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Short Communication

Validity and reproducibility of a food frequency
guestionnaire designed for residents in north China
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The objective of this study was to evaluate the validity of a Xi’an food frequency questionnaire (FFQ) designed
for application in an international case-control colorectal cancer study. The FFQ was administered to 125 par-
ticipants twice over 1-year interval. Four 24-hour dietary recalls (24-HDRs) were conducted with the same par-
ticipants in each season of the year. Comparative validation was assessed by comparing the nutrient intakes de-
rived from the 24-HDRs and the FFQ-2, and reproducibility was estimated by comparing the nutrient intakes
from two FFQs. In the validation study, the mean deattenuated correlation coefficients for nutrients between the
24-HDRs and the FFQ-2 ranged from 0.35 to 0.84 in the males. The female results were slightly lower than the
male’s. The mean percentage of classification into the same quartile was 38% for the males and 35% for the fe-
males. In the reproducibility study, the mean crude correlation coefficients between the two FFQs were from
0.41 to 0.68 in the males and from 0.36 to 0.66 in the females. The newly developed Xi’an FFQ appears to be
reasonably valid and reliable for most nutrients but would benefit from the addition of nutritional supplements

and seasonings for assessing dietary intake in older persons in Xi’an, China.
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INTRODUCTION

An international collaborative case-control study, the
Sino-US Genome Epidemiologic Study, has been planned
since June 2006 both in China and the US. The main ob-
jectives of this study were to investigate and compare the
role of novel nutritional and genetic factors and their in-
teractions in the etiology of colorectal cancer among Chi-
nese in Xi’an, China, Chinese-Americans in the Greater
San Francisco Bay Area, California, and residents in the
Greater Dayton Area, Ohio, populations chosen because
of their different incidence and exposure rates. By March
2008, this study had planned to recruit around 2000 cases
of incident colorectal cancer, aged 30-79 years, and equal
number of age-, sex- and geographic-frequency matched
controls randomly selected from the general populations
in the three study centers.

In order to implement the dietary assessment of colo-
rectal cancer patients and others who are living in Xi’an
and participating in this international case-control study, a
semi-quantities food frequency questionnaire (FFQ) was
modified from the Shanghai FFQ.' This paper reports the
results on relative validity and reproducibility of meas-
urement of nutrient intake about this revised FFQ that
used in Xi’an.

MATERIALS AND METHODS

Subjects and study design

The present study was performed from August 2004 to
July 2005 in two districts of Xi’an City, Shaanxi province,

China. Three hundreds and seven individuals (152 males
and 155 females), aged 50-79 years old, were randomly
selected from the Municipal Resident Registry Office.
Participants had to be free of diseases influencing food
consumption, such as cardiovascular disease. Finally, 150
(48.9%) eligible subjects were enrolled for the first FFQ
in this study, with 31(10.1%) ineligible due to medical
conditions and 126 (41.0%) unwilling to participate, and
125 participants completed all the surveys. The partici-
pants were asked to complete four 24-hour dietary recalls
scheduled 3 months apart from September 2004 to June
2005 and two dietary FFQs, in August 2004 (FFQ-1) and
July 2005 (FFQ-2) respectively. A face-to-face interview
was conducted by trained researchers either at the partici-
pants’ homes or at community health centers. We have the
quality control measures in the entire study in an effort to
guarantee that all participants meet the inclusion and ex-
clusion criteria, and ensure researchers to reason-
able remove the outlier participants from the data analysis.
Dietary assessment methods

The food frequency questionnaire
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The semi-quantitative FFQ was adapted from the Shang-
hai FFQ, which was developed for a population-based
case-control cancer study conducted during 1990-1993 in
Shanghai, China.' The Shanghai FFQ is specifically de-
signed for Shanghai residents living in the southeast,
whereas our FFQ was tailored to reflect dietary habits of
Xi’an located in the northwest. The dietary habits be-
tween southeast and northwest China are very different,
e.g., rice as the staple food in southeast but flour in
northwest. Therefore, we removed some food items from
the Shanghai FFQ and added some local foods to the new
FFQ.

The updated food list was based on knowledge of the
regional food supply, new products in the market, and the
Shanghai FFQ with 81 food items. The food list was sent
out to 100 older individuals in the study area and they
were asked to choose food items used more then or at
least once every three months. Considering that more and
more people use nutritional supplements nowadays and
nearly every dish contains cooking oil and seasonings in
Xi’an, we added them in the Xi’an FFQ. And then, we
calculated the food items that were used reasonably often
by an appreciable number of individuals. The final in-
strument included 121 items, grouped into eleven catego-
ries: meats, seafood, eggs, and milk products; beans and
bean products; staple foods; sweet foods; vegetables;
fruits; nuts and seeds; non-alcoholic beverages; preserved
or pickled foods; vitamins or mineral supplements; and
seasonings.

Six nutrition professors, dietitians and nurses, who
were familiar with the dietary patterns of the target popu-
lation, confirmed face and content validity of the final
food list and reviewed the drafts of the questionnaires.
Early versions of the questionnaire was tested for ease of
administration and comprehension in 50 older individuals,
and revised.

The new FFQ requires each participant to answer the
food intake frequency and the quantity of each food item
representing by a Chinese food weight unit liang (equiva-
lent to 50 grams) for most investigated food items. Food
intake frequency was ranked in nine categories ranging

from “never or less than once per month” to “two or more
times per day”. Beverage consumption was categorized in
the similar way as food, but maximal frequency was “four
or more times per day.” In addition, there were sections
with questions on vitamin and mineral supplement use. If
the participants had taken any of them at least once a
week, the frequency and dose of supplementation (mg or
IU’s per day, per week) was questioned. The quantity of
seasoning items was asked for using monthly or yearly
per family, e.g., vinegar, pepper sauce, soy sauce.

The 24-hour dietary recall

The present study used a 24-HDR developed by the US
Department of Agriculture as the reference method.” All
four 24-HDRs were obtained from unannounced in-
person interviews conducted in the evening, after dinner
(around 19:00). During the interview, participants were
asked to recall and describe all the foods they ate for
breakfast, lunch, and dinner, and any other foods con-
sumed between regular meals in the preceding 24 hours,
including seasonings, vitamin and mineral supplements.
A food-size booklet containing measuring guides for
commonly used kitchen utensils (bowls, plates, cups,
spoons, and wine glasses) of different portion sizes of
foods were provided to participants for estimation of the
portion sizes. Standard measuring spoons were used in
assessing portion sizes of seasonings for every dish.

Statistical methods

We calculated daily nutrient intakes for the individual
nutrient using China Food Composition 2004 produced
by Chinese Center for Disease Control (CCDC).> The
intake of nutrients from seasonings was computed by
dividing the total amount of seasonings by number of
persons living together in the participant’ family and 30
or 365 days. Nutrients analyzed in the present study in-
cluded: protein, carbohydrates, fats, minerals, and vita-
mins. We considered all the nutrient intakes as the con-
tinuous variables. Outliers were defined as energy intake
less than 1,000 kcal/day or great than 5,000 kcal/day,*
therefore we have 120 participants left in the analysis. We

Table 1. Dietary intake of nutrients (Median+SD) from FFQ-1, FFQ-2 and the average of four 24-HDRs in male

and female
FFQ -1 FFQ-27 24-HDR*
Nutrients

Males Females Males Females Males Females
Energy (kcal) 2743 + 940 2522 £ 779 2297 £ 689 2087 + 728 2333 £ 696 1824 + 456
Protein (g) 106 + 37 92 +35 85+ 27 68 +27 94 + 42 68 +28
Fat (g) 100 + 36 106 £ 39 96 + 28 81 +39 82 +27 73 +22
Carbohydrate (g) 438 £ 156 362+ 113 323 +120 288 + 100 331 +£120 273 +73
Dietary fiber (g) 44 +17 41 +£15 30+ 12 290+12 35+33 25+ 11
Carotene (mg) 36+1.8 4.0+2.1 22+1.2 2.1+1.38 20+1.7 1.7+13
Thiamin (mg) 1.0+04 09+0.3 0.8+0.3 0.6+0.3 09+04 0.8+0.3
Riboflavin (mg) 1.0+04 09+0.7 08+04 0.7£0.9 0.8+04 06+04
Niacin (mg) 103+44 9.1+4.4 9.0+3.6 6.5+3.4 8.6+3.5 7.6+23
Vitamin A (RE) 785 + 541 877 £ 730 533 £455 549 £ 711 587 £2717 489 + 1058
Vitamin C (mg) 130 + 87 149 + 102 96 £ 160 112 + 145 93 £85 73 £104
Vitamin E (mg) 42 £ 85 52 £ 196 41+ 71 43 + 47 26 £ 55 19 £46

f food frequency questionnaire
* 24-hour dietary recall



Validity and reproducibility of a food frequency questionnaire 631

calculated the medians and standard deviations of the
nutrients from the FFQs and the 24-HDRs questionnaires.
Pearson correlation analysis was used to examine the cor-
relation between the 24-HDRs, FFQ-land FFQ-2. Be-
cause within-person variation in four 24-HDRs may at-
tenuate the correlation coefficient between FFQ and the
24-HDRs, we used a formula (Pc = Po {[(c,’ /o,°)/n]
+1}'?) to deattenuate the correlation coefficient.” A re-
sidual method was used for energy adjustment analysis.®
To assess the agreement between the 24-HDRs, FFQ-1
and FFQ-2, the nutrient intakes were classified into quar-
tiles and the percentages of agreement, adjacent agree-
ment and complete disagreement were calculated.

In the present study, Statistical Analysis Software
(SAS) version 9.1 was used for statistical analysis. p
value less than 0.05 (two tailed) was considered as a sta-
tistically significant difference.

RESULTS

The mean age of the 120 participants was 65 years old
(SD 7.9, range 50-80). There were also no significant
differences between participants with (n=125) or without
(n=25) complete dietary data with regard to age (61 v 61
years), sex (62% v 66% female;38% v 48% male), race
(100% v 93.6% Han), or education (64.0% v 68.0% with
no or incomplete Junior High School education).

Table 1 presents the absolute median values for nutri-
ent intake with standard deviations (SDs) for FFQ-1,
FFQ-2 and the average of the four 24-HDRs. All the nu-
trient intakes assessed by FFQ-2 were lower than those
assessed by FFQ-1. The mean correlation coefficients

with seasonings and supplements and without seasonings
and supplements between the 24-HDRs and the FFQ-2
were described in Table 2. The deattenuated Pearson cor-
relation coefficients between the 24-HDRs and the FFQ-2
ranged from 0.35 (total fiber) to 0.84 (energy) in the
males and from 0.24 (thiamine) to 0.62 (riboflavin) in the
females. The mean crude Pearson correlation coefficients
between the two FFQs was 0.53 which varied from 0.41
(vitamin C) to 0.68 (nicotinic acid) in the males and was
0.54 for females and ranged between 0.36 (fiber) and 0.66
(fat). After adjusted for energy intake, most of the corre-
lation coefficients were attenuated. The subjects were
classified into quartiles by nutrient intake as estimated by
the FFQs and the 24-HDRs (Table3). The proportion of
the male subjects that were classified into the same and
the adjacent quartiles by both the 24-HDRs and the FFQ-
2 ranged from 68% (fat) to 90% (vitamin A or thiamin),
with an average of 79%. On the average, approximately
72%, ranging between 56% (vitamin E) and 81% (niacin),
of the female subjects fell into the same or adjacent quar-
tiles. For FFQ-1 and FFQ-2, the mean agreement percent-
age between them was 36% for male subjects and ranged
between 28% (vitamin A and carbohydrate) and 49% (fat),
similarly, the mean agreement percentage was 36% for
female subjects and ranged from 26% for fiber to 48% for
vitamin E.

DISCUSSION

The results of our study suggest that the new FFQ is rea-
sonably comprehensive, reproducible and can capture the
major nutrient intake relatively accurate among middle-

Table 2. Pearson’s correlation between the average of four 24-HDRs, FFQ-1 and FFQ-2 in male and female

FFQ-27 vs. 24-HDRs"

FFQ-17 vs. FFQ-27

M F M F M F M F M F
Energy (kcal) 0.69™" 034" 071" 0357 084 041  056™  0.59™ - -
Protein (g) 045" 026 052" 029 0.65 035  0.65™ 059" 033 0.36
Fat (g) 0.44™ 0317 050" 036"  0.60 042 052" 066" 049 0.44
Carbohydrate (g) 049 0387 0567 045" 0.67 054 0547 045" 050 0.33
Dietary fiber (g) 025 0307 026 0317 035 039 0557 0367 048 0.18
Carotene (mg) 040" 027" 045" 0317  0.60 036  048™ 045™ 041 0.40
Thiamin (mg) 042" 020 0467 020 0.53 024 061" 0607 038 0.36
Riboflavin (mg) 036" 0407 0417  050™ 052 0.62 044 055" 026 0.40
Niacin (mg) 0.52™ 032" 0657 038 074 048  0.68™ 0.60™"  0.40 0.40
Vitamin A (RE) 028 030" 031" 035" 037 046 044~ 043" 043 0.34
Vitamin C (mg) 042" 038" 049" 045 058 048 0417 054" 043 0.40
Vitamin E (mg) 0.49™ 026"  0.60™ 0317  0.66 036 046 0.63™ 046 0.51
Mean (SD) 0.43 0.31 0.49 0.36 0.59 0.43 0.53 0.54 0.42 0.37
(0.14)  (0.06) (0.13)  (0.08) (0.14) (0.10) (0.09) (0.09) (0.07)  (0.08)

T food frequency questionnaire
24-hour dietary recall

SCrude correlation coefficients without seasonings and nutritional supplements
Y Crude correlation coefficients with seasonings and nutritional supplements
Corrected for within-person variation with seasonings and nutritional supplements
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Table 3. The agreement of nutrient intakes between FFQ-1, FFQ-2 and the average of four 24-HDR in male and female

FFQ-2' vs. 24-HDR?

FFQ-17 vs. FFQ-2

Nutrients Same quartile él?;;ﬁzt Distant quartile Same quartile Aqu;r:ielI;t Distant quartile

M F M F M F M F M F M F
Energy (kcal) 45 38 45 38 0 10 43 36 36 44 6 4
Protein (g) 30 37 55 27 2 5 36 37 47 41 2 1
Fat (g) 34 33 34 40 6 8 49 44 32 41 2 5
Carbohydrate 38 37 45 41 2 5 28 27 40 47 6 3
Dietary fiber (g) 38 27 40 48 6 7 34 26 34 40 2 8
Carotene (mg) 34 27 47 34 6 8 36 30 28 40 9 8
Thiamin (mg) 34 36 34 33 6 16 40 29 40 45 2 3
Riboflavin (mg) 43 44 43 36 4 4 34 36 38 42 2 3
Niacin (mg) 45 34 38 47 2 5 38 38 47 38 2 1
Vitamin A (RE) 34 41 34 38 6 7 28 37 47 40 4 7
Vitamin C (mg) 43 38 34 38 11 10 34 38 36 47 9 3
Vitamin E (mg) 32 30 45 26 4 15 36 48 47 29 4 4
Mean 38 35 41 37 5 8 36 36 39 41 4 4

Agreement and
Adjacent by sex

Male=38+41=179
Female =35 + 37 =72

Male=36+39=175
Female =36 + 41 =77

T food-frequency questionnaire
* 24-hour dietary recall

aged and elderly persons in Xi’an. In addition, we think
that the sample size in both the validation and the repro-
ducibility studies were reasonable® and the follow-up rate
(85%) in this study is relatively high considering the as-
sessment at one year.

The absolute nutrient intakes estimated by the two
FFQs and the 24-HDRs in this study were acceptable ac-
cording to Chinese Recommended Dietary Allowances
(RDAs)” and these results are consistent with previous
observations.*” In our reproducibility study, adjustment
for energy intake roughly down-regulated the correlation
coefficients suggesting that variation in these nutrients
was associated with the energy variation, this effect was
also observed in other studies.'™'" Regardless of the ad-
justment for energy intake, our crude correlation coeffi-
cients for 1-year reproducibility ranged from 0.36 to 0.68
and are comparable to other reproducibility studies.'*"*

In our validation study, the crude correlations were
generally lower than the deattenuated correlations but
higher than the energy-adjustment correlations. After
deattenuation, our correlation coefficients ranged from
0.35 to 0.84, which are consistent with the previous stud-
ies. ”'° Dietary fiber was the only nutrient that the correla-
tion coefficients in both male (0.35) and female (0.39)
were less than 0.4, which may lead to the attenuation of
the risk estimation between nutritional intake and chronic
disease risk in an epidemiological study.'® The lower cor-
relations for fiber may reflect difficulty in subjects esti-
mating fiber intake using the FFQ or other reference
methods, and, also, lower correlations for fiber may be
due to a high within-person variation of fiber intake.'’
Since agreement assessment method demonstrates more
advantages than the correlation method when we assess
the instruments’ capacity for ranking the subjects by their
nutrient intake,'® we estimated the agreement in quartile
between the 24-HDR and the FFQ-2. The degree of

agreement in the same quartile between these two meth-
ods in our study are consistent with the previous studies
suggesting that usually the classification into the same
quartile by two different methods ranges from 30% to
40%."* In addition, correlation coefficients for dietary
fiber were smaller than most of the other nutrients, but
clearly the joint classification displayed a better result.
The assessment of dietary intake in China is difficult
because residents tend to mix multiple elements in one
food or dish, which makes the accurate dietary estimation
almost impossible. The few poor correlations (e.g., fiber)
we found between instruments may be at least partly due
to this reason. Some validation studies involving multiple
nutrients were performed in Southern China.?'** Among
these studies, some used 24-HDR as a reference method:
one study in females showing similar correlations as our
female study results;” another study administrated in
miners reporting a slightly lower and wider range of cor-
relation coefficients (-0.40-0.72) compared to our male
study.”! However, our study is different from these previ-
ous studies in that we included seasonings and nutritional
supplements in the total nutrients calculation. The addi-
tion of nutritional supplements may provide a chance to
improve the assessment of some nutrients, such as fat,
vitamins A and C, which are verified to be correlated with
some chronic diseases, including colorectal cancer. This
view is supported by Messerer’s study that when dietary
supplements was included, correlation coefficients in-
creased 13% between micronutrient estimates of FFQ and
24-HDRs, corresponding value for correct classification
into highest quintiles was increased by 14%.” Addition-
ally, seasonings were added to the Xi’an FFQ, since omit-
ting these in FFQ might affect the absolute values and
correlations between FFQ and other open question-
naires.”® As a result, the addition of seasonings and nutri-
tional supplements in the present validation study im-
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proved the correlations coefficients, the mean crude cor-
relation coefficient increased 14% in male and 16% in
female between estimates of FFQ and 24-HDRs.

Whether FFQ results are accurate enough to study diet
and disease is a hot topic in epidemiological studies re-
cently.”” FFQ, like most other self-report dietary assess-
ment methods may be biased by several factors, such as
the omitting of a food item in the FFQ that is commonly
eaten by a subject, or the misinterpretation of food items
listed in the FFQ.* The actual source of the measurement
properties, such as the measurement or subject bias in our
FFQ is not yet known. However, for many cancers, in-
cluding colorectal cancer, the effect of diet is hypothe-
sized to occur many years before diagnosis; thus the abil-
ity to recall diet in the remote past is of considerable in-
terest. Food frequency questionnaires can be used to fo-
cus questions on a remote period of time ideally.* Addi-
tionally, the correlation values in the present study were
more than 0.4 with 0.59 in males and 0.43 in females re-
spectively, therefore the effect of error will be relatively
small.'®

In conclusion, this FFQ is relatively reliable and re-
producible with reference to the nutrient intakes. Using
this Xi’an FFQ, we are able to rank subjects into catego-
ries according to their nutrient intakes. This FFQ is very
useful to examine the association between dietary factors
and health problems in Xi’an residents and, ideally, this
tool could be validated and applied in other Northern
Chinese populations.
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