& frontiers  Frontiers in Public Health

@ Check for updates

OPEN ACCESS

EDITED BY
Erin Kristin Zinkhan,
The University of Utah, United States

REVIEWED BY
Erica Mabel Mancera,

National University of Colombia, Colombia
Santiago Ucros,

University of Los Andes, Colombia

*CORRESPONDENCE
Quzha Silang
53310007@qg.com

These authors have contributed equally to
this work

RECEIVED 05 December 2024
ACCEPTED 27 May 2025
PUBLISHED 13 June 2025

CITATION

CirenY, Gong J, Li F, Gong X,

Danzeng D, Ning Y, Wang T, Tian X and
Silang Q (2025) Education and urbanization
improves cognitive function affected by

altitude of adolescents: a cross-section study

in Tibet, China.
Front. Public Health 13:1539922.
doi: 10.3389/fpubh.2025.1539922

COPYRIGHT

© 2025 Ciren, Gong, Li, Gong, Danzeng,
Ning, Wang, Tian and Silang. This is an
open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic

practice. No use, distribution or reproduction

is permitted which does not comply with
these terms.

Frontiers in Public Health

TYPE Original Research
PUBLISHED 13 June 2025
pol 10.3389/fpubh.2025.1539922

Education and urbanization
Improves cognitive function
affected by altitude of
adolescents: a cross-section
study in Tibet, China

Yangzong Ciren!, Jianhong Gong?, Furong Li",
Xiaofeng Gong!, Dunzhu Danzeng!?, Yanping Ning?,
Tianheng Wang?, Xiaobing Tian> and Quzha Silang**

!Medical College, Tibet University, Lhasa, China, 2School of Medicine, Shanxi Datong University,
Datong, Shanxi, China, *The People's Hospital of Tibet Autonomous Region, Lhasa, China, “Health
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Background: The aim of the study was to examine the cognitive function of
Tibetan adolescents at different altitudes and evaluate the influence of education
and urbanization on child’s cognition at high altitudes.

Methods: A cross-sectional study was conducted between October 2015
and September 2016 in four counties in Tibet. The study population included
324 adolescents living at an altitude of 2,800 m, including 227 who grew up
at altitudes of 4,300 m, and 732 adolescents attending three high-altitude
boarding schools (one at 4,300 m and two at 4,500 m), including 119 who
grew up at an altitude of 2,800 m. Fluid reasoning was assessed using Standard
Progressive Matrices (SPMs). The background information was collected using
self-administered questionnaires.

Results: A multilevel linear regression model was used to determine the effects
of altitude, education, and urbanization on fluid reasoning. In the fixed-effects
model, the average SPM score of adolescents from low altitudes who attended
kindergarten was 40.41. Scores of students who moved from high to low
altitudes, came from high altitudes, and moved from low to high altitudes were
2.66, 4.71, and 6.70 points lower, respectively, than those of students from low
altitudes, and 2.50 points lower in students who had not attended kindergarten
than those who had. In the random-effects model, the scores of those who only
went to first grade were 2.93 points lower. Students from County 3 had average
scores of 1.89 higher than did students from the other three counties.

Conclusion: High altitudes may negatively affect the cognition of Tibetan
adolescents. This effect was reduced by moving to a lower altitude, increasing
the number of years of formal education, attending kindergarten, and living in
a more urbanized location. Even at high altitude, moving to higher altitudes
should be avoided.
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1 Introduction

High altitude is defined as the level at which the human oxygenated
hemoglobin concentration falls below 90%, corresponding to an altitude
of at least 2,500 m. Notably, more than 81.6 million people live at high
altitudes (1). Children living at high altitudes are at risk for impaired
cognitive development due to intermittent or relatively chronic
hypoxia (2).

Childhood is an important and sensitive period for cognitive
development (3). Studies of native Highlander children from South
America and migrant children from Europe have highlighted an
association between high residential altitude and impaired cognitive
function and neurodevelopment (4-8). However, the mechanism by
which chronic hypoxia at high altitudes affects cognition remains unclear,
but it may be related to the insufficiency in cerebral blood flow and the
toxicity of reactive oxygen species generated due to chronic hypoxia
(9-11). Moreover, education, including school and pre-school attendance,
has consistently been shown to have positive effects on a child’s cognitive
development (12). Children living in more urbanized areas may have
more opportunities to get a high-quality education as well as greater
access to modern technology. Psychosocial stimuli, such as computer use
and high-quality education, may have beneficial effects on a child’s
cognitive development.

Chinese Tibetans have lived on the Qinghai-Tibet Plateau for
thousands of years, and their adaptation to this low-oxygen environment
has reached a steady state. The negative impact of high altitude on the
growth of Tibetan children and adolescents has also been consistently
confirmed in previous studies (13-16). As far as we know, few study to
date has investigated the association between altitude and cognitive
development among native Tibetan adolescents. In the past two decades,
Tibet has witnessed a huge development in elementary education and
urbanization. However, to our knowledge, no studies have examined
whether these changes have beneficial effects on children’s
cognitive development.

The primary objective of this study was to investigate the cognitive
function of Tibetan adolescents residing at different altitudes. The
secondary objective of this study was to evaluate the influence of
education, represented by grade, pre-school attendance, and urbanization
indicated by the county where the school is located, on child cognition at
high altitudes.

2 Materials and methods
2.1 Study design and setting

This cross-sectional study was conducted between October 2015
and September 2016 in four counties of Tibet. Primary schools in

TABLE 1 Background characteristics of the four counties.
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Tibet are dispersed across rural areas, while middle schools are
situated in towns with only one school per county. Stratified random
cluster sampling was used to select participants using an altitude cutoff
point of 2,800 meters. Three counties out of 28 located at altitudes of
>4,300 m and one out of 13 counties at altitudes <2,800 m were,
respectively, selected. In each county, only one town where the middle
school is situated was chosen as the study setting. The detailed
information is presented in Table 1.

2.2 Sample size

The sample size was calculated using the formula for comparing
two means (17), with a significance level set at 0.0083 (adjusted from
0.05 due to multiple comparisons among the four groups, as
0.0083 = 0.05/6, to control the type I error rate). Other parameters
used in the sample size calculation included a power of 80%, a variance
in cognitive scores of 64, a mean difference in cognitive scores between
adolescents at low and high altitudes of 5, and a design effect of 1.7
(All parameters were selected in accordance with the findings of our
preliminary study). Using these parameters, the minimum sample size
required for each group was determined to be 94. Therefore, the total
sample size required for the four groups was 376.

2.3 Study participants

Attendees at the low-altitude school included 356 adolescents,
including 105 in the (local) low-altitude group and 251 in the residing
at high altitude but studying at low altitude group (indicated as “high
to low” group afterward). Of these, 97 (92.4%) and 227 (90.4%)
consented to participate in the study, respectively, resulting in a
response rate of 91.0%.

A total of 1,709 students attended the high-altitude school in
County 2. However, none of the third-grade students were available
for the study because they needed to prepare for graduation
examinations. To achieve a balance in grades with the low-altitude
school, four of the 15 first-grade classes and three of the 12 s-grade
classes were randomly selected. These seven classes included 313
students, of whom 306 (97.8%) consented to participate, all having
grown up at high altitudes.

A total of 1,726 students attended the high-altitude school in
County 3, but only second-grade students were available at the time
of this study because third-grade students needed to prepare for the
graduation examination, and first-grade students had to take the
examination. To achieve a balance in grades with the school from
County 2, four of the 14 s-grade classes were randomly selected. Of
the 182 students in these four classes, 177 (97.3%) consented to

County County 1 County 2 County 3 County 4
Altitude of school, m 2,800 4,500 4,300 4,300
Distance to Lhasa (capital city of the Tibet Autonomous Region), km 326 106 91 577
Net per capita income (2012), RMB 5,396 5,473 8,340 4,757
Number of students 324 306 175 251
Resident altitude, m (number of students) 2,800 (97) 4,500 (306) 4,300 (175) 4,300 (132)

4,300 (227) 2,800 (119)
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participate; two students were excluded because of missing data, and
all of these students grew up at high altitudes.

In total, 786 students attended a high-altitude middle school
in County 4. To achieve a balance in grades with the school in
County 2, two of the seven first-grade classes, two of the six
second-grade classes, and two of the six third-grade classes were
randomly selected. Of the 262 students in these classes, 255
(97.3%) consented to participate. However, four students were
excluded due to missing data. Consequently, there were 132 in the
local low-altitude group and 119 in the group residing at low
altitude but studying at high altitude, hereafter referred to as the
“low to high” group. Thus, 1,062 students participated in the study,
and six were excluded owing to missing data. None of the
participants met the exclusion criteria.

Chinese Tibetan students aged below 18 years who were studying
in a research setting were included in this study. Students with
significant physiological disabilities or a history of neurological or
psychiatric illness were excluded from the study.

This study was approved by the local Ethics Committee of Tibet
University. The parents of all the enrolled students provided written
informed consent.

2.4 Instrument and data collection

2.4.1 Background characteristics

Data regarding the students’ background characteristics were
collected using a self-administered questionnaire. The main variables
included school, grade, age, sex, birth order, history of kindergarten
attendance, education level of the students’ parents, marital status of
the parents, monthly household income, and number of children in
the family.

2.4.2 Cognitive measurement

Human cognition has several components. Fluid reasoning refers to
the complex cognitive capacity to reason and solve novel problems
independent of prior knowledge. It has been shown to be an important
predictor of academic achievement in children (12, 18). Fluid reasoning
in this study was measured using the Standard Progressive Matrices
(SPM), a feasible instrument for use in surveys of a relatively large sample.

The SPM is language-free and suitable for children aged >6 years.
It consists of visually presented geometric analog-like problems. A
matrix of geometric figures is presented with one missing entry, and
the correct missing entry must be selected from a set of alternatives.
There were five sets (A-E) consisting of 12 items each, with a
maximum score of 60. The degree of item difficulty increased from Set
A to Set E. Before administering the SPM, students were encouraged
to complete the instrument to the best of their abilities. Researchers
explained the importance of the study and its future benefits to
Tibetan children, but informed the students that their scores would
not affect their school performance.

The nature of the SPM and instructions for its completion were
explained, and the first two items were solved. The SPM was then
administered to the students in each class, with each class consisting
of approximately 40 students under the guidance of well-trained
teachers. A maximum time period of 60 min was allowed. The
completed answer sheets were then delivered to the study center. Each
student’s score was subsequently confidentially divulged.
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The Chinese language questionnaire, which included questions
about social and demographic characteristics, including educational
background, was translated into Tibetan by an expert in Tibetology
working at the Tibet Academy of Social Sciences and back-translated
by another expert in Tibetology at the same institution to validate the
translation. Both experts were fluent in Chinese and Tibetan.

2.5 Statistical analysis

Fluid reasoning (SPM) scores were reported as means + standard
deviations and compared using an independent sample t-test or
ANOVA across groups. Cross-tabulation was performed across the
four altitude groups and other categorical variables, with associations
determined using chi-square tests. Variables with a significance level
<0.10 in the univariate analysis were tested in the multivariate analysis.

A multilevel linear regression model was employed to examine
the effects of altitude on the cognition of Tibetan adolescents,
considering grade as the second-level factor and school as the third-
level factor. The validity of this model was assessed. The intraclass
correlation coefficient (ICC), representing the degree of correlation
among data within a cluster, was calculated using a model with an
intercept and a level two factor, or both level two and level three
factors. The ICC values ranged from 0 to 1, with 0 indicating no
cluster effect and values greater than 0 confirming the suitability of
the model for multilevel regression analysis. After demonstrating the
validity of the multilevel linear regression model, multivariate
analysis was conducted using a linear regression model that included
only the intercept. The independent variable “altitude” was then
added to the model. Next, the first-level variable “grade” and second-
level variable “school” with random intercept and random slope were
added to the model in a stepwise manner. Finally, covariates were
individually added to the model. When one model was a special case
of another, the best model was chosen by comparing the
log-likelihoods of these two models using a log-likelihood ratio test.
If the test results are not statistically significant, a more complicated
model may not be necessary. The assumption of normality and
homoscedasticity of random effects was checked. All statistical
analyses were performed using R 4.0.3, with p < 0.05 regarded as
statistically significant.

3 Results

3.1 Background characteristics of
participants

The background characteristics of the participants in each altitude
group, as well as those of their parents and families, are presented in
Table 2. There were no significant differences in students’ gender or
the marital status of their parents across the four groups. However,
adolescents in the high-altitude group were generally older.
Adolescents in the low-altitude group were more likely to have
attended kindergarten, have a lower birth order, have parents with
higher levels of education, and come from households with fewer
children and higher total monthly income. Participants who moved
from low to high altitudes had higher birth orders, parents with lower
levels of education, and came from households with more children.
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TABLE 2 Background characteristics of the adolescents in the four altitude groups.

Variable High-to-low High Low-to-high
N (%) N (%) N (%)

Gender 1.982 0.576
Male 52 (53.6) 106 (46.7) 313 (51.1) 57 (47.9)
Female 45 (46.4) 121 (53.3) 300 (48.9) 62 (52.1)

Birth order 117.373 <0.001
1 66 (68.0) 134 (59) 257 (41.9) 32(26.9)
2 26 (26.8) 84 (37) 167 (27.3) 36 (30.2)
3 and above 5(5.2) 9 (4.0) 189 (30.8) 51 (42.9)

Age 138.6 <0.001
10-12 24 (24.7) 69 (30.4) 29 (4.7) 8(6.7)
13 34 (35.1) 64 (28.2) 154 (25.1) 36 (30.3)
14 20 (20.6) 58 (25.6) 258 (42.1) 46 (38.7)
>15 19 (19.6) 36 (15.9) 172 (28.1) 29 (24.4)

Attended kindergarten 120.302 <0.001
Yes 44 (45.4) 10 (4.4) 72 (11.7) 4(3.4)
No 53 (54.6) 217 (95.6) 541 (88.3) 115 (96.6)

Educational level, father 83.089 <0.001
No schooling 12 (12.4) 59 (26.0) 180 (29.4) 58 (48.7)
Primary school 37 (38.1) 107 (47.1) 323 (52.7) 52 (43.7)
Middle school and above 48 (49.5) 61 (26.9) 110 (17.9) 9 (7.6)

Educational level, mother 93.582 <0.001
No schooling 27 (27.8) 125 (55.1) 343 (55.9) 80 (67.2)
Primary school 31 (32.0) 74 (32.5) 220 (35.9) 29 (24.4)
Middle school and above 39 (40.2) 28 (12.3) 50 (8.2) 10 (8.4)

Marital status 2.876 0.411
Married 82 (84.5) 206 (90.7) 558 (87.8) 106 (89.1)
Unmarried 15 (15.5) 21(9.3) 75 (12.2) 13 (10.9)

Number of children 270.409 <0.001
1 42 (43.3) 40 (17.6) 60 (9.8) 1(0.8)
2 46 (47.4) 155 (68.3) 226 (36.9) 20 (16.8)
>3 9(9.3) 32(14.1) 327 (53.3) 98 (82.4)

Monthly income, RMB 216.243 <0.001
<1,000 4(4.1) 23 (10.1) 136 (22.2) 69 (58.0)
1,000~ 35(36.1) 167 (73.6) 243 (39.6) 19 (16)
3,000~ 30 (30.9) 18 (7.9) 104 (17.0) 13 (10.9)
>5,000 28 (28.9) 19 (8.4) 130 (21.2) 18 (15.1)

3.2 Altitude and cognitive function

The average fluid reasoning (SPM) score was the highest in the
low-altitude group and lowest in the high-altitude group (Table 3).

3.3 Univariate analysis of factors affecting
cognitive function

Table 4 shows the results of the univariate analysis of the factors
affecting the participants’ fluid reasoning (SPM) scores. These scores
were not significantly affected by the sex, age, or marital status of the
participants. Factors significantly associated with higher fluid reasoning

Frontiers in Public Health

(SPM) scores included lower birth order, a history of attending
kindergarten, parents with an educational level of middle school and
above, families with one child, and monthly family income >5,000 RMB.

3.4 Validity of the multilevel linear
regression model

The multilevel linear regression model with intercept and grade
as second-level factors yielded an ICC of 0.098, indicating that this
model was appropriate for the present study. The previous model,
which included school as a third-level factor, yielded an ICC of 0.126,
suggesting that multilevel linear regression with grade as the
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TABLE 3 Average fluid intelligence (Standard Progressive Matrices) scores
of the adolescents in the four altitude groups.

Altitude SPM (x + s) F p
Low 39.25+7.72 15.138 <0.001
High-to-low 34.81 £9.46

High 33.01 £11.10

Low-to-high 30.37 £9.97

SPM, standard progressive matrix.

TABLE 4 Univariate analysis of factors affecting fluid reasoning (Standard
Progressive Matrices) scores of the participants.

Variables SPM (x + s) F/t P
Gender 1.953 0.051
Male 34.31 £ 10.40
Female 33.04+10.71
Age, years 0.394 0.758
10-12 33.33+9.81
13 3336+ 11.21
14 33.63 £ 10.67
>15 34.26 +10.09
Birth order 6.047 0.002
1 34.79 £ 10.63
2 33.26 + 10.60
3 and above 32.04 +10.22
Attended kindergarten 4.157 <0.001
Yes 37.25+10.47
No 33.17 £10.50
Educational level, mother 3.800 0.023
No schooling 34.13 +£10.17
Primary school 3247 £ 11.15
Middle school and above 34.95 +10.47
Educational level, father 7.014 0.001
No schooling 33.58 +10.07
Primary school 32.76 £ 10.87
Middle school and above 35.88 +10.25
Marital status 1.242 0.214
Married 33.82+10.52
Unmarried 32.56 +10.92
Number of children in the 5.231 0.005
family
1 3573 +11.11
2 34.07 £10.93
>3 32.66 +9.95
Income, RMB 4.171 0.006
<1,000 33.16 £ 10.33
1,000~ 33.16 +10.71
3,000~ 33.00 +11.43
>5,000 36.08 +9.47

SPM, standard progressive matrix.

second-level variable and school as the third-level variable was also
valid for the present study.
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3.5 Variables affecting child cognitive
development

After the model refinement process, in the fixed-effects part of the
final model (Table 5), the intercept was 40.41, which corresponds to
the average fluid reasoning (SPM) score of all adolescents at low
altitudes who attended kindergarten. The coeflicient estimate of
altitude in students who moved from high to low was —2.66, indicating
that the average fluid reasoning (SPM) score was 2.66 points lower
when compared with that of students in the low-altitude group. The
coefficients of altitude in students at high altitude and in those who
moved from low to high altitude were —4.71 and —6.70, respectively,
indicating that the average scores of fluid reasoning (SPM) were 4.71
and 6.70 points lower in these students than in those in the
low-altitude group. The average fluid reasoning (SPM) scores were
2.50 points lower in students who had not attended kindergarten than
in those who had attended kindergarten. The intercept and slopes of
altitude, as well as the history of attending kindergarten, were
statistically significant (p < 0.05).

Unlike conventional linear regression models that include only
intercepts at the individual level, the three-level random intercept
model incorporates intercepts at three levels: individual, grade, and
school. This is because intercepts can vary across grades and schools.
The assessment of the random effects in the current final model
showed that the coefficient for the first grade was —2.93, representing
the intercept at the grade level for the first grade. Consequently,
students in the first grade at all schools, who came from low altitudes
and had attended kindergarten, had an average fluid reasoning (SPM)
score of 37.48 (40.41-2.93). However, this coeflicient was not
statistically significant for students in the second and third grades, as
the 95% confidence intervals for the intercepts of these grades
included zero. Thus, students in the second and third grades at all
schools, who came from low altitudes and attended kindergarten, had
an average fluid reasoning (SPM) score of 40.41.

The coefficient for school from County 3 is 1.89, indicating that
the intercept at the school level for this school is 1.89. Students in all
grades in County 3, who came from low altitudes and had a history of
preschool attendance, therefore, had an average SPM score of 42.3
(40.41 + 1.89). However, for students from schools in the first, second,
and fourth counties, this coefficient was not statistically significant, as
the 95% confidence interval for their intercepts included zero.

An example of the cumulative effects of grade and school is
illustrated by assessing students in the first grade from County 3 who
came from low altitudes and had a history of preschool attendance.
The intercept for these students was 39.37 (40.41-2.93 + 1.89),
indicating that their average SPM score was 39.37.

4 Discussion

The average SPM score was the highest in the low-altitude group,
followed by the high-to-low-altitude, high-altitude, and low-to-high-
altitude groups. In addition to altitude, kindergarten attendance
affected fluid reasoning (SPM) scores as a covariate. Both grade and
school influenced participants’ fluid reasoning (SPM) scores as high-
level factors. Those who attended only first grade had lower average
fluid reasoning (SPM) scores, whereas students from County 3 had
higher average fluid reasoning (SPM) scores.
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TABLE 5 Multilevel linear regression model predicting Standard Progressive Matrices SPM scores of Tibetan adolescents.

Parameter Coefficient SE 95% Cl F p
Fixed effects
Intercept ‘ 40.41 2.26 35.98 to 44.83 320.768 <0.001
Altitude (ref = Low) 5.057 0.039
Moved from high to low —2.66 1.29 —5.19to —0.13
High —4.71 2.05 —8.73 to —0.69
Moved from low to high —6.70 231 —11.23 to —2.17
Attending kindergarten (ref = Yes) 6.301 0.012
No —2.50 0.99 —4.44 to —0.56
Random effects
Grade 34.607 <0.001
First grade —2.93 0.80 —4.50 to —1.36
Second grade 1.43 0.77 —0.08 to 2.94
Third grade 1.50 0.96 —0.38t0 3.38
School 9.187 0.002
County 1 0.00 0.79 —1.55to0 1.55
County 2 -1.33 0.81 —2.921t00.26
County 3 1.89 0.90 0.13 to 3.65
County 4 —0.57 0.81 —2.16 to 1.02

CI, confidence interval; SE, standard error.

The results of this study showed that cognitive function was
compromised in Tibetan adolescents living at high altitudes, with fluid
reasoning (SPM) scores inversely correlating with altitude. Although the
mechanism by which chronic hypoxia at high altitudes affects cognition
remains unclear, changes in cognitive function caused by chronic
hypoxia at high altitudes may be related to insufficiency in cerebral
blood flow induced by cerebral blood flow automatic regulation
dysfunction (9, 10). The effect of hypoxia on cognitive function might
also be associated with the toxicity of reactive oxygen radicals produced
by the nervous system in response to chronic hypoxia (11). Furthermore,
our finding that fluid reasoning (SPM) scores were lowest in students
who moved from low to high altitude may suggest that children at high
altitudes should not be relocated to even higher altitudes, thereby
preventing more severe hypoxia at these higher altitudes. After
excluding other influencing factors, the average fluid reasoning (SPM)
score of students who moved from high to low altitude was found to lie
between the scores of the low- and high-altitude groups, suggesting that
the effects of high altitude-related hypoxia on cognitive function might
be reversible. The compromised cognitive function of children living at
high altitudes could be improved by relocating them to lower altitudes.

The number of years of formal education completed by individuals
has been found to correlate positively with their cognitive function (19).
Similarly, the current study found that average fluid reasoning (SPM)
scores were lower in first-grade students than in those in second and
third grades, indicating that a shorter duration of education might
negatively affect childrens cognition. Individuals with more years of
schooling may have processed cognitive tasks in a more efficient manner
(20). Average fluid reasoning (SPM) scores tended to increase from
second to third grade, but this trend was not statistically significant. As
this study included only middle school students, the effects of formal
education duration on childrens cognition were restricted. Additional
studies that include participants with a wider range of years of schooling
are required.

Frontiers in Public Health

Pre-school attendance has been found to improve motor,
cognitive, and psychosocial development and reduce the need for
special education in primary schools (21). Similarly, the present
study found that fluid reasoning (SPM) scores were higher in
students who had attended kindergarten. Activities in kindergarten
are likely to stimulate motor activity, cognitive development, and
pro-social behaviors, with years spent in kindergarten being
associated with reduced rates of motor, cognitive, and psychosocial
impairments (22). However, the present study did not evaluate the
years spent in kindergarten, indicating a need for studies assessing
the effects of the duration of preschool attendance on child
cognitive development at high altitudes. These findings suggest
that the negative effects of high altitude on children’s cognitive
development can be mitigated by encouraging longer formal
education, including kindergarten attendance.

As a high-level factor, school also influenced the fluid reasoning
(SPM) scores, with students from County 3 having a higher average
score than those from other counties. Differences among schools
might not only reflect differences in education quality but also
differences among counties. County 3, part of Lhasa, the capital city
of the Tibet Autonomous Region, is more urbanized than the other
three counties included in this study. Although County 2 is similar to
County 3 in terms of distance to Lhasa, a high mountain between
County 2 and Lhasa makes County 3 more urbanized than County 2.
The increased availability of resources, such as high-quality education
and psychosocial stimuli, in more urbanized locations may improve
children’s cognitive development. Policies that promote the quality of
education and programs that enrich psychosocial stimuli in rural
areas may help overcome compromised child cognitive development
in rural high-altitude locations.

Although children from low-income families tend to have lower
general cognitive abilities than those from higher-income families (23),
the present study found that family income did not affect child cognition.
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Poverty at an early age and later during middle childhood was found to
equally affect cognition in children aged 7-14 years (23). The present
study was cross-sectional in design and did not investigate household
income during early childhood. However, poverty may contribute
directly to poor childhood outcomes through poor housing conditions,
lack of access to health care, poor nutrition, and an inability to afford
tuition costs (24). Because of compulsory education, as well as
government spending on the education of rural students in Tibet, all
participants received free education and accommodation, regardless of
income, unless their parents were government employees. This may have
contributed to the lack of correlation between average fluid reasoning
(SPM) scores and monthly family income.

Parental educational levels represent personal resources and
problem-solving abilities of parents (24). Parental, especially maternal,
educational levels have been found to affect child cognition (25). The
present study found that parents’ education levels were unrelated to the
average fluid reasoning (SPM) scores of their children, perhaps because
the educational levels of most parents of these students were lower than
middle school, making it harder to detect the effect of parental
educational level on child cognition.

Children’s nutritional status may serve as a confounding factor
influencing cognitive development. Therefore, this was carefully
considered during both the design and data collection stages of our
study. However, as previously mentioned, all participants except those
whose parents were government employees receive free education and
accommodation. Based on our observations and feedback from students
and teachers, the meals provided by the school were nutritionally
balanced. If malnutrition still occurred in some children, it could
potentially be attributed to hypoxia at high altitudes, as high altitudes
may impair children’s ability to absorb and utilize nutrients from food
(26). Consequently, controlling for nutritional status might partially
mitigate the effects of altitude on cognitive development. Thus,
nutritional status was not controlled for in this study.

4.1 Generalizability of the study results

Due to strict adherence to the random sampling procedure and
a sufficient sample size, the sample of the current study was
representative. Therefore, the results of the current study can
be generalized to adolescents in the Tibet Autonomous Region.

4.2 Limitations of this study

Because this study had a cross-sectional design, we could not
assess causal relationships because the sequence of occurrence of
each factor could not be determined. In addition, the effects of the
quality of education, duration of formal education, and years of
pre-schooling on the cognitive development of children at high
altitudes have not been thoroughly assessed.

5 Conclusion

High altitudes may have a negative effect on the cognition of
Tibetan adolescents. This effect may be reduced by moving to a
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lower altitude, increasing the number of years of formal education,
attending kindergarten, or living in a more urbanized location.
Individuals living at high altitudes should avoid moving to even
higher altitudes.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found at: all data can be requested from
corresponding author if someone uses them for related researches.

Ethics statement

The studies involving humans were approved by Life Science and
Medical Ethics Review Committee, Tibet University. The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent for participation in this
study was provided by the participants’ legal guardians/next of kin.

Author contributions

YC: Writing - original draft, Funding acquisition, Methodology,
Project administration, Resources, Software. JG: Data curation,
Investigation, Validation, Writing - review & editing. FL: Investigation,
Validation, Writing - review & editing. XG: Investigation, Validation,
Writing - review & editing. DD: Formal analysis, Methodology,
Software, Writing - review & editing. YN: Investigation, Validation,
Writing - review & editing. TW: Formal analysis, Investigation,
Validation, Writing - review & editing. XT: Methodology, Supervision,
Writing - review & editing. QS: Methodology, Resources, Supervision,
Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This research was funded
by the National Natural Science Foundation of China (grand number
81760598) and Natural Science Foundation of Lhasa (grand
number LSKJ202305).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1539922
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Ciren et al.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Tremblay JC, Ainslie PN. Global and country-level estimates of human population at
high altitude. Proc Natl Acad Sci USA. (2021) 118:e2102463118. doi: 10.1073/pnas.2102463118

2. Niermeyer S, Andrade Mollinedo P, Huicho L. Child health and living at high
altitude. Arch Dis Child. (2009) 94:806-11. doi: 10.1136/adc.2008.141838

3. Bidzan-Bluma I, Lipowska M. Physical activity and cognitive functioning of
children: a systematic review. Int | Environ Res Public Health. (2018) 15:800. doi:
10.3390/ijerph 15040800

4. Hogan AM, Virues-Ortega J, Botti AB, Bucks R, Holloway JW, Rose-Zerilli MJ, et al.
Development of aptitude at altitude. Dev Sci. (2010) 13:533-44. doi:
10.1111/j.1467-7687.2009.00909.x

5. Hill CM, Dimitriou D, Baya A, Webster R, Gavlak-Dingle J, Lesperance V, et al.
Cognitive performance in high-altitude Andean residents compared with low-altitude
populations: from childhood to older age. Neuropsychology. (2014) 28:752-60. doi:
10.1037/neu0000065

6. Virués-Ortega J, Bucks R, Kirkham FJ, Baldeweg T, Baya-Botti A, Hogan AM, et al.
Changing patterns of neuropsychological functioning in children living at high altitude
above and below 4000 m: a report from the Bolivian children living at altitude (BoCLA)
study. Dev Sci. (2011) 14:1185-93. doi: 10.1111/j.1467-7687.2011.01064.x

7. Rimoldi SE, Rexhaj E, Duplain H, Urben S, Billieux ], Allemann Y, et al. Acute and
chronic altitude-induced cognitive dysfunction in children and adolescents. ] Pediatr.
(2016) 169:238-43. doi: 10.1016/j.jpeds.2015.10.009

8. Wehby GL. Living on higher ground reduces child neurodevelopment—evidence from
South America. J Pediatr. (2013) 162:606-611.e1. e601. doi: 10.1016/j.jpeds.2012.09.011

9. Rudzinski W, Swiat M, Tomaszewski M, Krejza J. Cerebral hemodynamics and
investigations of cerebral blood flow regulation. Nucl Med Rev Cent East Eur. (2007)
10:29-42.

10. Virués-Ortega J, Garrido E, Javierre C, Kloezeman KC. Human behaviour and
development under high-altitude conditions. Dev Sci. (2006) 9:400-10. doi:
10.1111/j.1467-7687.2006.00505.x

11. Kirkham FJ, Datta AK. Hypoxic adaptation during development: relation to
pattern of neurological presentation and cognitive disability. Dev Sci. (2006) 9:411-27.
doi: 10.1111/§.1467-7687.2006.00507.x

12. Stevenson HW, Parker T, Wilkinson A, Bonnevaux B, Gonzalez M. Schooling,
environment, and cognitive development: a cross-cultural study. Monogr Soc Res Child
Dev. (1978) 43:1-92. doi: 10.2307/1166040

13. Dang S, Yan H, Yamamoto S, Wang X, Zeng L. Poor nutritional status of younger
Tibetan children living at high altitudes. Eur J Clin Nutr. (2004) 58:938-46. doi:
10.1038/sj.ejcn.1601915

14. Argnani L, Cogo A, Gualdi-Russo E. Growth and nutritional status of Tibetan
children at high altitude. Coll Antropol. (2008) 32:807-12.

Frontiers in Public Health

08

10.3389/fpubh.2025.1539922

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

15. Bianba BS, Berntsen S, Andersen LB, Stigum H, Ouzhuluobu A, Nafstad P, et al.
Exercise capacity and selected physiological factors by ancestry and residential altitude:
cross-sectional studies of 9-10-year-old children in Tibet. High Alt Med Biol. (2014)
15:162-9. doi: 10.1089/ham.2013.1084

16. Bianba B, Yangzong Y, Gonggalanzi G, Berntsen S, Andersen LB, Stigum H, et al.
Anthropometric measures of 9- to 10-year-old native Tibetan children living at 3700
and 4300 m above sea level and Han Chinese living at 3700 m. Medicine. (2015)
94:e1516. doi: 10.1097/MD.0000000000001516

17.W ], X Z, W Q K D. Clinical epidemiology: Design, measurement and evaluation
of clinical research. 3rd ed. Shanghai: Shanghai Science and Technology Press
(2009). 161 p.

18. Colom R, Escorial S, Shih PC, Privado J. Fluid intelligence, memory span, and
temperament difficulties predict academic performance of young adolescents. Pers
Individ Dif. (2007) 42:1503-14. doi: 10.1016/j.paid.2006.10.023

19. Lévdén M, Fratiglioni L, Glymour MM, Lindenberger U, Tucker-Drob EM.
Education and cognitive functioning across the life span. Psychol Sci Public Interest.
(2020) 21:6-41. doi: 10.1177/1529100620920576

20. Du C, Miyazaki Y, Dong X, Li M. Education, social engagement, and cognitive
function: a cross-lagged panel analysis. ] Gerontol B Psychol Sci Soc Sci. (2023)
78:1756-64. doi: 10.1093/geronb/gbad088

21. Caniato RN, Alvarenga ME, Stich HL, Jansen H, Baune BT. Kindergarten
attendance may reduce developmental impairments in children: results from the
Bavarian pre-school morbidity survey. Scand ] Public Health. (2010) 38:580-6. doi:
10.1177/1403494810376558

22. Hackman DA, Gallop R, Evans GW, Farah MJ. Socioeconomic status and executive
function: developmental trajectories and mediation. Dev Sci. (2015) 18:686-702. doi:
10.1111/desc.12246

23. Maika A, Mittinty MN, Brinkman S, Lynch J. Associations of early- and later-
childhood poverty with child cognitive function in Indonesia: effect decomposition in
the presence of exposure-induced mediator-outcome confounding. Am J Epidemiol.
(2017) 185:879-87. doi: 10.1093/aje/kww195

24. Shaw DS, Shelleby EC. Early-starting conduct problems: intersection of conduct
problems and poverty. Annu Rev Clin Psychol. (2014) 10:503-28. doi:
10.1146/annurev-clinpsy-032813-153650

25.Gonzélez L, Cortés-Sancho R, Murcia M, Ballester F, Rebagliato M,
Rodriguez-Bernal CL. The role of parental social class, education and
unemployment on child cognitive development. Gac Sanit. (2020) 34:51-60. doi:
10.1016/j.gaceta.2018.07.014

26. San Miguel JL, Spielvogel H, Berger ], Araoz M, Lujan C, Tellez W, et al. Effect of
high altitude on protein metabolism in Bolivian children. High Alt Med Biol. (2002)
3:377-86. doi: 10.1089/15270290260512855

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1539922
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1073/pnas.2102463118
https://doi.org/10.1136/adc.2008.141838
https://doi.org/10.3390/ijerph15040800
https://doi.org/10.1111/j.1467-7687.2009.00909.x
https://doi.org/10.1037/neu0000065
https://doi.org/10.1111/j.1467-7687.2011.01064.x
https://doi.org/10.1016/j.jpeds.2015.10.009
https://doi.org/10.1016/j.jpeds.2012.09.011
https://doi.org/10.1111/j.1467-7687.2006.00505.x
https://doi.org/10.1111/j.1467-7687.2006.00507.x
https://doi.org/10.2307/1166040
https://doi.org/10.1038/sj.ejcn.1601915
https://doi.org/10.1089/ham.2013.1084
https://doi.org/10.1097/MD.0000000000001516
https://doi.org/10.1016/j.paid.2006.10.023
https://doi.org/10.1177/1529100620920576
https://doi.org/10.1093/geronb/gbad088
https://doi.org/10.1177/1403494810376558
https://doi.org/10.1111/desc.12246
https://doi.org/10.1093/aje/kww195
https://doi.org/10.1146/annurev-clinpsy-032813-153650
https://doi.org/10.1016/j.gaceta.2018.07.014
https://doi.org/10.1089/15270290260512855

	Education and urbanization improves cognitive function affected by altitude of adolescents: a cross-section study in Tibet, China
	1 Introduction
	2 Materials and methods
	2.1 Study design and setting
	2.2 Sample size
	2.3 Study participants
	2.4 Instrument and data collection
	2.4.1 Background characteristics
	2.4.2 Cognitive measurement
	2.5 Statistical analysis

	3 Results
	3.1 Background characteristics of participants
	3.2 Altitude and cognitive function
	3.3 Univariate analysis of factors affecting cognitive function
	3.4 Validity of the multilevel linear regression model
	3.5 Variables affecting child cognitive development

	4 Discussion
	4.1 Generalizability of the study results
	4.2 Limitations of this study

	5 Conclusion

	References

