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patients with adolescent idiopathic scoliosis?
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Background: There have been no report about the association between physical capacity and health-
related quality of life in patients with adolescent idiopathic structural scoliosis (AIS). This study aims to
investigate the correlation between dynamic cardiopulmonary capacity and quality of life in AIS patients.
Methods: This retrospective study involved 63 patients. Correlations between cardiopulmonary exercise
test parameters and Scoliosis Research Society (SRS)-22 scores were evaluated using Spearman’s correlation
test.

Results: Fifty-four female patients [mean age: 14.1 (range, 10-19) years] and 9 male patients [15.9 (range,
14-19) years] with AIS (Cobb angle: 28°-86°) were included. Significant correlations were found between
the peak oxygen uptake normalized by body weight and the SRS-22 scores in female patients, as reflected
by the function (r=0.511, P<0.001), pain (r=0.418, P=0.002), mental health (r=0.536, P<0.001) and subtotal
(r=0.618, P<0.001) scores. Significant correlations were also found between oxygen uptake at anaerobic
threshold normalized by body weight and the SRS-22 scores in female patients, as reflected by the function
(r=0.404, P=0.002), pain (r=0.455, P=0.001), and subtotal (r=0.501, P<0.001) scores, along with respiratory
exchange ratio reflected by subtotal (r=0.464, P<0.001) score.

Conclusions: The physical capacity and capacity for the exercise intensity and endurance correlated with
quality of life among patients with AIS. Exercise may better the quality of life of patients with AIS.
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Introduction 0.47-5.2% (3). Because adolescent development is affected
Adolescent idiopathic scoliosis is the most common type by ph.ysu:jal, psyc.hologlcal, 'and social changes, 1ncr'eased
of spinal deformity (1), accounting for 80-85% of the attention is provided to patients’ health-related quality of
scoliosis cases (2). According to the current literature, life with idiopathic scoliosis (4-8).

the overall prevalence of adolescent idiopathic scoliosis is Spinal and chest deformities affect pulmonary and

© Annals of Palliative Medicine. All rights reserved. Ann Palliat Med 2021;10(6):6220-6227 | http://dx.doi.org/10.21037/apm-20-2624


https://crossmark.crossref.org/dialog/?doi=10.21037/apm-20-2624

Annals of Palliative Medicine, Vol 10, No 6 June 2021

cardiovascular functions in patients with scoliosis (9),
likely resulting in decreased physical capacity (10-12).
This finding is supported by the results of earlier studies
that demonstrated lower maximum oxygen intake and
lesser tolerance to maximal exercise among patients with
adolescent idiopathic scoliosis (10,11,13-15). Moreover,
studies have suggested that the lower maximum oxygen
intake appears to influence the reduced tolerance to
exercise among these patients (10,11,13-15). Reduction in
physical capacity may negatively influence patient activities
(Sperandio, 2014), possibly affecting their quality of life,
especially among adolescents (16). To date, there have been
no studies conducted on the association between physical
capacity and health-related quality of life. In this study, we
examined whether or not patients’ physical capacity with
adolescent idiopathic scoliosis is associated with health-
related quality of life. In addition, because earlier studies
have suggested gender-based differences in adolescent
idiopathic scoliosis (17,18), we examined possible gender-
based differences.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-2624).

Methods
Study design

This retrospective study included patients with adolescent
idiopathic scoliosis who visited our orthopedic center and
underwent a cardiopulmonary exercise test from June 2016
to December 2017. These patients were recruited before
receiving the scheduled surgery at our center. Many patients
with severe scoliosis delayed the prescribed surgeries
because of financial restrictions or the unavailability of
medical resources. Patients aged between 10 and 19 years
were included in the study, whereas those with any of the
following factors were excluded: (I) combined sagittal
hyper-kyphosis or hyper-lordosis, (II) a history of spinal
surgery, and (III) incomplete clinical and Scoliosis Research
Society-22 (SRS-22) questionnaire data. A total of 9 male
and 54 female patients were included in the study. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by the
Institutional Review Board (IRB) of Peking Union Medical
College Hospital (PUMCH) (NO. S-K209). Written
informed consent was obtained from all the individual
participants or their guardians included in this study.
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Data on age, height, weight, and Cobb’s angle were
obtained from the patients’ medical records. Hyper-
kyphosis is defined as the Cobb angle of kyphosis, calculated
from a lateral radiograph using T4 and T12 as landmarks,
is 40° or more. Hyper lordosis is defined as the Cobb angle
of kyphosis, calculated from a lateral radiograph using L1
and S1 as landmarks, is more than 60°. In addition, we
primarily focused on cardiopulmonary performance during
exercise. During the visit, each patient performed the
cardiopulmonary exercise test using a motor-driven cycle
ergometer (Master Screen; CareFusion), conducted by the
same physician specialist. The test protocol was established
following the ATS/ACCP Statement on Cardiopulmonary
Exercise Testing (19). In our study, the speed of the bicycle
was maintained at 55 to 60 revolutions per minute, and the
test started with a 3-min warm-up at 0-W labor, followed
by increases in the resistance increments of 10, 15, 20,
25, and 30 W/min. Patients generally reached maximal
exercise capacity within 8 to 10-min. When the patient
attained the scheduled heart rate or experiencing intolerable
discomfort, the labor was reduced. The main parameters
that characterized physical capacity were recorded and
analyzed (19-21), specifically maximal load, oxygen uptake
at anaerobic threshold, peak oxygen uptake, the volume of
carbon dioxide produced, respiratory exchange ratio, oxygen
pulse (oxygen uptake/heart rate, reflecting the amount of
oxygen extracted per heat beat), ventilation volume per
minute, and maximal voluntary ventilation.

Patient quality of life was assessed using the SRS-22
questionnaire. The questionnaire assesses five domains:
function, pain, self-image, mental health, and subtotal
(22,23). All patients completed the questionnaire within
5 min after the exercise test.

The flowchart of the exercise test is shown in Figure 1.

Statistical analysis

Because earlier studies reported gender-based differences
in patients with adolescent idiopathic scoliosis (17,18),
analyses for male and female patients were performed
separately. Cardiopulmonary exercise test parameters and
SRS-22 domain scores are presented as means and standard
deviations for the total population and male and female
participants. The gender-based differences were tested using
a parametric test (Student’s #-test) for normally distributed
continuous variables and a nonparametric test (Wilcoxon
signed-rank test) for skewed continuous variables.

Due to the small number of males, Spearman’s
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Figure 1 Flowchart of the exercise test.

correlation coefficient was calculated using an individual
non-transformed variable for the correlations between
cardiopulmonary exercise testing parameters and SRS-
22 domain scores only in women. Variables (respiratory
exchange ratio and oxygen uptake) having significant
correlations with the SRS-22 domain scores (P<0.0025)
were further included in the multivariable model to
compute the area under the receiver operating characteristic
(ROC) curve. This process was chosen to test the
discriminatory ability of the model with the outcome of the
binary score by using the median as the cutoff value. All
statistical analyses were performed using the SPSS (version
19.0, IBM) software, and a P value of <0.05 or <0.0025 (for
Spearman only) was considered statistically significant.

Results

In total, 54 female patients [mean age: 14.1 years; standard
deviation (SD): 2.1] and 9 male patients (15.9 years; 1.6)
were included in the study. The average Cobb’s angle was
45.9° (SD: 9.9°) for female patients and 47.8° (SD: 16.0°)
for male patients. A single thoracic curve was present in
33 patients, whereas double right thoracic and left lumbar
curves were present in 30 patients. Six patients had received
prior treatment, among whom four patients had received
physiotherapy (two patients each for 1 and 2 years), and two
patients had received brace treatment (one patient each for
1 and 2 years). All patients self-reported having sedentary
lives because of high academic responsibility and physical
restrictions (Table 1).

Of the 63 patients in this study, 57 achieved maximal
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physical capacity (respiratory exchange ratio: >1.00
at maximal workload), whereas the other 6 received
submaximal exercise tests. Fufty nine patients demonstrated
signs of lower extremity fatigue and exhaustion at maximal
workload, and 4 experienced dyspnea. Compared with the
male patients, female patients demonstrated significantly
higher maximal load and lower peak oxygen uptake, oxygen
uptake at anaerobic threshold, and oxygen pulse (Table I).
Moreover, the degree of spinal curvature was not correlated
with these cardiorespiratory parameters.

The SRS-22 domain scores in the total population
ranged from 2.32 (SD: 0.90) to 2.85 (SD: 0.46) and were
similar among patients with single and double thoracic
curves (Table 2). On stratification, the scores of patients
with moderate (<50°) and severe curves (>50°) (24) were
found to be similar (7able 2). No statistically significant
differences were observed in the SRS-22 scores in all the
domains between the male and female patients (7able 2);
however, all the domain scores were <3.0, except for
the function scores of male patients, which indicate the
poor quality of life. Self-image domain scores were the
lowest of all domain scores among the male patients,
whereas pain scores were the lowest among the female
patients.

Spearman correlation analysis revealed a significant
positive correlation peak oxygen uptake normalized by body
weight and the SRS-22 scores in female patients (Zible 3), as
reflected by the function (r=0.511, P<0.001), pain (r=0.418,
P=0.002), mental health (r=0.536, P<0.001) and subtotal
(r=0.618, P<0.001) scores. Significant correlations were
also found between oxygen uptake at anaerobic threshold
normalized by body weight and the SRS-22 scores in female
patients, as reflected by the function (r=0.404, P=0.002),
pain (r=0.455, P=0.001), and subtotal (r=0.501, P<0.001)
scores, along with respiratory exchange ratio reflected by
subtotal (r=0.464, P<0.001) score. In addition, the area
under the ROC curve for the oxygen uptake at anaerobic
threshold, the peak oxygen uptake, and the respiratory
exchange ratio at peak oxygen uptake was 0.773 [5%
confidence interval (CI): 0.643-0.904] 0.813 (95% CI:
0.695-0.931) and 0.820 (95% CI: 0.704-0.937), respectively
(1able 4 and Figure 2).

Discussion

Spine deformity in patients with idiopathic scoliosis,
especially in adolescent patients, negatively affects the
quality of life (5,8). Reduced physical capacity among
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Table 1 Anthropometric, radiographic, and cardiopulmonary exercise testing data in adolescent idiopathic scoliosis patients

Parameter Total (n=63) Males (n=9) Females (n=54) P value 95% Cl

Age (years) 14.3+2.1 [10-19] 15.9+1.6 [14-19] 14.1£2.1 [10-19]

Height (cm) 163.1+8.7 [141-190] 173.6+10.8 [159-190] 161.4+7.0 [141-185.5]

Weight (kg) 48.8+10.6 [26-86] 60.7+15.6 [43.5-86] 46.8+8.1 [26-65]

BMI (kg/m?) 18.3+3.0 [14.6-29.1] 20.1+4.4 [15.1-29.1] 18.1+2.6 [14.6-26.0]

Cobb (°) 46.2+10.8 [28-86] 47.8+16.0 [32-86] 45.9+9.9 [28-68]

Performance of cardiopulmonary exercise testing
Maximal load (% of pred.)  82.06+11.70 [56.0-108.9] 67.99+8.97 [56.0-84.4] 84.40+10.44 [57.0-108.9] <0.001*  0.09to 0.24
Oxygen uptake at anaerobic  0.80+0.23 [0.43-1.60] 1.03+0.30 [0.65-1.60] 0.76+0.20 [0.43-1.49] 0.028* -0.51to-0.04
threshold (L/min)
Oxygen uptake at anaerobic  16.11+2.75 [9.2-23.7] 16.99+2.37 [12.9-19.6] 15.97+2.80 [9.2-23.7] 0.086  -3.00to 0.96
threshold (mL/min/kg)
Peak oxygen uptake (L/min)  1.32+0.34 [0.78-2.82] 1.79+0.54 [1.20-2.82] 1.24+0.22 [0.8-1.7] <0.001* -0.97 to -0.13
Peak oxygen uptake 26.84+3.36 [19.5-34.6]  29.49+3.74 [23.8-34.6]  26.40+3.12 [19.5-32.8] 0.001* -5.39to -0.78
(mL/min/kg)
Respiratory exchange ratio  1.19+0.15[0.75-1.58] = 1.234+0.163 [0.98-1.50] 1.182+0.147 [0.75-1.58]  0.332  -0.16t0 0.05
at peak oxygen uptake
Heart rate (per min) 174.1+£12.2 [144-200] 172.6+12.3 [155-193] 174.4+12.3 [144-200] 0.680 -7.00to 10.68
Oxygen pulse® (mL) 7.62+1.90 [4.8-16.3] 10.39+2.99 [7.7-16.3] 7.15+1.16 [4.8-9.7] 0.012* -5.54t0 -0.93

All the values are presented as mean + standard deviation (range); P values were for tests of the differences between male and female
patients. a, data were at peak oxygen uptake. *, significant use of independent sample t-test.

Table 2 Scoliosis Research Society-22 scores of the total sample and by sex

Scoliosis Research Single thoracic Double curves

28°-49°

50°-86° Male Female

Society-22 Domain @ curves (N=33)  (N=30) (N=38)  (N=25) (n=9) (=54 " value  95%Cl

Function 270:0.65  2.67+0.50  2.72:0.80  2.63:0.52 2.78:0.82 3.160.85 2.62+0.59 0.099 -1.32 10 0.06
Pain 230090 2.18:0.68  2.47+1.08 2.21:0.76 2.49:1.07 2.91:1.32 2.22:078 0.159 -1.711t00.33
Self-image 239068  2.44:078 233055 2.36:0.72 2.42:0.61 2.49:0.94 2.37+0.63 0.631 -0.61t00.37
Mental health 2.85:0.46  2.82:0.37  2.88+0.54 2.82:0.35 2.90:0.59 2.87:0.42 2.85:0.47 0.912 -0.35to 0.31
Subtotal 056:0.55 253043  2.60:0.66 2.51:0.45 2.65:0.67 2.860.70 2.51x051 0.195 -0.73t00.05

All the values are given in terms of the mean and standard deviation; P values were for tests of the difference between male and female

patients.

patients with adolescent idiopathic scoliosis has been
reported in the literature (10-12). However, not many
studies have investigated the effect of physical capacity on
the quality of life in such patients.

In this study, 54 female and 9 male patients exhibited
a peak oxygen uptake value of <35 mL/kg/min, which is
lower than the expected value for adolescents not engaging
in regular aerobic exercise (10,25). This result indicated

© Annals of Palliative Medicine. All rights reserved.

that the physical capacity was reduced in patients with
adolescent idiopathic scoliosis because peak oxygen uptake
is a crucial parameter of functional impairment or aerobic
capacity (19). This finding is consistent with those of
most existing studies (10,11,13,15), except those of Leech
et al. (26) and Bas er al. (13), who reported similar maximal
oxygen uptake among scoliotic adolescents with mild
curves and healthy peers.
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Table 3 Spearman’s correlation analysis of Scoliosis Research Society-22 score with cardiopulmonary exercise test measures

Parameter Function Pain Self-image Mental health Subtotal

Female (n=54)

Oxygen uptake at anaerobic threshold (mL/min/kg)
rho 0.404 0.455 0.319 0.377 0.501
P 0.002* 0.001* 0.019 0.005 <0.001*
Peak oxygen uptake (mL/min/kg)
rho 0.511 0.418 0.398 0.536 0.618
P <0.001* 0.002* 0.003 <0.001* <0.001*

Respiratory exchange ratio at peak oxygen uptake

rho 0.374 0.360 0.314 0.334 0.464
P 0.005 0.008 0.021 0.013 <0.001*
Oxygen pulse (mL) -0.079 -0.015 -0.131 0.092 -0.072
rho 0.570 0.913 0.344 0.507 0.605
P
Male (n=9)

Oxygen uptake at anaerobic threshold (mL/min/kg)
rho 0.451 0.443 -0.285 0.289 0.267
P 0.223 0.233 0.458 0.450 0.488
Peak oxygen uptake (mL/min/kg)
rho -0.298 -0.111 -0.519 -0.255 -0.350
P 0.436 0.777 0.152 0.507 0.356
Respiratory exchange ratio at peak oxygen uptake
rho 0.051 0.043 0.586 0.111 0.200
P 0.896 0.913 0.097 0.777 0.606
Oxygen pulse (mL)
rho -0.453 -0.419 -0.155 -0.321 -0.351
P 0.221 0.262 0.690 0.400 0.354

Rho is Spearman’s correlation coefficient. Oxygen update and respiratory exchange ratio have statistically significant rho and thus were
included in the multiple regression analysis used in the ROC analysis. *, sificant correlation by Spearman’s correlation test, P<0.0025.

Table 4 ROC analysis of Scoliosis Research Society-22 subtotal score with cardiopulmonary exercise test measures in female patients

Parameter Area under ROC curve P value 95% ClI

Oxygen uptake at anaerobic threshold (mL/min/kg) 0.773 0.001 0.643-0.904
Peak oxygen uptake (mL/min/kg) 0.813 <0.001 0.695-0.931
Respiratory exchange ratio at peak oxygen uptake 0.820 <0.001 0.704-0.937
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Figure 2 ROC curve of Scoliosis Research Society-22 subtotal score with cardiopulmonary exercise test measures in female patients.

Our data revealed that both male and female patients
with adolescent idiopathic scoliosis achieved low scores in
all the domains of the SRS-22 questionnaire (<3.0, except
for function scores among male patients) (18), which is
indicative of their poor quality of life. This observation is
consistent with the findings of the existing literature (8, 27)
and also with one of the proven effects of scoliosis.
Although our data did not reveal statistically significant
differences between male and female patients in all
domains, the differences in the function (0.54), pain (0.69),
and subtotal (0.35) scores remained within the clinically
relevant range (18). In addition, the small sample size of
men in this study could have inhibited the detection of
relevant differences, although earlier studies suggested
gender-based differences in patients with adolescent
idiopathic scoliosis (17,18). The correlations among
female patients were further explored, which adequately
supported our findings.

Because fewer men and insignificant sex differences
were observed in the quality of life evaluation (18), we
analyzed the correlation between cardiopulmonary exercise
test parameters and the SRS-22 scores only for female
patients. A significant correlation was observed between
peak oxygen uptake normalized by body weight (peak
oxygen uptake mL/min/kg), which was the key parameter
representing physical capacity and SRS-22 domains. It
showed that peak oxygen uptake positively correlated with
function, pain, mental health, and subtotal scores of the
SRS-22. Our findings indicated that patient activities, pain,
mental health, and overall function are correlated with

physical capacity. Meanwhile, the value of oxygen uptake
at anaerobic threshold normalized by body weight (oxygen
uptake at anaerobic threshold/kg) revealed a significant
positive correlation with function, pain, and subtotal scores.
Anaerobic threshold is defined as the level of oxygen uptake
during exercise above which aerobic energy production is
supplemented by anaerobic mechanisms and is reflected by
an increase in lactate and lactate-to-pyruvate in muscles and
arterial blood (21). Based on its definition and physiological
effects, the anaerobic threshold is considered an important
determinant for work endurance potential (21). Our study
indicated an early anaerobic threshold in patients with
adolescent idiopathic scoliosis would correlate with a
lower patient’s capacity for sustained activity and quality
of life. Also, the respiratory exchange ratio at maximal
physical effort was found to be positively correlated with
overall impairment, as reflected by the subtotal scores.
The respiratory exchange ratio varied overtime during
the cardiopulmonary exercise test, which usually reduced
slightly after the start of the exercise, followed by an
increase (<1.0), as muscle respiration contributes greatly
to oxygen use in other parts of the body (e.g., fats). In
the steepening stage, the rate of lactic acid production
overruns bicarbonate’s buffering capacity, resulting in a
steeper respiratory exchange ratio (21). Therefore, the
respiratory exchange ratio can be used as an indicator of
exercise intensity. Our findings indicated that overall patient
function is correlated with exercise intensity. In addition,
muscle strength is a significant contributor to exercise
capacity (19); however, 59 out of 63 patients demonstrated
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signs of lower extremity fatigue at maximal load in our
study. Considering the BMI values of these patients
(18.1£2.6 kg/m’ for female patients and 20.1+4.4 kg/m’ for
male patients), peripheral muscle weakness was assumed to
contribute to the performance during the cardiopulmonary
exercise test. However, physical fitness can affect the
substrate utilization pattern, allowing for more work
performance before glycogen depletion and consequent
exhaustion (21). Earlier studies have demonstrated that
exercise improves patients’ physical capacity with mild
and moderate adolescent idiopathic scoliosis (13). Shen
et al. (14) reported that patients who regularly performed
aerobic exercise demonstrated better performance in the
cardiopulmonary exercise test. Therefore, aerobic exercise
and muscle strength training may benefit patients with
adolescent idiopathic scoliosis to maintain cardiovascular
and peripheral muscle conditioning (13,14), as well as to
maintain fitness for achieving a better quality of life. Besides,
our findings indicated both male and female patients with
adolescent idiopathic scoliosis had pain and poorer mental
health, which may affect the efficacy of exercise. Therefore,
the pain and mental health should be improved before
applying exercise for improving the quality of life.

This study was not without limitations. First, the
retrospective study design, and some data, such as the
type of treatment and physical activity level, were not
collected. Second, the sample size was relatively small,
especially in the male cohort. Third, the predictive model
demonstrated moderate discrimination with a wide 95%
CI. Fourth, the study did not include an age-matched
control group, limiting a reliable evaluation of the influence
of spinal deformity on the cardiopulmonary parameters.
Last, lack of comparison with the control group hindered
the investigation of whether or not the cardiopulmonary
function was truly impaired in the patients included in this
study. However, the retrospective study design possibly
suggests a temporal relation between physical capacity
and quality of life. Nevertheless, further studies with
larger sample sizes and a prospective study design, ideally
intervention trials, are warranted to investigate whether
physical capacity development improves the quality of life
in patients with idiopathic scoliosis.

Conclusions

In summary, the physical capacity and capacity for exercise
intensity and endurance correlated with the quality of life
of patients with adolescent idiopathic scoliosis. Our results
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imply that exercise may help improve the quality of life of
patients with adolescent idiopathic scoliosis. Exercise can
be recommended as supportive therapy for patients with
adolescent idiopathic scoliosis. However, we recommend
further studies with larger sample sizes to support these
findings.
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