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Abstract

Background Dietary assessment methods have limitations in capturing real-time eating behaviour accurately.
Equipped with automated dietary-data-collection capabilities, the “intelligent ordering system”(I0S) has potential
applicability in obtaining long-term consecutive, relatively detailed on-campus dietary records among university
students with little resource consumption. We investigated (1) the relative validity of I0S-derived nutrient/food
intakes compared to those from the 7-day food diary (7DFD); (2) whether including a supplemental food frequency
questionnaire (SFFQ) improves 10S accuracy; and (3) sex differences in 10S dietary intake estimation.

Methods Medical students (n=221; age=22.2+ 2.4 years; 38.5% male and 61.5% female) completed the 7DFD

and SFFQ. During the consecutive 7-day survey period, students weighed and photographed each meal before

and after consumption. Then, students reviewed their 3-month diet and completed the SFFQ, which includes eight
underprovided school-canteen food items (e.g., dairy, fruits, nuts). Meanwhile, 9385 10S dietary data entries were
collected. We used Spearman coefficients and linear regression models to estimate the associations among the
different dietary intake assessment methods. Individual- and group-level agreement was assessed using the Wilcoxon
signed-rank test, cross-classification, and Bland—Altman analysis.

Results 10S mean daily energy, protein, fat, and carbohydrate intake estimations were significantly lower (-15-20%)
than those of the 7DFD. The correlation coefficients varied from 0.52 (for added sugar) to 0.88 (for soybeans and nuts),
with fruits (0.37) and dairy products (0.29) showing weaker correlations. Sixty-two (milk and dairy products) to 97%
(soybeans and nuts) of participants were classified into the same or adjacent dietary intake distribution quartile using
both methods. The energy and macronutrient intake differences between the I0S+SFFQ and 7DFD groups decreased
substantially. The separate fruit intake measurements from each assessment method did not significantly differ from
each other (p>0.05). 10S and I0S + SFFQ regression models generally yielded higher R? values for males than for
females.
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Conclusion Despite estimation differences, the IOS can be reliable for medical student dietary habit assessment. The
SFFQ is useful for measuring consumption of foods that are typically unavailable in school cafeterias, improving the
overall dietary evaluation accuracy. The 10S assessment was more accurate for males than for females.

Keywords Dietary assessment, Relative validity, Intelligent ordering system, Food diary, Medical students

Introduction

An unbalanced diet is an important preventable risk
factor for noncommunicable diseases (NCDs) [1]. In
the past three decades, China has experienced a rapid
nutrition transition, leaning towards a Westernized diet
dominated by increased consumption of high-calorie,
animal-sourced, and processed foods, resulting in prev-
alent NCDs [2—4]. University students are especially
vulnerable to unhealthy, highly energy-dense diets attrib-
uted to sudden changes in their social networks as well
as the absence of parental oversight after leaving home
[5]. More importantly, dietary patterns and behaviours
developed during university years can exert lasting health
effects in later adulthood, such as influencing the risk of
obesity and type-2 diabetes [6, 7].

In contrast to many other countries in the world, in
China, on-campus canteens are partially funded by the
government, which provides convenient and affordable
food options; therefore, they are predominantly the best
place for dining for university students [8]. According to
data from the China Food Consumption Survey, more
than half of university students dine at the canteen [9].
This makes it feasible to accurately assess university stu-
dents’ on-campus food intake, understand their dietary
patterns, and identify existing nutritional issues to inform
future intervention strategies in China.

The literature has explored the nutritional intake and
dietary habits of university students [10—12]. However,
commonly used measurement methods, such as 24-hour
recalls and food frequency questionnaires, are labour-
intensive, time consuming, and prone to reporting bias
[13]. Researchers in epidemiology and nutrition have
increasingly explored the integration of emerging tech-
nologies to develop more advanced dietary assessment
instruments, including image-based assessments [14],
smartphone apps [15], and wearable sensors [16]. These
new techniques can, to a certain extent, provide real-time
data collection and improve data quality. However, most
of these methods largely rely on participant compliance
or emerging technologies that are still being researched
and developed [17]. Previous studies have suggested that
automated electronic sales data can be used as a prom-
ising alternative measurement for population dietary
surveillance [18, 19]. Nevertheless, the challenges of
data availability and nutrient data linkage have resulted
in some studies presenting their research findings using
dietary behaviour indicators [20] or diet-quality indices
[21, 22] without providing absolute estimates of dietary

intake. It is also important to note that the food shopping
data in these studies usually reflect the shopping habits
of a household rather than an individual. Therefore, using
such data to infer insights about individual food intake
may lead to less precise results [23].

Moreover, Chinese cuisine typically blends various
components, thereby modifying its initial appearance.
Even with current technology, it can be challenging to
discern the makeup of ingredients quickly and accu-
rately in dishes. Therefore, new technologies for assessing
dietary intake are not suitable for long-term follow-up
studies with large sample sizes. Although sales data could
be an appropriate approach, those data do not provide
individual purchase information.

To address the issues mentioned above, we utilized data
from the “intelligent ordering system” (IOS) at Fudan
University, a system that enables the automatic collec-
tion of food ordering data, offering a practical approach
for detailed and ongoing dietary assessment among uni-
versity students. This study aimed to examine the relative
validity of the IOS as a substitute approach for assessing
on-campus dietary intake in a sample of medical students
in Shanghai, China, by comparing it to a self-reported
7-day food diary (7DFD). Given the consistent inad-
equacy of certain food types in school canteens, such as
fresh fruits and dairy products, a brief food frequency
questionnaire was designed as an optional supplement to
the I0S data, where we tested whether its inclusion could
enhance the accuracy of the system in estimating dietary
intake. As previous studies have demonstrated differ-
ences in dietary intake and eating behaviours between
males and females of the same age group [10, 24, 25],
we conducted further analysis to explore potential sex
disparities in the capacity of the IOS to estimate dietary
intake.

Methods

Participants and recruitment

The sample was composed of medical undergraduate and
graduate students from the School of Public Health and
the School of Basic Medicine at Fenglin Campus, Fudan
University, Shanghai, China. Students who resided and
studied on other campuses of Fudan University were not
considered, as food provisions varied across different
campus locations. A convenience sampling strategy was
used to recruit students between October and December
2021 through an online advertisement. All eligible par-
ticipants must be older than 18 at the time of recruitment
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and have used their identification cards to make pur-
chases at school canteens for at least 25% of their break-
fast, lunch, and dinner meals during the investigation
period. Based on mealtimes provided by the school can-
teens, we categorized records before 10:30 a.m. as break-
fast, between 10:30 a.m. and 3:30 p.m. as lunch, and after
3:30 p.m. as dinner. Then, we determined the total num-
ber of these meals using the 7DFD and integrated these
data with IOS records to calculate the proportion of each
meal consumed at school canteens. The exclusion crite-
ria included abnormal daily caloric intake [26] (males:
<800 kcal/day or >4000 kcal/day; females: <500 kcal/day
or >3500 kcal/day), desire to gain weight, present use of
a therapeutic diet or weight loss diet, and history of eat-
ing disorders. Figure 1 displays the flow chart. The final
analytic sample included 221 participants (92.08% of the
target) with complete dietary data from the IOS, dietary
diary, a supplemental food frequency questionnaire,
and sociodemographic data. The study procedures were
approved by the Ethics Committee of Medical Research,
School of Public Health, Fudan University. The study was
conducted in accordance with the Declaration of Hel-
sinki, and the protocol was approved by the Ethics Com-
mittee of Medical Research, School of Public Health,
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Fudan University (Project identification code: IRB#2019-
01-0726 S). Informed consent was provided by all par-
ticipants, and they agreed to use their dietary data in the
IOS for research purposes.

Procedures

Participants were recruited in four batches, following the
principle of relative balance among sex, major, and grade
levels. One week of food consumption was recorded for
each participant once, and the four participant batches
completed their week of surveys during nonconsecu-
tive weeks between October and December, 2021. Prior
to the survey, participants received training on con-
ducting dietary self-assessments and completing the
questionnaire. Furthermore, all participants were asked
to complete a brief general information questionnaire
with questions related to age, sex (male/female), weight,
height, household type (resident/nonresident), educa-
tion (undergraduate/graduate student), major (public
health, clinical medicine, or basic medicine), and dietary
habits (general diet, Halal diet, or vegetarian diet). Body
mass index (BMI) was calculated using self-administered
weight and height (kg/m®) and then categorized into
3 mutually exclusive groups according to the national

Target population
(n=240)

From the School of Public Health, the School of Basic Medicine, the Fenglin campus of
Fudan University, Shanghai, China

/

Excluded 5 participants failed to complete
the 7-day food diary

235 students

Acquiring available dietary data from the "Intelligent
Ordering System" and 7-day food diary

Excluded 10 participants whose available purchase
records in school canteens failed to meet the inclusion
criteria: at least 25% of their breakfast, lunch, and
dinner meals during the 7-day investigation

\

Excluded 4 participants whose
calculated average daily caloric intake was extreme
(males:<800kcal/day or >4000kcal/day
females:<500kcal/day or >3500kcal/d}

221 students
Effectively enrolled in this study

Fig. 1 Flow chart of this study
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standard for China [27] (underweight: BMI<18.5 kg/m?
normal weight: 18.5-24.0 kg/m?, overweight and obesity:
BMI>24.0 kg/m?).

The data for the 7DFD and IOS were recorded simulta-
neously in four one-week batches. Students were strongly
encouraged to adhere to their customary dietary rou-
tines throughout the study period. When completing the
7DED, students were instructed to record their recent
dietary intake by completing a supplemental food fre-
quency questionnaire (SFFQ).

Dietary data from the “intelligent ordering system”

The IOS was first officially put in the canteens of the
medical school of Fudan University in China in Septem-
ber 2017 [28]. All food purchases in the school canteens
are automatically recorded in the IOS. A food database
of 1840 dishes was established by weighing the materials
before and after cooking. The database includes informa-
tion on food composition, such as the weight of raw food
materials and condiments, as well as the nutrient compo-
sition of each meal. Notably, condiments are often used in
small quantities, presenting challenges in precise assess-
ments for individuals lacking expertise. Details of the
weighing and calculation methods have been described
in a previous article [29]. First, raw ingredients and con-
diments, along with the cooked dish of each recipe, were
weighed in the canteen kitchen. Second, servings of each
dish were weighed five times at the canteen window, with
the average weight in grams used for analysis. Third, the
raw food materials of each serving were calculated based
on the ratio of the weight in grams of cooked product
for each serving. Nutrient composition was determined
using the Chinese Food Composition database (version
2019). Researchers were granted access to participants’
dietary data from the IOS, which contained information
on meal dates and times, dish names, and the number of
servings. Moreover, information on student names and
IDs was also collected to link their data from the 7DFD
and the SFFQ. Based on the meal data from the IOS and
the food composition of each meal during the 7-day sur-
vey, we calculated the average intake of each food and
condiment per day for study participants dining in the
canteens on the Fenglin campus.

7-Day food diary (7DFD)

A food diary, also known as a dietary record, is often
used as a reference method in validation studies to assess
the accuracy of other dietary assessment methods [30].
All participants were provided a printed standardized
7DFED to document their dietary intake, accompanied
by a portable electronic scale (Kaifeng Group Co., Ltd.
KFJ-A) with a precision of 0.1 g. Guidelines and impor-
tant considerations were included in the accompany-
ing instructions. On the 7DFD, there were prompts for
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participants to record details of all meals, snacks, bever-
ages, and nutrient supplements they consumed, includ-
ing the names of the dishes, time/hour, location, menu
ingredients, and weight of each ingredient before and
after the meal. When participants dined in the medi-
cal school canteens, they were told to report the per-
centage of dish intake instead of specific portion sizes,
as the food composition database of these dishes had
been established and constantly updated by the research
group. The weight of the cooked ingredients was con-
verted into grams of raw material using specific conver-
sion ratios. For example, the ratio of cooked rice to raw
rice is approximately 2, whereas the ratio of cooked meat
to raw meat is approximately 0.7. These conversion ratios
were determined by weighing outcomes in school can-
teens. If the nutrition information of some packaged food
and bottled drinks was not available in the Chinese Food
Composition (version 2019), it was necessary to capture
and submit clear images of their nutrition labels.

Supplemental food frequency questionnaire (SFFQ)

This questionnaire was used to assess the consumption
of items that were either unavailable or inadequately pro-
vided in the canteen. After completing the 7-day survey,
participants were instructed to retrospectively review
their dietary habits over the past three months and com-
plete the SFFQ. The SFFQ covered eight food categories:
fruits, milk, yogurt, nuts, carbonated beverages, fruit and
vegetable juices, other sugar-based beverages, and sugar/
chocolate. For each food category, participants were
asked about intake frequency and amount per intake.
The information on intake frequency (none, less than
once a month, 1-3 times a month, 1-3 times a week, 4—6
times a week, once a day, twice a day, or 3 times a day
and above) was converted into the number of intakes per
day, corresponding to the following values: 0, 0.02, 0.07,
0.29, 0.71, 1, 2, or 3. The daily intake of each food type in
grams was calculated based on the reported intake fre-
quency and amount per intake. The data collected from
the SFFQ acted as a complement to the I0S. The com-
bined results could provide a more comprehensive record
of students’ daily dietary intake.

Analysis of nutrients and Food groups

The 7DED was in an open-ended format; thus, the origi-
nal data were recorded in Excel by a trained researcher
and checked by another for accuracy. For composite and
mixed dishes dining outside the school canteens, partici-
pants generally measured the portion size of the entire
dish, which needed to be converted into grams of single
food items. To standardize the data, we initially reviewed
each food record and generated a list of dishes requir-
ing standardization. Next, two trained dieticians inde-
pendently created recipes by referring to food pictures
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taken by study participants, recipes from medical school
canteens, or recipes on popular nutrition-related mobile
applications. Subsequently, the weight of raw food ingre-
dients in each mixed dish could be calculated based on
grams of cooked product and specific conversion ratios.
A conference was held within the internal research group
with experts to rediscuss the food composition of dishes
for which there was an estimated energy difference of
over 20% between the two dietitians’ assessments. Finally,
the resulting estimates were averaged and combined with
on-campus food intake recorded by participants.

The dietary data obtained from the IOS were exported
to Excel by the Information Office of Fudan University of
Shanghai, China. To calibrate the food intake, we calcu-
lated an overall waste rate based on the precise leftover
rates reported in the 7DFD. The SFFQ was in a close-
ended format, and dietary data were entered using Epi-
Data software. The SFFQ dietary data were converted to
the intake (in grams) of each food group per day and then
combined with the IOS data to produce adjusted IOS
data.

According to the Dietary Guidelines for Chinese Resi-
dents (2022) [31], all food materials were converted into
ten groups: (1) cereals (whole grains and mixed beans);
(2) tubers; (3) vegetables; (4) fruits; (5) animal-sourced
foods (meat and poultry, aquatic products, eggs); (6) milk
and dairy products; (7) soybeans and nuts; (8) salt; (9) oil;
and (10) added sugar (carbohydrate content provided by
sugar for cooking, carbonated beverages, other sugar-
based beverages, and sugar/chocolate). The average
daily nutrient intake was then calculated as total energy
(kcal), fat (g), protein (g), and carbohydrate (g). We used
the Chinese Food Composition (version 2019) for diet
analysis.

Quality control

As an essential step in assessing dietary intake data, qual-
ity control was conducted at different stages of the inves-
tigation process. A trial test was conducted to identify
potential errors and improve the procedures before the
normal investigation. During the data-gathering stage,
participants were instructed to take pictures of their food
and upload them via email, along with their completed
daily food diaries, at the end of each survey day. Several
WeChat groups were set up, with each group managed by
a research assistant who was responsible for tasks such
as collecting photos, reminding participants who failed
to upload their daily data on time, answering questions,
and providing feedback for any errors. All paper ques-
tionnaires were checked for completeness before being
collected to minimize missing data. Dietary data were
double-entered or cross-checked by a team of research-
ers who had undergone standardized training. Upon
identification of extreme energy intake values, data from
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the four participants were excluded based on predefined
criteria.

Statistical analysis

Participant characteristics are presented as frequen-
cies and percentages for categorical variables and means
and standard deviations (SDs) for continuous variables.
The same approach was adopted for the 7DFD, 10S, and
I0S+SFFQ datasets.

To evaluate the relative validity of the I0OS, nonpara-
metric statistical tests were utilized, including the Wil-
coxon signed-rank test to detect significant differences
between estimates and Spearman correlation analysis to
measure the association between the IOS and the 7DFD.
Cross-classification analysis was also conducted to deter-
mine the agreement level between the categorization
of estimates into four equal parts of the intake distribu-
tion, and the percentage of participants classified into the
same, same or adjacent, and opposite quartile of intake
was calculated. Furthermore, Bland-Altman analysis
[32] was performed to evaluate the bias of the mean dif-
ferences between the two methods, considering the two
methods to be comparable if greater than 95% of the
data plots were within the limits of agreement. Linear
regression models [33] were used to evaluate the pre-
diction ability of the IOS, using daily energy intake val-
ues from the IOS as an independent variable and those
of the 7DFD as a dependent variable. In addition, sex
stratification was applied in the model. The same analyses
were conducted when comparing the IOS+SFFQ and the
7DED. Statistical significance was established by a two-
sided p<0.05. All statistical analyses were conducted in R
version 4.1.1 (Auckland, New Zealand) and Python ver-
sion 3.7 (Wilmington, DE, USA).

Results
The demographic characteristics of the 221 study par-
ticipants from the medical school are presented in
Table 1. The study participants were 61.5% female, with
a mean age of 22.2+2.4 years and an average BMI of
21.3+2.9 kg/m? According to the national BMI cut-off
points in China, 158 (71.5%) of the students surveyed
were in the normal weight range, and the others were
either underweight (15.4%) or classified as overweight
or obese (13.1%). The study group was a nearly even mix
of undergraduate (53.4%) and higher degree research
(46.6%) students, with the majority reporting following
a general diet (96.4%) and being urban residents (56.6%).
Table 2 shows the mean daily intake of energy, macro-
nutrients, and food groups as recorded by the IOS and
the 7DED. Overall, the IOS estimated lower mean daily
intake for nutrients and food groups than did the 7DFD
(p<0.05). The intakes of energy, macronutrients, and
most food groups were significantly correlated between



Zhang et al. International Journal of Behavioral Nutrition and Physical Activity

Table 1 The demographic characteristics of study participants
(n=221)

Characteristics Values®
Age, Years 222+24
Gender

Male 85 (38.5)

Female 136 (61.5)
Education

Undergraduate 118 (53.4)

Graduate 103 (46.6)
Major

Public health 111 (50.2)

Clinical medicine or basic medicine 110 (49.8)
Household type

Urban 125 (56.6)

Countryside 96 (43.4)
Dietary habit®

General diet 213 (96.4)

Halal diet 8 (3.6)
BMi(kg/m?) 213429

Underweight (< 18.5) 34 (154)

Normal weight (18.5-24.0) 158 (71.5)

Overweight and obesity (>24.0) 29(13.1)

@ Numbers in this table represent means+standard deviations (SDs) and n (%)
for continuous and categorical variables, respectively

b None of our participants followed a vegetarian diet

the two instruments (r, = 0.70-0.81, p<0.001); how-
ever, the correlation coefficients for fruits and milk and
dairy products were relatively low (r, = 0.37 and 0.29,
respectively, p<0.001). Based on the quartile classifica-
tion of IOS and 7DFD, more than 79% of the study par-
ticipants were classified in the same or adjacent quartile

(2024) 21:70 Page 6 of 13

for nutrients and other selected food groups, except for
fruits (70%) and milk and dairy products (62%) (Table 4).

A similar analysis was conducted for the mean daily
intake as recorded by the IOS+SFFQ and the 7DFD in
Table 3. Considering that the SFFQ only included the
intakes of fruits, milk and dairy products, soybeans and
nuts, and sugar-sweetened food (added sugar), the com-
parison results between the I0S+SFFQ and the 7DFD
for the other six food groups were consistent with those
obtained when comparing the IOS and the 7DFD. The
estimated intake of energy and macronutrients was also
lower in the IOS+SFFQ group than in the 7DED group
(p<0.001). The IOS+SFFQ overestimated the intake of
milk and dairy products, soybeans and nuts, and added
sugar (p<0.001). Strong positive correlations were
observed between the two dietary assessment meth-
ods for most dietary intake, with correlation coefficients
exceeding 0.50 (p<0.001); the correlation coefficients
for added sugar were relatively low (r, = 0.41, p<0.001).
Based on the quartile classification of IOS+SFFQ and
7DFD, it was found that more than 78% of the study par-
ticipants were classified in the same or adjacent quartile
for all dietary intakes (Table 4).

Table 5 presents the results from the Bland—Altman
analysis and shows the mean difference and 95% LOA
for energy, macronutrients, and food groups. The aver-
age difference in nutrient intake between the IOS+SFFQ
and 7DFD estimates was smaller, which suggested a
smaller systematic bias between the two methods. In
addition, the limits of agreement were narrower for the
chosen nutrients between the 10S and the 7DFD, show-
ing greater agreement between these two methods at the
individual level. (Fig. 2)

Table 2 Mean difference and correlation coefficient of food intakes between the I0S and the 7DFD (n=221)

10S 7DFD p-Value?® Correlation Coefficient

Mean +SD Median Mean+SD Median
Energy (kcal) 1668.5+442.0 1607.0 2057.0+£501.9 1950.2 <0.001 0.74*
Protein (g) 675+188 66.3 848+259 814 <0.001 0.70%
Fat (g) 67.8+23.7 65.1 824+249 779 <0.001 0.81*
Carbohydrate (g) 201.9+58.6 198.6 251.8+69.3 2419 <0.001 0.75%
Cereals (g) 184.8+63.6 178.1 2080+723 199.0 <0.001 0.82*
Tubers (g) 31.7+£308 259 38.1+£333 30.0 <0.001 0.85*
Vegetables (g) 199.2+102.1 184.5 202.1+£102.7 183.8 0.361 0.87%
Fruits (g) 2124327 58 111.2+£127.5 721 <0.001 0.37*
Animal-sourced foods (g) 2503+923 2413 294.5+985 2828 <0.001 0.82%
Milk and dairy products (g) 206+43.1 0.0 89.9+91 729 <0.001 0.29*%
Soybeans and nuts (g) 203+13 183 223+14.1 19.9 <0.001 0.88*
Salt equivalents (g) 72+27 6.9 80+£26 7.7 <0.001 0.78*
Qil(g) 305+115 30.0 351+11.1 34.2 <0.001 0.79%
Added sugar(g) 10.1£6.0 9.2 204+123 17.6 <0.001 0.52%

2 Calculated using Wilcoxon signed rank test

b Calculated using Spearman correlation analysis (ry). * Significant at the <0.001 level

¢ Salt equivalents (g) =sodium (mg)/393
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Table 3 Mean difference and correlation coefficient of food intakes between the I0S + SFFQ and the 7DFD (n=221)

10S +SFFQ 7DFD p-Value? Correlation Coefficient

Mean +SD Median Mean+SD Median
Energy (kcal) 1919.3+4818 1843.0 2057.0+501.9 1950.2 <0.001 0.69*
Protein (g) 744+195 736 848+259 814 <0.001 0.66*
Fat (9) 76.0+26.1 73.1 824+249 779 <0.001 0.79%
Carbohydrate (g) 24131669 234.0 251.8+£69.3 2419 <0.001 0.67%
Cereals (g) © 184.8+63.6 178.1 208.0+72.3 199.0 <0.001 0.82*
Tubers (g) 31.7+30.8 259 38.1+£333 30.0 <0.001 0.85*
Vegetables (g) 199.2+102.1 184.5 202.1+£102.7 183.8 0.361 0.87*
Fruits (g) 11454123 80.6 111.2£1275 72.1 0.559 0.54%
Animal-sourced foods (g) © 2503+923 2413 29454985 2828 <0.001 0.82*%
Milk and dairy products (g) 127.6+£121.5 87.0 89.9+91.0 729 <0.001 0.54*
Soybeans and nuts (g) 2734217 235 2234141 199 <0.001 0.73*
Salt equivalents (g) cd 72+27 6.9 80£26 7.7 <0.001 0.78*
Qil (g) © 305+11.5 30.0 351111 34.2 <0.001 0.79%
Added sugar (g) 269+287 20.0 204£123 17.6 0.034 041*

2 Calculated using Wilcoxon signed rank test

b Calculated using Spearman correlation analysis (r,). * Significant at the <0.001 level
€ Comparison results between the I0S+SFFQ and the 7DFD were consistent with those obtained when comparing the 10S and the 7DFD, as the SFFQ did not include

these food groups
d Salt equivalents (g)=sodium (mg) x 636

Table 4 Percentage agreement (%) in quartile distribution of dietary intake between the 10S or I0S+ SFFQ and the 7DFD (n=221)

10S vs. 7DFD 10S + SFFQ vs. 7DFD
Same quartile Same or adja- Opposite Same quartile Same or adja- Op-
cent quartile quartile cent quartile posite
quartile

Energy (kcal) 54 91 1 50 88 3
Protein (g) 50 91 2 45 90 2
Fat (9) 61 94 0 58 94 1
Carbohydrate (g) 53 88 1 49 86 2
Cereals (g) 63 97 0
Tubers (g) @ 60 92 1
Vegetables (g) ° 65 96 0
Fruits (g) 38 70 9 45 84 4
Animal-sourced foods (g) ° 59 95 0 "
Milk and dairy products (g) 35 62 16 44 84 5
Soybeans and nuts (g) 69 97 0 59 92 2
Salt equivalents (g) ° 56 91 0
Oil (g)® 55 %4 0
Added sugar (g) 42 79 3 43 78 6

2 Classification results between the I0S+SFFQ and the 7DFD were consistent with those obtained when comparing the 10S and the 7DFD, thus denoted by “..." to

signify repetition

Figure 3 displays the predicted models of dietary nutri-
ent (energy, protein, fat, and carbohydrate) intake, which
were created to evaluate the association between the
actual intake measured by the 7DFD and the reported
intake measured by the IOS and I0S+SFFQ. The mod-
els were stratified by sex. The coefficient of determination
(R?) of simple linear regression fitted by the IOS ranged
from 0.25 to 0.73. The R? values fitted by the IOS+SFFQ
ranged from 0.18 to 0.55. In general, the IOS had a bet-
ter fitting effect than the IOS+SFFQ in predicting dietary
intake for the same nutrients; the predictive performance

of using IOS data (with or without the SFFQ) to estimate
nutrient intake for males was better than that for females,
except for protein.

Discussion

To our knowledge, this is the first validation study of a
canteen ordering system (IOS) to assess dietary intake
among university students in China. Our study exam-
ined the effectiveness of the 10S in estimating the dietary
intake of medical students of campus compared to that
of the 7DFD. Furthermore, the relative differences and
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Table 5 Bland-Altman statistics comparing the dietary intake from the I0S or I0S+ SFFQ and the 7DFD (n=221)

10S vs. 7DFD 10S +SFFQ vs. 7DFD

Mean Difference 95% LOA? Mean Difference 95% LOA?
Energy (kcal) 388.5 -230, 1007.1 137.7 -597.8,873.2
Protein (g) 174 -21.4,56.2 104 -30.6,514
Fat (g) 14.5 -12,41 6.4 -26.5,393
Carbohydrate (g) 499 -33,132.7 106 -03.8,114.9
Cereals (g) ® 232 462,919
Tubers (g) ° 6.4 256,384
Vegetables (g) ° 28 -98.3,103.1
Fruits (g) 90.0 -1504, 3304 -33 -267.7,261.1
Animal-sourced foods (g) b 442 -70,157.7
Milk and dairy products (g) 69.3 -101.8,240.2 -37.7 -264.5,188.9
Soybeans and nuts (g) 2.01 -10.7,14.7 -4.99 -43,33
Salt equivalents (g) b 0.82 -2.5,4.1
0Oil (g)® 458 89,18
Added sugar (g) 10.3 -104,309 -6.53 -64.5,514

? Lower and upper limit of agreement: mean difference+1.96 SD

b Comparison results between the 105+SFFQ and the 7DFD were consistent with those obtained when comparing the 10S and the 7DFD, thus denoted by “...” to

signify repetition

associations between the data obtained from the IOS and
the 7DFD were mostly reasonable and aligned with the
literature. This suggests that IOS data can serve as a reli-
able proxy for assessing school food consumption.

In general, the I0S method (without combining the
SFFQ data) underestimated energy, nutrient, and food
group intake estimates by 10-70% compared to the food
record method, which is considered the gold standard of
dietary assessment. This discrepancy could be attributed
to the fact that school cafeterias can only offer limited
menu options, allowing university students to compli-
mentarily eat outside the campus to seek other types of
dishes. Although the absolute differences were inevitable,
the IOS demonstrated comparable participant ranking
accuracy to other existing dietary survey methods. Lee et
al. [34] assessed the validity of a self-administered, semi-
quantitative FFQ with 146 items and found that 78% of
the participants were categorized into the same or adja-
cent quartiles for most nutrients. Another method based
on a smartphone app indicated that, for food groups, the
average percentage of individuals classified in the exact
agreement category was 47.1%, while the percentage of
individuals classified in the exact agreement or adjacent
category was 89.2% [35]. The above validity studies were
all referenced against the food diary method.

Spearman’s correlation coefficients between the I0S
and the 7DFD for most nutrient and food group intakes
were greater than 0.50, which is considered a good out-
come according to the criteria used to validate methods
for assessing dietary intake [36]. In a study conducted in
Finland, the concordance between grocery purchases and
food consumption, as measured using an FFQ, ranged
from 0.12 to 0.75 based on Gamma coefficients [37]. A
study in Chicago reported moderate agreement, with ’

Lin’s concordance correlation coefficient of 0.59, between
overall diet quality scores derived from food purchase
receipts and 24-hour diet recalls. However, the concor-
dance for specific individual nutrient densities varied
widely, ranging from 0.10 to 0.61 [22]. An earlier study in
New Zealand revealed acceptable correlations (rg>0.30)
between household purchases and individual intakes for
the percentage of energy from fat, carbohydrate, protein,
and sugar but not for sodium or the energy density of
beverages [18]. Our study showed stronger correlations,
as data from purchased meals better reflect actual food
intake than grocery purchase data. This could be due to
the consistent and stable food options available in the
school canteen. On this basis, a database detailing the
nutritional components of menu items was constructed
through rigorous weighing and data standardization pro-
cedures, which enhanced accurate meal consumption
calculations. Furthermore, the Bland—Altman diagrams
showed no evidence of systematic bias for energy, pro-
tein, fat, or carbohydrate intake. This indicates that IOS
data can be used to estimate the distribution of food con-
sumption among individuals in a target group. Accord-
ing to the aforementioned findings, it appears feasible to
consider utilizing IOS data for on-campus dietary sur-
veillance to identify segments of the population with
potentially inadequate or excessive dietary intake. How-
ever, this method is not recommended for comparing the
absolute intake to the recommended intake.

The purpose of including the SFFQ was to investigate
whether adding it to current IOS data can compensate for
the limitation of the canteen menu options. According to
our findings, the use of IOS+SFFQ resulted in no signifi-
cant differences in the consumption of fruits compared to
the 7DFD. Liu’s study indicated that our school canteens
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ference +1.96 SD, which covered 95% of the differences between the two methods



Zhang et al. International Journal of Behavioral Nutrition and Physical Activity (2024) 21:70 Page 10 of 13

Fat intake from the 7DFD Protein intake from the 7DFD Energy intake from the 7DFD

Carbohydrates intake from the 7DFD

3000

2000

1000

200

150

100

50

150

100

50

500

400

300

200

100

Adj. R* = 0.53, intercept = 710, slope = 0.88, p =
Adj. R* = 0.42, intercept = 880, slope = 0.63, p =

== male === female

1000 2000 3000
Energy intake from the 10S
Adj. R?=0.25, intercept = 46, slope = 0.68, p = 6.8e-07 .
Adj. R =0.34, intercept = 25, slope = 0.83, p = 9.4e-14
o
o
: == male = female
25 50 75 100 125
Protein intake from the 10S
Adj. R2=0.73, intercept = 19, slope = 0.97, p = 2.8e-25 o

Adj. R? = 0.61, intercept = 30, slope = 0.72, p = 2e-29

== male == female

50 100 150
Fat intake from the I0S

Adj. R?=0.61, intercept = 74, slope = 0.94, p = 4.7¢-19
Adj. R =0.41, intercept = 97, slope = 0.7,Dp =1.9e-17

== male —= female

0 100 200 300 400

Carbohydrates intake from the 10S

Adj. R2 = 0.37, intercept = 1100, slope = 0.62, p = 3.6e-10 °

E Adj. R*=0.31, intercept = 910, slope = 0.53, p =28e-13,
M~

@ 3000+

£

S

[e]

=

£ 20001

I 2000

£

>

2

(0]

.5 1000 ° = male = female

1000 2000 3000 400¢
Energy intake from the |IOS+SFFQ

Adj. R? = 0.18, intercept = 53, slope = 0.54, p = 2.8e-05 °

E Adj. R =0.29, intercept = 24, slope = 0.77, p = 5.1e-12
2 200+
© o
< o
£ 150/ ‘ .
s 150
=
Q
i~
£ 1001
£
QL
O 5o mf=ar Sl
o B B . == male == female
25 50 75 100 125 150
Protein intake from the IOS+SFFQ
Adj. R® = 0.55, intercept = 33, slope = 0.72, p = 2e-16 e
o Adj. R? = 0.55, intercept = 29, slope = 0.65, p = 4.1e-25
L
=)
™~ 1504
(0]
£
S
[e]
=
o 1004
~ B
5
£
E o
501 T, o . —= male = female
° ° L

50 100 150 200
Fat intake from the IOS+SFFQ

Adj. R* = 0.48, intercept = 110, slope = 0.67, p = 7e-13
500+ Adj. R? = 0.25, intercept = 120, slope = 0.49, p = 5e-10

400+
300+

200+

100+
== male - female

Carbohydrates intake from the 7DFD

100 200 300 400 500
Carbohydrates intake from the [OS+SFFQ

Fig. 3 Regression equations predicting nutrient intake using the 7DFD data from reported nutrient intake using two sets of data: 10S and 10S + SFFQ.

had an inadequate supply of the above food categories
[29]. The SFFQ is an effective solution to address this
issue. In addition, the gap between the amounts of energy
and necessary nutrients was significantly reduced to less
than 10%, which is considered an acceptable outcome in a
validity study [36]. However, it was also clearly indicated
that the IOS+SFFQ data consistently underestimated the

intake of staple foods, meat products, salt, and oil. This
finding implies that the SFFQ did not account for other
frequently eaten food groups, including packaged snacks,
ready-to-eat foods, and late-night snacks, which usually
contain high levels of sodium and calories [38, 39]. The
association between the I0S+SFFQ and the 7DFD was
still somewhat weak (r=0.41) for added sugar, which was
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not surprising considering how difficult it is to quan-
tify added sugar and the inevitable recall bias. Previous
research studies have reported inconsistent agreement
(correlation coefficients ranging from 0.25 to 0.50) in
validating food assessment methods for measuring sugar
or added sugar intake, showing no superior consistency
compared to other nutrient intake methods in the same
survey [18, 37, 40, 41]. In our research, when complet-
ing the 7DFD, detailed information regarding the nutri-
tional ingredients, sweetness levels, and usage of artificial
sweeteners in beverages was recorded. However, the
SFFQ simply classified added sweetened food intake into
limited categories and calculated the sugar content using
a rough representative value. Besides, other potential
sources of added sugar, such as ice cream, sweet pastries,
or cakes, were omitted from the primary study design.
These factors may collectively contribute to a lower inter-
method correlation. In general, the IOS+SFFQ method
shows promise for replacing dietary assessment methods
used to obtain precise individual-level data. However, the
SFFQ items could be further developed based on the cur-
rent findings.

Previous studies have shown that statistical analysis
of incomplete food shopping data can reveal accurate
information on dietary consumption and specific food
preferences [42, 43]. Based on our research, a compari-
son of the regression equations for males and females
revealed some interesting findings. Sex differences play
a significant role in the nutrient intake and eating habits
of university students [12, 44]. In a previous study [29],
Liu found that female students had a greater percent-
age of leftovers in school canteens and were more likely
to consume a greater quantity of snacks than male stu-
dents. In addition, it appears that the IOS data, regard-
less of whether they were combined with the SFFQ, were
a more precise indicator of nutrient intake for males.
Specifically, when the IOS data were not combined with
the SFFQ, a higher R? suggested a more robust correla-
tion between the estimated and actual observed intakes.
For future research, we suggest that when examining the
validity of IOS data in various settings or analysing such
data, it is vital to pay attention to sex differences between
males and females.

As mentioned earlier, there is a lack of studies that have
statistically quantified the agreement between automated
campus food purchase records and self-reported food
intake. Our research lays the groundwork for forthcom-
ing customized and dynamic monitoring and evalua-
tion of dietary intake in school cafeterias. In conjunction
with a revamped SFFQ, the IOS can function as a digi-
tal tool for health management. It can be used to create
electronic records of dietary intake and generate person-
alized health suggestions. Moreover, our system can pro-
vide valuable insights for creating nutrition improvement
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initiatives for students and staff in the future. Recent evi-
dence also proves that digital health interventions have
the capacity to positively influence the dietary habits of
specific groups, such as increasing fruit and vegetable
consumption [45], increasing overall dietary quality [46],
and reducing sodium intake [47]. Additionally, it is worth
considering the practical uses of the IOS beyond uni-
versity campuses, such as in workplaces, communities,
and other locations with shared dining areas. In circum-
stances where data on all three meals are available, the
use of the SFFQ is advised to provide a comprehensive
understanding of the participants’ overall dietary pat-
terns. In the context of big data, the disparities observed
in the IOS+SFFQ compared to the food diary method
are considered acceptable, allowing for the retention of
absolute food intake values for subsequent dietary assess-
ments. When there is only data available for either lunch
or dinner meals, analysing IOS data may not accurately
identify those in need of dietary improvement. However,
for epidemiological purposes, this type of data is likely
sufficient to study the associations between food con-
sumption and health outcomes.

Our study has several strengths. First, the sample
included the use of a reliable reference method that
helped to minimize measurement errors and system-
atic biases that may be present in the new method. The
food diary, which served as the reference method in our
study, is widely regarded as a precise means of capturing
dietary intake [13, 30, 48]. Including both workdays and
weekends in the recording period of 7 consecutive days
allowed for a better picture of the overall diet. Further-
more, previous studies have reported that the validity of
the collected information decreased in the latter days of
the investigation period [13, 49]. To address these issues,
effective quality control measures were implemented,
including standardized form-filling instructions, the
requirement to upload food pictures, and daily remind-
ers, to minimize missing and invalid data. The study also
had notable limitations that need to be acknowledged.
The sample included in this study was not a complete
representation of all Fudan University students, as the
system was initially implemented on the medical school
campus. Extensive efforts will be made to expand the
database of the remaining canteens at Fudan University.
We have also strived to ensure a balanced representation
of sex, major, and grade within the medical school, which
partially compensated for the lack of a comprehensive
sample. While the professional expertise of medical stu-
dents likely contributed to more precise dietary informa-
tion and improved the accuracy of our research, this may
limit the generalizability of the results to other student
populations. Moreover, our study excluded students who
ate infrequently at school dining halls to avoid overrep-
resenting their diet using very little collected data; thus,
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further research is needed to investigate the relation-
ship between campus food consumption frequency and
dietary patterns. Second, importantly, our students were
instructed to maintain their usual dietary habits dur-
ing the study. However, studies have shown that partici-
pants may intentionally modify their dietary behaviours
to avoid response burden and follow social norms [50]
or unintentionally alter them through self-reflection [51,
52], which could confound the current validation results.
Fortunately, the use of our IOS method can mitigate this
potential observation bias, as food ordering records can
be objectively documented. Finally, as mentioned ear-
lier, the SFFQ should be augmented to include common
foods not available in school cafeterias, such as packaged
snacks and takeaway food.

Conclusion

Despite the observed disparities in absolute values com-
pared to those of the food diary method, the automatic
campus food purchase records obtained from the I0S
have the potential to provide a group-level estimation of
the daily dietary intake of university students in medi-
cal schools located in Shanghai, China. The assessment
effectiveness of the IOS data was greater for male stu-
dents than for female students. The SFFQ can be used as
an additional tool to measure the consumption of food
groups that may not be readily available in school cafete-
rias (e.g., fruits, dairy products, and nuts). This helps to
improve the accuracy of individual dietary intake evalua-
tions among university students.
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