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Abstract. Childhood undernutrition and overnutrition are major public
health problems among school-age children in high-altitude multi-
ethnic regions of the People’s Republic of China. In this study, we
aimed to determine factors independently associated with underweight,
overweight and obesity among school-age children in Qinghai Province,
a high-altitude multi-ethnic region of western China, in order to inform
efforts to prevent these conditions. The students were chosen by multi-
stage stratified cluster random sampling. One primary school from each
city or prefecture was selected and then one class per grade (grades 1-6)
was selected from each study school and the parents of all the students
in that class were invited to participate in the study. Inclusion criteria
for the students were enrollment in a selected class, being aged 7-12
years, being a resident of Qinghai Province for at least 3 years prior to
the study, having parents able to communicate in the survey language
and being willing to participate in the study. Exclusion criteria for the
students were not meeting inclusion criteria, being hospitalized during
the previous month, having a chronic disease that could affect their
weight, currently taking glucocorticoids and having a major weight
change prior to the study. The minimum number of students calculated
to be needed for the study was 807. Study subjects were a parent from
each student invited to participate. A parent of each student was asked
to complete a self-administered questionnaire asking about demographic
factors, socioeconomic status of the family, student early-life factors,
student diet, student lifestyle (outdoor physical activity, electronic
device use and sleep duration), parental knowledge and attitudes about
nutrition and parental behaviors (parental perception of the student
subject’s body-size category, parental use of food as a reward, parental
restriction of snacks, parental physical exercise habits and joint parent-
child exercise). Parental knowledge about nutrition was assessed with
10 questions on the questionnaire. A correct answer was given one point
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and an incorrect answer was given 0 point. The total possible score had
a range of 0-10. A higher score indicated better parental nutritional
knowledge. Parental attitudes about balanced nutrition were assessed
using 11 questions answered using a 5-point Likert scale (each question
had a score from 0 (disagreement with the statement) to 4 points
(completely agreed with the statement) giving a total possible score of
0-44 points, with a higher score indicating more favorable parental
attitudes. We measured each student’s height, weight and waist and
hip circumferences. Body mass index (BMI) was calculated as weight
(in kg) / height (in m?). Subjects were classified into four weight-status
categories using age- and sex-specific cut-off points obtained from
International Obesity Task Force criteria for underweight and Working
Group on Obesity in China criteria for overweight and obesity. The
underweight, normal weight, overweight and obese criteria for boys
aged 7, 8,9, 10, 11 and 12 years were <13.9, 14.0-17.3, 17.4-19.1, 219.2;
<14.0, 14.1-18.0, 18.1-20.2, >20.3; <14.1, 14.2-18.8, 18.9-21.3, >21.4; <14 .4,
14.5-19.5, 19.6-22.4, >22.5; <14.9, 15.0-20.2, 20.3-23.5, 223.6; and <15.4,
15.5-20.9, 21.0-24.6, 224.7 kg/m?, respectively; and for girls of the same
ages were <13.4, 13.5-17.1, 17.2-18.8, 218.9; <13.6, 13.7-18.0, 18.1-19.8,
>19.9; <13.8, 13.9-18.9, 19.0-20.9, 221.0; <14.0, 14.1-19.9, 20.0-22.0, 222.1;
<14.3, 14.4-21.0, 21.1-23.2, 223.3; and <14.7, 14.8-21.8, 21.9-24.4, >24.5
kg/m?2, respectively. The study was conducted during September
2021-October 2022. We used univariate and multivariate logistic
regression analysis to identify factors significantly associated with
underweight, overweight and obesity and the results are expressed as
odds ratios (ORs) with 95% confidence intervals (CI). A total of 1,561
student subjects were included in our study: 52.0% (n = 811) females.
The mean (+standard deviation (SD)) age of student subjects was 9.2
(£1.7) years. 279 student subjects (17.9%) were underweight, 1,065
(68.2%) had a normal weight, 122 (7.8%) were overweight and 95 (6.1%)
were obese. On multivariate analysis variables significantly associated
with higher odds of the student subject being underweight were student
subject male sex (aOR: 1.61; 95%CI: 1.22-2.12, p-value <0.001) and having
a higher parental subject nutrition-related attitude score (for each
1-point increase in the score there was an increase in the aOR of 1.04;
95%CI: 1.02-1.07, p-value = 0.002). The factors significantly associated
with lower odds of the student subject being underweight were: having
been born by cesarean section (versus vaginal delivery; aOR: 0.58;
95%CI: 0.40-0.85, p-value = 0.005), having a parental subject perception
of the student subject being in a higher BMI class than the student
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subject’s actual BMI class (for each higher BMI class than the actual
student subject class the aOR decreased by 0.62; 95%CI: 0.49-0.78,
p-value <0.001), more frequent parental physical exercise (for each one-
level increase on the 4-level exercise scale the aOR decreased by 0.68;
95%CI: 0.54-0.87, p-value = 0.002) and more frequent parent-child joint
exercise (for each one-level increase on the 4-level exercise scale the
aOR decreased by 0.72; 95%CI: 0.52-0.98, p-value = 0.039). The variables
significantly associated with higher odds of the student subject being
overweight (versus normal weight) were the student subject having been
born by cesarean section (aOR: 1.80; 95%CI: 1.12-2.89, p-value = 0.015)
and having a parental subject perception of the student subject being
in a higher BMI category than the actual category (for each category
higher than the actual category the aOR increased by 2.24; 95%CI: 1.72-
2.92, p-value <0.001). The variables significantly associated with lower
odds of the student subject being overweight were older student subject
age (for every l-year increase in the student subject age the aOR
decreased by: 0.87; 95%CI: 0.76-0.98, p-value = 0.028), having a higher
parental subject nutrition-related attitude score (for every 1-point
increase in the score the aOR decreased by: 0.95; 95%CI: 0.92-0.98,
p-value = 0.002) and more frequent parental physical exercise (for each
one-level increase on the 4-level exercise scale the aOR decreased by
0.64;95%CI: 0.46-0.89, p-value =0.009). The factor significantly associated
with higher odds of student subject obesity (versus normal weight), was
having a parental subject perception of the student subject being in a
higher BMI category than the actual BMI category (for each higher BMI
category than the actual category the aOR increased by 1.83; 95%CI:
1.36-2.47, p-value <0.001). The factors significantly associated with
lower odds of student subject obesity were older student subject age
(for every 1-year increase in age the aOR decreased by: 0.71; 95%ClI:
0.62-0.83, p-value <0.001) and more frequent parental physical exercise
(for each one-level increase on the 4-level exercise scale the aOR
decreased by 0.45; 95%CI: 0.29-0.70, p-value <0.001). In summary,
factors significantly associated with greater odds of the student subject
being underweight were student subject male sex and having a higher
parental subject nutrition-related attitude score and with lower odds of
being underweight were being born by cesarean section and having a
parental subject perception of the student subject being in a higher BMI
class than the actual BMI class, more frequent parental physical exercise,
and more frequent parent-child joint exercise. Factors significantly
associated with higher odds of student subject being overweight were
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having been born by cesarean section and a parental subject perception
of the student subject being in a higher BMI class than the actual BMI
class and with lower odds of being overweight were older student
subject age, higher parental subject nutrition-related attitude score and
more frequent parental physical exercise. The factor significantly
associated with higher odds of student subject obesity was having a
parental subject perception of the student subject being in a higher BMI
class than the actual BMI class and lower odds of obesity were older
student subject age and more frequent parental physical exercise. We
conclude, there is a need for education of study students and their
parents regarding exercise and whether the student’s weight was normal
or not. Further studies are needed to determine how to improve both
student and parental attitudes about exercise and nutrition.

Keywords: childhood underweight, overweight, obesity, factor analysis,

high-altitude

Correspondence: Wenqi Du, Department of Public Health, Qinghai University

Medical College, Xining 810016, PR China
E-mail: zthkxxy@163.com

Tel: +86 18319967562

INTRODUCTION

Childhood malnutrition,
encompassing both undernutrition
(underweight) and overnutrition
(overweight and obesity), is a major
public health problem worldwide.
Globally, the age-standardized
prevalence of obesity among school-
aged children and adolescents aged
5-19 years increased approximately

four-fold between 1990 and 2022,
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rising from 1.7% to 6.9% in girls
and from 2.1% to 9.3% in boys, with
Asia accounting for a substantial
proportion of this burden (NCD-
RisC, 2024). In China, the prevalence
of overweight and obesity among
children and adolescents aged 7-18
years rose steadily from 0.1% in
1985 to 8.25% in 2019 (Song et al,
2024), while underweight remains
a concern in socioeconomically

disadvantaged western and high-
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altitude regions, consistent with the
persistent burden of undernutrition
seen across low- and middle-income
countries (Song et al, 2024; Victora
et al, 2021; Zhang et al, 2021).

Childhood malnutrition can
develop by genetic, environmental
and behavioral factors (Yuan
et al, 2024).

characteristics, such as parental

Family-related

feeding behavior, parenting styles
and the home environment, can
contribute to childhood obesity
(Ayine et al, 2020; Shloim et al,
2015).
of child body size, use of food

Parental misperception

as a reward and limited physical
activity are all linked to obesity
(Ayine et al, 2020; Xiang et al, 2021).
A study from China of preschoolers
found more than 60% of caregivers
underestimated the weight status
of overweight and obese children
(Tang et al, 2018). Early-life factors,
such as the method of delivery and
infant feeding also influence later
weight, with cesarean delivery
being associated with a greater
risk of childhood overweight
and obesity (Liang et al, 2017).
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Factors associated with childhood
underweight are less well studied
and studies regarding the effect
of socioeconomic factors, such as
household income, on childhood
weight have yielded inconsistent
results (Luo et al, 2023).

Qinghai Province, located on
the northeastern Qinghai-Tibet
Plateau, has a distinctive plateau
climate and is home to Tibetan,
Hui, and Tu ethnic minorities with
diverse dietary habits (Huang et
al, 2020; Li et al, 2023). Previous
studies have reported a lower
prevalence of overweight and
obesity in this province among
Tibetan children compared with
the national average but a higher
prevalence of underweight (Du et
al, 2022; Zhang et al, 2021). There
have been economic and lifestyle
changes in western China which
could affect nutrition levels in this

province.

In this study, we aimed to
determine factors independently
associated with underweight,
overweight and obesity among

school-age children in Qinghai
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Province, a high-altitude multi-
ethnic region in western China, in
order to inform efforts to prevent

these conditions.
MATERIALS AND METHODS

Study subjects

We used multi-stage stratified
cluster random sampling to select
study subjects. Six cities or
prefectures in Qinghai Province
were purposively selected as study
sites: Xining, Haidong, Hainan
Tibetan Autonomous Prefecture,
Haixi Mongol and Tibetan
Autonomous Prefecture, Huangnan
Tibetan Autonomous Prefecture,
and Golog Tibetan Autonomous
Prefecture. A primary school was
randomly selected from each city or
prefecture. At each school a class
was randomly selected from each of
grades 1 through 6. All the students
in each selected class and their
parents were invited to participate

in the study.
Inclusion and exclusion criteria

Inclusion criteria for study

subjects were being in the selected
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class, being aged 7-12 years,
residing in the study province for
at least 3 years in the period prior
to the study, having parents who
could understand the language
of the survey and being able to
communicate in that language and
being willing to participate in the
study. Exclusion criteria for study
subjects were not meeting inclusion
criteria, being hospitalized during
the previous month, having a
chronic disease that could affect
their weight, currently taking a
glucocorticoid, and having a major

weight change prior to the study.
Sample size calculation

The minimum number of
subjects needed for the study was
calculated assuming an underweight
prevalence of 12%, a relative error
of 10% and a significance level of
a = 0.05. This gave a minimum
calculated number of study subjects
of 734. The sample size was
increased by 10% to account for
missing or incorrect data, giving

a total of 807 subjects required for

the study.
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Assessment of weight status

Height, waist

circumference and hip circumference

weight,

were measured for each study
subject. Body mass index (BMI) was
calculated using the formula: BMI =
weight (kg) / height® (m?). Subjects
were then classified using age- and

sex-specific BMI cut-off points.

Underweight was defined as a
BMI <£13.9, <14.0, <14.1, <14.4, <14.9
and <15.4 kg/m” for boys aged 7, 8,
9,10, 11 and 12 years, respectively;
and <£13.4, <13.6, <13.8, <14.0, <14.3
and <14.7 kg/m2 for girls aged 7, 8,
9,10, 11 and 12 years, respectively
(Cole et al, 2007).

Normal weight was defined as a
BMI 14.0-17.3, 14.1-18.0, 14.2-18.8,
14.5-19.5, 15.0-20.2 and 15.5-20.9
kg/m? for boys aged 7, 8, 9, 10, 11
and 12 years, respectively; and
13.5-17.1, 13.7-18.0, 13.9-18.9, 14.1-
19.9, 14.4-21.0 and 14.8-21.8 kg/m?
for girls aged 7, 8, 9, 10, 11 and 12

years, respectively.

Overweight was defined as a
BMI 17.4-19.1, 18.1-20.2, 18.9-21.3,
19.6-22.4, 20.3-23.5 and 21.0-24.6
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kg/m? for boys aged 7, 8, 9, 10, 11
and 12 years, respectively; and
17.2-18.8, 18.1-19.8, 19.0-20.9, 20.0-
22.0, 21.1-23.2 and 21.9-24.4 kg/m?
for girls aged 7, 8, 9, 10, 11 and 12

years, respectively.

Obesity was defined as >19.2,
>20.3, >21.4, 222.5, 223.6 and >24.7
kg/m2 for boys aged 7, 8, 9, 10, 11
and 12 years, respectively; and
>18.9, 219.9, >21.0, >22.1, >23.3 and
>24.5 kg/m”’ for girls aged 7, 8, 9, 10,
11 and 12 years, respectively. These
cut-offs are based on the Chinese
national BMI reference developed
by the Working Group on Obesity
for China (Ji, 2005).

Assessment of factors potentially

associated with an abnormal BMI

Data were collected between
September 2021 and October 2022.
Members of the research team and
the class teachers first explained
the purpose of the study and the
instructions for completing the
questionnaire to the parents of all
eligible children. The questionnaire
was completed by one of the parents
on behalf of the child; the children
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themselves did not complete any
part of the questionnaire. For
parents who were able to use
electronic devices, an electronic
version of the questionnaire was
distributed and submitted online.
For parents who were not familiar
with electronic questionnaires,
the questionnaire was completed
through a face-to-face interview
conducted by a trained member of

the research team.

Data were collected using a
structured questionnaire comprised
of parts: subject factors and parental
factors. The factors assessed were
divided into seven categories:
demographic characteristics,
socioeconomic factors, early-life
factors, dietary factors, lifestyle
factors, parental nutrition-related
knowledge and attitudes, and

parental factors.

Demographic characteristics
collected were subject age, sex,
region, ethnicity, and household
registration type (hukou status,
categorized as agricultural/rural

or non-agricultural/urban under
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China’s household registration
system, which historically
determines access to public services
such as education and health care

in a person’s place of registration).

The socioeconomic factor
assessed was annual household

income.

Early-life factors were delivery
method (vaginal or cesarean section),
birth weight and infant feeding
method (exclusive breastfed, mixed

feeding, or formula fed).

Dietary factors were whether
or not the subject ate breakfast,
frequency of eating breakfast, how
regular meal consumption was and

preferences about food.

Lifestyle factors were outdoor
physical activity, electronic device

use, and sleep duration.

Parental nutrition-related
knowledge and attitudes were
assessed using a pre-tested
instrument with a knowledge
component and an attitude
component. The knowledge

component consisted of 10 binary
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items covering recognition of
obesity definitions, causes,
and consequences, as well as
identification of energy-dense,
fat-rich, sugar-rich, and vitamin-
rich foods; each item was scored
0 (incorrect) or 1 (correct), giving
a total knowledge score of 0 to 10,
with higher scores indicating better
parental nutritional knowledge.
The attitude component consisted
of 11 items rated on a 5-point
Likert scale (0 = strongly disagree,
1 = disagree, 2 = neither agree nor
disagree, 3 = agree, 4 = strongly
agree), giving a total attitude
score of 0 to 44, with higher scores
indicating more favorable parental
attitudes toward balanced nutrition
(eg, agreement that breakfast is
important, that diversified diets are
needed, and that excessive snacking
should be avoided). Both scores

were analyzed per 1-point increase.

Parental factors were parental
perception of child’s body size
category (underweight, normal
weight, overweight or obese),
parental use of food as a reward,

parental restriction of snacks,
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parental physical exercise habits
and parent-child joint exercise.
Parental physical exercise habits,
parent-child joint exercise, parental
use of food as a reward and parental
restriction of snacks were all
reported by the parent using the
following 4-level scale: 1 = never
(0 times/week), 2 = sometimes (1-2
times/week), 3 = often (3-4 times/
week), and 4 = always (=5 times/
week). Based on this, the numbers 1
to 4, where appropriate, were used
in the regression model, and the
corresponding adjusted odds ratio
(aOR) represents the change in odds
per one-level increase on this scale
(eg, from never to sometimes). The
aOR represents the change in odds
per one-category increase. Among
these, parental perception of the
child’s body size, parental use of
food as a reward, and parental
restriction of snacks were assessed
using items adapted from the Child
Feeding Questionnaire and the
Comprehensive Feeding Practices
Questionnaire (Birch et al, 2001;
Musher-Eizenman and Holub, 2007;
Xiang et al, 2021).
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Statistical analysis

Continuous variables with
normal distribution are expressed
as means (tstandard deviations
(¥SD)). Categorical variables are
expressed as frequencies and
percentages. The assessed factors
were compared by the weight-status
group (underweight, normal weight,
overweight and obesity). Between-
group differences in continuous
variables were assessed using one-way
analysis of variance (ANOVA)
and between-group differences
by categorical variable were

assessed using chi-square (x2) tests.

We used univariate multinomial
logistic regression analysis to assess
the crude association between
each potential associated factor
and the odds of being classified as
underweight, overweight or obesity
relative to normal weight (reference
group). Variables with a p-value
<0.20 for any of the three contrasts
(underweight vs normal, overweight
vs normal and obese vs normal) on
univariate analysis were entered

into the multivariable multinomial
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logistic regression model to
identify factors independently
associated with each abnormal
weight category. The results of
the analyses are expressed as aORs
with 95% confidence intervals (ClIs).
Ordinal categorical variables (such
as income level, parental perception
of body type, and the 4-point Likert-
scale parental behavior items) were
assessed as continuous for the
purposes of regression modeling,
so each aOR represents the change
in odds per one-level increase.
To address multicollinearity,
Pearson’s correlation coefficients
were calculated by candidate
feature and redundant features
with an absolute correlation
coefficient >0.8 were removed

prior to multivariable modeling.

All statistical analyses were
performed using R statistical
software (version 4.5.3; R Foundation
for Statistical Computing, Vienna,
Austria) available at https:// www.R-

project.org/. All hypothesis tests

were two-sided and a p-value

<0.05 was considered statistically

significant.
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Ethical consideration

This study was reviewed and
approved by the Ethics Committee
of Qinghai University Medical
College (Approval No. PJ202401-
04). This study was conducted
in accordance with the ethical
principles of the Declaration of
Helsinki. Written informed consent
was obtained from the parents of
all study subjects prior to data

collection.

RESULTS

A total of 1,561 subjects were
included in the study; 52.0% (n =
811) females. 279 subjects (17.9%)
were underweight, 1,065 (68.2%)
were normal weight, 122 (7.8%)
were overweight and 95 (6.1%)
were obese (Table 1). The mean
(#SD) age of study subjects was
9.2 (+x1.7) years. The mean ages of
study subjects differed significantly
by size category (p-value <0.001).
Obese subjects had the lowest mean
(+SD) age (8.5 + 1.4 years), followed
by underweight subjects (9.15 +

1.74 years), normal weight subjects

Vol 57 No.3 May-June 2026

(9.23 £ 1.68 years) and overweight
subjects (9.02 + 1.66 years).

The distribution of sex differed
significantly across the four
weight-status groups (p-value =
0.004). In the underweight group,
significantly more boys (n = 161,
57.7%) than girls (n = 118, 42.3%)
were underweight (p-value = 0.010).
In the normal weight group, girls
accounted for the majority (n =
577, 54.2%) compared to boys (n
= 488, 45.8%) (p-value = 0.006).
No significant differences in sex
distribution were observed in the
overweight group (p-value = 0.717)
or the obesity group (p-value =
0.259).

The delivery method differed
significantly (p-value = 0.004)
among the four groups. The highest
proportion of cesarean section births
was observed in the overweight
group (n = 36, 29.5%), followed by
the normal weight group (n = 223,
20.9%), the underweight group (n
=45, 16.1%), and the obesity group
(n=12,12.6%).

The type of infant feeding
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method differed significantly
among the four weight-status
groups (p-value = 0.030). Exclusive
breastfeeding was most common
among children with obesity
(n =57, 60.0%), followed by those
with overweight (n = 66, 54.1%),
normal weight (n = 513, 48.2%),
and underweight (n = 125, 44.8%).
Mixed feeding was most common
among children with underweight
(n=124, 44.4%), followed by normal
weight (n = 401, 37.6%), obesity
(n =29, 30.5%), and overweight
(n =37, 30.3%). Formula feeding
was most common among children
with overweight (n = 19, 15.6%),
followed by normal weight (n =151,
14.2%), underweight (n =30, 10.8%),
and obesity (n =9, 9.5%).

The proportion of children who
ate breakfast differed significantly
across the four weight-status groups
(p-value = 0.003). The highest
proportion of not eating breakfast
was observed in the overweight
group (n =11, 9.0%), followed
by the underweight group (n = 6,
2.2%), the normal weight group
(n =234, 3.2%), and the obesity group

456

(n =2, 2.1%). Correspondingly,
the proportion of children who
ate breakfast was highest in the
underweight group (n =273, 97.8%),
followed by the obesity group (n
= 93, 97.9%), the normal weight
group (n = 1,031, 96.8%), and the
overweight group (n =111, 91.0%).

The mean (+SD) parental attitude
score differed significantly across
the four weight-status groups
(p-value <0.001). The highest mean
parental attitude score was observed
in the underweight group (35.83
+ 5.70), followed by the obesity
group (35.11 + 4.80), the normal
weight group (34.43 + 6.18), and
the overweight group (32.55 + 6.83).

Parental perception of the child’s
body type differed significantly
across the four weight-status groups
(p-value <0.001). Among parents
of children with underweight,
the majority perceived their child
as underweight (n = 131, 47.0%),
followed by normal (n =124, 44.4%),
overweight (n =18, 6.4%), and obese
(n =6, 2.2%). Among parents of
children with normal weight, most

perceived their child as normal (n =

Vol 57 No.3 May-June 2026
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645, 60.6%), followed by underweight
(n = 310, 29.1%), overweight (n =
77, 7.2%), and obese (n = 33, 3.1%).
Among parents of children with
overweight, most perceived their
58, 47.5%),
followed by overweight (n = 48,
39.4%), underweight (n = 14, 11.5%),
and obese (n =2, 1.6%). Among

child as normal (n =

parents of children with obesity,
most perceived their child as normal
(n=48,50.5%), followed by overweight
(n = 26, 27.4%), underweight
(n=18, 18.9%), and obese (n =3, 3.2%).

The frequency of parental
use of food as a reward differed
significantly across the four weight-
status groups (p-value = 0.004).
“Sometimes” using food as a reward
was the most common response
across all groups: underweight
(n =172, 61.6%), normal weight
(n = 579, 54.4%), overweight (n =
60, 49.2%), and obesity (n = 43,
45.3%). “Never” using food as a
reward was most common in the
overweight group (n = 52, 42.6%),
followed by obesity (n =40, 42.1%),
normal weight (n =378, 35.4%), and
underweight (n =79, 28.3%).

Vol 57 No.3 May-June 2026

Parental physical exercise habits
differed significantly across the four
weight-status groups (p-value <0.001).
“Sometimes” exercising was the most
common response in all groups:
obesity (n =68, 71.6%), underweight
(n = 179, 64.2%), overweight
(n =75, 61.5%), and normal weight
(n =620, 58.2%). “Never” exercising
was most common among parents
of overweight (n = 14, 11.5%) and
obese (n = 10, 10.5%) children,
compared with normal weight
(n = 45, 4.2%) and underweight
(n = 11, 3.9%) children. No
significant difference was observed
in parent-child joint exercise across

the four groups (p-value = 0.169).

On univariate analysis, the
variables significantly associated
with higher odds of the student
subject being underweight (versus
normal weight) were student
subject male sex (cOR: 1.61; 95%ClI:
1.24-2.11, p-value <0.001) and
having a higher parental subject
nutrition-related attitude score (for
each 1-point increase in the score
the cOR increased by 1.04; 95%ClI:
1.02-1.07, p-value <0.001).
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The variable significantly
associated with lower odds of the
student subject being underweight
(versus normal weight) was having
a parental subject perception of the
student subject being in a higher
BMI class than the actual BMI class
(for each higher BMI class than
the actual class the cOR decreased
by 0.62; 95%CI: 0.50-0.77, p-value
<0.001).

On univariate analysis, the
variables significantly associated
with higher odds of the student
subject being overweight (versus
normal weight) were the student
subject having been born by
cesarean section (versus vaginal
delivery; cOR: 1.58; 95%CI: 1.04-
2.40, p-value = 0.031), the student
subject skipping breakfast (versus
eating breakfast; cOR: 3.01; 95%ClI:
1.48-6.10, p-value = 0.002), and
having a parental subject perception
of the student subject being in a
higher BMI class than the actual
BMI class (for each higher BMI
class than the actual class the cOR
increased by 2.37; 95%CI: 1.85-3.04,
p-value <0.001).
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The variables significantly
associated with lower odds of the
student subject being overweight
(versus normal weight) were having
a higher parental subject nutrition-
related attitude score (for each
1-point increase in the score the
cOR decreased by 0.96; 95%ClI:
0.93-0.98, p-value = 0.002) and more
frequent parental physical exercise
(for each one-level increase on
the 4-level exercise scale the cOR
decreased by 0.64; 95%CI: 0.48-0.84,
p-value = 0.001).

On univariate analysis, the
variable significantly associated
with higher odds of the student
subject being obese (versus normal
weight) was having a parental
subject perception of the student
subject being in a higher BMI class
than the actual BMI class (for each
higher BMI class than the actual
class the cOR increased by 1.77;
95%CI: 1.34-2.33, p-value <0.001).

The variables significantly
associated with lower odds of
the student subject being obese
(versus normal weight) were older

student subject age (for every 1-year

Vol 57 No.3 May-June 2026
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increase in age the cOR decreased
by 0.74; 95%CI: 0.64-0.85, p-value
<0.001) and more frequent parental
physical exercise (for each one-level
increase on the 4-level exercise
scale the cOR decreased by 0.49;
95%CI: 0.35-0.69, p-value <0.001).

On multivariable multinomial
logistic regression analysis, 13
variables with a univariate p-value
<0.20 in any of the three contrasts
were entered simultaneously (Table
3). The variables significantly
associated with higher odds of the
student subject being underweight
(versus normal weight) were student
subject male sex (aOR: 1.61; 95%Cl:
1.22-2.12, p-value <0.001) and
having a higher parental subject
nutrition-related attitude score (for
each 1-point increase in the score
the aOR increased by 1.04; 95%CI:
1.02-1.07, p-value = 0.002).

The factors significantly
associated with lower odds of the
student subject being underweight
(versus normal weight) were: the
student subject having been born
by cesarean section (versus vaginal
delivery; aOR: 0.58; 95%CI: 0.40-

Vol 57 No.3 May-June 2026

0.85, p-value = 0.005), having a
parental subject perception of the
student subject being in a higher
BMI class than the student subject’s
actual BMI class (for each higher
BMI class than the actual student
subject class the aOR decreased
by 0.62; 95%CI: 0.49-0.78, p-value
<0.001), more frequent parental
physical exercise (for each one-level
increase on the 4-level exercise
scale the aOR decreased by 0.68;
95%CI: 0.54-0.87, p-value = 0.002)
and more frequent parent-child
joint exercise (for each one-level
increase on the 4-level exercise
scale the aOR decreased by 0.72;
95%CI: 0.52-0.98, p-value = 0.039).

The variables significantly
associated with higher odds of the
student subject being overweight
(versus normal weight) were the
student subject having been born
by cesarean section (versus vaginal
delivery; aOR: 1.80; 95%CI: 1.12-
2.89, p-value = 0.015) and having a
parental subject perception of the
student subject being in a higher
BMI class than the actual BMI class
(for each higher BMI class than
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the actual class the aOR increased
by 2.24; 95%CI: 1.72-2.92, p-value
<0.001).

The variables significantly
associated with lower odds of the
student subject being overweight
(versus normal weight) were older
student subject age (for every 1-year
increase in age the aOR decreased
by 0.87; 95%CI: 0.76-0.98, p-value
= 0.028), having a higher parental
subject nutrition-related attitude
score (for each 1-point increase
in the score the aOR decreased by
0.95; 95%CI: 0.92-0.98, p-value =
0.002), and more frequent parental
physical exercise (for each one-level
increase on the 4-level exercise
scale the aOR decreased by 0.64;
95%CI: 0.46-0.89, p-value = 0.009).

The factor significantly associated
with higher odds of the student
subject being obese (versus normal
weight) was having a parental
subject perception of the student
subject being in a higher BMI class
than the actual BMI class (for each
higher BMI class than the actual
class the aOR increased by 1.83;
95%CI: 1.36-2.47, p-value <0.001).
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The factors significantly
associated with lower odds of
the student subject being obese
(versus normal weight) were older
student subject age (for every 1-year
increase in age the aOR decreased
by 0.71; 95%CI: 0.62-0.83, p-value
<0.001) and more frequent parental
physical exercise (for each one-level
increase on the 4-level exercise
scale the aOR decreased by 0.45;
95%CI: 0.29-0.70, p-value <0.001).

DISCUSSION

In our study of 1,561 school-age
children in the high-altitude
region of Qinghai Province,
17.9% had underweight, 7.8%
were overweight, and 6.1% had
obesity, indicating coexistence of
undernutrition and overnutrition
within the same population (Popkin
et al, 2020). The 17.9% underweight
prevalence exceeds the national
estimate of 3.37-8.49% reported
in Chinese school-age children
(Song et al, 2024), consistent with
previously reported elevated
underweight among Tibetan and

high-altitude populations (Zhang
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et al, 2021). Multivariable analysis
further revealed that the three
weight abnormalities share only
partly overlapping factor profiles,
suggesting that category-specific
rather than uniform anti-obesity
interventions are needed in this

population.

Parental perception of child
body type was significant across
all three contrasts, but in opposite
directions: heavier perception
was associated with higher odds
of overweight and obesity, and
lower odds of underweight.
Notably, 18.9% of parents of obese
children still perceived them as
underweight, indicating systematic
underestimation at the heavier
end of the distribution. Similar
underestimation has been reported
in Chinese preschoolers (Zhang
et al, 2021) and in international
meta-analyses (Lundahl et al, 2014).
Correcting parental perception is a
promising intervention lever. The
Greenlight Plus randomized trial
showed that engaging parents as
agents of behavior change reduced

early childhood obesity (Heerman

Vol 57 No.3 May-June 2026

et al, 2024), and family-based
multicomponent programs have
shown consistent benefits (Johnson
et al, 2024).

Parental physical exercise
habit was the second factor
independently significant across
all three contrasts: more frequent
parental exercise was associated
with lower odds of underweight,
overweight, and obesity. This
supports the role of parents as
physical activity role models
(Davison et al, 2020) and identifies
family-level activity promotion
as a common protective pathway
across malnutrition categories.
Parent-child joint exercise was
independently protective only
against underweight, possibly
reflecting reverse causation whereby
parents of thinner children engage

more actively to promote growth.

Cesarean section was associated
with nearly 2-fold higher odds
of overweight but lower odds of
underweight, most likely reflecting
a distributional shift toward higher
weight, consistent with disruption

of gut microbiota establishment
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(Rutayisire et al, 2016; Sandall et
al, 2018) and findings from Chinese
cohort studies (Li et al, 2014; Liang
et al, 2017). Younger age was
independently associated with both
overweight and obesity suggesting
earlier onset in this region and the
importance of early-school-age
prevention (Pan et al, 2021). Student
subject male sex was linked to
underweight only, paralleling prior
Tibetan and western Chinese data.
Interestingly, a higher parental
attitude score was protective
against overweight but associated
with higher odds of underweight,
suggesting that health education
in this region should emphasize
balanced nutrition rather than
dietary restriction. Traditionally
recognized dietary factors (fast
food, sweets, beverages, skipping
breakfast) were not independently
associated with any weight
abnormality, likely reflecting
limited accessibility of highly
processed foods in this high-
altitude underdeveloped region (Jia

et al, 2021).
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Statistically significant
differences were observed
across weight-status groups
for several variables, including
delivery mode, infant feeding
method, breakfast intake, attitude
score, and parental behaviors.
However, these differences did
not follow a monotonic gradient
from underweight to obesity.
For instance, the proportion of
children not eating breakfast was
highest in the overweight group
(9.0%) but comparable and low
across the underweight (2.2%),
normal weight (3.2%), and obesity
(2.1%) groups. Similarly, cesarean
section was most frequent among
overweight children (29.5%) but
least frequent among children
with obesity (12.6%), rather than
rising monotonically with weight
category. Such non-monotonic
patterns are consistent with the
broader literature on the double
burden of malnutrition, which
emphasizes that undernutrition
and overnutrition arise from partly
distinct, and sometimes opposing,

etiologic pathways rather than
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from a single linear continuum
(Popkin et al, 2020; Wells et al, 2020).
Comparable non-linear or category-
specific patterns have also been
reported in Chinese children, where
machine-learning analyses have
shown that the strongest correlates
of underweight, overweight, and
obesity differ in identity and in
direction across categories (Chen
et al, 2025).

support interpreting our findings

These observations

as evidence of category-specific
associations rather than a single
dose-response relationship between
any one factor and child weight, and
they argue against summarizing
the results simply as the factor
having varied with weight status.
The relatively small numbers of
overweight (n = 122) and obese (n =
95) children in our sample may have
additionally contributed to some of

the irregular group-level estimates.

This study had several
strengths. We used a relatively
large sample with standardized
anthropometric measurements,
and simultaneously examined three

weight categories in a high-altitude

Vol 57 No.3 May-June 2026

multi-ethnic population. However,
our study also had limitations.
First, the cross-sectional design
prevents causal inference, and some
associations (eg, parent-child joint
exercise with underweight) may
reflect reverse causation. Second,
dietary and activity variables
were self-reported and subject to
recall and social desirability bias.
Third, unmeasured confounders
such as genetic predisposition, gut
microbiota, and parental BMI were
not available. Fourth, the relatively
small number of overweight (n =
122) and obese (n = 95) children may
have limited statistical power for
less common exposures. Finally, as
the study population was restricted
to Qinghai Province, findings may
not generalize beyond high-altitude

multi-ethnic regions.

In summary, underweight,
overweight, and obesity coexist in
the school-age population of the
high-altitude Qinghai Province,
with partly overlapping but largely
distinct profiles of associated
factors. Parental perception of

child body type and parental
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physical exercise habit emerged
as pivotal family-level factors,
being independently associated
with all three outcomes. Family-
and school-based interventions
that simultaneously address
undernutrition and overnutrition,
that correct parental weight
perception, and that foster regular
family-level physical activity
are therefore recommended in
this high-altitude multi-ethnic
region. Further prospective studies
are needed to confirm whether
interventions targeting these factors
can prevent or reduce the double
burden of childhood malnutrition
in this population and in similar

high-altitude settings.

ACKNOWLEDGEMENTS

We sincerely thank all the
students who participated in this
study and their parents/legal
guardians for their time, cooperation,
trust, and support throughout
this research. We also extend
our appreciation to the teachers
for their assistance in facilitating

the data collection process.

468

CONFLICT OF INTEREST
DISCLOSURE

The authors declare no conflicts
of interest related to the content

of this article. No financial or

personal relationships with other
individuals or organizations have
inappropriately influenced this

work.

REFERENCES

Ayine P, Selvaraju V, Venkatapoorna
CMK, Geetha T. Parental feeding
practices in relation to maternal
education and childhood obesity.
Nutrients 2020; 12(4): 1033.

Birch LL, Fisher JO, Grimm-Thomas
K, Markey CN, Sawyer R, Johnson
SL. Confirmatory factor analysis of
the Child Feeding Questionnaire:
a measure of parental attitudes,
beliefs and practices about child
feeding and obesity proneness.
Appetite 2001; 36(3): 201-10.

Chen K, Zheng F, Zhang X, Wang Q,
Zhang Z, Niu W. Factors associated
with underweight, overweight and
obesity in Chinese children aged
3-14 years using ensemble learning
algorithms. | Glob Health 2025; 15:
04013.

Vol 57 No.3 May-June 2026



UNDERWEIGHT, OVERWEIGHT, AND OBESITY IN QINGHAI CHILDREN

Cole TJ, Flegal KM, Nicholls D, Jackson
AA. Body mass index cut offs to
define thinness in children and

adolescents: international survey.

BM]J 2007; 335(7612): 194.

Davison KK, Haines J, Garcia EA,
Douglas S, McBride B. Fathers’
food parenting: a scoping review
of the literature from 1990 to 2019.
Pediatr Obes 2020; 15(10): e12654.

Du W, Liu L, Ma Y, et al. Analysis
of the gut microbiome in obese
native Tibetan children living at
different altitudes: a case-control
study. Front Public Health 2022;
10: 963202.

Heerman WJ, Rothman RL, Sanders
LM, et al. A digital health behavior
intervention to prevent childhood
obesity: the greenlight plus
randomized clinical trial. JAMA
2024; 332(24): 2068-80.

Huang Y, Zhang Z, Hou T, et al.
Antibiotic burden of school
children from Tibetan, Hui, and
Han groups in the Qinghai-Tibetan
Plateau. PLoS Omne 2020; 15(2):
e0229205.

Ji CY. Report on childhood obesity
in China (1)--body mass index

reference for screening overweight

Vol 57 No.3 May-June 2026

and obesity in Chinese school-age
children. Biomed Environ Sci 2005;
18(6): 390-400.

Jia P, Luo M, Li Y, Zheng ]S, Xiao

Q, Luo J. Fast-food restaurant,
unhealthy eating, and childhood
obesity: a systematic review and
meta-analysis. Obes Rev 2021; 22
Suppl 1 (Suppl 1): e12944.

Johnson LG, Cho H, Lawrence SM,

Keenan GM. Early childhood
(1-5 years) obesity prevention:
a systematic review of family-
based multicomponent behavioral
interventions. Prev Med 2024; 181:
107918.

Li H, Ye R, Pei L, Ren A, Zheng X, Liu

J. Caesarean delivery, caesarean
delivery on maternal request and
childhood overweight: a Chinese
birth cohort study of 181 380
children. Pediatr Obes 2014; 9(1):
10-6.

Li K, Zhang HD, Jian WX, et al.

Prevalence of obesity and its
association with dietary patterns:
a cohort study among Tibetan
pastoralists in Qinghai Province.
Zhonghua Liu Xing Bing Xue Za Zhi
2023; 44(8): 1257-63. [in Chinese]

Liang J, Zhang Z, Yang W, et al.

469



SouTHEAST AsiaN ] Tror MED PusLic HEALTH

Association between cesarean
section and weight status in
Chinese children and adolescents:
a national survey. Int | Environ Res

Public Health 2017; 14(12): 1069.

Lundahl A, Kidwell KM, Nelson TD.

Parental underestimates of child
weight: a meta-analysis. Pediatrics

2014; 133(3): e689-703.

Luo D, Ma N, Liu Y, et al. Long-term

trends and urban-rural disparities
in the physical growth of children
and adolescents in China: an
analysis of five national school
surveys over three decades. Lancet
Child Adolesc Health 2023; 7(11):
762-72.

Musher-Eizenman D, Holub S.

Comprehensive Feeding Practices
Questionnaire: validation of a
new measure of parental feeding
practices. | Pediatr Psychol 2007;
32(8): 960-72.

NCD Risk Factor Collaboration

470

(NCD-RisC). Worldwide trends
in underweight and obesity from
1990 to 2022: a pooled analysis of
3663 population-representative
studies with 222 million children,
adolescents, and adults. Lancet

2024; 403(10431): 1027-50.

Pan XF, Wang L, Pan A. Epidemiology
and determinants of obesity in
China. Lancet Diabetes Endocrinol
2021; 9(6): 373-92.

Popkin BM, Corvalan C, Grummer-
Strawn LM. Dynamics of the
double burden of malnutrition
and the changing nutrition reality.
Lancet 2020; 395(10217): 65-74.

Rutayisire E, Wu X, Huang K, Tao
S, Chen Y, Tao F. Cesarean
section may increase the risk of
both overweight and obesity in
preschool children. BMC Pregnancy
Childbirth 2016; 16(1): 338.

Sandall J, Tribe RM, Avery L, et al.
Short-term and long-term effects of
caesarean section on the health of
women and children. Lancet 2018;

392(10155): 1349-57.

Shloim N, Edelson LR, Martin N,
Hetherington MM. Parenting
styles, feeding styles, feeding
practices, and weight status in 4-12
year-old children: a systematic
review of the literature. Front

Psychol 2015; 6: 1849.
Song X, Zhou B, Baird S, et al. Trends

and inequalities in thinness and
obesity among Chinese children

and adolescents: evidence from

Vol 57 No.3 May-June 2026



UNDERWEIGHT, OVERWEIGHT, AND OBESITY IN QINGHAI CHILDREN

seven national school surveys
between 1985 and 2019. Lancet
Public Health 2024; 9(12): e1025-36.

Tang A, Ji M, Zhang Y, et al. Dietary

behaviors and caregiver
perceptions of overweight and
obesity among Chinese preschool
children. Int | Environ Res Public
Health 2018; 15(4): 716.

Victora CG, Christian P, Vidaletti LP,

Gatica-Dominguez G, Menon P,
Black RE. Revisiting maternal and
child undernutrition in low-income
and middle-income countries:
variable progress towards an
unfinished agenda. Lancet 2021;
397(10282): 1388-99.

Wells JC, Sawaya AL, Wibaek R, ef al.

The double burden of malnutrition:

aetiological pathways and

Vol 57 No.3 May-June 2026

consequences for health. Lancet

2020; 395(10217): 75-88.

Xiang C, Zhang Y, Yong C, et al.

Association between parents’
perceptions of preschool children’s
weight, feeding practices and
children’s dietary patterns: a cross-
sectional study in China. Nutrients

2021; 13(11): 3767.

Yuan C, Dong Y, Chen H, et al.

Determinants of childhood obesity
in China. Lancet Public Health 2024;
9(12): e1105-14.

Zhang Y, Sun J, Zhao M, Magnussen

CG, Xi B. Prevalence of thinness,
overweight and obesity among
Tibetan adolescents aged 12-17
years. Public Health Nutr 2021;
24(13): 4017-22.

471



