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ABSTRACT

Purpose: This study was conducted to develop a nutrition quotient (NQ) to assess overall dietary quality and food behaviors
of Korean adults, Methods: The NQ was developed in three steps: item generation, item reduction, and validation, Candidate
items of the NQ checklist were derived from a systematic literature review, expert in—depth interviews, statistical analyses
of the Korea National Health and Nutrition Examination Survey (2010 ~2013) data, and national nutrition policies and
recommendations, A total of 368 adults (19 ~ 64 years) participated in a one—day dietary record survey and responded to 43
items in the food behavior checklist, Pearson's correlation coefficients between responses to the checklist items and nutritional
intake status of the adults were calculated, Item reduction was performed, and 24 items were selected for a nationwide survey.,
A total of 1,053 nationwide adult subjects completed the checklist questionnaires, Exploratory and confirmatory factor analyses
were performed to develop a final NQ model, Results: The 21 checklist items were used as final items for NQ, Checklist items
were composed of four factors: nutrition balance (seven items), food diversity (three items), moderation for the amount of food
intake (six items), and dietary behavior (five items). The four—factor structure accounted for 41.8% of the total variance,
Indicator tests of the NQ model suggested an adequate model fit (GRI=0,9693, adjusted GFI=0,9617, RMR =0,0054, SRMR
=0,0897, p{0.05), and item loadings were significant for all subscales, Standardized path coefficients were used as weights
of the items, The NQ and four—factor scores were calculated according to the obtained weights of the questionnaire items,
Conclusion: NQ for adults would be a useful tool for assessing adult dietary quality and food behavior, Further investigations
of adult NQ are needed to reflect changes in their food behavior, environment, and prevalence of chronic diseases.
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Systematic literature review
Statistical analyses of the Korean
NHANES(2010-2013) data

[ Preliminary FBC ]
O
[ Focus group interviews ]
Lo
Pilot survey (FBC with 43 items &
24h recall)
O

[ Expert advice and workshops ]

O

Nationwide Survey
(FBC with 24 items)
O
Final FBC with 21 items

[ NQ model development ]

Fig. 1. Process of NQ development. FBC: food behavior checklist
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Table 1. Checklist items selected for the pilot survey
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Food intake items

Eating behavior items

. Infake frequency of whole grain and potatoes
. Number of vegetable dishes excluding Kimchi at each meal
. Intake frequency of Kimchi

. Infake amount of Kimchi at meal

. Infake frequency of bean or bean products

. Intake frequency of meats

. Infake frequency of eggs

. Intake frequency of fishes and shellfishes

9. Intake frequency of nuts

10. Intake frequency of fruit

11. Intake frequency of milk and dairy product

0 N OO0~ W N~

12. Intake frequency of water

13. Intake frequency of processed beverage

14. Intake frequency of caffeinated beverage

15. Intake frequency of sweet and greasy backed products
16. Intake frequency of fast food

17. Intake frequency of fried foods

18. Intake frequency of ramyeon

19. Degree of consumption of liquid in soup and sauce in the dish

20. Intake frequency of salty foods
21. Degree of consumption of salty food in daily life

Infake frequency of breakfast

. Intake frequency of eating out or delivery food

. Meal Regularity

. Intake frequency of night time snack

. Overeating behavior

. Frequency of eating alone

. Refusal of specific food items

. Sufficient meal time

. Dietary supplement intake

. Smoking

. Drinking frequency of more than 3 cups of alcohol a day
. Health teeth and gums

. Check nutrition label when purchasing processed foods
. Experience in nufiition education and counseling
. Efforts o have healthy eating habits

. Walking time period per day

. Frequency of exercise over 30 minutes

. The type of chronic disease

. Perception level for one’s health

. Perception on body image

. Dietary life circumstances

. Washing hands before meal
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Table 3. Results of exploratory factor analysis of the 21 items selected by LISREL analysis

Checklist items Factor 1 Factor 2 Factor 3 Factor 4

Intake frequency of fruits 0.650 0.006 0.105 0.135
Intake frequency of eggs 0.641 -0.138 0.074 -0.003
Intake frequency of bean or bean products 0.637 -0.005 0.095 0.093
Intake frequency of milk and dairy product 0.621 -0.098 0.143 -0.004
Intake frequency of nuts 0.561 -0.038 0.325 0.020
Intake frequency of fish and shellfishes 0.491 -0.288 0.248 0.214
Intake frequency of breakfast 0.397 0.259 0.110 0.200
Intake frequency of fast food -0.148 0.734 -0.102 0.151
Intake frequency of ramyeon -0.025 0.658 -0.041 0.055
Intake frequency of night snack 0.113 0.636 -0.001 -0.104
Intake frequency of eating out or delivery food -0.003 0.617 -0.012 -0.107
Intake frequency of sweet and greasy baked products -0.378 0.532 -0.009 0.091
Intake frequency of processed beverage -0.302 0.408 0.258 -0.068
Check nutrition label when purchasing processed foods 0.082 -0.089 0.697 -0.045
Efforts o have healthy eating habits 0.165 0.162 0.659 0.261
Perception level for one’s health 0.026 -0.098 0.5637 0.253
Frequency of exercise over 30 minutes 0.236 -0.077 0.488 0.053
Washing hands before meal 0.171 0.069 0.448 0.011
Refusal of specific food items -0.105 0.279 0.055 0.691
Number of vegetable dishes excluding Kimchi at each meal 0.257 -0.093 0.126 0.592
Intake frequency of water 0.144 -0.128 0.119 0.539
Eigen value 3.92 247 1.33 1.07
Cumulative % of variance 18.7 30.4 36.7 41.8




348/ 4491 A5 A

Intake frequency of fruits (0.037)

Intake frequency of eggs (0.040)
Intake frequency of bean or bean products (0.037)
Intake frequency of milk and dairy products (0.039)
Intake frequency of nuts (0.039)
Intake frequency of fish and shellfishes (0.045)

Intake frequer

f breakfast (0.012)
Number of vegetable dishes excluding Kimchi at cach meal (0.116)
Intake frequency of water (0.095)
Refusal of specific food items (0.039)
Intake frequency of fast food (0.058)
Intake frequency of ramyeon (0.049)
Intake frequency of night snack (0.043)
Intake frequency of eating out or delivery food (0.048)
Intake frequency of sweet and greasy baked products (0.057)
Intake frequency of processed beverage (0.046)
Check nutrition label when purchasing processed food (0.045)
Efforts to have healthy eating habits (0.035)
Perception level for one's health (0.040) <
Frequency of exercise over 30 minutes (0.051) ’/

‘Washing hands before meal (0.029)

Fig. 2. Weights and path coefficients of four-factor structure model
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Table 4. NQ score and group score calculation using response point of the checklist
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Group lterms Scale . ltem weight  ltem weight
Group weight: Point ffem ;core. within group:  within NQ:
A Question Response C D
Balance 0.25 Intake frequency of fruits <once every 2 weeks 1 (response point-1) x 0.149 0.037
Intake frequency of eggs 1~3 T?mes per week 2 100/4 0.161 0.040
Intake frequency of bean or 4~ 6 fimes per week 3 0.148 0.037
bean products Once per day 4
>1twice per day 5
Intake frequency of milk and 0.158 0.039
dairy products
Intake frequency of nuts Seldom 1 (response point-1) x 0.157 0.039
Once every 2 weeks 2 100/4
1~ 3 times per week 3
4 ~ 6 fimes per week 4
>once per day 5
Intake frequency of fish and <once every 2 weeks 1 (response point-1) x 0.178 0.045
shellfishes 1~ 3 times per week 2 100/4
4 ~ 6 fimes per week 3
Once per day 4
>1twice per day 5
Intake frequency of breakfast  <once per week 1 (response point-1) x 0.049 0.012
1 ~ 2 times per week 2 100/4
3 ~ 4 times per week 3
5 ~ 6 fimes per week 4
Everyday 5
Subtotal 1.000
Diversity 0.25 Refusal of specific food items  Never 5 (response point-1) x 0.155 0.039
Seldom 4 100/4
So-so 3
Many 2
A lot 1
Numlber of vegetable dishes Never 1 (response point-1) x 0.465 0.116
excluding Kimchi at each 1 2 100/4
meal 2 3
3 4
>4 5
Intake frequency of water Seldom 1 (response point-1) x 0.380 0.095
1 ~ 2 times per day 2 100/4
3 ~ 5 times per day 3
6 ~ 7 times per day 4
> 8 times per day 5
Subtotal 1.000
Moderation  0.30 Intake frequency of fast food — Seldom 6 (response point-1) x 0.192 0.058
Once every 2 weeks 5 100/5
Intake frequency of ramyeon 1 ~ 3 times per week 4 0.162 0.049
4 ~ 6 times per week 3
Infake frequency of eating out or Once per day 2 0.143 0.043
delivery food >2 times per day 1
Intake frequency of night snack Seldom 6 (response point-1) x 0.159 0.048
Once per month 5 100/5
Once every 2 weeks 4
1~ 2 times per week 3
3 ~ 4 times per week 2
>5 times per week 1
Intake frequency of sweet and <once every 2 weeks 5 (response point-1) x 0.192 0.057
greasy baked products 1~ 3 times per week 4 100/4
4 ~ 6 fimes per week 3
Once per day 2
1

>2 times per day

* Calculation method of NQ score = Y (BxD) of all 21 items
* Calculation method of each group score = Y (BxC) of each group items
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Table 4. NQ score and group score calculation using response point of the checklist (continued)

Group lterms Scale . ltem weight  ltem weight
Group weight: Point ffem ;core. within group:  within NQ:
A Question Response C D
Moderation Intake frequency of processed <once every 2 weeks 5 (response point-1) x 0.152 0.046
(continued) beverage 1 ~ 3 times per week 4 100/4
4 ~ 6 fimes per week 3
1 ~ 2 fimes per day 2
>3 times per day 1
Subtotal 1.000
Dietary 0.20 Check nutrition label when Never 1 (response point-1) x 0.226 0.045
behavior purchasing processed foods Seldom 2 100/4
Normnal 3
Efforts to have hedithy eating  Often 4 0.173 0.035
habits Always 5
Perception level for one’s health Never 1 (response point-1) x 0.198 0.040
Not healthy 2 100/4
So-so 3
Healthy 4
Very healthy 5
Frequency of exercise over 30 Never 1 (response point-1) x 0.256 0.051
minutes 1 ~ 2 fimes per week 2 100/4
3 ~ 4 times per week 3
5 ~ 6 fimes per week 4
Everyday 5
Washing hands before meal Never 1 (response point-1) x 0.147 0.029
Seldom 2 100/4
Normal 3
Often 4
Always 5
Subtotal 1.000

* Calculation method of NQ score = Y (BxD) of all 21 items
* Calculation method of each group score = Y (BxC) of each group items

Table 5. NQ checklist

Nutition quotient checldist for adults (19 ~ 64 years)

1. How many vegetable dishes (excluding kimchi) do you take at each meal? (Fah= St H AIALE of ZX|E A Qlst MAFE H
TERILE EAILIT)

@ Never (HX| gt=c} @ 1 (174X0) ® 2 (2 7kx))
@ 3 (3 7tx|) ® >4 (4 7tx| 0|4)

2. How often do you eat fuits? (st LS HotLt XFE =E/L7I)
D <once every 2 weeks (2220 1 0|s} @ 1~ 3 times per week (ZFofl 1~ 3H)
@ 4~ 6 times per week (LFof 4 ~ 6tH) @ Once per day (5t20] 1)
® >twice per day (5t20i 2 0|4)

3. How offen do you have mik or mik product? (st F £ SMES LotLt XF =AU M)
D <once every 2 weeks (2220 1 0|s} @ 1~ 3 times per week (ZFof 1~ 3H)
@ 4~ 6 times per week (LFof 4 ~ 6tH) @ Once per day (5t20] 1)

® >twice per day (5201 28 0|AH

4. How often do you eat beans or tofu (including soymilk)? (st= Z0|Lt EMES LOtLt XF =
@ <once every 2 weeks (230l 1 0|3t @ 1~ 3 times per week (Z=2of
@ 4~ 6 times per week (LF0|| 4 ~ 6tH) @ Once per day (301 18)
® >twice per day (51201 28 0|A)

AU
1~ 38H)

5. How offen do you eat eggs? (Hste EZ2 Ot XtF EMU M)
@ <once every 2 weeks (230fl 1t 0|5} @ 1~ 3 times per week (LFofl 1~ 3H)
@ 4 ~ 6 times per week (LUF0|| 4 ~ 6tH) @ Once per day (Gt&0f 1tH)
® >twice per day (st20f 28 0|Ah
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Table 5. NQ checklist (continued)

6. How often do you eat fishes or shellfishes? (#5t= MMO|LE ZINFE L0t XtF: EMLITI)

D <once every 2 weeks (230fl 11 0|5} @ 1~ 3 times per week (YFAU0|| 1 ~ 3H)
@ 4~ 6 times per week (YFU0|| 4 ~ 6tH) @ Once per day (5201 18)

® >twice per day (5t20i 28 0|4)

7. How often do you eat nuts? (#st= AR E F0OtLt XtF EALT1)
@ Seldom (79| HX| &=C} @ Once every 2 weeks (2Z 0o 1)
@ 1~ 3 times per week (LFof| 1~ 3H) @ 4~ 6 times per week (YF ol 4 ~ 68)

® >once per day (520 1 0]AY

8. How often do you eat ramyeon? (#st= 2tHZES LotLt X}-.- AL

@D Seldom (He| HX| 4=LCH @ Once every 2 weeks (230f 1H)
@ 1~ 3 times per week (LFof 1~ 3tH) @ 4 ~ 6 times per week (LUFAU0|| 4 ~ 6H)
® Once per day (5201 1) ® >twice per day (5tZ0f 2 0|Ah

9. How offen do you eat fast food? (Hots MAEZEE %*DH_} x} SALIRY)
@ Seldom (7{Q| HX| %=L} @ Once every 2 weeks (2Fofl 1H)
@ 1~ 3 times per week (LFoj| 1~ 3tH) @ 4 ~ 6 times per week (LFof 4 ~ 6tH)
©® Once per day (st20i 18) ® >1twice per day (stR0il 281 0|4

10. How often do you eat snacks (including chocolate, candies) or sweet and greasy baked goods (cake, donut, etc)? (Hat= TtXt
(ZEE, AE 28 = AL 7|EX W (Ao|7, =R, HEYW ) ot XF EHUIR)
@ <once every 2 weeks (230fl 1t 0|5} @ 1~ 3 times per week (LFofl 1~ 3H)
@ 4 ~ 6 times per week (LF0|| 4 ~ 6tH) @ Once per day (SHE0l| 1&)
® >twice per day (5201 28 0|Ah

11. How often do you drink sweetened beverages? (Hst= 712 2=2E HoOtLt X OML7?)

D <once every 2 weeks (2320 1t 0|5} @ 1~ 3 times per week (LFo| 1~ 3H)
@ 4 ~ 6 times per week (LFo|| 4 ~ 6tH) @ 1~ 2 times per day (GIE0i 1 ~ 2tH)

® >3 times per day (520 3t 0|Ah

12. How often do you drink water? (st= &0 = oA L 77k?)
@D Seldom (74| OA|X| &=Lf @ 1 ~2 times per day (5t20] 1 ~ 2tH)
@ 3~ 5 times per day (5tF0f 3 ~ 5H) @ 6~ 7 times per day (5t20f 6 ~ 7t)
® =8 times per day (5t20l 8 0]A)

ﬂ]|0
E‘_
-
_>"|_
_|

13. How often do you eat breakfast? (#st= Ot&! AALE HOtLt XtF SHLER?)

@D <once per week (YF2o| 18 OJgh @ 1~ 2 times per week (LF0j| 1~ 2tH)
@ 3~ 4 times per week (LU0 3 ~ 4H) @ 5~ 6 times per week (LU0 5~ 61H)

® Everyday (O{)

14. How often do you eat eating out or delivery food? (#Hst= 2lAlo|Lt HIESAIS Lot XF =AML 7

@ Seldom (72Q| HX| ¢=C} @ Once every 2 weeks (2o 1)
@ 1~ 3 times per week (LFof| 1~ 3H) @ 4 ~ 6 times per week (YF ol 4 ~ 6H)
® Once per day (5201 1) ® >2 times per day (5t20 28 0|4}

15. How often do you eat night time snack? (FHat= MYEAIAL & OFAlS HOtLE Xt SHMLIZIE?)

@D Seldom (H2| HX| ¢&4=LCH @ Once per month (gt ol 1tH)
@ Once every 2 weeks (2F0i| 18) @ 1~ 2 times per week (YFof 1~ 2tH)
® 3 ~ 4 times per week (LFU0|| 3 ~ 4tH) ® >5 times per week (Y=ol 58 0|4}
16. Do you refuse certain food? (st= LA r.ﬂ—.'% Aot AL
@ Never (XM3&] 6tX| =L} @ Seldom (s}X| ¢t= mo|c}) ® So-So (EEo0|C}
@ Many (5= molch O A lot (01 ol Btch
17. How much efforts do you make to have heol’rhy eating habits? (5= AN A0 E2 AMES stedn Lottt =25 L)
D Never (M35 25X =rh @ Seldom (L=2i5tX| o= mo|CH @ Normal (250|CH
@ Often (=3st= ™olCh) O Aways (01 =25t

18. Do you check nutrition fact labelling when you eating out or purchase processed foods? (FHst= 2lA Al E= 71BAIES U
0 SYHAIE Aot =l L 71?)
@ Never (X3 ifolom =Lt @ Seldom (&tQI5}X|
A

( = Holch ® Normal (2E£0|ch
@ Often (&lst= molch ® Aways (8HAH &tol

t

oFf
s
3t
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Table 5. NQ checklist (continued)

19. Do you wash hands before meals? (Hshs S48 H7|
@ Never (M35 MX| t=L) @ seldom
@ Offen (M= mo|C}) ® Aways (g

20.
SHALI77I?)
@ Never (He| &tX| t=LC})
@ 3~ 4 times per week (Y=ol 3
® Everyday (O1Y)

~ 4¢)

21. How healthy do you think it is? (#5t= 22lo| HotLt 74
@ Never (3 ZAZSHX| Qi)

@ Healthy (2418 ®olch

AS

ol
(NX
SHAF M=

or=
L=

=)

@ 1~ 2 times per week
@ 5~ 6 times per week

&2 Moy

Holch)

How often do you breathless exercise for more than 30 minutes a day? (#Hst= 5%

LI71?)

@ Normal (£50|ChH

ZE5ICtT MZESHAILI 1)

@ Not healthy (4Z35HX| E2

o

® Very healthy (0§ 4ZsiCH

ICH @ So-so (EEo0l|CH

Table 6. NQ score range by the three-grade criterion

Grade criterion”

Total
(n=1,053) High Medium Low
NQ score 53.2 + 8.67 58.9 ~ 100 47.1 ~58.8 0~47.0
Balance 38.6+17.2 47.7 ~ 100 27.2 ~47.6 0~27.1
Diversity 55.9 + 15.4 67.3~100 46,1 ~ 67.2 0~ 46.0
Moderation 67.1 16.4 78.8 ~ 100 56.6 ~ 78.7 0~56.5
Dietary behavior 47.0 = 14,5 56.5 ~ 100 37.2 ~56.4 0~37.1

1) High: 75% <NQ-P percentile < 100%, Medium: 25% < NQ-P percentile < 75%, Low: 0% <NQ-P percentile < 25%

2) mean + SD
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Fig. 4. ROC curve for the NQ model
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