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Objective: The burden of overweight and obesity in adolescents is increasing
rapidly. This study aimed to assess the association between nutrition literacy and
overweight/obesity among adolescents in China.

Methods: This cross—sectional online study involving adolescents aged 10-18 years
was conducted in September 2020 in 239 schools in Chongging China. Overweight and
obese adolescents were determined based on the International Obesity Task Force’s
recommended age—sex specific body mass index cutoff points. Nutrition literacy was
measured using the “Nutrition literacy scale for middle school students in Chongaging
(CM-NLS).” The CM-NLS included three subdomains (functional nutritional literacy,
interactive nutrition literacy, and critical nutrition literacy). Multinomial logistic regression
model was used to examine the association.

Results: A total of 18,176 adolescents (49.8% girls) were included. The prevalence of
overweight and obesity was 9.6% and 17.0%, respectively. Compared with those having
a low nutrition literacy score (below median), those with a high score were less likely to
be overweight and obese. The odds ratio (95% CI) for overweight was 0.87 (0.79-0.97)
(nutrition literacy) and 0.81 (0.73-0.90) (functional nutritional literacy). The corresponding
figures for obesity were 0.84 (0.77-0.91) and 0.73 (0.67-0.80), respectively. Significant
interaction existed between grade and nutrition literacy. The inverse association between
nutrition literacy and overweight/obesity was significant among those in senior school but
not among those in junior high school.

Conclusion: Nutrition literacy was inversely associated with overweight/obesity among
adolescents, especially those attending senior high schools.
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INTRODUCTION

Overweight and obesity are some of the most serious public
health problems today. The World Health Organization declared
that over 340 million children and adolescents were overweight
or obese worldwide in 2016. The number of obese children and
adolescents (aged 5-19 years) had risen ten-fold over the past
four decades (1), and the rising trends is accelerating in parts
of Asia (2). According to the Report on Nutrition and Chronic
Diseases in China (2020), the prevalence of overweight/obesity
among children and adolescents was nearly 20% (3). Being
overweight or obese during childhood and adolescence is
associated with adverse health consequences, such as being more
likely to be obese in adulthood (4), and is a major risk factor for
chronic diseases (5), including diabetes, cardiovascular disease,
and some cancers (6, 7).

Overweight and obesity can be prevented by choosing
healthier foods and regular physical activity. Adolescence is
a crucial stage for developing dietary habits, influenced by
nutrition knowledge and other factors (8). Nutrition literacy
(NL) is associated with overall food habits (9, 10). It is
defined as obtaining, understanding, and using correct nutrition
information and nutrition knowledge to make healthy food
choices (11). Krause et al. (12) classified NL into three
subdomains, namely, functional NL (FNL), the ability to obtain
and process nutrition information to improve decisions about
nutrition; interactive NL (INL), the ability to utilize different
forms of communication to obtain and apply relevant nutrition
information; and critical NL (CNL), the ability to critically assess
and reflect on nutrition information.

Nutrition literacy is a new field of study, and its concept
originates from health literacy (13). Existing studies have shown
the correlation of children’s health literacy with overweight and
obesity. A recent review based on 32 studies conducted in
children (n = 4) and adults (n = 28) found that health literacy is
a determinant in obesity control (14). A study of 162,209 sixth—
grade (11-12 years old) students in Taiwan showed that students
with higher health literacy are less likely to be obese (15). A study
from Australia suggested that interventions on adolescent obesity
should improve their NL and skills (16).

Existing studies on the association between NL and
overweight/obesity were primarily conducted in adults (17).
One study has revealed no association between NL with BMI
(18). However, another research has shown that lower NL
is more problematic for weight loss (19). Few studies have
explored the relationship between NL and overweight/obesity.
An enhanced understanding of the effect of adolescents’ NL
on overweight/obesity may play a positive role in obesity
prevention and control. One of our previous studies assessed the
determinants of NL and found that ethnicity, grade, residence,
whether receiving school meal support from the government,
primary caregiver, parents’ education level, and BMI are related
NL among adolescents [20]. The current study aimed to explore
the relationship between NL and overweight/obesity among
adolescents in Chongging China. And we hypothesized that the
low levels of NL and three subdomains were all associated with a
high prevalence of overweight/obesity among adolescents.

MATERIALS AND METHODS
Study Design and Sample

This cross—sectional online study was conducted in September
2020. We selected 29 of 38 administrative areas and 239
schools in Chongqing as the survey sites. The convenience
sampling method was utilized with the online survey platform
“Questionnaire Star;” which is a professional online survey
platform in China. Then, the questionnaire link or QR code
was sent to each regional school health workgroup through
the Chongqing Municipal Education Commission. The school
health worker forwarded the questionnaire to the class teacher
of grades 7, 8, 10, and 11, and the teacher guided the
students to complete the questionnaire. Students completed the
questionnaire anonymously and independently in 10-15 min.

A total of 21,084 students (grades 7, 8, 10, and 11) participated
in the survey. We excluded participants with extreme values of
NL score (NL score < 5% centile, or NL score > 95% centile, n =
917), extreme BMI values (BMI < 1% centile, or > 99% centile,
n = 484), and those reported “don’t know” of their parents’
education (n = 1,507). Finally, 18,176 participants aged 10-18
years were included in the study. The study was approved by the
Ethics Committee of Chongqing Medical University (approval
number: 2021041). All participants were informed about the
study, and consents were obtained before the survey.

Outcome Variable: Overweight and Obesity
Height and weight were self-reported by the students. According
to the regulations in China (20), schools need to organize
physical examinations for students at the start of the school
year in the spring and autumn. Thus, students’ self-reported
height and weight are more likely to be valid unless intentional
over- or under-reporting of weight. Body mass index (BMI) was
calculated and classified as underweight, normal, overweight, and
obese based on the International Obesity Task Force cutoffs (21).

Exposure Variable: NL Score
Nutrition literacy was measured based on the “Nutrition literacy
scale for middle school students in Chongqing (CM-NLS).” The
development of the scale is described elsewhere (22). It includes
three subdomains (FNL, INL, and CNL). The scale had been
tested for its validity (KMO = 0.916) and reliability (Cronbach’s
a of the total scale and three subdomains = 0.849, 0.826, 0.942,
0.938, respectively) among 462 middle school students (23). The
validity (KMO = 0.945) and reliability (Cronbach’s a of the
total scale and three subdomains = 0.899, 0.792, 0.925, 0.927,
respectively) test of the 18,176 adolescents was also conducted.
The CM-NLS comprises 52 items (the specific items of
FNL/INL/CNL are shown in the Supplementary Material).
FNL includes 35 items with three skills, namely, obtain skill,
understand skill, and apply skill. INL includes 5 items with
interact skill. CNL comprises 12 items with media literacy and
critical skill. To make the score comparable, we converted it into
a centesimal for a sum score (0 to 100 points) of the total and
three subdomains, with a higher score indicating a better NL
level. The scores of NL, FNL, INL, and CNL were divided into
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TABLE 1 | Distribution by levels of nutrition literacy across demographic characteristics.

Factor Total Nutrition p? Functional p? Interactive p? Critical Nutrition p?
N Literacy (NL) Nutrition Nutritional Literacy (CNL)
=18,176 Literacy (FNL) Literacy (INL)
Low High Low High Low High Low High
= n= n= n= n= n= n= n=
9,434 8,742 9,753 8,423 9,134 9,042 8,603 9,573
Gender
Boy 9118 4802 4316 0.040 5047 4071 <0.001 4623 4495 0.220 4300 4818 0.640
(50.2) (50.9) (49.4) (61.7) (48.3) (50.6) (49.7) (50.0) (50.3)
Girl 9058 4632 4426 4706 4352 4511 4547 4303 4755
(49.8) (49.1) (50.6) (48.3) (51.7) (49.4) (50.3) (50.0) (49.7)
Grade
Junior 7858 4456 5862 <0.001 4378 5940 <0.001 4424 5894 <0.001 4818 5500 0.049
high (43.2) 47.2) 67.1) (44.9) (70.5) (48.4) (65.2) (56.0) (57.5)
school
Senior 10318 4978 2880 5375 2483 4710 3148 3785 4073
high (56.8) (52.8) (32.9) (65.1) (29.5) (51.6) (34.8) (44.0) (42.5)
school
Ethnicity
Han 16137 8044 8093 <0.001 8263 7874 <0.001 7876 8261 <0.001 7570 8567 0.001
(88.8) (85.3) (92.6) (84.7) (93.5) (86.2) (91.4) (88.0) (89.5)
Minority 2039 1390 649 1490 549 1258 781 1033 1006
(11.2) (14.7) (7.4) (15.3) (6.5) (13.8) (8.6) (12.0) (10.5)
Boarding school
No 6251 2696 3555 <0.001 2615 3636 <0.001 2823 3428 <0.001 2909 3342 0.12
(34.4) (28.6) (40.7) (26.8) (43.2) (30.9) (37.9) (33.8) (34.9)
Yes 11925 6738 5187 7138 4787 6311 5614 5694 6231
(65.6) (71.4) (59.3) (73.2) (56.8) (69.1) 62.1) (66.2) (65.1)
Residence
Urban 8839 4111 4728 <0.001 4156 4683 <0.001 4362 4477 0.018 4000 4839 <0.001
(48.6) (43.6) (54.1) (42.6) (55.6) (47.8) (49.5) (46.5) (50.5)
Rural 9337 5323 4014 5597 3740 4772 4565 4603 4734
(51.4) (56.4) (45.9) (57.4) (44.4) (62.2) (50.5) (563.5) (49.5)
Primary caregiver
Parents 12961 6579 6382 <0.001 6846 6115 <0.001 6456 6505 0.060 6072 6889 0.040
(71.3) (69.7) (73.0) (70.2) (72.6) (70.7) (71.9) (70.6) (72.0)
Others 5215 2855 2360 2907 2308 2678 2537 2531 2684
(28.7) (30.3) (27.0) (29.8) (27.4) (29.9) (28.1) (29.4) (28.0)
Father’s education
Low® 4055 2446 1609 <0.001 2571 1484 <0.001 2232 1823 <0.001 2042 2013 <0.001
(22.3) (25.9) (18.4) (26.4) (17.6) (24.4) (20.2) (23.7) (21.0)
Mediumd 9284 4837 4447 5036 4248 4493 4791 4389 4895
(51.1) (51.3) (50.9) (51.6) (50.4) (49.2) (53.0) (51.0) (51.1)
High® 4837 2151 2686 2146 2691 2409 2428 2172 2665
(26.6) (22.8) (30.7) (22.0) (31.9) (26.4) (26.9) (25.2) (27.8)
Mother’s education
Low® 5711 3475 2236 <0.001 3655 2056 <0.001 3134 2577 <0.001 2862 2849 <0.001
(31.4) (36.8) (25.6) (37.5) (24.4) (34.3) (28.5) (33.3) (29.8)
Mediumd 8313 4172 4141 4350 3963 3989 4324 3888 4425
45.7) (44.2) (47.4) (44.6) 47.0) 43.7) 47.8) (45.2) (46.2)
High® 4152 1787 2365 1748 2404 2011 2141 1853 2299
(22.8) (18.9) 27.1) (17.9) (28.5) (22.0) 23.7) (21.5) (24.0)

aChi-square test showing distribution by levels of NL across demographic characteristics.
bGrandparents and relatives.

CElementary school and below.

9Junior high school.

€ High/technical/vocational/college/undergraduate and above.
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low and high levels based on their median scores (61.9, 68.7, 70.0,
and 45.8, respectively).

Covariates

The following variables were treated as covariates: gender, grade
(junior high school included grade 7 and 8, whereas senior high
school included grade 10 and 11), ethnicity (Han and minority),
residence (urban and rural), primary caregiver (parents and
others), and parent’s education (low, elementary school, and
below; medium, junior high school; and high, high school, or
above). As a high proportion of students lived in school (boarding
school), we treated it as a covariate.

Statistical Analysis

Descriptive statistics included frequencies and percentages of
research variables. The Chi-square test was used to analyze the
associations between the category of BMI and NL, as well as
other covariates. Multinomial logistic regression model was used
to analyze the association between NL and BMI categories. Two

models were established as follows: model 1 was not adjusted;
and model 2 was adjusted for gender, grade, ethnicity, boarding
school, residence, primary caregiver, and parent’s education. We
tested multiplicative interaction between NL and demographic
characteristics (gender, grade, ethnicity, boarding in school,
residence, and primary caregiver) by adding the product of the
variables in a multivariable model.

All analyses were performed using STATA version 16.0
(STATA Corporation, College Station, TX, USA). Statistical
significance was considered when p < 0.05 (two-sided).

RESULTS

Sample Description

Table 1 summarizes the demographic characteristics of 18,176
middle school students. The median age of students was 14 years
(range 10-18 years). In the sample, 50.2% of the participants
were boys, 43.2% were junior high school students, 88.8%
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TABLE 2 | Multinomial logistic regression model of the association between BMI
categories and nutrition literacy.

Factor Model 12 Model 2°
Odds p- Odds p-
Ratio value Ratio value
(95% ClI) (95%
Cl)
Nutrition Literacy (NL)
Normal (Ref)
Underweight 0.86 <0.001 0.91 0.029
(0.79-0.99) (0.83-
0.99)
Overweight 1.00 0.954 0.87 0.012
(0.90-1.10) (0.79-
0.97)
Obese 0.80 <0.001 0.84 <0.001
(0.74-0.86) (0.77-
0.91)
Functional Nutrition Literacy (FNL)
Normal (Ref) 0.85 <0.001 0.92 0.060
Underweight (0.78-0.99) (0.84-
1.00)
Overweight 0.96 0.400 0.81 <0.001
(0.86-1.06) (0.73-
0.90)
Obese 0.70 <0.001 0.73 <0.001
(0.64-0.76) (0.67-
0.80)
Interactive Nutritional Literacy (INL)
Normal (Ref) 0.91 0.035 0.95 0.252
Underweight (0.84-0.99) (0.87-
1.04)
Overweight 1.01 0.831 0.95 0.365
(0.91-1.12) (0.86-
1.06)
Obese 0.93 0.065 0.94 0.148
(0.86-1.00) (0.87-
1.02)
Critical Nutrition Literacy (CNL)
Normal (Ref) 0.93 0.107 0.94 0.171
Underweight (0.86-1.01) (0.87-
1.03)
Overweight 0.99 0.764 0.96 0.410
(0.89-1.09) (0.86-
1.06)
Obese 1.01 0.855 1.02 0.495
(0.93-1.09) (0.95-
1.12)

aModel 1 unadjusted.
bModel 2 adjusted for gender, grade, ethnicity, primary caregiver, parent’s education,
boarding school, and residence.

were of Han ethnicity, 65.6% were in boarding school, 48.6%
lived in urban area, and 71.3% of the participant’s primary
caregivers were parents. The prevalence of overweight and
obesity was 9.6% and 17.0%, respectively. Across the levels of
NL, the participants of Han nationality who were living in
an urban area had a higher rate of of NL, FNL, INL, and
CNL. Girls and participants whose primary caregivers were

parents also had a higher rate of elevated levels of NL and
FNL. Compared with senior high school students, junior high
school students had a higher level of all domains of NL.
Students who were in boarding school had higher NL levels
than their counterparts. And the results showed that the levels
of NL varied between different levels of parents’ education (p <
0.001).

Association Between NL and BMI

Categories

The results of Chi-square test for two-by-two comparisons
showed that participants with high levels of NL and FNL had a
lower prevalence of obesity than those with low levels (Figure 1).
The prevalence of obesity was higher in low NL (18.3%) and
low ENL (19.1%) groups than in high NL (15.6%) and high FNL
(14.6%) groups, respectively (p < 0.001). However, no difference
existed in the prevalence of obesity by levels of INL and CNL.

In the fully adjusted model, compared with those having lower
NL, those with higher NL were less likely to be underweight
or overweight/obese (Table 2). The odds ratios (95% CI) for
underweight, overweight, and obese were 0.91 (95% CI = 0.83-
0.99), 0.87 (95% CI = 0.79-0.97), and 0.84 (95% CI = 0.77-
0.91). Higher FNL was inversely associated with overweight (0.81;
95% CI 0.73-0.90) and obesity (0.73; 95% CI = 0.67-0.80).
However, INL and CNL were not associated with underweight
or overweight/obesity.

Subgroup Analyses of the Association

Between NL and BMI Categories

No interactions of NL, FNL, INL, and CNL with gender, ethnicity,
boarding in school, residence, and primary caregiver in relation
to overweight/obesity were observed (Table 3). A significant NL
(p=0.009), ENL (p = 0.003), and grade interaction was observed.
In participants from senior high school, NL and FNL were
inversely associated with overweight/obesity. However, no such
association was found in junior high school students.

An association between NL and overweight/obesity was found
across genders, residence (urban and rural), and participants
from the Han nationality, not boarding in school, and primary
caregiver was parents. For the three subdomains, the association
between FNL and overweight/obese was similar across genders,
grade, ethnicity, boarding school, residence, and primary
caregiver. An association between INL and overweight/obesity
was found among senior high school students, Han ethnicity,
in boarding school, and the primary caregiver was parents.
However, no significant association between CNL and
overweight/obesity existed across genders, grade, ethnicity,
boarding in school, residence, and primary caregiver.

DISCUSSION

Given the importance of promoting NL among adolescents
and in light of surging obesity levels, this cross—sectional
study in a large population-based sample examined the relative
contributions of NL to overweight/obesity among middle school
students in Chonggqing. Our results showed that the prevalence
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TABLE 3 | Subgroup analyses of the association between BMI categories and nutrition literacy.

Factor NL p? FNL p? INL p? CNL p?
High vs. Low High vs. Low High vs. Low High vs. Low

Gender

Boy 0.85 (0.78-0.92)* 0.333 0.82 (0.75-0.90) ** 0.857 0.94 (0.87-1.03) 0.639 0.95 (0.87-1.03) 0.332

Girl 0.90 (0.83-0.98)* 0.81 (0.74-0.88) ** 0.95 (0.88-1.04) 1.02 (0.93-1.11)

Grade

Junior high school 0.93 (0.86-1.01) 0.009 0.83 (0.76-0.90) ** 0.379 1.02 (0.94-1.10) 0.003 1.02 (0.94-1.10) 0.163

Senior high school 0.78 (0.71-0.86)"* 0.77 (0.70-0.85) ** 0.85 (0.77-0.93) ** 0.93 (0.85-1.02)

Ethnicity

Han 0.87 (0.82-0.93)* 0.937 0.80 (0.75-0.85) ** 0.436 0.93 (0.87-0.99) * 0.198 0.98 (0.92-1.04) 0.652

Minority 0.87 (0.71-1.05) 0.88 (0.71-1.08) 1.05 (0.88-1.27) 1.02 (0.85-1.21)

Boarding school

No 0.87 (0.79-0.97) * 0.958 0.80 (0.72-0.88) ** 0.660 1.08 (0.93-1.14) 0.061 0.95 (0.86-1.05) 0.393

Yes 0.87 (0.81-0.94) 0.81 (0.75-0.88) ** 0.90 (0.84-0.97) ** 1.00 (0.93-1.08)

Residence

Urban 0.87 (0.80-0.95) * 0.989 0.82 (0.75-0.90) ** 0.706 0.95 (0.87-1.04) 0.945 0.97 (0.89-1.06) 0.801

Rural 0.87 (0.79-0.94) ** 0.79 (0.73-0.87) ** 0.94 (0.86-1.02) 0.99 (0.91-1.07)

Primary caregiver

Parents 0.85 (0.79-0.91) ** 0.349 0.79 (0.74-0.85) ** 0.663 0.91 (0.85-0.98) ** 0.098 1.01 (0.90-1.04) 0.486

Others 0.92 (0.82-1.02) 0.83(0.74-0.93) * 1.04 (0.93-1.16) 0.97 (0.90-1.13)

Model adjusted for gender, grade, ethnicity, primary caregiver, parent’s education, boarding school, and residence.

ap for interaction.
‘P <0.05, "p <0.01.

of overweight and obesity in low (27.6%) and high (25.5%) NL
groups was higher than the national average (19.0%) based on
the Report on Nutrition and Chronic Diseases in China (2020)
(3). Moreover, consistent with our hypothesis, NL and FNL was
inversely associated with the prevalence of overweight/obesity.
But no difference was observed in the prevalence of underweight
or overweight/obesity by levels of INL and CNL. These findings,
along with several other interesting results, raise theoretical
references for interventions of preventing and controlling obesity
of adolescents.

To the best of our knowledge, few studies have examined
the association between NL of adolescents and BMI or
overweight/obesity. Our previous studies found that BMI is a
determinant of NL among middle school students in Chongqing,
China (24). Using multinomial logistic regression model and
subgroup analyses, our findings suggested inverse relationships
between NL, FNL, and overweight/obesity, different from some
previous studies (11, 18). Several explanations were considered
for these findings. Previous researchers have demonstrated that
NL significantly affects healthy eating behavior (25, 26) and
positively changes the food habits (9) and choices (27) of the
adolescents. Overall diet quality was shown to decrease with age
as adolescents (28), but it can be mitigated with the attainment
of NL (29, 30). Additionally, NL is a significant element of
dietary diversity and nutrient sufficiency in adolescents (31).
Simultaneously, adolescents who have higher FNL are less likely
to be overweight/obese compared with those having lower FNL.
People with poor NL tend to consume more fried foods, sugared
beverages, red meat, and processed foods, whereas those with

good NL consume more vegetables, olive oil, and nuts (10).
And a study has shown that increased FNL is associated with
lower sugar intake, higher dairy intake, and better energy balance,
which positively affect adolescent weight status (30). Prior
research has shown that high INL is associated with increased
energy score, and high CNL leads to increased consumption of
fruits and vegetables (30). In another study (32), INL such as
frequency of reading food labels was not a significant predictor
of dietary intake. In the current study, INL and CNL were not
associated with underweight or overweight/obesity. We proposed
several possible reasons for this phenomenon. On the one hand,
adolescents may not have enough opportunities to practice
knowledge of INL and CNL, as their food habits are determined
to a large extent by their schools and parents (33). On the other
hand, having high INL/CNL does not mean that the students
have the corresponding attitude and can apply knowledge well
to critically evaluate nutrition information and handle nutrition
problems (34). In this context, schools and teachers should play a
leading role in addressing and preventing adolescents’ overweight
and obesity by providing nutrition education intervention.
However, changing intention and behavior is more challenging
than changing knowledge (35). Therefore, we should also attend
to the influence of the community and families.

In the subgroup analyses, we found that the association
between NL and overweight/obesity was consistent. It was
suggested that the results were less likely to be confounded by
these factors and intervention may work in all subgroups. The
only significant interaction we found was between grade and NL
with a strong association between NL and overweight/obesity
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only in senior high school. However, we observed that the
NL of junior high school students was higher than that of
senior high school students. We did not find a similar study
yet, but several explanations were considered for these findings.
First, senior high school students have to focus more on their
academic subjects (36), and they do not have sufficient time
to learn nutrition knowledge. Parents and school staff should
realize that health-related behaviors of students directly affect
their academic achievement (37). Second, senior high school
students may have more self-efficacy and flexibility to translate
nutrition knowledge into healthy behaviors (38). A study has
revealed that dietary knowledge alone is insufficient to change
individual dietary choices (26). Essential behavior capabilities,
environmental support, collaborative action, and partnership at
multiple levels of influence are all needed to achieve behavior
change (39). Therefore, the lack of significant association between
NL and overweight/obesity in junior high school students may
be due to the failure of nutrition interventions to improve NL
as an important mediator between knowledge and practice (26).
In brief, strategies and measures need to be adopted to facilitate
the ability of junior high school students to apply nutrition
knowledge and skills to healthy eating habits. Furthermore, diets
of junior high school students may be largely determined by
their parents (40). A study has shown that school meals can
help students learn about dietary knowledge and skills (41). Our
research also showed that boarding school students had higher
NL than non-boarding students. Therefore, schools and families
may set up supportive environments for lower—grade adolescents
to make healthier food choices and sustain behavior change to
maintain a healthy weight (42).

This study had several policy implications. Obesity has
brought a substantial burden to economic, social, and health.
And the Chinese government has made many efforts to curb the
incidence of obesity, including the implementation of national
policies and programs to promote healthy lifestyles and prevent
non-communicable diseases (43). However, the prevalence of
overweight/obesity is increasing in China. As promoting NL may
improve adolescents’ weight status for enhancing their ability
to make food choices, perceive food labels, implement food
safety precautions, apply healthy cooking methods, and adopt
appropriate dietary recommendations (44), it would be of great
significance for policymakers, researchers, and other stakeholders
in society to assess and develop the NL of adolescents.
Meanwhile, our evidence stresses the encouragement to apply
nutrition-related knowledge to practical use.

This study had certain limitations. First, this study used cross-
sectional survey data and did not permit a reliable inference
of causality. Longitudinal studies are necessary to examine
the association between NL and overweight/obesity. Second,
although quality control was strictly implemented in the process,
the online and self-reported survey inevitably brought some
information bias. Height and weight were self-reported by the
students, which may also introduce biases caused by dishonesty
and measurement flaws. Due to the use of online survey, we
did not collect information on obesity-related diseases, and
thus, students with obesity-related diseases may be included
in the study. Third, although we adjusted for gender, grade,

ethnicity, residence, primary caregiver, parents education, and
whether boarding in school in the multivariable analysis, residual
confounding was still possible. It has been shown that obesity of
parents probably may affect the risk of obesity in their offspring
due to shared genetic or environmental factors within the family
(45). The effect of parental BMI should also be considered in
future studies.

In conclusion, this study with a large population-based
sample was a representative examination of the association
between NL and overweight/obesity among adolescents in
Chonggqing, applying a specifically developed instrument for
the target group. We found that NL was inversely associated
with overweight/obesity among adolescents, especially those
attending senior high schools. Our results demonstrated that
interventions on adolescent obesity may improve their NL and
skills. Future study should assess mechanisms such as the effect
on eating/physical activity.
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