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Abstract
Objective: The present study aimed to evaluate the validity and reproducibility of a
thirteen-item FFQ regarding identification of dietary conditions in a rural population in China.
Design: A reproducibility study repeated the first FFQ (FFQ1) approximately
4 weeks later (FFQ2). A validity study evaluated the mean of three consecutive
24 h diet recalls as the reference measure.
Setting: Cross-sectional study.
Participants: Residents of a rural area in Henan Province, which is located in the
central region of China.
Results: A total of 295 individuals participated in the reproducibility study. In addition, 123 people agreed to participate in the validity study. Spearman’s correlation
coefficients between the two FFQ ranged from 0·06 (vegetables) to 0·58 (eggs).
Spearman’s correlation coefficients between the two methods of collection ranged
from 0·01 for cereal to 0·49 for staple foods. The mean of the intraclass correlation
coefficients of the two FFQ (FFQ1 v. FFQ2) was 0·19. Bland–Altman analysis
indicated good agreement for most food groups across the range of intake for
the two studies.
Conclusions: The study demonstrated that our FFQ design could be used as a
representative tool to conduct a dietary evaluation of a rural population.

Extensive research has demonstrated that there is a
significant correlation between nutrition and disease in
rural and urban areas in China(1). Dietary intake has been
associated with an increased risk of chronic diseases such
as hypertension(2), CHD(3) and type 2 diabetes(4). There is
growing evidence to suggest that a dietary tool does not fully
provide valuable evidence about the relationship between
foods, nutrient patterns and protection from disease(5).
There have been a number of nutrition surveys in China,
but there have been few dietary surveys for the rural population. By the end of 2016, 42·65 % of the population of
China lived in rural locations. To achieve the strategic goal
of a healthy China by 2030, in-depth research of the health
of the rural population is required. To our knowledge, no
studies of the rural diet have been undertaken in China.
Therefore, it is important to accurately measure the dietary
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intake of the rural population to identify diet-related behaviours in order to ensure their current and future health.
Dietary assessment tools such as questionnaires, 24 h
recalls, diet histories or food records have been utilized
previously(5). FFQ have been the most frequently used
dietary assessment method in cohort studies and also in
nutrition-related studies(6,7). Regarding reference methods
to validate FFQ, the most frequently used have been food
records and 24 h diet recalls (24DR), although food records
have been used less frequently because they are more
demanding and their completion requires a high level of
motivation.
The present study aimed to evaluate the validity and
reproducibility of our quantitative thirteen-item FFQ
regarding identification of dietary conditions in a rural
population of China.

© The Authors 2019
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Participants and methods
Participants
The study participants originated from the Henan Rural
Cohort Study, which has been described elsewhere(8).
Briefly, the Henan Rural Cohort Study is an ongoing prospective cohort study that enrolled 39 259 adults aged
18–79 years for baseline data. A detailed questionnaire to
retrieve basic information such as general demographic
characteristics, lifestyle, sleeping situation, personal and
family history of diseases suffered, reproductive history
(for women) and mental health was completed face-to-face
with respondents. The recruitment for the reliability and
validity evaluation studies described in the present paper
was conducted from June to August 2017. A total of 295
individuals agreed to participate in the reliability study.
Participants completed the first FFQ (FFQ1) at the beginning of the study with the second FFQ (FFQ2) conducted
approximately 4 weeks later in the same participants. The
response rate was 100 %. Most researchers believe that the
time interval of repeat measurements should be 2–4 weeks,
because the time interval should be neither too long nor too
short but determined according to the specific research
project to avoid any influence of memory of the first survey.
For the validity study, a total of 121 people completed both
FFQ1 and three 24DR. The three 24DR were completed
within 2 weeks following FFQ1 and included two weekdays and one weekend day.
FFQ
The FFQ, based on the Dietary Guidelines for Chinese
Residents and the eating habits of Henan people, consisted
of questions about thirteen main food groups, including
staple foods, livestock, poultry, fish, eggs, dairy, fruits, vegetables, beans, nuts, pickles, cereal and animal oil. For each
food item, participants were asked to report the quantity
and frequency of food they consumed over the previous
year. The interviewee was required to state the quantity
of food consumed (kilograms, grams) according to five
frequencies of consumption (never, day, week, month,
year). For each question, a card with samples of a standard
portion of food relevant for typical diets was shown to the
respondents. The data for each FFQ were obtained face-toface by an experienced interviewer.
24 h Diet recalls
The repeated 24DR was utilized as the gold standard technique for validation of the FFQ. In the present study, the
three consecutive 24DR included one weekend day and
two weekdays. Information for the three 24DR was collected face-to-face on the first day and by telephone interview on subsequent occasions. Participants were asked
to recall their consumption in the previous 24 h of all
foods, such as staple foods, fruits and snacks. The previous
24 h period was defined as the twenty-four consecutive
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hours between bedtime on day 1 and bedtime on the
following day.
Statistical analysis
Descriptive statistics are presented as number and percentage or as median and interquartile range for categorical and continuous variables, respectively. For the FFQ,
the weekly food intake was calculated from the frequency of consumption of each food group. For the
24DR, weekly intake was calculated from the mean of
the three 24DR multiplied by 7. A comparison of
differences of intake between the two FFQ (FFQ1 v.
FFQ2) and between the two methods (FFQ1 v. 24DR)
was conducted using Wilcoxon’s signed-rank test,
because the food group intake data were not normally
distributed. The reproducibility of the two FFQ and the
validity of the two methods were assessed by calculation
of Spearman’s correlation coefficients (SCC) and intraclass correlation coefficients (ICC)(9). We also calculated
partial correlation coefficients (PCC) adjusting for
culture, per capita monthly income and age, which
were major social and demographic characteristics. A
Bland–Altman analysis was also used to examine the
agreement between the two FFQ and the two methods(10). The mean difference between the two FFQ was
plotted v. the mean intake of food items from the two
FFQ, and the mean difference between FFQ1 and the
average of the three 24DR was plotted v. the mean intake
of food items from the two methods. The 95 % limits of
agreement were calculated as the mean difference
± 1·96 SD. All statistical analyses were performed using
the statistical software package IBM SPSS Statistics
version 21.0. In all analyses, the cut-off for statistical
significance (two-tailed) was 0·05.

Results
Overall, 295 residents participated in the reproducibility
study, while there were 123 in the validation study. Their
main characteristics are presented in Table 1. There were
no significant differences between the reproducibility
and cohort studies in terms of age, gender and marital
status. Participants in the cohort study had received better
levels of education and income than those in the reproducibility study. The validation study participants were
younger and better educated than the cohort population.
There were no significant differences between validation
and cohort studies in terms of gender and marital status.
Reproducibility
Table 2 displays the median and mean consumption of different food groups from the two FFQ. There was no difference in the majority of food groups between the two FFQ
(P > 0·05), except for the three food groups livestock
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Table 1 Comparison of the characteristics of participants in the reproducibility and validation studies with those of the Henan
Rural Cohort Study population
Reproducibility
study
participants
n
N
Age (years), mean and SD
Gender
Men
Women
Culture
Illiteracy
Primary school
Middle school
High school or higher
Marital status
Married/cohabiting
Widowed/divorced/separated
Single
Per capita monthly income
≤500 RMB
∼1000 RMB
≥1000 RMB

Validation
study
participants

Cohort population

%

n

%

n

%

295
57·1

10·3

121
46·3

12·4

39 259
55·6

12·2

104
191

35·3
64·7

53
68

43·8
56·2

15 490
23 769

39·5
60·5

50
113
110
22

16·9
38·3
37·3
7·5

3
22
59
37

2·5
18·2
48·8
30·6

6535
11 037
15 643
6044

16·6
28·1
39·8
15·4

264
27
4

89·5
9·2
1·4

113
5
3

93·7
4·1
2·5

35 243
3407
609

89·8
8·6
1·6

149
61
85

50·5
20·7
28·8

13
57
51

10·7
47·1
42·2

14 014
12 907
12 338

35·7
32·9
31·4

P†

P‡

0·082
0·141

<0·001
0·329

<0·001

<0·001

0·288

0·275

<0·001

<0·001

†P value of the difference between the reproducibility study participants and the cohort population.
‡P value of the differences between the validation study participants and the cohort population.

(P = 0·001), eggs (P = 0·039) and nuts (P = 0·001). SCC
between the two FFQ ranged from 0·06 (vegetables) to
0·58 (eggs) with a mean of 0·35. The mean ICC for food
groups was 0·19, ranging from −0·001 for animal oil to
0·56 for eggs.
Figure 1 presents Bland–Altman plots of the data from
the FFQ1 and FFQ2 for animal oil, pickles, vegetables
and fruits. The narrowest limits of agreement were found
for animal oil and pickles, and the widest for vegetables
and fruits. For foods that fell outside the limits of agreement,
the range was from 0·7 % (fish) to 5·8 % (nuts) for all the
food groups examined.

Validity
Table 3 presents the median and mean consumption of
food groups as collected in FFQ1 and the average of the
three 24DR. There were some food groups with a higher
consumption in FFQ1, including staple foods, livestock,
poultry, fish, eggs, vegetables, beans, nuts and cereal.
The SCC between the two methods ranged from 0·01 for
cereal to 0·49 for staple foods. The mean ICC for food
groups was 0·17, ranging from −0·05 (nuts) to 0·48 (staple
foods).
Figure 2 shows the Bland–Altman plots for animal oil,
pickles, vegetables and fruits between FFQ1 and the average of the three 24DR. The narrowest limits of agreement
were found for animal oil and pickles, and the widest for
vegetables and fruits. For foods that fell outside the limits
of agreement, the range was from 0·8 % (fish) to 8·3 %
(nuts) for all food groups examined.
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Discussion
Participants in the cohort study had better education and
income than those in the reproducibility study. In general,
respondents had received less education than those in the
recent national survey(11).
Validation participants were younger and better educated than the cohort population. Participants with high
levels of education were selected to ensure successful completion of the 24DR. This demographic is similar to the
Guangzhou cohort study in China(12) and a study of a
multi-ethnic Asian population(13).
In the reproducibility study, the eggs food group had the
highest SCC (r = 0·58), followed by dairy (r = 0·53), livestock (r = 0·49) and staple foods (r = 0·41), while vegetables had the lowest, similar to findings in an FFQ
validation study among adults in Taizhou, China(14).
However, the ICC of the two FFQ (−0·001 to 0·56) in the
present study were lower than those in a previous study
that used a similar approach to ours (0·62 to 0·83)(15), in
which just the frequency of each food group was selected.
Compared with our findings, Li et al. reported a similar SCC
for the following food groups: livestock (0·49 v. 0·40) and
poultry (0·37 v. 0·37)(16). A comparison with studies conducted in Western countries(17–20) demonstrated that they
had higher SCC for reproducibility, which may be attributable to the differences in Western dietary culture compared
with that of the Chinese. Westerners are used to eating from
a dish, while the Chinese often share from a plate of food,
so it is easier for Westerners to estimate their intake. For
example, a Swedish study demonstrated that the SCC

FFQ1

FFQ2

Food group†

Median

P25, P75

Mean

SD

Median

P25, P75

Mean

SD

FFQ1/FFQ2
× 100 Median

P value‡

SCC

PCC

ICC

95 % CI

Staple foods
Livestock
Poultry
Fish
Eggs
Dairy
Fruits
Vegetables
Beans
Nuts
Pickles
Cereal
Animal oil

3150·00
125·00
50·00
10·42
7·00
0·00
1050·00
2450·00
100·00
37·50
0·00
200·00
0·00

2450·00, 3850·00
50·00, 250·00
10·42, 125·00
1·04, 31·25
3·00, 14·00
0·00, 125·00
250·00, 1750·00
1750·00, 3500·00
20·83, 250·00
0·00, 162·50
0·00, 0·00
62·50, 412·50
0·00, 0·00

3189·15
261·11
113·68
41·19
8·27
259·51
1271·03
2622·54
249·50
161·12
23·95
354·63
2·70

62·65
25·69
11·00
5·91
0·45
36·10
125·63
83·80
25·41
16·17
5·74
35·19
1·06

3150·00
100·00
62·50
20·83
7·00
0·00
1050·00
2800·00
125·00
37·50
0·00
212·50
0·00

2450·00, 3850·00
100·00, 250·00
20·83, 125·00
4·17, 37·50
3·00, 14·00
0·00, 150·00
500·00, 1750·00
1750·00, 3500·00
37·50, 250·00
6·77, 100·00
0·00, 0·00
100·00, 375·00
0·00, 0·00

3208·14
183·75
107·00
60·14
7·34
219·58
1171·02
2667·12
242·26
98·33
13·41
422·20
4·96

68·78
14·59
7·70
24·07
0·37
29·53
75·15
81·15
35·16
14·71
3·22
101·62
2·71

100
100
78
60
100
43
100
100
67
100
0
80
0

0·983
0·001
0·386
0·219
0·039
0·435
0·644
0·710
0·711
0·001
0·733
0·876
0·677

0·41***
0·49***
0·37***
0·36***
0·58***
0·53***
0·39***
0·06
0·22***
0·29***
0·37***
0·26***
0·28***

0·39***
0·22***
0·11
0·06
0·57***
0·49***
0·15**
0·10
0·05
0·17**
0·36***
0·03
–0·03

0·39***
0·19***
0·12*
0·03
0·56***
0·48***
0·12*
0·10*
0·05
0·17**
0·31***
0·01
−0·001

0·29, 0·48
0·08, 0·30
0·00, 0·23
−0·08, 0·15
0·48, 0·64
0·38, 0·56
0·01, 0·23
−0·01, 0·21
−0·07, 0·16
0·06, 0·28
0·20, 0·41
−0·10, 0·13
−0·12, 0·11
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Table 2 Comparison of the median and mean food consumption values from the first (FFQ1) and second (FFQ2) administration of the FFQ, and the correlation coefficients between FFQ1 and
FFQ2, among 295 adult residents from the Henan Rural Cohort Study, China, June–August 2017

P25, 25th percentile; P75, 75th percentile; SCC, Spearman’s correlation coefficient; ICC, intraclass correlation coefficient; PCC, partial correlation coefficient adjusting for culture and per capita monthly income.
*P < 0·05, **P < 0·01, ***P < 0·001.
†Units of consumption are grams per week except for eggs, which is number of eggs per week.
‡Differences were tested by using Wilcoxon signed-rank tests.

Table 3 Comparison of the median and mean food consumption values from the first administration of the FFQ (FFQ1) and the average of the three 24 h diet recalls (24DR), and the correlation
coefficients between FFQ1 and 24DR, among 123 adult residents from the Henan Rural Cohort Study, China, June–August 2017
FFQ1

24DR

Food group†

Median

P25, P75

Mean

SD

Median

P25, P75

Mean

SD

FFQ1/24DR
× 100 Median

Staple foods
Livestock
Poultry
Fish
Eggs
Dairy
Fruits
Vegetables
Beans
Nuts
Pickles
Cereal
Animal oil

3500·00
200·00
75·00
37·50
350·00
0·00
1050·00
3150·00
100·00
52·08
0·00
212·50
0·00

3150·00, 4200·00
75·00, 331·25
43·75, 168·75
11·98, 83·33
100·00, 350·00
0·00, 125·00
500·00, 175·00
1750·00, 3500·00
25·00, 250·00
25·00, 125·00
0·00, 0·00
125·00, 312·50
0·00, 0·00

3575·21
265·11
130·63
147·81
297·93
211·29
1210·64
2912·40
223·33
133·24
5·08
330·10
5·10

87·16
25·53
13·05
58·96
25·19
45·49
85·19
106·41
47·50
21·09
2·18
44·75
2·68

2788·31
70·00
0·00
0·00
140·00
0·00
2566·69
1540·00
0·00
0·00
0·00
0·00
0·00

2216·69, 3441·66
0·00, 239·16
0·00, 0·00
0·00, 0·00
11·65, 256·69
0·00, 0·00
1050·00, 4958·35
1032·50, 2310·00
0·00, 87·50
0·00, 11·69
0·00, 0·00
0·00, 0·00
0·00, 0·00

2836·83
201·32
77·33
33·17
187·53
46·18
3818·76
1745·93
84·75
40·59
1·16
92·27
0·00

81·65
30·37
18·44
11·63
18·23
19·01
443·18
97·60
16·31
9·92
0·98
33·97
0·00

125
120
44
21
130
86
39
174
107
92
134
90
–

P value‡
<0·001
<0·001
<0·001
<0·001
<0·001
<0·001
<0·001
<0·001
<0·001
<0·001
<0·001
<0·001
<0·001

SCC

PCC

0·49***
0·41***
0·17
0·03
0·30***
0·25**
0·20*
0·26**
0·13
0·06
0·13
<0·01
–

0·44***
0·30**
0·22*
–0·01
0·42***
0·53***
0·13
0·27**
0·21*
–0·03
0·01
–0·01
–

37

P25, 25th percentile; P75, 75th percentile; SCC, Spearman’s correlation coefficient; ICC, intraclass correlation coefficient; PCC, partial correlation coefficient adjusting for culture, per capita monthly income and age.
*P < 0·05, **P < 0·01, ***P < 0·001.
†Units of consumption are grams per week except for eggs, which is number of eggs per week.
‡Differences were tested by using Wilcoxon signed-rank tests.
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(b)
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20 000·00
10 000·00
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–20 000·00
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Fig. 1 (colour online) Bland–Altman plots assessing the reproducibility of the thirteen-item FFQ among 295 adult residents from the
Henan Rural Cohort Study, China, June–August 2017. The difference in intake between the first (FFQ1) and second (FFQ2) administration of the FFQ and is plotted v. the mean intake from the two administrations of the FFQ for: (a) animal oil, (b) pickles, (c) vegetables and
(d) fruits. — represents the mean difference (bias) and - - - represent the limits of agreement (UL, upper limit; LL, lower limit)

(a)

(b)
300·00

200·00
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95 % UL = 62·92
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Difference in intake
(FFQ1 – 24DR) (g/week)
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−100·00

95 % LL = −52·72

−100·00

0·00

20·00 40·00

60·00

−200·00

80·00 100·00 120·00

0·00

Mean intake [(FFQ1 + 24DR)/2] (g/week)

(c)
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(d)
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−2000·00
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(FFQ1 – 24DR) (g/week)

Difference in intake
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95 % UL = 6922·77
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Mean = –2608·12
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4000·00
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Mean intake [(FFQ1 + 24DR)/2] (g/week)

−50 000·00
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Mean intake [(FFQ1 + 24DR)/2] (g/week)

Fig. 2 (colour online) Bland–Altman plots assessing the relative validity of the thirteen-item FFQ among 123 adult residents from the
Henan Rural Cohort Study, China, June–August 2017. The difference in intake between the first administration of the FFQ (FFQ1) and the
average of the three 24 h diet recalls (24DR) is plotted v. the mean intake from the two methods for: (a) animal oil, (b) pickles, (c) vegetables and (d) fruits. — represents the mean difference (bias) and - - - represent the limits of agreement (UL, upper limit; LL, lower limit)
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ranged from 0·44 for eggs to 0·82 for wine, with half of the
values >0·55(17).
In the validity study, the staple foods group had the
highest SCC (r = 0·49), followed by livestock (r = 0·41)
and eggs (r = 0·30). These food groups are eaten daily or
weekly in rural China, therefore they were well correlated.
Food groups that are less frequently consumed in rural
areas include fish, nuts, cereal and animal oil, so they
had a lower correlation coefficient. It is not possible to
obtain accurate diet data based on only one three-day
dietary survey (three 24DR), especially for those food
groups (e.g. dairy, poultry and fruits) that are eaten on special days such as the spring festival, the mid-autumn festival
or days that families spend together. This is similar to the
findings from a study in rural Bangladesh, where the ICC
for the fruits and legumes groups were lower(21).
The strength of the present study is that different groups
of people were selected to evaluate the reliability and validity of the questionnaire. Although a number of previous
studies have evaluated the reproducibility and validity in
the same population, this approach reduced the participation of the study population while maintaining the accuracy
of the data. Our survey increased the work required of each
individual, but we obtained more detailed information. An
additional advantage was that our study assessed the reproducibility and validity of a quantitative thirteen-item FFQ.
Many previous studies have evaluated qualitative FFQ. In
addition, there are only two published articles, to our
knowledge, about surveys of dietary questionnaires in rural
of China and they focused on pregnant women(16,22). It is
necessary to evaluate the validity of any FFQ applied to
a rural population.
Although our data are based on an appropriate sample
size for assessing the reliability of the FFQ, several limitations should be recognized about our study. First, there
was only one three-day dietary survey (three 24DR) to
validate the dietary intake of the FFQ during one year.
There may be seasonal bias because we collected dietary
data for only one season. However, as quality of life
improves in rural habitations, an increasing number of
supermarkets reduces the seasonal variations in food.
Second, we did not collect data about the intake of salt,
oil or spices, so we were unable to evaluate the validity
of nutrient intake. Third, the 24DR were susceptible to
measurement error bias due to the shortcomings of
memory. We still used this as the reference method, for
consistency with the many previous studies that used this
method to evaluate the validity of FFQ. Finally, the characteristics of the participants in the present study may have
affected the validity of the study. It may be difficult for
an individual with little formal education to accurately
assess the intake of each food group.
In conclusion, we have demonstrated that the FFQ
designed for the present study provided acceptable reproducibility and validity. Therefore, this FFQ can be used as a
representative tool for the assessment of diet in a rural
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population. Future research should fine tune the proposed
FFQ to improve its validity for certain food intakes.
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