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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 was measured 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'’. 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®. 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®®. 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®.

The reproducibility of the FFQ reflects the consistency of the
same subject at different time points®. Traditionally, validation
studies of FFQ have been based on comparisons with more accu-
rate measurement methods. The error of the reference method is
required to be independent of the FFQ®. The weighed diet

record (WDR) has been regarded as the best reference method
for assessing the validity of the FFQ. 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®.

Many studies of the validity and reproducibility of FFQ have
been previously conducted in different areas of China, such as
Shanghai®, Chengdu'”, Guangdong"", Nanjing"?
Chaoshan®'®. China has a large population and vast territory.

and

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™®. The
NEC-Biobank was a large, prospective, dynamic cohort study
that focused on major chronic diseases and related risk factors

Abbreviations: ICC, intraclass correlation coefficient; LOA, limit of agreement; SCC, Spearman correlation coefficient; VC, validation coefficient; WDR, weighed

diet record.
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(a)

150 participants agreed to

participate in the study.

A total of 131 participants were

Participants excluded with reasons:

1. Participants did not complete FFQI1 and FFQ2 (n = 10)

2. Dietchanged (n=1)

3. Participants had extreme values for total energy intake
(n=38)

included in reproducibility study

Actotal of 125 participants were

Participants excluded with reasons:

1. Participants did not complete two 4-day weighed diet
records (n=4)

2. Participants had extreme values for total energy intake
(n=2)

included in validation study

Participants excluded with reasons:
blood sample was not collected (n = 13)

Actotal of 112 participants
completed the biomarker test

A total of 50 participants completed
four 4-day weighed diet records
and FFQ3

(b)

FFQ1
Blood samples ~ WDRI1 FFQ2 and WDR2 WDR3 FFQ3 and WDR4
Less than 1 week 3 months 3 months 3 months

Fig. 1. The study design of FFQ reproducibility and validation study. (a) Flow diagram of sample selection; (b) sequence of validation study measurements.

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 (72 = 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
keal) 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,
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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, and WDR4 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"%.
The sample size was estimated according to the following for-
mula: n = (Z, + Z3)*0?/d?, with Fisher's Z transformation of
correlation coefficients, where ¢® = 1 for the Z-scale”, a =0-05
and (1—-p) = 0-80. After calculation, the number of required par-
ticipants was 1107,

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)'*!1”. 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 (m?).

Weighed diet records as reference

We used four 4-d WDRs (WDR1, WDR2, WDR3 and WDR4) as
the reference method. Each WDR 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 during meals. We also provided participants with ana-
Iytical 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
regulation mechanism”, the correlation between serum Mg con-
centration and daily dietary Mg intake was reported be 0-28®),
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 intake9~23,
which suggests that concentrations of these nutrients are useful
biomarkers for intake”. 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
(BOHUD. Serum vitamins (vitamin A, thiamine, riboflavin, nia-
cin, vitamin C and vitamin E) were quantified using a mass
spectrometer.

The remaining serum samples (> 300 pD) 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 pl 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)®®. The correct match between the reported food
intakes to the Chinese Food Composition Tables was 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 food multiplied 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-d WDRs (WDR1 and WDR2). To eliminate the effect of sea-
sonality on the results and make 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, exact + adjacent and extreme quartiles. Weighted « statis-
tics (k) were calculated to assess the agreement of both meth-
ods. ky>0-60 indicated good agreement, kK = 0-41-0-60
indicated moderate agreement, &, =0-21-0-40 indicated fair
agreement and Ky <0-20 indicated poor agreement®.
Energy-adjusted intake was calculated by adding the mean
nutrient intake to the residual that was derived from the regres-
sion analysis?®.

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”.
Therefore, the use of the mean FFQ value before and after the
WDR allowed the minimal and maximal estimation of true val-
idity”. 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®?, De-attenuated correlation coefficients”” were calculated
to remove within-person variability using the following formula:
r, =r19\/14+1/n, where r, is the true correlation, 7, is the
observed correlation, 7 is the ratio of within- and between-
person variances and # is the number of WDR (z = 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 + adjacent
and extreme quartiles. The weighted « statistic was calculated
to assess agreement between both methods.

Third, Bland-Altman analyses were used to assess agreement
between the FFQ and WDR 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®. 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®”. VC were divided into three categories: high
(> 0-6), moderate (0-2-0-6) and low (< 0-2)*”. Bootstrap sam-
pling was used to determine the 95% CI for VC®”. A total of
1000 bootstrap samples (72 = 112) of the same size were 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, the mean 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/m? and
forty-six (35-1 %) participants were obese or overweight (> 24
kg/m?). For the validation study, the mean 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/m?, and forty-two (33-6 %) partic-
ipants were obese or overweight (> 24 kg/m?). The proportion
of frequent supplement users in this population ranged from 0-8
% to 4-8 % (online Supplementary Table S1).
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Table 1. The characteristics of participants in the reproducibility and
validation studies
(numbers and percentages; mean values and standard deviations)

Reproducibility Validation
study study Triad method
Characteristics 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 130 12.8 110
Age groups (year)
<50
Mean 106 103 94
sD 80-9 82:4 839
>50
Mean 25 22 18
sD 191 176 16-1
Mean BMI (kg/m?)
Mean 22.66 22.58 22.35
SD 36 36 38
BMI (kg/m?)
<185 11 84 11 88 11 98
18-5-24 74 565 72 576 69 616
> 24 46 351 42 336 32 286
Sex
Male 36 275 36 288 30 268
Female 95 725 89 712 82 732
Education
Middle school or below 26 199 24 192 15 134
College or higher 105 801 101 80-8 97 866
Annual income (RMB)
< 100 000 47 359 47 376 41 366
> 100 000 84 641 78 624 71 634
Current smoker 8 6-1 8 6-4 4 3-6
Current drinkers 12 92 11 8-8 7 6-3

BMI = weight (kg)/height (m)?.

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 values were greater than 0-50 for
all nutrients except vitamin A (ICC = 0-23), retinol (ICC = 0-17),
DHA (ICC = 0-46) and p-carotene (ICC = 0-46). The weighted «
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 % (a-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, a-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 382% (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 (72 = 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 the main food items and group intake were 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 « values
ranged from 0-24 in nuts to 0-56 in poultry (median = 0-43).

As shown in online Supplementary Table S0, the percentage
of participants who were 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 7597 % 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.
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Table 2. Reproducibility of FFQ for energy and nutrients intake
(median values and percentiles)

FFQ1 FFQ2 SCC ICC

Nutrients Median 25th-75th Median 25th—75th Pt Crude  Adjustedf Crude  Adjustedf Kw
Energy (kcal) 1521.65  1185.73-1973.95  1393.87 1107-55-1803.76 < 0-01 0-60* 0-62 043
Protein (g) 67-86 49.91-87-07 62-82 49.54-84.52 0-17 0-58* 0-64* 0-53 0-59 027
Fat (g) 4291 34.22-57.37 40-64 31.89-52.12 0-05 0-59* 0-56* 0-63 0-58 0-35
Carbohydrate (g) 2217 180-61-284-89 207-82 155-34-262:13 < 001 0-65* 0-58* 0-62 0-53 0-36
Fibre (g) 2213 15.71-28-30 18-85 13.11-27.07 0-02 0-74* 0-69* 0-67 0-63 049
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 0-56 048
Cholesterol (mg) 138-93 104-69-181-49 124.26 90-65-174-39 0-03 0-61* 0-53* 057 0-50 0-37
SFA (g) 12.07 9:11-17-11 11.22 8.79-14.47 < 001 0-62* 0-48* 0-61 047 0-40
MUFA (g) 12.61 9-88-18.08 11.66 8:92-14.94 < 001 0-56* 0-48* 0-63 0-49 0-31
PUFA (g) 5.87 4.36-8-02 563 4.18-7-71 0-42 0-51* 0-46* 0-58 0-50 028
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 0-45 049
DPA (mg) 277 1.20-5-55 2.08 0-59-5.49 0-24 0-70* 0-66* 0-54 0-53 049
Vitamin A (ng) 442.38 259.75-690-10 420-96 260-58-657-81 077 0-72* 0-44* 0-23 0-21 0-31
Carotene (ng) 176026  1120-63-2448.53  1593.78 955.02-2319-34 0-02 0-63* 0-51* 0.57 0-50 037
a-Carotene (ug) 120-62 61-04-237-42 94.04 55-66, 268-02 0-53 0-73* 0-58* 0-59 0-54 0-44
p-Carotene (ug) 99225 654-53-1460-39 913.87 539-56-1429-88 0-12 0-57* 0-48* 046 0-42 0-32
Retinol (ng) 181-37 102-98-457-25 182-00 103-06-455-77 0-70 0-69* 0-44* 017 0-18 0-36
Thiamine (mg) 055 0-44-0-70 0-51 0-38-0-68 0-02 0-61* 0-41* 0-59 0-40 029
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) 151 11.71-17.91 13-06 9-89-16.70 < 0-001 0-64* 0-69* 0-65 0-65 053
Folate (ng) 197-25 143-84-272-49 183-20 127.75-263-72 0-18 0-61* 0-60* 057 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* 055 047 0-31
Vitamin E (mg) 1379 9-47-19-33 12.58 8:32-18-82 0-20 0-61* 0-51* 0-58 0-52 0-26
Ca (mg) 444.58 337-43-628-34 449-59 315.88-622-84 072 0-63* 0-43* 053 0-42 042
P (mg) 950-45 729-44-117517 880-68 695-54-1138-23 0-09 0-63* 0-61* 0-64 0-56 0-41
K (mg) 181578  1378.85-2359-57  1620-61 1224.82-2351-98 0-04 0-67* 0-51* 0-63 0-48 048
Mg (mg) 261-30 194.21-332.67 24711 178.75-329.-02 0-13 0-68* 0-63* 0-65 0-66 042
Fe (mg) 19-30 14.41-24.33 1718 12.74-22.88 0-06 0-63* 0-55* 0-60 0-59 042
Zn (mg) 926 7-43-11-09 8:06 6:20-10-42 < 001 0-57* 0-61* 0-59 0-56 0-41
Se (mg) 3468 23-86-43-93 31.39 22.75-41.45 0-05 0-68* 0-55* 0-65 0-61 043
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 2.95-5.24 371 2.76-5.00 0-12 0-65* 0-62* 0-66 0-68 043

FFQ1, first FFQ administration; FFQ2, second FFQ administration; 25th—75th, 25th—75th percentile; SCC, Spearman correlation coefficient; ICC, intraclass correlation coefficient;

ALA, a-linolenic acid; x,, weighted «.

* P<0-05.

1 P values were derived from the Wilcoxon signed-rank test.
1 Energy-adjusted intakes by the residual method.

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 a-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), a-carotene
(SCC=0-28) and Ca (SCC=0-29). Weighted «x values ranged
from 0-14 to 0-37 (median = 0-28), and all values were above
0-20 except for fibre (ky, = 0-15), insoluble fibre (k,, = 0-14), cho-
lesterol (ky, =0-17) and Se (x,, = 0-18).

For the classification into quartiles (online Supplementary
Table S9), the proportion of participants who were classified into
the same or adjacent and extreme quartiles by the FFQ and WDR
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
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Table 3. Reproducibility of FFQ for main food item and food groups intake
(median values and percentiles)

Q. Cui et al.

FFQ1 FFQ2 SCC ICC

Main food items and food groups (g) Median 25th—75th Median 25th—75th Pt Crude Adjustedt Crude Adjustedf «xy

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 1071 42.14-175-74 1071 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 8-58-42.84 039 078" 0-73* 0-78 073 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 0-06 070" 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 357 17.85-53-55 357 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 16998 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  39-17-124.48 017 061" 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 17508 117-46-262:30 1699  101-65-263-70 0-80 051 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 369 1.64-7-14 41 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 0-17-75 029  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 0-0 018  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;

Kw, Weighted «.

* P<0-05.

1 P values were derived from the Wilcoxon signed-rank test.
1 Energy-adjusted intakes by the residual method.

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 873 % (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 (k,, > 0-20) for the main
food items and group intake except for fresh fruit (k,, = 0-15),
offal (xy, =0-19) and tubers (k,, = 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=7823%) and 0 %-12:90% (median=12-90%),
respectively, when the main food items and groups were 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 and WDR, 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.
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Table 4. Relative validity of the FFQ for energy and nutrients intake
(median values and percentiles)
FFQ WDR SCC
De-attenu-  Adjustedt and De-attenu-

Nutrients Median 25th—75th Median 25th—75" Pt Crude Adjustedt ated ated Kw
Energy (kcal) 1517.72 1192-32-1849-06 1541-65 1280-77-1743.94 049 0.53* 0-53* 0-34
Protein (g) 69-04 52.71-85-96 7879  59:15-96-79 <001 041 0-39* 0-42* 0-40* 028
Fat (g) 42.86 33-83-53:56 48-62 37-63-60-68 <0001 048 0-34* 0-48* 0-35* 0-34
Carbohydrate 22117  169-86-274-01 20121 170-89-24091 <001 047 0-37* 0-48* 0-38* 028

@
Fibre (g) 21.89 15.07-26-75 18-51 13.52-23-36 <001 030" 0-42* 0-30* 0-42* 015
Soluble fibre 10-48 7-17-13:29 8:30 5.60-10-72 <001 029 0-37* 0-29* 0-37* 025

@)
Insoluble fibre 10-81 7-29-14.59 10-29 7-26—13-01 025 027 0-41* 0-31* 0-39* 014

()
Cholesterol 13843 105-31-180-82 24219 139.02-335-07 < 0-001 0-29* 0-26* 0-30* 0-28* 017

(mg)
SFA (g) 11.47 9-29-15.47 11.94 8-53-16-43 0-84 045 0-41* 0-45* 0-41* 0-20
MUFA (g) 12.11 10-09-15.96 12.72 9-69-18-16 0-07 046 0-31* 0-46* 0-31* 0-28
PUFA (g) 5.95 4.71-7-53 6-07 4.85-9-10 023 049 0-34* 0-49* 0-34* 0-33
ALA (9) 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 <001 047 0-41* 0-48* 0-42* 023
DHA (mg) 2516 14.19-39.70 23-20 0-14-23-21 020 0-50* 0-46* 0-51* 0-46* 0-30
DPA (mg) 2.76 1.36-5-28 1-63 11.40-41-49 0-04 052¢ 0-47* 0-52* 0-47* 027
Vitamin A (ng) 422.04 258.57-679-30 40524 299-32-563-61 093 037 0-34* 0-37* 0-35* 023
Carotene (ug)  1812:21 1175.66-2345-51 1657-44 979-78-2375:84 0-12 0-36* 0-37* 0-36* 0-38* 0-24
a-Carotene 120-54 64-45-272.57 111.93  47.70-235.78 063 044 0-28* 0-44* 0-28* 0-24

(n9)
p-Carotene 100149 698.22-1431-31  661-39 333-37-1522.95 0-03 0-37* 0-38* 0-37* 0-39* 0-21

(r9)
Retinol (pg) 24419 116-57-434.56 157.21 104.28-24026 < 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 <001 048 0-33* 0-48* 0-34* 0-32
Riboflavin (mg) 0-91 0-67-1-15 095 0-76-1-23 <001 051 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 (pg) 204-03 145.81-258.70 20211  142.01-248-60 0-53 041 0-38* 0-41* 0-38* 026
Vitamin C (mg) 87-06 59-70-116-88 7683  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 0-34 051 0-53* 0-51* 0-53* 023
Ca (mg) 44511 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 1454.43-2316-45 043 0-44* 0-38* 0-44* 0-38* 0-32
Mg (mg) 265-82 191.68-328.98  250-97 208:18-307-63 0-35 044 0-42* 0-44* 0-42* 028
Fe (mg) 18-86 13.91-22.92 18-34 14.73-22.98 092 046 0-39* 0-46* 0-39* 0-37
Zn (mg) 87 7-17-10-99 950 7-56-11-84 <001 052* 0-48* 0-52* 0-49* 018
Se (mg) 3387  24.26-44.45 4150  31.97-53.05 <0001 0-32* 0-35* 0-33* 0-38* 0-34
Cu (mg) 214 1.57-3-03 218 1.61-2.95 0-36 0-54* 0-54* 0-54* 0-54* 0-30
Mn (mg) 398 3-19-4-9 322 2.68-4-07 <0001 047 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, a-linolenic acid; xy, weighted «.

* P<0-05.

1 P values were derived from Wilcoxon signed-rank test.
1 Energy-adjusted intakes by the residual method.

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=0-1D.

As shown in Table 6, the VC of the FFQ ranged from 0-14 (thi-
amine) to 0-70 (SFA). The VCs of the FFQ were 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 and major 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,
p-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, a-carotene, offal and tubers. In addition, the
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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

((FFQ + WDR)/2). The difference in intake between the two methods (FFQ-WDR).

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"'?3132,
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®®, However, we found that the ICCs of vitamin A, retinol,
DHA and f-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; f-carotene comes from vegeta-
bles) or less common foods that change with a high frequency
(e.g. retinol and vitamin A come from offaD®®, The intraindivid-
ual differences in the intake of these food groups may account
for the low ICC. For the main food groups, the highest correlation
coefticients 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
China1231,323530) " 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®", 9 months®® and
12 months1112323% in these previous studies, whereas the inter-
val between FFQ1 and FFQ?2 in the present study was 3 months.
One possible explanation for the higher reproducibility correla-
tion in the present study was the time interval between FFQ1 and
FFQ2. The time interval is an important factor that influences
the reproducibility of the FFQ®?. 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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Table 5. Relative validity of the FFQ for main food items and food groups intake
(median values and percentiles)

1261

FFQ WDR SCC

Main food items and food De-attenu-  Adjusted} and
groups (9) Median 25th-75th Median 25th—75 Pt Crude Adjustedt ated De-attenuated
Cereals 540-64 43526-676-35 5136  395-26—644-86 005 0-52¢ 0-53* 0-52* 0-53* 0-33
Milks and dairy products 10418 57-57-167-63 70-01 22.50-145.31 < 0-001 0-61* 0-62* 0-62* 0-63* 0-37
Poultry 3213 15.00-42-84 305 12.50-63-34 006 0-55* 0-46* 0-55* 0-46* 0-39
Red meat 4323  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 0-0 005 033 0-10 0-33* 0-10 0-19
Processed meat 3-69 1.23-6-59 7-43 0-18-66 < 0001 0-54* 0-61* 0-56* 0-63* 0-39
Eggs 34.2 18.13-51.78 41.27  20-09-67-13 <001 0-54* 0-39* 0-54* 0-40* 0-39
Fish and shellfish 20-04 11.07-28-83 2356 3-73-47-86 022 053" 0-46* 0-53* 0-46* 0-39
Fresh vegetables 18356 128.07-273-20 188:36 133.67-276-20 0-87 045 0-39* 0-45* 0-39* 0-32
Tubers 3779  21.32-55.29 32.74 16-00-55-83 020 0-26 0-26* 0-26* 0-26* 0-18
Legumes and soya products 79-35  46-03-129-67 8334 50-08-123-12 056 063 0-65* 0-63* 0-65* 0-41
Pickle food 717 2-85-11-30 0 0-4-35 < 0-001 0-30* 0-37* 0-31* 0-38* 0-39
Fresh fruit 17958 121.39-252.77 10814 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 <0001 047" 0-53* 0-48* 0-55* 0-26
Nuts 4.29 2:15-8.79 2-83 0-11.28 063 042 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 <0001 063" 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 < 0001 0-48* 0-41* 0-49* 0-42* 043
FFQ, mean of FFQ1 and FFQ2; WDR, 8-d weighed diet records; 25th—75th, 25th—75th percentile; SCC, Spearman correlation coefficient; x,, weighted «.
* P<0.-05.
1 P values were derived from Wilcoxon signed-rank test.
1 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)

FFQ1 WDR Biomarker
Nutrients VCar 95 % CI* Ranget VCgrt 95 % CI* Ranget VCur 95 % CI* Ranget
Thiamine 014 0-05, 0-60 0.02, 0-14 1.73 046, 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, 0-52 017, 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; VCqr, validity coefficients of FFQ; VCpgr, validity coefficients of biomarker; VCyr, validity coefficients of weighed diet

record.
* Values > 1 were all set to 1-00.

T 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.

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®?.
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 3 months between the two FFQs®. The main 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®®.

Additionally, the results of the cross-classification analyses
were similar to those of other reproducibility studies®3-4D,
Weighted « values ranged from 0-21 to 0-60, indicating fair or
moderate agreement, which is consistent with previous

studies®*P. 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. The main 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 athome for most of the year, which may be another

reason®Y,

Validity study

Weighed dietary record. The differences between FFQ and
WDR appeared to be significant for absolute intakes of most
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nutrients.  Although  similar results were reported by In addition, joint classification and the Bland—Altman method
others!123%3D " correlation coefficients have been widely used were applied in the present study to assess agreement. The clas-

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 FFQ was acceptable for assessing dietary intake™?.
However, the validity coefficients of the FFQ for cholesterol, Ca,
a-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. offaD. In
addition, a single food item in the FFQ includes different varieties
of a particular food (e.g. red meat), which resulted in participants
not being able to accurately assess FFQ dietary intake.

Compared with results from other studies in China%123136)
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'!%1231:3 whereas the present
study used WDR as the reference method, and its bias was inde-
pendent of the FFQ®. 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®49 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)®”, Japan (0-08-0-94 for nutrients; 0-10-0-98
for food groups) and the USA (0-36-0-77 for nutrients)*>, 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, which may affect the accuracy
of food portion size intake estimations in dietary assessments.
Compared with other studies in the Chaoshan area of
China"?, 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-d WDR used as the reference method for assessing the
validity of the FFQ in Chaoshan, the reference method used in
this study — the 4-d WDR - contained more 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”. 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.

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 =%, In addi-
tion, acceptable agreement (ky, = 0-20-0-39) was obtained for
most nutrients and food groups, which was consistent with other
studies“®*”. 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!50-52
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

, where a small number of

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)>*”. 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®®. Second, the cor-
relations for water soluble vitamins and fatty acids were lower
than the results of correlation analysis detected in adipose tis-
sue®®. 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'”.

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®>.
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In the present study, the VC of the FFQ was considered moderate
(> 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®*>°-% 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®?, 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-term dietary 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®”. Increasing the sample size
may reduce the amplitude of random sampling fluctuation to
some extent®?. 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, p-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, f-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.

Acknowledgements

The authors thank the investigators, the staff and the participants
of the project for their contribution.

This work was supported by the National Key R&D Program
of China under Grant 2017YFC0907402 to Yuhong Zhao; the

National Natural Science Foundation of China under Grant
81903302 to Yang Xia.

Y. X, Q. W. and Q. C. contributed to the study conception
and design. Q. C., Y. L., Y. S, K. Y. and W. L. contributed to data
collection. Y. X., Y. L. and Q. C. contributed to data analysis. Y. X.
and Q. C. contributed to interpretation of the data. Q. C. contrib-
uted to manuscript drafting. Y. X. and Y. Z. contributed to the
revising of the manuscript and the approval of the final version
of the manuscript.

The authors declare no conflict of interest.

Supplementary material

For supplementary material referred to in this article, please visit
https://doi.org/10.1017/50007114522002318

References

1. Chiuve SE, Rexrode KM, Spiegelman D, et al. (2008) Primary
prevention of stroke by healthy lifestyle. Circulation 118,
947-954.

2. Willett WC, Sampson L, Stampfer MJ, et al. (1985)
Reproducibility and validity of a semi-quantitative food fre-
quency questionnaire. Am J Epidemiol 122, 51-65.

3. Wise A & Birrell NM (2002) Design and analysis of food fre-
quency questionnaires — review and novel method. nt J
Food Sci Nutr 53, 273-279.

4. Fraser GE (2003) A search for truth in dietary epidemiology. Am

J Clin Nutr 78, 521s-525s.

Li K, Takezaki T, Lv LW, et al. (2005) Reproducibility of a semi-

quantitative food frequency questionnaire in Chaoshan area,

China. Asian Pac J Cancer Prev 6, 521-526.

6. Cade JE, Burley VJ, Warm DL, et al. (2004) Food-frequency
questionnaires: a review of their design, validation and utilisa-
tion. Nutr Res Rev 17, 5-22.

7. Willett W (2013) Nutritional Epidemiology. New York: Oxford
University Press.

8. Yokota RT, Miyazaki ES & Ito MK (2010) Applying the triads
method in the validation of dietary intake using biomarkers.
Cad Saude Publica 26, 2027-2037.

9. Zang], Luo B, Chang S, et al. (2019) Validity and reliability of a
food frequency questionnaire for assessing dietary intake
among Shanghai residents. Nutr J 18, 30.

10. TangY,LiuY, XulL, efal. (2015) Validity and reproducibility of
a revised semi-quantitative food frequency questionnaire
(SQFFQ) for women of age-group 12-44 years in Chengdu.
J Health Popul Nutr 33, 50-59.

11. Chang C-X & Ho SC (2009) Validity and reproducibility of a
food frequency questionnaire among Chinese women in
Guangdong province. Asia Pac J Clin Nutr 18, 240-250.

12. Ye Q, Hong X, Wang Z, et al. (2016) Reproducibility and val-
idity of an FFQ developed for adults in Nanjing, China. Br J
Nutr 115, 887-894.

13. Ke L, Toshiro T, Fengyan S, et al. (2005) Relative validity of a
semi-quantitative food frequency questionnaire v. 3 d weighed
diet records in middle-aged inhabitants in Chaoshan area,
China. Asian Pac J Cancer Prev 6, 376-381.

14. Zhang H, Xia Y, Chang Q, et al. (2021) Dietary patterns and
associations between air pollution and gestational diabetes
mellitus. Environ Int 147, 106347.

15. Whitton C, Ho JCY, Tay Z, et al. (2017) Relative validity and
reproducibility of a food frequency questionnaire for assessing

N

ssaud Ais1anun abpriquie) Ag auljuo paystiand 81£2002ZS L LL000S/£L0L 0L/Bio 10p//:sd1y


https://doi.org/10.1017/S0007114522002318
https://doi.org/10.1017/S0007114522002318

o

British Journal of Nutrition

1264

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.
20.

27.

28.

29.

30.

31.

32.

33.

34.

dietary intakes in a multi-ethnic Asian population using 24-h
dietary recalls and biomarkers. Nutrients 9, 1059.

Xia Y, Liu Y, Zhang S, et al. (2021) Associations between differ-
ent types and sources of dietary fibre intake and depressive
symptoms in a general population of adults: a cross-sectional
study. BrJ Nutr 14, 1281-1290.

GuY, Zhang S, Wang J, et al. (2020) Relationship between con-
sumption of raw garlic and handgrip strength in a large-scale
adult population. Clin Nutr 39, 1234-1241.

Akizawa Y, Koizumi S, Itokawa Y, et al. (2008) Daily magne-
sium intake and serum magnesium concentration among
Japanese people. | Epidemiol 18, 151-159.

Johansson I, Van Guelpen B, Hultdin J, et al. (2010) Validity of
food frequency questionnaire estimated intakes of folate and
other B vitamins in a region without folic acid fortification.
Eur J Clin Nutr 64, 905-913.

Sam CH, Skeaft S & Skidmore PM (2014) A comprehensive FFQ
developed for use in New Zealand adults: reliability and validity
for nutrient intakes. Public Health Nutr 17, 287-296.

Shiraishi M, Haruna M, Matsuzaki M, et al. (2013) Validity of a
diet history questionnaire estimating f-carotene, vitamin C and
a-tocopherol intakes in Japanese pregnant women. Int J Food
Sci Nutr 64, 694—699.

Whitton C, Ho JCY, Tay Z, et al. (2017) Relative validity and
reproducibility of a food frequency questionnaire for assessing
dietary intakes in a multi-ethnic Asian population using 24-h
dietary recalls and biomarkers. Nutrients 9, 1059.

Lampe JW, Huang Y, Neuhouser ML, et al. (2017) Dietary
biomarker evaluation in a controlled feeding study in women
from the women’s health initiative cohort. Am J Clin Nutr
105, 466-475.

YYPUM Press (2018) Chinese Food Composition Table.
Lilleyman JS (1992) Practical statistics for medical research.
J Clin Pathol 45, 368.

Willett WC, Howe GR & Kushi LH (1997) Adjustment for total
energy intake in epidemiologic studies. Am J Clin Nutr 65,
1220S-12288.

Rosner B & Willett WC (1988) Interval estimates for correlation
coefficients corrected for within-person variation: implications
for study design and hypothesis testing. Am J Epidemiol 127,
377-386.

Cade J, Thompson R, Burley V, et al. (2002) Development, val-
idation and utilisation of food-frequency questionnaires — a
review. Public Health Nutr 5, 567-587.

Kaaks RJ (1997) Biochemical markers as additional measure-
ments in studies of the accuracy of dietary questionnaire
measurements: conceptual issues. Am J Clin Nutr 65,
12325-1239s.

Zhang B, Wang P, Chen CG, et al. (2010) Validation of an FFQ
to estimate the intake of fatty acids using erythrocyte membrane
fatty acids and multiple 3 d dietary records. Public Health Nutr
13, 1546-1552.

ZangJ, Luo B, Chang S, et al. (2019) Validity and reliability of a
food frequency questionnaire for assessing dietary intake
among Shanghai residents. Nutr J 18, 30.

Shu XO, Yang G, Jin F, et al. (2004) Validity and reproducibility
of the food frequency questionnaire used in the Shanghai wom-
en’s health study. Eur J Clin Nutr 58, 17-23.

Cui Q, Xia Y, Wu Q, et al. (2021) A meta-analysis of the repro-
ducibility of food frequency questionnaires in nutritional epi-
demiological studies. Int | Bebav Nutr Phys Act 18, 1-18.
Baudry J, Ducros V, Druesne-Pecollo N, et al. (2018) Some
differences in nutritional biomarkers are detected between con-
sumers and nonconsumers of organic foods: findings from the
BioNutriNet project. Curr Dev Nutr 3, nzy090.

Q. Cui et al.

35.

30.

37.

38.

39.

40.

41.

42.

43.

44.

45.

40.

47.

48.

49.

50.

51.

52.

53.

Villegas R, Yang G, Liu D, et al. (2007) Validity and reproduc-
ibility of the food-frequency questionnaire used in the Shanghai
men’s health study. BrJ Nutr 97, 993-1000.

Zhuang M, Yuan Z, Lin L, et al. (2012) Reproducibility and rel-
ative validity of a food frequency questionnaire developed for
adults in Taizhou, China. PLOS ONE 7, €48341.

Imaeda N, Fujiwara N, Tokudome Y, et al (2002)
Reproducibility of a semi-quantitative food frequency question-
naire in Japanese female dietitians. J Epidemiol 12, 45-53.
Kristal AR, Feng Z, Coates R], et al. (1997) Associations of race/
ethnicity, education, and dietary intervention with the validity
and reliability of a food frequency questionnaire: the women’s
health trial feasibility study in minority populations. Am J
Epidemiol 146, 856-869.

Chiu TH, Huang HY, Chen KJ, et al. (2014) Relative validity and
reproducibility of a quantitative FFQ for assessing nutrient
intakes of vegetarians in Taiwan. Public Health Nutr 17,
1459-1466.

Fallaize R, Forster H, Macready AL, et al. (2014) Online dietary
intake estimation: reproducibility and validity of the Food4Me
food frequency questionnaire against a 4-d weighed food rec-
ord. ] Med Internet Res 16, €190.

Lee Y & Park K (2016) Reproducibility and validity of a semi-
quantitative FFQ for trace elements. Br J Nutr 116, 864-873.
Cui Q, Xia'Y, Wu Q, et al. (2021) Validity of the food frequency
questionnaire for adults in nutritional epidemiological studies: a
systematic review and meta-analysis. Crit Rev Food Sci Nutr 14,
1-19.

Leon Guerrero RT, Chong M, Novotny R, et al. (2015) Relative
validity and reliability of a quantitative food frequency ques-
tionnaire for adults in Guam. Food Nutr Res 59, 26276.
Zulkifli SN & Yu SM (1992) The food frequency method for
dietary assessment. J Am Diet Assoc 92, 681-685.

Yuan C, Spiegelman D, Rimm EB, er al. (2017) Validity of a
dietary questionnaire assessed by comparison with multiple
weighed dietary records or 24-h recalls. Am J Epidemiol 185,
570-584.

Bae Y], Choi HY, Sung MK, et al. (2010) Validity and reproduc-
ibility of a food frequency questionnaire to assess dietary
nutrients for prevention and management of metabolic syn-
drome in Korea. Nutr Res Pract 4, 121-127.

Haftenberger M, Heuer T, Heidemann C, et al. (2010) Relative
validation of a food frequency questionnaire for national health
and nutrition monitoring. NutrJ 9, 30.

Zack RM, Irema K, Kazonda P, et al. (2018) Validity of an FFQ to
measure nutrient and food intakes in Tanzania. Public Health
Nutr 21, 2211-2220.

Beck KL, Houston ZL, McNaughton SA, et al. (2018)
Development and evaluation of a food frequency question-
naire to assess nutrient intakes of adult women in New
Zealand. Nutr Diet 77, 253-259.

Verger EO, Armstrong P, Nielsen T, e al. (2017) Dietary assess-
ment in the metacardis study: development and relative validity
of an online food frequency questionnaire. / Acad Nutr Diet
117, 878-888.

Hollis JL, Craig LC, Whybrow S, et al. (2017) Assessing the rel-
ative validity of the Scottish collaborative group FFQ for meas-
uring dietary intake in adults. Public Health Nutr 20, 449-455.
Silva-Jaramillo KM, Neutzling MB & Drehmer M (2015) FFQ for
the adult population of the capital of Ecuador (FFQ-Quito):
development, reliability and validity. Public Health Nutr 18,
2540-2549.

Hodson L, Skeaff CM & Fielding BA (2008) Fatty acid compo-
sition of adipose tissue and blood in humans and its use as a
biomarker of dietary intake. Prog Lipid Res 47, 348-380.

ssaud Ais1anun abpriquie) Ag auljuo paystiand 81£2002ZS L LL000S/£L0L 0L/Bio 10p//:sd1y


https://doi.org/10.1017/S0007114522002318

o

British Journal of Nutrition

54.

)
N

56.

57.

Validity and reproducibility of a FFQ

Andersen LF, Solvoll K, Johansson LR, et al. (1999) Evaluation of a
food frequency questionnaire with weighed records, fatty acids,
and a-tocopherol in adipose tissue and serum. Am J Epidemiol
150, 75-87.

Kabagambe EK, Baylin A, Allan DA, et al. (2001) Application of
the method of triads to evaluate the performance of food fre-
quency questionnaires and biomarkers as indicators of long-
term dietary intake. Am J Epidemiol 154, 1126-1135.

da Silva DCG, Segheto W, de Lima MFC, et al. (2018) Using the
method of triads in the validation of a food frequency question-
naire to assess the consumption of fatty acids in adults. ] Hum
Nutr Diet 31, 85-95.

Sartorelli DS, Nishimura RY, Castro GS, et al. (2012) Validation
of a FFQ for estimating 7-3, 7-6 and trans fatty acid intake dur-
ing pregnancy using mature breast milk and food recalls. Eur ]
Clin Nutr 66, 1259-1264.

58.

59.

60.

1265

Patterson AC, Hogg RC, Kishi DM, et al. (2012) Biomarker and
dietary validation of a Canadian food frequency questionnaire
to measure eicosapentaenoic and docosahexaenoic acid
intakes from whole food, functional food, and nutraceutical
sources. | Acad Nutr Diet 112, 1005-1014.

Ingram MA, Stonehouse W, Russell KG, et al. (2012) The New
Zealand PUFA semi-quantitative food frequency questionnaire
is a valid and reliable tool to assess PUFA intakes in healthy
New Zealand adults. J Nutr 142, 1968-1974.

Ocke MC, Bueno-de-Mesquita HB, Goddijn HE, et al
(1997) The Dutch EPIC food frequency questionnaire. I.
Description of the questionnaire, and relative validity and
reproducibility for food groups. Int J Epidemiol 26, Suppl. 1,
S37-548.

ssaud Aisianun abpliquied Aq auluo paysiignd 81200225t L LL000S/£10L°0L/B10"10p//:sdny


https://doi.org/10.1017/S0007114522002318

	Validity and reproducibility of a FFQ for assessing dietary intake among residents of northeast China: northeast cohort study of China
	Methods
	Study population
	Study design
	Sample size calculation
	FFQ
	Weighed diet records as reference
	Biomarker selection
	Biochemical measurements
	Food and nutrient calculations
	Statistical analysis
	Reproducibility of FFQ
	Validity of FFQ


	Results
	Studied population
	Reproducibility of the FFQ
	Reproducibility of nutrient intake
	Reproducibility of main food items and groups intake

	Validity of the FFQ
	Validity of nutrient intake
	Validity of main food item and group intake
	Validation study by the triad method


	Discussion
	Reproducibility study
	Validity study
	Weighed dietary record
	Biomarkers

	Conclusion

	Acknowledgements
	Supplementary material
	References


