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ABSTRACT

Purpose: The purpose of this study was to develop a nutrition quotient for adolescents (NQ—A) to assess overall dietary
quality and food behavior of Korean adolescents, Methods: Development of the NQ—A was undertaken in three steps: item
generation, item reduction, and validation., Candidate items of the NQ—A checklist were selected based on literature
reviews, results of the fifth Korea National Health and Nutrition Examination Survey data, dietary guidelines for Korean
adolescents, expert in—depth interviews, and national nutrition policies and recommendations, A total of 213 middle and
high school students participated in a one—day dietary record survey and responded to 41 items in the food behavior
checklist, Pearson's correlation coefficients between the responses to the checklist items along with nutritional status of the
adolescents were calculated, ltem reduction was performed, and 24 items were selected for the nation—wide survey. A total
of 1,547 adolescents from 17 cities completed the checklist questionnaire, Exploratory factor and confirmatory factor
analyses were performed to develop a final NQ—A model. Results: Nineteen items were finalized as the checklist items for
the NQ—A, Checklist items were composed of five factors (balance, diversity, moderation, environment, and practice), The
five—factor structure accounted for 47.2% of the total variance, Standardized path coefficients were used as weights of the
items, The NQ—A and five—factor scores were calculated based on the obtained weights of the questionnaire items,
Conclusion: Nutrition Quotient for adolescents (NQ—A) would be a useful instrument for evaluating dietary quality and food
behavior of Korean adolescents, Further research on NQ—A is needed to reflect changes in adolescent's food behavior and
environment,
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Modification of FBC items by
A4 statistic expert advisors
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i 2)
& one-day DR®) Assessment of convergent
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Expert advice and workshops DR data (n=213)
¥

Nationwide Survey
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1 Data analysis (n = 1,547)

Final FBC with 19 items
Construct validity was

L 4 assessed using a

NQ model development confirmatory factor analysis

Fig. 1. Process of NQ-A development. 1) FBC, Food behavior
checklist, 2) DR, Dietary record

Table 1. Checklist items selected for pilot survey
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ltems regarding food intakes

ltems regarding eating behaviors

1. Cooked rice with mixed grain

2. Number of vegetable dishes

3. Intake frequency of fruit

4. Intake frequency of white milk

5. Intake frequency of flavored processed milk
6. Intake frequency of dairy product

7. Intake frequency of bean or bean product

8. Intake frequency of fish

. Intake frequency of egg

10. Intake frequency of meat

11. Intake frequency of cookies

12. Intake frequency of processed beverage

13. Intake frequency of sweet and greasy bread
14. Intake frequency of fast foods such as pizza and hamburger
15. Intake frequency of processed meat

16. Intake frequency of fried food

17. Intake frequency of ramyeon

18. Intake frequency of caffeinated beverage
19. Degree of consumption of liquid in the soup
20. Degree of consumption of sauce in the dish

~0

1. Intake frequency of breakfast

2. Meal regularity

3. Diverse side dishes

4. Thorough chewing of food

5. Not moving around while eating

6. Focusing on meals

7. Taking meals with family

8. Intake frequency of take-out foods
9. Intake frequency of night time snack
10. Refusal of specific food items

11. Degree of food digestion

12. Screen time (TV watching, using smart phone or computer games)
13. Walking time period per day

14. Frequency of exercise

15. Intake frequency of street food

16. Check nutrition fact labelling

17. Efforts to have healthy eating habits
18. Wash hands before meails

19. Wash hands after toilet use

20. Perception on body image

21. Dieting experience
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Table 2. Items selected for a nationwide survey checklist and selection rationales

Pearson’s correlation coefficients with data from the pilot survey! Rationales of selection
Criteria Items i ignifi i ideli
Foog group |n.foke. Nutrient infake per 1,000 keal ZRNI or BAI Slgnlflconf.co.rrelohon Gwdghne
DDS“, energy intake coefficient & policy
Grain 1. Cooked rice with mixed grain o
protein (+0.137), vitamin A (+0.184),
Veoetabio 2. Number of veaetablo dishs Vegffﬁsb('fg g&;%)' vitamin C (+0.251), dietary fiber (+0.202), vitamin C .
9 : 9 DDS (+0.219] vitamin B, (+0.212), folate (+0.145),  (+0.221), potassium (+0.142)
’ calcium (+0.194), iron (+0.184)
Fruit 3. Intake frequency of fruit fruits (+0.166) vitamin A (+0.146), zinc (+0.142) sodium (-0.155) o
Milk and S vitamin D (+0.257), vitamin B, vitamin C (+0.148), vitamin B,
dairy 4. Intake frequency of white milk ™¢ do'ggsr‘(’fg]c;;()+o‘]98) " (+0.154), calcium (+0.188), (+0.237), vitamin B, (+0.175), o
products ’ sodium (-0.151) calcium (+0.186), zinc (+0.164)
5. Intake frequency of beans or dietary fiber (+0.161), vitamin C (+0.157),
+i
bean product vegetables (+0.169) vitamin C (+0.139), iron (+0.140) folate (+0.150) ©
Meat, fish, vitamin D (+0.181)
eggsand 6. Intake frequency of fish vegetables (+0.234) vitamin D (+0.174) vitamin C (+0.161) o
beans
grains (+0.190), .
7. Intake frequency of meat energy (+0.143) potassium (-0.136) o
8-1. Intake frequency of cookies folate (-0.178), zinc (-0.146) o
Food o
. 8-2. Intake frequency of sweet : vitamin B, (-0.154),
intake and greasy bread energy (+0.161) folate (-0.164) sodium (+0.146) o
_ dietary fiber (:0.157), dietary fioer (-0.136),
9. Intake frequency of processed X vitamin A (-0.187), vitamin C (- . .
fruits (-0.187) vitamin A (-0.204), o
beverage 0.238), folate (-0.143), vitarmin C (-0.201)
calcium (-0.141), potassium (-0.195) ’
.groms (+0.201), meat - vnom@ A (-0.243), folate ('-0.190), vitarmin A (0.151),
10. Intake frequency of ramyeon fish-egg-beans (+0.173), calcium (-0.177), potassium (- " o
Processed . sodium (+0.216)
foods energy (+0.192) 0.178), zinc (-0.179)

11. Intake frequency of caffein-
ated beverage

vitamin C (+0.136), vitamin B
grains (+0.136) vitamin By, (+0.194) (+0.141), vitamin B, (+0.238), o
sodium (+0.204), iron (+0.174)

12-1. Degree of consumption of
liquid in the soup

energy (+0.210), protein (+0.246),
12-2. Degree of consumption of  grains (+0.194), meat - fish - vitamin B, (+0.233), folate (+0.168),
sauce in the dish egg-beans (+0.233) vitamin B;, (+0.231),
potassium (+0.188), zinc (+0.202)

1) p<0.05 2)DDS, dietary diversity score

Ly / LST ~ 21 ((2)0S $L10T (YedH INN [) YIESH PUB UORLINN JO [BUIMOf



Table 2. ltems selected for a nationwide survey checklist and selection rationales (continued)

Pearson's correlation coefficients with data from the pilot survey ')

Rationales of selection

Criteria ltems

Food group intake. s Significant correla-  Guideline
DDS?, energy intake Nutrient intake per 1,000 keal RNl or ZAl tion coefficient & policy
dietary fier (+0.166), dietary flber. (+O.‘l 78), vitamin C
vitamin C (+0.163) (+0.211), vitamin B, (+0.191),
13. Intake frequency of breakfast vegetables (+0.234) vitamin B (+0' 164)l folate (+0.167), vitamin B, (+0.145), o
ron (+0.141), 7inc (+0.147) potassium (+0.142),
’ ! ’ iron (+0.169), zinc (+0.222)
: . ) vegetables (+0.172), dietary fiber (+0.196), . . .
14. Diverse side dishes fruits (+0.136), DDS (+0.148) vitamin C (+0.163) vitamin C (+0.191), iron (+0.150) o
Dietary 15. Irﬁoke frequency of night Zinc (-0.167) o
f fime snack
behavior
vitamin A (-0.154),
16. Intake frequency of street grains (+0.154), energy vitamin C -0.158), .
food (+0.179) folate (0.185), calcium (-0.158), Ter9Y (¥0:143), sodium (+0.144) ©
potassium (-0.167), zinc (-0.137)
grains (-0.146), meat - fish - vitamin D (-0.240), vitamin B,
. . egg-beans (-0.140), . . : (-0.141), folate (-0.208), sodium (
17. Refusal of specific food items vegetables (0.189), vitamin D (-0.187) -0.158), potassium (-0.174), o
Dietary energy (-0.151) iron (-0.166), zinc (-0.136)
behavior 18. Not moving around while eat- profein (+0.142), zinc (+0.161) o
& Ing
physical Dietary vitamin A (+0.160), vitamin C
activity  atfitude o ' (+0.150), calcium (+0.149), vitamin A (+0.150),
19. Check nutrition fact labelling sodium (-0.144), potassium sodium (+0.146) o
(+0.173), zinc (+0.145)
Physical ~ 20.Screentime calcium (-0.148) o
activity 21. Frequency of exercise o
Food 22. Wash hands before meals zinc (+0.171) o
safety
grains (+0.159), dietary fiber (+0.150), vitamin C
. . vegetables (+0.140), -
23. Perception on body image ; (+0.184), folate (+0.144), sodium o
fruits (+0.138), DDS (+0.153), (+0.168), potassium (+0.136)
energy (+0.159) ’ P ’
?ody protein (-0.146), vitamin A (-0.158),
Image vitamin D (-0.156), vitamin C

vitamin C (-0.177), vitamin B,

24. Diefing experience (-0.240), vitamin B, , (-0.223)

oil-sugar (-0.144)

(-0.228), vitamin B, (-0.195), vitamin

B, (-0.172), vitamin B,, (-0.230),

calcium (-0.138), sodium (-0.136),

potassium (-0.178), iron (-0.194)

1) p<0.05 2)DDS, dietary diversity score
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Table 3. Results of exploratory factor analysis of the 19 items selected by LISREL analysis (n = 1,547)

Checklist items Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Intake frequency of cookies or sweet and greasy bread 0.666 -0.053 0.091 -0.073 0.014
Intake frequency of processed beverage 0.693 -0.195 0.059 0.205 0.056
Intake frequency of ramyeon 0.608 -0.089 0.028 0.211 -0.053
Intake frequency of caffeinated beverage 0.513 -0.100 0.091 0.232 -0.198
Intake frequency of night time snack 0.636 0.145 -0.043 -0.151 -0.008
Intake frequency of street food 0.716 0.051 -0.015 -0.033 0.134
Intake frequency of fruit -0.089 0.506 0.130 0.279 0.098
Intake frequency of white milk 0.000 0.630 -0.074 0.125 0.133
Intake frequency of bean or bean product -0.007 0.625 0.198 0.158 0.043
Intake frequency of fish -0.142 0.593 0.303 -0.007 -0.173
Number of vegetable dishes -0.028 0.313 0.558 -0.014 0.246
Diverse side dishes 0.025 0.108 0.736 0.144 0.284
Refusal of specific food items 0.191 0.036 0.705 0.052 -0.133
Intake frequency of breakfast 0.109 0.288 -0.131 0.598 0.084
Not moving around while eating -0.050 0.030 0.200 0.570 0.118
Screen time 0.126 0.062 0.043 0.603 0.007
Check nutrition fact labelling 0.040 0.119 0.046 0.089 0.717
Wash hands before meals -0.028 0.088 0.145 0.111 0.697
Frequency of exercise 0.006 0.532 -0.009 -0.168 0.323
Eigen value 2.90 2.69 1.18 1.13 1.07
Cumulative % of variance 15.3% 29.4% 35.7% 41.6% 47.2%
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Intake frequency of fruit (0.062)

Intake frequency of white milk (0.056)

Intake frequency of bean or bean product (0.068)

Intake frequency of fish (0.065)
Number of vegetable dishes (0.062)
Diverse side dishes (0.061)
Refusal of specific food items (0.027)

Intake frequency of cookies or sweet and greasy bread (0.043)

Intake frequency of processed beverage (0.049)

Intake frequency of ramyeon (0.043)

'J//""—““Nf»»
Balance (0.25)

Diversity (0.15)

Moderation (0.25) NQ-A
Intake frequency of caffeinated beverage (0.037)
Intake frequenZ‘y of night time snack (0.036)
Intake frequency of street food (0.043)
Intake frequency of breakfast (0.061) .
Not moving around while eating (0.065) Environment (0.15)
N —
Check nutrition factlabelling (0.059) O § .
Frequency of exercise (0.073) Practice (0.20)
‘Wash hands before meals (0.068)
Fig. 2. Weights and path coefficients of five-factor structure model of NQ-A
Table 4. NQ-A score and group score calculation using response point of the checklist
Group ltems Scale _ ltemweight  Item weight
Group weight: Point ftem score: within group:  within NQx:
A Question Response B c D
Intake frequency of fruit Never 1 0.247 0.062
Once per week 2 (Response
. . 3~4 times per week 3 point—1)
Intake frequency of white milk Once a day 4 x 100/ 4 0.225 0.056
> 2times a day 5
Balance 0.25 Intake frequency of bean or Never 1 0.270 0.068
bean product Once per month 2
(Response
Once every 2 weeks 3 .
point-1)
Intake f f fish Once perweek 4 x100/5 0.258 0.065
niake frequency ottis 3~4 times per week 5 : :
=Once a day 6
Subtotal 1.000
1< 1
2 2 (Response
Number of vegetable dishes 3 3 point—1) 0.415 0.062
4 4 x 100/ 4
25 5
Never 1
Seldom 2
i . Diverse side dishes Normal 3 0.404 0.061
Diversity 0.15 Offen 4 .
Always 5 ( e_s ponse
Never 5 point - 1)
v x 100/ 4
Seldom 4 /
Refusal of specific food items Soso 3 0.181 0.027
Many 2
Alot 1

Subtotal

1.000
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Table 4. NQ-A score and group score calculation using response point of the checklist (continued)

Group ltems Scale . ltemweight  Item weight
Group weight: Point ffem score: within group:  within NQx:
A Question Response B c D
Never 5
. Once per week 4 (Response
LT/ZZT gsgéfggg/yog;zzkles or 3~4 times per week 3 point-1) 0.172 0.043
Once a day 2 x 100/ 4
22 times a day 1
Intake frequency of processed  Never 6 0.196 0.049
beverage Once per month 5
(Response
Intake frequency of ramyeon ~ Once per 2 weeks 4 point - 1) 0.170 0.043
Moderation  0.25 nfake  caffel Once perweek 3 100/ 5
ntake frequency of caffein- 3~4 fimes per week 2 0.149 0.037
ated beverage >once a day 1
Intake frequency of night time ~ Never 5 0.142 0.036
snack Once per 2 weeks 4 (Response
Once per week 3 point-1)
Intake frequency of street food  3~4 fimes per week 2 x 100/ 4 0.170 0.043
everyday 1
Subtotal 1.000
Never 1
1~2 times per week 2 (Response
Intake frequency of breakfast 3~4 times per week 3 point-1) 0.407 0.061
5~6 times per week 4 x 100/ 4
Everyday 5
Never 1
. . Seldom 2 (Response
vroment 015 il;l];t moving around while eat- Normnal 3 point- 1) 0.432 0.065
’ Often 4 x 100/ 4
Always 5
<1 hour 5
1 hours 4 (Response
Screen time 2 hours 3 point-1) 0.161 0.024
3 hours 2 x 100/ 4
2 4 hours 1
Subtotal 1.000
Check nutrition fact labelling Never 1 0.293 0.059
Seldom 2 (Response
Normal 3 point- 1)
Wash hands before meals Often 4 x 100/ 4 0.340 0.068
Always 5
Practice 0.20 Never 1
1~2 times per week 2 (Response
Frequency of exercise 3~4 times per week 3 point-1) 0.367 0.073
5~6 times per week 4 x 100/ 4
Everyday 5
Subtotal 1.000

* Calculation method of NQ-A score =3 (Bx D) of all 19 items

* Calculation method of each group score =} (B x C) in each group item

JPAT] T EAE Ag] AT 2
A G ARSh FAE R AR A, NO-
A9 AT BT HE 5608, At JHRE T 586

A, ohok 55.64, AA| 4817, 873 70.674, A=A
YEFSTE (Table 6).
A= ZARIA 4=

521802

e G B

(NQ-A)e} g

W) mashe wpel ke D] Rojg Js
2} (75~100 percentile), = (25 ~ <75 percentile), 3} (0 ~
<25 percentile) 552 7|% & Table 60l A A&} Th
NQ-A9] - 63.1~1008-2 A 5F, 49.0~638L &
T, 0~48.98& 3F SHOE WEHIU

Al S5 NQ7IEel whet 38l A7 vidAlEe] 4%
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Table 5. Nutrition Quotient checklist for adolescents

Nutrition Quotient checklist for adolescents

1. How many vegetable dishes (including kimchi) do you eat at each meal?
(Bt AMAEE I vegetables BHEH (ZX| Z&HS H 7 (XL HLIR?)

®=5 (571X 0l4) @ 4 (47tX1) ® 3 (37x) @ 2 (27}X) ® 1< (17tx] olst)
2. How often do you eat fruit? (S Hoit X HLIR?)
@ = 2 times per day (51201 24 0|4}) @ Once per day (5t20f 1H) @ 3~4 times per week (YFoi| 3~4H)
@ Once per week (YFoi| 1H) ® Never (HX| gd=Ct (LFYUof| 1'HE HX| 4F))
3. How often do you drink white milk? (&l RE Lot} XI5 OAILIR?)
® = 2 times per day (5HR0il 2 0|4 @ Once per day (st=0| 1) @ 3~4 times per week (ZFYof 3~4H)
@ Once per week (0| 1H) ® Never (HX| 94=CH (LFYU0f| 1HE HX| 2Z))
4. How often do you eat beans or tofu (including soymilk)? (Z0|Lt 2 (57 Z&H)S ot X HLIR?)
@ = once per day (50l 18 0l 4}) @ 3~4 times per week (YFLoi| 3~4H) @ Once per week (LFLoj 1)
@ Once every 2 weeks (2520i| 1) ® Once per month (8ol 18) ® Never (Hx| g=CH
5. How often do you eat fish? (MMS ot X5 SHLIR?)
® = once per day (GIFR0f 18 0[A}) @ 3~4 times per week (ZFLof 3~4H) ® Once perweek (LFofl 1)
@ Once every 2 weeks (22o] 1) ® Once per month (Sttol| 18) ® Never (HX| f=CH
6. How often do you eat ramyeon? (2H (Z2tH e S Hotlt X HLIR?)
@ = once per day (50l 18 0l 4) @ 3~4 times per week (YFLoi| 3~4H) @ Once perweek (LFLoj 1)
@ Once every 2 weeks (2520i| 1) ® Once per month (8ol 1) ® Never (Hx| gf=CH

7.How often do you eat cookies (including chocolate, candy) or sweet and greasy bread (cake, donut, etc)?
(TR (Z=SS, A 28 E= 2L 7 IEE Y (31017, =R, Tt S)S Lot X HUR?)

@ = 2 times per day (51201 24 0l4}) @ Once per day (5t20f 1H) @ 3~4 times per week (YFoi| 3~4H)
@ Once per week (YFof| 1H) ® Never (HX| gd=Ct (LFYUof| 1'HE HX| 4F))
8. How often do you drink processed beverage? (7t8 S2& oLt X5 OAILER?)
® = once per day (GIF0f 18 0[A}) @ 3~4 times per week (ZFLof 3~4) ® Once per week (LFofl 1)
@ Once every 2 weeks (220l 1H) ® Once per month (St 2ol 1H) ® Never (HX| =L
9. How often do you drink caffeinated beverage? 7121 S& (7{Tl, Energy E213 §)& L0t XI5 DIALIR?
@ = once per day(st20| 1# 0|4 @ 3~4 times per week (ZFYof| 3~4H) @ Once per week (LFLoj| 1)
@ Once every 2 weeks(27=20f| 1) ® Once per month (8t 2ol 1) ® Never (HX| gf=CH
10. How often do you eat breakfast? (OFRIAIAES Lot XEE 5HLER?)
@ Everyday (o) @ 5~6 times per week (LFof| 5~6H) @ 3~4 times per week (LFof| 3~4H)
@ 1~2 times per week (&30l 1~2#)  ® Never (HX| &=Lt
11. How often do you eat night time snack? (MSEAIAL S 2io]| OFA! (ZHAO|LE AANE SOt} XEFSHR?)
@ Everyday (o) @ 3~4 times per week (ZFYof 3~4H) @ Once per week (LFLoil 1)
@ Once every 2 weeks (2520i| 1) ® Never (HX| ¢2=LCH
12. Do you eat meals at dining table? AAtg i AlEF (EHAHoIA HLIR?
@ Always (i 3ZcCH) @ Often (AL} @ Normal (£:S0|ct) @ Seldom (AZX| 2iCt)  ® Never (T8 2EX| 4L
13. Do you eat diverse side dishes? (A I BiftE 212 HLIQ?)
® Always (i 3ZcH) @ Often (AL ® Normal (250]cH) @ Seldom (AZX| ¢iCl)  ® Never (T& 28X QiCh)
14. Do you refuse certain food? (EE5| HX| o= AIE0| ULtR?)
@ Alot (oHS Bt @ Many (i) ® Soso (2£0]ct) @ Seldom (gict) ® Never (T3 gich)
15. How often you eat street food? (HoF, A1, 2E17, Stniid Soi|lM SAIS Lol XEE AFHLIR?)
® Everyday (oHY) @ 3~4 times per week (LFLoi| 3~4H) @ Once per week (ZFLoi 1)

@ Once every 2 weeks (252oi| 1) ® Never (HX| ¢2=CH)
16. Do you check nutrition fact labelling when you purchase processed foods? (7ISAIZS & i HAMNEHEAIS E0IGHIR?)

@ Always (i 3”ch) @ Often (2™ @ Normal (250Ich) @ Seldom (2ZX| %L})  ® Never (T5] 22 X| gCh)

17. Do you wash hands before meals? (SAIS H7| Hof| &2 MILtR?)

@ Always (i< 3=t @ Often (AELH) ® Normal (250lc}) @ Seldom (ZZEX| 24Ct)  ® Never (T15 TEX| 4C)

18. How long do you spend time watching TV and computer games a day?
(TV, ADIEE, OlOJIHE, ZRE] S2| A At EotH ool Hott =LtR?)

® = 4 hours (4A1Zt01) @ 3 hours (3A1Z) ® 2 hours (2A124 @ 1 hour (1AIZH ® <1 hour (1AlztO|2H)
19. How often do you exercise? (252 Zott XI5 5Ht27)
@ Everyday (o1gd) @ 5~6 times per week (ZFoi| 5~6H) @ 3~4 times per week (LF L0l 3~4H)

@ 1~2 times per week (2320l 1~28H)  ©® Never (HX| &=Lt
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Table 6. NQ-A score and sub-group score range by the three-grade criterion

Total

Grade criterion

(n=1,547) High Medium Low
(75~100 percentile) (25~< 75 percentile) (0~< 25 percentile)
NQ-A 56.0+10.8" 63.1~100 49.0~63.0 0~48.9
Balance 58.6+17.9 71.9~100 458~71.8 0~457
Diversity 55.6+18.8 69.2~100 442~ 69.1 0~ 44.1
Moderation 48.1£18.0 59.7 ~100 36.6~59.6 0~36.5
Environment 70.6£20.2 87.9~100 55.5~87.8 0~55.4
Practice 52.1+18.8 65.8~100 40.8 ~ 65.7 0~40.7
1) Mean +SD
200
High (>75%) E Medium (25~75%) B Low(<25%)

) .
\
40 ’ -
NN

\

Ener;

.

Protein  Dietary

Fiber

Fig. 3. Comparison of percentage of nutrient intake of the adolescents to recommended nutrient intake (RNI) or adequate intake (Al)
according to NQ-A score three-grade criterion of samples from the pilot survey. a,b: Different alphabets are significantly different by

Duncan’s multiple range test (p <0.05).

ROC Curve for Model
Area Under the Curve = 0.6308

0.50

Sensitivity

0.00

0.00 0.25 0.50 0.75
1 - Specificity

Fig. 4. ROC curve for the NQ-A model
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