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Abstract: Objective: To identify independent risk factors for protein-energy malnutrition (PEM) in children aged
8-10 years and to develop and validate a nomogram model for estimating PEM risk. Methods: In this retrospec-
tive study, a cohort of 1,412 children from The Fifth Affiliated Hospital of Guangzhou Medical University, spanning
January 2022 to December 2023, was identified. Participants were randomly classified into a training set (n=988)
and a validation set (n=424). Patients in the training set were divided into normal (n=667) and PEM (n=321)
groups. Data collection involved demographic, sociological, physical, and biochemical assessments. Independent
risk factors for PEM were identified using univariate and multivariate logistic regression. A nomogram risk model
was constructed from significant predictors, and its performance was assessed using the receiver operating char-
acteristic (ROC) curve, calibration curve, and decision curve analysis (DCA). An independent dataset further vali-
dated the nomogram model. Results: Among the 1,412 children, 497 (35.2%) had PEM, which included stunting
(11.83%), underweight (11.61%), and wasting (11.76%). Multivariate analysis identified six independent risk factors
for PEM: gestational age (OR (95% Cl)=5.830 (3.604-9.431), P<0.001), household income (OR (95% Cl)=0.383
(0.281-0.523), P<0.001), sleep duration (OR (95% Cl)=1.800 (1.319-2.457), P<0.001), mood disorders (OR (95%
Cl)=6.924 (4.437-10.805), P<0.001), and physical activity time (OR (95% Cl)=3.210 (2.342-4.400), P<0.001). The
nomogram model demonstrated good predictive performance (AUC=0.803 (0.773-0.832)) and was validated well
on an independent dataset (AUC=0.783 (0.739-0.828)). Conclusion: The study identified key independent risk
factors for PEM in children and established a robust nomogram model for clinical risk assessment. The model’s
high predictive accuracy and clinical applicability suggest it may be a valuable tool for the early identification and
intervention strategies for PEM in clinical practice.
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Introduction immediate and long-term effects on health,
including physical and cognitive developmental
delays, and increased risk of infection and

death [2-4]. PEM is considered by experts to be

Child growth and development are influenced
by various factors, with nutrition playing a piv-

otal role. Protein-energy malnutrition (PEM)
includes three aspects of malnutrition: stunted
growth, low body weight, and wasting. Stunted
growth reflects long-term chronic nutritional
deficiencies, while low body weight and wasting
reflect acute nutritional deficiencies in children
[1]. Different types of malnutrition can co-exist
in children. Specifically, malnutrition in children
aged 8 to 10 years, during a critical period of
physical development, can have irreversible

the most prevalent form of childhood malnutri-
tion [5]. In 2016, the World Health Organization
(WHO) reported that globally, 22.9% or 154.8
million children under 5 years of age had stunt-
ed growth [6, 7]. Despite the development of
social economy, the improvements in living
environment, and the enhancement of health
service levels, the nutritional status of children
in China has been improving, but there are still
obvious regional and urban-rural differences [5,
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8]. Therefore, early detection and targeted inte-
rventions are imperative to nurture children’s
comprehensive development. Developing a
nuanced understanding of the epidemiological
patterns, deleterious effects, and risk factors
associated with PEM is pivotal for preemptive
action and effective mitigation.

PEM arises from multiple factors, including pov-
erty, socioeconomic disparities, poor sanita-
tion, and dietary inadequacies [6, 7, 9]. Fur-
thermore, the unequal advancements in global
economic conditions and living standards have
led to nutritional imbalances, causing regions
to face a dual burden of malnutrition and obe-
sity, amplifying health challenges for children
[5]. A balanced diet provides a range of essen-
tial nutrients in quantities sufficient to support
and promote physical and mental health [10].
A cross-sectional cohort study in Switzerland
showed that 10.9% and 20.2% of the 1,919
subjects analyzed had energy and protein
intakes below the established dietary refer-
ence values, respectively [11]. It was also found
that the lower the income level [12], the greater
the likelihood of inadequate energy intake. In
addition, the more children a family has, the
higher the risk they may develop PEM [11].
Other findings suggest that variables such as
age, gender, and specific dietary habits are
influential in determining a person’s protein
and energy consumption [13].

This study delves into the prevalence and deter-
minants of PEM among 8- to 10-year-old school
children in Guangzhou City from 2022 to 2024.
Through systematic data gathering and rigor-
ous analysis, this research aims to underpin
PEM prevention and treatment strategies.
Specifically, it underscores the importance of
constructing an epidemiological model to iden-
tify and scrutinize key risk factors, assisting
health professionals and policymakers in early
risk identification and intervention. Additionally,
the study introduces a nomogram prediction
model based on essential variables to enhance
the precision of PEM prevention and inter-
ventions. This model offers a quantifiable
method to appraise the risk of PEM in children,
facilitating the crafting of personalized inter-
ventions and helping policymakers optimize
resource distribution and effective preventa-
tive measures.
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Materials and methods
Study population

Children who underwent medical examination
at The Fifth Affiliated Hospital of Guangzhou
Medical University between January 2022 and
December 2023 were included in this study.
The inclusion criteria were: 1) children aged
8-10 years attending the outpatient and inpa-
tient departments, and 2) parents or guardians
who agreed to participate in the study. Exclusion
criteria were: 1) children with chronic diseases
affecting growth (e.g., chronic renal failure, con-
genital heart disease, malignant tumors, endo-
crine diseases, etc.), 2) children taking medica-
tion that affects their nutritional status for a
long period, and 3) children diagnosed with
malnutrition or having participated in nutrition-
related intervention studies.

The children included in the study were ran-
domly classified into a training set (n=988) and
a validation set (n=424). Besides, patients in
the training set were divided into normal
(n=667) and PEM (n=321) groups. The training
set was used to develop the nomogram model,
while the validation set was used to assess its
predictive performance and generalizability.
The study was reviewed and approved by the
medical ethics committee of the Fifth Affiliated
Hospital of Guangzhou Medical University.

Data collection and definition

Data collected included demographic informa-
tion (gender, age), birth history (including pre-
maturity), sibling status (number of children),
whether they were ‘left-behind children’ (par-
ents working in the city and children left behind
in the countryside), primary caregiver, dietary
habits, milk intake, sleep duration, physical
activity, and mental health status. In addition,
the results of the children’s physical examina-
tions and blood biochemical indicator tests
were collected.

A penchant for sweets, beverages, irregular
eating, picky eating, or overeating were consid-
ered bad eating habits [14]. The levels of cal-
cium, iron and zinc trace elements were based
on the results of the test report issued by the
hospital laboratory on the same day of venous
blood sampling [15]. Serum calcium <1.55
mmol/L was regarded as calcium deficiency,
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serum iron <7.36 mmol/L as iron deficiency,
and serum zinc <67.72 mmol/L as zinc deficien-
cy. Mental health status was assessed using
the Screening Scale for Anxious Emotional
Disorders in Children (SCARED) [16], with a
total of 41 entries, covering generalized anxi-
ety, separation anxiety, somatization/panic,
social phobia, and school phobia. Each entry
corresponded to a score of O, 1, or 2 based on
the child’s response. A total score of 225 was
considered indicative of anxiety, which is classi-
fied as a mood disorder.

Criteria for PEM

We calculated length (height)/age, weight/age,
weight/length (height) and body mass index/
age in this study. PEM was diagnosed in chil-
dren with one or more of: growth retardation,
low body weight, and wasting [17]. The height/
length for age Z score (HAZ), weight for age Z
score (WAZ) and weight for height/length Z
score (WHZ) were calculated. HAZ<-2 was con-
sidered growth retardation, WAZ<-2 was con-
sidered low weight, and WHZ<-2 was consid-
ered wasting [17].

Statistical analyses

Data analysis was performed using R-studio
software (version 4.1.2). Categorical variables
were expressed as frequencies and percen-
tages, and the chi-square test was used for
group comparisons. Continuous variables were
expressed as mean and standard deviation
(SD), with Student t-tests applied accordingly.
Independent risk factors associated with the
development of PEM in children were identified
by univariate and multivariate logistic regres-
sion analyses. A predictive nomogram was then
constructed based on the regression coeffi-
cients of the predictors in the multivariate logis-
tic regression. The sum of the scores for each
predictor enabled a total score calculation. The
predictive performance of the model was
assessed by the AUC of the ROC curve analy-
ses, and calibration was evaluated by a calibra-
tion curve. Lastly, the clinical utility of the pre-
dictive nomogram was evaluated using deci-
sion curve analysis (DCA). Validation was per-
formed, and the stability of the study findings
was assessed using another independent data-
set. A p-value of less than 0.05 was considered
significant in a two-sided test.
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Results

Comparison of characteristics of the study
population

A total of 1,412 children aged 8-10 years who
met the criteria were included in the study, of
whom 497 (35.2%) were considered to have
PEM. Among these participants, 167 children
(11.83%) had stunting with an age-specific
height Z score of <-2, 164 children (11.61%)
were underweight with an age-specific weight Z
score of <-2, and 166 children (11.76%) were
wasting with a height-specific weight Z score of
<-2. The participants were randomly divided
into a training set (n=988) and a validation set
(n=424). The results in Table 1 suggest that
there was no significant difference between the
two datasets in terms of demographic and soci-
ological characteristics such as age and gen-
der, indicating that the two sets of data were
randomly distributed and comparable.

Comparison and multivariate logistic analysis
between PEM and normal groups

A total of 17 potential predictors were included
in the study, and intergroup comparisons were
made between the normal and PEM groups
(Table 2). Compared to children with normal
growth and development, children in the PEM
group showed significant differences in the
variables of gestational age (x?=74.229, P<
0.001), household income (x?>=55.494, P<
0.001), sleep duration (x>=15.662, P<0.001),
bad eating habits (x>=4.736, P=0.030), calci-
um deficiency (x?>=3.879, P=0.048), mood dis-
orders (x?>=96.023, P<0.001), and physical
activity time (x?=68.398, P<0.001).

To further explore the risk factors for PEM in
children, we performed univariate and multi-
variate logistic regression analyses of potential
predictors (Supplementary Table 1). Gestation-
al age (OR (95% CI)=5.830 (3.604-9.431), P<
0.001), household income (OR (95% CI)=0.383
(0.281-0.523), P<0.001), sleep duration (OR
(95% CI)=1.800 (1.319-2.457), P<0.001),
mood disorders (OR (95% Cl)=6.924 (4.437-
10.805), P<0.001), and physical activity time
(OR (95% CI1)=3.210 (2.342-4.400), P<0.001)
were significant and independent predictors of
PEM. Mood disorders appeared to have the
greatest effect on PEM (Figure 1).
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Variable Total (n=1,412)  Training set (n=988) Validation set (n=424) X2 P

Group 5.434 0.143
Normal 915 (64.8) 638 (64.57) 277 (65.33)
Stunting 167 (11.83) 113 (11.44) 54 (12.74)
Underweight 164 (11.61) 109 (11.03) 55 (12.97)
Wasting 166 (11.76) 128 (12.96) 38 (8.96)

Age 3.936 0.140
8 years 454 (32.15) 313 (31.68) 141 (33.25)
9 years 469 (33.22) 317 (32.09) 152 (35.85)
10 years 489 (34.63) 358 (36.23) 131 (30.90)

Sex 0.014 0.907
Male 726 (51.42) 509 (51.52) 217 (51.18)
Female 686 (48.58) 479 (48.48) 207 (48.82)

Gestational Age 0.136 0.712
>37 weeks 1226 (86.83) 879 (88.97) 347 (81.84)
<37 weeks 186 (13.17) 109 (11.03) 77 (18.16)

Birth Weight 0.294 0.588
>2.5 kg 1,096 (77.62) 763 (77.23) 333 (78.54)
<2.5kg 316 (22.38) 225 (22.77) 91 (21.46)

Residence 0.146 0.702
Rural 667 (47.24) 470 (47.57) 197 (46.46)
Urban 745 (52.76) 518 (52.43) 227 (53.54)

Left Behind Children 2.364 0.124
No 983 (69.62) 700 (70.85) 283 (66.75)
Yes 429 (30.38) 288 (29.15) 141 (33.25)

Household income 0.092 0.761
<100 thousand yuan 558 (39.52) 393 (39.78) 165 (38.92)
>100 thousand yuan 854 (60.48) 595 (60.22) 259 (61.08)

Number of children 0.039 0.843
>1 677 (47.95) 472 (47.77) 205 (48.35)
1 735 (52.05) 516 (52.23) 219 (51.65)

Sleep Duration 0.065 0.799
>9 hours 802 (56.80) 559 (56.58) 243 (57.31)
<9 hours 610 (43.20) 429 (43.42) 181 (42.69)

Parents education level 0.099 0.753
Low level 735 (52.05) 517 (52.33) 218 (51.42)
High level 677 (47.95) 471 (47.67) 206 (48.58)

Bad eating habits 0.193 0.66
No 897 (63.53) 624 (63.16) 273 (64.39)
Yes 515 (36.47) 364 (36.84) 151 (35.61)

Calcium Deficiency 0.045 0.831
No 1,190 (84.28) 834 (84.41) 356 (83.96)
Yes 222 (15.72) 154 (15.59) 68 (16.04)

Iron Deficiency 8.249 0.004
No 1,183 (83.78) 846 (85.63) 337 (79.48)
Yes 229 (16.22) 142 (14.37) 87 (20.52)

Zinc Deficiency 0.019 0.890
No 1,324 (93.77) 927 (93.83) 397 (93.63)
Yes 88 (6.23) 61 (6.17) 27 (6.37)
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Mood disorders 0.002 0.966
No 1,223 (86.61) 856 (86.64) 367 (86.56)
Yes 189 (13.39) 132 (13.36) 57 (13.44)

Milk Intake 2.747 0.097
<300 ml/d 895 (63.39) 640 (64.78) 255 (60.14)
>300 ml/d 517 (36.61) 348 (35.22) 169 (39.86)

Physical activity time 1.167 0.28
>2 hours/d 717 (50.78) 511 (51.72) 206 (48.58)
<2 hours/d 695 (49.22) 477 (48.28) 218 (51.42)

Notes: Parental education levels: high level, have completed > nine years of compulsory education; low level, have not com-
pleted nine years of compulsory education.

Table 2. Comparisons of variables between normal group and PEM group in training set

Variable, n (%) Total (n=988) Normal (n=661) PEM (n=327) X2 P

Age 0.477 0.788
8 years 313 (31.68) 214 (32.38) 99 (30.28)
9 years 317 (32.09) 211 (31.92) 106 (32.42)
10 years 358 (36.23) 236 (35.70) 122 (37.31)

Sex 0.118 0.732
Male 509 (51.52) 338 (51.13) 171 (52.29)
Female 479 (48.48) 323 (48.87) 156 (47.71)

Gestational Age 74.229 <0.001
>37 weeks 879 (88.97) 628 (95.01) 251 (76.76)
<37 weeks 109 (11.03) 33 (4.99) 76 (23.24)

Birth Weight 1.109 0.292
>2.5 kg 763 (77.23) 517 (78.21) 246 (75.23)
<2.5kg 225 (22.77) 144 (21.79) 81 (24.77)

Residence 0.362 0.547
Rural 470 (47.57) 310 (46.90) 160 (48.93)
Urban 518 (52.43) 351 (53.10) 167 (51.07)

Left Behind Children 0.300 0.584
No 700 (70.85) 472 (71.41) 228 (69.72)
Yes 288 (29.15) 189 (28.59) 99 (30.28)

Household income 55.494 <0.001
<100 thousand yuan 393 (39.78) 209 (31.62) 184 (56.27)
>100 thousand yuan 595 (60.22) 452 (68.38) 143 (43.73)

Number of children 0.419 0.518
>1 472 (47.77) 311 (47.05) 161 (49.24)
1 516 (52.23) 350 (52.95) 166 (50.76)

Sleep Duration 15.662 <0.001
>9 hours 559 (56.58) 403 (60.97) 156 (47.71)
<9 hours 429 (43.42) 258 (39.03) 171 (52.29)

Parents education level 1.791 0.181
Low level 517 (52.33) 336 (50.83) 181 (55.35)
High level 471 (47.67) 325 (49.17) 146 (44.65)

Bad eating habits 4.736 0.030
No 624 (63.16) 433 (65.51) 191 (58.41)
Yes 364 (36.84) 228 (34.49) 136 (41.59)
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Calcium Deficiency
No
Yes

Iron Deficiency
No
Yes

Zinc Deficiency
No
Yes

Mood disorders
No
Yes

Milk Intake
<300 ml/d
>300 ml/d

Physical activity time

>2 hours/d
<2 hours/d

Prediction of pediatric malnutrition risk

834 (84.41)
154 (15.59)

846 (85.63)
142 (14.37)

927 (93.83)
61 (6.17)

856 (86.64)
132 (13.36)

640 (64.78)
348 (35.22)

511 (51.72)
477 (48.28)

3.879 0.048
563 (85.17) 271 (82.87)
98 (14.83) 56 (17.13)
0.929 0.335
571 (86.38) 275 (84.10)
90 (13.62) 52 (15.90)
0.052 0.820
621 (93.95) 306 (93.58)
40 (6.05) 21 (6.42)
96.023 <0.001
622 (94.10) 234 (71.56)
39 (5.90) 93 (28.44)
5.912 0.015
411 (62.18) 229 (70.03)
250 (37.82) 98 (29.97)
68.398 <0.001
403 (60.97) 108 (33.03)
258 (39.03) 219 (66.97)

Notes: Parental education levels: high level, have completed > nine years of compulsory education; low level, have not com-
pleted nine years of compulsory education. PEM, protein-energy malnutrition.

Variables
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1
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Figure 1. Forest plot of predictors of PEM in children. PEM, protein-energy malnutrition.

Construction and validation of the nomogram

sion equations and constructed a risk score

model model based on these six predictors [Risk

score =1.763 * Gestational age (<37 weeks =1,
We screened independent predictors of chil- >37 weeks =0) + 0.959 * Household income
dren with PEM by multivariate logistic regres- (<100 thousand yuan per year =1, 2100 thou-
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Figure 2. Nomogram predicting the occurrence of PEM.
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Figure 3. Evaluation of nomogram model in the training set. A. The ROC curve; B. The calibration curve; C. Clinical
decision curve of the nomogram. PEM, protein-energy malnutrition.

sand yuan per year =0) + 0.588 * Sleep
Duration (<9 hours =1, 29 hours =0) + 1.935 *
Mood disorders (Yes =1, No =0) + 1.166 *
Physical activity time (<2 hours/d =1, =2
hours/d =0)]. A nomogram model was used to
generate corresponding scores based on the
weighting coefficients of the predictors. As
shown in Figure 2, mood disorders had the
highest score of 100, and the risk probability of
PEM for each individual can be calculated by
obtaining the total score from all variables. The
nomogram model showed good performance in
estimating the risk of PEM (AUC=0.803 (0.773-
0.832)) (Figure 3A). Additionally, the calibration
plot showed that the nomogram accurately pre-
dicted the risk of developing PEM in children

5570

(Figure 3B). The clinical decision curve suggest-
ed that the nomogram could benefit patients in
the range of 0.1 to 0.9 probability thresholds
for clinical use (Figure 3C).

Furthermore, the nomogram model was vali-
dated using another independent dataset, and
the results suggested that the model had good
discrimination (AUC=0.783 (0.739-0.828)), cal-
ibration ability, and clinical applicability (Figure
4).

Discussion

The findings of this study contribute important
insight into the risk factors and predictive mod-
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Figure 4. Validation of nomogram model in the validation set. A. The ROC curve; B. The calibration curve; C. Clinical

decision curve of the nomogram.

eling of PEM among children aged 8-10 years.
With a significant proportion of the study popu-
lation (35.2%) identified as experiencing PEM,
the relevance of this research in pediatric
health cannot be overstated. Our study demon-
strates a strong association between PEM and
several socio-demographic and health-related
factors - specifically gestational age, family
income, sleep duration, eating habits, calcium
deficiency, mood disorders, and physical activi-
ty. Notably, mood disorders emerged as the
most influential predictor of PEM, reflecting the
complex interplay between mental health and
nutritional status. This aligns with broader lit-
erature indicating that psychological well-being
can significantly affect physical health, particu-
larly during developmental years [18-21].

Previous studies have similarly identified risk
factors for PEM in children. Preterm babies are
a priority group for neonatal deaths and a high-
risk group for long-term health problems, given
the immaturity of their organs, which leads to
poor immunity and susceptibility to diseases
affecting growth and development [22-24].
Additionally, the influence of sleep on children’s
growth and development lies in the fact that
the pituitary gland secretes growth hormone
during deep sleep. Sufficient sleep allows the
body to fully enter the deep sleep state, thus
promoting the release of growth hormone [25].
Sufficient sleep can also increase the metabol-
ic rate of the body and promote the absorption
and utilization of nutrients, contributing to
growth and development [26, 27]. Previous
studies have suggested that even transient
sleep problems may hinder children’s growth
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and development and may extend into adult-
hood, resulting in various complications [28].
Furthermore, exercise promotes the growth
and healthy development of bones. Bones are
stimulated by external forces during weight
training, jumping, and impact sports, which
stimulate the development of bone growth
plates and increase the density and length of
bones [29, 30]. However, during the COVID-19
epidemic, the restriction of study to the home,
and reduced travel activities reduced children’s
physical activity, which was detrimental to their
health.

In this study, we focused on life behaviors,
growth and development indicators, and men-
tal health aspects. Mental health problems can
lead to cortisol secretion in children’s bodies,
which affects the secretion of growth hormone
[31, 32]. Unhealthy psychological states can
also lead to poor eating behaviors and sleep
problems, which are detrimental to normal
growth and development [31, 32]. Mental
health and growth and development affect
each other, forming a vicious circle that is even
more unfavorable to children’s physical and
mental health [33, 34]. This study further vali-
dates the significant influence of mental health
on children’s growth and development. It sug-
gests that proactive measures should be taken
to improve this situation, such as interacting
with children more often to make them feel the
warmth of the family, giving them a sense of
security and well-being. Additionally, reason-
ably and appropriately meeting the needs of
children, accompanying them to face their emo-
tional problems, and providing opportunities for
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them to engage in activities within their abilities
are crucial.

The clinical significance of this study is multi-
faceted. First, it provides up-to-date epidemio-
logical data on malnutrition among school-aged
children in a specific age group (8-10 years) and
geographic area (Guangzhou City), which will
significantly deepen the understanding of mal-
nutrition patterns in China. By identifying the
major independent risk factors for PEM, this
study provides valuable insight into which vari-
ables (e.g., gestational age, household income,
sleep duration, dietary habits, emotional disor-
ders, and physical activity) are most likely to
contribute to malnutrition in this age group.
Finally, our study used a predictive nomogram
model that showed strong predictive power
(AUC of 0.803). With this predictive model,
healthcare providers can estimate a child’s risk
of developing PEM based on individual charac-
teristics, leading to earlier and more personal-
ized interventions.

Despite its strengths, our study has some limi-
tations. The cross-sectional design precludes
causal interpretation, and self-reported data
may introduce a reporting bias. Regional focus
might limit the broader applicability of our find-
ings, and the exclusion criteria for children with
specific medical conditions might underesti-
mate the true PEM risk landscape. Moreover,
the SCARED tool, while validated for mood dis-
order assessment, may overlook mental health
issues that affect nutrition. To address these
limitations and build upon our understanding,
future research should adopt a longitudinal
approach to capture the evolution of PEM and
its risk factors. Incorporating interventional
strategies will further elucidate the efficacy of
these preventive measures.

In conclusion, our study elucidates the inde-
pendent predictors of PEM and emphasizes the
consideration of both physical and mental
health in prevention strategies. The validated
predictive nomogram models provide health-
care providers with an important tool for the
early identification of at-risk children, allowing
timely interventions to avoid the detrimental
effects of PEM.
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Supplementary Table 1. Univariate and multivariate logistic regression analysis of variables predict-
ing PEM in training set

Univariate analysis

Multivariate analysis

Variables
B P OR (95% Cl) B P OR (95% Cl)
Age
8 years Reference
9 years 0.082 0.628 1.086 (0.778-1.516)
10 years 0.111 0.501 1.117 (0.809-1.544)
Sex
Male Reference
Female -0.046 0.732 0.955 (0.732-1.245)
Gestational Age
>37 weeks Reference Reference
<37 weeks 1.751 <0.001 5.762 (3.733-8.894) 1.763 <0.001 5.830 (3.604-9.431)
Birth Weight
>2.5 kg Reference
<2.5kg 0.167 0.293 1.182 (0.866-1.615)
Residence
Rural Reference
Urban -0.081 0.548 0.922 (0.707-1.202)
Left Behind Children
No Reference
Yes 0.081 0.584 1.084 (0.811-1.449)
Household income
<100 thousand yuan Reference Reference
2100 thousand yuan -1.023 <0.001 0.359 (0.273-0.472) -0.959 <0.001 0.383(0.281-0.523)
Number of children
>1 Reference
1 -0.088 0.518 0.916 (0.703-1.194)
Sleep Duration
=9 hours Reference Reference
<9 hours 0.538 <0.001 1.712 (1.310-2.237) 0.588 0.005 1.800 (1.319-2.457)
Parents education level
low level Reference
high level -0.182 0.181 0.834 (0.639-1.088)
Bad eating habits
No Reference
Yes 0.302 0.030 1.352 (1.030-1.775)
Calcium Deficiency
No Reference
Yes 0.172 0.049 1.187 (0.829-0.947)
Iron Deficiency
No Reference
Yes 0.182 0.335 1.200 (0.828-1.738)
Zinc Deficiency
No Reference
Yes 0.063 0.820 1.065 (0.617-1.839)
Mood disorders
No Reference Reference
Yes 1.847 <0.001 6.339 (4.236-9.484) 1.935 <0.001  6.924 (4.437-10.805)
Milk Intake
<300 ml/d Reference
=300 ml/d -0.352 0.015 0.704 (0.530-0.935)
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Physical activity time
>2 hours/d Reference Reference
<2 hours/d 1.153 <0.001 3.167 (2.398-4.184) 1.166 <0.001 3.210 (2.342-4.400)

Notes: Parents education levels: high level, have completed nine years of compulsory education; low level, have not completed nine years of
compulsory education.



