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Table 1. Characteristics of the participants who completed both chatbot and
paper-based FFQs

Characteristics Total (N = 95)
Mean (£SD)
Age (years) 55.5 (11.4)
BMI (kg/m2) 24.1(3.7)
CCI2 score 1.4 (0.3)
N (%0)
Sex
Male 50 (52.6%)
Female 45 (47.4%)
Education level
Middle school or less 12 (12.6%)
High school 33 (34.7%)
College or more 50 (52.6%)
Smoking status
Never 53 (55.8%)
Past 29 (30.5%)
Current 13 (13.7%)
Dietary supplement use
Yes 52 (54.7%)
No 43 (45.3%)

aCCI: Charlson Comorbidity Index.

824kcal/¥, 1,872 + 664kcal/L At} vlEFE C & A 2] 3k B & F ki A
RH 0 7 ZALSE 9K} Fo) & FAFSE 9ol A F o] =4 YERS:
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Table 2. Mean daily energy and nutrient intake assessed from chatbot-based and

paper-based FFQs

Nutrients Paper Chatbot
Mean (£SD) Mean (£SD)
Energy (kcal/d) 2028.2 (824.0) 1872.5 (664.0)
Carbohydrate (g/d) 310.6 (114.2) 290.6 (99.2)
Protein (g/d) 68.4 (29.1) 63.5 (25.6)
Total fat (g/d) 44.9 (24.9) 40.2 (21.3)
Saturated fatty acid (g/d) 13.1(8.1) 11.7 (7.0)
Monounsaturated fatty acid (g/d) 14.3 (9.1) 12.8 (7.6)
Polyunsaturated fatty acid (g/d) 11.5 (6.1) 10.0 (5.0)
Omega-3 fatty acid (g/d) 1.3 (0.7) 1.1 (0.6)
Omega-6 fatty acid (g/d) 10.4 (5.8) 9.0 (4.5)
Cholesterol (mg/d) 313.9(199.5) 308.5 (199.6)
Fiber (mg/d) 20.4 (9.2) 19.2 (9.3)
Calcium (mg/d) 444.9 (209.2) 391.8 (162.3)
Phosphorus (mg/d) 1003.8 (392.5) 931.6 (344.6)
Iron (mg/d) 13.6 (5.5) 12.5(4.9)
Sodium (mg/d) 3110.3 (1558.3) 2845.9 (1422.8)
Potassium (mg/d) 2763.6 (1145.4) 2682.8 (1154.0)
Vitamin A (ug RE/d) 604.4 (316.3) 554.9 (309.7)
Retinol (ug/d) 100.0 (59.9) 93.1 (55.6)
Carotenoid (pg/d) 2907.9 (1705.8) 2676.9 (1696.9)
Thiamin(mg/d) 1.8 (0.8) 1.7 (0.7)
Riboflavin (mg/d) 1.4 (0.6) 1.3 (0.6)
Niacin (mg/d) 13.5 (6) 12.4 (4.7)
Vitamin C (mg/d) 126.6 (86.6) 129.3 (95.9)
32



AL A=

1) Yo]& ABA S (Pearson correlation coefficient) 2 3}

=

Fol et

A)7HA Sl o,

0.74 (foJolal) oA 0.90 (H]EFI

RS

%2)

I

A

/E]_

w2}

Fth(74.001) (Table 3).

ol

FAXOE

=
25

o=
T

I

A

}6],

BN

o] 2}

[e)
-

A7 0.7-0.9 018 & el 0.9-1.0 9 v

ol (Akoglu, 2018) Fo|g} A<

W71 2

N
T

B
X
3

o
%

ol
M

oR
+

ol

N
ﬁo

e
&

2) 3} B%F (cross—classification) 243}

el

N

s

st FFQ A=

°]&

Ax=

Fol et

YeER A (Table 3). 1

Hl &5

|

T
-

],

88% (GEH)FE 98% (2v7}—

o
.

9% BFE ol Aol v

12%

¢ 2 Ad" ARSI e vlEol

.

748 WS By

)‘\_]_,

el

6 A

F Aol A

b)]
sl

n

.

-

< 2% ©|3k3

0
A
_

33



3) Z& 7}9 A4 (Cohen’ s kappa coefficient) 23}

O-

ZFolo} AES o] §3 FFQ 297 A& Ay} JUAL AFHAFS A YR
ERate] AT A3, Zd JHaAlse] Hele 0.4204e]okl, 95%
A7 T7F 0.29-0.56) FE 0.64 (2w 7}—6 A WA, 95% 21243 0.52—
0.75) 74 e, &l FhaAlFe] S 0.54 Ak (Table 3).
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Table 3. Measurements of agreement and correlation of chatbot-based and paper-based FFQs

Percent of agreement (%)°

Pearson Ki Cohen’s Kappa
Nutrients correlation  ggme Adjacent ilep opposite  Same or (95% CI)®

coefficient® qguartile  quartile quartile  adjacent

quartile
Energy (kcal/d) 0.84 70 24 5 1 94 0.59 (0.47-0.72)
Carbohydrate (g/d) 0.79 61 31 7 1 92 0.48 (0.35-0.61)
Protein (g/d) 0.80 60 31 8 1 91 0.47 (0.34-0.60)
Total fat (g/d) 0.82 65 31 3 1 96 0.54 (0.41-0.66)
Saturated
fatty acid (¢/d) 0.85 60 32 8 0 92 0.47 (0.34-0.60)
Monounsaturated
fatty acid (¢/d) 0.79 63 31 5 1 94 0.51 (0.38-0.64)
Polyunsaturated
fatty acid (¢/d) 0.82 68 26 5 1 94 0.56 (0.44-0.69)
Omega-3
fatty acid (/d) 0.86 65 28 7 0 93 0.54 (0.41-0.66)
Omega-6
fatty acid (¢/d) 0.81 73 25 2 0 98 0.64 (0.52-0.75)
Cholesterol (mg/d) 0.85 72 26 1 1 98 0.62 (0.50-0.74)
Fiber (mg/d) 0.90 65 33 1 1 98 0.54 (0.41-0.66)
Calcium (mg/d) 0.85 61 34 5 0 95 0.48 (0.35-0.61)
Phosphorus (mg/d) 0.83 58 35 6 1 93 0.44 (0.31-0.57)
Iron (mg/d) 0.87 73 23 4 0 96 0.64 (0.52-0.75)
Sodium (mg/d) 0.82 57 32 12 0 88 0.42 (0.29-0.56)
Potassium (mg/d) 0.82 66 30 4 0 96 0.55 (0.42-0.68)
Vitamin A 0.90 71 25 4 0 96 0.61 (0.48-0.73
(g RE/d) . .61 (0.48-0.73)
Retinol (ug/d) 0.88 71 23 6 0 94 0.61 (0.48-0.73)
Carotenoid (ug/d) 0.90 71 27 2 0 98 0.61 (0.48-0.73)
Thiamin(mg/d) 0.87 65 30 3 2 95 0.54 (0.41-0.66)
Riboflavin (mg/d) 0.86 72 22 5 1 94 0.62 (0.50-0.74)
Niacin (mg/d) 0.74 57 34 9 0 91 0.42 (0.29-0.56)
Vitamin C (mg/d) 0.86 69 27 4 0 96 0.58 (0.45-0.70)

apearson correlation coefficients for log-transformed energy-adjusted nutrient intakes.
PEnergy-adjusted nutrients were compared except energy intake.
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Figure 15. Bland-Altman plot of vitamin C intake
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Table 4. Mean of energy and nutrient intake and comparison of energy-adjusted nutrient intakes between paper- and chatbot-based FFQs by sex

Men (n=55) Women (n=40)
Same or , Same or ,
Nutrients Paper Chatbot csrerZ:Z(t)ign adjacent C}S:ssas Paper Chatbot cc?rizzz(t)ign adjacent C‘ggggas
Mean (+SD) Mean (SD) ¢ efficients qlé;:;:)le (95% CI)® Mean (+5D)  Mean (£5D) ¢ eficiente qL(I;SLIe (95% CI)®
Energy (keal/d) 22397 (839.0) 2057.3 (613.0)  0.84 9 0'65_5(;2')51' 17932 (748.0) 1667.1 (664.5)  0.82 01 0'431(3%)29-
Carbohydrate 0.44 (0.26- 0.52 (0.33-
(&/d) 334.0 (111.4)  311.0 (91.4) 0.78 90 0.62) 284.6 (112.8) 267.9(103.6)  0.81 93 0.71)
Protein (g/d) 74.4 (29.2) 68.6 (23.5) 0.77 92 0'4(1).(606)23“ 61.8 (27.7) 57.9 (26.8) 0.82 89 0'58%)34‘
Total fat (g/d) 47.2 (23.4) 42.7 (19.9) 0.77 96 0'436(3%')28' 423 (26.5) 37.5(22.5) 0.87 96 0'63.%44‘
Saturated 0.33 (0.14- 0.61 (0.43-
fatty acid (g/d) 13.9 (7.8) 12.5 (6.4) 0.76 88 0.52) 12.1 (8.4) 10.9 (7.7) 0.92 96 0.79)
Monounsaturate 0.47 (0.29- 0.56 (0.38-
d fatty acid (g/d) 15.0 (7.9) 13.7 (7.0) 0.73 94 0.65) 13.6 (10.3) 11.8 (8.3) 0.85 93 0.73)
Polyunsaturated 0.49 (0.30- 0.64 (0.46-
fatty acid (g/d) 12.0 (6.1) 10.7 (5.3) 0.84 98 0.67) 10.9 (6.1) 9.2 (4.5) 0.80 89 0.81)
Omega-3 0.49 (0.31- 0.58 (0.40-
fatty acid (/d) 1.3(0.7) 1.2 (0.6) 0.89 92 0.66) 1.2 (0.6) 1.1 (0.5) 0.81 93 0.76)
Omega-6 0.52 (0.34- 0.76 (0.61-
fatty acid (/d) 10.9 (5.5) 9.7 (4.8) 0.83 100 o) 9.9 (6.1) 8.3 (4.2) 0.78 96 0.91)
Cholesterol 0.49 (0.32- 0.76 (0.62-
(mgld) 328.0 (201.7)  327.5(198.3) 0.75 96 0.67) 298.2(198.2) 287.4(201.2)  0.93 100 0.91)
Fiber (mg/d) 20.6 (7.9) 19.4 (8.6) 0.90 98 O'Sg_§3')4o' 202(10.5  190(10.1)  0.90 o 0% égfo'
Calcium (mg/d) 479.3 (225.7)  405.8 (158.0)  0.85 o 0% éﬂ')”' 406.7(184.3)  376.1(167.3)  0.86 % 0% %44'
Phosphorus 0.44 (0.25- 0.43 (0.25-
(mg/d) 1070.0 (397.0)  979.6 (318.9) 0.85 94 0.62) 930.3 (378.2) 878.3(367.3)  0.81 91 0.62)
Tron (mg/d) 143 (5.1) 13.1 (4.5) 0.86 94 0'55 %40- 12.7(5.8) 119 (5.2) 0.88 98 0.7 (0.54-
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Men (n=55) Women (n=40)
Same or , Same or ,
Nutrients Paper Chatbot csrerZ:Z(t)ign adjacent C}S:ssas Paper Chatbot cc?rizzz(t)ign adjacent C‘ggggas
Mean (+SD) Mean (SD) ¢ efficients qlé;:;:)le (95% CI)® Mean (+5D)  Mean (£5D) ¢ eficiente qL(I;SLIe (95% CI)®
odium (mg/d) 3388.8 (1519.0) 3027.2 (1341.3)  0.80 92 0'43 é%')23' 2800.8 (1559.4) 2644.4 (1497.5)  0.84 84 0'43 ég')25'
Potassium 0.49 (0.30- 0.61 (0.43-
(ng/d) 2870.9 (1072.2) 2679.5(960.9)  0.81 96 0.67)  26444(12226) 26866 (1347.9) 083 96 0.79)
Vitamin A 0.62 (0.46- 0.58 (0.41-
(g RED) 643.2 (296.2)  570.5 (300.3) 0.90 96 0.79) 561.4(335.3) 537.6(322.3) 091 96 0.76)
Retinol (ug/d) ~ 107.4 (65.1) 97.9 (51.5) 0.78 94 0'5(‘;3 %37' 91.8(53.0)  87.7(60.1) 0.93 93 0'63 E(;a')‘gl‘
Carotenoid - -
. . . . . 2703.1 (1842.9) 2617.4 (1825 .
o) 3092.1 (1568.1) 2730.4 (1589.6)  0.89 08 0'68’ %)46 ( ) (1825) 091 98 0'58 %41
Thiamin (mg/d) 1.9 (0.7) 1.8 (0.6) 0.90 96 0'502 ég')34' 1.7 (0.8) 1.6 (0.7) 0.82 93 0'53 %37‘
Riboflavin 0.65 (0.49- 0.58 (0.40-
(gd) 1.5 (0.6) 1.4 (0.6) 0.80 94 0.81) 1.3 (0.6) 1.2 (0.6) 0.91 93 01N
Niacin (mg/d) 145 (5.3) 13.6 (4.6) 0.85 94 0.4; ég')zg' 12.3 (6.6) 11.1 (4.6) 0.60 87 0'3§ é%lg'
Vitamin C 0.71 (0.55- 0.43 (0.24-
(mgd) 123.4(80.4)  128.8 (93.7) 0.91 98 0.86) 130.2(93.9)  129.9(99.3) 0.82 93 0.63)

@Pearson correlation coefficients for log-transformed energy-adjusted nutrient intakes.

PEnergy-adjusted nutrients were compared except energy intake.

42



Table 5. Mean of energy and nutrient intake and comparison of energy-adjusted nutrient intakes between paper- and chatbot-based FFQs by age group

Age<57 (n=45)

Age>57 (n=50)

Pearson Sa_m € or Cohen’s Pearson Same or Cohen’s

Nutrients Paper Chatbot correlation adjacent Kappa Paper Chatbot correlation adjacent Kappa

Mean (£SD) Mean (£SD) coefficient? qtz;:;:)le (95% CI)® Mean (£SD) Mean (£SD) coefficient? ql(l(f;r;:)le (95% CI) ®

0

Energy (kcal/d) 2132.8 (873.8) 1964.3 (732.6) 0.82 93 0'63' gi';w_ 1934.1 (773.2) 1789.9 (590.8) 0.86 94 0'581 %)37_
Carbohydrate 0.42 (0.23- 0.51 (0.33-
(@/d) 318.1 (130.5)  293.0 (116.6) 0.68 89 0.61) 303.9 (98.1) 288.5 (81.7) 0.86 94 0.68)
Protein (g/d) 74.0 (31.3) 68.0 (27.9) 0.77 91 0'43 E(}%.)BO- 63.4 (26.2) 59.5(22.8) 0.82 90 0'43 6(3(;.)26-
Total fat (g/d) 53.1(27.4) 47.5(23.9) 0.75 98 0'43 E(}Ci.)ZO- 37.5 (20) 33.6 (16.2) 0.83 94 0'63 %)44_
Saturated 0.43 (0.23- 0.44 (0.26-
fatty acid (g/d) 16.1 (9.1) 14.7 (8.3) 0.80 89 0.62) 10.3 (5.9) 9.1 (4.3) 0.85 94 0.62)
Monounsaturate 0.44 (0.24- 0.53 (0.35-
d fatty acid (/d) 17.5 (10.5) 15.6 (8.9) 0.66 93 0.63) 11.4 (6.4) 10.3 (5.2) 0.82 94 0.71)
Polyunsaturated 0.52 (0.33- 0.60 (0.43-
fatty acid (e/d) 12.7 (6.2) 10.8 (4.7) 0.75 91 0.70) 10.4 (5.9) 93 (5.1) 0.85 96 0.76)
Omega-3 0.55 (0.36- 0.51 (0.34-
fatty acid (¢/d) 1.3 (0.6) 1.2 (0.5) 0.83 98 0.73) 1.2 (0.7) 1.1 (0.6) 0.88 88 0.68)
Omega-6 0.60 (0.42- 0.65 (0.49-
fatty acid (g/d) 11.7 (6.2) 9.9(4.4) 0.71 98 0.78) 93(5.2) 8.3 (4.6) 0.85 98 0.81)
Cholesterol 0.59 (0.41- 0.61 (0.44-
(mg/d) 326.0 (172.8)  321.3 (169.0) 0.78 100 0.77) 303.0 (222.0) 297.0 (224.8) 0.87 96 0.78)
Fiber (mg/d) 18.8 (8.7) 16.9 (8.5) 0.84 98 0'65 é?')M' 21.9 (9.5) 21.3(9.6) 0.92 98 0'43 é(s)).)23-
Calcium (mg/d) 451.9 (227.5) 388.2 (160.7) 0.74 93 0'33 gi')ls' 438.6 (193.5) 394.9 (165.3) 0.92 96 0'68 %43-
Phosphorus 0.28 (0.07- 0.57 (0.40-
(m/d) 1027.3 (421.2) 937.6 (353.3) 0.73 91 0.48) 982.7 (367.7)  926.2 (340.0) 0.88 94
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Age<57 (n=45)

Age>57 (n=50)

Pearson Same or Cohen’s Pearson Same or Cohen’s
Nutrients Paper Chatbot correlation adjacent Kappa Paper Chathot correlation adjacent Kappa
Mean (£SD) Mean (£SD) coefficient? qté(z;;;:)le (95% CI)® Mean (£SD) Mean (£SD) coefficient? ql(l;r;]lale (95% CI) ®
(]
fron (mg/d) 13.4(5.5) 12.2 (4.9) 0.85 96 0'63 gi')“e' 13.7 (5.4) 12.8 (4.8) 0.88 9 0'63 %45'
Sodium (mg/d) 3423.1(1532.1) 3113.3 (1441.0)  0.72 89 0'33 ég')lz' 2828.8 (1542.6) 2605.1 (1376.3)  0.86 88 0'463 é%fo'
Zﬁtga/sds)l“m 2664.1 (1092.3) 2511.7 (1001.4)  0.69 93 0'55 %33' 2853.1 (1195.0) 2836.8 (1266.2)  0.86 98 0'583 %39'
Vitamin A 0.54 (0.34- 0.64 (0.48-
(g RE/d) 566.7 (243.7) 524.1(248.3)  0.84 98 0.73) 638.4 (369.0) 582.6(356.3)  0.92 94 0.80)
Retinol (ug/d) 106.4 (60.9)  100.1 (56.1) 0.79 98 0'53 %31' 94.2 (59.0) 86.8 (55.1) 0.91 90 0'6g 2(;2552-
Carotenoid R -
(wa/d) 2627.3 (1255.1) 2420.4 (1298.6)  0.86 100 0'55 %39 3160.4 (2007.5) 2907.7 (1973.5)  0.91 9 0'63 %46
Thiamin (mg/d) 1.9 (0.8) 1.7 (0.7) 0.85 93 0'55’ %’1')37' 1.7 (0.7) 1.7 (0.6) 0.88 96 0'55 é%‘f"“
Riboflavin 0.57 (0.38- 0.64 (0.48-
(ng/d) 1.5 (0.6) 1.4 (0.5) 0.77 96 0.76) 1.3(0.7) 1.3 (0.6) 0.90 92 0.81)
Niacin (mg/d) 14.4 (6.9) 12.8 (5.1) 0.59 89 0'33 éa')ﬁ' 12.7 (5.0) 12.1 (4.4) 0.86 92 0'43 ég')?’l'
Vitamin C 0.58 (0.39- 0.56 (0.39-
(mg/d) 109.4 (89.0)  102.8 (81.6) 0.79 93 0.76) 142.1(82.3)  153.2(102.1)  0.90 98 0.74)
apearson correlation coefficients for log-transformed energy-adjusted nutrient intakes.
PEnergy-adjusted nutrients were compared except energy intake.
.-:'x'-'i: -] I . =]
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Table 6. Mean of energy and nutrient intake and comparison of energy-adjusted nutrient intakes between paper- and chatbot-based FFQs by CCI score

CCI score<2 (n=44) CCI score2 2 (n=51)
Same or s Same or )

s S comaion S e PO S0 comtaion ST o

coefficient? (%)° (95% CI)® coefficient? (%) (95% CI)®
Energy (kcal/d) 1960.0 (783.3) 1858.9(728.8)  0.84 93 0'635(3')46' 2087.1 (860.9) 1884.3(609.7)  0.84 94 0'53%38'
(Cg%t;"hydrate 203.8 (111.8) 284.1(114.4)  0.77 95 0'53%35' 325.1(115.4)  296.3 (84.8) 0.81 88 0'43.6(3%)23'
Protein (g/d) 67.8(304)  63.9(28.6) 0.81 91 0'435(33')29_ 68.9(28.1)  63.2(22.9) 0.79 90 0'436(3%)27'
Total fat (g/d)  49.4 (28.3)  44.7(24.9) 0.81 98 0'53%33' 41.0(21.1)  36.4(16.8) 0.81 94 0'556(.)%)34'
?;tt‘;rzﬁg ws 14502 13.6 (8.5) 0.88 03 0'53%')36' 11.8 (6.8) 10.2 (5.0) 0.81 90 0'33%17‘
EA;I;%“:CS?;‘J(;?) 16.2 (10.9) 14.6 (9.3) 0.77 95 0'436(.’%')26' 12.7 (6.8) 112 (5.5) 0.79 92 0.53.((53.)33-
E;g‘;‘fi?‘(l;‘é‘;d 12.4 (6.8) 10.5 (5.6) 0.81 91 0'5&%38' 10.8 (5.4) 9.6 (4.3) 0.84 9% 0'53%38'
g?;iili @d) 1.3(0.7) 1.1 (0.6) 0.86 95 0'53%)35' 1.3 (0.6) 1.1(0.5) 0.87 90 0'53%36'
g?;iilg @a 146D 9.6 (5.2) 0.79 95 0'6855%)48' 9.6 (4.8) 8.5 (3.9) 0.83 100 0'68.%43'
g}‘g}git“"l 293.5(173.3)  296.1(177.4)  0.80 100 0'63&')45' 331.6(219.8) 319.2(2182)  0.87 96 0.6(());(;.)44—
Fiber (mg/d) 18.4 (8.4) 16.9 (7.8) 0.88 98 0'68%41' 22.1 (9.6) 21.2(10.1) 0.92 98 0'4& ég')ZS'
Calcium (mg/d) 419.5 (188.8)  376.5(150.5)  0.78 93 0'436(32')23' 466.9 (224.9) 404.9(1722)  0.90 96 0'53%36'
E}r‘l‘g’jg;loms 958.7(392.1) 892.6 (344.4)  0.73 91 0'38.é%')10' 1042.7 (392.4)  965.2 (344.6)  0.90 94 0'53%38'
Iron (mg/d) 12.4 (4.9) 11.7 (4.7) 0.87 95 0'5;%38' 14.5 (5.8) 13.2 (4.9) 0.88 96 o.eglé(i.)sz-

T 9 1 e
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CCI score<2 (n=44) CCI score2 2 (n=51)

Pearson Same or Cohen’s Pearson Same or Cohen’s
Nutrients Paper Chatbot correlation adjacent Kappa Paper Chathot correlation adjacent Kappa
Mean (£SD) Mean (£SD) coefficient? qlzg}:;:)le (95% CI)® Mean (£SD) Mean (£SD) coefficient? qlz;;;:)le (95% CI)®
Sodium (mg/d) 3043.9 (1418.9) 2886 (1428.6) 0.79 89 0'43 ég.)zz- 3167.6 (1681.2) 2811.2 (1431.1)  0.84 88 0'43 é%')m'
Potassium 0.51 (0.33- 0.58 (0.41-
(mg/d) 2658.1 (1110.0) 2534.5(976.5) 0.74 93 0.70) 2854.6 (1178.3) 2810.8 (1283.6)  0.89 98 0.75)
Vitamin A 0.54 (0.34- 0.66 (0.50-
(g RE/d) 553.2(252.2) 511.4(244.3) 0.87 98 0.73) 648.6 (359.3)  592.4 (354.3) 0.92 94 0.81)
Retinol (ug/d) 97.2 (57.8) 92.7 (55.6) 0.83 93 0'53 %)35' 102.4 (62.1) 93.4(56.2) 0.90 94 0'683 ég')SO'
Carotenoid 0.48 (0.27- 0.71 (0.56-
(ug/d) 2612.1 (1398.3) 2394.2 (1348.8)  0.89 100 0.68) 3163.0 (1909.3) 2920.7 (1928.2)  0.90 96 0.86)
Thiamin (mg/d) 1.8 (0.8) 1.7 (0.7) 0.83 98 0'5%(70)'32' 1.8 (0.7) 1.7 (0.6) 0.89 92 0'53 %538'
Riboflavin 0.51(0.31- 0.71 (0.56-
(mg/d) 1.3 (0.6) 1.3(0.5) 0.76 93 0.7) 1.5 (0.7) 1.3 (0.6) 0.91 94 0.86)
Niacin (mg/d) 13.7 (6.8) 12.4 (4.9) 0.66 89 0'45 ég')zz' 13.4 (5.3) 12.5 (4.7) 0.82 92 0'45 é(()).)24-
Vitamin C 0.58 (0.40- 0.58 (0.41-
(mg/d) 127.9 (103.5)  125.1(103.7) 0.86 93 0.75) 125.5(70.0) 133.0 (89.4) 0.88 98 0.75)
8pearson correlation coefficients for log-transformed energy-adjusted nutrient intakes.
PEnergy-adjusted nutrients were compared except energy intake.
:lx'-'i: . -] I. 'I-.- I
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Table 7. Mean of energy and nutrient intake and comparison of energy-adjusted nutrient intakes between paper- and chatbot-based FFQs by BMI

BMI<25 (n=40) BMI>25 (n=55)
Same or s Same or )

s S comaion S e PO S0 comtaion ST o

coefficient? (%)° (95% CI)® coefficient? (%) (95% CI)®
Energy (kcal/d) 1906.5 (746.0) 1751.3 (690.5)  0.83 93 0'53_%33' 2116.8 (872.4) 1960.7 (635.8)  0.85 95 0'63_%48'
g;g;"hydrate 307.3(112.4) 284.1(108.2)  0.81 90 0'53%32' 313(1164)  295.4(92.9)  0.78 93 0'43.6(32')27'
Protein (g/d) 64.1(28.2)  59.4(28.2) 0.83 90 0'55_%33' 71.6(29.6)  66.5(23.3) 0.75 91 0'43_ég')23'
Total fat (g/d)  43.7(27.6)  37.7(23.4) 0.83 95 0'68.%41' 45.7(22.9)  42.0(19.5) 0.82 96 0'436(3%)31'
?;tt‘;rzﬁg wa 12669 11.0 (8.0) 0.89 95 0'53%37' 13.4(1.5) 12.3 (6.3) 0.81 89 0'33%21‘
EA;I;%“:CS?;‘J(;?) 14 (10.7) 12 8.7) 0.81 03 0'55.%')38' 14.5 (1.7) 13.4 (6.8) 0.77 95 0'4g.é91')29‘
E;g‘;‘fi?‘(l;‘é‘;d 11.3 (6.4) 9.2 (4.7) 0.78 90 0'63.&(3')44' 11.7 (5.9) 10.6 (5.1) 0.86 96 0'53. é%)?""
g?;iili @d) 1.2 (0.6) 1.1 (0.5) 0.80 90 0'68.%41' 1.3 (0.7) 1.2 (0.6) 0.90 95 0'43 é%)32'
g?;iilg @a 10269 8.3 (4.4) 0.77 95 0'7852')61' 10.6 (5.4) 9.5 (4.6) 0.86 100 0'58"%)37'
g}‘g}git“"l 306.6 (192.5) 289.8(201.8)  0.92 100 0'75.52')61' 319.2(206.0) 322.1(198.8)  0.78 96 O'SS.é%)?’S‘
Fiber (mg/d) 21.8(10.1)  20.2(10.2) 0.89 98 0'436(;%')29' 19.4 (8.5) 18.5 (8.6) 0.91 08 0'58%40'
Calcium (mg/d) 430.8 (197.2)  385.5 (168) 0.88 95 0'58%')36' 455.2(218.8) 396.3(159.4)  0.82 95 0'43_5(3%)23'
E}r‘l‘g’jg;loms 973.6 (374.8)  906.1 (376.7)  0.82 90 0'4;(&%)27' 1025.8 (406.8) 950.1 (321.5)  0.84 95 o.4§.ég.)24-
Tron (mg/d) 13.6 (5.7) 12.5 (5.3) 0.87 98 0'63_{%52' 13.5(5.3) 12.5 (4.5) 0.87 95 0'53%41'

T 9 1 e
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BMI<25 (n=40) BMI>25 (n=55)

Pearson Same or Cohen’s Pearson Same or Cohen’s
Nutrients Paper Chatbot correlation adjacent Kappa Paper Chathot correlation adjacent Kappa
Mean (£SD) Mean (£SD) coefficient? qlzg}:;:)le (95% CI)® Mean (£SD) Mean (£SD) coefficient? qlz;;;:)le (95% CI)®
Sodium (mg/d) 2959.7 (1682.1) 2729.5 (1615.4)  0.85 85 0'43 ég')zg' 3219.8 (1467.7) 2930.5 (1273.6)  0.78 01 0'38 éa')ls'
Potassium 0.63 (0.44- 0.49 (0.31-
(mg/d) 2838.5(1184.2) 2798.7 (1378.3)  0.83 95 0.81) 2709.1 (1124.1) 2598.6 (963.9) 0.80 96 0.66)
Vitamin A 0.63 (0.45- 0.59 (0.42-
(g RE/d) 602.6 (333.9) 559.6 (326.7) 0.92 95 0.81) 605.8 (306.0)  551.5(299.7) 0.89 96 0.75)
Retinol (ug/d) 94.9 (50.0) 85.9 (49.4) 0.90 93 0'63 5(3(31549- 103.7 (66.3) 98.3(59.7) 0.87 95 0'58 %}40'
Carotenoid 0.60 (0.41- 0.61 (0.45-
(ug/d) 2916.5(1849.1) 2755.8 (1868.1)  0.92 98 0.78) 2901.6 (1611.1) 2619.5 (1576.1)  0.87 98 0.77)
Thiamin (mg/d) 1.8 (0.8) 1.7 (0.7) 0.86 95 0'43 e(;g.)zg- 1.8 (0.7) 1.7 (0.6) 0.87 95 0.5(6)3 %)39'
Riboflavin 0.56 (0.37- 0.66 (0.51-
(mg/d) 1.4 (0.6) 1.3 (0.6) 0.89 93 0.76) 1.4 (0.7) 1.3 (0.6) 0.83 95 0.81)
Niacin (mg/d) 13.1 (6.7) 11.6 (4.8) 0.61 83 0'48 é%')zo' 13.8 (5.5) 13.0 (4.7) 0.85 96 0‘43 ég')27'
Vitamin C 0.49 (0.29- 0.63 (0.48-
(mg/d) 1459 (91.9) 146.2(103.6) 0.81 93 0.69) 112.6 (80.6) 117.0 (88.8) 0.90 98 0.79)
8pearson correlation coefficients for log-transformed energy-adjusted nutrient intakes.
PEnergy-adjusted nutrients were compared except energy intake.
d 211 &
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Table 8. Mean of energy and nutrient intake and comparison of energy-adjusted nutrient intakes between paper- and chatbot-based FFQs by

educational level

High school graduation or less (n=45)

College graduation or above (n=50)

Same or

Same or

s S comdaion S e P S0 comtaion T
coefficient? (%)° (95% CI)® coefficient? (%) (95% CI)®
Energy (kcal/d) 1911.3 (721.9) 1809.9 (568.9)  0.82 93 0'6(‘)‘&')47' 2133.5(900.4) 1928.9 (740.5)  0.86 94 0'53%37'
g};‘;"hydrate 303.0 (107.4)  288.4(79.6) 0.86 93 0'5(‘;’;3')36' 317.5(120.6) 292.6(114.9)  0.75 90 0'43.%22‘
Protein (g/d) 63.8(234)  60.2(21.4) 0.80 89 0'43.5(3%)30_ 725(33.0)  66.5(28.7) 0.81 92 0'43.6(3%')25'
Total fat (z/d) ~ 39.4(20.5)  35.9(17.3) 0.93 100 0'63.5(3')46' 49.9(27.6)  44.1(23.7) 0.73 92 0'4(:)3.&(32')25_
?;tt;rzzg wa 1569 10.6 (5.6) 0.92 9 0'53%')40' 14.5(9.2) 12.8 (8.1) 0.81 88 0'33&')17'
EA;T%“:CS?;‘@?) 123 (7.0) 11.2 (5.9) 0.92 100 0'65.8')50' 16.1 (10.3) 142 (8.7) 0.70 88 0'33;)91')17‘
lf)a‘;g‘gggt‘(l;‘gd 10.1(5.2) 8.9 (4.1) 0.92 9 0'65.8')50' 12.8 (6.6) 11.0 (5.5) 0.71 92 0'48((591')27‘
g?;iili @d) 1.2 (0.6) 1.0 (0.5) 0.91 98 0'6&%44' 1.4(0.7) 1.2 (0.6) 0.83 88 0'43 6(3(;.)28-
g?;iilg @d) 9.1 (4.7) 8.0 (3.7) 0.92 100 0'73.53)57' 11.6 (6.4) 10.0 (5.0) 0.70 96 0'58"%)36'
(Cr:l‘;’/lg;teml 304.0 (206.7) 2942 (212.0)  0.95 100 0'78é%')54' 322.8(194.5) 321.4(189.0)  0.73 96 0'58"%)36'
Fiber (mg/d) 19.6 (9.4) 19.1 (9.0) 0.93 100 0'6&%44' 21.1 (9.1) 19.3 (9.7) 0.88 96 0'43. ég')ZS'
Calcium (mg/d) 431 (182.8)  395.8(167.9)  0.91 98 0'58.%42' 457.5(231.6) 388.1(158.8)  0.78 92 0'38.%21'
fﬁ‘;gﬁ“’ms 961.2(335.7) 915.4(320.6)  0.87 96 0'45.6(;%)28' 1042.1 (437.1) 9462 (367.5)  0.78 90 0.41(0.23-
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High school graduation or less (n=45)

College graduation or above (n=50)

Same or

Same or

Nutrients Paper Chatbot cgrerg::\?ign adjacent C}ggssas Paper Chatbot C;?Z:Zggn adjacent CQ:;S;

Mean (£SD)  Mean (+SD) coefficient? qléf;; ;:}Ie (95% CI)® Mean (£SD) - Mean (+5D) coefficient? qL(I(?/; ;Lle (95% CI)®
Iron (mg/d) 13.0 (4.8) 12.1 (4.2) 0.92 100 0'Bg 5(3(31.)51- 14.1 (6.0) 12.9 (5.4) 0.84 92 0'68 §3')43_
Sodium (mg/d)  2907.4 (1534) 2618.2 (1330.9)  0.90 89 0'43 ég')z‘r" 3292.9 (1572.6) 3050.8 (1484.1)  0.76 88 0'43 ég.)zz-
Potassium 0.64 (0.47- 0.47 (0.28-
(mg/d) 2569.3 (1033.2) 2616.4 (1132.1)  0.85 96 0.81) 2938.5 (1221.6) 2742.6 (1181.6)  0.79 96 0.65)
Vitamin A 0.67 (0.51- 0.54 (0.36-
(g RE/d) 567.5(301.0) 530.6(278.2) 0.94 96 0.83) 637.7 (329.0) 576.7 (336.7) 0.86 96 0.72)
Retinol (ug/d) 95.3(51.6) 92.5 (60.4) 0.93 93 0'78 5(3%554- 104.3 (66.7) 93.6 (51.6) 0.82 94 0'55 %534'
Carotenoid 0.79 (0.65- 0.43 (0.24-
(ug/d) 2736.1 (1562.7) 2549.3 (1429.9)  0.93 98 0.93) 3062.5 (1826.9) 2791.7 (1913.0)  0.86 98 0.62)
Thiamin (mg/d) 1.7 (0.7) 1.6 (0.5) 0.88 % 0'63 %44' 1.9.(0.8) 1.8(0.7) 0.86 94 0'45 ég')zg'
Riboflavin 0.76 (0.62- 0.49 (0.31-
(mg/d) 1.3 (0.6) 1.3 (0.6) 0.94 98 0.91) 1.5 (0.6) 1.4 (0.6) 0.71 90 0.67)
Niacin (mg/d) 12.3 (4.7) 11.8 (4.1) 0.85 91 0'58 %)37' 14.6 (6.8) 13.0(5.2) 0.62 90 0'38 L(lg')lo'
Vitamin C 0.49 (0.30- 0.65 (0.49-
(mg/d) 108.5 (70.4)  120.9 (82.7) 0.83 96 0.69) 143.0 (96.9)  136.9 (106.6) 0.90 96 0.81)
@Pearson correlation coefficients for log-transformed energy-adjusted nutrient intakes.
PEnergy-adjusted nutrients were compared except energy intake.
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Table 9. Analysis after adding dietary supplement intake

Pearson Same or
Nutrients Paper Chatbot correlation adjacgnt Cohen’s Kappa
Mean (+SD) Mean (+SD) coefficient? quartlble (95% CI)®
(%)
Energy (kcal/d) 2034.1 (824.4) 1874.8 (664.6) 0.84 94 0.62 (0.50-0.74)
Carbohydrate (g/d)  311.2 (114.3) 290.8 (99.3) 0.79 92 0.45 (0.32-0.58)
Protein (g/d) 68.9 (29.2) 63.6 (25.6) 0.78 89 0.47 (0.34-0.60)
Total fat (¢/d) 45.5 (25.4) 40.3 (21.3) 0.81 95 0.55 (0.42-0.68)
igfgr(agff;) fatty 13 (8.1) 11.7 (7.0 0.85 92 0.49 (0.36-0.62)
lf\;[t‘z;“;‘fi‘g?tg“/gted 143 (9.1) 12.8 (7.6) 0.79 94 0.54 (0.41-0.66)
lf)a‘;?yf‘gggt‘(l;‘;;d 11.5 (6.1) 10 (5.0) 0.83 94 0.56 (0.44-0.69)
g;gga-a fattyacid 136 1 (3271 111.3 (499.8) 0.59 92 0.31 (0.18-0.45)
g/‘zl‘;ga'6 fatty acid 10.4 (5.8) 9(4.5) 0.81 98 0.62 (0.50-0.74)
Cholesterol (mg/d)  313.9 (199.5) 308.5 (199.6) 0.85 98 0.62 (0.50-0.74)
Fiber (mg/d) 20.4 (9.2) 19.2 (9.3) 0.9 98 0.54 (0.41-0.66)
Calcium (mg/d) 486 (241.9) 419.4 (174.4) 0.82 95 0.55 (0.42-0.68)
Phosphorus (mg/d)  1004.4 (392.4) 932.1 (343.9) 0.83 93 0.45 (0.32-0.58)
Iron (mg/d) 19.9 (52.0) 13.5 (5.6) 0.48 95 0.54 (0.41-0.66)
Sodium (mg/d) 31129 (1558.4) 28466 (1422.5)  0.82 88 0.42 (0.29-0.56)
Potassium (mg/d)  2763.6 (1145.4)  2682.8 (1154.0)  0.82 9 0.55 (0.42-0.68)
‘R’gj‘;‘in Alg 733.8 (466.6) 642.2 (430.0) 0.88 94 0.4 (0.31-0.57)
Retinol (ug/d) 100 (59.9) 93.1 (55.6) 0.88 94 0.64 (0.52-0.75)
Carotenoid (ug/d) 29142 (1712.0)  2729.5(1710.1)  0.84 97 0.55 (0.42-0.68)
Thiamin (mg/d) 16 (32.3) 9.2 (22.4) 0.56 89 0.47 (0.34-0.60)
Riboflavin (mg/d) 11.9 (27.5) 6.4 (18.7) 0.53 91 0.48 (0.35-0.61)
Niacin (mg/d) 20.6 (17.6) 17.8 (17.9) 0.62 89 0.35 (0.22-0.49)
Vitamin C (mg/d) 266.1 (345.6) 336.1 (762.8) 0.71 91 0.49 (0.36-0.62)

8pearson correlation coefficients for log-transformed energy-adjusted nutrient intakes.

PEnergy-adjusted nutrients were compared except energy intake.
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Abstract

Development of FFQ-based Chatbot
contents and comparison of nutrient

intake measured by Chatbot and
paper-based FFQs

Euiyeon Lim
Department of Food and Nutrition
The Graduate School

Seoul National University

A food frequency questionnaire (FFQ) is a widely used method for assessing the
habitual dietary intakes of individuals or groups. Paper or electronic FFQs consist of
structured survey forms that ask questions about the frequency and quantity of food
consumption. With the advent of the mobile era, the use of mobile technology has
also increased in the field of dietary intake assessment. Therefore, in this study, we
developed a mobile chatbot content based on a validated FFQ, using KakaoTalk, the
most widely used mobile instant messenger in Korea. We also compared and
analyzed the nutrient intakes obtained from the chatbot and paper-based FFQs.

The study participants were recruited from Dongguk University Ilsan Hospital
between April and August 2022. They were individuals who underwent gastric or
colon endoscopy. The final sample included 50 men and 45 women aged 24 to 79

years old. The FFQ used in the study consisted of 112 items from the 6th Korea
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National Health and Nutrition Examination Survey (2013-2015), with an additional
question on wine consumption. The participants completed both the chatbot and
paper-based FFQs within a period of 3 months. The chatbot was developed by the
Software Architecture Laboratory at Dongguk University. The survey was conducted
in the following order: anthropometric measurements and basic information,
physical activity assessment, FFQ, and dietary supplement intake assessment. After
completing the survey, the automatically generated nutrition evaluation results were
displayed in the chat window of the chatbot. The nutrition evaluation results were
based on the 2020 Korean Dietary Reference Intakes. Correlation and agreement
analyses were performed to compare the nutrient intake data obtained from the
chatbot and paper-based FFQs.

The Pearson correlation coefficients ranged from 0.74 (niacin) to 0.90 (vitamin A),
with a median of 0.85, indicating a high correlation. For the agreement analysis, the
intakes were classified into quartiles, and cross-classification was performed to
determine the proportion of participants classified into the same, adjacent, one-
quartile apart, or opposite quartiles. The results showed that the proportions of
participants classified into the same or adjacent quartiles ranged from 88% (sodium)
to 98% (omega-6 fatty acid). Additionally, Cohen's kappa coefficients were
calculated based on the quartile distribution of intake. The results ranged from 0.42
(niacin, 95% confidence interval = 0.29-0.56) to 0.64 (omega-6 fatty acids, 95%
confidence interval = 0.52-0.75), indicating moderate to substantial agreement.
Bland-Altman plots were presented, and the differences in calorie and nutrient intake

were mostly located within the limits of agreement.
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In this study, we developed a chatbot that consisted of basic demographic and
anthropometric information assessment, physical activity assessment, FFQ, and
dietary supplement intake assessment. Based on the collected information, the
chatbot automatically generated nutrition evaluation results. When comparing the
nutrient intake data obtained from the chatbot and paper-based FFQs, high rank order
agreement was observed. Therefore, incorporating a FFQ into a chatbot can be a
useful method for assessing nutrient intake in epidemiological studies evaluating the

relationship between nutrition factors and disease risk.

Keywords: Food Frequency Questionnaire; FFQ; mHealth; mobile healthcare;
chatbot; comparability
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