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Abstract

Objective: The relationships between childhood weight self-misperception and
obesity-related factors particularly health markers have not been extensively discussed. This
study aims to examine the associations between weight self-misperception and
obesity-related knowledge, attitudes, lifestyles and cardio-metabolic markers among Chinese
pediatric population.

Design: Cross-sectional study.

Setting: Data sourced from a national survey in Chinese seven provinces in 2013.
Participants: Children and adolescents aged 5-19 years.

Results: Of the total 14079 participants, there were 14.5% and 2.2% participants
over-estimated and under-perceived their weight, respectively. Multi-variable logistic
regression was applied to calculate odds ratio (OR) and 95% confidence interval (95% CI) of
obesity-related behaviors and cardio-metabolic markers by actual and perceived weight status.
Individuals who perceived themselves as overweight/obese were more likely to have
prolonged screen time, insufficient dairy intake, and over sugar-sweetened beverages
consumption (all P<0.05), regardless of their weight. Furthermore, actual overweight/obese
individuals had higher odds of abnormal cardio-metabolic markers, but a smaller magnitude
of association was found among weight under-estimators. Among non-overweight/obese
individuals, weight over-estimation was positively associated with abdominal obesity (OR:
10.49, 95% CI: 7.45, 14.76), elevated blood pressure (OR: 1.30, 95% CI: 1.12, 1.51), and
dyslipidemia (OR: 1.43, 95% ClI: 1.29, 1.58).

Conclusions: Weight over-perception was more prevalent than under-estimation, particularly
in girls. Weight over-estimators tended to master better knowledge but behave more
unhealthily, both weight over-perception and actual overweight/obesity status were associated
with poorer cardio-metabolic markers. Future obesity intervention programs should
additionally pay attention to the population with inaccurate estimation of weight who were

easily overlooked.
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Implications and Contribution:

Children and adolescents who over-estimated their weight tended to master better knowledge
but behave more unhealthily, both weight over-perception and actual overweight/obesity
status were positively related with abdominal obesity, elevated BP and dyslipidemia. Future
national obesity-related intervention programs in children and adolescents should additionally

pay attention to the population with inaccurate estimation of body weight.

Introduction

The prevalence of childhood overweight and obesity increased at an alarming rate over
the past decades in China®. Childhood overweight and obesity is correlated with elevated
blood pressure (BP)® and other chronic disease®. Apart from the recognized physiological
results, depression®, anxiety™, and low self-esteem® might also result from obesity.

Weight perception refers to an individual’s evaluation of body image with all of the
thoughts concerning weight and appearance. Misperception of weight status, defined as
under- or over-estimating actual weight, is prevalent among pediatric population®. It was
reported that over one-third of children misperceived their weight status in Guangzhou,
China™. The discrepancy between one’s perceived and actual weight classification may
provide insight for healthy behaviors”. Weight over-perception seemed to be a major
contributing factor for the increased prevalence of unhealthy dietary or exercise patterns®,
such as binge eating®, skipping breakfast and not discussing nutrition topics over meals“?.

While multiple studies have examined the associations between weight misperception
and lifestyles, only a few studies have examined the measurable health markers. Sonneville
and his colleagues revealed that overweight/obese people who under-perceived their weight
gained significantly less weight over time than those who perceive themselves as
overweight®™. In addition, overweight/obese adolescent girls who perceived themselves as
normal weight had lower BP in adulthood?. Besides, after adjusting for an extensive range
of confounders including socio-demographic profiles, body mass index, severe chronic
conditions, and behaviors (smoking/drinking/exercise), weight status over-perception (vs.
accurate perception) was positively associated with depressive symptoms in women with

normal weight*®. Among Korean samples, Kim et al. suggested that perception of being
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obese might be an unfavorable indicator of cardio-metabolic health regardless of actual body
weight™. Among men, those who classified their weight as being obese (vs. normal) were
more likely to have high BP and high TG, while women tended to develop low HDL-C". In
the population of Chinese, hypertension and dyslipidemia were negatively associated with
weight underestimation“®, but Mogre et al. reported that participants with higher blood
glucose were not significantly associated to underestimation of weight in Tamale, Ghana®®.
Nevertheless, there was a lack of evidence regarding the relationships between weight
perception and measurable health markers in Chinese pediatric population. Given the
identified associations between weight and multiple cardio-metabolic markers, we
hypothesized that weight perception might play an important role in childhood
obesity-related health outcomes.

Previous studies investigating the weight perception among Chinese younger-aged
populations mainly focused on a single city, such as Guangzhou”, Wuhan®”, Shandong and
Qinghai®, and Jilin®®. Based on a national sample aged 6-17 years derived from China
Health and Nutrition Survey, authors only focused on the effects on dietary intake™® and
dietary weight management behaviors®®, while lack of evidence regarding the impact on
negative obesity-related diseases in Chinese pediatric population. To fill this research gap, we
sought to examine the associations between weight self-misperception and obesity-related
knowledge, attitudes, lifestyle behaviors and multiple cardio-metabolic markers (abdominal
obesity, elevated BP, high blood glucose and dyslipidemia) among a nationally representative
sample of school-aged children and adolescents, based on cross-sectional data in Chinese
seven provinces. We also examined whether the associations differed across sex, age and

residence area.

Methods
Study population and design

This study used data from a cross-sectional survey of children and adolescents in
Chinese seven provinces/cities in 2013, including Hunan, Ningxia, Tianjin, Chongging,
Liaoning, Shanghai, Guangzhou. Briefly, we adopted a multi-stage cluster sampling method

to determine the original population. We randomly selected several regions from each
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province, and chosen about 12 to 16 primary and secondary schools from each region. Two
classes in each grade were randomly selected in these schools. We invited all students and
their parents in these selected classes to participate in the survey. Among the original
population of 16637 participants whose physical examination and blood samples were
available, 2558 participants were excluded because of missing information on characteristics
and weight perception, and the final sample size was 14079. The project was approved by the
Ethical Committee of Peking University (No. IRB0000105213034). Written informed
consent was obtained from both students and their parents or legal guardian.

Data collection and covariates

The child’s questionnaire was performed to collect basic information and lifestyles.
Besides, all parents were required to complete structured questionnaire. Both parental and
child’s questionnaire of children grade 1-3 were reported by parents. Children from or above
the fourth grade would fill in child’s questionnaire by themselves, while instructed by class
teachers. After collection, we would recheck the questionnaires by 3% within one week for
the same participants.

Parents were asked to report their own height (cm) and weight (kg), and body mass
index (BMI) was calculated as the weight (kg) divided by the square of the height (m?).
According to the criteria of the Working Group on Obesity in China (WGOC) for Chinese
adults®®, BMI cut-offs of 24 and 28 kg/m? were used to classify parental weight status into
three categories: “normal”, “overweight” and “obesity”. Parental educational attainment was
grouped into “primary school or below”, “secondary or equivalent” and “junior college or
above”. In addition, we divided residence area into “rural” and “urban”, and calculated
monthly household income as the sum of monthly income (in CNY, Chinese yuan) of all
household members and classified into <5000, or >5000 CNY.

Self-perception of weight status

Children’s self-perception of weight status was assessed by asking: “How do you feel
about your current weight status?”, with five response options: “very thin”, “rather thin”,
“average”, “rather fat”, and “very fat”. Those who perceived themselves as “very thin”,
“rather thin” or “average” were combined into perceived non-overweight/obesity group, as

the sample size of these was too small to analyze.

https://doi.org/10.1017/51368980023000630 Published online by Cambridge University Press


https://doi.org/10.1017/S1368980023000630

Accepted manuscript

Anthropometric measurement and group definition

Children’s height (cm) and weight (kg) were measured by trained technicians following
a standardized procedure. Height was measured using metal column height-measuring stands
(200 cm long with 0.1 cm precision), and weight was measured using lever scales (weights to
120 kg with 0.1 kg precision). BMI (kg/m?) was calculated by dividing weight (kg) by height
(m) squared. Waist circumference (WC) was measured with an accuracy of 0.1 cm using a
non-elastic tape at the end of a natural breath at the midpoint between the top of the iliac crest
and the lower margin of the last palpable rib. Using a mercury sphygmomanometer (model
XJ11D, China) with the correct cuff size on the right arm of the participant in a relaxed and
sitting position, blood pressure (BP) was measured. We measured each child twice at 1-min
intervals, and used the average of the two readings for systolic blood pressure (SBP) and
diastolic blood pressure (DBP) in final analysis. The stadiometers, lever type weight scales,
non-elastic tape, and auscultation mercury sphygmomanometer were all calibrated, and the
measuring instruments were similar at all investigated schools.

For students aged 5-17 years old, overweight/obesity was defined as BMI of children >
the referent age-and sex- specific 85th percentile according to the reference established by
Working Group on Obesity in China (WGOC)®?. For those aged 18-19 years, similar to
adults, overweight/obesity was defined as BMI of greater than or equal to 28.0 kg/m? In
order to avoid extreme few samples in the group of underweight, we categorized the actual
weight status into non-overweight/obesity and overweight/obesity. We combined children’s
weight self-perception with actual weight, and divided participants into four groups: Group 1:
non-overweight/obese participants with accurate estimation; Group 2: weight over-estimators;
Group 3: weight under-estimators; Group 4: overweight/obese participants with accurate
estimation. Since both the actual weight status and perceived weight status might influence
the childhood obesity-related knowledge, attitudes, behaviors or health outcomes, Group 1
was therefore considered as a reference group.

Definition of abnormal cardio-metabolic markers

Abdominal obesity was defined as waist circumferences (WC) > age- and sex-specific

90th percentile®. Children and adolescents with fasting blood glucose >5.6 mmol/L were

defined as having high blood glucose. Elevated BP referred to SBP and/or DBP >90th
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percentile for sex, age, and height. In this study, the reference values for waist circumference
and BP are based on the Chinese population®®24.

After fasting for 12 h, blood samples were obtained by venipuncture, centrifuged at
3000 rpm for 10 min and then stored at —80 °C. All biochemical analyses were carried out at
a biomedical analyses company, which was accredited by Peking University®. Total
cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C) and
high-density lipoprotein cholesterol (HDL-C) were measured by an autoanalyzer
(TBA-120FR, Toshiba, Tokyo, Japan), with TC and TG assayed by enzymatic method, while
LDL-C and HDL-C measured using clearance method. Abnormal lipid was defined as
follows®: High TC referred to TC > 200 mg/dL. High TG was considered as TG > 100
mg/dL in children 9 years old or younger, and >130 mg/dL in adolescents 10 years old and
older. High LDL-C was defined as LDL-C > 130 mg/dL, low HDL-C was regarded as
HDL-C < 40 mg/dL. A participant with one or more abnormal lipid levels was defined as
having dyslipidemia.

Weight-related knowledge, attitudes, and behaviors

Weight-related knowledge was assessed with 10 items. The responses of all items were:
“true”, “false”, or “don’t know”. Total knowledge score was calculated by summing up the
number of items which were correctly answered and deducting points which were incorrectly
answered. If the answer was missing or “don’t know”, the score of this question was
considered to be zero. Attitudes were evaluated with the questions: (1) “To what extent do
you think obesity is bad for health?”. The responses for question (1) were “little”, “rather
little”, “not sure”, “rather greatly”, or “greatly”. (2) “Are you satisfied with your weight
status?” (3) “Do you want to change your present weight status?”” and (4) “Do you believe
you can achieve an ideal weight status through effort?”. The responses were “no”, “rather no”,
“not sure”, “rather yes”, or “yes” for the questions (2)-(4).

For behaviors, the information of dietary behaviors was collected using questionnaires
developed with reference to national Youth Risk Behavior Survey (YRBS) in 2005®"
(Additional information about the national YRBS is available at http://www.cdc.gov/yrbs.).
All participants were asked the frequency (days) and servings of vegetables, fruits and

sugar-sweetened beverages (SSBs) consumption®®. To better understand the intake of
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fruit/vegetable, as previous published, one serving was defined as the size of an ordinary
adult’s closed fist and roughly equaled a medium-sized apple or orange (=200 g)*®. One
serving of SSB was determined as a canned beverage (approximately 250 mL)®?. The daily
dietary intake of single food was calculated as: average daily intake=(days of consumption x
servings in those days)/7. A daily consumption of 2~3 servings (300~500 g) of vegetables®"
and 2 servings (400 g) of fruits®? is recommended for children and adolescents in China,
insufficient vegetable and fruit consumption was therefore defined as <3 servings/day and <2
servings/day, respectively. In addition, based on Chinese dietary guidelines for children®,
we defined over SSBs consumption as >1 servings/week. Children also reported frequency
(days or times) of breakfast, dairy products, and fried food (e.g., fried chicken and fried
potatoes) intake over the preceding 7 days. Dairy products included low-/full-fat milk, cheese,
yogurt and cottage cheese, except for the mixed foods that contain milk such as butter and
ice-cream. Participants were asked “How many days, over the past 7 days, have you
consumed dairy products?”. Indeed, data on individual dairy products were not available.
According to the dietary guidelines for school-age children in China (2016)®®, breakfast
skipping and insufficient dairy intake were considered as <7 days/week, excessive fried food
consumption was defined as >1 day/week.

For lifestyle behaviors, we recorded child’s physical activity using the Chinese version
of International Physical Activity Questionnaire-Short Form (IPAQ-C)®¥, that is always a
useful instrument for generating internationally comparable data on in Chinese population®.
Moderate to vigorous physical activity (MVPA) was defined as any kind of aerobic activity
that increased heart rate and breathing, such as running, basketball, football, swimming, etc.
MVPA was asked by the following questions: “How many days, over the past 7 days, have
you done MVPA? And how much time did you last on average?” Children reported the
frequency (days) and duration (hours and minutes) for MVVPA over the past 7 days, and the
average daily time was calculated as follows: (days x duration in each of those days)/7. We
defined physical inactivity as MVPA <1 h/day. The questionnaires collecting other lifestyle
behaviors were developed based on the Information, Motivation and Behavioral skills
Model®®. Sitting and screen time were asked by the following question: “Over the past 7

days, how much time did you spend on sitting or lying down at school and at home (not
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including sleeping) / watching TV or playing computer or video games on average?”,
students reported the duration (hours and minutes) of sitting and screening per day, and both
the prolonged sitting time and screen time were defined as >2 hours/day.

Unhealthy lifestyle score was calculated as follows: if one of the above-mentioned
unhealthy lifestyles was satisfied, one point was added, otherwise one point was deducted.
Statistical analysis

Continuous and categorical variables were presented as mean + standard deviation (SD)
and frequency (percentage), respectively. Differences in demographic characteristics by four
groups were examined by one-way ANOVA test for continuous variables and Pearson’s
Chi-squared test for categorical variables. Kappa test was used to evaluate the agreement
between the perceived weight and actual weight status, with values of 0.00 to 0.20 considered
slight, 0.21 to 0.40 fair, 0.41 to 0.60 moderate, 0.61 to 0.80 substantial, and 0.81 to 1.00
almost perfect agreement. We also adopted one-way ANOVA and Pearson’s Chi-squared test
to examine the difference between the four groups, with Bonferroni-corrected post hoc tests
for multiple comparisons. The significance of Bonferroni formula was set at 0=0.0125.
Meanwhile, multivariate logistic regression model was applied to calculate odds ratios (ORs)
[95% confidence level (95% CI)] of obesity-related behaviors and abnormal cardio-metabolic
markers by actual and perceived weight status. Potential confounders were adjusted in the
multivariate logistic regression model, including age, sex, residence area, ethnicity, family
incomes, parental educational attainment, and parental weight status. Furthermore, stratified
analyses were performed to explore the differences according to sex (boys, girls), age (5-9
years old, 10-14 years old, 15-19 years old), and residence area (rural, urban). Data were not
shown if the number of participants in this group was too small to analyze. All statistical
analyses were performed using Statistical Analysis System (SAS) software (version 9.4, SAS
Institute, Cary, NC, USA), and we deemed P-values less than 0.05 to be statistically

significant.
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Results
Characteristic of participants

Of the 14079 children, there were 2035 (14.5%) weight over-estimators and 309 (2.2%)
under-estimators (Table 1). In general, weight over-estimators (Mean age=12.4 years,
SD=3.0) tended to be older than those under-estimators (Mean age=9.2 years, SD=2.9) and
accurate-estimators. The BMI values (kg/m?) of children aged 5-9 years increased from 15.6
of non-overweight/obese children with accurate estimation to 18.1 of weight over-estimators.
Similar escalating trend of BMI was observed in children aged 10-14 years and 15-19 years
(P<0.01). In addition, most of individuals’ parents in four groups attained education of
secondary or equivalent, and most of the participants who over-perceived as
overweight/obesity came from urban areas, while those who under-perceived their weight
mostly came from rural areas. The multiple comparisons of baseline information between
groups were described in Supplementary Table 1.
Consistency between perception of weight and actual weight status

Supplementary Table 2 presented the Kappa results showing the consistency between
children’s self-perception of weight and actual weight status. Of included children and
adolescents, whilst there was a high degree of accuracy of weight status perception in those
of non-overweight/obesity weight (70.8%), there was also a considerable proportion of
individuals over-estimated their weight, approximately accounting for 14.5%. The
consistency in the total population was of moderate agreement (Kappa=0.504, P<0.01).
Similar moderate agreements were observed for boys (Kappa=0.554, P<0.01) and girls
(Kappa=0.457, P<0.01), but such weight overestimation in those of non-overweight/obesity
mainly occurred in girls than boys (girls: 16.3% vs. boys: 12.6%). Similar high rates of
weight overestimation were also detected among 15-19-year-aged individuals and those with
urban residence.
Prevalence of abnormal cardio-metabolic markers by actual and perceived weight status

Of the 14079 children and adolescents, most of the prevalence of abnormal
cardio-metabolic markers, except for high blood glucose, differed by the four groups (P<0.01)
(Table 2). Consistent with traditional cognition, individuals whose actual weight was

overweight/obesity had higher prevalence of negative health outcomes. Besides, in the
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non-overweight/obesity groups, weight over-estimators also had higher prevalence of
abnormal cardio-metabolic markers (high BP: 33.7%; dyslipidemia: 35.2%) than their
counterparts who had accurate awareness of weight status (high BP: 24.1%; dyslipidemia:
27.0%). Age- and residence-specific prevalence of abnormal cardio-metabolic markers
showed similar trends (Supplementary Table 3).

Obesity-related knowledge, attitude and behaviors by actual and perceived weight status

Table 3 presented obesity-related knowledge by weight estimation in two BMI
categories. The correct rates of most knowledge items did not differ between four groups.
However, for some items (e.g., meat and western fast food), children and adolescents who
estimated themselves as overweight/obesity had higher correct rates than their counterparts,
regardless of their actual weight status (P<0.05). In total, non-overweight/obese children's
overestimation was associated with the highest knowledge scores of 9.68 (SD=2.3), while the
overweight/obese children and adolescents who under-estimated their weight status had the
lowest correct rates of 9.48 (SD=2.5). Girls and adolescents aged 15-19 years old were better
at mastering weight-related knowledge.

Table 4 showed obesity-related attitudes by weight estimation in BMI categories.
Participants who perceived themselves to be overweight/obese were more likely to be
unsatisfied with their weight (71.5% for non-overweight/obese participants and 84.0% for
overweight/obese participants), and had higher intention to change their present weight status
(84.2% for non-overweight/obese participants and 90.2% for overweight/obese participants),
especially for girls. In sub-group analysis (Supplementary Table 4), 15-19-year-aged
adolescents showed higher unsatisfactory with their present weight.

Table 5 showed weight-related behaviors by weight perception in two BMI categories. Overall,
children and adolescents who perceived to be overweight/obese, no matter they were
overweight/obesity or not, were more likely to behave unhealthily, such as having prolonged screen
time and unhealthy diet (e.g., insufficient dairy intake and over SSBs intake), compared to the
reference group. On the contrary, the weight under-estimators (Group 3) tended to live healthier life
such as more physical activities doing and fruit consumption (P<0.05). The total unhealthy lifestyle
scores were the highest among weight over-estimators with normal weight/ underweight. Specifically,

girls, children aged 5-9 years and with urban residence tended to behave healthily.
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Cardio-metabolic markers by actual and perceived weight status

The ORs for cardio-metabolic markers showed escalating trend among the four groups
combining weight self-perception with actual weight status, especially for abdominal obesity,
elevated BP and dyslipidemia (Figure 1 and Supplementary Table 5). Consistent with
conventional knowledge, the ORs of abnormal cardio-metabolic markers were more
pronounced among overweight/obese individuals than non-overweight/obese groups, but
smaller magnitudes of these associations were found among weight under-estimators with
overweight/obesity, that was, though they were not aware of their overweight status, they still
faced high likelihoods of abnormal cardio-metabolic markers (P<0.05). Notably, both
perception of overweight/obesity and actual overweight/obesity status were associated with
greater odds of adverse health outcomes, and the two had joint associations. Apart from the
traditional target of overweight/obese individuals with accurate estimation, those weight
over-estimators with normal weight and underweight were also at higher odds of abdominal
obesity (OR: 10.49, 95% CI: 7.45, 14.76), elevated BP (OR: 1.30, 95% CI: 1.12, 1.51) and
dyslipidemia (OR: 1.43, 95% CI: 1.29, 1.58), compared with those non-overweight/obese
individuals with accurate estimation. Considering the sex differences, the ORs for abnormal
cardio-metabolic markers in relation to the weight misperception seemed to be much larger
among boys than girls.

Similar escalating ORs of abnormal cardio-metabolic markers in these four groups were
detected among various subgroups divided by age and residence areas, but large ORs of
abdominal obesity, elevated BP and dyslipidemia were more evident among children and
adolescents aged 15-19 years old (P<0.05), and those came from rural area were more likely
to have higher likelihoods of abdominal obesity and dyslipidemia associated with body
weight misperception (P<0.05) (Supplementary Table 6, 7 and Supplementary Figure 1,
2).

Discussion

To our knowledge, there were 16.6% participants who misperceived their weight and the
consistency between the perceived weight and actual weight was only of moderate agreement.
Weight over-estimators tended to master better knowledge but behave more unhealthily,

while weight under-estimators exactly the opposite. Both weight over-perception and actual
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overweight/obesity status were associated with greater odds of adverse health outcomes. That
was, individuals who estimated them to be overweight/obese already faced potentially higher
likelihoods of cardio-metabolic risks, even among those with normal weight.

Previous findings found that under-estimation of weight was much more prevalent than
over-estimation among children in southern China!”, however, we concluded that
over-estimation of weight was more prevalent than under-estimation across China,
particularly among girls, adolescents aged 15-19 years old and individuals came from urban
area. The only moderate agreement between the perceived weight and actual weight was not
surprising, as girls tended to over-estimate their weight and selected a thinner ideal body
shape®”, and adolescents aged older might be more sensitive about weight than younger
counterparts. The above phenomenon was also applicable to students living in urban area,
without the trouble and burden of other living aspects, they might be more conscious about
their weight and body shape.

Findings indicated that individuals who perceived themselves as being overweight or
obese were better at mastering obesity-related knowledge, had higher intention to lose weight
but were more likely to adopt unhealthy lifestyles. Prior research also showed that weight
over-estimators were more likely to adopt unhealthy behaviors®™® and were less physically
active®. Most of participants who recognized their overweight/obesity status had higher
intention to change weight because they realized that it was expected of them, but weight loss
was not an intrinsic goal for them. For this reason, the self-estimation of weight could only
influence their satisfactions but not their behaviors®®. The results of sub-groups should be
considered while tailoring suitable obesity intervention strategies. Specifically, female
Chinese adolescents would prefer a thinner body figure as their ideal body image®”, thus
girls might have higher prevalence of body-image concerns, higher scores of knowledge and
more healthy lifestyles. Compared to younger children, adolescents were better at mastering
obesity-related knowledge, as they might obtain more education in school. However, they
tended to adopt unhealthy behaviors since they lived in schools and had freedom to lead their
favorable lifestyles. In addition, we have to acknowledged that the economic transitions in
China have been linked to shifts in beauty ideals in individuals living in metropolitan or rural

areas, and the attitudes towards one’s body are influenced by dominant culture. Since
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individuals living in urban area tended to be more conscious about their body shape, they
would select healthy behaviors. Unfortunately, the current national survey could not
distinguish the cultural differences, which prevent us to further investigate the impacts of
culture patterns.

The evidence that misperception of weight was associated with unhealthy lifestyles
raised the question of whether this misperception was associated with obesity-related markers.
In the present study, those participants who over-perceived their weight were also at high
odds of deleterious health outcomes. In addition to the unhealthy habits, we speculated that
individuals with overweight/obesity are subject to discrimination, teasing, and negative
comments from peers“?, leading to increased stress and other psychological disorders?.
Data from UK birth cohorts found that the magnitude of association between overweight
perception and depressive symptoms in girls had increased over the past 30 years“?.
Although the mechanism was not fully understood, such psycho-social stress could increase
the likelihoods of elevated BP“? and diabetes?. Weight-based self and social stigmatization
was also a powerful risk factor for incident obesity®*®.

Early identification of children’s weight misperception along with healthy lifestyle
promotion shaped a crucial role in abnormal obesity-related cardio-metabolic markers
confrontation, therefore, public health campaigns should address weight stigma and avoid the
use of body dissatisfaction as a motivator for weight change. Since the perception of
overweight/obesity and actual overweight/obesity status were both positively associated with
adverse health outcomes, and in line with the notion that “perception” was more powerful
than “reality” in terms of weight®, the traditional high-risk population with class 111 obesity
should be updated. Schools and parents should take targeted measures to help children and
adolescents increase their accurate awareness of weight. Apart from this, increasing efforts
should consider strategies to reduce weight stigma as part of broader initiatives, such as
providing stigma-reduction training for health care professionals. Sex, age and residence area

differences should also be paid attention while tailoring suitable intervention programs.
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Strengths of this study included the large sample size and nationally multi-center and
representative population. However, several limitations should be noted. Firstly, our results
may not be applicable to other ethnic groups since most of the study population was of Han
ethnicity. Secondly, BMI may overestimate fatness in children who were shorter, and may
underestimate adiposity in those with reduced muscle mass“”. Since body composition
could better predict body size dissatisfaction®®, further investigation of weight categories
should be based on the body composition. Thirdly, the self-reported lifestyle behaviors could
lead to a certain degree of recall bias. On this process we carried out strict quality control to
ensure the reliability. In addition, the behavior data recall of 7 days might represent the
recent lifestyle habits; a pilot study using photo tracking could be used to accurately assess
the dietary habits. Also, in order to fill the questionnaire in a minimum time, we could not
rule out that excessive junk food (pastries, chocolates, candies, etc.) or insufficient protein
foods, might also affect cardio-metabolic markers. In addition, parental weight and height
were self-reported, but the self-reported data of Chinese adults had fairly good agreement
with each other. For reasons of cost and practicality, self-reported data are still often used in
epidemiological surveillance®?. Fourthly, this study did not consider psychological factors
which had been shown to influence weight perception, future studies stratified by personal
psychological levels are needed. Apart from this, the whole-body silhouettes should be used
to assess perceived body habitus. Fifth, culture preferences play a crucial role in body size
estimation, but due to difficulties in the measurement of acculturation, the comparison
remains problematic. Besides, the IPAQ questionnaire for physical activity was not
completely suitable for children. However, the open-ended questions contained in IPAQ can
represent the levels of childhood physical activities to some extent. Finally, the nature of
cross-sectional study design may be less effective to investigate the direction of causal
relationship.

In conclusion, weight over-estimators tended to master better knowledge but behave more
unhealthily, while weight under-estimators exactly the opposite. Both weight over-perception
and actual overweight/obesity status were positively associated with abdominal obesity, elevated
BP and dyslipidemia. Future national obesity-related intervention programs should additionally

pay attention to the population with inaccurate estimation of body weight.

https://doi.org/10.1017/51368980023000630 Published online by Cambridge University Press


https://doi.org/10.1017/S1368980023000630

Accepted manuscript

Reference

1. Sun H, Ma Y, Han D et al. (2014) Prevalence and trends in obesity among China's
children and adolescents, 1985-2010. PLoS One 9, e105469.

2. Chen C, Lu M, Wu Y et al. (2022) The prevalence of hypertension and elevated blood
pressure and its correlation with overweight/obesity among students aged 6-17 years in
Suzhou. J Pediatr Endocrinol Metab 35, 341-348.

3. Simmonds M, Burch J, Llewellyn A et al. (2015) The use of measures of obesity in
childhood for predicting obesity and the development of obesity-related diseases in adulthood:
a systematic review and meta-analysis. Health Technol Assess 19, 1-336.

4. Wang S, Sun Q, Zhai L et al. (2019) The Prevalence of Depression and Anxiety
Symptoms among Overweight/Obese and Non-Overweight/Non-Obese Children/Adolescents
in China: A Systematic Review and Meta-Analysis. Int J Environ Res Public Health 16, 340.
5. Moradi M, Mozaffari H, Askari M et al. (2022) Association between overweight/obesity
with depression, anxiety, low self-esteem, and body dissatisfaction in children and
adolescents: a systematic review and meta-analysis of observational studies. Crit Rev Food
Sci Nutr 62, 555-570.

6. Lo W, Ho S, Mak K et al. (2011) Weight misperception and psychosocial health in
normal weight Chinese adolescents. Int J Pediatr Obes 6, e381-389.

7. Cai L, Zhang T, Ma J et al. (2017) Self-perception of weight status and its association
with weight-related knowledge, attitudes, and behaviors among Chinese children in
Guangzhou. J Epidemiol 27, 338-345.

8. Qin T, Xiong H, Yan M et al. (2019) Body Weight Misperception and Weight Disorders
among Chinese Children and Adolescents: A Latent Class Analysis. Curr Med Sci 39,
852-862.

9. Hadland S, Austin S, Goodenow C et al. (2014) Weight misperception and unhealthy
weight control behaviors among sexual minorities in the general adolescent population. J
Adolesc Health 54, 296-303.

10. Hsu Y, Liou T, Liou Y et al. (2016) Measurements and profiles of body weight
misperceptions among Taiwanese teenagers: a national survey. Asia Pac J Clin Nutr 25,

108-117.

https://doi.org/10.1017/51368980023000630 Published online by Cambridge University Press


https://doi.org/10.1017/S1368980023000630

Accepted manuscript

11. Sonneville K, Thurston I, Milliren C et al. (2016) Helpful or harmful? Prospective
association between weight misperception and weight gain among overweight and obese
adolescents and young adults. Int J Obes (Lond) 40, 328-332.

12. Unger E, Kawachi I, Milliren C et al. (2017) Protective Misperception? Prospective
Study of Weight Self-Perception and Blood Pressure in Adolescents With Overweight and
Obesity. J Adolesc Health 60, 680-687.

13. KimY, Austin S, Subramanian S et al. (2018) Body weight perception, disordered weight
control behaviors, and depressive symptoms among Korean adults: The Korea National
Health and Nutrition Examination Survey 2014. PLoS One 13, e0198841.

14. Kim Y, Austin S, Subramanian S et al. (2018) The Cardiometabolic Burden of
Self-Perceived Obesity: A Multilevel Analysis of a Nationally Representative Sample of
Korean Adults. Sci Rep 8, 7901.

15. Fang K, Li H, Ma A et al. (2018) Weight underestimation for adults in Beijing and its
association with chronic disease awareness and weight management. Lipids Health Dis 17,
225.

16. Mogre V, Abedandi R, Salifu Z. (2014) Distorted self-perceived weight status and
underestimation of weight status in diabetes mellitus type 2 patients. PLoS One 9, €95165.

17. Yan H, Wu Y, Oniffrey T et al. (2018) Body Weight Misperception and Its Association
with Unhealthy Eating Behaviors among Adolescents in China. Int J Environ Res Public
Health 15, 936.

18. Wang Y, Liu H, Wu F et al. (2018) The association between BMI and body weight
perception among children and adolescents in Jilin City, China. PloS one 13, e0194237.

19. Niu J, Seo D, Lohrmann D. (2014) Weight perception and dietary intake among Chinese
youth, 2004-2009. Int J Behav Med 21, 691-699.

20. Song L, Zhang Y, Chen T et al. (2022) Association of body perception and dietary weight
management behaviours among children and adolescents aged 6-17 years in China:
cross-sectional study using CHNS (2015). BMC Public Health 22, 175.

21. Zhou B. (2002) Effect of body mass index on all-cause mortality and incidence of
cardiovascular diseases--report for meta-analysis of prospective studies open optimal cut-off

points of body mass index in Chinese adults. Biomed Environ Sci 15, 245-252.

https://doi.org/10.1017/51368980023000630 Published online by Cambridge University Press


https://doi.org/10.1017/S1368980023000630

Accepted manuscript

22. Group of China Obesity Task Force. (2004) [Body mass index reference norm for
screening overweight and obesity in Chinese children and adolescents]. Zhonghua Liu Xing
Bing Xue Za Zhi 25, 97-102.

23. Ma G, Ji C, Ma J et al. (2010) Waist circumference reference values for screening
cardiovascular risk factors in Chinese children and adolescents. Biomed Environ Sci 23,
21-31.

24. Dong Y, Ma J, Song Y et al. (2017) National Blood Pressure Reference for Chinese Han
Children and Adolescents Aged 7 to 17 Years. Hypertension 70, 897-906.

25. ChenY, MalL, MaY et al. (2015) A national school-based health lifestyles interventions
among Chinese children and adolescents against obesity: rationale, design and methodology
of a randomized controlled trial in China. BMC Public Health 15, 210.

26. Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in
Children and Adolescents; National Heart, Lung, and Blood Institute. (2011) Expert panel on
integrated guidelines for cardiovascular health and risk reduction in children and adolescents:
summary report. Pediatrics 128 Suppl 5(Suppl 5), S213-256.

27. Brener N, Kann L, Kinchen S et al. (2004) Methodology of the youth risk behavior
surveillance system. MMWR Recomm Rep 53, 1-13.

28. Liu J, Li Y, Wang X et al. (2021) Association between Fruit Consumption and Lipid
Profile among Children and Adolescents: A National Cross-Sectional Study in China.
Nutrients 14, 63.

29. Ho S, Wong B, Lo W et al. (2010) Neighbourhood food environment and dietary intakes
in adolescents: sex and perceived family affluence as moderators. Int J Pediatr Obes 5,
420-427.

30. Gui Z, Zhu Y, Cai L et al. (2017) Sugar-Sweetened Beverage Consumption and Risks of
Obesity and Hypertension in Chinese Children and Adolescents: A National Cross-Sectional
Analysis. Nutrients 9, 1302.

31. Chinese Nutrition Society. (2016) Dietary Guidelines for Chinese. People’s Medical
Publishing House; Beijing, China.

https://doi.org/10.1017/51368980023000630 Published online by Cambridge University Press


https://doi.org/10.1017/S1368980023000630

Accepted manuscript

32. World Health Organization. (2002) Diet, Nutrition, and the Prevention of Chronic
Diseases. Report of the Joint WHO/FAO Expert Consultation; (WHO Technical Report Series,
no. 916). World Health Organization: Geneva, Switzerland.

33. Chinese Nutrition Society. (2016) Dietary Guidelines for School-Age Children. People s
Medical Publishing House; Beijing, China.

34. Qu N, Li K. (2004) [Study on the reliability and validity of international physical activity
questionnaire (Chinese Vision, IPAQ)]. Zhonghua Liu Xing Bing Xue Za Zhi 25, 265-268.

35. Deng H, Macfarlane D, Thomas G et al. (2008) Reliability and validity of the
IPAQ-Chinese: the Guangzhou Biobank Cohort study. Med Sci Sports Exerc 40, 303-307.

36. Fisher J, Amico K, Fisher W et al. (2008) The information-motivation-behavioral skills
model of antiretroviral adherence and its applications. Curr HIV/AIDS Rep 5, 193-203.

37. Lee C, Yusof H, Zakaria N. (2019) Knowledge, Attitude and Behaviours Related to
Weight Control and Body-Image Perceptions among Chinese High School Students. Malays J
Med Sci 26, 122-131.

38. Xu F, Greaney M, Cohen S et al. (2018) The Association between Adolescent's Weight
Perception and Health Behaviors: Analysis of National Health and Nutrition Examination
Survey Data, 2011-2014. J Obes 2018, 3547856.

39. Fredrickson J, Kremer P, Swinburn B et al. (2015) Weight perception in overweight
adolescents: Associations with body change intentions, diet and physical activity. J Health
Psychol 20, 774-784.

40. Puhl R, Andreyeva T, Brownell K. (2008) Perceptions of weight discrimination:
prevalence and comparison to race and gender discrimination in America. Int J Obes (Lond)
32, 992-1000.

41. Hatzenbuehler M, Keyes K, Hasin D. (2009) Associations between perceived weight
discrimination and the prevalence of psychiatric disorders in the general population. Obesity
(Silver Spring) 17, 2033-2039.

42. Solmi F, Sharpe PhD H, Gage S et al. (2021) Changes in the Prevalence and Correlates
of Weight-Control Behaviors and Weight Perception in Adolescents in the UK, 1986-2015.
JAMA Pediatr 175, 267-275.

43. Rozanski A, Blumenthal J, Davidson K et al. (2005) The epidemiology, pathophysiology,

https://doi.org/10.1017/51368980023000630 Published online by Cambridge University Press


https://doi.org/10.1017/S1368980023000630

Accepted manuscript

and management of psychosocial risk factors in cardiac practice: the emerging field of
behavioral cardiology. J Am Coll Cardiol 45, 637-651.

44. Williams E, Magliano D, Tapp R et al. (2013) Psychosocial stress predicts abnormal
glucose metabolism: the Australian Diabetes, Obesity and Lifestyle (AusDiab) study. Ann
Behav Med 46, 62-72.

45. Sutin A, Terracciano A. (2015) Body weight misperception in adolescence and incident
obesity in young adulthood. Psychol Sci 26, 507-511.

46. Robinson E, Hunger J, Daly M. (2015) Perceived weight status and risk of weight gain
across life in US and UK adults. Int J Obes (Lond) 39, 1721-1726.

47. Chung S. (2019) Body composition analysis and references in children: clinical
usefulness and limitations. Eur J Clin Nutr 73, 236-242.

48. Dos Santos R, Forte G, Mundstock E et al. (2020) Body composition parameters can
better predict body size dissatisfaction than body mass index in children and adolescents. Eat
Weight Disord 25, 1197-1203.

49. Lu S, Su J, Xiang Q et al. (2016) Accuracy of self-reported height, weight, and waist

circumference in a general adult Chinese population. Popul Health Metr 14, 30.

https://doi.org/10.1017/51368980023000630 Published online by Cambridge University Press


https://doi.org/10.1017/S1368980023000630

Accepted manuscript

Abdominal obesity Elevated BP High blood glucose Dyslipidemia
1000 44 51 L
_ 8004 3 | 1 5. a- | = 34
G o 3]
= v // a 3 2
8 8 2 7 8 81
< = | ~ 2+ o«
8 ] & S
1+ i
14
0 Y r . 0 T 1 T T 0 T T T T
1 2 3 El 1 2 3 4 1 2 3 a
Group Group Group Group
High TC High TG High LDL-C Low HDL-C
& P 4 4
- Total population
il [ — - 34 / — 34 -0y
o - ] S r o - Gurls
g 2] 1 & 2 )
@ ¥ 1 2 8 2 &
o /1 A = 3 "3
8§, £ g g &,
-
0 Y T T T 0 T T T T 0 T T T T
1 2 3 4 1 2 3 v 1 2 3 4
Group Group Group Group

Figure 1. Multivariate odds ratios (OR) and 95% confidence intervals (CI) for abnormal
cardio-metabolic markers by groups of self-perception combined with actual weight status,
stratified by sex. (Group 1. non-overweight/obese participants with accurate estimation;
Group 2: weight over-estimators; Group 3: weight under-estimators; Group 4:
overweight/obese participants with accurate estimation. Group 1 was considered as a
reference group; BP, blood pressure; TC, total cholesterol; TG, triglyceride; LDL-C,
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol. 95%CI did

not contain 1 referred to P<0.05.)
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Actual weight: Non-Overweight/ obesity

Actual weight: Overweight/ obesity

Group 1: Perceived

Group 2: Perceived

Group 3: Perceived

Group 4: Perceived

Characteristics P-valuet
Non-Overweight/ Obesity Overweight/ Obesity Non-Overweight/ Obesity Overweight/ Obesity
(n=9996) (n=2035) (n=309) (n=1739)
Age, year, Mean (SD) 10.9 (3.3) 12.4 (3.0) 9.2(2.9) 11.4 (3.3) <0.01
BMI values, Mean (SD)
5-9 years old 15.6 (1.6) 18.1 (1.8) 21.1 (3.4) 22.6 (2.9) <0.01
10-14 years old 17.6 (2.0) 20.4 (1.8) 24.4 (3.2) 26.0 (2.9) <0.01
15-19 years old 19.3 (1.9) 21.9 (2.0) 26.5 (2.4) 28.1 (3.1) <0.01
Sex, n (%) <0.01
Boys 5135 (51.37) 892 (43.83) 134 (43.37) 898 (51.64)
Girls 4861 (48.63) 1143 (56.17) 175 (56.63) 841 (48.36)
Residence area, n (%) <0.01
Urban 5154 (51.6) 1147 (56.4) 157 (50.8) 1013 (58.3)
Rural 4842 (48.4) 888 (43.6) 152 (49.2) 726 (41.8)
Ethnicity, n (%) 0.005
Han 9248 (92.5) 1875 (92.1) 295 (95.5) 1623 (93.3)
Hui 354 (3.5) 83 (4.1) 5(1.6) 41 (2.4)
Tibetan 20 (0.2) 8 (0.4) 0(0.0) 3(0.2)
Mongolian 145 (1.5) 17 (0.8) 0 (0.0) 21 (1.2)
Other 229 (2.3) 52 (2.6) 9(2.9) 51 (2.9)
Paternal weight status, n (%) <0.01
Normal 6062 (60.6) 1108 (54.5) 133 (43.0) 703 (40.4)
Overweight 3122 (31.2) 679 (33.4) 119 (38.5) 697 (40.1)
Obesity 812 (8.1) 248 (12.2) 57 (18.5) 339 (19.5)
Maternal weight status, n (%) <0.01
Normal 8246 (82.5) 1540 (75.7) 220 (71.2) 1166 (67.1)
Overweight 1462 (14.6) 403 (19.8) 72 (23.3) 427 (24.6)
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Paternal educational attainment, n (%)
Primary school or below
Secondary or equivalent
Junior college or above
Maternal educational attainment, n (%)
Primary school or below
Secondary or equivalent
Junior college or above
Monthly household income, n (%)
<5000 CNY
>50000 CNY

288 (2.9)

665 (6.7)
5838 (58.4)
3493 (34.9)

884 (8.8)
5740 (57.4)
3372 (33.7)

8425 (84.3)
1571 (15.7)

Accepted manuscript

92 (4.5)

126 (6.2)
1183 (58.1)
726 (35.7)

175 (8.6)
1148 (56.4)
712 (35.0)

1729 (85.0)
306 (15.0)

17 (5.5)

18 (5.8)
189 (61.2)
102 (33.0)

28 (9.1)
188 (60.8)
93 (30.1)

252 (81.6)
57 (18.5)

146 (8.4)
0.495
96 (5.5)
1046 (60.2)
597 (34.3)
0.434
133 (7.7)
1016 (58.4)
590 (33.9)
0.047
1428 (82.1)
311 (17.9)

*Abbreviation: BMI, body mass index; CNY, Chinese yuan.

tDifferences of items between children and adolescents in four groups were evaluated using one-way ANOVA and Pearson Chi-Square tests.
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Table 2. Prevalence of abnormal cardio-metabolic markers by self-perception combined with actual weight status.

Cardio-metabolic

Actual weight: Non-Overweight/ Obesity

Actual weight: Overweight/ Obesity

markers, n (%) Group 1: Perceived Group 2: Perceived Group 3: Perceived Group 4: Perceived P-value Significant multiple group comparisons*
Non-Overweight/ Obesity Overweight/ Obesity Non-Overweight/ Obesity Overweight/ Obesity
Total population (n=9996) (n=2035) (n=309) (n=1739)
Abdominal obesity 52 (0.5) 100 (4.9) 113 (36.6) 1135 (65.3) <0.01 Group4>3>2>1
Elevated BP 2412 (24.1) 685 (33.7) 104 (33.7) 795 (45.7) <0.01 Group4>3>1; Group4>2>1;
High blood glucose 170 (1.7) 34 (1.7) 9(2.9) 45 (2.6) 0.032 Group3>2,Group3>1
Dyslipidemia 2701 (27.0) 716 (35.2) 125 (40.5) 861 (49.5) <0.01 Group 3>1; Group 4 >2>1,;
High TC 486 (4.9) 116 (5.7) 20 (6.5) 145 (8.3) <0.01 Group4>2; Group4>1
High TG 1695 (17.0) 457 (22.5) 92 (29.8) 613 (35.3) <0.01 Group4>2>1;Group3>1
High LDL-C 243 (2.4) 73 (3.6) 12 (3.9) 100 (5.8) <0.01 Group4>2; Group4>1
Low HDL-C 994 (9.9) 330 (16.2) 49 (15.9) 433 (24.9) <0.01 Group 4 >3 > 1; Group 2 > 1;
Boys (n=5135) (n=892) (n=134) (n=898)
Abdominal obesity 18 (0.4) 35(3.9) 55 (41.0) 598 (66.6) <0.01 Group4>3>2>1
Elevated BP 1364 (26.6) 327 (36.7) 48 (35.8) 450 (50.1) <0.01 Group4>2>1;Group4>3>1
High blood glucose 124 (2.4) 21 (2.4) 6 (4.5) 31 (3.5) 0.146 NS
Dyslipidemia 1289 (25.1) 321 (36.0) 49 (36.6) 461 (51.3) <0.01 Group4>2>1;Group3>1
High TC 203 (4.0) 57 (6.4) 14 (10.5) 74 (8.2) <0.01 Group4>1; Group3>1; Group2>1
High TG 774 (15.1) 176 (19.7) 34 (25.4) 321 (35.7) <0.01 Group4>2>1;Group3>1
High LDL-C 98 (1.9) 37 (4.2) 6 (4.5) 53 (5.9) <0.01 Group4>1; Group3>1
Low HDL-C 553 (10.8) 165 (18.5) 19 (14.2) 239 (26.6) <0.01 Group4>2>1;Group 4>3
Girls (n=4861) (n=1143) (n=175) (n=841)
Abdominal obesity 34 (0.70) 65 (5.7) 58 (33.1) 537 (63.9) <0.01 Group4>3>2>1
Elevated BP 1048 (21.6) 358 (31.3) 56 (32.0) 345 (41.0) <0.01 Group4>2>1,Group3>1
High blood glucose 46 (1.0) 13(1.1) 3(1.7) 14 (1.7) 0.242 NS
Dyslipidemia 1412 (29.1) 395 (34.6) 76 (43.4) 400 (47.6) <0.01 Group4>2>1;Group3>1
High TC 283 (5.8) 59 (5.2) 6 (3.4) 71 (8.4) 0.005 Group 4 >3
High TG 921 (19.0) 281 (24.6) 58 (33.1) 292 (34.7) <0.01 Group4>1; Group3>1
High LDL-C 145 (3.0) 36 (3.2) 6 (3.4) 47 (5.6) 0.002 Group4>1
Low HDL-C 441 (9.1) 165 (14.4) 30 (17.1) 194 (23.1) <0.01 Group4>2>1;Group3>1

https://doi.org/10.1017/51368980023000630 Published online by Cambridge University Press

* Chi-squared test with Holm Bonferroni correction was used to account for multiple comparisons. NS, not significant.
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Table 3. Children's weight-related knowledge by actual and perceived weight status.

Knowledge items/scores

Actual weight: Non-Overweight/ Obesity

Actual weight: Overweight/ Obesity

Group 1: Perceived
Non-Overweight/

Group 2: Perceived
Overweight/

Group 3: Perceived  Group 4: Perceived
Non-Overweight/

Overweight/

Significant multiple
group comparisons*

Obesity Obesity Obesity Obesity
Knowledge items, n (%) (n=9996) (n=2035) (n=309) (n=1739)
It is harmful to watch TV, play computer games and surf the internet for a long time. [yes] 9208 (92.4) 1874 (92.3) 278 (90.6) 1589 (91.6) NS
It is not necessary to exercise every day. [no] 8929 (89.8) 1861 (91.6) 282 (92.2) 1567 (90.4) NS
Fruits and vegetables should be eaten every day. [yes] 9756 (97.8) 1991 (98.1) 301 (97.4) 1706 (98.3) NS
Meat contains fat and protein and the more you eat meat, the better. [no] 8983 (90.2) 1926 (94.8) 285 (92.8) 1631 (94.0) C(;;rr(z)l:i))zd,ill
It is healthier to drink plain boiled water than sugar-sweetened beverages. [yes] 8480 (85.1) 1735 (85.4) 250 (81.2) 1480 (85.3) NS
You don't have to eat breakfast as long as you eat more lunch. [no] 9708 (97.4) 1986 (97.7) 297 (96.1) 1683 (97.0) NS
It is harmful to eat too much fried food. [yes] 9216 (92.5) 1893 (93.2) 278 (90.3) 1620 (93.3) NS
Western fast food (i.e, KFC, McDonald's, etc) is more nutritious. [no] 9335 (93.7) 1939 (95.4) 288 (93.2) 1645 (94.8) Group2>1
It is beneficial to your health to drink milk every day. [yes] 9523 (95.6) 1915 (94.3) 291 (94.5) 1636 (94.4) NS
It is beneficial to your health to eat more high-energy snacks. [no] 9501 (95.3) 1958 (96.4) 295 (95.5) 1678 (96.7) NS
Often eating out is not good for your health. [yes] 8343 (83.8) 1675 (82.8) 257 (83.2) 1454 (84.1) NS
Of the "Chinese Residents' Balanced Diet Pagoda™, the food at the bottom should be eaten more. [no] 3468 (35.3) 770 (38.3) 124 (41.2) 651 (38.0) NS
Knowledge scores, Mean (SD)
Total 9.50 (2.5) 9.68 (2.3) 9.48 (2.5) 9.64 (2.4) NS
Boys 9.40 (2.6) 9.43 (2.5) 9.35(2.8) 9.59 (2.5) NS
Girls 9.62 (2.4) 9.87 (2.1) 9.57 (2.3) 9.69 (2.4) Group2>1
5-9 years old 9.37 (2.6) 9.39 (2.6) 9.42 (2.6) 9.48 (2.7) NS
10-14 years old 9.48 (2.5) 9.63 (2.3) 9.40 (2.5) 9.65 (2.4) NS
15-19 years old 9.83 (2.2) 9.92 (2.2) 10.22 (1.7) 9.84 (2.2) NS
Rural area 9.46 (2.6) 9.73 (2.2) 9.57 (2.6) 9.75 (2.4) NS
Urban area 9.55 (2.4) 9.64 (2.4) 9.39 (2.4) 9.56 (2.5) NS

*One-way ANOVA and Chi-squared test with Holm Bonferroni correction was used to account for multiple comparisons. NS, not significant.
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Table 4. Children’s weight-related attitudes by actual and perceived weight status

Actual weight: Non-Overweight/ Obesity Actual weight: Overweight/ Obesity

Group 1: Perceived  Group 2: Perceived  Group 3: Perceived  Group 4: Perceived Significant multiple group

Weight-related attitudes, n (%)

Non-Overweight/ Overweight/ Non-Overweight/ Overweight/ comparisons*

Obesity Obesity Obesity Obesity
Total population (n=9996) (n=2035) (n=309) (n=1739)
To what extent do you think obesity is bad for health? [greatly or rather greatly] 7751 (77.5) 1637 (80.4) 247 (80.0) 1402 (80.6) Group2>1,Group4>1
Are you satisfied with your weight status? [no or rather no] 2957 (29.6) 1455 (71.5) 91 (29.5) 1461 (84.0) Group4>2>3,Group4>2>1
Do you want to change your present weight status? [yes or rather yes] 4192 (41.9) 1713 (84.2) 169 (54.7) 1569 (90.2) Group4>2>3>1
Do you believe you can achieve an ideal weight status through effort? [yes or rather yes] 6622 (66.3) 1394 (68.5) 220 (71.2) 1226 (70.5) Group3>1
Boys (n=5135) (n=892) (n=134) (n=898)
To what extent do you think obesity is bad for health? [greatly or rather greatly] 3897 (75.9) 692 (77.6) 114 (85.1) 744 (82.9) Group3>1
Avre you satisfied with your weight status? [no or rather no] 1518 (29.6) 528 (59.2) 35 (26.1) 752 (83.8) Group4>2>1,Group4>2>3
Do you want to change your present weight status? [yes or rather yes] 2057 (40.1) 685 (76.8) 63 (47.0) 824 (91.9) Group4>2>1,Group4>2>3
Do you believe you can achieve an ideal weight status through effort? [yes or rather yes] 3371 (65.6) 622 (69.7) 97 (72.4) 662 (73.8) Group4>1
Girls (n=4861) (n=1143) (n=175) (n=841)
To what extent do you think obesity is bad for health? [greatly or rather greatly] 3839 (79.0) 914 (80.0) 148 (84.6) 689 (81.9) NS
Are you satisfied with your weight status? [no or rather no] 1432 (29.5) 890 (77.9) 63 (36.0) 746 (88.7) Group4>2>1,Group4>2>3
Do you want to change your present weight status? [yes or rather yes] 2124 (43.7) 991 (86.7) 117 (66.9) 782 (93.0) Group4>3>1,Group2>1
Do you believe you can achieve an ideal weight status through effort? [yes or rather yes] 3237 (66.6) 743 (65.0) 137 (78.3) 593 (70.5) NS

* Chi-squared test with Holm Bonferroni correction was used to account for multiple comparisons. NS, not significant.
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Table 5. Multivariate odds ratios (OR) and 95% confidence intervals (CI) for unhealthy lifestyle by groups of self-perception combined with actual weight status.

Actual weight: Non-Overweight/ Obesity Actual weight: Overweight/ Obesity
Unhealthy Lifestyle Group 1: Perceived Group 2: Perceived Group 3: Perceived Group 4: Perceived Significant multiple group comparisonsi
Non-Overweight/ Obesity Overweight/ Obesity Non-Overweight/ Obesity Overweight/ Obesity
OR (95%CI), Modelft (n=9996) (n=2035) (n=309) (n=1739)
Physical inactivity 1 (Reference) 1.10 (0.95-1.27) 0.73 (0.55-0.98)** 1.05 (0.90-1.22) \
Prolonged screen time 1 (Reference) 1.13 (1.01-1.26)* 0.98 (0.75-1.29) 1.20 (1.07-1.35)** \
Prolonged sitting time 1 (Reference) 1.09 (0.96-1.25) 0.87 (0.66-1.15) 0.99 (0.86-1.14) \
Insufficient sleep duration 1 (Reference) 1.11 (0.98-1.26) 1.38 (0.97-1.96) 0.97 (0.84-1.12) \
Breakfast skipping 1 (Reference) 1.35 (1.20-1.52)** 0.88 (0.61-1.27) 1.11 (0.96-1.27) \
Insufficient dairy intake 1 (Reference) 1.14 (1.03-1.27)** 0.98 (0.78-1.24) 1.16 (1.04-1.29)** \
Excessive fried food 1 (Reference) 0.97 (0.88-1.07) 1.25 (0.99-1.59) 0.98 (0.88-1.09) \
Insufficient vegetable intake 1 (Reference) 1.05 (0.93-1.19) 0.96 (0.72-1.28) 0.95 (0.83-1.08) \
Insufficient fruit intake 1 (Reference) 1.21 (1.08-1.36)** 0.76 (0.60-0.97)** 0.96 (0.85-1.08) \
Over sugar-sweetened beverages 1 (Reference) 1.13 (1.01-1.26)* 0.85 (0.63-1.16) 1.21 (1.07-1.36)** \
Unhealthy lifestyle scores, Mean (SD)
Total** 1.7 (3.4) 2.6 (3.5) 0.9 (3.0) 2.0 (3.5) Group 2 >1> 3, Group 4 > 3
Boys** 2.0 (3.9) 2.6 (3.7) 1.0 (2.8) 2.3 (3.5) Group 2 > 3, Group 4 > 3
Girls** 1.4 (3.3) 2.6 (3.3) 0.8(3.1) 1.8 (3.3) Group2>1>3,Group4>3
5-9 years old** 0.9 (3.0) 1.5 (3.1) 0.8 (2.9) 1.3(3.2) Group 2 > 3
10-14 years old** 1.7 (3.4) 2.2 (3.5) 0.8 (3.0) 1.9 (3.6) Group 2 > 3, Group 4 >3
15-19 years old 3.3(3.3) 3.7 (3.3) 2.4 (3.2) 3.3(3.2) NS
Rural area 1.8 (3.3) 2.7 (3.3) 0.9 (2.7) 2.2 (3.5) NS
Urban area 1.6 (3.4) 2.4 (3.6) 0.9 3.2 1.9 (3.4) NS

*P < 0.05, ** P <0.01.
+Model: adjusted for sex, age, residence area, ethnicity, incomes, parental educational attainment, parental weight.

1One-way ANOVA with Holm Bonferroni correction was used to account for multiple comparisons. NS, not significant.
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