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Background and Objectives: To establish a new method for developing an efficient and region-specific semi-
quantitative food frequency questionnaire (SQFFQ), and to make it a simple, effective and widely applicable 
measurement tool, this study takes Xi'an City, Shaanxi Province as a case study. Methods and Study Design: 
For 129 common food items, an initial food frequency questionnaire (FFQ) and a 24-hour dietary recall survey 
(24hDR) are constructed, and a variety of methods are combined to improve the convenience and credibility of 
the questionnaire itself in the inspection process, and the reliability and validity test are carried out. Results: A 
total of 367 questionnaires are collected in study, including FFQ and 24hDR at various correction stages, in a 
three-month interval, and finally a semi-quantitative food frequency questionnaire containing 104 food items is 
obtained. The Pearson correlation coefficient of SQFFQ1 and SQFFQ2 ranges from 0.60-0.75, and the Spearman 
and Kendall correlation coefficients range from 0.50-0.89, and the correlation coefficient increases slightly after 
logarithmic transformation by logarithmic transformation, and the CCC correlation coefficient increases to 0.5-
0.95. On average, more than 80% of subjects are classified as identical or adjacent tertiles per SQFFQ result. The 
Pearson, Spearman, Kendall, CCC correlation coefficients between 24hDR and SQFFQ2 range from 0.50-0.90, 
and on average more than 75% of participants are in the same or adjacent energy and nutrient tertiles in SQFFQ2 
versus 24hDR results. Conclusions: The semi-quantitative food frequency questionnaire for dietary pattern sur-
veys in Xi'an, Shaanxi can effectively assess nutrient intake in dietary nutrient correlation studies. 
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INTRODUCTION 
This study aims to develop a semi-quantitative food fre-
quency questionnaire (SQFFQ) to obtain information 
about the research subjects' food, nutrient intake, and die-
tary habits. 

Studies have demonstrated that a fifth of global mortal-
ities are linked to people's unwholesome diets, character-
ized by high sugar, salt, and processed meat consumption. 
Such dietary habits can precipitate heart diseases, cancer, 
and diabetes. Furthermore, recent data from disease bur-
den research reveals that the proportion of disabilities and 
fatalities attributed to a spectrum of conditions, namely 
cancer,1-4 cardiovascular diseases,5-7 metabolic disorders 
like type 2 diabetes,1, 7 digestive system ailments such as 
non-alcoholic fatty liver,8-10 and neurodegenerative dis-
eases including depression11-14 and cognitive impair-
ment,15-17 has been on the rise annually. Diet serves as a 
prevalent and modifiable factor influencing these diverse 
diseases, and it plays a pivotal role in both their preven-
tion and treatment.18-19 Upon the successful development 
of the scale, the research outcomes can be harnessed to 
assess dietary patterns, ascertain the objective intake of  

 
 
dietary nutrients, and identify the overall impact of the 
research subjects on their general health, as well as the 
potential progression of diseases in the future. This in-
formation can also offer guidance and recommendations 
for the optimization and adjustment of dietary patterns in 
the time to come.  

The Food Frequency Questionnaire (FFQ) is a dietary 
survey method commonly used in nutrition epidemiology 
studies that uses forms containing dozens of food items to 
ask respondents about food consumption habits, incl-
uding the frequency of intake of various foods or food  
groups and the size of each intake. In population nutrition  
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epidemiological studies, FFQ is required to be as simple 
and practical as possible, reliable, and effective. In addi-
tion, small changes in the population of different genders, 
cultural backgrounds, geographical environments, and 
questionnaire structure can affect the credibility and va-
lidity of food frequency questionnaires. Therefore, when 
the target population or the questionnaire itself changes, 
the credibility and validity of the food frequency ques-
tionnaire must first be tested before it can be applied to 
the relevant population.20-22 Therefore, this study aims to 
construct a SQFFQ for the investigation of dietary pat-
terns in the Shaanxi region and test its effectiveness.23-24 
In recent years, Xi'an, as an emerging first tier city, has 
seen significant economic growth and a complex popula-
tion composition and disease situation. This study aims to 
investigate a dietary survey method and its specific con-
struction method for the Xi'an region of China, enabling 
researchers to obtain dietary nutrients from a dietary per-
spective in complex social and cultural environments, 
among long-term residents with stable dietary habits. 

Furthermore, in the existing development of FFQ, it is 
often difficult to balance the item with the subject's objec-
tive conditions (cultural level of the subject) and the sub-
jective will (subject's understanding and enthusiasm for 
the subject), either the item is too complex can not allow 
the subject to understand or maintain a better motivation, 
or the item less can not include the subject's better meal 
program. 

Therefore, in the development of this study, the innova-
tive construction of the objective correction method of the 
options, and the new proportional calculation method for 
the intake of food items, after the credibility test has ob-
tained good results, can indicate that the FFQ built in this 
study in the balance of subjects' subjective enthusiasm, 
understanding difficulty and reaction subjective will can 
obtain a better feasibility, to the subject's dietary nutrients 
obtain an objective response. 

If the subjects have a low level of culture or enthusiasm 
for participation, the 24hDR may be the most reasonable 
option for the validity assessment of the FFQ (SQFFQ) 
standard. This study improved the 24hDR as a test stand-
ard in the FFQ validity testing, introduced the concepts of 
"usual intake" and "pseudo data" and combined, can im-
prove the objectivity of the 24h dietary recall response to 
real diet results and also increase its credibility as the 
FFQ validity testing standard, so that under the premise 
of low culture of subjects or enthusiasm of participation, 
the evaluation criteria reflect the objectiveness of reali-
ty.25-26 The method described in this article can be applied 
to populations with different cultural and social back-
grounds, long-term residency, and stable dietary habits. 
However, the construction of questionnaires for different 
dietary and sociocultural backgrounds needs to be redone. 

The aim of this study, focusing on dietary surveys with 
regional traits, is to note that when creating dietary ques-
tionnaires for wide-ranging regions and various cultural 
backgrounds, it's tough to balance the scope and accuracy 
of food coverage. In Chinese diet research, unlike West-
ern studies on the "Mediterranean diet", an obvious and 
difficult problem arises. The Chinese diet overemphasizes 
diverse cooking methods and has a rich variety of food 
materials. 

So, in making dietary questionnaires, if too many kinds 
of finished food products are included, there will be ex-
cessive collinearity in dietary nutrients among different 
food items, and the questionnaires will be very cumber-
some. On the other hand, if only basic food materials are 
stressed, the questionnaires will be thin and overlook the 
impact of the cooking process on the diet. 

Hence, this study limits the dietary survey scope to an 
environment with specific regional dietary characteristics. 
First, collect dietary items in this region (including un-
cooked food materials and cooked food items, ensuring 
food materials are minimally involved in cooked food 
production to avoid double-counting of dietary nutrients) 
and put them into the questionnaire. Then, test its reliabil-
ity and validity. 

Moreover, using this method to build regional dietary 
questionnaires can create new ones in any Chinese dietary 
context. Therefore, this study aims to develop a new and 
somewhat universal way to construct dietary question-
naires, which can achieve comprehensive and convenient 
dietary surveys that are easy for the whole population to 
accept and understand. Due to the construction method, 
the target population needs to have a relatively stable die-
tary environment to some extent. So, it may not be appli-
cable to those who have changed their dietary environ-
ment within a year. 
 
METHODS 
Ethics Committee approval was obtained from the Institu-
tional Ethics Committee of Tangdu Hospital to the com-
mencement of the study. 

 
Research methods 
First, the preliminary experiment was carried out using 
the initial FFQ questionnaire. The FFQ results from 65 
randomly selected subjects were analyzed, and options 
were modified based on the results. Subjects were resi-
dents of community A in Xi'an and met the following 
dietary conditions (subjects in subsequent FFQ and 
24hDR both met the following requirements). 

Then the survey was conducted in the same attribute 
community B scope, and eventually charging 104 com-
munity residents in normal living and eating environ-
ments, using the revised FFQ questionnaire and the 
24hDR, based on the results to screen food items (sub-
jects in the subsequent FFQ and 24hDR both met the fol-
lowing requirements). 

Then, the survey was carried out in the community C 
range of the same attribute, and eventually counting 50 
community residents in normal living and eating envi-
ronments, SQFFQ (SQFFQ1, SQFFQ2) were screened 
twice, both carried out at intervals of 3 months. In addi-
tion, the same subjects received FFQ2 accompanied by a 
24hDR. Finally, the SQFFQ validity and reliability test-
ing is carried out based on the results. 

The majority of the data in this study are continuous 
variables, and each food item in the preliminary experi-
ment has undergone a normality analysis. Use the box 
plot approach for data items with non-normal distribution 
and the 3σ criteria for data items with normal or almost 
normal distribution when finding and differentiating out-
liers; When dealing with outliers, erasing data might lead 
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to information loss and, if uncontrolled, could compro-
mise the test's efficacy. It is therefore seen as using mean 
imputation. In the handling of missing data, the mean is 
also employed for filling. In real operation, the number of 
missing and outlier data for each item should not be too 
high, and should not exceed 5%. In addition, for subjects 
with follow-up losses, remove their corresponding past 
questionnaires. 

Subject requirements: (1) The subject needs to be in a 
stable diet environment for a long period of time (more 
than six months), such as a long-term home diet, and have 
a more accurate understanding of the stable food raw ma-
terials and cooking methods. (2) Subject geography must 
be kept in stable areas. (3) Subject is an adult; exclusion 
criteria: If the subject is ill, its condition has a short-term 
effect on the subject's dietary ability, or if the age is too 
young or too large, the subject cannot eat independently, 
and other reasons lead to changes in dietary patterns in 
the short term, the subject should be excluded. 

Additional information regarding the subjects is pro-
vided below: Age range: 18 to 60 years old. The ethnicity 
is Han. The subjects have lived in the Xi'an area for the 
past year and have gotten cultural education and experi-
enced daily life in Xi'an before becoming adults. They 
have completed the nine-year compulsory education in 
the local environment of Xi'an, China; The Xi'an area 
referenced in this article is divided into three administra-
tive districts: Xincheng District, Yanta District, and 
Baqiao District.Xi'an, the economic and cultural center of 
northwest China, has a diverse personnel makeup. To 
increase and clarify the questionnaire's information col-
lecting efficiency and testing efficacy, the screening and 
recruitment of subjects must be clarified and limited to a 
long-term, controllable environment. As a result, the pur-
pose of this article is to analyze and develop appropriate 
adults who have lived in Xi'an for a long time and are 
familiar with the local culture. 

In addition, the number of subjects referred to the num-
ber in previous relevant studies, which was more appro-
priate given the presumption of racial and geographical 
limitations, usually 50-100 cases.27-29 In this study, a total 
of 367 questionnaires were collected by combining all the 
initial FFQ (FFQ for pre-experimental use), modified 
FFQ, items-screened SQFFQ, and 24hDR. 

The specific strategy for collecting and summarizing 
data from participants in this study was primarily to train 
a group of survey personnel to fill out information on 
tablets, mobile phones, and paper questionnaires under 
the supervision of survey personnel in a face-to-face set-
ting. The researchers then entered the paper's material, 
summarized the data, and performed statistical analysis. 
In terms of participant recruitment, participants actively 
registered and participated using the contact information 
provided on the Tangdu Hospital Endocrinology Depart-
ment poster, and survey personnel provided face-to-face 
guidance to participants on how to complete the ques-
tionnaire. In addition, we mobilized community forces to 
promote this research project, eventually ensuring that the 
living environment of participants was limited to the des-
ignated community. The location of the survey is deter-
mined by the individual's situation, usually in designated 
meeting rooms in hospital or community activity centers. 

The first batch of subjects recruited for this study begin-
ning in October 2022, and all data collection completed 
by January 2024. 

We employed the notion of usual intake to simulate and 
get the subjects' nutritional status within one year based 
on the 24-hour DR results. All dietary survey work in 
articles such as SQFFQ and 24-hour DR will be done on 
workdays, as patients' weekend special dietary conditions 
may impair their recall and questionnaire completion. The 
flowchart illustrating SQFFQ development process is 
shown below. 

Step 1: Initial FFQ pre-setting 
Questionnaire 1: The 24hDR and initial FFQ question-

naire 
Step 2: Community A – Inclusion of local food items, 

Correction of initial FFQ options 
Questionnaire 2: Revised FFQ questionnaire and the 

24hDR 
Step 3: Community B – Food item screening 
Questionnaire 3: SQFFQ (SQFFQ1, SQFFQ2) and the 

24hDR 
Step 4: Community C – Validity and reliability testing 
In accordance with the questionnaire development steps 

of this study, the general characteristics of the participants 
in each community is available in Table 1, covering indi-
cators such as age, gender, BMI, education level, and 
monthly income. Among them, age and BMI are meas-
urement data, while gender, education level, and monthly 
income are enumeration data. The monthly income sur-
vey data is divided into four levels: "4000 and below, 
4001-8000, 8001-12000, and above 12001", and the edu-
cational level survey data is divided into four levels: 
"University (junior college and above), Senior high 
school (including secondary vocational school), Junior 
high school, Primary school and below".  

 
Initial FFQ pre-setting 
Initial FFQ food items setting 
The initial FFQ's food standards were based on a compi-
lation of many questionnaires from the body of existing 
literature. In addition, to achieve the inclusion of local 
food items, localized supplements were also made to the 
food items at this stage based on the results of 24hDR. A 
number of dietary rating criteria are also used in this ap-
proach to classify foods.The nutrient calculation of food 
is based on the data on the 2009 China Food Composition 
Table. The initial FFQ's food standards shown in Table 2. 

 
Food item weight calculation 
Multiple methods for calculating the weights of food 
items under large food categories 
For various refined rice varieties with lower dietary in-
take, such as millet, corn, corn flour, glutinous rice, 
brown rice, rye, black rice, purple rice, oats, barley, 
buckwheat, quinoa, and so on, first conduct a large classi-
fication of "other rice" to "frequency" and "quantity" sur-
veys, and then conduct a subjective ratio of various rice 
meals in the "Other rice." The goal of this strategy is to 
decrease the time and burden of a single test for partici-
pants while still including a variety of food items in the 
FFQ questionnaire. 
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The consumption ratio calculation results are compared 
using three proportion calculation methods: the initial 
ratio calculation, the adjusted proportion calculation (the 
denominator is not 1), and the adjusted proportion calcu-
lation (the denominator is 1). 

Results of the initial ratio calculation: The subject sub-
jectively is likely not to pay attention to whether the sum 

is 100, and the premise of this method is to simply take 
the sum of all options as the denominator, and then calcu-
late their respective proportions, so the subject's subjec-
tive choice of the sum of the denominators of the con-
sumption ratio is 100 to truly reflect the subject's will. 

The following are the results of the adjusted percentage 
calculation (the denominator is not 1): The modified ratio 

Table 1. General characteristics of the participants 
 
 Questionnaire 1 Questionnaire 2 Questionnaire 3 

Community A Community B Community C Community C 
24hDR/ Initial FFQ Revised FFQ/ 24hDr SQFFQ1 SQFFQ2/ 24hDR 

Age (year) 38.2±12.2 39.2±12.9 41.7±12.9 41.7±12.9 
Gender-male 35 (53.9) 59 (56.7) 24 (48.0) 24 (48.0) 
Gender-female 30 (46.1) 45 (43.3) 26 (52.0) 26 (52.0) 
BMI (kg/m2) 21.2±1.67 21.2±1.48 21.0±1.69 23.0±2.19 
Education     

 University (junior college and 
above) 21 (32.3) 24 (23.1) 10 (20.0) 10 (20.0) 

 Senior high school (including 
secondary vocational school) 11 (16.9) 26 (25.0) 10 (20.0) 10 (20.0) 

 Junior high school 11 (16.9) 33 (31.7) 12 (24.0) 12 (24.0) 
 Primary school and below 22 (33.9) 21 (20.2) 18 (36.0) 18 (36.0) 
Monthly income     
 RMB 4000 and below 15 (23.1) 29 (27.9) 17 (34.0) 15 (30.0) 
 RMB 4001-8000 14 (21.5) 18 (17.3) 6 (12.0) 6 (12.0) 
 RMB 8001-12000 13 (20.0) 35 (33.7) 16 (32.0) 17 (34.0) 
 RMB 12001 and above 23 (35.4) 22 (21.1) 11 (22.0) 12 (24.0) 
 
 
Table 2. Initial FFQ food standards 
 

Category Food 
Cereals  
 Rice Rice (cooked), white porridge (cooked), millet, cornmeal, glutinous rice, brown rice, rye, black 

rice, purple rice, oats, barley, buckwheat, quinoa 
 Flour Noodles, steamed buns, flower rolls, cakes 
 Other cereals Churros, bread, biscuits 
Potato Potatoes, yams, konjac, sweet potatoes 
Soybean Vegetarian chicken, dried tofu, tofu 
Fresh dark vegetables Green peppers, carrots, tomatoes, spinach 
Fresh light vegetables Radishes, cucumbers, cabbage 
Fresh mushrooms Shiitake mushrooms, oyster mushrooms, grass mushrooms 
Pickled vegetables Squeezed vegetables, pickled snow mushrooms, salted mustard heads, sauce radish, sauce cu-

cumber, tofu milk 
Fresh fruit Bananas, watermelons, peaches, grapes, apples, pears, oranges, oranges 
Red meat Raw pork, raw lamb, raw beef 
Poultry Raw duck, raw chicken, raw goose 
Processed meat products Luncheon meat, skin sausage, sausage, sauce meat, ham 
River fresh Blue carp, sea bass, silver carp, river shrimp, grass carp 
Seafood Yellow fish, sea shrimp, ribbon fish, pomfrets, crabs 
Nuts Peanuts, almonds, pecans, walnuts, pistachios, sunflower seeds 
Legumes   
 Whole Phaseolus vulgaris, lentils, cowpeas (long beans) 
 Pure beans Mung beans, red beans, broad beans, sprouts, peas 
Onions and garlic Green onion, garlic, ginger, onion, leek 
Fresh algae Kelp, wakame, seaweed 
Dairy products Milk, yogurt 
Fruit juice Peaches, grapes, apples, pears, oranges, oranges 
Sugary drinks Sugary drinks 
Tea drinks Green tea, black tea, flower tea 
Animal oil Lad, butter, duck fat, sheep fat 
Vegetable oil Peanut oil, soybean oil, rapeseed oil, sesame oil, cottonseed oil, sesame oil, sunflower oil 
Salt Edible salt 
Eggs Eggs, duck eggs 
Liquor Beer, cider, liquor 
Cooking sugars Brown sugar, white sugar, cottony sugar, rock sugar 
Liquid soy products Soy milk 
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calculation approach squares the original percentage cal-
culation and compensates for molecules based on the 
number of options. 

The following are the results of the adjusted percentage 
calculation (the denominator is 1): The proportion calcu-
lation here on the basis of the above can truly reflect the 
subjective intention of the subject to a certain extent. 

 
Proportion calculations under various individuals' sub-
jective situations 
The following is a list of various potential objective mani-
festations of the subjects' subjective choices, and a com-
parison is made between the original proportion calcula-
tion method and the adjusted proportion calculation 
method in terms of the subjects' subjective expression to 
show how the adjusted calculation method can more ac-
curately reflect the subjects' subjective wishes. 

Comparing the outcomes of the initial ratio calculation 
with the adjusted proportion calculation (the denominator 
is 1) will help you understand the differences. The lower 
row's 0 indicates that the former's initial ratio calculation 
result is bigger than the latter's adjusted proportion calcu-
lation (the denominator is 1), while the lower row's 1 in-
dicates that the former is smaller than the latter. 

Scenario 1: The slope and range of the latter will in-
crease appropriately if the change in proportion curve is 
smoother and the range is small; conversely, if the change 
in proportion curve is smoother and the mean is close to 
100, the slope and range of the latter will increase weak-
ly. The smooth curve may reflect the subject's subjective 
belief that all types of food intake are similar. 

1) If the proportion of options selected in the beginning 
is small, and the person subjectively believes that their 
intake is relatively low and the difference is not signifi-
cant, they may tend to converge in the selection of op-
tions in the future. Therefore, it is necessary to try adding 
some slopes and ranges to widen the gap. 

2) If the proportion chosen in the previous options is 
relatively large at the beginning, the person may subjec-
tively believe that their intake is too high and the differ-
ence is not significant. If they choose the proportion too 
close to the upper limit and do not attempt to choose a 
smaller proportion, it may reflect the subject's subjective 
belief that the intake of each food is large and there is no 
clear difference. Therefore, the adjusted formula and at-
tempts to widen the gap should be weakened. 

Scenario 2: If the change curve of the proportion is 
steeper and the range is large, the latter will further in-
crease the amplitude of the slope and range; If the curve 
of change in proportion is steep and the mean is close to 
100, the latter will increase the slope and range by a 
weaker extent, and the steep curve can reflect the sub-
ject's subjective belief that the intake of various foods is 
quite different. 

1) If the proportion of the previous option selection is 
small at the beginning, that is, if the subject subjectively 
believes that the intake in front of them is small, but finds 
that he may have a larger intake in the later items, and 
then, in the proportion selection of the latter items, he 
may gradually try to increase the proportion selection, so 
that when the upper limit is almost reached, it is found 
that it can no longer be increased, and then subjectively 

weakens the increase in the proportion of subsequent 
items, so it is necessary to increase the slope and range to 
open the gap. 

2) If the proportion of the previous option selection at 
the beginning is large, that is, if the subject subjectively 
believes that the intake in front of them is large, but finds 
that he may have a smaller intake in the back, and then, in 
the proportion selection of the latter items, he may gradu-
ally try to reduce the proportion selection, so that when 
the lower limit is almost reached, it is found that it can no 
longer be reduced, and then subjectively weakens the 
reduction of the proportion of the subsequent items, so it 
is necessary to increase the slope and range to open the 
gap. 
 
Understanding the results of different proportion calcu-
lations 
Due to the underlying concept of subjective selection, 
which states that the more subdivided the food item is, the 
more the subject's decision will subjectively tend to con-
verge in regard to the food item, this adjustment is meant 
to enhance the degree of dispersion of differences across 
detailed meals. 

As an illustration, the respondents' subjective prefer-
ence for tiny food intake values, such as 1 and 2, differs 
from their preference for bigger values, such as 99 and 
100; the former is around 0.5:1 while the latter is roughly 
0.99:1. Therefore, for the unit values within each subdivi-
sion of food items, the smaller the overall mean, the dif-
ference between the food items that the subjects want to 
express with smaller intake, is more likely to calculate a 
larger difference in the initial ratio calculation. 

As a result, the necessity to lessen the degree of disper-
sion increases with the number of unit values that have 
been acquired per meal intake. The adjusted proportion 
calculation (the denominator is 1), was shown to be capa-
ble of reflecting the genuine purpose underlying the sub-
ject's subjective decision. 

 
Correction of initial FFQ options and food item screen-
ing 
Correction of the initial FFQ option   
Design of the option-correction questionnaire 
The individuals who were community members in Xi'an 
and the surrounding regions and who satisfied the follow-
ing dietary circumstances were first investigated using the 
initial FFQ (subjects in subsequent FFQ and 24hDR met 
the following requirements), the requirements and num-
ber of participants and their references have been de-
scribed above. 

In previous studies, the division of option intervals was 
often more subjective, relying on the experimenter's sub-
jective division of options for the habitual daily purchase 
and intake of something, and there was no more objective 
way to divide according to the survey results. In this 
study, the questionnaire was initially adjusted according 
to the results, and the options were modified according to 
the various statistical distributions of the results of vari-
ous questions. 
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Option correction  
The statistical distribution of the findings may be separat-
ed into the two following scenarios when the results of 
the initial FFQ are gathered. 

(1) Scenario 1 - The results of bimodal distribution as 
shown in Supplementary Table 1 and 2. 

The interval allocation of option 4.5.6, as depicted in 
the image, is irrational, and the subjects have trouble un-
derstanding option 5, which eventually falls between op-
tions 4 and 6. It can be said that there is a phenomena of 
cross overlap between the results of option 4.5.6 if the 
probability of choosing choices 4 and 6 is the same and 
the results of options 4 and 6 are comparable. 

The multiple choice questions in which the survey re-
sults fit this situation are (Frequency): 

Rice, fresh dark vegetables, fresh light vegetables, fresh 
fruits, red meat, milk, and milk made tea drinks, salt 

The multiple choice questions in which the survey re-
sults fit this situation are (Intake): 

Tea Beverage Eggs 
(2) Scenario 2 - The result of skewed distribution as 

shown in Supplementary materials Table 2. 
The options must be broken down since the statistical 

findings of the scenario depicted in the image are biased 
to one side. The outcomes of option 1.2 in the table are 
comparable, and things with comparable results have to 
be broken down. 

For example, salt appears to be distributed evenly while 
high-salt foods like pickles and pickles have a skewed 
distribution. If this is the case, only option 1 needs to be 
decomposed because the sample size of that option is too 
large in comparison to other sample sizes. Option with 
0% intake is not taken into account. 

The multiple choice questions in which the survey re-
sults fit this situation are (Frequency): 

Animal oil, beer, liquor, fruit wine, liquor, liquor, etc 
The multiple choice questions in which the survey re-

sults fit this situation are (Intake): 
Pickled vegetables, meat, rivers, fresh aquatic products, 

seafood, aquatic products, animal oil, vegetable oil, salt, 
beer, wine, fruit wine, wine, liquor, etc 
Method of option correction 
To mimic the link between subjective cognition of the 
interval in the option and objective selection of the sub-
ject population, the notion of "dynamic programming" is 
introduced in the option correction approach. Dynamic 
programming aims to level out the distribution of options. 

"n", or the number of samples or individuals, is used in 
the computation. Ideally, each subject should take up one 
unit and be placed in a definite sequence (The nature of 
options supports this supposition.), like Figure 1. 

The different methods of segmenting the options are 
appropriate in the best case scenario, where the test group 
selection is essentially uniformly distributed. Time series 
1 (k=1) can be used to represent the ideal condition，
according to the time series in Figure 2. 

So when n = ∞, there is an ideal situation for any seg-
mentation option in any time series.Accordingly, each 
state of k will have an ideal state under the assumption 
that n = ∞, and the ideal state of k = n-1 will likewise 
exist when k = n. Under the premise of n ≠ ∞, any state 
of k will not have an ideal state, and the ideal state at k = 
n-1 may not exist when k = n (Figure 3). 

On the basis of this, we thus infer that each rise in k is 
in the direction of boosting the degree of deidealization. 
This leads us to the conclusion that as k increases, ideali-

 

 
 

Figure 1. Ideal situation 
 
 

 
 

Figure 2. Time series 
 
 

 
 

Figure 3. Taking k=N as an example 
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zation is less likely to occur. 
An ideal distribution has lengths for each interval that 

are equal. Ideally, each interval will have the same ex-
pected value. 

Accordingly, each k in the interval may be thought of 
as a "guessing opportunity". Because it is easier and 
quicker to avoid judgment when the subject's subjective 
will is known as opposed to "the individual subject in 
each unit chooses and puts his own will on a one-
dimensional grid with a base unit of 1 and an interval 
number of n". 

Each grid may be viewed as an opportunity for the pur-
pose of "guessing opportunity" comprehension. Because 
the subject's choice is arbitrary and subjective. Each 
"small grid" (unit interval with length 1) that reflects the 
most fundamental and essential will of the subject is a test 
or guessing opportunity for the tester to perform the task 
of analyzing the investigation's findings because it can be 
assumed that the people in this "big grid" (option interval) 
share a certain common value, but the tester is unaware of 
this value. 

Therefore, when the tester guesses, he uses each ex-
pected value to guess the common value that reflects the 
situation of the real group. 

The selection intents of every subject who filled out a 
"big grid" (interval of the option) should be taken into 
account as a whole. Even the choices will be distributed 
among all little units over the interval. 

The feedback on each of the tester's hypotheses is just a 
yes or no when participants in a shared "big grid" are 
considered as a whole. 

The increase in the number of guesses between k and k-
1, from the standpoint of dynamic programming, also 
results in an increase in the permitted range of predicted 
value.Here, we suppose that f(k) is the maximum ex-
pected value function, and that n/f(k) = g(k) is the cost 
function. 

The larger the g(k), the larger the expected range of our 
testers' limited guesses, which only accounts for a small 
range of the total number of units of the subject. There is 
a high likelihood that our expected range cannot accom-

modate the extreme subjective intention distribution of 
subjects, leading to a higher cost of trying. 

In other words, the common value of the range 0-f(k) 
may be verified, and once it is surpassed, it prevents the 
tester from making a reliable prediction. "k" is the num-
ber of "small grid" (unit interval of length 1) in the "big 
grid" (interval of the option). Additionally, if f(k) > n, an 
ideal state cannot be created while n is limited. 

In order to identify the ideal state in a limited time se-
ries k, it is necessary to maintain f(k) =< n. 

In conclusion, the issue may be transformed into a dis-
crete sequence with increasing intervals of 1 from 0 to n 
and the process of estimating the common value of sub-
jects using the tester's predicted value. 

Here, f(n) is a function of the number of subjects corre-
sponding to each small unit n in the interval, with the 
common value n'=argmin(f(n)), as shown in Figure 4. 

 f (k) = (k2 + k)/2 
There are several permutations in each interval (i.e., the 

real condition of each individual subject in the interval) 
because the interval size of each choice is the same. The 
common value n' is viewed as a value that reflects the set 
if it is assumed that there is a set of all conceivable per-
mutations. 

As a result, the transformed problem is fundamentally a 
topic in dynamic programming. In order to explore the 
size of n 'in the interval, and n' must also be found in k 
times limited tester guessing, failing which the ideal state 
cannot be produced. This also increases the cost of at-
tempts, so it is necessary to as much as possible lower the 
cost of attempts under the presumption that the ideal state 
can be contained. 

 
Food item screening 
The treated initial FFQ and 24hDR were used to create a 
SQFFQ based on evidence of food items and nutrient 
consumption for multiple regression analysis (MRA), 
contribution analysis (CA), and favorable food modifica-
tion screening food items. 
 
 

 
 

 
 

Figure 4. Visual display 
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Multiple regression analysis for screening food items 
(MRA)  
The amount of each nutrient provided by all foods was 
used as the response variable. Based on the nutrients, 
multiple regression analysis was performed using the 
stepwise entry method and the optimal subset, and the 
food items were screened based on the size of the contri-
bution of the corresponding variable of the respective 
variables, that is, the accumulation of the coef. In later 
research, screening standards are often 85% or 90%. 

Yi = β0 + β1Xi2 + ……….. + βnXin + εi 
Yi : Various dietary nutrients 
β0, β1, β 2 ……. βn: Regression coefficient 
Xi1,Xi2,Xi3 ....... Xin: Nutrients ingested by each food 
The progressive growing stage of Cumulative R2 may 

be expressed using the stepwise regression approach due 
to the high number of independent variables. The varia-
bles are then filtered based on the stepwise findings, and 
the optimal subset regression analysis is performed. 

To avoid the issue of overfitting, the first stepwise re-
gression can take globality into account to obtain a wide 
range of variable screening. According to the change of 
the cumulative R2 value, the optimal regression equation 
that can take globality into account can be obtained. This 
is because there are many features, and the optimal subset 
suitable for fewer features cannot be used here directly. 
The variables are therefore ordered by cumulative R2 
value at the moment of inclusion following stepwise re-
gression screening, and the variables are then further 
screened by the ideal subset. 

 
Cumulative contribution analysis to screen food items 
(CA) 
The food items are ranked from largest to smallest based 
on the amount of several target nutrients provided by var-
ious foods consumed on average per person's daily intake. 
Each nutrient is still tabulated separately, and the percent-
age of nutrients provided by each food accounts for the 
total amount of the nutrient is calculated. The percentages 
are accumulated in order of the percentage from largest to 
smallest. 

It is determined what proportion of a given nutrient dif-
ferent foods contribute, and the cumulative percentage 
contribution rate is determined by adding together the 
biggest to the lowest percentage contributions. In later 
investigations, the screening criterion were often 85% or 
90%, and 85% was chosen as the screening level in this 
study. 

 
Food items with dominant food modification screening 
The meal at the top of each category in the 24hDR is uti-
lized as a sub-item in the category to make up for any 
potential FFQ shortfalls. Based on the 24hDR data, each 
major food category's absolute intake was sorted, the con-
tribution of each food item to the major category's abso-
lute intake was computed, and the food items were fil-
tered based on a >1% threshold. 

 
24hDR treatment 
The 24hDR typical intake concept and calculation: 

An individual's 24hDR, based on any contextual and 
behaviorally viable 24hDR average, nonetheless contains 

a significant amount of intra-individual variance for the 
majority of food components. 

As a result, the idea of normal intake is presented to de-
scribe the subject's long-term nutritional intake for effica-
cy testing. 

We often presume that food consumption during a 24-
hour period is unbiased estimate of usual intake. Based on 
this, it is clear that the distribution of the individual aver-
age has greater volatility than the actual distribution of 
usual intake, causing normal intake to be higher or lower 
than the biased estimate. 

A single 24hDR at a certain time may overestimate or 
underestimate a person's genuine typical consumption, 
but if the 24hDR is used frequently to the same individu-
al, the estimation error will be eliminated. Nevertheless, 
the absence of bias does not imply the absence of mis-
take. 

Based on this supposition, the deviation from the usual 
intake can be quantified as the sum of the deviation in 
average usual intake between groups grouped based on 
subject attributes (between-person difference), and the 
deviation between the individual and the group in which 
the individual belongs (within-person difference is divid-
ed by n, where n is the number of independent 24hDR 
repeat tests). 

The calculation methods of usual intake and energy 
correction algorithm are presented in the Supplementary 
Table 3.30-31 

 
Testing of the new SQFFQ 
The revised SQFFQ questionnaire was received following 
the food item screening, and the first SQFFQ1, follow-up 
SQFFQ2, and related 24hDR surveys were done. 

The average daily intake of various foods and nutrients 
for each subject that corresponded to the two surveys 
(SQFFQ1 and SQFFQ2) was calculated based on the 
findings of the SQFFQ and 24hDR carried out in the 
community C range, and the validity and reliability of 
retest were assessed.  

Additionally, the SQFFQ2 results' validity was exam-
ined in light of the 24hDR survey's energy and nutrient 
consumption. One of them uses the usual intake to calcu-
late the nutrients for the 24hDR evaluation. 

 
Statistical analysis  
STATA 9.2 is used for statistical analysis in this case. 
When expressing descriptive data, quantities or percent-
ages are used, the mean and standard deviation of nutrient 
consumption is used. Pearson, Spearman, Kendall, and 
CCC assessed the reliability of retesting between two 
FFQs, and the stronger correlation may to some extent 
lessen the within-person variance of the two FFQ surveys. 
Additionally, Pearson, Spearman, Kendall, and CCC may 
assess the validity of the test between the FFQ and 
24hDR that combines the energy adjustment technique 
with the notion of usual intake under the presumption of 
two nutrient distribution assumptions. 

When the variables of interest are continuous, the CCC 
indicator, which is one of them, is more suited to moni-
toring consistency than other indicators since it can assess 
how reproducible a new set of data is with the original 
observations. The state that exhibits more efficacy when 
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the sample size is small and outliers are present can be 
supplemented by the Kendall rank correlation test, which 
is also a supplement. 

The individuals' energy and nutrient intake were cate-
gorized into three levels based on the mean of the SQFFQ 
and a 24hDR. The results of the 24hDR and SQFFQ2 
were then compared, along with the results of the nutrient 
distribution tests for SQFFQ1 and SQFFQ2. The continu-
ous variables are then divided into three equal intervals, 
and the percentage of participants' energy and nutrients 
that fall into the same, adjacent, and extreme triple parti-
tions is calculated. The outcome is shown as a percentage 
of participants. 
 
RESULTS 
Food item screening and correction results for initial 
FFQ 
Multiple regression analysis for screening food items 
(MRA) 
The optimal subset and cumulative R2 value of food 
types corresponding to each nutrient are shown in Sup-
plementary Table 4.  

 
Cumulative contribution analysis to screen food items 
(CA) 
The results of the nutrient contribution rate of various 
foods are presented in Supplementary Table 5. 

 
Food items with dominant food modification screening 
The proportion of 24hDR consumption in absolute terms 
for each particular food category are presented in Sup-
plementary Table 6. 

 
Results of the new SQFFQ's effectiveness tests 
Dietary nutrients mean and standard deviation for 
24hDR 

Before and after data with 24hDR energy correction 
(Repeat and missing follow-up were removed) 

The results of 24hDR energy correction are presented 
in Supplementary Table 7. 

 
Before and after data with SQFFQ1 and SQFFQ2 
energy correction (Repeat and missing follow-up were 
removed) 
The results of SQFFQ1 and SQFFQ2 energy correction 
are presented in Supplementary Table 8. 

 
Reliability test  
The results of tests linked to Pearson, Spearman, Kendall, 
and CCC using the nutritional intake of SQFFQ1 and 
SQFFQ2 are displayed in the Table 3. 

The daily intake of micronutrients like "Na, K, vita-
mins" and other nutrients with less daily intake was dis-
tributed below 0.60 in the Pearson test of dietary daily 
intake of nutrients (non-energy-corrected non-logarithmic 
conversion) between SQFFQ1 and SQFFQ2. However, 
nutrients with higher daily intake like "energy, protein, 
fat, saturated fatty acids, monounsaturated fatty acids, 
polyunsaturated fatty acids, carbohydrates" were distrib-
uted between 0.60 and 0.75. 

The correlation coefficients of the Pearson, Spearman, 
Kendall, and CCC tests will all increase significantly in 

the dietary daily nutrient intake (logarithmic treatment 
without energy correction) data, despite the fact that the 
correlation coefficients between the Kendall, CCC, and 
Pearson tests will be significantly smaller than those be-
tween the Pearson and Spearman tests. Additionally, CCC 
(consistency test) values may be greater than 0.60. 

The Pearson or CCC correlation coefficient between 
SQFFQ1 and SQFFQ2 (with energy adjustment, without 
logarithmic conversion) for nutrients with higher daily 
intake of "energy, protein, fat, saturated fatty acids, mon-
ounsaturated fatty acids, polyunsaturated fatty acids, car-
bohydrates" will be found to remain above 0.50 after us-
ing energy adjustment; 

However, due to energy-adjusted operations, the die-
tary daily nutrient intake (with energy adjustment, with-
out logarithmic conversion) data between SQFFQ1 and 
SQFFQ2 with lower daily nutrient intake will be signifi-
cantly reduced, but the CCC test correlation coefficient 
will remain at a level that is comparable to dietary daily 
nutrient intake. 

Additionally, the CCC correlation coefficient of nutri-
ents with higher daily intake was increased and signifi-
cant, in contrast to the pre-energy adjusted data, while the 
Pearson correlation coefficient of dietary daily nutrient 
intake (with energy adjustment and logarithmic conver-
sion) was lower than that of dietary daily nutrient intake 
(with energy adjustment, without logarithmic conver-
sion). 

 
Presentation of the third-equal reliability test findings 
The results of the third-equal reliability test are presented 
in Table 4. 

The distribution of nutrients across the same, adjacent, 
or extreme tertiary partitions is represented in the out-
come, which is reported as a percentage of participants 
after comparing the first and second SQFFQs and catego-
rizing the continuity variable into three equal intervals. 

Participants were split into the same third, with daily 
intakes ranging from 30-40% for low intake to 60-70% 
for high intake. Over 85% of participants, on average, fall 
into the same or nearby categories. It is clear that the en-
ergy-adjusted data will see a proportional reduction of the 
same one-third. 

 
Validity test  
Pearson, Spearman, Kendall, and CCC correlation tests, 
as well as the Pearson, Spearman, Kendall, CCC correla-
tion tests were calculated following the computation of 
the decay coefficient, to determine the validity of the 
comparison between the findings of the SQFFQs and the 
24hDR. Table 5 presents the result of the validity of the 
comparison between the findings of the SQFFQs and the 
24hDR. 

It is clear from the data that most dietary nutrients have 
high test validity before energy adjustment. And while the 
correlation coefficient before or after the decay calcula-
tion is still high for the data before energy adjustment, 
whether the usual intake for the non-logarithmic start 
calculation or the usual intake for the initial logarithmic 
calculation, the improvement of the data using the decay 
coefficient is minimal due to the relatively small variance. 
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Table 3. Reliability of SQFFQ1 - SQFFQ2 comparison 
 
 Reliability 

1 2 
 Pearson Spearman Kendall CCC Pearson Spearman Kendall CCC 
Energy (kJ) 0.67 0.86 0.60 0.31 0.88 0.86 0.60 0.69 
Protein (g) 0.68 0.73 0.55 0.28 0.74 0.73 0.55 0.81 
Fat (g) 0.69 0.62 0.44 0.32 0.67 0.62 0.44 0.85 
Saturated fatty acids (g) 0.69 0.55 0.40 0.36 0.59 0.55 0.40 0.90 
Monounsaturated fatty acids (g) 0.72 0.53 0.37 0.37 0.72 0.53 0.37 0.88 
Polyunsaturated fatty acids (g) 0.57 0.59 0.43 0.25 0.63 0.59 0.43 0.83 
Cholesterol (mg) 0.49 0.37 0.25 0.55 0.43 0.37 0.25 0.97 
Carbohydrates (g) 0.50 0.68 0.51 0.39 0.70 0.68 0.51 0.73 
Total dietary fiber (g) 0.26 0.36 0.25 0.20 0.38 0.36 0.25 0.68 
Insoluble dietary fiber (g) 0.27 0.46 0.33 0.08 0.48 0.46 0.33 0.47 
Vitamin A (μg) 0.38 0.35 0.25 0.49 0.37 0.35 0.25 0.83 
Vitamin K (μg) 0.09 0.05 0.03 0.34 0.08 0.05 0.03 0.71 
Vitamin E (mg) 0.36 0.52 0.37 0.29 0.55 0.52 0.37 0.70 
Vitamin B1 (mg) 0.63 0.72 0.54 0.19 0.74 0.72 0.54 0.50 
Vitamin B2 (mg) 0.51 0.63 0.48 0.31 0.65 0.63 0.48 0.86 
Vitamin B6 (mg) -0.01 0.17 0.12 0.43 0.14 0.17 0.12 0.78 
Niacin (mg) 0.67 0.64 0.47 0.34 0.65 0.64 0.47 0.83 
Vitamin C (mg) 0.16 0.28 0.19 0.28 0.22 0.28 0.19 0.62 
Folic acid (μg) 0.20 0.24 0.17 0.20 0.24 0.24 0.17 0.59 
Choline (mg) 0.41 0.09 0.07 0.25 0.25 0.17 0.12 0.83 
Sodium (mg) 0.45 0.37 0.25 0.19 0.44 0.37 0.25 0.63 
Potassium (mg) 0.51 0.61 0.44 0.21 0.64 0.61 0.44 0.64 
Calcium (mg) 0.26 0.48 0.35 0.25 0.53 0.48 0.35 0.78 
Zinc (mg) 0.55 0.70 0.54 0.23 0.72 0.70 0.54 0.74 
Selenium (μg) 0.68 0.73 0.55 0.30 0.73 0.73 0.55 0.91 
Phosphorus (mg) 0.57 0.76 0.59 0.24 0.76 0.76 0.59 0.73 
Magnesium (mg) 0.40 0.65 0.48 0.14 0.68 0.65 0.48 0.59 
Iron (mg) 0.53 0.74 0.56 0.18 0.75 0.74 0.56 0.66 
Iodine (μg) -0.03 0.24 0.15 0.01 0.10 0.24 0.15 0.66 
Copper (mg) 0.57 0.71 0.53 0.19 0.72 0.71 0.53 0.75 
Manganese (mg) 0.24 0.53 0.37 0.27 0.54 0.53 0.37 0.79 
Moisture(g) 0.05 0.07 0.06 0.14 0.04 0.07 0.06 0.86 
 
†Statistical analysis methods: Reliability testing based on Pearson, Spearman, Kendall, and CCC methods using the nutritional intake of SQFFQ1 and SQFFQ2.  
‡1: without energy adjustment or logarithmic conversion; 2: without energy adjustment, with logarithmic conversion; 3: with energy adjustment, without logarithmic conversion; 4: with energy adjustment and loga-
rithmic conversion. 
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Table 3. Reliability of SQFFQ1 - SQFFQ2 comparison (cont.) 
 
 Reliability 

3 4 
 Pearson Spearman Kendall CCC Pearson Spearman Kendall CCC 
Protein (g) 0.56 0.39 0.25 0.37 0.67 0.39 0.25 0.48 
Fat (g) 0.26 0.11 0.08 0.34 0.49 0.11 0.08 0.39 
Saturated fatty acids (g) 0.27 0.11 0.08 0.68 0.44 0.11 0.07 0.67 
Monounsaturated fatty acids (g) 0.11 0.05 0.03 0.51 0.25 0.05 0.03 0.57 
Polyunsaturated fatty acids (g) 0.29 0.30 0.20 0.29 0.32 0.29 0.20 0.47 
Cholesterol (mg) 0.24 0.26 0.18 0.86 0.34 0.26 0.18 0.53 
Carbohydrates (g) 0.25 0.08 0.08 0.35 0.10 0.08 0.08 0.73 
Total dietary fiber (g) -0.03 -0.07 -0.05 0.32 0.07 -0.07 -0.05 0.67 
Insoluble dietary fiber (g) -0.29 -0.16 -0.11 0.14 -0.25 -0.15 -0.11 0.38 
Vitamin A (μg) 0.08 0.06 0.03 0.55 0.45 0.06 0.03 0.64 
Vitamin K (μg) 0.15 -0.03 -0.03 0.31 -0.06 -0.03 -0.03 0.72 
Vitamin E (mg) 0.10 0.10 0.07 0.33 0.06 0.10 0.07 0.70 
Vitamin B1 (mg) 0.18 0.06 0.04 0.09 0.04 -0.03 -0.03 0.11 
Vitamin B2 (mg) 0.30 0.21 0.15 0.57 0.13 0.09 0.07 0.72 
Vitamin B6 (mg) -0.24 -0.19 -0.13 0.40 -0.04 -0.23 -0.16 0.75 
Niacin (mg) 0.42 0.29 0.20 0.48 0.45 0.29 0.20 0.65 
Vitamin C (mg) -0.06 0.02 0.02 0.29 -0.01 0.02 0.02 0.57 
Folic acid (μg) 0.12 -0.02 -0.02 0.23 0.04 -0.02 -0.02 0.55 
Choline (mg) 0.20 0.09 0.05 0.23 0.21 0.07 0.05 0.93 
Sodium (mg) 0.27 0.26 0.18 0.33 0.19 0.26 0.18 0.34 
Potassium (mg) 0.17 0.02 0.00 0.27 0.49 0.02 0.00 0.34 
Calcium (mg) 0.04 -0.08 -0.06 0.40 0.07 -0.08 -0.06 0.63 
Zinc (mg) 0.31 0.18 0.12 0.28 0.41 0.18 0.11 0.43 
Selenium (μg) 0.25 0.25 0.18 0.47 0.28 0.25 0.18 0.39 
Phosphorus (mg) 0.29 0.15 0.10 0.22 0.57 0.15 0.10 0.28 
Magnesium (mg) -0.12 0.00 0.00 0.17 0.17 0.00 0.00 0.26 
Iron (mg) 0.20 0.11 0.07 0.19 0.43 0.11 0.07 0.35 
Iodine (μg) -0.14 -0.01 0.00 0.01 0.01 -0.01 0.00 0.39 
Copper (mg) 0.23 0.12 0.07 0.24 0.16 0.11 0.06 0.38 
Manganese (mg) -0.14 -0.11 -0.08 0.59 -0.09 -0.11 -0.09 0.69 
Moisture(g) -0.09 -0.08 -0.06 0.34 -0.14 -0.08 -0.06 0.73 
 
†Statistical analysis methods: Reliability testing based on Pearson, Spearman, Kendall, and CCC methods using the nutritional intake of SQFFQ1 and SQFFQ2. 
‡1: without energy adjustment or logarithmic conversion; 2: without energy adjustment, with logarithmic conversion; 3: with energy adjustment, without logarithmic conversion; 4: with energy adjustment and loga-
rithmic conversion. 
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Table 4. Third-equal reliability test 
 
 Reliability 

1 2 3 4 
same 

tertiles % 
adjacent 
tertiles % 

extreme 
tertiles % 

same 
tertiles % 

adjacent 
tertiles % 

extreme 
tertiles % 

same 
tertiles % 

adjacent 
tertiles % 

extreme 
tertiles % 

same 
tertiles % 

adjacent 
tertiles % 

extreme 
tertiles % 

Energy (kJ) 41.5 58.5 0.00 41.5 58.5 0.00       
Protein (g) 55.4 40.0 4.62 55.4 40.0 4.62 43.1 43.1 13.8 43.1 43.1 13.8 
Fat (g) 50.8 46.2 3.08 50.8 46.1 3.08 30.8 49.2 20.0 30.8 49.2 20.0 
Saturated fatty acids (g) 44.6 49.2 6.15 44.6 49.2 6.15 38.5 40.0 21.5 38.5 40.0 21.5 
Monounsaturated fatty acids (g) 52.3 40.0 7.69 52.3 40.0 7.69 38.5 36.9 24.6 38.5 36.9 24.6 
Polyunsaturated fatty acids (g) 60.0 30.8 9.23 60.0 30.8 9.23 36.9 49.2 13.9 36.9 49.2 13.9 
Cholesterol (mg) 43.1 43.1 13.8 43.1 43.1 13.8 46.2 36.9 16.9 46.2 36.9 16.9 
Carbohydrates (g) 64.6 27.7 7.69 64.6 27.7 7.69 35.4 43.1 21.5 35.4 43.1 21.5 
Total dietary fiber (g) 56.9 27.7 15.4 56.9 27.7 15.4 30.7 46.2 23.1 30.7 46.2 23.1 
Insoluble dietary fiber (g) 46.2 43.1 10.7 46.2 43.1 10.7 33.9 36.9 29.2 33.9 36.9 29.2 
Vitamin A (μg) 44.6 43.1 12.3 44.6 43.1 12.3 27.7 52.3 20.0 27.7 52.3 20.0 
Vitamin K (μg) 35.4 41.5 23.1 35.4 41.5 23.1 29.2 43.1 27.7 29.2 43.1 27.7 
Vitamin E (mg) 47.7 43.1 9.23 47.7 43.1 9.23 47.7 24.6 27.7 47.7 24.6 27.7 
Vitamin B1 (mg) 61.5 33.9 4.62 61.5 33.9 4.62 35.4 43.1 21.5 30.8 46.2 23.0 
Vitamin B2 (mg) 61.5 33.9 4.62 61.5 33.9 4.62 46.1 33.9 20.0 40.0 40.0 20.0 
Vitamin B6 (mg) 38.5 46.2 15.3 38.5 46.2 15.3 24.6 49.2 26.2 24.6 46.2 29.2 
Niacin (mg) 56.9 33.9 9.23 56.9 33.9 9.23 49.2 36.9 13.9 49.2 36.9 13.9 
Vitamin C (mg) 41.5 46.2 12.3 41.5 46.2 12.3 30.8 46.2 23.0 30.8 46.2 23.0 
Folic acid (μg) 38.5 46.2 15.3 38.5 46.2 15.3 27.7 43.1 29.2 27.7 43.1 29.2 
Choline (mg) 44.6 30.8 24.6 41.5 36.9 21.6 47.7 32.3 20.0 33.9 53.8 12.3 
Sodium (mg) 38.5 43.1 18.4 38.5 43.1 18.4 43.1 36.9 20.0 43.1 36.9 20.0 
Potassium (mg) 47.7 46.1 6.15 47.7 46.1 6.15 30.8 43.1 26.1 30.8 43.1 26.1 
Calcium (mg) 53.9 36.9 9.23 53.9 36.9 9.23 24.6 46.2 29.2 24.6 46.2 29.2 
Zinc (mg) 61.5 33.9 4.62 61.5 33.9 4.62 40.0 40.0 20.0 40.0 40.0 20.0 
Selenium (μg) 55.4 40.0 4.62 55.4 40.0 4.62 36.9 46.2 16.9 36.9 46.2 16.9 
Phosphorus (mg) 50.8 46.1 3.08 50.8 46.1 3.08 36.9 43.1 20.0 36.9 43.1 20.0 
Magnesium (mg) 52.3 40.0 7.69 52.3 40.0 7.69 29.2 46.2 24.6 29.2 46.2 24.6 
Iron (mg) 55.4 43.1 1.54 55.4 43.1 1.54 40.0 36.9 23.1 40.0 36.9 23.1 
Iodine (μg) 35.4 55.4 9.23 35.4 55.4 9.23 36.9 49.2 13.9 36.9 49.2 13.9 
Copper (mg) 55.4 40.0 4.62 55.4 40.0 4.62 32.3 46.2 21.5 32.3 46.2 21.5 
Manganese (mg) 63.1 27.7 9.23 63.1 27.7 9.23 26.2 49.2 24.6 26.2 49.2 24.6 
Moisture(g) 27.7 50.8 21.5 27.7 50.8 21.5 26.2 49.2 24.6 26.2 49.2 24.6 
 
†Statistical analysis methods: Third-equal reliability test. 
‡1: without energy adjustment or logarithmic conversion;2:without energy adjustment, with logarithmic conversion;3:with energy adjustment, without logarithmic conversion;4:with energy adjustment and logarith-
mic conversion. 
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Table 5. Validity of SQFFQ2 - 24hDR comparison 
 
 Validity-Assumption B 

1 2 
Pearson Spearman Kendall CCC Pearson Spearman Kendall CCC 

Energy (kJ) 0.640  0.450  0.321  0.833  0.588  0.450  0.321  0.772  
Calcium (mg) 0.700  0.621  0.442  0.787  0.658  0.621  0.442  0.715  
Copper (mg) 0.575  0.498  0.333  0.729  0.570  0.498  0.333  0.702  
Iron (mg) 0.660  0.581  0.414  0.844  0.619  0.581  0.414  0.704  
Iodine (μg) 0.571  0.436  0.314  0.789  0.417  0.436  0.314  0.885  
Potassium (mg) 0.631  0.636  0.460  0.785  0.615  0.636  0.460  0.716  
Magnesium (mg) 0.744  0.602  0.426  0.740  0.627  0.602  0.426  0.683  
Manganese (mg) 0.649  0.379  0.246  0.795  0.528  0.379  0.246  0.783  
Sodium (mg) 0.695  0.437  0.321  0.716  0.558  0.437  0.321  0.782  
Phosphorus (mg) 0.683  0.557  0.398  0.776  0.641  0.557  0.398  0.670  
Selenium (μg) 0.599  0.457  0.323  0.756  0.531  0.457  0.323  0.676  
Zinc (mg) 0.684  0.482  0.342  0.769  0.605  0.482  0.342  0.678  
Saturated fatty acids (g) 0.619  0.389  0.280  0.810  0.423  0.389  0.280  0.842  
Insoluble dietary fiber (g) 0.571  0.561  0.392  0.720  0.589  0.561  0.392  0.673  
Monounsaturated fatty acids (g) 0.638  0.327  0.229  0.848  0.429  0.406  0.285  0.861  
Cholesterol (mg) 0.512  0.406  0.285  0.737  0.417  0.413  0.307  0.632  
Choline (mg) 0.378  0.413  0.307  0.604  0.389  0.350  0.255  0.758  
Protein (g) 0.630  0.408  0.273  0.768  0.539  0.408  0.273  0.671  
Polyunsaturated fatty acids (g) 0.571  0.478  0.344  0.717  0.551  0.478  0.344  0.842  
Moisture(g) 0.504  0.552  0.397  0.805  0.527  0.552  0.397  0.850  
Carbohydrates (g) 0.647  0.414  0.300  0.846  0.609  0.414  0.300  0.756  
Vitamin A (μg) 0.499  0.477  0.325  0.885  0.432  0.477  0.325  0.830  
Vitamin B1 (mg) 0.502  0.446  0.319  0.788  0.564  0.446  0.319  0.717  
Vitamin B2 (mg) 0.639  0.570  0.406  0.814  0.618  0.570  0.406  0.741  
Vitamin B6 (mg) 0.332  0.398  0.270  0.906  0.376  0.398  0.270  0.874  
Vitamin C (mg) 0.512  0.392  0.266  0.935  0.407  0.392  0.266  0.889  
Vitamin E (mg) 0.704  0.525  0.390  0.887  0.572  0.525  0.390  0.794  
Vitamin K (μg) 0.308  0.353  0.258  0.726  0.248  0.342  0.247  0.976  
Niacin (mg) 0.590  0.336  0.239  0.803  0.448  0.336  0.239  0.666  
Folic acid (μg) 0.566  0.450  0.310  0.894  0.369  0.450  0.310  0.891  
Fat (g) 0.652  0.397  0.277  0.826  0.523  0.397  0.277  0.790  
Total dietary fiber (g) 0.715  0.592  0.415  0.884  0.557  0.592  0.415  0.731  
 
†Statistical analysis methods: Validity testing based on Pearson, Spearman, Kendall, and CCC methods using the nutritional intake of SQFFQ2 and 24hDR.  
‡Assumption B:Non-logarithmic calculation of usual intake; Assumption A: The initial stage begins to calculate the logarithmicly. 
§1: without energy adjustment or logarithmic conversion; 2: without energy adjustment, with logarithmic conversion; 3: with energy adjustment, without logarithmic conversion; 4: with energy adjustment and loga-
rithmic conversion 
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Table 5. Validity of SQFFQ2 - 24hDR comparison (cont.) 
 
 Validity-Assumption A 

1 2 
Pearson Spearman Kendall CCC Pearson Spearman Kendall CCC 

Energy (kJ) 0.453  0.450  0.321  0.012  0.588  0.450  0.321  0.012  
Calcium (mg) 0.492  0.621  0.442  0.149  0.658  0.621  0.442  0.151  
Copper (mg) 0.575  0.498  0.333  0.729  0.570  0.498  0.333  0.702  
Iron (mg) 0.651  0.581  0.414  0.818  0.619  0.581  0.414  0.693  
Iodine (μg) 0.570  0.436  0.314  0.770  0.417  0.436  0.314  0.885  
Potassium (mg) 0.434  0.636  0.460  0.027  0.615  0.636  0.460  0.028  
Magnesium (mg) 0.498  0.602  0.426  0.148  0.627  0.602  0.426  0.179  
Manganese (mg) 0.649  0.379  0.246  0.795  0.528  0.379  0.246  0.783  
Sodium (mg) 0.440  0.437  0.321  0.068  0.558  0.437  0.321  0.106  
Phosphorus (mg) 0.458  0.557  0.398  0.076  0.641  0.557  0.398  0.072  
Selenium (μg) 0.561  0.457  0.323  0.647  0.531  0.457  0.323  0.602  
Zinc (mg) 0.680  0.482  0.342  0.761  0.605  0.482  0.342  0.674  
Saturated fatty acids (g) 0.619  0.389  0.280  0.809  0.423  0.389  0.280  0.842  
Insoluble dietary fiber (g) 0.571  0.561  0.392  0.719  0.589  0.561  0.392  0.673  
Monounsaturated fatty acids (g) 0.638  0.327  0.229  0.848  0.429  0.406  0.285  0.861  
Cholesterol (mg) 0.409  0.406  0.285  0.094  0.417  0.413  0.307  0.081  
Choline (mg) 0.376  0.402  0.305  0.604  0.381  0.341  0.253  0.758  
Protein (g) 0.552  0.408  0.273  0.573  0.539  0.408  0.273  0.534  
Polyunsaturated fatty acids (g) 0.570  0.478  0.344  0.716  0.551  0.478  0.344  0.842  
Moisture(g) 0.461  0.552  0.397  0.627  0.485  0.552  0.397  0.856  
Carbohydrates (g) 0.530  0.414  0.300  0.401  0.609  0.414  0.300  0.312  
Vitamin A (μg) 0.457  0.477  0.325  0.122  0.432  0.477  0.325  0.103  
Vitamin B1 (mg) 0.639  0.570  0.406  0.814  0.618  0.570  0.406  0.741  
Vitamin B2 (mg) 0.332  0.398  0.270  0.906  0.376  0.398  0.270  0.874  
Vitamin B6 (mg) 0.475  0.392  0.266  0.826  0.407  0.392  0.266  0.769  
Vitamin C (mg) 0.704  0.525  0.390  0.886  0.572  0.525  0.390  0.793  
Vitamin E (mg) 0.308  0.353  0.258  0.726  0.248  0.342  0.247  0.976  
Vitamin K (μg) 0.584  0.336  0.239  0.794  0.448  0.336  0.239  0.658  
Niacin (mg) 0.565  0.450  0.310  0.899  0.369  0.450  0.310  0.890  
Folic acid (μg) 0.633  0.397  0.277  0.776  0.523  0.397  0.277  0.760  
Fat (g) 0.715  0.592  0.415  0.884  0.557  0.592  0.415  0.731  
Total dietary fiber (g) 0.715  0.592  0.415  0.884  0.557  0.592  0.415  0.731  
 
†Statistical analysis methods: Validity testing based on Pearson, Spearman, Kendall, and CCC methods using the nutritional intake of SQFFQ2 and 24hDR.  
‡Assumption B:Non-logarithmic calculation of usual intake; Assumption A: The initial stage begins to calculate the logarithmicly. 
§1: without energy adjustment or logarithmic conversion; 2: without energy adjustment, with logarithmic conversion; 3: with energy adjustment, without logarithmic conversion; 4: with energy adjustment and loga-
rithmic conversion 
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It should be observed that the correlation coefficient of 
the test does not allow the usual intake of either the be-
ginning logarithmic calculation or the non-logarithmic 
starting calculation after energy adjustment to be statisti-
cally significant. 

For instance, the CCC test result for the non-
logarithmic starting calculation of the usual intake (as-
sumption B) dietary daily nutrient intake (with energy 
adjustment, without logarithmic conversion) protein is 
0.035, while the Pearson test result is 0.015 for the calcu-
lation of the usual intake (assumption B) dietary daily 
nutrient intake (with energy adjustment and logarithmic 
conversion) protein. 

Additionally, the CCC test result for vitamin A (with 
energy adjustment, without logarithmic conversion) at the 
beginning of the logarithmic calculation (assumption A), 
and the CCC test result for vitamin A (with energy ad-
justment and logarithmic conversion) at the beginning of 
the logarithmic calculation (assumption A) for nutrients 
with low daily intake was 0.119 and 0.119, respectively. 

It might be that the residual essence is really employed 
to eliminate the influence on the nutrients owing to the 
linear relationship between energy and nutrients, and the 
constant is added to assure visibility. This is because the 
adjustment given to energy is the correction utilizing re-
siduals. Energy adjustment cannot be carried out since the 
short-term 24-hour dietary review data only reflect transi-
ent nutritional information and do not reflect the linear 
relationship between energy and other nutrients in the 
long-term dietary performance of individual participants. 
As can be seen from the tables above, no obvious link 
was established in any nutrient to support this after ener-
gy adjustment for the usual intake based on the develop-
ment of two assumptions (assumption B, assumption A). 

As a result, in the validation process, the option "2. 
without energy adjustment, with logarithmic conver- 
sion" in Assumption B and Assumption A shows only  
very slight differences. This is due to the double log- 
arithmic calculations. When we keep only three dec- 
imal places, the statistical results of the two assumptions  
are essentially the same. For the options "3. with energy 
adjustment, without logarithmic conversion; 4. with ener-
gy adjustment and logarithmic conversion" in Assump-
tion B and Assumption A during validation, energy cor-
rection is actually unnecessary. The reason is that the 
introduction of 24hDR usual intake is meant to compen-
sate for the weight of low-intake nutrients. If the original 
data of low-intake nutrients of 24hDR is adjusted based 
on energy before calculating the usual intake, the low-
intake nutrients, which are already affected by the one-
sidedness of the 24hDR investigation, will be pushed 
even closer to zero, leading to significant distortion. 
Therefore, energy correction in the calculation of 24hDR 
usual intake is redundant. Regarding the statistical as-
sumptions related to the two types of usual intakes, 
whether logarithmized or not, they are mainly focused on 
ensuring the stability of the distribution variance of low-
intake nutrients.  

 
Presentation of the third-equal validity test findings 
The distribution of nutrients across the same, adjacent, or 
extreme tertiary partitions was compared between 

SQFFQ and 24hDR, and the continuity variable was sepa-
rated into three equal intervals. The result was represent-
ed as a percentage of participants. The results of the com-
parison of same, adjacent, or extreme tertiary partitions 
between SQFFQ and 24hDR are in Table 6. 

It is clear that the distribution and reliability test results 
are comparable 
 
DISCUSSION 
In this study, we assessed the SQFFQ's validity and retest 
reliability in order to examine adult dietary consumption 
of energy and nutrients in Xi'an, Shaanxi. The ultimate 
objective is to have a SQFFQ that most people can easily 
and quickly fill out, and studies have indicated that it 
takes participants less than half an hour to complete one 
on average. As a result, it can be said that this SQFFQ 
may be used to quickly assess dietary patterns, and modi-
fy and improve dietary patterns in various research set-
tings. 

The efficiency of SQFFQ is comparatively good given 
that the correlation coefficients found in this study are 
greater or within the range of numbers reported in other 
prior studies. 

A 1-month gap between two surveys is thought to be 
sufficient to minimize the unintended effects of seasonal 
food and yearly changes in personal dietary habits, ac-
cording to earlier studies on the reliability testing.27-28, 32 

In terms of validity testing, numerous 24h dietary re-
calls are often performed to confirm SQFFQ for the 24h 
dietary recall that was used in testing. 

Commonly utilized 24-hour multiple recalls' average 
values nevertheless reflect substantial internal variances 
between individuals.25-26 

This study offered a mix of "usual intake" and "pseudo 
data" methodologies, avoiding the unpredictability of 
prior 24-h dietary recalls repeated two to three times." 
Usual intake" can represent the subject's long-term intake 
of a specific nutrient.33 

Based on the findings of the dietary review, the "pseu-
do data" will create each subject's 365-day daily food 
intake. It will then compute the "usual intake" under the 
presumption that the "pseudo data" is an unbiased esti-
mate of the "usual intake". 

The 24-hour dietary recall can more accurately reflect 
actual dietary results when "usual intake" and "pseudo 
data" are used together. The 24-hour dietary recall for 
validity testing was often carried out the second day fol-
lowing SQFFQ in earlier research. 

Nevertheless, whether the 24-hour dietary recall was 
performed prior to or following the SQFFQ, the time gap 
between the two assessments may cause interference. 
Additionally, the 24-hour dietary recall measurement cre-
ated by fusing "usual intake" and "pseudo data" may have 
different cycles than the SQFFQ measurement, which can 
help to more effectively eliminate interference between 
two cycles.33 

According to earlier studies, the 24-hour dietary recall 
and the second SQFFQ (SQFFQ2) often had better levels 
of consistency. This could be as a result of the fact that 
completing the first SQFFQ (SQFFQ1) actually enables 
individuals to better comprehend their food consumption 
and communicate it.27-28, 32 
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The test results in this study may have some limitations 
due to the small sample size.Some claim that the minimal 
sample size for validity testing is 100 when the survey 
technique, such as a 24-hour dietary recall, has fewer rep-
etitions. A significant correlation of 0.4 between the 24-
hour dietary recall and the FFQ (SQFFQ) needs a mini-
mum sample size of 30 individuals, which is less than the 
sample size used in this investigation.28-29 

According to various research, two repeats are needed 
for 24-hour dietary recalls in order to achieve statistical 
efficacy that is high enough to completely exclude the 
influence of within-person variation.27-28 The combination 
of "usual intake" and "pseudo data" in this study, in our 
opinion, can also successfully reduce within-person varia-
tion. 

FFQ (SQFFQ) and 24-hour dietary recall have a gener-
ally accurate association, however there are some dis-
crepancies that can be seen. We hypothesize that the use 
of a composite nutritional database to determine FFQ 
(SQFFQ) and food intake for a 24-hour dietary recall may 
be the cause. When building the relationship between 
food and nutrients, due to the updating and supplementa-
tion of various foods in the Chinese dietary database in 

different years, appropriate foods should be replaced from 
the nutrient databases of other years and other countries 
and regions, and they should be cross checked to ensure 
that they are within the similar range of corresponding 
nutrients. Priority should be given to the Chinese dietary 
database source data if there is a large discrepancy in the 
related nutrients between two separate databases of foods. 

In addition to the previously mentioned factors, the in-
trinsic characteristics of a 24-hour dietary recall may also 
affect the outcomes. The findings of the 24-hour dietary 
recall are still only transitory nutritional data, which can-
not accurately reflect the long-term eating patterns of 
specific people, even after processing using "usual intake 
and pseudo data." In reality, energy adjustment eliminates 
the effects of the linear relationship between energy and 
nutrients on nutrients by utilizing the essence of residuals. 
Energy adjustment produces incorrect findings if energy 
data cannot accurately reflect long-term eating patterns. 
The validity testing after energy adjustment was therefore 
shown to be invalid, which might account for this point. 

Prior to food item and option correction, the initial 
FFQ for food items was based on the inclusion and classi-
fication of food items using dietary survey scales from 

Table 6. Third-equal validity test 
 
 Validity-Assumption A and B 

1 2 
Same 

tertiles % 
Adjacent 
tertiles % 

Extreme 
tertiles % 

Same 
tertiles % 

Adjacent 
tertiles % 

Extreme 
tertiles % 

Energy (kJ) 35.4 52.1 12.5 35.4 52.1 12.5 
Calcium (mg) 52.1 45.8 2.08 52.1 45.8 2.08 
Copper (mg) 41.7 50.0 8.33 41.7 50.0 8.33 
Iron (mg) 54.2 37.5 8.33 54.2 37.5 8.33 
Iodine (μg) 43.8 45.8 10.4 43.8 45.8 10.4 
Potassium (mg) 60.4 33.3 6.25 60.4 33.3 6.25 
Magnesium (mg) 47.9 47.9 4.17 47.9 47.9 4.17 
Manganese (mg) 39.6 47.9 12.5 39.6 47.9 12.5 
Sodium (mg) 52.1 37.5 10.4 52.1 37.5 10.4 
Phosphorus (mg) 54.2 37.5 8.33 54.2 37.5 8.33 
Selenium (μg) 37.5 50.0 12.5 37.5 50.0 12.5 
Zinc (mg) 50.0 41.7 8.33 50.0 41.7 8.33 
Saturated fatty acids (g) 45.8 41.7 12.5 45.8 41.7 12.5 
Insoluble dietary fiber (g) 50.0 43.7 6.25 50.0 43.7 6.25 
Monounsaturated fatty acids (g) 45.8 37.5 16.7 45.8 37.5 16.7 
Cholesterol (mg) 27.1 60.4 12.5 27.1 60.4 12.5 
Choline (mg) 52.1 37.5 10.4 37.5 54.2 8.33 
Protein (g) 45.8 43.8 10.4 45.8 43.8 10.4 
Polyunsaturated fatty acids (g) 54.2 33.3 12.5 54.2 33.3 12.5 
Moisture(g) 50.0 41.7 8.33 50.0 41.7 8.33 
Carbohydrates (g) 39.6 50.0 10.4 39.6 50.0 10.4 
Vitamin A (μg) 50.0 41.7 8.33 50.0 41.7 8.33 
Vitamin B1 (mg) 45.8 41.7 12.5 45.8 41.7 12.5 
Vitamin B2 (mg) 56.2 37.5 6.25 56.2 37.5 6.25 
Vitamin B6 (mg) 47.9 41.7 10.4 47.9 41.7 10.4 
Vitamin C (mg) 50.0 37.5 12.5 50.0 37.5 12.5 
Vitamin E (mg) 54.2 37.5 8.33 54.2 37.5 8.33 
Vitamin K (μg) 43.8 45.8 10.4 43.8 45.8 10.4 
Niacin (mg) 37.5 50.0 12.5 37.5 50.0 12.5 
Folic acid (μg) 45.8 50.0 4.17 45.8 50.0 4.17 
Fat (g) 41.7 41.7 16.6 41.7 41.7 16.6 
Total dietary fiber (g) 54.1 41.7 4.17 54.1 41.7 4.17 
 
†Statistical analysis methods: Third-equal validity test 
‡Assumption B:Non-logarithmic calculation of usual intake; Assumption A: The initial stage begins to calculate the logarithmicly  
§1: without energy adjustment or logarithmic conversion; 2: without energy adjustment, with logarithmic conversion; 3: with energy ad-
justment, without logarithmic conversion; 4: with energy adjustment and logarithmic conversion 
 
 



                                         New method for developing an efficient SQFFQ                                                  663                                                             

several areas in China, and it had reference to years of 
domestic dietary recommendations in China. As a result, 
the original food item in this study can account for the 
fact that most foods that may be included in the FFQ are 
generally considered to be universal, and the modified 
SQFFQ stays the same. The initial food items can take 
into account Xi'an's eating pattern because it is a socially 
and economically developed area of northwest China. 

The present study endeavors to pioneer a novel and rel-
atively versatile approach for constructing dietary ques-
tionnaires. When this method is employed in other re-
gions, it will give rise to entirely new dietary question-
naires that feature compact scale architectures and en-
hanced acceptability. It should be noted that there will 
inevitably be certain disparities in the food items of indi-
viduals within diverse dietary contexts. For some particu-
lar groups of people, this method can be given a try. If, 
after the initial FFQ construction and FFQ item screening 
in the early stage, the quantity of food items is not exces-
sively abundant, it implies that there exists a certain de-
gree of objective "commonality" in the diet among these 
specific populations. Here, the "commonality" pertains to 
the resemblance in diet among individuals within a spe-
cific regional dietary and cultural milieu. Consequently, 
the questionnaire construction method of this study can 
be suitably applied. 
 
Conclusion 
This study's semi-quantitative food frequency question-
naire (SQFFQ) was designed to look at dietary habits in 
the Shaanxi Province region of Xi'an. This is based on 
statistical data from numerous literature on reliability and 
validity testing. The results are comparable to the testing 
outcomes of other earlier FFQ (SQFFQ) studies. It is be-
lieved to have good reliability and validity after testing 
and can continue to be used as an effective tool for further 
investigating large amounts of nutrient intake in various 
research context.27-29 
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