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Objectives: To determine the influence of ethnic disparities, socioeconomic status (SES)

and hukou on the incidence of scoliosis.

Methods: We enrolled 2,445 junior high school students (Han: 1,153; ethnic minorities:

1,292) aged 12–16 years from two schools in Tianzhu Tibetan Autonomous County,

Gansu Province from November 2020 to February 2021. We measured the angle of

trunk rotation (ATR) using a scoliometer. Two-factor analysis of variance was used to

comparatively analyze differences in the ATR according to ethnicity, age, sex, body

mass index (BMI), and SES between the groups. Associations between risk factors

and scoliosis were estimated using odds ratios and 95% confidence intervals with an

unconditional multivariate logistic regression model for the two groups.

Results: Adolescents with Han ethnicity were more likely to have scoliosis than their

ethnic minority counterparts (10.8% vs. 7.1%, P< 0.05). The ATR value in the Han group

decreased with age whereas the minority group showed an upward trend (P< 0.05). The

difference between ethnic groups was not significant, only at level 3. In particular, the

ATR values among Han girls were significantly higher than those of ethnic minority girls

(P < 0.05). Compared with Han adolescents, the BMI of ethnic minorities had a greater

impact on the ATR. A statistically significant difference in SES was found between the

two ethnic groups (P< 0.05). Hukou and parents’ occupation had an important influence

on the onset of scoliosis.

Conclusions: Han adolescents had higher ATR values and were more likely to

have scoliosis than ethnic minority adolescents in our study. Growth and development

indicators (height and BMI) and differences in SES between the two groups played an

important role.
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INTRODUCTION

Scoliosis is the most common pediatric musculoskeletal disorder,
which causes three-dimensional spinal deformity accompanied
by lateral curvature of the spine not less than 10◦ and vertebral
rotation. Idiopathic scoliosis (IS) accounts for 80% of all cases
of scoliosis and affects children of all ethnicities and levels
of socioeconomic status (SES) (1). The prevalence of IS is 2–
3% according to epidemiological studies (2, 3). Previous long-
term studies of IS present a poor prognosis, perpetuating the
commonmisconception that IS inevitably leads to disability from
back pain and cardiopulmonary compromise if patients do not
receive early treatment (4, 5). Scoliosis is common in adolescence,
especially among adolescent girls. The American Academy of
Orthopedic Surgeons recommends screening girls at age 11 years
and again at age 13 years and screening boys once at 13–14
years of age. Most doctors are committed to early detection and
recommend school scoliosis screening (SSS) (6). In recent years,
increasingly more countries have begun to conduct SSS, such as
Canada, the United States, Japan, and China (Hong Kong) (7).
The American Academy of Pediatrics has recommended scoliosis
screening using the Adam’s forward bending test at routine health
visits at ages 10, 12, 14, and 16 years (6).

According to existing reports, growth and development, living
habits, SES, cultural differences, and even genes differ among
different ethnic groups (8–13). Ethnic minorities often live in
remote frontier areas and have a relatively small population
size. In China, tremendous social transitions have enlarged
the disparities between populations in the eastern and western
parts of the country (14). It is unclear whether differences
exist in the incidence of scoliosis between Han Chinese and
ethnic minorities living in western China. Past research has
mainly concentrated on eastern regions, such as Shanghai and
Guangdong, where the prevalence of IS varies from 0.11% to
2.64% (15); however, few studies are available in western areas
of China. At present, only one article in 2005 reported that
the prevalence of scoliosis was 0.66% among 15,377 primary
school students aged 6–13 years in Baiyin City, Gansu Province
(16). Starting in 2019, the National Health Commission of
China included abnormal spinal curvature as an early detection
indicator in the monitoring of common diseases and health-
influencing factors among students nationwide.

This study was conducted in Tianzhu Tibetan Autonomous
County, a typical multiethnic settlement in Gansu Province,
which is famous for animal husbandry. Ethnicminorities account
for 37.1% of the total population, and Tibetans account for
97.14% of the ethnic minority population. It is located at the
intersection of the Qinghai–Tibet Plateau, Loess Plateau, and
Inner Mongolia Plateau, in an area known as the “Eye of
Qinghai–Tibet.” Owing to the characteristics of local ethnic
groups, its geography, and activities of animal husbandry,
Tianzhu is a valuable area in epidemiological research.

In this study, we investigated adolescents from two
representative ethnic groups in Tianzhu Tibetan Autonomous
County to explore outcome disparities for scoliosis and to (1)
present epidemiological findings according to the ethnicity of
included adolescents; (2) assess differences in the magnitude of

trunk asymmetry between adolescents with Han ethnicity and
ethnic minority adolescents; and (3) observe risk factors of IS
that should be considered in SSS.

MATERIALS AND METHODS

Study Design
In this study, we included junior high school students as the
study population. Prior to the start of screening, we calculated
the sample size. According to N = Z2 × (P × (1–P))/E2; N =

sample size, Z = 1.96 with 95% confidence interval, P = 4.3%
probability (according to existing research in China (17)), and
E = 1% margin of error. A sample of size of N = 1,580 was
obtained. To prevent loss to follow up, we randomly selected
two of 10 junior high school from which we enrolled a total of
2,510 students in this study (Han: 1,188 and ethnic minorities:
1,322; nearly 50% of junior high school students in Tianzhu). All
participants signed an informed consent form. Consent from a
parent or guardian was also required to participate in this study.

Measurements
We designed a screening form that included basic information of
participants, such as school, class, sex, age, height, and weight.
We also included questions addressing SES such as parents’
education level (classified into five groups: illiterate, primary
school, middle school, senior high school, and university and
above), parents’ occupation (herder and non-herder), annual
household income (classified into four groups: <30,000 RMB,
30,000–50,000 RMB, 50,000–80,000 RMB, and >80,000 RMB),
hukou (urban residence and rural residence), and ethnicity
(Han and ethnic minority), according to local multiethnic
characteristics. We measured the angle of trunk rotation (ATR)
using a scoliometer. All data were entered into EpiData on the
same day. Quality control procedures were set up to ensure that
the data entry was performed correctly. We found that 65 pieces
of data had multiple or missing information for SES variables.
Finally, 2,445 adolescents were included in this study.

SSS and Criteria
Screening was carried out in accordance with the method
described by Adamczewska et al. (18). Measurement was
performed with participants in the Adam’s forward bending
test position at three levels: level 1, proximal thoracic (T1–T4);
level 2, main thoracic (T5–T12); and level 3, lumbar (T12–L4)
(18). In this test, direct visual observation is used to detect
any abnormalities in the spinal curvature, such as a hump or
asymmetry of the back. The Adam’s forward bending test is easy
to carry out, non-invasive, and safe. All screening examiners
were uniformly trained before participating in SSS. In this study,
ATR ≥ 5◦ was used as the criterion for a positive test result.
According to guidelines of the International Scientific Society on
Scoliosis Orthopaedic and Rehabilitation Treatment (SOSORT)
(19), ATR< 5◦ is considered normal and ATR≥ 5◦ is considered
positive for scoliosis. China has its own set of screening standards
(GB/T 16133-−2014. Screening of spinal curvature abnormality
of children and adolescents) (20): ATR < 5◦ is considered
normal, and 5◦≤ ATR < 7◦, 7◦ ≤ ATR < 10◦, and ATR ≥
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TABLE 1 | Demographics and SES of families included in the study.

Han (N = 1,153)

Mean ±

SD/N (%)

Minority

(N = 1,292)

Mean ± SD/N (%)

p-value

Age (years) 14.08 ± 0.94 14.16 ± 0.96 0.058

Sex, Male (%) 580 (50.3) 675 (52.2) 0.338

Mass (kg) 50.56 ± 9.55 51.59 ± 9.58 0.004**

Height (cm) 162.42 ± 8.25 163.19 ± 8.61 0.016*

BMI (kg/cm2 ) 19.13 ± 3.16 19.33 ± 3.09 0.063

Hukou 0.379

Rural residents 990 (85.9) 1,093 (84.6)

Urban residents 163 (14.1) 199 (15.4)

Father’s Education 0.017*

Illiterate 13 (1.1) 26 (2.0)

Primary school 359 (31.1) 412 (31.9)

Junior high school 517 (44.8) 532 (41.2)

Senior high school 150 (13.0) 156 (12.1)

University degree or above 104 (9.0) 161 (12.5)

Missing 10 (0.9) 5 (0.4)

Mother’s Education <0.0001**

Illiterate 11 (1.0) 27 (2.1)

Primary school 358 (31.0) 438 (33.9)

Junior high school 551 (47.8) 543 (42.0)

Senior high school 126 (10.9) 120 (9.3)

University degree or above 94 (8.2) 156 (12.1)

Missing 13 (1.1) 8 (0.6)

Father’s Occupation (Herders) 0.001**

Yes 31 (2.7) 70 (5.4)

No 1,113 (96.5) 1,218 (94.3)

Missing 9 (0.8) 4 (0.3)

Mother’s Occupation (Herders) 0.015*

Yes 27 (2.3) 53 (4.1)

No 1,121 (97.2) 1,234 (95.5)

Missing 5 (0.4) 5 (0.4)

Household income 0.589

<30,000 RMB 741 (64.3) 851 (65.9)

30,000 to 50,000 RMB 311 (27.0) 338 (26.2)

50,000 to 80,000 RMB 83 (7.2) 91 (7.0)

>80,000 RMB 10 (0.9) 6 (0.5)

Missing 8 (0.7) 6 (0.5)

ATR (◦)

Level 1 1.59 ± 1.07 1.54 ± 1.02 0.386

Level 2 2.06 ± 1.39 2.01 ± 1.37 0.405

Level 3 2.07 ± 1.49 1.95 ± 1.38 0.085

Max 2.73 ± 1.47 2.62 ± 1.42 0.095

Data are n (%) or mean ± standard deviation (SD) unless otherwise specified. Level

1, proximal thoracic (T1–T4); level 2, main thoracic (T5–T12); level 3, lumbar (T12–L4).

*p < 0.05, **p < 0.01.

SES, socioeconomic status; BMI, body mass index; ATR, angle of trunk rotation.

10◦ are considered degrees I, II, and III, respectively. Therefore,
students with ATR ≥ 5◦ were recommended for whole spine
erect anteroposterior projection X-ray at standing position in
follow up.

Statistical Analysis
All statistical analysis was performed using IBM SPSS 25.0
(IBM Corp., Armonk, NY, USA) and GraphPad Prism 8.0
(GraphPad Software, San Diego, CA, USA). Descriptive analyses
were conducted to capture the sample characteristics, including
frequency, percentage, mean, and standard deviation. We used
the Mann–Whitney U test to analyze the average values of
measurement items between groups. According to different
screening standards, the chi-square test was used to analyze the
differences in SSS results between the two groups. Two-factor
analysis of variance was used to comparatively analyze differences
in ATR according to age, sex, BMI, and SES between the groups.
We also used an unconditional multivariate logistic regression
model to analyze the risk factors of scoliosis, with odds ratios
(ORs) and 95% confidence intervals (CIs). All P-values were
two-tailed and the significance level was 0.05.

RESULTS

Demographics
A total of 2,445 adolescents were enrolled in this study, of
which 1,153 were Han (47.2%) and 1,292 (52.8%) were ethnic
minorities; Zang accounted for nearly all minority adolescents
(Zang, 91.9%; other, 8.1%). The average age and sex ratios were
similar between the two groups. The parents of adolescents in
both groups mainly had a primary school and junior high school
education level, with more Han parents having a junior high
school education and fewer having a university degree or above
than the parents of minority adolescents. More parents of ethnic
minority students worked as herders than those of Han students
(see Table 1).

From Table 2, we can see that according to the two screening
standards used in this study, there were significant differences
between the groups. The positive rate of IS in the Han group was
significantly higher than that in the minority group (maximum
value among the three levels [max]: Han, 10.8%; minority, 7.1%).
According to the Chinese standard, the proportion of Han
adolescents with degree I (8.1%) was higher than that among
minority adolescents (4.5%). The proportion of each degree at
levels 2 and 3 also differed between the two groups.

As shown in Figure 1, the ATR value at different levels varied
with age between the two groups. At level 1, the two groups
showed the same trend; both groups showed an increase in ATR
with age, and the ATR value decreased (F = 3.528, P = 0.007).
At level 3, the ATR value in Han adolescents decreased with
increasing age, and the minority group showed an upward trend
(F = 4.241, P = 0.002); At level 2 and the max, there were no
significant ATR changes with age in the two groups (level 2: F
= 0.740, P = 0.565; max: F = 2.155, P = 0.072). The ATR value
of Han adolescents was greater at level 2 and max (level 2: F =

4.559, P = 0.033; max: F = 3.960, P = 0.047), especially at level
2 in those age 12 years (level 2, Z = −2.880, P = 0.004) and at
the maximum level in those age 13 years (max, Z = −2.433, P =

0.015). At all measurement levels, ATR changed with age among
Han participants, except for level 1; in minority participants, the
interaction effects were statistically significant (age × ethnicity –
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TABLE 2 | ATR values of the study population using two IS standards.

Region Chinese standarda International standardb

ATR (0,5) (5,7) (7,10) 10∼ Chi-square (0,5) 5∼ Chi-square

Level 1 Han 1,134 (98.4) 19 (1.6) - - 3.233 1,134 (98.4) 19 (1.6) 0.724

Minority 1,276 (98.8) 14 (1.1) 2 (0.2) - 1,276 (98.8) 16 (1.2)

Level 2 Han 1,087 (94.3) 54 (4.7) 12 (1.0) - 7.796* 1,087 (94.3) 66 (5.7) 2.482

Minority 1,236 (95.7) 38 (2.9) 15 (1.2) 3 (0.2) 1,236 (95.7) 56 (4.3)

Level 3 Han 1,076 (93.3) 54 (4.7) 23 (2.0) - 10.333* 1,076 (93.3) 77 (6.7) 7.502**

Minority 1,238 (95.8) 37 (2.9) 15 (1.2) 2 (0.2) 1,238 (95.8) 54 (4.2)

Max Han 1,029 (89.2) 93 (8.1) 31 (2.7) - 17.401** 1,029 (89.2) 124 (10.8) 9.989**

Minority 1,200 (92.2) 58 (4.5) 30 (2.3) 4 (0.3) 1,200 (92.9) 92 (7.1)

Data are n (%) or mean ± standard deviation unless otherwise specified.

Level 1, proximal thoracic (T1–T4); level 2, main thoracic (T5–T12); level 3, lumbar (T12–L4).
aGB/T 16133-−2014. Screening of spinal curvature abnormality of children and adolescents.
bGuidelines of the International Scientific Society on Scoliosis Orthopaedic and Rehabilitation Treatment (SOSORT). *p < 0.05, **p < 0.01.

IS, idiopathic scoliosis; ATR, angle of trunk rotation.

FIGURE 1 | Two-factor analysis of variance to assess differences in ATR values by ethnicity and age. (A) Level 1, proximal thoracic (T1–T4); (B) level 2, main thoracic

(T5–T12); (C) level 3, lumbar (T12–L4); (D) Max, maximum value among the three levels.

level 1: F = 0.742, P = 0.563; level 2: F = 2.618, P = 0.033; level
3: F = 4.712, P = 0.001; max: F = 4.213, P = 0.002).

As shown in Figure 2, the ATR values among girls were larger
than those among boys, especially in Han girls (level 1: Z =

−4.113, P < 0.0001; level 2: Z = −0.442, P = 0.658; level 3:
Z = −2.719, P = 0.007; max: Z = −2.812, P = 0.005). The
difference between ethnic groups was not significant, only at level
3 (F = 5.027, P = 0.025). The ATR values among Han girls were

significantly higher than those among ethnic minorities (Z =

−3.352, P = 0.001). There was non-significant interaction for
region × sex, except at level 3 and max (level 1: F = 0.676, P =

0.411; level 2: F = 3.292, P = 0.070; level 3: F = 6.257, P = 0.012;
max: F = 6.257, P = 0.012).

Figure 3 shows a weak negative correlation between ATR and
BMI, which varied between the two groups (max: Han, r =

−0.059, P = 0.044; ethnic minorities, r = −0.085, P = 0.002;
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FIGURE 2 | Two-factor analysis of variance to assess differences in ATR values by ethnicity and sex. (A) Level 1, proximal thoracic (T1–T4); (B) level 2, main thoracic

(T5–T12); (C) level 3, lumbar (T12–L4); (D) Max, maximum value among the three levels.

Total, r =−0.074, P < 0.0001). At level 1, there was a significant
negative correlation overall, but Han ethnicity alone was not
statistically significant (level 1: Han, r = −0.023, P = 0.435;
ethnic minorities, r = −0.061, P = 0.029; Total, r =−0.043, P
= 0.034). At level 2, there was a significant negative correlation
overall, but no statistical significance was observed for Han
or ethnic minority groups alone (level 2: Han, r =−0.045,
P = 0.124; ethnic minorities, r = −0.054, P = 0.054; Total,
r =−0.050, P = 0.013). At level 3, there was no significant
correlation between BMI and ATR for the two groups. Compared
with the Han group, BMI had a greater impact on ATR among
ethnic minorities.

We analyzed SES-related variables and ethnicity, and the
results are shown in Figure 4. The ATR values increased with an
increase in the parents’ educational level (Figure 4A), especially
the mother’s education level (level 2, F = 3.609, P= 0.006; max, F
= 4.198, P = 0.002). As shown in Figure 4B, ATR values had no
significant correlation with household income, except in level 1
(ethnicity: F = 4.265, P = 0.039; household income: F = 6.164, P
< 0.0001; ethnicity × household income: F = 2.209, P = 0.085).
Figure 4C shows that the ATR values for students whose parents
are herders was relatively higher than those for students whose
parents were non-herders, with no significant difference. As can
be seen in Figure 4D, the ATR values among urban residents
were significantly higher than those of rural residents (level 1:
F = 0.291, P = 0.590; level 2: F = 10.974, P = 0.001; level 3:
F = 11.990, P = 0.001; max: F = 15.375, P < 0.0001).

The logistic regression model results are shown in Figure 5.
From Figure 5A, we can see that height (OR 1.066, 95%
CI, 1.037–1.096) and urban residence (OR 1.855, 95% CI,
1.074–3.206) were risk factors for the onset of scoliosis among
Han students whereas age (OR 0.452, 95% CI, 0.347–0.589) was a
protective factor. Figure 5B shows that height (OR 1.036, 95%CI,
1.004–1.068), urban residence (OR 2.432, 95% CI, 1.365–4.332),
and mother’s occupation as a herder (OR 5.046, 95% CI,
1.298–19.625) were risk factors for the incidence of scoliosis
in ethnic minority students whereas BMI (OR 0.891, 95% CI,
0.822–0.966) and household income (50,000–80,000 RMB vs.
<30,000 RMB: OR 0.363, 95% CI, 0.133–0.990) were protective
factors. We clearly observed that participants’ height and hukou
were particularly important for the incidence of scoliosis.

DISCUSSION

In this study, for the first time, we showed that the positive rate
for scoliosis is different between Han and ethnic minorities in
western China, withHan adolescents having a higher positive rate
of IS (10.8%) than ethnic minority adolescents (7.1%). One study
pointed out that the Cobb angle corresponding to ATR= 5◦

was 10◦ (21). When ATR= 5◦ was used as the critical value,
the sensitivity increased to 100%, but the specificity decreased
to 47% (22). We suspect that the prevalence of scoliosis among
Han students is 5.08% and that among ethnic minorities is 3.34%
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FIGURE 3 | Scatter plot with trend line according to BMI and ATR between Han and ethnic minority groups. (A) Level 1, proximal thoracic (T1–T4); (B) level 2, main

thoracic (T5–T12); (C) level 3, lumbar (T12–L4); (D) Max, maximum value among the three levels. (a) Han, (b) minority, (c) total. BMI, body mass index; ATR, angle of

trunk rotation.

in the Tianzhu Tibetan Autonomous Region. Compared with
previous research findings (0.11–2.64%), the prevalence rate of
IS among both Han and ethnic minorities has increased slightly
(15). Using the same screening tool, the results of SSS vary
from country to country, with a positive IS rate of 4.57–15.9%
and an IS prevalence of 0.76–2.55% (3, 23, 24). In terms of
severity of scoliosis, the two groups were also different (Han,
degree I = 8.1%, degree II = 2.7%, degree III = 0%; ethnic
minorities, degree I= 4.5%, degree II= 2.3%, degree III= 0.3%).
In degree III scoliosis, some abnormalities can be clearly seen

from an observation of the body, such as uneven shoulders and
scapular asymmetry. The proportion of ethnic minorities with
degree III IS was higher than that of Han participants, which
may be because parents do not pay much attention to their
children’s posture, which is contrary to existing research about
ethnic disparities in self-rated health (14).

There was an interaction effect between ethnicity and age in
this study. The ATR values among ethnic minority adolescents
increased with age whereas this was the opposite among Han
adolescents; this finding is very different from global reports
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FIGURE 4 | Two-factor analysis of variance to assess differences in ATR value by ethnicity and SES-related factors: (A) education level; (B) household income; (C)

occupation; and (D) hukou. (A) Level 1, proximal thoracic (T1–T4); (B) level 2, main thoracic (T5–T12); (C) level 3, lumbar (T12–L4); (D) Max, maximum value among the

three levels.

regarding the change in ATR (18). Changes in education policies
in relatively poor areas have caused academic pressure to increase
each year, with younger children also experiencing heavier
academic pressure (25). According to the policy in China, ethnic
minority students receive bonus points when entering higher
education, so the pressure on Han students is even greater (26).
Han students may need to spend more time studying so as to
stand out, leading to long hours seated at a desk, which can lead
to abnormal spinal posture development (27).

The prevalence of IS is also linked to sex. IS is more prevalent
in girls than in boys (28), and in this study, the ATR values among
girls were greater than those among boys. For example, a Hong
Kong cohort study found that during adolescence, for all disease
severities, IS was more common in girls than in boys, with sex
ratios of 2.7 for spinal curves of ≥10◦, 4.5 for spinal curves of
≥20◦, 8.1 for spinal curves of ≥40◦, and 8.4 for spinal curves
that needed treatment (29). We also found that the ATR values
among Han girls were particularly high in comparison with those

of ethnic minority girls at level 3, which may related to sedentary
behavior, bone condition, and calcium intake owing to dietary
pattern disparities (30, 31).

A meta-analysis by Tarrant et al. (32) showed that the
BMI of patients with IS was significantly lower than that of
healthy controls, which is consistent with the negative correlation
between ATR and BMI obtained in our study. The relatively
higher BMI of ethnic minority students may explain their
lower incidence of scoliosis, which is related to dietary patterns
(high energy and high protein) with a nomadic lifestyle (10).
Dietary factors are also involved in the development of postural
deformities like scoliosis (33). Lower BMI is a risk factor for
both rehabilitation and surgical treatment in the later stages.
Goodbody et al. (34) pointed out that compared with normal
BMI, patients with excessively high (>85%) or excessively low
(<20%) BMI showed less effective brace treatment, and low
BMI was an independent risk factor for brace treatment failure.
Similarly, the operation rate among patients with low BMI is
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FIGURE 5 | Forest map comparing differences in the influence of various factors on scoliosis between the two groups. Bold font indicates statistically significant

variables. Sex, age, height, BMI, and SES-related factors were independent variables, and ATR value ≥ 5◦ was the dependent variable in the logistics regression

model of (A) Han and (B) ethnic minority groups. BMI, body mass index; SES, socioeconomic status; ATR, angle of trunk rotation; CI, confidence interval.

higher than that of controls (35). Therefore, maintaining proper
BMI is essential to reduce the risk of scoliosis. Additionally,
some studies have pointed out that obese patients have a larger
deformity curve than normal-weight patients with IS because the
thicker cortex may mask the manifestations of spinal deformity
in scoliometer screening (34, 36). Thus, it has been suggested
that new referral criteria for screening obese children should be
proposed (36).

SES factors are closely related to the incidence of diseases.
The findings of this study were highly consistent with those of
international research, especially with respect to the influence of
education level, occupation, and hukou (37, 38). In this study,
parents of children with relatively larger ATR values had higher
education levels. Generally speaking, the higher the parent’s
educational level, the more attention will be paid to the child’s
studies, and the child will have more sedentary time spent
studying (39). We found that the proximal thoracic ATR value
of Han adolescents was negatively correlated with household
income whereas it was positively correlated in ethnic minority
students. One study pointed out two other dimensions, in which
the main thoracic curve magnitude and the max magnitude were
negatively correlated with family income (40), which is consistent
with our findings. It may be because only wealthier families are
able to visit a doctor to screen for scoliosis. Parents’ occupation as

a herder had a major impact on the onset of scoliosis in children
of both groups. Children from these families are more likely to
be exposed to activities such as horseback riding (41, 42). Studies
have pointed out that equestrian sports can cause changes in the
shape of the sagittal plane of the spine and can even lead to
thoracolumbar injuries.

In this study, we also found that hukou was a significant
factor in scoliosis development, and the ATR values of urban
students were greater than those of rural students in both groups.
The hukou system in China, which classifies each person as
a rural or an urban resident, is a major means of controlling
populationmobility (43). The system gives preferential treatment
to urban hukou in nearly every aspect, including education,
job opportunities, housing, health insurance, and other social
services and regulations (44). Generally speaking, children
with urban residence have greater opportunities to receive
health care services, which provide a greater likelihood of
identifying IS earlier. However, for children with urban residence,
the external environment may be unsuitable for engaging
in outdoor sports, resulting in a decrease in their physical
activity levels. At the same time, studies have shown that
students with high SES have better academic performance
(45), which implies more sitting time, which is detrimental to
spine health.
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Strength and Limitation
This is the first study on the risk factors of scoliosis from
the perspective of ethnicity in China. It is a pity that our
research did not collect follow-up diagnosis and rehabilitation
data, due to the inconvenience caused by the COVID-19 and the
long distance.

CONCLUSION

This study showed that Han students in Tianzhu
Tibetan Autonomous County were more likely to
have scoliosis than ethnic minority students. The
differences may be owing to differences in growth
and development, diet, SES, and other unknown
factors. Further research is needed to clarify this
difference, which will benefit the prevention of IS in
vulnerable populations.
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