=10; ≥75% E=10

Fish or Fresh
Fish

(+) ≥300g /wk

Fat

(−) SFA
≤14% E
PUFA
5-10% E

(−) Total fat
≤30% E=0; 3040% E=1; >40%
E=2
SFA
≤10% E=0; 1013% E=1; >13%
E=2

(+m) Total fat
15-24% E=0; 2529% E=5; 1014% E=-5; <10%
E=-10; ≥30%
E=10

(+) >60g =0;
60-30g=1;
<30g=2
(−) SFA
≤10% E=1; >10% E=0

(+) Olive oil
>15ml=0
15-5ml=1
<5ml=2

(−) SFA
≤10% E=0; 1013% E=1; >13%
E=2
Total Meat

(−) Red meat
½ -1½ serv
Processed meat
0-5 serv=0; >5 serv=10
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(−) <25g =0;
25-125g=1;
>125g=2

(+) SFA
≤7% E=0; 8-10%
E=5; >10% E=10

Dairy
Products
Sweets or
Sugar
Products
Sodium

(+m) 2-4 serv /d=10
0 or >4 serv /d=0
(−) Sugar
≤10% E

(−) Sugar
≤15% E=10; >15 %E=0

(−) ≤2300mg /d=10
>2300mg /d=0

(−)
≤2400mg/d=0
2400–
3400mg/d=1
>3400mg/d=2
(−) ≤300mg=0;
300-400mg=1;
>400mg=2

Cholesterol

(−) ≤300mg=0;
300-400mg=1;
>400mg=2
(+) ≤100%
RNI=0
100-150%
RNI=1
>150% RNI=2

Protein

(−) ≤2400mg/d=0
2400–
3400mg/d=1
>3400mg/d=2

Energe

(+) ≥10% E=0
8-9% E=-5
<8% E=-10

(+m) 80-119%
RDA=0; 70-79%
RDA=-5; 120129% RDA=5;
<70% RDA=-10;
≥130% RDA=10

Iron,
Calcium,
Vitamin C

(+) Calcium
≥100% RNI=0;
2/3 RNI=1; <2/3
RNI=2

(+) Calcium
≥67% RDA=0;
50-66% RDA=5; <50% RDA=10

Variety

(+) 10-0
[whole
grain/fruit/vegetables/fi
sh]

(+) -12-0

Alcohol

(−) 0-10g=10; >20g
/d=0 ♀
0-20g=10; >40g /d=0 ♂

(+) <50% of
maximum=0
51-100%
maximum=3
≥ 100% of
maximum=6

Component score based on correspondence to recommendations. (+) indicates ‘positive components’,
(−) indicates ‘negative components and (+m) indicates positive in moderation
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(Cont’d)
Components

Diet Quality
Index Revised
(DQI-R)
Haines et al.
1999
Continuing
Survey of Food
Intakes

Diet Quality
Index
International
(DQI-I)
Kim et al. 2003
US(CSFII) and
China (CHNS)

DGA Adherence Index
(DGAI)††
Fogli-Cawley et al.
2006
2005 DGAs

Programme
National
Nutrition
Santé
Guideline
Score
(PNNS-GS)
Estaquio et
al. 2009
2001 PNNS

Modified
Programme
National
Nutrition
Santé
Guideline
Score
(mPNNSGS)
Assmann et
al. 2014
SU.VI.MAX

Vegetables

(+) 0-10
≥5 serv/d=10
2.5-5 serv/d=5
<2.5 serv/d=0

(+) 0-5
3-5 serv/d=5
0 serv/d=0

(+) Meets DGA=1
Meets >33%=0.5
Meets<33%=0
+ Dark green, orange,
starchy‡‡

(+)
Vegetables &
Fruits
0,0.5,1,2

(+)
Vegetables &
Fruits
0,0.5,1,2

Legumes

(+) 0,0.5,1

Fruits and/or Nuts

(+) 0-10
Fruits
≥4 serv/d=10
2-4 serv/d=5
<2 serv/d=0

(+) Fruits
2-4 serv/d=5
0 serv/d=0

(+) Fruit, variety of fruit
& vegetables
0,0.5,1

(+)
Vegetables &
Fruits
0,0.5,1,2

(+)
Vegetables &
Fruits
0,0.5,1,2

Cereals and Whole
Grains

(+) 0-10
Grains
≥11 serv/d=10
5.5-11 serv/d=5
<11 serv/d=0

(+) Grains
6-11 serv/d=5; 0
serv/d=0
Fiber
20-30g/d=5;0
g/d=0

(+) Grains, Whole grains
≥50% whole=1
Fiber 14g/1000kcal=1

(+) Bread,
cereal,
potatoes,
legumes
0-1
Whole Grains
0-1

(+) Bread,
cereal,
potatoes,
legumes
0-1
Whole Grains
0-1

(+) Seafood
≥2 serv/wk=1

(+) Seafood
≥2 serv/wk=1

(+) Vegetable
Fat
Veg/total
≤0.5 =0
Veg/total
>0.5 =1

(+) Vegetable
Fat
Veg/total
≤0.5 =0
Veg/total
>0.5 =1

(−) Added
Fat
≥16%E =0
<16%E =1

(−) Added
Fat
≥16%E =0
<16%E =1

Fish or Fresh Fish

Fat

Fish is included in
“Variety”
(−) Total fat 0-10
≤30% E=10;
>30, ≤40% E=5;
>40% E=0
SFA 0-10
≤10% E=10;
>10, ≤13% E=5;
>13% E=0

(−) Total Fat 6-0
≤20%E=6; 2030%E=3;
>30%E=0
SFA 6-0
≤7%E=6; 710%E=3
>10%E=0

(+m) Total fat
20-35%E=1,
SFA<10%E=1,
> or <=0,
Low-fat choices
≥75%=0.5
[meat & milk each]
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Total Meat

Meat is included in
“Variety”

(+) Meat & Legumes
0,0.5,1,0.5
[legumes if needed to
meet 1.0]

(+) Meat,
poultry,
seafood, eggs
0-1

(+) Meat,
poultry,
seafood, eggs
0-1

Dairy Products

Dairy is included
in “Variety”

(+) Milk & Milk
products
0,0.5,1

(+) Milk &
Dairy
products
0-1

(+) Milk &
Dairy
products
0-1

Sweets or Sugar
Products

(−) Empty calorie
foods
≤3%E=6; 310%E=3;
>10%E=0

(−) Added sugar
<5%E=1
5-8.5%E=0.5
>8.5%E=0

(−)
Sweetened
foods
-0.5,0,1
Soda
0,0.5,0.75,1

(−)
Sweetened
foods
-0.5,0,1
Soda
0,0.5,0.75,1

Sodium

(−) ≤2400mg/d=6
2400–3400mg/d=3
>3400mg/d=0

(−) <2300 mg=1
>2300 mg=0

(−) Salt
-0.5 – 1.5

(−) Salt
-0.5 – 1.5

(−) 6-0
≤300mg=6; 300400mg=3;
>400mg=0

(−) <300mg=1
>300mg=0

Cholesterol

(−) 0-10
≤300mg=10;
>300,
≤400mg=5;
>400mg=0

Trans fat

Protein

(−) <1%E naturally
occurring=1
(+) 0-10
≤30% E=10
>30, ≤40% E=5
>40% E=0

(+) 10% E=5
0% E=0

CHO:PRO:FAT

(+) 0-6
55-65:10-15:15-25
=6

PUFA:MUFA:SFA

(+) P/S & M/S=11.5=4
P/S & M/S=0.81.7=2
Other=0

Iron, Calcium,
Vitamin C

(+) Calcium 0-10
≥100% RDA=10;
99-50% RDA=5;
<50% RDA=0
Iron 0-10
≥100% RDA=10;
99-50% RDA=5;
<50% RDA=0

(+) 100% RDA (or
AI)=5
0%=0
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Variety

Alcohol

(+m) Diversity 010
Moderation 0-10

(+) Overall food
variety 0-15
(meat/poultry/fish/
eggs;
dairy/beans;grain;f
ruit;vegetables)
Protein food
variety 0-5
(meat,poultry,fish,
dairy,beans, eggs)

(+) Variety based on
score for fruit and
vegetables

(+m) Empty
calorie foods
≤3%E=6; 310%E=3;
>10%E=0

(+m) ≤2 drinks/d ♂=1
≤1 drinks/d ♀=1
>above=0

(+m) Wine
≤3 glasses/d
♂=0.8; >=0
≤2 glasses/d
♀=0.8; >=0
Abstainers or
<1/wk=1

(+m) Wine
≤3 glasses/d
♂=0.8; >=0
≤2 glasses/d
♀=0.8; >=0
Abstainers or
<1/wk=1

(+m) Included in
determining subject
calorie level

(+)
Adherence to
physical
activity
recommendat
ions
0-1.5

(+)
Adherence to
physical
activity
recommendat
ions
0-1.5

Physical Activity

Component score based on correspondence to recommendations. (+) indicates ‘positive components’,
(−) indicates ‘negative components and (+m) indicates positive in moderation
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(Cont’d)
Components

Recommended
Food Score
(RFS)
Kant et al. 2000
Breast Cancer
Detection &
Demonstration
Project

DASH Score
Fung et al.
2008
Nurses’
Health Study

Healthy
Eating Index
for Thais
(THEI)
Taechangam
et al. 2008
Food Guide
Thailand
Nutrition Flag

Healthy Diet
Indicator
(HDI)
Macready et al.
1997
1990 DGAs

Healthy Diet
Indicator for
Canadian
(HDI-C)
Dubois et al.
2000
Quebec
Nutrition
Survey

Vegetables

(+) Tomatoes;
broccoli; spinach;
mustard, turnip,
collard greens;
carrots or mixed
vegetables w/
carrots; green salad;
sweet potatoes,
yams; other potatoes

(+) (except
potatoes &
legumes)
1-5
Lowest to
Highest
quintile

(+) 4-6
serv/d=10

(+) Vegetables &
Fruits
>400g=1
≤400g=0

(+) Vegetables
& Fruits
>400g=1
≤400g=0

Legumes

(+) Dried beans

(+) Nuts &
Legumes
1-5
Lowest to
Highest
quintile

Fruits and/or Nuts

(+) Apples or pears;
oranges; cantaloupe;
orange or grapefruit
juice; grapefruit;
other fruit juices

(+) Fruits and
fruit juices
1-5
Lowest to
Highest
quintile
Nuts &
Legumes
1-5
Lowest to
Highest
quintile

(+) Fruits
3-5 serv/d=10

(+) Vegetables &
Fruits
>400g=1;
≤400g=0
Nuts
>30g=1; ≤30g=0

(+) Vegetables
& Fruits
>400g=1
≤400g=0
Nuts
>30g=1;
≤30g=0

Cereals and Whole Grains

(+) Dark breads (wh
wheat, rye,
pumpernickel);
cornbread, tortillas &
grits; high-fiber
cereals; cooked
cereals

(+) Whole
Grains
1-5
Lowest to
Highest
quintile

(+m) Rice
starch
10-0
8-12 svg/d =10
0 or 14-18
serv/d=0

(+m) Complex
carbohydrates
50-70% E=1;
<50, >70% E=0
Fiber
27-40g=1; <27,
>40g=0

(+m)
Complex
carbohydrates
50-70% E=1;
<50, >70%
E=0
Fiber
27-40g=1;
<27, >40g=0
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Fish or Fresh Fish

(+) Baked or broiled
fish

Fat

(−) Total Fat
10-0
<20%E ≥35%E
SFA 10-0
<10%E ≥15%E

Total Meat

(+) Baked or stewed
chicken or turkey

(−) Red & Proc
meat
1-5
Highest to
Lowest quintile

(+m) 6-12
ts=10
0 or 12-18 ts=0

Dairy Products

(+) 2% milk and
beverages w/ 2%
milk; 1% or skim
milk

(+) Low-fat
dairy
1-5
Lowest to
Highest
quintile

(+) Milk
1-2 glasses
=10

Sweets or Sugar Products

(−) Sweetened
beverages
1-5
Highest to
Lowest quintile

(−) Sugar
<6%E=10
>10%E=0

Sodium

(−) 1 - 5
Highest to
Lowest quintile

(−)
≤2400mg/d=10
>3300mg/d=0

(−) SFA
0-10% E=1;
>10% E=0

(−) SFA
0-10% E=1;
>10% E=0

(+m) PUFA
3-7% E=1; <3,
>7% E=0

(+m) PUFA
3-7% E=1;
<3, >7% E=0

(−)
Monosaccharides
and disaccharides
0-10% E=1
>10% E=0

Cholesterol

(−) <300mg=1
>300mg=0

(−)
<300mg=1
>300mg=0

Protein

(+) 10-15% E=1
<10, >15% E=0

(+) 10-15%
E=1
<10, >15%
E=0

Variety

(+) 10-0
≥30 dif foods/
d=10
≤20 dif foods/
d=0

Component score based on correspondence to recommendations. (+) indicates ‘positive components’,
(−) indicates ‘negative components and (+m) indicates positive in moderation
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(Cont’d)
Components

Healthy Diet
Indicator
components based
on the World
Health
Organization
(HDI-WHO)
Jankovic et al.
2014
Consortium on
Health and Ageing

Michigan
healthy diet
indicator
(MI-HDI)
Rafferty et al.
2002
Behavioral
Risk Factor
Surveillance
System

American Heart
Association released
Diet and Lifestyle
Recommendations
(AHA-DLS)
Bhupathiraju et al.
2011
Boston Puerto
Rican Health Study

World Cancer
Research Fund
(WCRF)
Catsburg et al.
2014
Canadian
National Breast
Screeing

Dietary
Guidelines
Index
(DGI)
Harnack et al.
2002
Iowa
Women's
Health Study

Vegetables

(+) Vegetables &
Fruits
>400g=1
≤400g=0

(+m)
Recommended
serv

(+) Vegetables &
Fruit
≥5 serv/d=10

(+m) Vegetables &
Fruit
≥ 400g /d

(+) ≥3
serv=0.4
<3 serv=0

Fruits and/or Nuts

(+) Vegetables &
Fruits
>400g=1
0g=0

(+m) Fruits
Recommended
serv

(+) Vegetables &
Fruit
≥5 serv/d=10

Cereals and
Whole Grains

(+) Fiber
>25g=1; 0=0

(+m) Grains
Recommended
serv

(+) Whole grains
≥50% of total
grains=10

Legumes

(+m) Unprocessed
grains
≥ 25g

(+) Whole
grains
≥3 serv=1; 1-2
serv=0.5; <1
serv=0
Grain
≥6 serv=0.4;
<6 serv=0

(+) ≥2 serv/wk=10

Fish or Fresh Fish
Fat

(+) Fruit
≥2 serv=0.4
<2 serv=0

(−) SFA
<10% E=1; >15%
E=0
(+m) PUFA
<6-10% E=1; >10%
E=0

(−) Total Fat 100
<30%E ≥45%E
SFA 10-0
<10%E ≥15%E

Total Meat

(+m)
Recommended
serv

Dairy Products

(+m)
Recommended
serv

(−) Total Fat 10-0
<25%E - ≥35%E
SFA 10-0
<3.5%E - ≥15%E

(−) Total fat
≤30% E=0.67;
>30% E=0
SFA
≤10% E=0.67;
>10% E=0

(+m) Red meat
<500g /wk
Processed meat
<25g /wk

(+) ≥2
serv=0.4
<2 serv=0

(+) ≥2
serv=0.4
<2 serv=0
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Sweets or Sugar
Products

Sodium

Cholesterol

(−) 0 - ≤UL=10

(−) Empty calorie
eneergy density of
food <125 kcal
/100g
no sugary drinks

(−) 0-1
serv/d=2
2-3 serv/d=1
≥4 serv/d=0

(−) trying to
decrease

(−) ≤1.5g/d=10
>2.3g/d=0

(+m) < 2.4g /d

(−)
≤2400mg=2;
>2400mg=0

(−) 10-0
<300 mg - ≥450
mg

(−) 10-0
<150 mg - ≥300 mg

(−)
Monosaccharides
and disaccharides
0-10% E=1
>30% E=0

(−) <300mg=1
>400mg=0

(−) <0.5%E - ≥3%E

Trans fat
Protein

(+) 10-15% E=1
>20% E=0

Energe

Variety

(−)
≤300mg=0.67;
>300mg=0

(−) Empty calorie
eneergy density of
food <125 kcal
/100g
no sugary drinks
(+) ≤1 serv from
5 food groups
[grains/vegetabl
es/fruits/meats/
milk]

(+) vegetables &
fruits variety
>75th=10

(+) 0-1
[grains/vegeta
bles/fruits]

Alcohol

(+m) 0 - 2 glasses/d
♂=10
0 - 1 glasses/d ♀=10

(+m) ≤ 1 standard
drink /d

(+m) ≤1
drink/d=2
>1 drink/d=0

Physical Activity

(+m)
Moderate/vigorous=1
0
BMI≥18.5 and <25
=10

(+m) Weight status
18.5≤ BMI <25.0
kg/m2
Physically activity
≥ 210 min/ wk

(+m) Weight
status
BMI<25.0;
25.0≤BMI<29.
9; BMI≥30.0
Physically
activity
>4times /wk;
2-4times /wk;
<2 times/ wk

Component score based on correspondence to recommendations. (+) indicates ‘positive components’,
(−) indicates ‘negative components and (+m) indicates positive in moderation
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(Cont’d)
Components

Total Diet Score
(TDS)
Russell et al. 2013
Blue Mountains Eye
Study

Dutch
Healthy Diet
Index
(DHD-index)
Lee et al.
2012
Dutch
Guidelines
for a healthy
Diet of 2006

Recommended
Finnish Diet
Score
(RFDS)
Kanerva et al.
2012
National
FINRISK 2007

Overall Dietary
Index-Revised
(ODI-R)
Lee et al. 2008
Taiwanese
Dietary
Recommendation
s

Dietary
Dieversity
Score
(DDS)
Kant et al.
1993
DGAs

Vegetables

(+) 0.1-0.5
1.4-7 serv

(+)
≥200g/d=10

(+) 0-3
Quartiles

(+) 3 serv=10
0 serv=0

(+) ≥30-60g

Fruits and/or Nuts

(+) Fruit
3 serv=1
2 serv=0.5

(+) Fruit
≥200g/d=10

(+) 0-3
Quartiles

(+) Fruits
2 serv=10
0 serv=0
Soybean
0.5 serv=2.5
0 serv=0

(+) Fruits
≥30-60g

Cereals and Whole
Grains

(+) Whole Grains 0.1666-1
♂ 0.25-1 ♀
1-6 serv ♂ 1-4 serv ♀
Total cereals 0.1666-1 ♂
0.25-1 ♀
1-6 serv ♂ 1-4 serv ♀

(+) Fiber
≥14g /4.2
MJ=10
0g /4.2 MJ=0

(+) Whole grains
50 % of serv /d=5;
0 % of serv /d=0
Grain
12-24 serv /d=10;
0 serv /d=0

(+) Grain
≥15-30g

Fish or Fresh Fish

(+) ≥2 serv=1
1-2 serv=0.5
<1 serv=0

(+) ≥2
serv/wk=10

(+) 0.5 serv=2.5
0 serv=0

Fat

(−) SFA
<10% E=1; 10-12% E=0.5;
>12% E=0

(−) SFA
<10% E=10;
≥16.6% E=0
trans fat
<1% E=10;
≥1.6% E=0

Total Meat

(+) Lean red meat
≥3 serv=0.5
Meat
≥1 serv=1.5

(+) Ratio of
white to red
meat
0-3
Quartiles
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(+) Egg, soy, fish,
meats
4 serv/d=10

(+) ≥30-60g

Dairy Products

(+m) 0-1.5
0-3 serv
Ratio of non-shole
milk:whole milk
low fat > whole milk=0.5;
low fat = whole milk=0.25;
low fat < whole milk=0

(+) 1 serv=10
0 serv=0

Sweets or Sugar
Products

(−) Sugar
<15% E=2; 15-20% E=1;
≥20% E=0

(−) Acidic
drinks
≤7
occasions=10
>7
occasions=0

(−) Sugar
0-3
Quartiles

(−) Sugar 0-3
3.5-10% E

Sodium

(−) ≤920mg=2; 9202300mg=1; >2300mg=0

(−)
≥2.45g/d=10;
<1.68g/d=0

(−) 0-3
Quartiles

(−) <2400mg=10
>4800mg=0

Cholesterol

(−) <400mg /d=10
>800mg /d=0

PUFA:MUFA:SFA

Energe

Variety

(+) ≥15-30g

(−) PUFA:SFA
+ trans-Fat 0-3
Quartiles

(−) Foods maybe high in
salt, fat or sugar 0-2
3-5 ♂ 2.5-4 ♀
(+) 0.1
[green/orange/cruciferous/t
uber/legumes]

(+m) PUFA:SFA
0-10
1 =10
<0.5 =0

(+) ≤0.5 serv from
10 food group

Alcohol

(−) <20g=2; ≥20g=0 ♂
<10g=2; 10-20g=1;
≥20g=0 ♀

(−) ≤20g=10;
≥60g=0 ♂
≤10g=10;
≥40g=0 ♀

Physical Activity

(+) Physically activity
tertile 0-1
Ratio of energy intake to
energy expenditure
0.76-1.24=1; <0.76,
>1.24=0

(+) ≥5
activities=10
0 activities=0

(−) Sugar
0-3
Quartiles

(−) 5-30g /d=3
<5g /d=1.5
>30g /d=0

Component score based on correspondence to recommendations. (+) indicates ‘positive components’,
(−) indicates ‘negative components and (+m) indicates positive in moderation
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(Cont’d)
Components

MediterraneanStyle Dietary
Pattern Score
(MSDPS)
Rumawas et al.
2009
Raminghan
Offspring
Cohort

Australian Diet
Quality Index
(Aust-HEI)
AIHW 2007
National Nutrition
Survey

Austalian
Recommend
ed Food
Score
(ARFS)
Collins et al.
2008
Australian
Longitudinal
Study on
Women's
Health

Diet Quality in an
Australian
(DGI-A)
McNaughton et
al. 2008
DGAA

Healthy Food
Index
(HFI)
Osler et al.
2001
Danish World
Health
OrganizationMONICA
survey

Vegetables

(+m) 6 serv/d

(+m) ≥4 serv/d

(+) 0-22
≥4 serv/d

(+) ≥5 serv/d

(+m) ≥1 serv/d

Fruits and/or Nuts

(+m) Fruits
3 serv/d
Olives, legumes,
and nuts
4 serv/d

(+m) Fruit
≥2 serv/d

(+) Fruit 0-14
≥2 serv/d

(+) Fruit
≥2 serv/d

(+m) Fruit
≥1 serv/d

Cereals and Whole
Grains

(+m) Whole
grains
8 serv/d
Potatoes
3 serv/d

(+m) Ratio of
whole meal/whole
grain
1
Cereals
19-60y: ♂≥6, ♀≥4
>60y: ♂≥4, ♀≥4

(+m) Coarse
white or coarse
rye bread
≥1 serv/d

Fish or Fresh Fish

(+m) 6 serv/d

Fat

(+m) Low fat dairy
chosen
Eaten once per week
or more high
saturated fat, low
nutrient density
foods

Total Meat

(+m) Meat 1
serv/d
Poultry 4 serv/d
Egg 3 serv/d

Dairy Products

(+m) 2 serv/d

(+m) Trim fat off
meat usually
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(+m) low fat milk
chosen

(+m) 0-14
1-4 serv/wk
of meat
2 eggs/wk

(+) ≥1 serv/d
ratio of lean meats
to total meat
1

(+) 0-7
>500ml/d

(+) ≥2 serv/d

Sweets or Sugar
Products

(+m) 3 serv/d

(+) ≥1 serv/wk
Healthy foods
≥1 serv/wk

Variety

Alcohol

(+m) Added sugar
0-10
Ratio of water to
beverages in 50%
≥8 svgs of
beverages

(+m) 3 serv ♂
1.5 serv ♀

(+) ≥1 serv/wk

(−) 1-2
glasses
maximum/d

(−) ♂: ≥2
drinks/d=10
≥4
drinks/d=0
♀: ≥1 drink/d=10
≥2
drink/d=0

Component score based on correspondence to recommendations. (+) indicates ‘positive components’,
(−) indicates ‘negative components and (+m) indicates positive in moderation
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(Cont’d)
Components

Mediterranean
Diet Score 1
(MDS1)
Trichopoulou et al.
1995
Greek

Mediterranean
Diet Score 2
(MDS2)
Panagiotakos et al.
2006
Greek

American Cancer
Society
(ACS)
Catsburg et al. 2014
Canadian National
Breast Screening
Study

Food-Based Dietary
Guidelines
(FBDG)
Lowik et al. 1999
Dutch Nutrition
Surveillance System

Vegetables

(+) High; Low

(+) 1-4
none->18serv/m

(+) Vegetables and
fruits
≥400 g/d

(+m) 3-4 serv/d

Fruits and/or Nuts

(+) High; Low

(+) 1-4
none->18serv/m

(+) Vegetables and
fruits
≥400 g/d

(+m) 2 pieces of fruit

Cereals and Whole Grains

(+) High; Low

(+) Whole grains 14
none->18serv/m
Potatoes 1-4
none->18serv/m

(+m) Ratio of whole
grain: refined grains
>1

(+m) 5-7 slices of bread
3-5 pieces of potatoes

(−) <500 g/wk

(+m) 115-130g of egg

Fish or Fresh Fish

(+) 1-4
none->18serv/m

Total Meat

(+) High; Low

(+) Meat and
poultry 1-4
none->18serv/m

Dairy Products

(+) High; Low

(+) 1-4
none->18serv/m

Alcohol

(+m) Moderate;
none

(−) <300ml->700ml

Physical Activity

(+m) 2-3 glasses of milk

(+m) ≤ 1 standard
drink /d
(+m) Physical
activity
≥ 150 min/ wk
18.5≤ BMI <25.0
kg/m2

Component score based on correspondence to recommendations. (+) indicates ‘positive components’,
(−) indicates ‘negative components and (+m) indicates positive in moderation
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Appendix Table 2. Saturated fatty acids per 100g edible portion
Compositions of food, per 100g edible portiona
Food code

Food name

01 082 01 02 01
01 082 03 02 01
01 089 02 01 01
01 250 01 01 01
01 294 18 01 01
01 334 01 06 01
01 334 01 07 01
01 334 01 08 01
01 334 01 03 01
01 334 02 02 01
01 334 06 02 01
01 334 06 03 01
01 334 06 04 01
01 334 06 05 01
01 334 09 01 01
01 454 04 01 01
01 255 07 17 01
01 255 22 10 01
01 255 22 17 01
01 677 04 02 01
01 677 15 02 01
01 557 07 01 01
01 593 02 01 01
01 639 02 01 01
01 781 01 01 01
01 781 01 02 01
01 801 01 02 01
02 019 01 01 01
02 044 01 01 01
02 044 04 01 01
02 044 06 01 01
02 044 07 01 01
02 044 08 01 01
02 216 03 01 01
02 216 05 01 01
02 216 06 01 01
02 744 01 01 01
03 105 01 06 54
04 022 01 01 02

Oat, Coveredoats, Wholegrain, Raw
Oat, Nakedoats, Raw, Wholegrain, Raw
Prosomillet, Glutinous, Polishedgrain, Raw
Buckwheat, Raw
Wheat, Polishedgrain, Raw
Barley, Covered, Upland, Wholegrain, Raw
Barley, Covered, Upland, Polishedgrain, Raw
Barley, Covered, Glutinous, Wholegrain, Raw
Barley, Covered, Glutinous, Polishedgrain, Raw
Barley, Beerbarley, Wholegrain, Raw
Barley, Naked, Upland, Wholegrain, Raw
Barley, Naked, Upland, Polishedgrain, Raw
Barley, Naked, Glutinous, Wholegrain, Raw
Barley, Naked, Glutinous, Polishedgrain, Raw
Barley, Glutinous, Polishedgrain, Raw
Sorghum, Glutinous, Polishedgrain, Raw
Rice, Upland, Wellpolished, Ilpumbyeo, Raw
Rice, Upland, Brownrice, Ilpumbyeo, Raw
Rice, Upland, Blackbrownrice, Raw
Rice, Glutinous, Wellpolished, Hwaseon, Raw
Rice, Glutinous, Brownrice, Hwaseon, Raw
Maize/Corn, Glutinouscorn, Raw
Job'stears, Raw
Foxtailmillet, Giutinous, Raw
Barnyardmillet, Raw
Barnyardmillet, Wholegrain, Raw
Rye, Wholegrain, Raw
Potato, Raw
Sweetpotato, Raw
Sweetpotato, Purple, Raw
Sweetpotato, Orange, Raw
Sweetpotato, Drytype, Raw
Sweetpotato, Moisttype, Raw
Yam, Longtype, Raw
Yam, Dioscoreajaponica, Raw
Yam, Dioscoreabulbifera, Raw
Taro, Raw
Honey, Acacia, Uncooked
Kidneybean, Dried
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SFA
(mg)
1,022
1,531
608
630
359
658
474
687
511
553
454
683
718
534
623
592
584
292
705
425
796
368
794
736
757
463
295
30
106
72
81
108
78
48
37
21
70
358
596

Source
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA

04 121 01 01 02
04 156 01 05 02
04 156 01 06 02
04 156 02 04 02
04 156 02 05 02
04 177 01 01 02
04 564 01 01 02
04 617 01 01 02
04 763 02 01 02
05 195 01 01 02
05 199 01 02 02
05 304 04 02 01
05 599 01 01 01
05 621 02 02 01
05 665 04 01 02
05 800 01 01 02
06 011 01 01 01
06 020 01 01 01
06 046 01 01 01
06 050 02 01 01
06 056 01 01 01
06 058 03 01 01
06 058 03 01 02
06 058 04 05 01
06 062 01 01 01
06 065 01 01 01
06 076 02 01 02
06 084 01 01 01
06 196 01 01 01
06 114 01 01 01
06 147 01 01 01
06 152 01 01 01
06 152 01 01 13
06 162 01 01 01
06 162 01 02 01
06 164 01 01 01
06 173 01 01 01
06 187 01 01 01
06 191 01 02 02
06 219 01 01 01
06 219 01 01 13
06 831 01 01 01
06 246 01 01 01
06 268 10 02 01
06 539 01 01 01

Mungbean, Dried
Soybean, Blacksoybean, Heukmi, Dried
Soybean, Blacksoybean, Chungja3ho, Dried
Soybean, Yellowsoybean, Daepung, Dried
Soybean, Yellowsoybean, Sunyoo, Dried
Cowpea, Dried
Peas, PisumsativumL., Dried
Horsebean, Dried
Smallred/Adzukibean, Red, Dried
Perillaseed, Dried
Peanut, Dried
Chestnut, Peel, Raw
Gingkonut, Raw
Pinenut, Raw
Sesame, Whitesesame, Dried
Walnut, Dried
Eggplant, Raw
Mustard, BrassicajunceaL.Czern., Raw
Sweetpotatostalks, Raw
Youngiadenticulata, Raw
Bracken, Raw
Chilipepper, Redpepper, Raw
Chilipepper, Redpepper, Dried
Chilipepper, Greenpepper, Raw
Chilipepperleaves, Raw
Ligulariafischeri, Wildvegetables, Raw
Chrysanthemum, Petal, Rebaudianbertoni, Dried
Leafbeet[Chard], Raw
Perilla, Leaves, Raw
Shepherd’spurse, Raw
Wildgarlic, Raw
Carrot, Raw
Carrot, Blanching
Codonopsislanceolata, Raw
Codonopsislanceolata, Fermented
Balloomflower, Root, Raw
SedumsarmentosumBunge, Raw
Araliashoots, Sprout, Raw
Polygonatumodoratum, Root, Dried
Garlic, Raw
Garlic, Blanching
Garlic, Flowerstalk, Raw
Butterbur, Raw
Radish, Koreanradish, Root, Raw
Youngleafyradish, Raw
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681
3,308
2,792
3,048
2,611
772
199
524
612
3,346
7,234
209
282
5,294
6,106
5,075
33
62
35
73
44
428
1,185
105
198
57
88
39
167
70
69
34
33
44
25
65
36
63
184
115
40
64
28
20
40

RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA

06 283 03 01 01
06 283 02 01 01
06 289 02 02 01
06 312 05 01 01
06 351 03 01 01
06 363 01 01 01
06 369 01 01 01
06 402 02 01 01
06 402 05 01 01
06 402 06 01 01
06 412 01 02 01
06 458 01 01 01
06 467 01 01 01
06 473 01 01 01
06 487 03 01 01
18 487 01 02 01
18 487 01 02 13
06 489 01 01 01
06 489 01 01 13
06 497 01 01 01
06 498 01 01 01
06 832 01 01 01
06 514 02 01 01
06 514 02 01 13
06 514 04 01 01
06 515 01 01 01
06 519 01 03 01
06 519 01 03 13
06 534 01 01 01
06 552 01 01 01
06 578 01 01 01
06 582 01 01 01
06 649 01 01 01
06 692 01 01 01
06 680 01 01 01
06 712 01 02 01
06 712 01 01 01
06 720 01 01 01
06 747 03 02 01
06 747 01 01 01
06 755 01 01 01
06 755 03 01 01
06 761 01 01 01
06 761 02 02 01
06 761 05 02 01

Waterdropwort, Raw
Waterdropwort, Wildtype, Raw
Dandelion, leaves, Raw
Chinesecabbage, Autumn, Bulam3ho, Raw
Chinesechive, AlliumodurumL., Raw
Broccoli, Raw
Pigweed, Raw
Lettuce, Raw
Lettuce, Red, Raw
Lettuce, Green, Raw
Ginger, Raw
Mungbeansprout, Raw
Spinach, Raw
Angelicakeiskei, Raw
Mugwort, Raw
Mugwort, Sazabalsuk, Raw
Mugwort, Sazabalsuk, Blanching
Crowndaisy, Raw
Crowndaisy, Blanching
Asparagus, Raw
Mallow, Raw
Aloe, Raw
Cabbage, Raw
Cabbage, Blanching
Cabbage, Redcabbage, Raw
Headlettuce, Raw
Onion, Raw
Onion, Blanching
Lotusroot, Raw
Cucumber, Improvedbreed, Raw
Burdock, Raw
Hemerocallisfulva, Raw
Bambooshoot, Raw
Asterscaber, Wildtype, Raw
Pakchoi, Raw
Kale, Vinyl, Raw
Kale, Raw
Soybeansprout, Raw
Tomato, Raw
Tomato, Cherrytomato, Raw
Welshonion, Raw
Chives, AlliumschoenoprasumL., Raw
Paprika, Greenpaprika, Raw
Paprika, Redpaprika, Raw
Paprika, Yellowpaprika, Raw
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52
37
85
29
51
73
92
41
89
68
32
34
56
73
89
83
134
43
72
45
70
12
44
39
46
15
22
22
45
23
48
68
76
79
28
61
59
225
36
26
26
47
28
55
27

RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA

06 783 01 01 01
06 783 02 01 01
06 802 03 01 01
06 802 05 01 01
06 830 01 01 01
06 836 01 01 01
06 839 01 01 02
07 834 01 01 01
07 136 02 01 01
07 136 03 01 01
07 728 01 01 01
07 266 01 02 02
07 516 01 01 01
07 767 01 02 01
07 774 03 05 01
07 774 03 05 02
08 016 04 01 02
08 016 04 01 29
08 016 05 03 01
08 017 01 01 01
08 085 01 03 01
08 159 01 03 01
08 159 01 03 02
08 198 01 01 01
08 234 02 01 01
08 238 01 02 01
08 254 01 01 01
08 296 01 01 01
08 311 03 01 01
08 311 07 01 01
08 340 01 02 01
08 341 02 01 01
08 341 02 04 01
08 341 02 05 01
08 378 02 01 01
08 450 01 02 01
08 507 01 01 01
08 588 01 04 01
08 612 01 03 01
08 673 02 01 01
08 760 01 02 01
08 760 01 03 01
08 731 01 01 01
08 771 08 01 01
08 771 09 01 01

Sweetpepper, Green, Raw
Sweetpepper, Red, Raw
Pumpkin, Sweetpumpkin, Raw
Pumpkin, Green/Youngpumpkin, Raw
Pumpkinleaves, Raw
PeucedanumjaponicumThunberg, Raw
Ailanthusaltissima, Leaves, Dried
Hericiumerinaceum, Raw
Pleurotuscornucopiaevar.citrinopileatus, Raw
Pleurotussalmoneostramineus, Raw
Pleurotuseryngii, Raw
Earmushroom, NorthKorea, Dried
Agaricusbisporus, Raw
Wintermushroom, Flammvelutipes, Raw
Oakmushroom, Lentinusedodes, Raw
Oakmushroom, Lentinusedodes, Dried
Persimmon, Drytype, Dried
Persimmon, Half-drytype, Raw
Persimmon, Hard, Raw
Citrusfruit, Satsumamandarin, Raw
Kumquat, Raw
Jujube, Raw
Jujube, Dried
Strawberry, Improvedbreed, Raw
Mango, Applemango, Raw
Japaneseapricot, Raw
Melon, Musk, Raw
Banana, Raw
Pear, Singo, Raw
Pear, Pyruspyrifolia, Raw
RubuscoreanusMiquel, Mature, Raw
Peach, White, Raw
Peach, Chundo, Raw
Peach, Yellow/Nectarine, Raw
Apple, Fuji, Raw
Watermelon, Raw
Koreancherry, Raw
Citron, withPeel, Raw
Plum, PrunussalicinaLindl.cv.Soldam, Raw
OrientalMelon, Raw
Papaya, Immature, Raw
Papaya, Mature, Raw
Kiwi, Raw
Grape, Greenvariety, Raw
Grape, Cambellearly, Raw

112

36
72
353
40
99
80
48
65
38
38
39
419
52
56
74
320
37
105
26
27
43
70
240
34
43
35
24
67
31
13
81
29
24
31
33
25
18
55
21
98
63
237
83
38
70

RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA

12 090 01 01 02
12 143 02 01 02
12 237 01 01 01
12 285 03 02 02
12 285 03 08 01
12 751 01 02 02
15 125 01 05 01
18 603 01 02 02
18 603 02 01 01

Laver, Dried
Seatangle, Dried
Seaweedfulvescens, Raw
Seamustard, Dried
Seamustard, Salted, Raw
Seaweedfusiforme, Dried
Greentea, Leaves, Raw
Ginseng, Whiteginseng, Dried
Ginseng, Rawginseng, Raw
Stone flounder
Hairtail
Blue crab
Common mackerel
Pacific oyster
Mitra squid
Whip-arm octopus
Bastard halibut
Common seabass
Finespotted flounder
Japanese anchovy
Alaska pollack
Little neck clam
Japanese Spanish mackerel
Kuruma shrimp
Korean common sea urchin
Horsehead
Insore hagfish
Common eel
Whitespotted conger
Hard shelled mussel
Pork, lean meat
Pork tricep
Pig's ribs
Sausage frankfurt
Cow's ribs
Beef lean
Chicken
Cow's brisket

a

622
453
84
582
178
574
170
245
87
810
1970
170
3720
360
590
130
180
1240
930
990
10
270
1840
430
440
770
490
4670
1970
480
2353
5189
4032
2920
6680
2544
661
7578

RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
NFRDI
NFRDI
NFRDI
NFRDI
NFRDI
NFRDI
NFRDI
NFRDI
NFRDI
NFRDI
NFRDI
NFRDI
NFRDI
NFRDI
NFRDI
NFRDI
NFRDI
NFRDI
NFRDI
NFRDI
NFRDI
J
J
J
J
J
J
J
J

modified from 2010 Tables of Food Functional Composition Mineral, Fatty Acid
(RDA)(Science, 2010), Fatty acid composition of fisheries products in Korea
(NFRDI)(NFRDI, 2012) and the article (J)(Jung and Paik, 1993)
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국문초록
서론: 식이 지침 순응을 토대로 개발된 식이질지수 또는 식이질 지
표는 전반적인 식이의 질을 수치로 나타낸다. 본 연구는 식이질 지
표의 개발과 식이질 수준과 사망 위험과의 관계를 평가하고자 한
다.
방법: 한국인 영양 지침 순응을 토대로 한국인을 위한 식이질지표
(DQI-K)를 개발하였다. DQI-K 의 구성타당도를 평가하였고 기존 지
표들과 비교하였다. 지표와 총 사망, 원인 특정 사망위엄 과의 상
관성을 평가하였다.
결과: 한국인을 위한 식이질지표는 8개의 항목으로 구성되었다. 1)
단백질 섭취량 2) 지방섭취로부터 얻은 에너지 3) 포화지방으로부
터 얻은 에너지 4) 콜레스테롤 섭취량 5) 잡곡밥 섭취 6) 과일 섭
취량 7) 채소 섭취량 8) 소금 섭취량; 구성 타탕도 평가에서 DQI-K
로 평가된 좋은 식이 질은 높은 연령, 높은 교육수준, 높은 수입수
준과 상관성을 보여줬다. DQI-K 는 주요에너지 관련 영양소 밀도와
DQI 나 KDS 보다 큰 상관관계를 보여주었다. DQI-K는 남성과 여
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성에서 사망

위험

과의

상관성을

보여줬으며

(HR=1.35, 95%

CI=1.09-1.67; 남성, HR=1.19, 95% CI=1.02-1.40; 여성), 남성에서 낮은
식이질은 위암 위험도를 높이고 (HR=3.10, 95% CI=1.41-6.78), 여성에
서

대장암 위험도를

높이는

것으로

나타났다

(HR=4.17, 95%

CI=1.25-13.97).
결론: 본 연구를 통해 개발된 식이질지표는 한국인의 전반적인 식
이질 평가를 할 수 있는 것으로 나타났다. 영양 지침의 순응 효과
와 건강관련 요인과의 관계를 평가 하는데 DQI-K가 활용 될 수 있
을 것으로 사료된다.

주요어: 식이질 평가지표, 코호트, 사망
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