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Abstract
The study was to evaluate the reproducibility and validity of the FFQ for residents of northeast China. A total of 131 participants completed two
FFQ (FFQ1 and FFQ2) within a 3-month period, 125 participants completed 8-d weighed diet records (WDR) and 112 participants completed
blood biomarker testing. Reproducibility wasmeasured by comparing nutrient and food intake between FFQ1 and FFQ2. The validity of the FFQ
was assessed by WDR and the triad method. The Spearman correlation coefficients (SCC) and intraclass correlation coefficients (ICC) for repro-
ducibility ranged from 0·41 to 0·69 (median = 0·53) and from 0·18 to 0·68 (median = 0·53) for energy and nutrients and from 0·37 to 0·73
(median = 0·59) and from 0·33 to 0·86 (median = 0·60) for food groups, respectively. The classifications of same or adjacent quartiles ranged
from 73·64 to 93·80 % for both FFQ. The crude SCC between the FFQ and WDR ranged from 0·27 to 0·55 (median = 0·46) for the energy
and nutrients and from 0·26 to 0·70 (median = 0·52) for food groups, and classifications of the same or adjacent quartiles ranged from 65·32
to 86·29 %. The triad method indicated that validation coefficients for the FFQ were above 0·3 for most nutrients, which indicated a moderate
or high level of validity. The FFQ that was developed for residents of northeast China for the Northeast Cohort Study of China is reliable and valid
for assessing the intake of most foods and nutrients.
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As one of the main determinants of chronic diseases, diet plays a
key role in preventing diet-related diseases(1). However, the
accurate measurement of dietary intake is still an ongoing chal-
lenge in diet-related disease studies. In large-scale epidemiologi-
cal studies, a FFQ is the most commonly used tool for
determining habitual dietary intake because it is easy to manage
and apply, has a low cost and is less burdensome for partici-
pants(2). The FFQ can rank individuals according to the intake
of nutrients and foods, and it is further used to explore associa-
tions between diets and diseases(3). The reproducibility and val-
idity of the FFQ should be evaluated before its application
because dietary habits can vary greatly according to the ethnicity
and social and cultural backgrounds of the target population(4).

The reproducibility of the FFQ reflects the consistency of the
same subject at different time points(5). Traditionally, validation
studies of FFQhave been based on comparisonswithmore accu-
rate measurement methods. The error of the referencemethod is
required to be independent of the FFQ(6). The weighed diet

record (WDR) has been regarded as the best reference method
for assessing the validity of the FFQ(7). Additionally, biomarkers
are considered objective, and their measurement errors are inde-
pendent of self-report methods, such as the FFQ and WDR,
showing that biomarkers are useful for further verifying the val-
idity of the FFQ(8).

Many studies of the validity and reproducibility of FFQ have
been previously conducted in different areas of China, such as
Shanghai(9), Chengdu(10), Guangdong(11), Nanjing(12) and
Chaoshan(5,13). China has a large population and vast territory.
Different regions have different eating habits. Therefore, the val-
idity and reproducibility of the FFQ need to be evaluated among
populations in other areas of China.

For the ongoing Northeast Cohort Study of China (NEC-
Biobank), we developed a new FFQ to estimate nutrient and
food intake among the population of northeast China(14). The
NEC-Biobank was a large, prospective, dynamic cohort study
that focused on major chronic diseases and related risk factors
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in various populations. The FFQ is culture specific. Thus, its
reproducibility and validity need to be verified before its appli-
cation. The present study evaluated the reproducibility of the
FFQ based on a test–retest method and assessed its validity
based on WDR and biomarkers as reference methods.

Methods

Study population

The participants in this study were randomly recruited from the
NEC-Biobank. Participants who met the following criteria were
selected for the study: residents who lived in northeast China for
more than 5 years, 18–80 years old and had no serious diseases
(e.g. cancer and cerebral thrombosis). The participant recruit-
ment flow diagram is shown in Fig. 1(a). A total of 150 partici-
pants were recruited for the study between October 2018 and
September 2019. Of 150 participants, forty-two participants were
recruited in winter (October 2018–December 2018), thirty-six
participants were recruited in spring (January 2019–March
2019), forty participants were recruited in summer (April

2019–June 2019) and thirty-two participants were recruited in
autumn (July 2019–September 2019).

The exclusion criteria for the reproducibility study were as
follows: participants who did not complete both the first FFQ
(FFQ1) and second FFQ (FFQ2) (n = 10), participants whose
diet changed during study participation (n= 1) and participants
who had extreme total energy intake values (> 14644 kJ (3500
kcal) or < 2510·4 kJ (600 kcal) for females, > 17572·8 kJ (4200
kcal) or< 3347·2 kJ (800 kcal) for males; n = 8)(7). After apply-
ing the inclusion and exclusion criteria, a total of 131 partici-
pants were included in the reproducibility study. For the
validation study, four participants did not complete WDR,
and two participants had extreme total energy intake values.
A total of 125 participants were included in the validation study.
Additionally, 112 participants completed the biomarker test and
were included in the ‘Triad Method’ study. Finally, fifty partic-
ipants completed four 4-d WDRs and the third FFQ (FFQ3).

This study was conducted according to the guidelines laid
down in the Declaration of Helsinki, and all procedures involv-
ing human subjects were approved by the Ethics Committee of
Shengjing Hospital of China Medical University (Shenyang,

Fig. 1. The study design of FFQ reproducibility and validation study. (a) Flow diagram of sample selection; (b) sequence of validation study measurements.
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China) (ethics number: 2017PS190K). Written informed consent
was obtained from all subjects.

Study design

The sequence of the study measurements is shown in Fig. 1(b).
The participants completed the FFQ1 when they were recruited
for the study. The same participants completed FFQ2 and FFQ3
approximately 3 and 12 months later, respectively. During the
study period, four 4-d WDRs (WDR1, WDR2, WDR3 and
WDR4) were collected from each participant at intervals of 3
months. WDR1 was obtained 1 week after administering
FFQ1, andWDR4 had to be completed before FFQ3. Blood sam-
ples were collected and tested on the day FFQ1 was completed.

Sample size calculation

According to previous studies, the range of correlation coeffi-
cients between FFQ and reference methods was 0·4–0·6(15).
The sample size was estimated according to the following for-
mula: n ¼ ðZ� þ Z�Þ2�2=d2, with Fisher’s Z transformation of
correlation coefficients, where σ2= 1 for the Z-scale(7), α= 0·05
and (1−β)= 0·80. After calculation, the number of required par-
ticipants was 110(7).

FFQ

The FFQ in this study was a modified version of the FFQ used in
the Tianjin Chronic Low-grade Systemic Inflammation and
Health (TCLSIH) cohort study that contained 100 food items.
The TCLSIH cohort study was a large prospective dynamic
cohort study conducted in Tianjin (a city also located in northern
China)(16,17). We added ten food items according to the dietary
characteristics of people in northeast China. The FFQ contained
110 food items. Dietary intake was assessed using the interview-
administered FFQ, in which participants reported their usual
consumption frequency over the past year, according to seven
categories: never, 2–3 times/month, 1 time/week, 2–3 times/
week, 4–6 times/week, 1 time/day and≥ 2 times/day. For sea-
sonal foods, such as fruits and Chinese sauerkraut, the partici-
pants were asked to choose the season and frequency of
consumption during the season.

In addition to dietary information, we collected basic infor-
mation from the questionnaire, such as general demographics
and lifestyles. The height and weight were obtained from physi-
cal examinations, and BMI was calculated by dividing weight
(kg) by height squared (m2).

Weighed diet records as reference

We used four 4-d WDRs (WDR1, WDR2, WDR3 and WDR4) as
the referencemethod. EachWDR consisted of dietary records for
four non-consecutive days, including three work days and one
weekend. For daily dietary information, the participants were
asked to record data and place of dietary intake, food name,
ingredient composition and measured weight of the consumed
food and beverage (weight before and after meals). For mixed
dishes, participants were asked to weigh the dishes they con-
sumed and calculate each ingredient composition according
to the percentage of each food ingredient.

The participants received detailed instructions about how to
weigh and record the amounts of foods and beverages that were
consumed duringmeals.We also provided participantswith ana-
lytical food scales with 0·1 g precision. We asked participants to
check their diet records after each completion.

Biomarker selection

Although serum levels of Mg are regulated by the homoeostatic
regulationmechanism(7), the correlation between serumMg con-
centration and daily dietary Mg intake was reported be 0·28(18),
which suggests that serum Mg can be used to measure dietary
intake in clinical practice. In addition, serum concentrations of
Fe, vitamin E, vitamin C, riboflavin, thiamine and fatty acids (such
as PUFA, MUFA and SFA) are related to dietary intake(19–23),
which suggests that concentrations of these nutrients are useful
biomarkers for intake(7). Thus, in this study, we selected serum
Mg, Fe, vitamin E, vitamin C, riboflavin, thiamine and fatty acids
to assess the validity of the FFQ.

Biochemical measurements

After fasting overnight, a venous blood sample was drawn and
collected in EDTA tubes. Before processing, serum was trans-
ferred to two 1 ml tubes. One portion of the serum was given
directly to the Laboratory of Medicine of Shengjing Hospital of
China Medical University (Shenyang, China) to measure serum
ions and serum vitamins. Serum ions (Ca, P, K, Mg and Fe) were
analysed by a BH5300S Atomic Absorption Spectrometer
(BOHUI). Serum vitamins (vitamin A, thiamine, riboflavin, nia-
cin, vitamin C and vitamin E) were quantified using a mass
spectrometer.

The remaining serum samples (> 300 μl) were frozen at −80°
C before testing for fatty acids. The serum profile of fatty acids
was tested by Applied Protein Technology. After thawing,
chloroform and methanol solution were added to 200 μl sam-
ples. The supernatant was added to 2 ml of 1 % sulphuric
acid-methanol at 80°C for 30 min. After methyl esterification,
the fatty acid methyl esters were extracted in n-hexane and sep-
arated using an Agilent DB-WAX capillary column GC system.
The samples were then evaluated using an Agilent 7890A/
5975C mass spectrometer (Agilent). MSD ChemStation software
was used to calculate the content of the serum profile of fatty
acids in the samples.

Food and nutrient calculations

Nutrient datas were from Chinese Food Composition Tables
(sixth edition)(24). The correct match between the reported food
intakes to the Chinese FoodComposition Tableswas determined
by two researchers with a background in nutrition. Double data
entry was done by two different researchers, and the two data
sets were then cross-checked for accuracy by a third researcher.

Nutrient intake was determined by multiplying the amount of
each food consumed (in g) and the nutrient content/100 g of
food. The estimated nutrient intake per day was summed to
obtain the total daily nutrient intake. For nutrient intake estima-
tion from FFQ, we first calculated the amount of each food in the
food group based on data from the 8-d WDRs and defined the
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median value of each food as the portion size of each food. We
then converted the frequency of food intake in the FFQ to the
number of times it was consumed per day and calculated the
average daily food intake by multiplying the portion size and
average consumption by the frequency of intake. Afterwards,
a custom Excel-based macro was used to calculate energy con-
tent and nutrient composition from each foodmultiplied by each
food intake and extrapolated for day. All the calculations were
processed by self-programmed Excel Macros.

Statistical analysis

In the study, we collected information from FFQ at the same time
as the complication of WDR (WDR1 v. FFQ1, WDR2 v. FFQ2 and
WDR4 v. FFQ3). The number of people lost to follow-up was
large due to poor compliance during follow-up, which may also
have affected the sample size. Therefore, FFQ1 and FFQ2
(3-month interval) were selected to assess the reproducibility
of the FFQ. In addition, the FFQ was validated by referring to
the 8-dWDRs (WDR1 andWDR2). To eliminate the effect of sea-
sonality on the results andmake the results more convincing, we
conducted sensitivity analyses.

We calculated the median and interquartile range for
nutrients and food groups based on the FFQ and WDR.
Differences between methods were tested by the Wilcoxon
signed-rank test.

Reproducibility of FFQ. To determine the reproducibility of the
FFQ, Spearman correlation coefficients (SCC) and intraclass cor-
relation coefficients (ICC) were calculated with crude and
energy-adjusted values for the main food items and groups/
nutrients. The main food items and groups/nutrients were clas-
sified into quartiles, and cross-classification was performed into
exact, exactþ adjacent and extreme quartiles. Weighted κ statis-
tics (κw) were calculated to assess the agreement of both meth-
ods. κw> 0·60 indicated good agreement, κw= 0·41–0·60
indicated moderate agreement, κw = 0·21–0·40 indicated fair
agreement and κw ≤ 0·20 indicated poor agreement(25).
Energy-adjusted intake was calculated by adding the mean
nutrient intake to the residual that was derived from the regres-
sion analysis(26).

We conducted subgroup analyses according to the character-
istics of the participants (sex, age and education) and seasonal-
ity. In addition, we performed a sensitivity analysis of
participants who completed the FFQ1 and FFQ3 (at a time inter-
val of 12 months) to assess the reproducibility of the FFQ using
the SCC and ICC.

Validity of FFQ. The average of the two FFQ (FFQ1 and FFQ2)
was used in all analyses because the FFQ that was completed
before the food records prevented the participants’ recording
from being altered by their greater awareness. However, com-
paring the food records with the first FFQ (FFQ1) may under-
estimate validity because the FFQ asks about past intake(7).
Therefore, the use of the mean FFQ value before and after the
WDR allowed the minimal and maximal estimation of true val-
idity(7). The following statistical methods were used for the
FFQ validation study.

First, the relative validity of the FFQ was obtained by calcu-
lating crude, energy-adjusted and de-attenuated SCC. Energy-
adjusted intake was calculated by adding the mean nutrient
intake to the residual that was derived from the regression analy-
sis(26). De-attenuated correlation coefficients(27) were calculated
to remove within-person variability using the following formula:

rt ¼ r0
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ r=n

p
, where rt is the true correlation, r0 is the

observed correlation, r is the ratio of within- and between-
person variances and n is the number of WDR (n = 8).

Second, cross-classification was used to estimate the consis-
tency of the FFQ and WDR. All of the participants were divided
into quartiles according to their intake of crude and energy-
adjusted main food items and groups/nutrients. We then calcu-
lated the percentage of agreement between the two methods
and analysed cross-classification into exact, exact þ adjacent
and extreme quartiles. The weighted κ statistic was calculated
to assess agreement between both methods.

Third, Bland–Altman analyses were used to assess agreement
between the FFQ andWDR for the main food items and groups/
nutrients. This analysis was used to evaluate agreement between
two different measurements to determine the precision of one
method relative to a reference method(28). For the scatter plots,
the 95 % limit of agreement (LOA) was calculated as the mean
difference ± 1·96 standard deviation (SD).

Fourth, validation coefficients (VC) were calculated among
the three studied variables (FFQ, WDR and biomarkers) from
the nutrient consumption correlation coefficients between the
estimated dietary and serum level methods, as proposed by
the triad method(29). VC were divided into three categories: high
(> 0·6), moderate (0·2–0·6) and low (< 0·2)(29). Bootstrap sam-
pling was used to determine the 95 % CI for VC(30). A total of
1000 bootstrap samples (n= 112) of the same sizewere obtained
by random sampling and replaced as research objects. We
assessed the VC of FFQ1 because FFQ1 and blood were col-
lected at the same time.

We conducted subgroup analyses according to the character-
istics of the participants (sex, age and education) and seasonal-
ity. In addition, we performed a sensitivity analysis restricted to
participants who collected 16-d WDRs to assess the validity of
the FFQ using SCC.

Results

Studied population

The general characteristics of the study population are presented
in Table 1. For the reproducibility study, themean age of the par-
ticipants was 31·50 years, thirty-two participants (25·8 %) were
men and 105 participants (80·2 %) had an education level above
college. The mean BMI of the participants was 22·66 kg/m2, and
forty-six (35·1 %) participants were obese or overweight (> 24
kg/m2). For the validation study, themean age of the participants
was 31·05 years, thirty-six participants (28·8 %) were men and
101 participants (80·8 %) had an education level above college.
The mean BMI was 22·58 kg/m2, and forty-two (33·6 %) partic-
ipants were obese or overweight (> 24 kg/m2). The proportion
of frequent supplement users in this population ranged from 0·8
% to 4·8 % (online Supplementary Table S1).
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Reproducibility of the FFQ

Reproducibility of nutrient intake. As shown in Table 2, we
found that thirteen out of thirty-five selected nutrients were sig-
nificantly different between FFQ1 and FFQ2. In addition, we
found that SCC for energy and all nutrients were above 0·40.
The crude and energy-adjusted SCC between FFQ1 and FFQ2
for reproducibility ranged from 0·51 in PUFA to 0·74 in fibre
(median= 0·63) and from 0·41 in thiamine to 0·69 in fibre
(median= 0·53), respectively. The crude and energy-adjusted
ICC ranged from 0·17 in retinol to 0·67 in fibre and insoluble fibre
(median= 0·62) and from 0·18 in retinol to 0·68 in Mn (median
= 0·53), respectively. The crude valueswere greater than 0·50 for
all nutrients except vitamin A (ICC= 0·23), retinol (ICC= 0·17),
DHA (ICC= 0·46) and β-carotene (ICC= 0·46). The weighted κ
values ranged from 0·26 for retinol to 0·53 for folate (median
= 0·38), indicating fair or moderate agreement.

When the nutrient intake was categorised into quartiles
(online Supplementary Table S2), the agreement rates for the
same or adjacent quartile classifications ranged from 76·15 %
(MUFA) to 91·60 % (α-carotene). After energy adjustment, the
range was from 73·64 % (protein) to 90·84 % (insoluble fibre).
The crude and energy-adjusted nutrients into opposite quartiles
ranged from 0 % (energy, insoluble fibre, SFA, DHA, DPA,

vitamin A, α-carotene, retinol, vitamin E, Fe, Se, Mn) to 3·85 %
(PUFA) and from 0 % (Cu) to 7·75 % (niacin), respectively.

We also conducted subgroup analyses according to sex, age
and education level (online Supplementary Table S3) and found
that 76·5 % (26/34), 52·9 % (18/34) and 38·2 % (13/34) of
nutrients for energy-adjusted correlations were higher in males
than in females, in older participants than in younger participants
and in well-educated participants than in less educated partici-
pants, respectively.

In addition, we conducted subgroup analyses according to
season (online Supplementary Table S4). The energy-adjusted
correlation between FFQ1 and FFQ2 was from 0·20 to 0·77
(median= 0·64) for spring, from 0·33 to 0·78 (median= 0·50)
for summer, from 0·20 to 0·77 (median= 0·64) for autumn and
from 0·33 to 0·78 (median= 0·47) for winter.

As shown in online Supplementary Table S4, we conducted
sensitivity analysis to assess the reproducibility of the FFQ (FFQ1
and FFQ3) at 12-month intervals (n= 50). The crude and energy-
adjusted SCC ranged from 0·52 to 0·79 (median= 0·68) and from
0·38 to 0·71 (median= 0·54), respectively. The ranges of crude
and energy-adjusted ICC were from 0·19 to 0·76 (median
= 0·635) and from 0·15 to 0·66 (median= 0·40), respectively.

Reproducibility of main food items and groups intake. We
calculated the intake of food items and groups and assessed
the reproducibility of the FFQ. The assessed food items and
groups are presented in online Supplementary Table S5. The
reproducibility of the FFQ for the main food items and group
intake is presented in Table 3. SCCs between FFQ1 and FFQ2
for themain food items and group intakewere above 0·50 except
for red meat (SCC= 0·44). The crude and energy-adjusted SCCs
between FFQ1 and FFQ2 ranged from 0·44 in red meat to 0·85 in
coffee (median= 0·67) and from 0·37 in nuts to 0·73 in poultry
(median= 0·59), respectively. The ICCs for the main food items
and group intake were above 0·50 except for red meat
(ICC= 0·36), offal (ICC= 0·31), tubers (ICC = 0·31) and alcohol
(ICC= 0·37). The crude and energy-adjusted ICC ranged from
0·31 in offal to 0·86 in tea and coffee (median= 0·61) and from
0·33 in offal to 0·86 in tea (median= 0·60). Weighted κ values
ranged from 0·24 in nuts to 0·56 in poultry (median= 0·43).

As shown in online Supplementary Table S6, the percentage
of participants whowere classified into the same or adjacent and
extreme quartile by the FFQ and WDR ranged from 79·85 % to
92·25 % (median= 85·38 %) and from 0% to 11·63 % (median
= 1·55 %), respectively. After energy adjustment, the same or
adjacent and extreme quartiles ranged from 75·97 % to
93·80 % (median= 85·27 %) and from 0 % to 8·53 % (median
= 3·08 %), respectively.

As shown in online Supplementary Table S7, we conducted
subgroup analyses of the main food items and group intake
according to sex, age and education level. The energy-adjusted
correlation coefficients were higher among males than females
for 63·2 % (12/19) of the main food items and groups, among
the low-age group than the old-age group for 63·2 % (12/19)
of the main food items and groups, and among participants with
a high education level than a low level for 52·6 % (10/19) of the
main food items and groups.

Table 1. The characteristics of participants in the reproducibility and
validation studies
(numbers and percentages; mean values and standard deviations)

Characteristics

Reproducibility
study

Validation
study Triad method

n % n % n %

No. of participants 131 125 112
Mean SD Mean SD Mean SD

Mean age (year)
Mean 31·50 31·05 29·01
SD 13·0 12·8 11·0

Age groups (year)
< 50

Mean 106 103 94
SD 80·9 82·4 83·9

≥50
Mean 25 22 18
SD 19·1 17·6 16·1

Mean BMI (kg/m2)
Mean 22·66 22·58 22·35
SD 3·6 3·6 3·8

BMI (kg/m2)
< 18·5 11 8·4 11 8·8 11 9·8
18·5–24 74 56·5 72 57·6 69 61·6
> 24 46 35·1 42 33·6 32 28·6

Sex
Male 36 27·5 36 28·8 30 26·8
Female 95 72·5 89 71·2 82 73·2

Education
Middle school or below 26 19·9 24 19·2 15 13·4
College or higher 105 80·1 101 80·8 97 86·6

Annual income (RMB)
< 100 000 47 35·9 47 37·6 41 36·6
≥ 100 000 84 64·1 78 62·4 71 63·4

Current smoker 8 6·1 8 6·4 4 3·6
Current drinkers 12 9·2 11 8·8 7 6·3

BMI = weight (kg)/height (m)2.
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We conducted subgroup analyses of the main food items
and group intake according to season (online Supplementary
Table S8) and found that the energy-adjusted SCC ranged from
0·32 to 0·80 (median = 0·63) for spring, from 0·26 to 0·81
(median =0·53) for summer, from 0·34 to 0·80 (median = 0·63)
for autumn and from 0·40 to 0·81 (median = 0·54) for winter.
The sensitivity analysis (online Supplementary Table S8)
showed that the ranges of crude and energy-adjusted SCC for
FFQ reproducibility with 12-month intervals were 0·34–0·76
(median = 0·66) and 0·17–0·69 (median = 0·53), respectively.
The crude and energy-adjusted ICC values ranged from 0·23
to 0·80 (median = 0·56) and from 0·18 to 0·81 (median = 0·48),
respectively.

Validity of the FFQ

Validity of nutrient intake. The results of the validity of the
FFQ for energy and nutrient intake are presented in Table 4.
We found that nineteen out of the thirty-five selected nutrients

were significantly different between FFQ and WDR. Although
32·4 % (11/34) of the energy-adjusted SCC (0·27–0·56) were
lower than the crude coefficients (0·26–0·57), de-attenuation
slightly improved the SCC for most variables. The energy-
adjusted and de-attenuated SCC ranged from 0·28 in α-carotene
to 0·56 in P (median= 0·39), and the values of all the nutrients
were above 0·30 except for cholesterol (SCC= 0·28), α-carotene
(SCC= 0·28) and Ca (SCC= 0·29). Weighted κ values ranged
from 0·14 to 0·37 (median= 0·28), and all values were above
0·20 except for fibre (κw = 0·15), insoluble fibre (κw= 0·14), cho-
lesterol (κw = 0·17) and Se (κw= 0·18).

For the classification into quartiles (online Supplementary
Table S9), the proportion of participants whowere classified into
the same or adjacent and extreme quartiles by the FFQ andWDR
ranged from 68·42 % for insoluble fibre to 83·06 % for vitamin E
(median =77·42 %) and from 0 % for P to 9·77 % for insoluble
fibre (median= 4·27 %), respectively.

The results of the Bland–Altman analyses are shown in online
Supplementary Table S10. Less than 9 % of the participants were

Table 2. Reproducibility of FFQ for energy and nutrients intake
(median values and percentiles)

Nutrients

FFQ1 FFQ2

P†

SCC ICC

κwMedian 25th–75th Median 25th–75th Crude Adjusted‡ Crude Adjusted‡

Energy (kcal) 1521·65 1185·73–1973·95 1393·87 1107·55–1803·76 < 0·01 0·60* 0·62 0·43
Protein (g) 67·86 49·91–87·07 62·82 49·54–84·52 0·17 0·58* 0·64* 0·53 0·59 0·27
Fat (g) 42·91 34·22–57·37 40·64 31·89–52·12 0·05 0·59* 0·56* 0·63 0·58 0·35
Carbohydrate (g) 221·7 180·61–284·89 207·82 155·34–262·13 < 0·01 0·65* 0·58* 0·62 0·53 0·36
Fibre (g) 22·13 15·71–28·30 18·85 13·11–27·07 0·02 0·74* 0·69* 0·67 0·63 0·49
Soluble fibre (g) 10·33 7·71–13·59 9·59 5·96–12·79 0·02 0·71* 0·63* 0·67 0·64 0·33
Insoluble fibre (g) 11·41 7·63–14·96 9·62 6·78–14·58 0·02 0·62* 0·50* 0·63 0·56 0·48
Cholesterol (mg) 138·93 104·69–181·49 124·26 90·65–174·39 0·03 0·61* 0·53* 0·57 0·50 0·37
SFA (g) 12·07 9·11–17·11 11·22 8·79–14·47 < 0·01 0·62* 0·48* 0·61 0·47 0·40
MUFA (g) 12·61 9·88–18·08 11·66 8·92–14·94 < 0·01 0·56* 0·48* 0·63 0·49 0·31
PUFA (g) 5·87 4·36–8·02 5·63 4·18–7·71 0·42 0·51* 0·46* 0·58 0·50 0·28
ALA (g) 0·65 0·49–0·89 0·63 0·43–0·88 0·24 0·56* 0·54* 0·54 0·50 0·38
EPA (mg) 13·08 5·90–34·25 10·25 2·60–33·30 0·10 0·72* 0·63* 0·50 0·49 0·37
DHA (mg) 28·05 12·94–43·28 17·22 9·65–41·33 0·02 0·57* 0·50* 0·46 0·45 0·49
DPA (mg) 2·77 1·20–5·55 2·08 0·59–5·49 0·24 0·70* 0·66* 0·54 0·53 0·49
Vitamin A (μg) 442·38 259·75–690·10 420·96 260·58–657·81 0·77 0·72* 0·44* 0·23 0·21 0·31
Carotene (μg) 1760·26 1120·63–2448·53 1593·78 955·02–2319·34 0·02 0·63* 0·51* 0·57 0·50 0·37
α-Carotene (μg) 120·62 61·04–237·42 94·04 55·66, 268·02 0·53 0·73* 0·58* 0·59 0·54 0·44
β-Carotene (μg) 992·25 654·53–1460·39 913·87 539·56–1429·88 0·12 0·57* 0·48* 0·46 0·42 0·32
Retinol (μg) 181·37 102·98–457·25 182·00 103·06–455·77 0·70 0·69* 0·44* 0·17 0·18 0·36
Thiamine (mg) 0·55 0·44–0·70 0·51 0·38–0·68 0·02 0·61* 0·41* 0·59 0·40 0·29
Riboflavin (mg) 0·91 0·72–1·19 0·85 0·65–1·19 0·36 0·69* 0·47* 0·63 0·50 0·36
Niacin (mg) 15·1 11·71–17·91 13·06 9·89–16·70 < 0·001 0·64* 0·69* 0·65 0·65 0·53
Folate (μg) 197·25 143·84–272·49 183·20 127·75–263·72 0·18 0·61* 0·60* 0·57 0·57 0·36
Vitamin C (mg) 84·78 56·55–125·00 82·37 52·59–121·40 0·07 0·67* 0·50* 0·55 0·47 0·31
Vitamin E (mg) 13·79 9·47–19·33 12·58 8·32–18·82 0·20 0·61* 0·51* 0·58 0·52 0·26
Ca (mg) 444·58 337·43–628·34 449·59 315·88–622·84 0·72 0·63* 0·43* 0·53 0·42 0·42
P (mg) 950·45 729·44–1175·17 880·68 695·54–1138·23 0·09 0·63* 0·61* 0·64 0·56 0·41
K (mg) 1815·78 1378·85–2359·57 1620·61 1224·82–2351·98 0·04 0·67* 0·51* 0·63 0·48 0·48
Mg (mg) 261·30 194·21–332·67 247·11 178·75–329·02 0·13 0·68* 0·63* 0·65 0·66 0·42
Fe (mg) 19·30 14·41–24·33 17·18 12·74–22·88 0·06 0·63* 0·55* 0·60 0·59 0·42
Zn (mg) 9·26 7·43–11·09 8·06 6·20–10·42 < 0·01 0·57* 0·61* 0·59 0·56 0·41
Se (mg) 34·68 23·86–43·93 31·39 22·75–41·45 0·05 0·68* 0·55* 0·65 0·61 0·43
Cu (mg) 2·03 1·46–2·99 2·04 1·25–2·74 0·54 0·64* 0·61* 0·66 0·67 0·40
Mn (mg) 3·96 2·95–5·24 3·71 2·76–5·00 0·12 0·65* 0·62* 0·66 0·68 0·43

FFQ1, first FFQ administration; FFQ2, second FFQ administration; 25th–75th, 25th–75th percentile; SCC, Spearman correlation coefficient; ICC, intraclass correlation coefficient;
ALA, α-linolenic acid; κw, weighted κ.
* P< 0·05.
† P values were derived from the Wilcoxon signed-rank test.
‡ Energy-adjusted intakes by the residual method.
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outside the 95 % LOA for crude and energy-adjusted nutrients.
The percentage of participants with values outside the 95 %
LOA for crude and energy-adjusted nutrients ranged from
1·61 % (cholesterol) to 7·26 % (Fe) and from 2·42 % (protein)
to 8·73 % (Se), respectively. To illustrate the LOA between the
two methods, Bland–Altman scatter plots were generated for
daily energy, protein (energy-adjusted), fat (energy-adjusted)
and carbohydrate (energy-adjusted) intake (Fig. 2).

We conducted subgroup analyses according to sex, age and
education level (online Supplementary Table S11). For energy-
adjusted SCC of thirty-four nutrients, we found that males had
higher values than females for eighteen nutrients, younger par-
ticipants had higher values than older participants for twenty-
three nutrients and participants with higher education levels
had higher correlation coefficients than lower education for four-
teen nutrients.

As shown in online Supplementary Table S12, the ranges of
energy-adjusted SCC were 0·13–0·54 (median= 0·30) for spring,
0·15–0·69 (median= 0·37) for summer, 0·09–0·71 (median
= 0·33) for autumn and 0·14–0·62 (median= 0·38) for winter.
For sensitivity analysis, we found that the crude and energy-
adjusted SCCs between FFQ (mean of FFQ1 and FFQ3) and
WDR (mean of 16-d WDR) ranged from 0·13 to 0·62 (median
= 0·335) and from 0·13 to 0·51 (median= 0·13), respectively.

Validity of main food item and group intake. As shown in
Table 5, the crude and energy-adjusted SCC between the FFQ
and WDR ranged from 0·26 in tubers to 0·70 in tea (median
= 0·52) and from 0·10 in offal to 0·65 in legumes and soya prod-
ucts (median= 0·46), respectively. De-attenuation slightly
improved SCC for most variables. The de-attenuation values
ranged from 0·26 to 0·71 (median=0·52), and all the values were

above 0·30 except for tubers (SCC= 0·26). Agreement between
the FFQ and WDR was fair or moderate (κw> 0·20) for the main
food items and group intake except for fresh fruit (κw= 0·15),
offal (κw= 0·19) and tubers (κw = 0·18).

As shown in online Supplementary Table S13, after energy
adjustment, the ranges of agreement rates for the same or adja-
cent and extreme quartile classifications were 65·32 %–86·29 %
(median= 78·23 %) and 0 %–12·90 % (median= 12·90 %),
respectively, when themain food items and groupswere derived
from the FFQ and WDR. As shown in online Supplementary
Table S14, the Bland–Altman analyses indicated that a few par-
ticipants (< 9 %) fell outside the 95 % LOA. The percentage of
subjects with values outside the 95 % LOA for crude and
energy-adjusted main food items and groups ranged from
3·20 % (eggs) to 8·87 % (sugar drink) and from 2·40 % (eggs)
to 8·06 % (sugar drink), respectively.

The validity coefficients between the FFQ andWDR, grouped
by sex, age and education level, are shown in online
Supplementary Table S15. We found that the energy-adjusted
SCCs of the main food groups were higher for 31·6 % (6 of 19)
of males, 42·1 % (11 of 19) of older participants and 57·9 %
(10 of 19) of participants with a high level of education.

As shown in online Supplementary Table S16, we conducted
subgroup analysis according to season and found that the
energy-adjusted correlations ranged from 0·03 to 0·74 (median
= 0·37) for spring, from 0·06 to 0·74 (median= 0·40) for summer,
from 0·14 to 0·53 (median= 0·31) for autumn and from 0·15 to
0·69 (median= 0·36) for winter. For sensitivity analysis, we
found that the crude and energy-adjusted SCC between FFQ
(mean of FFQ1 and FFQ4) and WDR (mean of 16-d WDR)
ranged from 0·18 to 0·77 (median= 0·47) and from 0·12 to
0·66 (median= 0·41), respectively.

Table 3. Reproducibility of FFQ for main food item and food groups intake
(median values and percentiles)

Main food items and food groups (g)

FFQ1 FFQ2

P†

SCC ICC

κwMedian 25th–75th Median 25th–75th Crude Adjusted‡ Crude Adjusted‡

Cereals 550·35 405·50–701·29 492 342·71–669·06 < 0·01 0·63* 0·56* 0·61 0·56 0·43
Milks and dairy products 107·1 42·14–175·74 107·1 43·36–182·07 0·24 0·71* 0·58* 0·55 0·53 0·40
Poultry 28·56 8·58–57·12 28·56 8·58–42·84 0·39 0·78* 0·73* 0·78 0·73 0·56
Red meat 51·42 30–63·68 42·84 26·34–57·12 < 0·001 0·44* 0·43* 0·36 0·37 0·27
Offal 0 0–5·72 0 0–3·28 0·06 0·70* 0·54* 0·31 0·33 0·43
Processed meat 2·46 0–5·74 2·46 0–4·92 0·07 0·66* 0·64* 0·63 0·60 0·43
Eggs 35·7 17·85–53·55 35·7 14·30–54·10 0·18 0·66* 0·53* 0·63 0·54 0·36
Fish and shellfish 18·86 9·84–25·83 18·86 11·48–29·84 0·43 0·68* 0·62* 0·60 0·60 0·45
Fresh vegetables 186·4 135·92–283·57 169·98 107·83–243·69 < 0·01 0·67* 0·61* 0·60 0·57 0·48
Tubers 35·00 24·99–58·59 30·73 19·68–54·85 < 0·01 0·57* 0·49* 0·45 0·44 0·34
Legumes and soya products 80·07 40·77–140·69 64·78 39·17–124·48 0·17 0·61* 0·59* 0·58 0·60 0·43
Pickle food 5·99 2·46–10·76 5·58 1·31–11·04 0·14 0·74* 0·66* 0·62 0·60 0·52
Fresh fruit 175·08 117·46–262·30 169·9 101·65–263·70 0·80 0·51* 0·39* 0·50 0·40 0·25
Snacks/desserts 19·04 9·63–33·16 21·99 8·20–41·40 0·50 0·68* 0·61* 0·72 0·64 0·43
Nuts 3·69 1·64–7·14 4·1 1·64–8·23 0·80 0·62* 0·37* 0·73 0·65 0·24
Tea 0 0–38·25 0 0–38·25 0·77 0·79* 0·64* 0·86 0·86 0·51
Coffee 0 0–17·75 0 0–17·75 0·29 0·85* 0·69* 0·86 0·85 0·50
Sugar drink 8·88 0–47·19 17·75 0–47·19 0·67 0·81* 0·61* 0·69 0·66 0·49
Alcohol 0 0–42·60 0 0–0 0·18 0·62* 0·48* 0·37 0·35 0·42

FFQ1, first FFQ administration; FFQ2, second FFQ administration; 25th–75th, 25th–75th percentile; SCC, Spearman correlation coefficient; ICC, intraclass correlation coefficient;
κw, weighted κ.
* P< 0·05.
† P values were derived from the Wilcoxon signed-rank test.
‡ Energy-adjusted intakes by the residual method.
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Validation study by the triad method. As shown in online
Supplementary Table S17, SCC between nutrients determined
by the FFQ and serum biomarkers ranged from −0·10 (vitamin
E) to 0·20 (Mg). The correlation coefficients were poor and
non-significant except for Mg (SCC= 0·20), SFA (SCC= 0·14),
MUFA (SCC= 0·13) and PUFA (SCC= 0·11).

As shown in Table 6, the VC of the FFQ ranged from 0·14 (thi-
amine) to 0·70 (SFA). The VCs of the FFQwere considered mod-
erate (≥ 0·30) for all nutrients except for thiamine (VC= 0·14).
The VCs of the FFQ were good (≥ 0·60) for Mg and SFA.
Moreover, we found that the VCs of some nutrients that were
tested could not be estimated because of negative sample corre-
lation coefficients between the three measurements.

Discussion

The present study investigated the reproducibility and validity of
the FFQ for the Northeast Cohort Study of China, which was
designed to capture the usual intake of nutrients andmajor foods
among residents of northeast China. The reproducibility and val-
idity of the FFQ were assessed at both the nutrient and food
group levels. The results showed that the ICCs and SCCs
between the two FFQ (FFQ1 and FFQ2) were above 0·5 for all
nutrients and food groups except for vitamin A, retinol, DHA,
β-carotene, offal, tubers and alcohol. In addition, the correlation
coefficients between the FFQ and WDR were roughly between
0·3 and 0·7 for the nutrients and food groups, with the exception
of cholesterol, Ca, α-carotene, offal and tubers. In addition, the

Table 4. Relative validity of the FFQ for energy and nutrients intake
(median values and percentiles)

Nutrients

FFQ WDR

P†

SCC

κwMedian 25th–75th Median 25th–75th Crude Adjusted‡
De-attenu-

ated
Adjusted‡ and De-attenu-

ated

Energy (kcal) 1517·72 1192·32–1849·06 1541·65 1280·77–1743·94 0·49 0·53* 0·53* 0·34
Protein (g) 69·04 52·71–85·96 78·79 59·15–96·79 < 0·01 0·41* 0·39* 0·42* 0·40* 0·28
Fat (g) 42·86 33·83–53·56 48·62 37·63–60·68 < 0·001 0·48* 0·34* 0·48* 0·35* 0·34
Carbohydrate

(g)
221·17 169·86–274·01 201·21 170·89–240·91 < 0·01 0·47* 0·37* 0·48* 0·38* 0·28

Fibre (g) 21·89 15·07–26·75 18·51 13·52–23·36 < 0·01 0·30* 0·42* 0·30* 0·42* 0·15
Soluble fibre

(g)
10·48 7·17–13·29 8·30 5·60–10·72 < 0·01 0·29* 0·37* 0·29* 0·37* 0·25

Insoluble fibre
(g)

10·81 7·29–14·59 10·29 7·26–13·01 0·25 0·27* 0·41* 0·31* 0·39* 0·14

Cholesterol
(mg)

138·43 105·31–180·82 242·19 139·02–335·07 < 0·001 0·29* 0·26* 0·30* 0·28* 0·17

SFA (g) 11·47 9·29–15·47 11·94 8·53–16·43 0·84 0·45* 0·41* 0·45* 0·41* 0·20
MUFA (g) 12·11 10·09–15·96 12·72 9·69–18·16 0·07 0·46* 0·31* 0·46* 0·31* 0·28
PUFA (g) 5·95 4·71–7·53 6·07 4·85–9·10 0·23 0·49* 0·34* 0·49* 0·34* 0·33
ALA (g) 0·65 0·50–0·88 0·74 0·57–1·01 0·01 0·56* 0·43* 0·56* 0·43* 0·30
EPA (mg) 15·83 6·46–31·66 3·09 0·57–1·01 < 0·01 0·47* 0·41* 0·48* 0·42* 0·23
DHA (mg) 25·16 14·19–39·70 23·20 0·14–23·21 0·20 0·50* 0·46* 0·51* 0·46* 0·30
DPA (mg) 2·76 1·36–5·28 1·63 11·40–41·49 0·04 0·52* 0·47* 0·52* 0·47* 0·27
Vitamin A (μg) 422·04 258·57–679·30 405·24 299·32–563·61 0·93 0·37* 0·34* 0·37* 0·35* 0·23
Carotene (μg) 1812·21 1175·66–2345·51 1657·44 979·78–2375·84 0·12 0·36* 0·37* 0·36* 0·38* 0·24
α-Carotene

(μg)
120·54 64·45–272·57 111·93 47·70–235·78 0·63 0·44* 0·28* 0·44* 0·28* 0·24

β-Carotene
(μg)

1001·49 698·22–1431·31 661·39 333·37–1522·95 0·03 0·37* 0·38* 0·37* 0·39* 0·21

Retinol (μg) 244·19 116·57–434·56 157·21 104·28–240·26 < 0·001 0·45* 0·31* 0·45* 0·31* 0·24
Thiamine (mg) 0·56 0·42–0·69 0·58 0·47–0·74 < 0·01 0·48* 0·33* 0·48* 0·34* 0·32
Riboflavin (mg) 0·91 0·67–1·15 0·95 0·76–1·23 < 0·01 0·51* 0·42* 0·51* 0·43* 0·33
Niacin (mg) 14·41 11·39–17·91 15·40 12·00–19·60 0·02 0·55* 0·53* 0·55* 0·54* 0·32
Folate (μg) 204·03 145·81–258·70 202·11 142·01–248·60 0·53 0·41* 0·38* 0·41* 0·38* 0·26
Vitamin C (mg) 87·06 59·70–116·88 76·83 53·52–100·56 < 0·001 0·37* 0·43* 0·37* 0·44* 0·34
Vitamin E (mg) 13·73 10·78–19·77 13·24 9·84–19·42 0·34 0·51* 0·53* 0·51* 0·53* 0·23
Ca (mg) 445·11 331·39–630·14 456·09 353·33–596·19 0·34 0·34* 0·29* 0·34* 0·29* 0·33
P (mg) 932·99 714·70–1185·18 977·88 784·12–1189·45 0·04 0·51* 0·55* 0·51* 0·56* 0·33
K (mg) 1829·79 1355·17–2358·28 1792·63 1454·43–2316·45 0·43 0·44* 0·38* 0·44* 0·38* 0·32
Mg (mg) 265·82 191·68–328·98 250·97 208·18–307·63 0·35 0·44* 0·42* 0·44* 0·42* 0·28
Fe (mg) 18·86 13·91–22·92 18·34 14·73–22·98 0·92 0·46* 0·39* 0·46* 0·39* 0·37
Zn (mg) 8·7 7·17–10·99 9·50 7·56–11·84 < 0·01 0·52* 0·48* 0·52* 0·49* 0·18
Se (mg) 33·87 24·26–44·45 41·50 31·97–53·05 < 0·001 0·32* 0·35* 0·33* 0·38* 0·34
Cu (mg) 2·14 1·57–3·03 2·18 1·61–2·95 0·36 0·54* 0·54* 0·54* 0·54* 0·30
Mn (mg) 3·98 3·19–4·9 3·22 2·68–4·07 < 0·001 0·47* 0·48* 0·48* 0·49* 0·34

FFQ, mean of FFQ1 and FFQ2; WDR, weighed diet record; 25th–75th, 25th–75th percentile; SCC, Spearman correlation coefficient; ALA, α-linolenic acid; κw, weighted κ.
* P< 0·05.
† P values were derived from Wilcoxon signed-rank test.
‡ Energy-adjusted intakes by the residual method.
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VCs of the FFQ were above 0·3 for most nutrients, indicating
moderate or high levels. Generally, the reproducibility and val-
idity of the FFQ were acceptable.

Reproducibility study

In the present study, the differences between dietary intake from
two FFQs were found to be significant for many nutrients and
food groups, which was similar to the other studies(12,31,32).
The reproducibility of FFQ has tended to depend on correlation
analysis of nutrients and/or foods measured, with SCC and ICC
roughly above 0·5, which indicated that the FFQ presented
acceptable reproducibility to assess the dietary intake of partic-
ipants(33). However, we found that the ICCs of vitamin A, retinol,
DHA and β-carotene were relatively low. The reason is that the
food sources of some nutrients are seasonal foods (e.g. DHA
comes from fish and seafood; β-carotene comes from vegeta-
bles) or less common foods that change with a high frequency
(e.g. retinol and vitamin A come from offal)(34). The intraindivid-
ual differences in the intake of these food groups may account
for the low ICC. For themain food groups, the highest correlation
coefficients were found for most food groups more frequently
consumed (e.g. cereals, milks and dairy products and poultry)

and habitual consumption of food or drink (e.g. tea, coffee
and sugar drink). The low ICC value of alcohol may be due to
that alcohol intake levels are relatively low in our study.
Alcohol consumption is primarily driven by socially oriented
motivations (e.g. attending a social event with friends who have
alcohol), which may indicate differences in alcohol intake
between the two FFQ sets at different times.

Compared with other studies in other areas of
China(11,12,31,32,35,36), in which correlation coefficients generally
ranged from 0·25 to 0·86 for nutrients and from 0·23 to 0·65
for main food groups, the correlation coefficients in the present
study were similar or slightly higher. The time between admin-
istering the FFQ1 and FFQ2 were 6 months(31), 9 months(36) and
12 months(11,12,32,35) in these previous studies, whereas the inter-
val between FFQ1 and FFQ2 in the present study was 3 months.
One possible explanation for the higher reproducibility correla-
tion in the present studywas the time interval between FFQ1 and
FFQ2(7). The time interval is an important factor that influences
the reproducibility of the FFQ(33). If the interval between two
measurements is short, participants may remember and repeat
their answers from the first questionnaire, which makes the rel-
evance higher and the repeatability of the FFQ overestimated.
Conversely, if the interval is long, the participants’ eating habits
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Fig. 2. Bland–Altman plots assessing the agreement between the FFQ and the 8-d weighed dietary record (WDR) in estimating the intakes of: (a) energy, (b) carbo-
hydrate (energy-adjusted), (c) fat (energy-adjusted) and (d) protein (energy-adjusted) among residents of northeast China. The mean intake of the two methods
((FFQþWDR)/2). The difference in intake between the two methods (FFQ–WDR).
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could change, resulting in lower FFQ reproducibility and conse-
quently underestimation of the reproducibility coefficient. A pre-
vious study mentioned that to avoid changes in diet due to food
seasonality and to analyse long-term trends in diet, an interval of
3 months may be suitable for reproducibility studies(37).
However, reproducibility coefficients in the present study were
lower than the coefficients (0·77–0·94 for food groups, 0·81–0·90
for nutrients) that were reported in the study of adult doctors and
nurses who resided in the Chaoshan area of China, with an inter-
val of 3months between the two FFQs(5). Themain reason for the
disparate results was that the respondents in the previous study
were educated doctors and nurses, and the reproducibility of the
FFQ increased with years of education(38).

Additionally, the results of the cross-classification analyses
were similar to those of other reproducibility studies(9,39–41).
Weighted κ values ranged from 0·21 to 0·60, indicating fair or
moderate agreement, which is consistent with previous

studies(9,41). The results showed that the FFQ had relatively
acceptable reproducibility to assess dietary intake.

In addition,we performed a sensitivity analysis of participants
who completed FFQ1 and FFQ3 (at a time interval of 12 months)
to assess the reproducibility of FFQ. Themain results of the study
were similar to the sensitivity analyses, which indicated that sea-
sonality has little effect on the reproducibility of the FFQ. One
reason may be that our FFQ design takes into account seasonal
food intake. With the development of the economy, our coun-
try’s diet has become more diversified, and ‘off-season’ food
can be found at home formost of the year, whichmay be another
reason(31).

Validity study

Weighed dietary record. The differences between FFQ and
WDR appeared to be significant for absolute intakes of most

Table 5. Relative validity of the FFQ for main food items and food groups intake
(median values and percentiles)

Main food items and food
groups (g)

FFQ WDR

P†

SCC

κwMedian 25th–75th Median 25th–75th Crude Adjusted‡
De-attenu-

ated
Adjusted‡ and
De-attenuated

Cereals 540·64 435·26–676·35 513·6 395·26–644·86 0·05 0·52* 0·53* 0·52* 0·53* 0·33
Milks and dairy products 104·18 57·57–167·63 70·01 22·50–145·31 < 0·001 0·61* 0·62* 0·62* 0·63* 0·37
Poultry 32·13 15·00–42·84 30·5 12·50–63·34 0·06 0·55* 0·46* 0·55* 0·46* 0·39
Red meat 43·23 33·53–57·65 60·72 40·02–100·99 < 0·001 0·42* 0·33* 0·44* 0·35* 0·23
Offal 1·64 0–5·32 0 0–0 0·05 0·33* 0·10 0·33* 0·10 0·19
Processed meat 3·69 1·23–6·59 7·43 0–18·66 < 0·001 0·54* 0·61* 0·56* 0·63* 0·39
Eggs 34·2 18·13–51·78 41·27 20·09–67·13 < 0·01 0·54* 0·39* 0·54* 0·40* 0·39
Fish and shellfish 20·04 11·07–28·83 23·56 3·73–47·86 0·22 0·53* 0·46* 0·53* 0·46* 0·39
Fresh vegetables 183·56 128·07–273·20 188·36 133·67–276·20 0·87 0·45* 0·39* 0·45* 0·39* 0·32
Tubers 37·79 21·32–55·29 32·74 16·00–55·83 0·20 0·26* 0·26* 0·26* 0·26* 0·18
Legumes and soya products 79·35 46·03–129·67 83·34 50·08–123·12 0·56 0·63* 0·65* 0·63* 0·65* 0·41
Pickle food 7·17 2·85–11·30 0 0–4·35 < 0·001 0·30* 0·37* 0·31* 0·38* 0·39
Fresh fruit 179·58 121·39–252·77 108·14 47·18–202·40 < 0·001 0·34* 0·49* 0·36* 0·52* 0·15
Snacks/desserts 20·43 10·91–37·02 11·59 0–30·32 < 0·001 0·47* 0·53* 0·48* 0·55* 0·26
Nuts 4·29 2·15–8·79 2·83 0–11·28 0·63 0·42* 0·30* 0·42* 0·30* 0·31
Tea 8·88 0–63·06 0 0–42·13 0·08 0·70* 0·48* 0·71* 0·48* 0·20
Coffee 0 0–35·75 0 0–0 < 0·001 0·63* 0·43* 0·64* 0·44* 0·30
Sugar drink 20·59 0–56·20 10·83 0–57·34 0·38 0·69* 0·60* 0·69* 0·60* 0·30
Alcohol 0 0–21·30 0 0–0 < 0·001 0·48* 0·41* 0·49* 0·42* 0·43

FFQ, mean of FFQ1 and FFQ2; WDR, 8-d weighed diet records; 25th–75th, 25th–75th percentile; SCC, Spearman correlation coefficient; κw, weighted κ.
* P< 0·05.
† P values were derived from Wilcoxon signed-rank test.
‡ Energy-adjusted intakes by the residual method.

Table 6. Validity coefficients of the FFQ1, the WDR and the biomarker estimated by the method of triads
(coefficients and 95 % confidence intervals)

Nutrients

FFQ1 WDR Biomarker

VCQT 95% CI* Range† VCRT 95% CI* Range† VCMT 95% CI* Range†

Thiamine 0·14 0·05, 0·60 0·02, 0·14 1·73 0·46, 1·00 0·20, 1·00 0·12 0·03, 0·47 0·02, 0·12
Mg 0·60 0·33, 1·00 0·20, 0·60 0·51 0·22, 0·89 0·17, 0·51 0·33 0·11, 0·52 0·17, 0·33
SFA 0·70 0·20, 1·00 0·14, 0·70 0·30 0·08, 0·91 0·06, 0·30 0·19 0·04, 0·51 0·06, 0·19
MUFA 0·38 0·10, 0·85 0·13, 0·38 0·50 0·20, 1·00 0·17, 0·50 0·35 0·09, 0·71 0·13, 0·35
PUFA 0·49 0·13, 1·00 0·11, 0·49 0·37 0·08, 1·00 0·08, 0·37 0·23 0·03, 0·63 0·08, 0·23

FFQ1, first FFQ administration; WDR, 8-d weighed diet records; VCQT, validity coefficients of FFQ; VCRT, validity coefficients of biomarker; VCMT, validity coefficients of weighed diet
record.
* Values> 1 were all set to 1·00.
† The correlation coefficient between the FFQ and the biomarker was the lower limit and the validity coefficient calculated by the method of triads was the upper limit.
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nutrients. Although similar results were reported by
others(12,30,31), correlation coefficients have been widely used
in FFQ validation studies. The correlations were found to be
above 0·3 for most nutrients in the present study, which indi-
cated that the FFQwas acceptable for assessing dietary intake(42).
However, the validity coefficients of the FFQ for cholesterol, Ca,
α-carotene, offal and tubers were relatively low; thus, it is not
accurate in determining the magnitude of intake for these
nutrients and food groups. The FFQ required participants to
report their average diet consumed over the past year, while
the WDR measured food eaten over a 4-d period; therefore, a
few infrequently eaten foods have low validity (e.g. offal). In
addition, a single food item in the FFQ includes different varieties
of a particular food (e.g. redmeat), which resulted in participants
not being able to accurately assess FFQ dietary intake.

Compared with results from other studies in China(10,12,31,36),
validity coefficients of the FFQ in the present study were similar
or slightly lower. The reason for this difference could be that 24-h
recall was used as the reference method to verify the validity of
the FFQ in these previous studies(10,12,31,36), whereas the present
study used WDR as the reference method, and its bias was inde-
pendent of the FFQ(6). The FFQ and 24-h recall have similar
sources of error, such as their reliance on memory and percep-
tion of portion sizes. However, WDR and the FFQ have different
sources of error(43,44), likely leading to fewer correlated errors
with the FFQ, which may indicate the relatively low validity of
our FFQ.

Additionally, compared with previous validation studies that
were conducted in other countries, such as New Zealand (0·24–
0·74 for nutrients)(20), Japan (0·08–0·94 for nutrients; 0·10–0·98
for food groups) and the USA (0·36–0·77 for nutrients)(45), the
validity correlation coefficients in the present study were slightly
lower. Since China countries have totally different dietary habits
from Western countries, it is difficult to evaluate portion size
accuracy due to diet complexities, whichmay affect the accuracy
of food portion size intake estimations in dietary assessments.
Compared with other studies in the Chaoshan area of
China(13), the VCs (0·31–0·53 for nutrients and 0·12–0·58 for food
groups) were lower than those in the present study. Compared
with the 3-dWDR used as the referencemethod for assessing the
validity of the FFQ in Chaoshan, the reference method used in
this study – the 4-dWDR – containedmore food groups, possibly
resulting in a relatively high validity coefficient.

Energy adjustment did not improve the correlations for
nutrients and food items in our study. Although energy adjust-
ment increases correlation coefficients when the variability of
nutrient consumption is related to energy intake, the correlation
coefficients decrease when the variability of nutrient consump-
tion depends on systematic errors of overestimation and under-
estimation(7). The lower correlations in the present study may be
explained by an increase in correlated measurement error as a
consequence of controlling for total energy intake. The weak
associations for some food groups may in part be due to the
within-subject variance in the 8-d WDR. The calculation of de-
attenuated correlation coefficients to correct for intraindividual
variability has been used in many studies. Accordingly, de-
attenuated SCC are slightly higher.

In addition, joint classification and the Bland–Altman method
were applied in the present study to assess agreement. The clas-
sification of participants by nutrient intake level is often useful for
comparing disease risk across categories of intake in epidemio-
logical studies. For all nutrients and food groups, the majority of
participants (65·3 %–86·3 %) were correctly classified into the
same or adjacent quartile when comparing the FFQ with the
WDR, which is consistent with previous studies(11,46–48). In addi-
tion, acceptable agreement (κw = 0·20–0·39) was obtained for
most nutrients and food groups, which was consistent with other
studies(48,49). Our results showed that the FFQ is acceptable for
classifying participants’ nutrient intake, which may be useful for
studying diet–disease associations. The Bland–Altman method
was used to obtain further information about the relationship
between the FFQ and the results obtained via the WDR. The
results we observed are similar to those shown in the studies
conducted by other studies(41,50–52), where a small number of
individuals fell outside the recommended limits, confirming an
acceptable level of agreement between both methods.

To avoid possible seasonal and weekday variation, we col-
lected dietary information four times at 3-month intervals, and
WDR had to cover weekdays and weekends. The FFQ were
administered at the same time as the complication of WDR.
The number of people lost to follow-up was large due to poor
compliance during follow-up, which may also have affected
the sample size. Therefore, 8-d WDR (WDR1 and WDR2) were
used to assess the validity of the FFQ. Sensitivity analyses were
performed on participants who collected 16-d WDR (four 4-d
WDR at a 3-month interval) to assess the validity of FFQ, taking
into account seasonality that might influence differences in
reported intake. The results from the sensitivity analysis were
similar to the main results, which indicated that our results were
robust.

Biomarkers. We also used biomarkers as a reference to verify
the validity of the FFQ. Such biomarkers (measurement bias)
provide an objective measure of intake, in which errors are
largely independent of errors that are associated with the FFQ
(recall bias)(5,27). In the present study, SCC (–0·04 to 0·14)
between serum biomarkers and the FFQ were weak and not sta-
tistically significant for most nutrients and were lower than those
between WDR and biomarkers. First, the WDR presents short-
term dietary intake, whereas the FFQ reflects eating habits over
the past year. The low correlation between the levels of serum
water-soluble vitamins (thiamine, riboflavin and vitamin C) may
be due to the short storage time in the blood(53). Second, the cor-
relations for water soluble vitamins and fatty acids were lower
than the results of correlation analysis detected in adipose tis-
sue(54). The different selection of biological samples may have
contributed to the low correlations. Third, some biomarkers
are easily affected by bioavailability and metabolism, leading
to the instability of biomarkers, which may induce a low corre-
lation of Fe(7).

We used the triad method to assess the validity of the FFQ,
considering the poor correlation coefficients between the FFQ
and blood biomarkers. In this method, biomarkers should be
used as an additional measurement rather than diet surveys(55).
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In the present study, the VC of the FFQwas consideredmoderate
(≥ 0·3) for most nutrients, indicating that the FFQ was valid for
estimating the intake of these nutrients in this study. Several stud-
ies reported the use of the triad method to validate the FFQ to
assess fatty acid consumption(30,56–59), and their results were con-
sistent with the present findings. However, the triad method also
has certain limitations. For example, the triad method could be
accompanied by the occurrence of Heywood cases(30), in which
validity coefficients for some nutrients cannot be calculated
because of negative correlations between the three measure-
ments (e.g. vitamin C and vitamin E in the present study).

One strength of our study was the use of two reference meth-
ods (WDR and biomarkers)with different error sources to validate
the FFQ. Another strength was that reproducibility and validity of
the FFQ were based on comparing levels of intake of nutrients
(macronutrients and micronutrients) and food groups, which
makes our results reliable, effective and more convincing.

The present study also has some limitations. First, the FFQ
and food records in the present study were administered during
only one season for each individual, which does not take into
account seasonal changes in diet. However, both the subgroup
analysis and sensitivity analysis suggested that the general result
was robust. Second, blood collection for biomarker analysis was
only performed once and did not reflect long-termdietary intake.
However, this is common in validation studies due to the high
cost of the determinations. Third, Heywood case events were
found for some of the assessed nutrients, indicating that the diet
method had related errors. The Heywood cases are mainly due
to random sampling fluctuations(29). Increasing the sample size
may reduce the amplitude of random sampling fluctuation to
some extent(60). Fourth, we did not take into account the intake
of dietary supplements during the nutrient intake calculation,
which may underestimate nutrition intake, particularly for fre-
quent supplement users. However, the effect of dietary supple-
ments on nutrient intake is likely to be small in the population
because the use of dietary supplements is rare.

Conclusion

Our dietary assessment is both reproducible and valid, with
acceptable correlations for most nutrients and food groups.
The reproducibility coefficients for the FFQ were acceptable
for all nutrients and food groups except for vitamin A, retinol,
DHA, β-carotene, offal, tubers and alcohol. In addition, the rel-
ative validity showed that the ranking ability was acceptable for
estimated intake except for vitamin A, retinol, DHA, β-carotene,
offal, tubers and alcohol. This result indicated that the FFQ was
developed for residents in northeast China and is reasonably reli-
able and valid for assessing the intake of most foods and
nutrients. However, caution should be taken when interpreting
estimation from the FFQ.
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