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ABSTRACT

This study evaluated the reproducibility and validity of the self-administered semiquantitative
food frequency questionnaire used in a large prospective cohort study(Korean Cancer Research
Survey) in middle-aged men. The questionnaire was administered twice at an interval of
approximately two years(December, 1992 — January, 1995), and four or five 24-hour recalls for
each subject were collected at intervals of approximately three months.

The results were as follows ;

1) Although the distributions of the data estimated by the questionnaire were somewhat
wider, the mean nutrient intakes of group estimated by our questionnaires and the multiple 24-
hour recalls were roughly comparable.

2) The reproducibility determined by correlation of absolute(unadjusted nutrient intake) and
caloric adjusted nutrient intakes from two semiquantitative food frequency questionnaires were
more than 0.5, and the weighted kappa values were more than 0.4.

3) The Pearson correlation coefficents between unadjusted nutrient intakes values were
average 0.40 on the average(Ca, 0.13 — Carbohydrate, 0.58) at the first questionnaire vs. 24-
hour recalls, and 0.28 at the second questionnaire vs. 24-hour recalls. The Spearman rank
order correlation coefficients were similar. When energy intake was adjusted, there was a slight
reduction ; 0.28 aveage on the first questionnaire, 0.25 average on the second. In order to
correct the measurement error of 24-hour recall data, the deattenuated correlation coefficient
was calculated. It averaged 0.53 on the first questionnaire, 0.37 on the second questionnaire
for unadjusted nutrient intake. For calorie-adjusted nutrient intake, it averaged 0.44 on the first
questionnaire, 0.37 on the second questionnaire.

4) There was lower agreement(k, <0.4) between the questionnaires and the 24-hour recalls.
And the subjects classified in the same quartile by 24-hour recalls and first questionnaire were
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average 37%(cnergy-adjusted values) and 40%(unadjusted values) on the average. More than
10%(average) of subjects were in the extreme quartile of the questionnaire and 24-hour recall
method. But 8.2%(average) of subjects classified in the lowest quartile of unadjusted nutrient
intake level by the 24-hour recalls were in the highest quartile by the first questionnaire. These
data indicate that our self-administered semiquantitative food frequency questionnaire is
reproducible. Correlation coeflicients comparing nutrient intakes measured by two different
dietary assessment methods were less than 0.5. The validity of our questionnaire is not high
enough. (Korean J Community Nutrition 1(3) : 376~394, 1996)
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Table 1. General characteristics of subjects ~ (N=63)
General characteristics NO,' of Percentage
subjects
Age(yrs) <44 18 28.6
45-49 15 238
50-54 20 317
>55 10 15.9
Education level
(years completed)
<11 4 6.3
12-15 29 46.1
=16 30 47.6
Body mass index"”
<20 8 12.7
20-24 43 68.3
>25 12 19.0
Occupation
professional 20 31.7
office worker 34 54.0
laborer 9 14.3

1) Body mass index calculated by Quatelet index
Quatelet index=weight(kg)/height(m?)
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Table 2. Pearson correlation coefficient between total en-

ergy intake and nutrient intakes

Nutrients 24-hr F.irst ' Se§ond ‘
recall  Questionnaire Questionnaire
Protein 0.76 0.89 0.90
Fat 0.76 0.84 0.86
Carbohydrate 0.72 0.97 0.93
Fiber 0.51 0.74 0.71
Ca 0.39 0.69 0.72
P 0.76 0.89 0.91
Fe 0.63 0.93 0.92
Na 0.34 0.59 0.71
K 0.58 0.78 0.77
Vit A 0.29 0.53 0.58
Thiamin 0.53 0.92 0.88
Riboflavin 0.67 0.79 0.79
Niacin 0.61 0.80 0.86
Ascprboc acod 0.51 0.65 0.61

All variable were transformed by log. to improve nor-
mality
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Table 3. Mean daily nutrient intakes" estimated by multiple 24-hour recalls and by the semiquantitative food frequency

questionnaires

Mean of 24-hr recalls

First Questionnaire

Second Questionnaire

Nutrients - - -
Unadjusted Adjusted” Unadjusted Adjusted Unadjusted Adjusted

Energytkcal)  1766.0( 300.8)" 1649.0( 825.0) 1632.9( 658.9) -
Protein(g) 87.8( 23.3) 1009( 17.6)  641( 31.68 772( 165° 67.5( 355° 83.5( 17.3)"
Fat(g) 36.6( 15.4) 46.6( 11.5)  34.0( 195"  41.4( 12.1)  38.5( 237  485( 14.4)F
Carbohydrate(g)  270. 6( 45, 0) 295. 9( 329 273 8( 156.3) 331, s< 37. 4)‘ 255. 9( 90.2)™ 3109( 38. 1)"‘
Fiber(g) 30 27 200 23) AC 8.7y A0 3.9y 9 45" 70 40y
Ca(mg) 633.5( 166.6)  683.8( 163.1) 550.6( 354.9) 650.3( 239.9) 610.4( 345.3) 751.4( 254, 0)‘
P(mg) 978.5( 2841) 1137.3( 215.2)  991.8( 503.7)" 1192.1( 253. 4)“ 1047.4( 533.5)™ 1300.1( 253.2)
Fe(mg) 16.8( .8) 189( 4.1 17.6( 106y  21.%( 8Y  175( 77 217( 3.8
Na(mg) 935.4( 558.5) 1137.3( 589.0) 878.8( 553.0) 1045.4( 498.3) 966.4( 604.0 1211.8( 536.7)
K(mg) 1686.2( 749.8) 1944.6( 625.4) 1720.5(1588.2)" 2031.5( 799.1)" 1799.7( 978.1)" 2240.1( 806.8)"
Vit A(lU) 6673.8(9003.8)  7299.3(7632.1) 5688.3(6026.0)" 6816.4(5570.9)" 6009.6(4099.1)* 7618.1(5233.5)"
Thiamin(mg) 1.59( 1.96) 1.84( 2.05) 1240 1.02 1.49( 034) 1.27( 068  1.58( 0.38)
Riboflavinimg) 1.42( 041) 1.61( 0.33) 1.24( 090y 148 0. 52)' 1310 067"  1.61( 0.46)
Niacin(mg) 20.8( 4) 2370 5.8) 1400 9.2  17.0( 9F 143¢ 81 179( 5.4
Ascorbic acidimg)  142.7( 112.3)  164.7( 89.6) 132.9( 166.4° 150.2( 80.3) 134.7( 87.0/ 165.2( 80.6)

1) Does not include the intake of alcohol and dietary supplement

2) S.D., standard deviation in parenthesis

Adjusted value is calorie-adjusted nutrient intake using regression analysis. And the value is a-+b, where a=residual for
subject from regression model with nutrient intake as the dependent variable and tota! caloric intake as the independent
variable and b=the expected nutrient intake for a person with mean caloric intake(using 2000kcal in this study). All nu-
trient intakes were transformed by log. to improve normality before adjusting for energy

“Significant difference(p <0.05) between the mean of 24-hr recalls and the first questionnaire by paired T-test

"Significant difference(p <{0.05) between the mean of 24-hr recalls and the second questionnaire by paired T-test
‘Significant difference(p <0.05) between the first questionnaire and the second questionnaire by paired T-test
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Table 4. Mean nutrient intakes" estimated by multiple 24-hour recalls

Mean of

Nutrients Recall 1 Recall 2 Recall 3 Recall 4 Recall 5
24-hr recalls

Energy(kcal) 1766.0( 300.8)" 2001.2( 705.1) 1816.4( 509.6) 1772.0( 480.8) 1613.1( 400.8) 1636.3( 541.2)
Protein(g) 87.8( 23.3) 97.2( 38.8) 92.9( 41.3) 87.6( 36.1) 80.0( 32.8) 82.5( 38.5)
Fat(g) 36.6( 15.4) 459( 29.3) 37.9( 24.2) 41.2( 28.4) 34.0( 19.5) 35.7( 41.3)
Carbohydrate(g) 270. 6( 45.0)  304.0( 131. 1) 279.6( 96. 7) 267. 2( 3)  254.3( 46. 9) 248. 8( 56.6)
Fiber(g) 3 2.7) 5( .5) .5) -6( 4) 2( -6) (0 2.6)
Ca(mg) 633.5( 166.6) 750.5( 472.7)  725.9( 397.2) 742.4( 599.1)  563.6( 230.6) 551.8( 238.4)
P(mg) 978.5( 284.1) 1142.7( 478.9) 1059.0( 534. 1) 996.6( 436.0) 870.2( 397. 1) 833.4( 382.4)
Fe(mg) 16.8( 4.8) 20.1( 12.0 18.4 2) 14.7( 9) 14.5( .2) 15.1¢ 7.6)
Na(mg) 935.4( 558.5) 1195.6(1312.2) 881.1(1323.4) 1043.8(1426.3) 849. 3(1075 9) 728.2( 804.7)
K(mg) 1686.2( 749.8) 1933.6(1008.5) 1856.4(1170.8) 1860.2(1865.3) 1481.5( 801.3) 1313.3( 645.9)
Vit A(IU) 6673.8(9003.8) 8814.6(12762.0) 7372.7(11045.9) 7022.6(11897.2) 4410.7(3985.3) 4357.0(3279.3)
Thiamin(mg) 1.59( 1.96) 1.72( 0.07) 1.50( 0.88) 1.39( 1.08) 1.08( 0.56) 2.29( 9.48)
Riboflavin(mg) 1.42( 0.41) 1.57( 0.62) 1.54( 0.78) 1.47( 0.76) 1.22( 0.50) 1.32( 0.66)
Niacin(mg) 208( 6.4) 23.4( 15.3) 20.6( 10.3) 20.0( 4) 20.1( 10.3) 20.1( 10.6)
Ascorbic acidimg)  142.7( 112.3) 176.6( 267.0)  182.8( 223.7) 140.6( 147.8) 109.2( 52.7) 109.4( 98.1)

1) Does not include the intake of alcohol and dietary supplement

2) S.D., standard deviation in parenthesis
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Table 5. Estimated coefficients of variation and reproducibility of multiple 24-hour recalls, both unadjusted and adjusted
for total caloric intake

. Unadjusted Adjusted”

Nutrients

Intra r¥ CV, CV.. Ratio Intra r CV, CV. Ratio
Energy 0.16 40.0 28.4 0.77 - -
Protein 0.24 55.8 389 0.70 0.23 31.4 249 0.79
Fat 0.12 84.2 72.8 0.87 0.09 36.5 354 0.97
Carbohydrate 0.16 376 29.1 0.77 0.15 19.4 16.2 0.84
Fiber 0.17 70.6 51.5 0.73 0.11 49.8 451 0.91
Ca 0.21 88.2 52.8 0.60 0.16 58.5 40.6 0.69
p 0.21 60.0 42.6 0.71 0.19 34.5 29.3 0.85
Fe 0.12 66.0 49.0 0.74 0.07 42.7 40.4 0.94
Na 0.09 149.1 129.8 0.87 0.06 105.9 1201 1.13
K 0.21 89.3 59.1 0.66 0.18 58.6 48.0 0.82
Vit A 0.18 195.8 107.7 0.55 017 153.2 100.8 0.66
Thiamin 0.12 2336 237.8 1.02 0.03 276.6 3369 1.22
Riboflavin 0.18 61.4 411 0.67 0.16 40.3 323 0.80
Niacin 0.22 69.5 50.7 0.73 0.16 45.0 38.7 0.86
Ascorbic acid 0.21 152.9 102.7 0.67 0.15 102.1 80.8 0.79

All variables were transformed by log. to improve normality in calculating intraclass correlations

Calorie intake does not include the intake of alcohol and dietary supplements

1) Calorie-adjusted nutrient using regression analysis

2) Intraclass correlation coeffricients(intra r) were calculated for estimating reliability of 24-hour dietary recalls. Percents
Coefficients of variation for between-individual variability and within-individual variability were calculated from

o, a, . L . . .
Percent CV,,:(T_')me, Percent CVW:(—X—)X1OOA Ratios indicate ratios of within-to between individual coef-

ficients of variation

Table 6. Reproducibility of the semiquantitative food frequency questionnaires

First Questionnaire vs. Second Questionnaire

Nutrients Unadjusted Adjusted”
Pearson r Spearman r Intraclass r Pearson r  Spearman r  Intraclass r

Energy 0.49 0.51 0.48 - -
Protein 0.59 0.54 0.59 0.63 0.64 0.57
Fat 0.65 0.67 0.63 0.43 0.39 0.21
Carbohydrate 0.37 0.45 0.37 0.41 0.40 Q.17
Fiber 0.58 0.47 0.58 0.60 0.48 0.53
Ca 0.60 0.57 0.59 0.65 0.61 0.48
P 0.60 0.54 0.59 0.65 0.66 0.53
Fe 0.49 0.51 0.49 0.74 0.74 0.73
Na 0.64 0.56 0.63 0.64 0.61 0.59
K 0.59 0.51 0.57 0.70 0.67 0.67
Vit A 0.55 0.56 0.52 0.63 0.62 0.57
Thiamin 0.52 0.46 0.51 0.45 0.38 0.37
Riboflavin 0.58 0.51 0.56 0.60 0.66 0.61
Niacin{mg) 0.58 0.55 0.58 0.67 0.63 0.65
Ascorbic acid 0.56 0.46 0.55 0.55 0.44 0.49

All variables were transformed by log. to improved normality
Calorie-adjusted nutrient intakes does not include the intake of alcohol and dietary supplements
1) Calorie-adjusted nutrient intakes using regression analysis
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Table 7. The weighted kappa” of nutrient intakes from
two semiquantitative food frequency ques-
tionnaires based on cross-classification of quar-
tiles, for unadjusted and calorie-adjusted nu-
trient intake

First Second
Nutrients Questionnaire vs.  Questionnaire
Unadjusted Adjusted
Energy 0.46*
Protein 0.43* 0.65*
Fat 0.60* 0.39*
Carbohydrate 0.37* 0.31*
Fiber 0.38* 0.39*
Ca 0.51* 0.45*
P 0.45* 0.60*
Fe 0.54* 0.67*
Na 0.46* 0.54*
K 0.50* 0.58*
Vit A 0.50* 0.53*
Thiamin 0.39* 0.33*
Riboflavin 0.40* 0.64*
Niacin 0.55* 0.61*
Ascorbic acid 0.42* 0.34*

1) The formula for caculating weighted kappa is k.=(P,
= PJ1 - P.), where P, is the weighted observed pro-
portion of agreement(across the entire table) : Po=L
ZW,Pi, P. is the weighted expected proportion of
agreement : P,= L ZW;rS, P; are the proportions of
subjects who fall into the ith category in measure 1
and the jth measure 2. The r; and S; are the marginal
proportions for the first and second measure respec-
tively. The W; is used as the usual the other category
jrWi=1-(i - )y /k-17

*Significantly different at p<0.01
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Table 8. Comparison of the semiquantitative food frequency questionnaires with 24-hr recalls calculated for unadjusted

and calorie-adjusted nutrients

First Questionnaire vs, mean of 24-hr recalls

Second Questionnaire vs. mean of 24-hr recalls

Nutriens Unadjusted Adjusted Unadjusted Adjusted
Pearson r Spearmen rdeat- Pearson r Speanmen rdeat- Pearson r Spearmen rdeat Pearson r Spearmen rdeat-
tenuated r tenuated r tenuated r tenuated r
Energy 0.57 0.60 0.82 - 0.18 0.27 0.26
Protein 0.39 0.35 0.50 0.37 0.31 0.48 0.24 0.15 0.31 0.29 0.30 0.38
Fat 0.37 0.40 0.58 0.19 0.32 0.25 0.31 0.31 0.49 0.14 0.12 0.24
Carbohydrate  0.58 0.55 0.84 0.27 0.20 0.47 0.16 0.29 0.23 0.36 0.12 0.24
Fiber 0.44 0.34 0.48 0.36 0.35 0.59 0.33 0.24 0.47 0.15 0.11 0.24
Ca 0.13 0.16 0.14 0.06 0.07 0.09 0.18 0.24 0.19 0.18 0.13 0.26
P 0.47 041 0.51 0.42 0.40 0.58 0.36 0.34 0.37 0.33 0.33 0.45
Fe 0.50 0.45 0.79 0.43 0.49 0.83 0.31 0.29 0.46 0.35 0.37 0.68
Na 0.23 0.23 0.40 0.06 0.02 0.12 0.09 -0.08 016  ~0.12 0.11 0.25
K 0.36 0.23 0.39 0.25 0.24 0.35 0.39 0.30 0.32 0.26 0.27 0.36
Vit A 0.45 0.41 0.63 0.44 0.48 0.62 0.46 0.46 0.64 0.35 0.49 0.49
Thiamin 0.37 0.33 0.58 0.22 0.18 0.61 0.28 0.37 0.58 0.09 0.21 0.25
Riboflavin 0.43 0.38 0.60 0.31 0.28 0.45 0.35 0.24 0.49 0.24 0.23 0.35
Niacin 0.37 0.33 0.40 0.32 0.23 0.46 0.27 0.22 0.24 0.30 0.34 0.43
Ascorbic acid  0.28 0.22 0.30 0.17 0.17 0.25 0.31 0.32 0.35 0.28 0.25 0.29

All variables were transformed by log® to improve normality

Calorie intake does not include the intake of alcohol and dietary supplements

‘The deattenuated correlation coefficient is calculated from regression calorie-adjustednutrient intake from food frequency
questionnaires on nutrient intakes from the 24-hour recalls. And the value is calulated using the within-to between-per-
son variace(or intraclass correlation coefficient) measured from the 24-hr recalls. The formula for this corrected value is

calculated as

s pt=poxNT+ A /n, where po is the observed coefficient between the calorie-adjusted nutrients(except

for energy itself) from the food frequency questionnaire and 24-hr recall, A can be obtained from intraclass correlation A
= {1 =Tigractas Y Tinactasy, WHETE Fuaes 15 the correlation describing the reproducibility, which can be thought of as the average
correlation between pairs of replicate measurements and n is the number of replicate measurements
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Table 9. The weighted kappa® of nutrient intakes from two semiquantitative food frequency questionnaires based on cross-
classification of quartiles, for unadjusted and calorie-adjusted nutrient intake

24-hr recall vs.

Nutrients First Second First Se§0nd
Questionnaire vs. Questionnaire Questionnaire vs.  Questionnaire
Unadjusted Adjusted Unadjusted Adjusted
Energy 0.59** - 0.30* -
Protein 0.31* 0.13 0.13 0.21
Fat 0.36%* 0.28* 0.27* 0.12
Carbohydrate 0.50** 0.14 0.22 0.04
Fiber 0.29* 0.27* 0.15 0.05
Ca 0.12 0.07 0.21 017
P 0.32%* 0.34** 0.27* 0.23
Fe 0.42** 0.37** 0.30* 0.30*
Na 0.23 -0.07 0.14 -0.28
K 0.19 0.18 0.22 0.21
Vit A 0.29* 0.37** 0.39** 0.33**
Thiamin 0.22 0.19 0.26* 0.14
Riboflavin 0.33** 0.21 0.11 0.13
Niacin 0.26* 0.17 0.17 0.30*
Ascorbic acid 0.13 0.15 0.32** 0.21

“The formula for caculating weighted kappa is k.=(P, — PJAT - P.), where P, is the weighted observed proportion of
agreement(across the entire table) : Po= L ZW;P;, P. is the weighted expected proportion of agreement{across the entire
table) : P.= L ZW,rS,, P; are the proportions of subjects who fail into the ith category in measure 1 and the jth category
in measure 2. The r, and S; are the marginal proportions for the first and second measure respectively. The W; is used as
the usual weight applied for one measure yielding category i and the other cathgory j : W;=1-i - j)’/Ak-1)’

*Significant difference(p <0.05) **Significant difference(p <0.01)
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Comparison of nuttient intakes from the first semiquantitative food frequency questionnaire with the mean of 24
hr recalls based on cross-classification of quartiles, for unadjusted and calorie-adjusted nutrient intake (unit : %)

Nutrients

Lowest quartile on 24-hr recall Highest quartile on 24-hr recall
Lowest Lowest two Highest Highest Highest two Lowest
quartile quartile quartile quartile quartile quartile

on questionnaire on questionnaire on questionnaire on questionnaire on guestionnaire on questionnaire
Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

Energy
Protein

Fat
Carbohydrate
Fiber

Ca

P

Fe

Na

K

Vit A
Thiamin
Riboflavin
Niacin
Ascorbic acid

Average

43.8 - 87.5 0.0 46.7 - 80.0 - 6.7

43.8 375 81.3 62.5 12.5 6.3 40.0 46.7 60.0 60.0 26.7 26.7
43.8 37.5 62.6 68.8 0.0 6.3 40.0 26.7 60.0 66.7 20.0 i3.3
50.0 25.0 81.3 68.6 0.0 18.8 40.0 40.0 80.0 66.7 0.0 20.0
333 50.0 72.2 75.0 111 6.3 429 26.7 64.3 53.3 21.4 20.0
37.5 37.5 62.6 56.3 25.0 313 333 20.0 66.7 60.0 20.0 333
43.8 43.8 62.6 68.8 6.3 18.8 46.7 53.3 60.0 733 20.0 13.3
50.0 50.0 87.5 75.0 0.0 12.5 46.7 40.0 80.0 73.3 6.7 6.7
18.8 18.8 56.3 50.0 6.3 18.8 46.7 20.0 66.7 60.0 13.3 26.7
31.3 43.8 62.6 62.5 6.3 18.8 46.7 333 66.7 60.0 26.7 13.3
37.5 56.3 68.8 87.5 12.5 125 46.7 333 60.0 60.0 13.3 13.3
353 43.8 76.4 68.8 59 125 46.7 333 60.0 46.7 26.7 13.3
43.8 29.4 75.1 529 6.3 17.6 533 40.0 60.0 60.0 133 20.0
529 37.5 76.4 750 11.8 6.3 40.0 333 66.7 46.6 20.0 20.0
313 43.8 50.1 62.5 18.8 12.5 333 333 66.7 60.0 20.0 133
40.0 37.0 70.9 68.0 8.2 14.2 40.0 34.0 66.5 60.5 33.0 18.1

All variables were transformed by log. to improve normality
Calorie intake does not have alcohol and no supplement intake are included

Calorie-adjusted nutrient intakes using regression analysis
Table 11-1. Assignment median daily nutrient intakes of 24-hour recalls to the categories based on semiquantitative food
frequency questionnaires

First Questionnaire Median Daily Nutrient intake from 24-hr recalls

Quartile Energy Protein Fat Carbohydrate fiber Ca p Fe

Unadjusted
1 1636.0 78.9 27.8 238.2 7.5 568.7 848.2 13.7
2 1644.6 77.4 34.1 2559 7.3 561.3 889.1 16.1
3 1794.3 87.6 33.2 288.3 7.9 650.5 913.1 16.4
4 1961.0 102.8 45.1 294.3 9.3 641.1 11135 193

Adjusted
1 96.2 41.7 2924 7.8 641.1 1060.4 15.7
2 - 97.7 42.8 290.7 8.6 628.2 1091.2 17.2
3 94.6 50.0 303.3 9.5 731.7 1135.7 20.0
4 - 107.0 499 296.5 9.4 669.2 1287.3 20.4

i
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Table 11-2. Continued Table 11

First Questionnaire

Median Daily Nutrient intake from 24-hr recalls

Quartile Na K Vit A Thiamin Riboflavin Niacin Ascorbic acid
Unadjusted

1 793.1 1570.3 3582.2 1.13 1.24 15.8 115.3

2 795.9 1396.2 4222.2 1.10 1.31 19.1 114.2

3 777.2 1535.2 4942.3 1.26 1.32 20.7 119.7

4 1064.5 1923.3 6407.8 1.58 1.70 21.2 130.3
Adjusted

1 12936 1648.0 3628.9 1.50 1.51 221 135.8

2 833.2 1713.6 5010.8 1.58 1.49 21.0 153.5

3 1036.9 1808.5 6573.2 1.51 1.54 24.2 134.5

4 903.3 1934.2 6119.5 1.70 1.70 239 152.0
2477t BdFARE ddAa HEF ANzt Wele]l  Thomson 1958). 24413 3ldwl el Ath eEldd & %

et A Wojol vt 245 HA| dda A
o] g ek Be AR7F 228k (Balogh
5 1971 ; Sempos & 1985 : Todd % 1983), 7&611“ 5

(1992)& u}wwz 102 o3 zAkol B3
Zhol AAl Az =k 0.9 ojite] AHA-E 2HE 7—]945;
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