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Reproducibility and validity of a Chinese food frequency
guestionnaire used in Taiwan
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A 64-item Chinese food frequency questionnaire (FE@hbined with open questions on types of staphes a
cooking oil most frequently consumed was desigmedhfprospective study in Taiwan to appraise ppgits’
usual intake. We examined its reproducibility aradidity. The form was administered three timegtate-
month intervals by face-to-face interview to 83isermollege students majoring in nutrition, in orde recall
their usual dietary intake over the past six manthkey also completed five-day (includes both vesels) diet
records (DR) after each interview. Averaged inthkesls of most nutrients assessed by the three FFeds
slightly higher than those of 15-day DR. Intraslasrrelation coefficients for nutrient intakesess®ed by three
FFQs three months apart ranged from 0.37 for smtirfat to 0.82 for alcohol (average: 0.52). Agec
Pearson correlation coefficients between the usseijluand energy-adjusted nutrient intakes measwddR
and by the third FFQ (which asked about diet duthmgysix months encompassing the diet records) @@
and 0.35, respectively, not including vitamins AdaB. These correlations were higher (average: aftéy
adjusting for the daily variation of the diet reder On average, 50% subjects were correctly @legsnto the
same tertiles by both methods; 11% of the subjeete misclassified to extreme categories. Theseiddicate
that this FFQ for Chinese-speaking people in Taiisaeproducible and provides a useful measuretakenfor
many nutrients over a six-month period.

Key Words. Chinese Food-frequency questionnaire, Taiwan, diet record, reproducibility, validity, ratio of within- to
between-per son variation

Introduction study is to examine the reproducibility and vaidiff this

Studies of the relationships between food and he&t FFQ using the average of multiple diet records (RR)

quire a method capable of estimating current ot pasal gold standard.

intake to permit reasonable ranking of the indivigt?

Food-frequency questionnaires (FFQs) are desigmed Materialsand Methods

appraise averaged long-term diet rather than teigeoa The food frequency questionnaire

precise estimate of short-term intake and are afsmd in A 64-item frequency and amount (FAQ) type FFR@as

epidemiologic studies to relate nutrient intakethwlisease developed for the Cardiovascular two-township stadg

outcomes’® others in Taiwan area, in which participants ansddrew
Current or short-term dietary measurement ousth often and how much they usually consume an iterfood

may provide estimates of intake that are quantihti or drink. Major contributor foods and predictorw ffat,

more precise than those from FFQs. Though thermis protein, carbohydrate, vitamin A, vitamin C, andcaam

gold standard in the assessment of individual dieta were considered for inclusion in this interviewetmani-

take, recording food intake for several days andtipje stered FFQ. Food items were arranged into sectibtise

24-hour recalls of intake were two methods commonipajor food groups; milk and soy drinks, soybean wheat

used by researchers to estimate the short-ternumert protein products, meats, sea foods, vegetables,fraitd.

food intake of individuals in validity and reliaityl study Similar foods were listed close to each otterprevent

of FFQ/™ In studying the association between dietary

intake and diseases of Taiwanese Chinese, resesmtger

handicapped by lack of a proper questionnaire. §hau Correspondence address: Dr. Meei-Shyuan Lee, School of

few FFQs used in China have been developed aRyblic Health, National Defense Medical Center, Ic. 6,

: 7,8,11,12 - - - :Minchuan East Road, Taipei 114, Taiwan, ROC
validated, a Chinese version of FFQ for Taiwanese i ell Fax: +886-2-8791-0704: mmsl@ndmetsgh.edu.tw

necessary to consider, inter alia, the impact abdfo or pr wen-Harn Pan, Institute of Biomedical Sciences
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redundant recollection.

The frequency response section included l€gycaies
ranging from ‘over 6 times per year’, ‘1 to 3 timper
month’, ‘once per week’, ‘2 to 4 times per weels,to 6
times per week’, ‘once per day’, ‘2 times per dag,
times per day’, ‘4 to 5 times per day’ to ‘overidés per
day’. Ten categories of portion size informationreve
also included. However the options were variedalyi-
tual serving size. For example, vegetables arentamy
served to a whole family but for one individualetéfore,
fractional portion sizes are required across aomaT
range (ranging from less than one fifth to 2.5 $)nit For
food items that have a standard serving size, milk,
fruits, and eggs, those options were bigger (rapfjiom
a quarter to 3.4 units). Specific three-dimendidoad
models were used to help the subjects estimateukeal
portion size. For staple foods, an open format made
available to fill in up to four staples most comryon
consumed at breakfast, lunch, and dinner, sincé&embo

were correlated with energy intake, energy-adjusted
trients were derived by the residual metRddWe se-
lected two statistics to measure reproducibilityl amali-
dity: the intraclass correlation coefficient (ICE€)which
measures agreement rather than linear trend ardisisc
for the variance between and within subjects; amal t
Pearson correlation coefficients, which measurdittear
relationship between two methods. The ratio of iith
and between-person variations was used to de-attenu
Pearson correlation coefficiefitsbecause the within-
person variation in RDs intake can attenuate catien
between two methods.The degree of mis-classification
was also used to evaluate validity of FFQ furthihe
purpose of this study was to quantify mea-surereemir
rather than to test hypotheses; therefprealues are not
presented.

Results
Daily nutrient intakes

rice made up 90% of the staples consumed in Taiwdn a We list the means for average daily intakes of csete

there is large number of other staple foods aviailédr

nutrients from three five-day DRs, 15 DRs, and fribva

the remaining 10%. Most people consumed custoynarilfirst and third FFQs for the 63 subjects who hadco

2-3 kinds of major staple foods. In addition, imfation
on cooking method, cooking oil, and frequency aédr
foods were collected to aid the estimation of tédaland

pleted the third FFQ and more than 10 days of DRs
(Table 1). The third FFQ estimates of total energgikie
and the macronutrients (protein, fat and carbohgdja

fatty acid consumption. Vitamin supplementation andwere withint 15% of the estimates produced from the

alcohol consumption also were included.

Participants

mean of the DRs. The percentages of energy from the
macronutrients from both FFQ and DR (data not st)ow
were comparable to the results of National Survethe

We assessed the validity of the FFQ among 83 seni@ame age group by 24-hour recall (protein: 15%, fat
college students (58 males, 25 females) majoring i82.2%, carbohydrate: 51.7%). For most nutrients,

nutrition who were attending a Public Health Nidnit

intake was generally higher when estimated by durest

course at the Fu-Jen University (n=35) and Theripeu naire than by DRs (within 9 to 40%). Total intalafs
Nutrition at the Shin-Chien College (n=47) in Taipei vitamin B, and vitamin C were overestimated (near 60%)
during the autumn semester of 1991. The students weby FFQ, with or without inclusion of supplements.

asked to complete three FFQs and 15 DRs in a pefiéd

months (September 1991 to February 1992). Each tim&est-retest reproducibility of the FFQ

they were asked to fill out an FFQ about their repti

We computed ICC for unadjusted and energy-adjusted

habits during the past half year (summer vacati@s w mean daily nutrient intakes between three setsrefday

omitted). The students filled out the FFQ in clasisile a

DRs and between three FFQs (Table 2). All inforomati

researcher (M-S. Lee) instruct them according to a@ollected was used in these calculations, regazdids

standardized manual used in actual fieldwork, tmimia
face-to-face interview. Food models were showthat

whether all three FFQs had been completed in aaler
obtain the largest possible power. The comparisen

same time to aid the students in their estimatibn otween unadjusted mean nutrient intakes from thete af

habitual portion size. No probing was used. Theye
also taught how to complete five-day DRs with titeat
a booklet during a 20-minute group session, in tvhie
students were given time to ask questions. Theestthj
were asked to complete the five-day DRs duringntbek
after in-class interview for both weekend days #mee
weekdays most representative of their normal intake

Data analysis

five-day DRs indicated a moderate degree of repro-
ducibility that ranged from ICC=0.15 for alcohol to
r=0.54 for monounsaturated fat. The ICCs for time u
adjusted nutrients from three FFQ spaced three mont
apart averaged 0.52 and ranged from 0.37 for datlifat

to 0.82 for alcohol. Adjusting for total energytake
decreased averaged ICCs to 0.33 for DRs and 047 fo
FFQs.

Two dBase programs were developed to convert FFQRatios of within- to between-person variation

and DRs to nutrient data.
base used to calculate nutrient values is basedapty
on Taiwan Food Composition Data BHSE and other

The food-composition datdhe ratios of within- to between-person variation- ca

culated from the average daily intake estimatethfeach
set of five-day DRs are shown in Table 2, with ahkig

published source€? Means and standard deviations ratio indicating a higher intra-individual variancem-

were calculated on total nutrient intakes from F&Q
DRs. Most nutrients' distributions were skewedthe
right; therefore, all nutrients were log (natur&ans-
formed before statistical analysis. Because aliients

ponent. The ratios were slightly greater than amedtal
energy and for the energy-yielding nutrients (eperg
1.02, protein; 1.35, fat: 1.04, carbohydrates: 1.1 90ow-
ever, the ratios for vitamins and minerals weregéig
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For instance, the ratios for all water-soluble wias,
calcium and iron were greater than two. With tlke e
ception of vitamins B C and niacin; vitamins and mi-
nerals without supplement tended to have highaogat
than those from diet only. These ratios allowedousal-
culate the de-attenuated correlation coefficiergsvben
RDs and FFQs.

Validity of the FFQ
We used three techniques to assess the validtheof

FFQ (Tables 3-5). First, we compared unadjusied
energy-adjusted nutrient intakes estimated fromfitise
and the third FFQ with the 15-day average from DRs
(Table 3). Correlations between the first FFQ amel t
averaged DRs were slightly lower than those betwken
third FFQ and the DRs. The third FFQ provided rea-
sonably good correlations for energy-adjusted con-
sumption of alcohol (0.65) and vitamir, B).57), niacin
(0.57), iron (0.57) with supplements, and caiée(0.57)

Tablel. Mean (standard deviation) absolute daily nutrietstkes estimated by three sets of five-day diebrds
(DRs) and from questionnaires completed by 63 gelitudents in Taiwan

1% 5 DRs 995 DRs ¥5DRs 15 DRs Questionnaire 1 Questionnaire 3

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SDMean (SD)
Energy (kcal) 2215 (582) 2154 (583) 2064 (525) 2147 (456) 2359 22J6 2248  (563)
With alcohol 2232 (595) 2155 (583) 2078 (540) @15465) 2381  (646) 2274  (596)
Protein (g) 739 (19.7) 715 (18.0) 66.6 (17.6) 70.9 (14.5)087. (29.1) 81.8  (26.0)
Total fat (g) 86.8 (23.9) 824 (245) 791 (21.4) 83.0 (18.8)877. (31.5) 746  (30.8)
Saturated fat (g) 29.1 (86) 271 (85) 259 (7.6R7.5 (6.6) 26.4  (11.0) 256  (9.8)
Polyunsaturated fat (g) 25.7 (8.3) 254 (8.9) 2437.1) 252 (59 241 (11.2) 234 (12.6)
Monounsaturated fat (g) 30.5 (9.1) 28.6 (9.5) 27.48.7) 29.0 (7.6) 26.2 (11.6) 245 (10.5)
Cholesterol (mg) 361  (145) 335  (127) 333  (111) 344 (104) 413 (15785 3 (244)
Carbohydrates (g) 285  (85.9) 282  (89.8) 273  (81.1) 280 (68.5) 329  .qB5314 (93.5)
With alcohol 286  (86.5) 282  (89.8) 273  (81.8) 280(69.0) 330 (86.3) 315 (95.0)
Dietary fiber (g) 157 (7.00 152 (6.0) 144 (47) 150 (45) 227 .98 20.8  (10.0)
Vitamin A (RE) 766  (358) 800  (522) 784  (490) 785 (358) 1122  (78aR17  (1154)
Without supplements 725 (320) 712 (336) 760 (44829 (268) 914 (506) 905 (570)
Vitamin B (mg) 141 (1.40) 129 (0.95) 1.30 (2.04) 1.33 (1.07)71.9 (1.32) 222  (3.44)
Without supplements 1.22 (1.04) 10.7 (0.40) 1.030.64) 1.10 (0.48) 1.51 (0.80) 1.23 (0.54)
Vitamin B (mg) 155 (0.99) 158 (1.08) 1.58 (2.00) 1.57 (0.93)82.0 (1.29) 2.62  (3.33)
Without supplements 1.35 (0.43) 1.33 (0.47) 1.300.47) 1.33 (0.34) 1.62 (0.62) 1.59 (0.58)
Vitamin B (ug) 586  (262) 517  (198) 533  (201) 546 (159) 671 (30000 6  (281)
Without supplements 586 (262) 517 (198) 533 (20B46  (159) 670 (300) 599 (281)
Vitamin By, (ug) 6.30 (7.62) 525 (4.81) 536 (5.89) 5.68 (4.51)814. (17.7) 13.9  (19.0)
Without supplements 6.16 (7.64) 5.01 (4.66) 5.185.86) 5.50 (4.25) 14.3 (17.6) 13.3 (18.8)
Niacin (mg) 158 (7.8) 157 (9.8) 14.8 (13.7) 155 (7.6) 24.7 12.6) 255  (24.7)
Without supplements 14.3 4.3) 136 (46) 12.7 .1)4 13.6 (3.5 205 (8.6) 17.6 (7.7)
Folate {g) 118  (54.8) 117  (62.8) 112  (66.4) 116 (54.3) 161  .ZP1 154 (87.7)
Without supplements 112 (42.0) 109 (31.3) 102 .9B4108 (26.7) 146 (53.4) 139 (56.6)
Vitamin C (mg) 117  (98.8) 109  (77.9) 102  (103) 109 (63.8) 293 20277 (273)
Without supplements 98.3 (62.2) 958 (55.6) 88.539.0) 94.4 (40.5) 242 (143) 206 (136)
Vitamin E (mg) 102 (42) 103 (690 983 (6.6) 101 (4.8) 191 4.6 16.1  (28.3)
Without supplements 9.48 (3.13) 9.38 (3.88) 8.853.29) 9.22 (2.59) 8.88  (3.95) 8.63  (4.70)
Calcium (mg) 505  (163) 497  (210) 478  (169) 494 (132) 601 (24084 6  (251)
Without supplements 503 (163) 490 (211) 476 (17990 (132) 579 (230) 622 (246)
Iron (mg) 109 (35 107 (5.6) 100 (41) 106 (3.9) 148 .78 138  (8.6)
Without supplements 105 (3.00 981 (2.98) 9.673.14) 100 (2.2) 122 (5.5) 11.9 (5.2)
Alcohol (g) 207 (5.49) 0.17 (0.80) 152 (5.86) 1.24 (2.88)12.7 (10.8) 2.99  (11.4)
Caffeine (mg) 299 (52.7) 25.8 (41.6) 224 (41.4) 254 (35.4)649. (122) 33.1  (38.5)

" RE, retinol equivalent
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and moderate correlations for energy-adjusted aonsu between the third FFQ and DRs ranged from 0.15 for
ption of vitamin B (0.50) and vitamin E (0.43) with vitamin A to 1.0 for alcohol. All the de-attenudteorre-
supplements. The averaged correlation coefficibets lations were appreciably higher than the Pearsare<o
tween the third FFQ and mean DRs were 0.40 for unlations with an average of 0.47, not including witlas A
adjusted and 0.35 for energy-adjusted nutrientkega and C. Tertile categorization of selective nutriel-
The correlations between nutrient intake from FF@ an tributions was used to evaluate the agreementicithss-
those from DRs correcting for the effects of withigrson  classification of subjects between the third FFQ an
variation are listed in Table 3 (columns labellede*D averaged 15-day DRs (Table 4). On average, 50%tbof s
attenuate”). The de-attenuated correlationfficients jects were classified in the same categoripBg and

Table 2. Intraclass correlation coefficients (ICC) andasitof coefficients of variation for three sets ofédiday diet
records and three food frequency questionnaire®)EBmpleted by 83 college students in Tailvan

Diet records, sets 1-3 FFQ 1-3
Unadjusted Adjusted Unadjusted Adjusted
ICC Ratio ICC Ratio ICC ICC
Energy (kcal) 49 1.02 .58
With alcohol .50 1.00 .60
Protein (g) 43 1.35 .38 1.64 .51 43
Total fat (g) 49 1.04 .46 1.19 .38 .29
Saturated fat (g) .49 1.06 43 1.34 .37 .29
Polyunsaturated fat (g) .32 2.09 .24 3.21 .39 .36
Monounsaturated fat (g) .54 .85 .53 .90 41 .32
Cholesterol (mg) .38 1.64 51 .95 .40 .37
Carbohydrates (g) .46 1.19 43 1.32 .58 .50
With alcohol .45 1.23 41 1.42 .58 .50
Dietary fiber (g) .33 2.05 .34 1.89 .61 .57
Vitamin A (REY .39 1.56 .35 1.82 50 45
Without supplements .35 1.87 .33 2.00 .48 43
Vitamin B (mg) .32 2.17 .28 2.59 46 43
Without supplements 19 4.24 .10 9.37 A7 42
Vitamin B (mg) .26 2.78 .23 3.34 43 37
Without supplements .34 1.93 .29 2.49 .48 .39
Vitamin B (ug) .28 2.63 .19 4.34 51 46
Without supplements .27 2.68 .18 4.44 .51 46
Vitamin B («Q) .30 2.29 .28 2.52 .54 54
Without supplements .27 2.74 .25 2.96 .53 .54
Niacin (mg) .36 1.74 .33 2.02 57 .49
Without supplements .50 1.02 51 .97 .59 .51
Folate Q) 41 1.43 .39 1.57 .50 46
Without supplements .28 2.55 .22 3.63 .49 .45
Vitamin C (mg) 31 2.20 31 2.19 .53 49
Without supplements .38 1.63 .39 1.59 .55 51
Vitamin E (mg) 44 1.29 42 1.39 .49 .48
Without supplements .35 1.90 .32 2.17 41 .40
Calcium (mg) .32 2.12 .32 2.14 .56 .50
Without supplements .30 2.34 .29 2.40 .57 .52
Iron (mgQ) 43 1.31 41 1.46 .59 .59
Without supplements .28 2.59 21 3.67 .56 .54
Alcohol (g) .15 5.47 14 6.26 .82 .80
Caffeine (mg) 41 1.15 41 1.44 .63 .59
Average .36 .33 .52 A7

The within-person/ between-person ratio is catedlaising ANOVA to separate the between- and wigi@rson variance components.
T All data are logtransformed® RE, retinol equivalent
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the third FFQ; 11% of the subjects were misclasdiio  were ordered from the lowest values of first terkilghest
an extreme category. We also used the technique ofilues of the third tertile (Table 5). The variatiointhe
“actual values for surrogate categoriés"With this mean daily DRs in FFQ tertile is somewhat elevaigd
approach, subjects were first grouped into categmuch adjustment for energy, even though adjustmentrergy
as tertiles on the basis of the surrogate methed the decreased the correlation coefficient, which hasnbe
third FFQ). Then the “true value” for these samijacts  shown in Table 3.

based on the more-detailed method (i.e., DR) waigas

ned to the categories defined by the surrogatehé t Discussion

method. The mean daily DRs values of seleatiteients  Food selection of a defined population is stroraffected

Table3. Pearson correlation coefficients (r) between fieduency questionnaires and the average of 15atierds
calculated for unadjusted and energy-adjustedentti

Questionnaire 1 Questionnaire 3
Unadjusted Adjusted De-attenuated Unadjusted  Adjusted De-attenuated
r r r r r r
Energy (kcal) 44 .52 44 .52
With alcohol .46 .54 .46 .54
Protein (g) 44 .39 .50 .40 .38 .48
Total fat (g) .38 .32 .39 .33 .25 .30
Saturated fat (g) .56 .53 .65 .40 .34 42
Polyunsaturated fat (g) 21 .23 .34 .25 .18 .27
Monounsaturated fat (g) .44 .34 .39 .38 .33 .38
Cholesterol (mg) 44 .33 .39 .40 .35 41
Carbohydrates (g) .37 .30 .37 .39 .33 41
With alcohol .38 31 .39 41 .33 41
Dietary fiber (g) 14 .16 21 .20 14 .18
Vitamin A (RE} .29 .26 .33 15 A1 15
Without supplements 12 A1 .15 A1 A1 .15
Vitamin B (mg) .34 .29 41 .51 .50 .70
Without supplements .29 21 .45 .26 .16 .34
Vitamin B, (mQ) 43 .35 .53 .57 .57 .86
Without supplements .36 .25 .35 .24 .16 .22
Vitamin B («Q) .32 21 .34 .22 .16 .26
Without supplements .32 21 .34 .22 A7 .26
Vitamin B («Q) 22 .16 .20 A2 41 .30
Without supplements .19 14 .20 41 A2 .61
Niacin (mg) .45 .34 .45 .55 .57 .76
Without supplements .38 .25 .29 .38 .35 41
Folate (ug) .46 49 .62 .39 .34 43
Without supplements .29 .32 .49 .26 19 .29
Vitamin C (mg) 13 15 .20 .19 .22 .30
Without supplements .05 .07 .09 .07 .08 .10
Vitamin E (mg) .28 .28 .35 A1 43 .53
Without supplements .26 .29 .39 .26 .23 31
Calcium (mg) .39 .39 .53 .38 .34 .46
Without supplements .34 .33 .46 .35 31 43
Iron (mg) 57 .52 .65 .60 .57 71
Without supplements .38 31 .48 .49 A48 74
Alcohol (g) 44 .36 .59 72 .65 1.0
Caffeine (mg) 31 .30 .36 .55 .56 .67
Average .34 .29 .40 .36 .32 44
Average without vitamin 36 31 42 40 35 47

Aand C

* All data are logtransformed. T The energy-adjusted correlatimiaeen dietary methods use the residuals fronessgrg each
nutrient on the total calories as measured bydhd frequency questionnaire or diet records. hé de-attenuated correlation coefficient
is calculated using the ratio of the within- toveén-person variance (Table 2) measured by the ftue-day averages for the diet

records. The formula for this corrected correlai®calculated asp, = p0\/1+ ratio/n where,O0 is the observed correlation between

the energy-adjusted nutrients (except for eneggffjtfrom the questionnaire and diet records, migdthe weighted number of replicate
measurements for unbalanced design. In this cage54. ® RE, retinol equivalent
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Table 4. Cross-classification (tertile) of nutrient dis-
tribution assessed by the average of threedaediet
records and the third food frequency questionr
completed by 83 college students in Taiwan

Exact Misclassified to
agreement extreme tertile
(%0) (%0)
Calories 52 4
Protein 52 10
Saturated fat 45 14
Cholesterol 51 14
Vitamin E 51 12
Iron 49 13
Alcohol 54 14
Caffeine 54 6

by its accessibility to foods and economic stafuFhere-
fore, even though several FFQs for Chinese living i
China have been developed and validafed:** un-
doubtedly, Taiwanese studies need validated FFQsof
own. This paper evaluated the reproducibility aad-
dity of a Chinese version of food frequency questaire

Table 5. Use of actual values for surrogate cate-
gories to compare the third food frequency question
naire (FFQ) with the average of 15-day diet records

Mean daily diet record values in FFQ tertile

FFQ Protein Tg?' Cholesterol Iron*
tertile (9) ) (mg) (mg)
Crude
intake
1 64 80 285 8.5
2 73 83 339 10.0
3 79 88 384 11.9
Energy-
adjusted
1 59 81 281 8.8
2 72 86 296 111
88 90 423 12.0

i section of organ meats has the same as for ther dttod
items, “over 6 times per year” to “over 6 times pewy”.
Because organ meats were not commonly consdfred,

designed for Taiwanese against the DRs as well @s thhose who actually ate far less than “over 6 tirpes

variation in nutrient intakes.

Daily nutrient intakes
In the current study, the mean daily energy andramac
nutrient intakes, in terms of percentages of tetargy,

year” we may overestimate their vitamin,BBand vitamin
A) intake. The above explanations also appliedht® t
small correlation coefficients of vitamins A ancb€FFQ
against DR.

estimated by FFQ and DR, of 63 college studentsewerTest-retest reproducibility of the FFQ
comparable to the intake of the same age grouphef t The ICCs among three FFQs three months apart ranged

National Survey by 24-hour recéfl. It indicated that the
coverage of this FFQ was not far away from suffitiat
least for those food items which are energy-yigdirin
agreement with literature®® compared with DRs, our
FFQ slightly overestimated consumption for mostrinut
ents. This might be a reflection of the lengthifaafd list
and a systematic error of FFQ. The longer the tis,
greater degree of overestimation is more eviéent.
However, by the present FFQ, the intakes t#min

Bi, and vitamin C were overestimated by nearly 60%,

whether or not supplements were included in caliara
For vitamin C, it may be because there is a treresd
variety of fruits and vegetables available in Taiwan
subtropical country. Vitamin C predictors may e

from 0.37 to 0.82 in the present study (Table 2}. |
appears that the test—retest reproducibility wam-co
parable to the reproducibility of other FFQs alread-
ported in the literatur&®'®* By contrast, the ICCs
among DRs were smaller than FFQs’, which implieat th
the information obtained by FFQ has wider coverage
(time frame) than DRs, which was the major reasanmse
FFQ to measure usual diet. This indicates thaF#@,
developed for Taiwanese is reproducible.

There is an argument whether the energy-aatjust
absolute nutrient should be taken into considamatio
FFQvalidation study and further epidemiolgic studi&¥
Theoretically, males tend to consume more energy tha
females, this will increase correlation with abselun-

ted by seasonalitif. In order to avoid possible seasonaltakes when the population is heterogenédusin the

and weekday variation, we collected dietary infaiora
three times at three-month intervals and DRs hambver

current study, we did not have enough sample diZe-o
male subjects to analyze by gender. The ICCs aadl-P

weekdays and weekends. The operational manual askedn correlation coefficients for two genders togettid

subjects to recall their usual consumption of fuaind
vegetables only when they were available; the firame
(the past six months but not the past year) mighfuse
respondents and cause overestimation. Animal faoels
the only dietary source of vitamin,B especially organ
meats. In our version of FFQ, the frequency respon

decrease after energy-adjustment, which demondtrate
that energy-adjustment may be the better strateggdta
analysis (i.e dietary composition). However, faling

the expert’s suggestions, we list the findingsloth ab-
solute and energy-adjusted nutrient intakes inptiesent
paper3.°'32
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Ratios of within- to between-person variation

Because we have collected multiple DRs, we were tabl
calculate the variation in nutrient intakes. Agkintra-

individual variance in data for the independentialae

under consideration will bias estimates of corretatoe-

fficients and those of regression coefficients tava>®

Strengths and limitations of the study

We collected three 5-day DRs at three months iateras

the comparison method. This up-to-15 days DRs made
our ‘gold standard’ a relatively stable estimateustial
diet and least correlated error to FFQ when contptoe

by using 24-hour recall as comparison method. dym

These fluctuations, which can be due to day-to-day oimply that our study was with minimal correlatedogr

seasonal factors, result in measurement error endtat
records. Generally the daily energy intake of mhest
free-living populations is relatively constant. Tammall
ratio of energy and macronutrients in the presaeatyais
indicates this feature. The within-person variahoe
most micronutrients was much greater than thanfar
cronutrients. For instance, most vitamins and rtfiee-
rals calcium and iron, usually are abundant in ificec
foods, such as dairies, red meats and organ méehai-

and did not overestimate in both reproducibilitydan
validity. The most difficult aspect of conductingvali-
dation study like the present one was to find augrof
subjects who was able to keep diet records anddnoeil
very cooperative for at least six months. Thuasitality

was the major concern. The compromise was to use a
convenient sample that may not represent the genera
population. The present study had two major study-
design limitations. The first was the use of callesju-

ever, these foods are infrequently consumed in Taiwa dents, who majored in nutrition, as the study stibje

The effects of this within-person variation, whichayn

rather than a random sample from general population

attenuate correlations between the FFQ and DRsphean The difference in the ages of these students wastwoal

reduced by increasing the number of diet recordsomea
ments or corrected statistically by using the wnitta
between- variability ratid.

Validity of the FFQ
In this paper, the third FFQ provided reasonablpdyo

to three years. Thus, the results may not be géreda
without qualification, to other populations. Indiibn,
because of their professional training, these stisdare
more able to recognize foods and estimating posiaa
than are persons without this training. Howevbagre
was no indication that the results obtained usimgitron-

correlations (average: 0.35, ranged from 0.2 to5 0.6 major students as subjects would be any differ@fitam

without vitamins A and C) with 15-day DRs, for eger
adjusted consumption of most nutrients. Usingjitiier-
mation of variation in nutrient intakes, we obtainge-
attenuated correlation coefficients between thel tRFQ
and DRs, which were higher than the Pearson ctioeta
(average: 0.47, ranged from near 0.3 to 1.0). lieda
suggested that this FFQ revealed an acceptabldityali
except vitamins A and &°10:14:2731

Poor correlations between FFQ and DR wereddan
vitamins A and C. The possible explanations inclsgia-
sonal variations and the use of six-month DRs.thia
FFQ, two and three fruit groups were designategras
viding estimates of vitamin A and C, respectiveijjow-
ever, the availability of most of these fruits dege on
the season. Therefore, subjects’ recall of theatady
intake over the past six months would cause under-
over-estimation for a FFQ developed for a one-yeae
frame. Another explanation would be the small nemb
of very concentrated sources of some vitamins, (ei@-
min A in livers) and their episodic consumption.

Suggestions from experts of appraising agreéine-

those obtainable in the general population.

Second, the time frame in the present study sia
months, rather than the conventional one-year fiamae.
Because of the seasonal variation in some foodghwh
are good sources of some vitamins, e.g., vitamirené
C, under- or over-estimation of dietary intake bees a
problem that needs to be solved. Modification loé t
nutrient data-generating program may help to cottes
defect.

Because there are no typical serving size nfioist
home-made dishes of Taiwanese family, we designed ou
FFQ as a FAQ type. However, to include the portize
options or not is still under debdt&®*** Some research
found there was no need to include options of porsize
in FFQ, for it only introduced artificial err6r* We may
need to verify this argument in the future by usinfixed
portion size, e.g. mode of the options of the partize,
have been chosen by respondents, instead of tisentre
setting. Then a check of the reproducibility aradidity
of the revised FFQ would be desirable.

The applicability of this study, both insideian and

tween two methods is by cross-classification and thabroad, requires reflection. The diets of Chirlaseg in

percentage of agreemént’ Our results showed 50%
subjects were assigned to the same tertiles anghéro
10% subjects were to the opposite tertiles, whigrew
similar to a validation study of Chirta. The method of
“actual values for surrogate categories” carries dhtual
quantitative differences in DRs that correspondthe
relative categories defined by the FFQ. Theseemhre
a function of both the true variation in DR withihe
population and the measurement error associatddtket

various parts of Taiwan used to be rather homogeneou
with the exception of indigenous Taiwanese. The afie
the Taiwanese indigenes has some unique featureéss an
separate questionnaire should be designed for them.
recent decade, western style fast foods have yapidl
moved into cities in Taiwan, which will gradually den
the differences in diets between the rural and nurba
populations. Regarding the applicability to Chinkgiag

in other societies, the information obtained irsthaper

FFQ?" With this approach, we showed that the relativecould be supplementary material for them, sincespas
order of nutrient intakes was as expected and whickhinese lifestyles are usually results of mixecdturek.

indirectly suggests that our FFQ was valid.

Moreover, the information obtained from our studyld
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be a reference for Chinese living in the citiesGiiina,
but farmers' diets in China are much simpler and/ va
from province to province. More work needs todome
to verify the food-composition database used and to
collect more diet-related information, e.g., resipdlore-
over, considerations should be given to how to awpr
the FFQ, for example, whether to add more items, t
change the response categories, or to make it semi-
quantitative. Our ultimate goal is to develop &dvand
reliable tool that can be applied in studying dieglth
relationships in Chinese-speaking populations.

In summary, we compared individual nutriertakes
estimated by a 64-item FFQ with intakes calculdtech
three five-day DRs collected three months apartain
group of college students majoring in nutrition. ftek
corrections were made for within-person variatioorre-
lations for most nutrients were good or moderaxeept
those for vitamins A and C. This FFQ can be usdfl wi
acceptable reproducibility and validity as an alédive
tool in the study of relationships between diet hadlth.
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WE

EREEEERNEESREEEARBREAENEY  ASERTREMREAIE, &
WREVETH—NERAEHE—BIRENRFRE P XEREEEEHE 4IERY)
ZEERVE., SSEH-ABREREEEREERBEZHEANR, URBTHEMEZ
RREEEE , BERARHENERLE  BEOERBAYXE, EXFAZTHEIAER
ERREE K SRSHESEEMEREX (BEX) 2Rk, 2BBRE=EA.

BRET  BAEHIEEZNS , UERHARBABUSNFEFHERTERNFEEERS. A
NI REB(EE) WEE AT AEIER 2 0.372E#E170.82 CFIHEBEEAE : 0.52)
TEHERAECHMAT , RRCHZFIEEEZXBB 2 FIORFAEREEFTEMEBR
B (E) 251 50.40%0.35 KBAR-ZAARZHATHCEBECER , FHUHBERE
AEE0.47, UMERRASEESIHIRABHEEN=/E , F195000 ZHEW P 2R —4A
W;10%Z A2 EIBRNME, AANBEREL  ZERE2EERERMETHES,





