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Food frequency questionnaire is an important assessment tool for public health nutrition research. We describe
the development history and conducted the validity and reproducibility studies for a meal-based Chinese food
frequency questionnaire (Chinese FFQ) by five meal sequences. A total of 51 subjects were recruited to collect
dietary information twice (6 months apart) with one 24-hr recall, 7-day food records and the Chinese FFQ.
Combining data from both time sets, Chinese FFQ showed strong correlations of macro and micronutrients with
7-day records (n=60, r=0.29-0.50, p<0.05), but not with 24-hr recalls (n=60, r=0.01-0.23, p>0.05). The repro-
ducibility of this Chinese FFQ (n=22) was consistently high for most nutrients, with Spearman correction coeffi-
cients between 0.42 for vitamin A to 0.79 for vitamin Bj,. From a larger sample of 231 subjects who completed
the Chinese FFQ and one 24-hr recall, we found the energy distributions of breakfast, lunch, dinner, afternoon
and evening snacks combined from Chinese FFQ were 20%, 37%, 37% and 6%, and from 24-hour recalls were
19%, 36%, 44% and 1%, respectively. These results showed acceptable reproducibility and relative validity of

this meal-based Chinese FFQ.
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INTRODUCTION
Nutritional epidemiology is a rapidly growing science and
relies largely on dietary assessment methods for the estima-
tion of the "exposure" variables that may be related to
disease risk. Much inspiration comes from the direct rele-
vance of this type of research to crucial health problems of
modern societies, such as cancers,' cardiovascular diseases,
2 osteoporosis,3 cataracts,* diabetes® and congenital malfor-
mations.’ All of these diseases/conditions have been the
objects of research in nutritional epidemiology globally,
and some of the findings have already been applied in ways
that may improve public health. However, the major diffi-
culty of nutritional epidemiology lies in the extremely
complex nature of diet.” Because short-term recall and diet
record methods are generally expensive and inappropriate
for assessment of individual usual past diet, investigators
have sought alternative methods for measuring long-term
dietary intakes. After Burke® developed a detailed dietary
history interview that attempted to assess an individual’s
usual diet, in the 1950’s and 60’s researchers in Europe,
such as Heady’ and the USA, such as Hankin'® have been
independently converging toward food frequency methods.
For many years, the development of an appropriate food
frequency questionnaire (FFQ) as a long-term dietary
assessment tool to facilitate diet-disease association studies,
has been conducted in various populations including North
America,'' South America,' Europe13 and China." The

development process is extremely complex and highly
technically oriented. Baghurst in a workshop of the second
Berlin meeting on nutritional epidemiology reported that
there is need of a period of over 10 years, for the develop-
ment of data collection techniques and attendant computer
analysis programs for diet history methods."” In Taiwan,
we have been utilizing the meal-based FFQ idea in an
attempt to assess the usual dietary consumption for study-
ing individuals for various case-control and family studies
since 1998 .''® In this study, we first describe the devel-
opment history of the meal-based Chinese FFQ used in
Taiwan. Second, we documented the relative validity and
reproducibility study of the Chinese FFQ.

MATERIALS AND METHODS
Development of three versions of Chinese FFQ

Since 1998, we have developed early drafts of the first
version of the Chinese food frequency questionnaire
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(Chinese FFQv1), particular attention being paid to decid-
ing food grouping, frequency, and portion size. We se-
lected food items based on observations of meal patterns
in urban Chinese (mainly Taipei, Taiwan) and also refer-
enced the popular items of mixed dishes from National
Health and Nutrition Examination Survey in Taiwan (per-
sonal communication). This Chinese FFQv1 was devel-
oped by a meal sequence consisting of breakfast (foods
eaten before eleven o’clock in the morning); lunch (be-
tween eleven in the morning and two in the afternoon);
afternoon snacks (between two and five in the afternoon);
dinner (between five to nice o’clock in the afternoon); and
evening snacks (after nine in the evening). Five catego-
ries of frequency were: less than once per month; 1-3
times per month; 1-3 times per week; 4-6 times per week;
and more than once per day. Three portion sizes of small,
medium and large were listed in the Chinese FFQv1 and
subjects selected one of the three choices.

The second version of this questionnaire (Chinese
FFQv2) intends to assess usual dietary intakes over 6
months and consists of eight categories of frequency:
never (less than once per month); once per month; 2-3
times per month; once per week; 2-3 times per week; 4-6

times per week; once per day and more than once per day.
Three portion sizes of small, medium and large were
listed in the Chinese FFQv2 and study subjects selected
one of the three choices. This version of questionnaire has
reduced and regrouped the food items from 482 items in
the first version, to 216 items, without changing the en-
ergy distributions from protein, fat and carbohydrate with
comparison to group means by 24-hr recalls. The meal
distributions for energy, protein, fat and carbohydrate
calculated from 348 subjects by Chinese FFQv1, 231 sub-
jects by Chinese FFQv2 and energy distribution from 40
subjects by 24-hour recalls are illustrated in Figure 1.
The macronutrient distributions among five meals are
comparable between the two versions, and the energy
distribution is similar to results from 24-hour recalls. In
2002, we have developed the third version of the Chinese
FFQ for assessing dietary patterns for pregnant women,
further shortening the questionnaire by eliminating food
items that more than 50% of subjects had never eaten in
the second version of the Chinese FFQ. Table 1 shows the
development and reduction of food items in five meal
orders in the three versions of this Chinese food fre-
quency questionnaire.

Chinese FFQ Versionl
Energy Protein
Evening Evening
sx;z:;k Breakfast Sn;;k Break fast
° 16% ° 14%
Dinner Dinner
40% 42%
Lunch
39%
Afternoon Afternoon
snack snack
2% 1%
Fat Carbohydrate
Evening Evening
snack snack
29 Brelzkofast 3% Breakfast
0

Dinner
42%

Afternoon
snack
2%

18%

Dinner
38%

Lunch
Afternoon 38%
snack
3%

Figure 1. Meal distributions of macronutrients for Chinese FFQ Versionl, Chinese FFQ Version 2, and 24-hr recalls
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Chinese FFQ Version 2
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Evening Evening
snack snack
39, Breakfast 2% Breakfast
20% 20%
Dinner Dinner
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Lunch Lunch
Afternoon
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24-hr recalls
Energy
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19%
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Figure 1. Meal distributions of macronutrients for Chinese FFQ Versionl, Chinese FFQ Version 2, and 24-hr recalls

Table 1. Reduction of food items by different ver-
sions of Chinese FFQ

Versionl Version2  Version3

Breakfast 105 36 28
Lunch 135 64 54
Afternoon snack 40 27 16
Dinner 134 64 54
Evening snack 68 25 19
Others 0 1 1

Total 482 217 172

Validity and reproducibility of second version of Chi-
nese FFQ

From Jan. 2001 to May 2002, we recruited 51 subjects
(10 men and 41 women) from age 20 to 62, with a mean
age of 29 years, to collect dietary information by the first
set of one 24-hr recall, the 7-day food records and the
Chinese FFQv2. We collected the second set of these
three methods from Aug. 2001 to June 2002. The partici-
pants were mostly university students and staff. A total of
39 subjects (8 men and 31 women) completed all three
methods in the first set, and 22 subjects (2 men and 20
women) completed the second set, both with an average
age of 29. The main drop out reason was the lack of
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Time |

Time [[

(Jan 2001-Mar 2002)
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(Aug 2001-Jun 2002)

Method A: 24-hr recall

Method B: 7-day food records

Method C: Chinese FFQ V2

n=41 n=23
n=46 n=25
n=43 n=23

Figure 2. Design and subject number of validity and reproducibility study of the Chinese food frequency questionnaire

willingness to conduct the 7-day food records. Figure 2
shows the study design and numbers of subjects who
completed each method in the two sequences for the va-
lidity and reproducibility of the Chinese FFQv2. The time
range between the two sets was from 5 to 18 months, with
an average of 7.5 months.

We collected one day 24-hour recall and Chinese FFQ
by face-to-face interviews, the 7-day food records by self-
administrated method after an instruction on household
measures description. All food recall and records were
processed by standardized procedures and coding manu-
als for home recipes and commercial products were de-
veloped and utilized to convert common portions to actual
grams. Since 1998, we have developed an integrated da-
tabase management system, not only to manage food
composition table for more than 200 nutrients. This sys-
tem also contains the recall and record calculation system
considering dates, number of days and meal separations.
In addition, the Chinese Food Frequency Editing System
contains the management of food list, frequency and por-
tion size selections to facilitate processing the various
versions of Chinese FFQ. ' The nutrients included in the
analyses consisted of energy, protein, fat, carbohydrate,
vitamin A, vitamin E, vitamin B;, vitamin B,, Niacin,
vitamin Bg, vitamin By,, vitamin C, calcium, phosphorus,
iron, cholesterol and dietary fiber.

Statistical analyses

Demographic characteristics including age, sex and edu-
cational levels of completed participants were compared
from the first and second time periods and found not to be
significantly different. Since the study sample was small,
we combined dietary information from men and women
and calculated mean and standard deviations for subgroup
analyses. One outlier consumed more than 10,000 kcal
from the first Chinese FFQv2 and was both included and
eliminated from the data for analyses, both results were
compared and documented. The paired t- test for testing
repeated measures, Students’ t-test for group comparisons,
and one-way analysis of variance (ANOVA) were used
for comparing results from three dietary methods and two
time periods. Both nonparametric Spearman coefficients
from ranked data and Pearson coefficients were calculated
for normally distributed dietary data or natural log trans-
formed data.

RESULTS
To compare results from two sets of collected data, Table
2 shows the daily intakes of selective nutrients by three

dietary assessment methods at two time periods from 22
subjects by paired t-test. The Chinese FFQv2 shows simi-
lar daily intakes for every nutrient from two time points.
However, the 24-hour recall and 7-day food records
methods demonstrated decreased nutrient intakes, includ-
ing energy, protein, fat, carbohydrate, vitamin A, vitamin
E, vitamin B, vitamin B,, niacin, vitamin B, vitamin B,
vitamin C, calcium, phosphorus, iron, cholesterol and
dietary fiber at the second time consistently, but only en-
ergy, protein, carbohydrate, vitamin E, niacin, vitamin C,
calcium, iron and dietary fiber from 24-hour recalls
reached significant levels (p<0.05). However the percents
of energy from protein, fat and carbohydrate are similar
between the two time sets for all three methods (24-hour
recall and 7-day record: 15%, 30%, 55%, Chinese FFQv2:
16%, 33%, 51%) indicating the percentage of major en-
ergy contributors are fairly consistent between the two
time sets. Table 3 shows the comparisons of these three
methods combined the first and second sets (n=61). The
Chinese FFQv2 demonstrated significantly higher intakes
of energy, protein, protein (%), fat, fat (%), carbohydrate,
vitamin A, vitamin B,, vitamin C, calcium, phosphorus,
cholesterol and dietary fiber, and lower carbohydrate (%)
compared to 24-hour recalls (p<0.05). In comparison
with 7-day food records, the Chinese FFQv2 showed sig-
nificantly higher intakes of energy, protein, protein (%),
fat, carbohydrate, vitamin A, vitamin B,, vitamin B,, vi-
tamin C, calcium, phosphorus, cholesterol and dietary
fiber, and lower carbohydrate (%) (p<0.05). Even though
vitamin B;, consumption was lower and iron intake was
higher from the Chinese FFQv2 than the two other meth-
ods, the level did not reach significance.

Correlation coefficients (r) indicating the relative valid-
ity for the Chinese FFQv2 of selective nutrient intakes
compared to 24-hour recalls and 7-day dietary records,
are illustrated in Table 4. Dietary consumption by 7-day
records showed high corrections with results from the
Chinese FFQv2. Except for percents of energy from pro-
tein, fat, carbohydrate and vitamin A, all other nutrients,
including energy source nutrients: protein (r=0.45), fat
(r=0.43) and carbohydrate (r=0.52), fat soluble vitamins
including vitamin E (r=0.36), water soluble vitamins in-
cluding vitamin B;, B,, B¢, By, C and niacin (r=0.26-
0.49), minerals including calcium, phosphorus and iron
(r=0.40-0.45), cholesterol (r=0.36) and dietary fiber
(r=0.38) had significant correlations between these two
methods. However, in comparison to 7-day food records,
the relative validity of the CFFQv2 versus 24-hour recalls
was lower. Only carbohydrate (r=0.35), vitamin B,
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Table 2. Daily intakes of selective nutrients by three dietary assessment methods at two time periods

24-hr recall 7-day food records Chinese FFQ V2

Time I (n=22) Time II (n=22) Time I (n=22) Time II (n=22) Time I (n=22) Time II (n=22)
Energy (Kcal) 2046.7 + 646.1* 16334 + 607.6 1758.2 + 3583 1738.1 =+ 344.0 24555 + 881.7 25735 + 1301.2
Protein (g) 744 £+ 27.1% 599 =+ 23.6 647 =+ 13.0 62.8 =+ 14.1 99.7 + 394 105.0 =+ 57.7
Protein (%) 145 + 26 149 =+ 35 148 + 13 144 + 1.3 162 + 2.6 16.1 =+ 2.0
Fat (g) 66.6 =+ 26.7 56.5 + 239 628 =+ 17.6 598 =+ 13.5 93.1 + 394 962 + 54.6
Fat (%) 292 £ 73 31,0 £ 75 320 + 438 309 =+ 2.7 33,6 =+ 6.3 33.0 £+ 52
Carbohydrate (g) 2933 + 98.8* 227.0 + 927 238.1 + 492 2389 =+ 45.8 301.9 =+ 108.8 3193 =+ 1524
Carbohydrate (%) 576 =+ 7.6 555 =+ 74 542 £ 45 551 =+ 2.9 500 =+ 8.0 506 =+ 6.4
Vit A (RE) 15214 + 11829 904.5 + 1304.6 1510.5 + 1086.5 1397.8 =+ 667.1 3300.5 + 1980.3 4235.0 + 3075.0
Vit E (o-TE (mg)) 92 £ 5.6* 59 + 24 70 £ 2.7 59 + 2.0 102 + 4.7 10.8 + 6.5
Vit B; (mg) 1.1 £ 0.7 .1 = 1.0 1.0 = 03 1.0 =+ 0.4 1.1 £+ 04 12 £ 0.6
Vit B, (mg) 1.3 + 0.6 1.1 =+ 06 1.1 + 03 1.1 =+ 0.3 1.5 + 0.7 1.5 + 038
Niacin (mg) 129 & 5.3%* 94 £ 3.6 109 + 23 10.8 =+ 2.9 180 =+ 9.2 184 =+ 10.8
Vit B¢ (mg) 1.3 + 0.8 1.1 £+ 05 1.0 = 03 1.1 =+ 0.4 1.8 = 14 1.8 £ 1.5
Vit By, (ug) 10.1 + 25.1 36 =+ 44 57 + 53 4.1 =+ 2.8 39 £ 25 45 + 35
Vit C (mg) 140.6 + 122.0* 87.0 =+ 456 129.6 + 79.4 111.7 =+ 46.6 196.8 + 90.5 183.8 + 88.7
Ca (mg) 489.5 + 248.6* 3506 + 179.1 3723 + 108.5 3719 =+ 149.2 560.6 =+ 267.9 5939 + 3233
P (mg) 991.8 + 3504 809.2 =+ 3854 8437 + 154.7 848.0 =+ 1914 1256.4 + 486.5 13214 + 6914
Fe (mg) 143 + 9.0* 9.6 =+ 4.7 129 + 7.8 128 =+ 5.3 148 + 6.4 158 + 8.8
Cholesterol (mg) 3564 + 2415 2854 + 1584 3289 + 1237 2983 &+ 103.2 4947 + 258.1 459.6 + 2593
Dietary fiber (g) 16.1 + 7.5%* 106 + 52 145 + 52 132 =+ 35 202 £+ 7.6 204 + 10.2

#5p < 0.01; *p<0.05
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Table 3. Comparisons of selective daily nutrient intakes by three dietary assessment methods

24-hr recall 7-day food records Chinese FFQ V2
(n=61) (n=61) (n=61)

Energy (Kcal) ** 19302 + ¢gg1? 1784.6 = 41672 2861.5 + 1739.1°
Protein (g) ** 69.8 + 2692 650 * 1582 11594 + 485"
Protein (%)** 146 + 5g? 146 + 142 1623 + 3P
Fat (g) ** 652 + 5732 632 + 1802 10745 + 74P
Fat (%)* 305 + 752 317 = 402 3347 £ 5gP°
Carbohydrate (g)** 271.8 + 10702 2422 £ 5802 35528 £ 887"
Carbohydrate (%)** 563 + ggo? 544 £ 452 50.11 + 7,P
Vit A (RE) ** 13650 + 1396.62 13857 + g4532 3958.04 * 2746.6°
Vit E (o-TE (mg)) ** 8.1 = 482 69 + g2 1223 + g7°
Vit B, (mg) * 12 £ 9o 1.0 + 4?2 113+ gP
Vit B, (mg) ** 12 + 62 12 £ 3@ 168 + 11°
Niacin (mg) ** 1.7 + 502 110 + 302 2027 £ 2P
Vit Bg (mg) ** 12 + 62 1.1 £ 32 192 + 15°
Vit By, (ug) 65 + 157% 52 + go? 481 + 442
Vit C (mg) * 1463 + 17572 127.6  + 9002 21148 £ 1142°
Ca (mg) ** 427.6 + 24312 3712+ 12662 640.15 £ 4054°
P (mg) ** 937.6 + 3g885% 8552 £ 190982 1439.61 + gs5g3P°
Fe (mg) 146 + 1332 133 + 702 1810 + 1302
Cholesterol (mg) ** 3271 = 20962 3147 £ 13072 521,19 £ 3544°
Dietary fiber (g) ** 149 + g2 143 + 578 2359 = 5P

#¥p < 0.01; *p<0.05: all groups are significantly different by one-was ANOVA.; ' Sharing the same letter means no significant different (p>0.05).
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Table 4. Correlation coefficients (r) between nutrients estimated by three dietary assessment methods
24-hr recall and Chinese FFQ V2 7-day food records and Chinese FFQ V2
Time I (n=39) Time II (n=22) Total (n=61) Time I (n=39) Time II (n=22) Total (n=61)

Pearson Spearman Pearson Spearman Pearson Spearman Pearson Spearman Pearson Spearman Pearson Spearman
Energy (Kcal) 0.23 0.33* 0.13 0.13 0.23 0.25 0.61** 0.58** 0.37 0.34 0.56** 0.53**
Protein (g) 0.11 0.20 0.03 -0.05 0.11 0.13 0.44** 0.47 0.28 0.34 0.40** 0.45%*
Protein (%) 0.10 0.19 0.30 0.10 0.17 0.15 0.07 0.01 -0.02 -0.10 0.05 -0.04
Fat (g) -0.02 0.14 0.05 0.07 0.33 0.14 0.44%* 0.46%* 0.21 0.31 0.40%* 0.43%**
Fat (%) 0.16 0.13 0.14 0.09 0.15 0.11 0.22 0.15 -0.01 0.06 0.17 0.16
Carbohydrate (g) 0.37* 0.37* 0.23 0.27 0.35%* 0.35%* 0.72%* 0.54** 0.46* 0.43%* 0.67** 0.52%%*
Carbohydrate (%) 0.18 0.12 0.01 -0.04 0.13 0.08 0.26 0.27 -0.20 -0.16 0.17 0.14
Vit A (RE) -0.003 0.06 0.10 0.06 -0.01 0.11 0.14 0.25 0.17 0.11 0.15 0.18
Vit E (a-TE (mg)) 0.02 0.07 -0.13 -0.13 0.04 0.04 0.28 0.47%* 0.09 0.15 0.26 0.36%*
Vit By (mg) 0.31 0.42%* 0.11 0.22 0.24 0.33%* 0.31 0.35* 0.18 0.20 0.24 0.31%*
Vit B, (mg) 0.44** 0.26 0.05 0.04 0.35%* 0.19 0.58%* 0.56** 0.17 0.27 0.46** 0.43%*
Niacin (mg) 0.18 0.19 0.13 0.08 0.20 0.19 0.40%* 0.37* 0.41 0.26 0.41%** 0.35%*
Vit B4 (mg) 0.14 0.19 0.22 0.13 0.17 0.90 0.56** 0.53%%* 0.77** 0.44* 0.64** 0.49**
Vit By, (ug) 0.02 0.17 0.01 -0.09 0.03 0.09 0.04 0.42%* 0.03 0.12 0.04 0.30*
Vit C (mg) 0.47%%* 0.26 0.06 0.15 0.44 %% 0.24 0.41%%* 0.19 0.47* 0.39 0.43%** 0.26*
Ca (mg) 0.34* 0.21 0.34 0.53* 0.35%%* 0.28* 0.30 0.31 0.32 0.56%* 0.30* 0.40%%*
P (mg) 0.16 0.17 0.09 0.09 0.16 0.15 0.46%* 0.49%* 0.32 0.45%* 0.41%* 0.45%*
Fe (mg) -0.07 0.05 0.22 0.43* 0.01 0.17 0.37* 0.43%* 0.26 0.37 0.36%* 0.40%*
Cholesterol (mg) 0.02 -0.02 0.08 -0.08 0.05 -0.01 0.53** 0.42%* 0.24 0.30 0.47%* 0.36**
Dietary fiber (g) 0.30 0.39* 0.12 0.23 0.31%* 0.33** 0.35% 0.44** 0.28 0.30 0.36** 0.38**

%0 <0.01; *p<0.05
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Table 5. Correlation coefficients (r) between nutri-
ents estimated by repeated Chinese FFQ V2

Time I and Time II (n=22)

Pearson Spearman

Energy (Kcal) 0.71%%* 0.66**
Protein (g) 0.69** 0.70%**
Protein (%) 0.69%* 0.66%*
Fat (g) 0.71%* 0.76**
Fat (%) 0.78%* 0.73%*
Carbohydrate (g) 0.65%** 0.52%

Carbohydrate (%) 0.75%%* 0.64**
Vit A (RE) 0.29 0.42%

Vit E (a-TE (mg) 0.75%* 0.74%**
Vit B, (mg) 0.76%* 0.77**
Vit B, (mg) 0.80%* 0.75%*
Niacin (mg) 0.69%* 0.67%*
Vit B (mg) 0.90%* 0.48*

Vit By, (ug) 0.87%* 0.79%*
Vit C (mg) 0.59** 0.64%*
Ca (mg) 0.60** 0.56**
P (mg) 0.73%* 0.70%*
Fe (mg) 0.61** 0.58**
Cholesterol (mg) 0.83** 0.80%*
Dietary fiber (g) 0.60** 0.56**

%0 <0.01; *p<0.05

(r=0.33), calcium (0.28) and dietary fiber (r=0.33) had
significant correlations between the Chinese FFQv2 and
24-hour recalls (p<0.05). When one outlier consumed
more than 10,000 kcal from the first Chinese FFQv2 and
was eliminated from the final analyses, the Chinese
FFQv2 still showed strong correlations of macro- and
micronutrients, with 7-day records (n=60, r=0.29-0.50,
p<0.05), but not with 24-hr recalls (n=60, r=0.01-0.23,
p>0.05) (data not shown).

Table 5 shows the correlation coefficients representing
the reproducibility of the Chinese FFQv2 from 22 sub-
jects who completed the Chinese FFQv2 in the two time
periods. Pearson correlation coefficients and Spearman
correlation coefficients of all the selective nutrients be-
tween two administrations of the Chinese FFQv2 were
significant, except Pearson correlation coefficient of vi-
tamin A (r=0.29, p>0.05). Generally speaking, the repro-
ducibility of this Chinese FFQv2 was consistently high
for most nutrients, with Spearman correction coefficients
between 0.42 for vitamin A to 0.79 for vitamin B;,. The
macronutrients and micronutrients had a similar magni-
tude of correlations.

DISCUSSION

The food frequency method is one of the three currently
usable dietary methods, the other two being 24-hour recall
and food record, (both actual diet assessment methods for
measuring short-term intakes).”’ In general, there are two
major types of food frequency methods: first, the semi-
quantitative questionnaire consisting of two major com-
ponents, food group (food list) and food frequency. Sec-
ond, the quantitative total diet questionnaire with three
components includes food group, frequency, and portion
size. These two types of FFQ have served their purposes
similarly in practice, but with very different conceptual
bases and process procedures. Moreover the overesti-

mated or underestimated daily values calculated from
various FFQ were depending upon the numbers of food
items (double counting of similar food items or omitting
foods not in the list), frequency category and portion size
assignment, therefore this method generally was not used
to estimate average daily intakes of nutrients.

We have developed the first and second versions of the
meal-based Chinese food frequency questionnaire with
five meal sequences and three portion sizes, and have
utilized them for assessing dietary patterns in Taiwan.
Our data showed that by comparing the group means to 7-
day records and 24-hour recalls, the Chinese FFQv2
showed a slightly higher percent of energy from protein
(16.2% vs. 14.7% and 14.6%) and fat (33.5% vs. 31.8%
and 30.7%) and a lower percent of energy from carbohy-
drate (50.0% vs. 54.2% and 56.0%). One of the possible
reasons is that we did not include food items with starchy
roots and tubers such as potatoes, sweet potatoes and taro
products in the Chinese FFQv2. In 2002, we developed
the third version of the Chinese FFQ for assessing dietary
patterns for pregnant women, further shortening the ques-
tionnaire and eliminating the portion size choices, be-
cause pregnant women tend to increase meal quantities
continuously along with the pregnancy. We also trained
the interviewers to utilize the blank food items to docu-
ment missing starchy root and tuberous food items in the
Chinese FFQv3, if frequently eaten by the subjects.

Many researchers suggested that dietary studies should
attempt to assess the whole diet, not one or a few nutri-
ents. Total diet quantitative questionnaires such as
Block®' and Hankin®** have developed in the USA, are
good examples of this type of format, consisting of three
major components: a long list of food groups; a frequency
category; and a portion size category. There is a major
difference between the "pure diet history method" and the
"frequency method". The context of a diet history is al-
ways in terms of a given meal, but the frequency method
usually loses the variation by meals.”* It was our attempt
to develop a method to retain the meal sequences that
may play a role in increasing the precision of the Chinese
FFQ method. Until the present, we have developed a for-
mat for breakfast, lunch, afternoon snacks, dinner, eve-
ning snacks, five time periods corresponding with each
meal. These meal-based food frequency methods were
developed and reported by O'Donnell in London,*
Wheeler et al. in Australia,”> and Fregapane and Asensio-
Garcia in Spain.”® Our questionnaire was based on five
time sequences of meal habits, while the format was to
ask separately about the frequency of consumption of
each recipe in the meal. Our data in figure 1 also sug-
gested that precise estimations for dietary patterns and
meal distributions by meal-based FFQ warrant further
improvements in addition to the acceptable reproducibil-
ity and relative validity of this Chinese FFQ.

The design and analysis of validation and precision
studies of the quantitative total diet FFQ method depends
upon the purpose of the ultimate study in which the FFQ
will be used to associate nutrient intake with disease oc-
currence. Since studies of absolute validity of food fre-
quency methods are limited, most studies have assessed
only relative validity.” *”*° Block and coworkers re-
ported the validity of two quantitative FFQ: one was her
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Health and History Questionnaire (HHHQ); and the other
was the University of Michigan (UM) FFQ; and both
showed high correlations on most nutrients, but the UM
FFQ produced overestimates for energy and all nutrients
examined.” Bingham in UK have reported that in com-
parisons to weighted records and various biological mark-
ers, among 7-day estimated records, 24-hour recall and a
food frequency questionnaire, FFQ did not yield better
assessment than repeated food diaries.”® Our data showed
that in comparison to 7-day food records, the relative va-
lidity of the Chinese FFQv2 versus 24-hour recalls was
lower. Only carbohydrate (r=0.35), vitamin B, (r=0.33),
calcium (r=0.28) and dietary fiber (r=0.33) had significant
correlations between the Chinese FFQv2 and 24-hour
recalls (p<0.05). When one outlier consumed more than
10,000 kcal from the first Chinese FFQv2 and was elimi-
nated from the final analyses, the Chinese FFQv2 still
showed strong correlations of macro- and micronutrients
with 7-day records (n=60, r=0.29-0.50, p<0.05), but not
with 24-hr recalls (n=60, r=0.01-0.23, p>0.05). The large
day-to-day variation by one day 24-hour recall would
attenuate the correlations. Those correlations with good
strength demonstrate this Chinese FFQv2 has strong rela-
tive validity compared to two other dietary assessment
methods, especially 7-day food records.

The reproducibility of the FFQ for assessing usual
mean intakes depends on the time frame of the method as
well as the time lag of the method.” The reproducibility
of this Chinese FFQv2 was consistently high for most
nutrients, with Spearman correction coefficients between
0.42 for vitamin A to 0.79 for vitamin B,,, with an aver-
age time interval of 7.5 months. In the Netherlands, van
Staveren®” found there was a good overall agreement be-
tween the two repeated questionnaires. However, for
weekend days, precision was poorer, especially for satu-
rated fat, carbohydrate, and linoleic acid, because of
greater dietary variability during weekends. In a case-
control study on breast cancer in a group of Caucasian
and Japanese-Hawaiian women, a quantitative FFQ was
repeated after 3 months. Amounts of food consumed were
estimated using photographs for each food, shown in
three serving sizes (small, medium and large). Mean in-
takes of selective nutrients for all subjects on the two oc-
casions were not significantly different, as tested by the
paired t-test .>* Willett and coworkers in 1985 investi-
gated the validity and precision of the semi-quantitative
FFQ on 173 female registered nurses designed to estimate
food intake. ** For the reproducibility study, there was a
time lapse of one year; and for the validity study, it was
during a one-year period. They compared nutrient intake
scores derived from the FFQ with those estimated from
one-week records. Portion sizes of 99 foods were speci-
fied using household measures. The results showed that
mean daily nutrient intakes were similar from the two
FFQ administrations.

Willett and colleagues have developed a semi-
quantitative type of FFQ since the 1980's, an FFQ with
only two components: a food list and a frequency section.
The food items selected in the food list have three general
characteristics: first, the food must be used often by an
appreciable number of individuals; second, the food must
have a substantial content of nutrients; and third, the use

of the food must vary from person-to-person in order to
be discriminating.”> The researchers and dietitians used
several approaches to compile a food list, including iden-
tifying the foods that contain substantial amounts of the
nutrients of interest, using stepwise regression to reduce
the list by finding major nutrient contributors, and using
open-ended data.*®> However, learning from experiences,
they suggested the method of identifying food simply on
the basis of their contribution to absolute intake might not
lead to an optimal questionnaire. Foods such as mush-
rooms, eggplants, and turnips (such as daikon), although
they are not abundant in known essential nutrients, are
consumed in large amounts by some individuals. For the
Chinese diet in Taiwan, Lee** and Pan® have published
two articles documenting the major food contributors to
macro- and micronutrients from the first National Nutri-
tion Survey that collected household food inventory in-
formation from 1980-1981. Furthermore, a 64-item Chi-
nese food frequency questionnaire combined with open
questions on staple and cooking oil was tested the repro-
ducibility and validity by Lee et al.*®

The adjustment and calibration factors relating the
questionnaire format and content need to be developed to
allow the investigator to use shorter or modified ques-
tionnaires while obtaining nutrient values nearer the cor-
rect absolute values.” Our developmental experiences
with three versions of the Chinese FFQ in Taiwan mainly
were from observations of meal patterns of urban popula-
tions. Pan and colleagues suggested considering addi-
tional questions about cooking methods and incorporation
of fat-modified foods.”® A example of shortening the FFQ
was demonstrated by the Block questionnaire.'’ The study
showed comparable results from long and reduced ver-
sions of the FFQ. The food items were reduced from 98 to
60, and required as short as 17 minutes to be administered
by an interviewer. This reduced version of the question-
naire provided lower values of macronutrients, but most
micronutrients were not underestimated. Our first version
of the Chinese FFQ had 482 food items and took each
interviewer approximately 1.5 to 2 hours to complete. The
Chinese FFQv2 of 217 items took about one hour, and the
current, third version of 172 items without portion selec-
tions took about 30 minutes by personal interviews.
Through comparisons of meal distributions of macronu-
trients, we recognized that the Chinese FFQv2 overesti-
mated fat and protein consumption, and underestimated
carbohydrate intake, therefore more attention will be paid
to this issue in the development of future versions. In ad-
dition, the reduction of food items of this Chinese FFQ
relied on past experience and other adjustment factors
including geographic variation, ethnic factors, purpose
and hypothesis for the specific study, will be considered
in the further development of the Chinese FFQ in Taiwan.
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