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ABSTRACT

Objectives: An association between dietary patterns and mental health in children has been
suggested in a series of studies, yet detailed analyses of dietary patterns and their effects on
ADHD (attention deficit hyperactivity disorder) are limited.

Methods: We included 4569 children who had dietary intake data as part of the CHEER
(Children’s Health and Environmental Research) study conducted nationwide from 2005 to 2010.
We assessed ADHD (Attention Deficit Hyperactivity Disorder) by the DuPaul’s ADHD Rating
Scales and dietary intake by a semi-quantitative food frequency questionnaire. Using intake data,
we constructed five dietary patterns: “Plant foods & fish,” “Sweets,” “Meat & fish,” “Fruits &
dairy products,” and “Wheat based.”

Results: The overall proportion of ADHD was 12.3%. Boys (17.8%) showed a higher rate of
ADHD than girls (6.5%). The total intake of calories (85 kcal) and plant fat (2g) in the ADHD
group was significantly higher than that of the normal group. ADHD was significantly negatively
associated with dietary habits such as having breakfast and meal frequency, and positively
associated with eating speed, unbalanced diet, overeating, and rice consumption. Regarding dietary
patterns, the “Sweets” category was relevant to high ADHD risk (OR 1.59, 95% CI: 1.18, 2.15
for Q5 vs. QI) in a linear relationship. An inverse, non-linear association was found between
“Fruits & dairy products” and ADHD (OR 0.55, 95% CI: 0.39, 0.76 for Q4 vs. QI).

Conclusions: Our study confirms both positive and negative associations between diet and ADHD
in elementary school age children. Moreover, linear or nonlinear associations between diet and ADHD
draw attention to the possible threshold role of nutrients. Further studies may consider characteristics
of diet in more detail to develop better intervention or management in terms of diet and health.
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Table 1. Food grouping used in the dietary pattemn analysis

Food Groups Food items

Rice (White) White rice

Rice(Multi-grains) Multi-grains

Noodle Noodles

Ramyn Ramyn

Cereal Ceredl

Dduck (Rice cake) Dduck

Bread fat Bread/toast, butter/margarine, mayonnaise

Jam & candy Jam, candy

Sweet bread Sweet bread

Fast food Hamburger, pizza, fried potatoes

Beef Beef (galbi, bulgogi), stewed beef, boiled beef, meat by products

Pork Pork (loin, pork neck), pork belly

Chicken Fried chicken/yangnyeom tongdak, quail egg

Processed meat Ham, aausage

Egg Whole egg

Mulchi Mulchi, fied anchovies

Bean Tofu/pureed soybean soup, boiled beans, soybean milk

Kimchi Kimchi /Kkakdugi/young radish kimchi, efc.

Vegetables Cobpoge, radish, cucumber,v spiqogh, lettuce/perilla leaf/ pumpkin leaf, gregn chilli, chives/ dried radish greens,
onion, carrot, green pumpkin, stir-fied mushrooms, bracken/sweet potato vines, balloon flower root/ deodeok

Potato Sweet potato, potato

Seaweed Sea mustard, kelp, laver

Fruifs Apple, pear, watermelon, plum/apricot, tomato/cheery tomato, fangerine/orange, banana, grape, peach,
korean melon/melon, straberry

Nuts Nuts

Fruit juice Orang juice, fomato juice, etc.

Yogurt Kefir, strain yogurt

lcecream lcecream

Cheeze Cheeze

Drinks Soft drinks, suieonggwa/shik-hae

Chocolate Chocolate

Snacks Snacks. efc.

Fresh fish White fish(pan frying/deep frying/grilled/boiled), blue fish (pan frying /deep frying /grilled /boiled), squid/long arm

Processed fish
Milk

octopus, oyster/clom
Canned fish, salfed fish (fermented fish), fish cakes
Milk, flavored milk, low fat milk
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- 1.257 students from big cities
- 1.893 from industrial town
- 1,419 from farming and fishing villages

= 1-6 grade of elementary school children(n=4.569)

|
: ]

= ADHD(Attention Deficit
Hyperactivity Disorder)
- DuPaul’s ADHD Rating Scales

= Dietary intake was assessed
- Semi-quantitative food
Sfrequency questionnaire

= Eating Behaviors

l

A 4

= Case- Control Study

: Hyperactive-Impulsive ADHD
- Normal

- ADHD = Nutrients intakes assessed by
i ADHD - “Plant foods & fish*
- Subtypes of SFFQ for each group nSweets®
: Combined ADHD « o weets .
: Inattentive ADHD - "Meat & fish'

+ Eating Behaviors of each group

= Dietary Patterns

- "Fruits & dairy products™
- “Wheat based™.

i Rati Divided into quintile categories for each dietary pattern
* _Odds 8 -Q1.Q2.Q3,.Q4.Q5-

Fig. 1. Flow diagram of the study
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Daily nutrient intakes of Q1, Q2, Q3, Q4, Q5
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2= Statistical Analysis System (version 9.3)& AH- = 4,569%0]3111 o] & ADHD9 @2 5617 (12.3%),
o= ol5 % ADHHDSIE T2 3407 (7.4%) , ADH -
3 (3.7%), HDH1 @+ 508 (1.1%) 1Atk (Table 2).

| 1} Table 3 AR EARe] AntAH ADHD $1§2
ko] AHALE AfolE EATSE ARtE A, XY, T
1. ADHD J&°| M2 iy A £ UG, e, g, BMIL A, A, elEdel
R Aojapsme) 37 ADHD Aol 27 SEsh izt Al 8]k Afo)7h yebsttt. dol= ofote] vls) oF 3u) 4

[e]

Table 2. Percentage of children who diagnosed with attention deficit hyperactivity disorder (ADHD) and the subtypes of ADHD

Subtype
ADHD (Total)
AD-+HD" AD HD
N (%) N (%) N (%) N (%)
Yes 561 ( 12.3) 340 ( 7.4) 171( 3.7) 50( 1.1)
No 4,008 ( 87.7) 4,229 ( 92.6) 4,398 ( 96.3) 4,519 ( 98.9)
Total 4,569 (100.0) 4,569 (100.0) 4,569 (100.0) 4,569 (100.0)
1) Abbrebiations: AD + HD = Attention deficit + Hyperactivity disorder
AD = Attention deficit
HD = Hyperactivity disorder
Table 3. General characteristics of the study participants by group (N=4,569)
Total ADHD Normnal P-value
Gender, N (%) <0.001
Boys 2,345( 51.3) 417 (74.3) 1,928 (48.1)
Girls 2,224 ( 48.7) 144 (25.7) 2,080 (51.9)
Total 4,569 (100.0) 561 4,008
Areq, N (%) <0.001
City 1,257 ( 27.5) 124 (22.1) 1,133 (28.3)
Industrial complex 1,893 ( 41.4) 218 (38.5) 1,675 (41.8)
Faming and fishing vilage 1,419 ( 31.1) 219 (39.4) 1,200 (29.9)
Total 4,569 (100.0) 561 4,008
Family income (10* won), N (%) 0.01
<200 1,354 ( 29.6) 197 (35.1) 1,157 (28.8)
200 - 500 2,813 ( 61.6) 317 (56.5) 2,496 (62.2)
>500 402 ( 8.8) 47 ( 8.4) 355( 9.0)
Total 4,569 (100.0) 561 4,008
Marriage status, N (%) <0.001
Single 133( 2.9 14( 2.5) 119 ( 3.0)
Married 4,063 ( 91.6) 480 (87.5) 3,683 (92.1)
Divorced and widowed 241 ( 5.9 54 (10.0) 187 ( 4.9)
Total 4,437 (100.0) 548 3,889
Passive smoking, N (%) 0.000
Yes 2,071 ( 44.6) 298 (51.8) 1,773 (43.6)
No 2,498 ( 55.4) 277 (48.2) 2,221 (56.4)
Total 4,569 (100.0) 575 3,394
BMI (Mean =+ SD) 170+ 26 172 +27 16.9 + 26 0.039
Age (Mean + SD) 7710 7.8 = 1.1 7.7 =1 0.183
Height (Mean + SD) 1254 + 7.7 1,262 + 8.0 1263 + 7.7 0.011
Weight (Mean = SD) 27 £ 6.7 27.7 £ 7.1 269 + 6.7 0.004
Waist (Mean + SD) 57.4+72 582+ 75 57.3+72 0.005
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ARV EARE ] %A B AdF %S KDRI(20159 7]
. TH0A H8tA)) & 3715 (3 %/KDRI 4371
)3} B sk olux] (3 84%, 18T 88%), ThilE
(& 145%, AP 150%) G013t} ADHD 18+
T} AT kA AF] 2Jo]= Table 4 P-value$} 87
kS AAIEISITE ADHD 98w 3 Akt 7ke) 28k
2to)E Bl i ouA], A, AEAdAA, G4, vlEt
9l Blo® RISt 53] oA AdF= ADHDA YT
1,725.7 = 730.0 kcal, 873 1,640.3 + 692.7 kcal

2 e oF 85 keal 39531, A EAA A ADHDS &
(24.8 £ 15.4 @) 3} A+ (22.5 = 13.2g) 2] A5 1to]
2 g °) =8tk (Table 5).

ADHD$I 32 7d=r3ke] 23 4ol 4] (Table 5)
SRR, A3 PRSP AR SRR
T, S7|Hek o] ADHDS @ro] 7=l vlal] F-7g 2l

2
ABE Btk

2) MO|TjE

ZF e QQlghe eAAF doldk 0.3& 71Ee®
Table 61l AIATSISIT. A=/d 2 9 ol ellX= &
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o 3, 2AHE 2 TSR, FEEE 2R AR
A7 dde] AL FAAFARE oAM= A, =,
Zhd AF7F S e, AT, @A E A= 9-f AF7L

SATh. L7FEel A= W A, 5o] A AF Sk

Table 4. Nufrients intakes assessed by semi-food frequency questionnaire (SFFQ) by group

Total ADHD Normal
P-value'?
Mean = SD Mean = SD Mean = SD
Energy (kcal/d) 1,6519 + 7010 1,725.7 = 730.0 1,640.3 + 692.7 <0.01
Protfein (g/d) 586+ 274 600+ 280 583+ 27.1 0.16
Plant protein (g/d) 266+ 120 275+ 127 264+ 118 0.05
Animal protein (g/d) 320+ 189 325+ 187 31.8+ 187 0.42
Plant fat (g/d) 228 = 136 248+ 154 225+ 132 <0.01
Animal fat (g/d) 286+ 166 296+ 170 284+ 164 0.11
Carbohydrates (g/d) 241.6 = 103.6 2523 = 106.4 240.1 = 102.6 <0.01
Calcium (mg/d) 647.4 + 397.6 633.6+ 411.3 650.9 + 394.2 0.33
Iron (Mg/d) 9.1 + 4.4 9.2 + 4.4 9.0+ 4.3 0.40
Sodium (mg/d) 2,777.0 = 1,697.0 2,843.1 = 1,749.0 2,766.0 = 1,676.7 0.31
Potassium (mg/d) 2,165.0 = 1,150.0 2,160.9 = 1,142.8 2,168.0 = 1,145.1 0.88
Zinc (Mmg/d) 8.5+ 5.1 8.6 = 7.1 8.4 + 4.7 0.48
Vitamin A (3! RE/d) 583.5 + 394.4 577.0 + 400.1 585.2 + 393.3 0.63
Thiamin (mg/d) 1.0+ 0.5 1.1+ 0.5 1.0+ 0.5 0.01
Riboflavin (mg/d) 1.3 = 0.7 1.3+ 0.6 1.3+ 0.6 0.49
Vitamin B6 (mg/d) 1.4 = 0.8 1.4+ 0.7 1.3 = 0.7 0.12
Vitamin C (mg/d) 743+ 619 753+ 643 741 = 615 0.68
Folate (ug/d) 1924 = 110.7 189.5+ 109.8 193.0+ 1106 0.46
Vitamin E (mg/d) 11.5 = 7.1 11.8 = 7.2 11.5 = 7.0 0.33

1) Analysis by T-test

2) Significantly different by student’s t-test between ADHD and normal group (p<0.05)

3) Values are means = SD
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Table 5. Distribution of eating behaviors by group (N=4,569)

Total ADHD Normal
P-value"
N % N % N %
Breakfast, weekly 0.000
<3 490 10.7 85 15.2 405 10.1
>3 4,071 89.3 476 84.8 3,595 89.9
Total 4,561 100.0 561 100.0 4,000 100.0
Overeating, weekly <0.001
<1 3,495 76.5 365 65.1 3,130 78.1
>2 1,074 23.5 196 34.9 878 21.9
Total 4,569 100.0 561 100.0 4,008 100.0
Eating out, monthly 0.457
<1 4,189 91.7 507 90.4 3,682 91.9
>2 380 8.3 54 9.6 326 8.1
Total 4,569 100.0 561 100.0 4,008 100.0
Unbalanced diet <0.001
Rarely 1,375 30.7 125 23.1 1,250 31.7
Frequently more 3,103 69.3 415 76.9 2,688 68.3
Total 4,478 100.0 540 100.0 3,938 100.0
Meal speed <0.001
Slowly & usually 3,775 82.6 423 75.4 3,352 83.6
Quickly 794 17.4 138 24.6 656 16.4
Total 4,569 100.0 561 100.0 4,008 100.0
Meal frequency, daily 0.033
<3 506 1.1 78 13.9 428 10.7
>3 4,063 88.9 483 86.1 3,580 89.3
Total 4,569 100.0 561 100.0 4,008 100.0
Snack frequency, daily 0.082
<1 187 4.1 29 52 158 3.9
>1 4,382 95.9 532 94.8 3,850 96.1
Total 4,569 100.0 561 100.0 4,008 100.0
Nutrition supplements 0.973
No 3,137 69.9 386 69.9 2,751 69.9
Yes 1,353 30.1 166 30.1 1,187 30.1
Total 4,490 100.0 552 100.0 3,938 100.0
Rice bowl size <0.001
<0.5 bowl 1,825 41.2 195 36.0 1,630 41.9
0.5<, <1 bowl 2,462 55.6 309 57.0 2,153 55.4
>1 bowl 142 3.2 38 7.0 104 2.7
Total 4,429 100.0 542 100.0 3,887 100.0
1) chi-square test
2o el Joka AHFoke] IAdE Table 7ol AASE  Zr, 2lREeR], 24, Gk, S =28AA, vIER C, 524
Ak, iR s 41F7} Aol at £217 u A WM S B %), WS Elohrle] o) ¢
S oItk 1% 0.3 014 #9128 Anke wel ket ) WS uRth —0.3 015} 214 ArHE uel Joa W
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Table 6. Factor loadings” for the five dietary pattems derived from semi-food frequency questionnaire (SFFQ)

Plant foods &fish Sweets Meat&fish Fruit& dairy products ~ Wheat based
Rice (White) -0.22 0.01 -0.08 -0.47 -0.33
Rice (Multi-grains) -0.02 -0.52 -0.23 0.22 -0.01
Noodle -0.01 0.06 -0.15 -0.46 0.34
Ramyn -0.13 0.09 -0.13 -0.54 0.12
Cereal -0.22 -0.04 -0.06 0.03 0.30
Dduck 0.11 -0.07 0.00 0.02 0.57
Bread fat -0.05 0.01 -0.03 -0.08 0.64
Jam & candy 0.04 0.57 -0.06 0.00 0.26
Sweet bread -0.10 0.01 0.21 -0.05 0.48
Fast food -0.15 0.11 0.08 -0.16 0.53
Beef -0.04 -0.13 0.44 0.00 0.34
Pork -0.12 -0.08 0.62 -0.03 0.02
Chicken 0.01 0.01 0.77 -0.05 0.08
Processed meat (Hom+Sausages) -0.19 0.15 0.52 0.00 0.05
Egg 0.04 -0.16 0.17 0.12 -0.07
Mulchi 0.40 -0.20 0.04 0.11 -0.03
Bean 0.45 -0.13 -0.02 0.17 0.01
Kimchi 0.45 -0.08 -0.17 -0.03 -0.21
Vegetables 0.72 -0.02 -0.03 -0.01 -0.08
Potato 0.49 0.03 -0.01 0.00 0.05
Seaweed 0.42 -0.04 -0.06 0.23 -0.10
Fruits 0.32 0.08 -0.11 0.50 0.02
Nuts 0.32 0.06 -0.01 0.25 0.14
Fruit juice 0.05 0.24 -0.07 0.45 -0.06
Yogurt 0.01 0.14 -0.07 0.44 -0.05
lcecream -0.11 0.45 -0.09 0.21 -0.18
Cheeze 0.09 0.00 -0.08 0.31 0.23
Drinks -0.09 0.56 0.01 0.04 -0.04
Chocolate 0.02 0.63 -0.03 0.11 0.06
Snacks -0.17 0.56 0.03 0.01 -0.14
Fresh fish 0.47 -0.09 0.41 -0.06 -0.10
Processed fish 0.30 0.11 0.43 -0.12 -0.09
Milk -0.16 -0.18 -0.12 0.48 -0.11

1) Factor loadings =0.3 or £-0.3 are shown in bold and shaded

Table 7. Correlation coefficients of daily nutrient intakes and five dietary pattern (N=4,926)"

Dietary pattemn Plant food & fish Sweets Meat & fish Fruits & dairy products Wheat-based

Nutrient

Protein 0.37%* —0.26%* 0.44%* 0.22%* 0.18%x*
Plant protein 0.29%* —0.39%* -0.33** —-0.25%* 0.13%*
Animal protein 0.18%** —0.04%** 0.53** 0.30%* 0.10%*
Plant fat 0.32%* 0.46%* 0.26%* -0.08%** 0.28%**
Animal fat 0.012 0.13%* 0.47%* 0.36%* 0.04%**
Carbohydrate —0.24%* —0.19** —0.53** —0.23** —0.19%**
Calcium 0.16%* -0.06%** —0.05%* 0.56%* -0.02
Iron 0.63** —0.24%* 0.05%* 0.17%* 0.12%*
Sodium 0.67%* 0.02 0.14%x* -0.06%** 0.05%*
Potassium 0.51%x* -0.08** -0.02 0.49%* 0.03**
Zinc 0.16%* —0.14%* 0.09%** 0.12%* -0.02
Vitamin A 0.52%* 0.03%** 0.03%** 0.23%** 0.05%*
Thiomin 0.17%x* —0.07%* 0.10%* 0.14%* 0.30%*
Riboflavin 0.13%* -0.004 0.08%** 0.50%* 0.09%**
Vitamin B6 0.54%x* 0.03%** 0.18%** 0.20%* 0.23%x*
Vitamin C 0.39%* 0.18%* -0.01 0.35%* 0.06%**
Folate 0.57%** —0.27%#* -0.15%* 0.38%** 0.13%*
Vitamin E 0.54%x 0.06%* 0.42%* 0.10%* 0.20%*

1) Adjusted for age as continuous variables and gender as categorical variables. Significantly different ot *: P<0.05 and **: P<0.01
2) Values were shaded, if not significant (p<0.05)
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