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Abstract
Background: The optimal timing of surgery for pectus excavatum (PE) is controversial. A large 
proportion of children will not undergo surgery before puberty. However, untimely surgery 
may lead to a decline in the children’s social adaptation and competitiveness because the 
children have already developed psychological and physiological impairments due to PE at 
an early age. The study retrospectively compared the academic performance in PE children 
undergoing the Nuss procedure versus nonsurgical observation.
Methods: This retrospective real-world research study included 480 PE patients with definite 
surgical indications, in whom it was first recommended that they undergo surgery between 
the ages of 6 and 12 years old. Academic performance was collected at baseline and 6 
years later. A generalized linear regression was calculated to screen the factors affecting 
the performance. A propensity score matching (PSM) analysis was conducted to reduce the 
potential for confounding factors between surgical and nonsurgical PE patients.
Results: Haller index (HI) and pulmonary function were recognized as factors affecting 
baseline performance according to the generalized linear regression. For PE children with 
surgical indications, their academic performance significantly declined after 6 years of 
nonsurgical observation (52.1% ± 17.1% versus 58.3% ± 16.7%, p = 0.042). The academic 
performance in the surgery group was better than that in the nonsurgery group 6 years after 
PSM (60.7% ± 17.7% versus 52.1% ± 17.1%, p = 0.008).
Conclusions: The severity of PE will affect the academic performance of children.
For PE children with definite surgical indications between the ages of 6 and 12 years 
old, surgical intervention rather than nonsurgical observation is more conducive to the 
development of children’s academic performance.
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Introduction
Pectus excavatum (PE), characterized by obvious 
anterior chest wall depression, is the most com-
mon congenital chest wall deformity leading to 
compression of the lungs and heart.1 The Nuss 
procedure is recognized as an effective therapeu-
tic option for the majority of children with PE.2 
Several optimal ages of surgery have been reported 
but are still controversial.3 A considerable pro-
portion of PE patients choose surgical interven-
tion in adulthood or even lifelong follow-up 
without surgery.4,5

Psychological and physiological impairments 
brought by PE and the progress of these impair-
ments directly determine the timing of surgical 
intervention and the use of other adjuvant treat-
ments outside of surgery.6 Previously conducted 
studies have shown that persons with PE suffer 
from psychosocial distress due to the deformity; 
commonly reported issues are poor body image, 
low self-esteem and feelings of shame because of 
how the chest looks.6–8

Considering that there is definite evidence that 
PE will damage children’s cardiopulmonary func-
tion,9,10 cause psychological and behavioural dis-
cords,11,12 and affect children’s sleep quality at 
night,13,14 we speculate that the social adaptation 
and competitiveness of children with PE will be 
abnormal. Academic performance is a relatively 
objective and possibly the most concerning com-
petitiveness evaluation index of parents and chil-
dren in China.15 Therefore, we conducted this 
cohort study to explore the impact of PE on chil-
dren’s academic performance (i.e. school grad-
ings). In this study, we will focus on whether 
different surgical ages will cause differences in the 
academic performance of children with PE over a 
long period of follow-up.

Methods

Data and patients
This study was approved by the Ethics Committee 
of our hospital (approval number: 2019-211) and 
was registered in the Chinese Clinical Trail regis-
try (registry number: ChiCTR1900028575). This 
study involving human participants was in accord-
ance with the 1964 Helsinki Declaration and its 
later amendments and comparable ethical stand-
ards,16 and all of the children’s guardians signed a 
consent form authorizing the authors to collect the 

clinical data and academic performance ranking 
(i.e. school gradings) of the children. This study 
was reported according to the strengthening the 
reporting of cohort studies (STROCSS) criteria17 
and reporting of observational studies in epidemi-
ology (STROBE) statement.18 Retrospective data 
were collected from the Clinical Database of 
Children’s Hospital of Chongqing Medical 
University from January 1997 to May 2019. The 
data were extracted and integrated by two groups 
of independent authors, and the inconsistent data 
were discussed and analysed by all of the authors. 
Since there is no relevant similar study, the sample 
size cannot be accurately calculated.

PE was diagnosed by visual evaluation and com-
puted tomography (CT) scans. Patient sex, Haller 
index (HI), resting pulmonary function test results 
and echocardiography (UCG) and electrocardio-
gram (ECG) results were collected as demo-
graphic and baseline characteristics. The 
indications for surgical treatment included at least 
two of the following19: (1) HI greater than 3.20 or 
deformity had progressed by visual assessment of 
parents; (2) cardiac or pulmonary compression by 
visual assessment on CT or reduced cardiac dias-
tolic function parameters such as E peak/A peak 
ratio and ventricular end diastolic volume index 
ratio on echocardiogram; (3) abnormal lung func-
tion by resting pulmonary function test; (4) mitral 
valve prolapse or arrhythmia; (5) symptoms such 
as repeated episodes of respiratory infections were 
present; (6) patients had a severe psychosocial dis-
order; (7) patients or their parents had a strong 
desire for deformity correction.

Patients who underwent the Nuss procedure within 
6 years in our institution after the initial recommen-
dation of surgery and according to the above indi-
cations were included in the surgery group. 
Otherwise, they were included in the nonsurgical 
group. The baseline time of the patients in the sur-
gery group was the first hospitalization time. The 
baseline time of the nonsurgical group was when 
they first received a recommendation for surgery. 
Academic performance rankings of the patients at 
baseline and at the endpoint were collected.

The endpoint time was set to 6 years after the 
baseline time. Children aged 6–12 years at base-
line were included in the study. Only participants 
with complete demographic data and complete 
class rankings of final examinations at baseline 
and endpoint were included in the final analysis.
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During the study period, the children who have 
experienced parents’ divorce, relatives’ demise, 
leaving the city, or a diagnosis of a major disease 
that interrupted their schooling were excluded.20,21 
Healthy children who underwent routine physical 
examination in our hospital were selected as the 
control group. We randomized matched healthy 
children with PE children at a ratio of 1:1 using 
our hospital data management system according 
to age, gender and city. The academic perfor-
mance rankings at baseline were collected to 
explore whether the academic performance rank-
ing of the children with PE was abnormal.

Variables and outcome measures
Patient sex, HI, resting pulmonary function test 
results, cardiac function and academic perfor-
mance ranking in class at baseline were collected 
as demographic and baseline characteristics. HI 
was calculated by the CT scans. Abnormal lung 
function was defined as forced expiratory volume 
in 1 second (FEV1) that was less than 80% of the 
predicted value, forced vital capacity (FVC) that 
was less than 80% of the predicted value, or 
FEV1/FVC less than 92% of the predicted 
value.22 Abnormal cardiac function was defined 
as mitral valve prolapse or arrhythmia.

Total academic performance ranking (i.e. school 
gradings) in class at endpoint was set as the out-
come of the study. The scores of arts, music and 
sports are usually not included in these rankings. 
According to our national policy, we cannot report 
a specific ranking for children’s grades or what per-
centage of the children’s grades are ranked in the 
class. Therefore, we can only report what percent-
age of the students in his or her class did his or her 
score exceed. For example, if the score is marked 
as 45%, this shows that his or her final grade is bet-
ter than 45% of the children in the class. The 
improvement rate of academic performance was 
estimated with the following equation:

Improvement rate Endpoint Performance 

                     

= (

           Endpoint Performance)/

Baseline Performance 1

−
× 00%

Statistical analysis
Continuous data are displayed as the means with 
standard deviations (SDs) or the medians with inter-
quartile ranges (IQRs). The Kolmogorov–Smirnov 

test was calculated to assess the normal distribution. 
The differences in the continuous variables between 
the two groups were compared by an unpaired t 
test if the variables were normally distributed. 
Otherwise, the Mann–Whitney U test was per-
formed. Data from categorical variables were com-
pared by a chi-square test. A generalized linear 
regression model screened the factors affecting the 
performance. Pearson correlation was calculated 
to measure the relevance between two continuous 
variables. Subgroup analysis and restricted cubic 
spline (RCS) were used to observe specific rela-
tionships between the variables in detail. The p val-
ues and standardized differences were used to 
assess the differences between the groups. 
Standardized differences less than 0.10 indicated 
absolute balance.

Propensity score matching (PSM) was used to 
reduce the potential for confounding by the base-
line factors.23 The nearest neighbour matching 
method was employed, and the calliper was set as 
0.02. In matching, maximization of execution 
performance and randomization of case order 
were performed.

SPSS version 24 (IBM, Armonk, NY, USA), 
Stata version 14.0 (Stata Corp, College Station, 
TX, USA) and R (http://www.R-project.org) 
were used for statistical analysis.

Results
The flow chart of the study is shown in Figure 1. 
Four hundred and twenty-one patients in the sur-
gery group and 59 patients in the nonsurgery group 
were analysed in the cohort study (Table 1). The 
HI of the surgery group (mean = 3.60, 
IQR = 3.18–4.17) was sufficiently higher than 
that of the nonsurgery group (mean = 3.28, 
IQR = 2.84–3.87, p < .001). Differences in age, 
sex, pulmonary function and cardiac function were 
not observed. The distribution of sex was the only 
well-balanced clinical characteristic. HI and pul-
monary function were recognized as factors affect-
ing the baseline performance according to the 
generalized linear regression model (Table 2). HI 
was confirmed as a risk factor for the baseline per-
formance by the trend analysis (Figure 2) (p for 
trend <0.001). The reference point (HR/OR = 1) 
of HI was 3.5 (RCS) (Figure 3). If a patient has an 
HI higher than 3.5, the risk that his academic per-
formance will be worse than the average level of 
children with PE will be significantly increased.

https://journals.sagepub.com/home/tar
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Although the average academic performance of 
the children in the healthy group was higher than 
that of the children with PE, the difference did 
not reach statistical significance (58.9% ± 21.1% 
versus 57.6% ± 16.4%, p = 0.27) (Figure S1). 
Similar results were observed (58.4% ± 20.1% 
versus 55.3% ± 17.0%, p = 0.079) in the PE 
patients with a higher HI of the reference point 
(higher than 3.5). We performed a subgroup 
analysis of the two groups according to their 
age at baseline. No differences in academic per-
formance were found in any age group (Figure 
4). At the same time, we did not find a stable 
trend with age. The p for trend in the PE group 
was 0.647 and was 0.219 in the control group 
(Table S1).

Then, we focused on the impact of surgery on the 
academic performance of children with PE. 
However, the academic performance at the end-
point was not significantly better than that at 
baseline in the surgery group (59.2% ± 17.0% 
versus 57.6% ± 16.4%, p = 0.212). The aca-
demic performance at the endpoint of the chil-
dren in the nonsurgical group decreased 
significantly from the baseline (52.1% ± 17.1% 
versus 58.3% ± 16.7%, p = 0.042) (Figure 5). 
We evaluated the improvement rate of academic 
performance in the PE children and found that 
HI was a factor in the change in academic perfor-
mance [R = 0.115, 95% confidence interval 
(CI): 0.037–0.193, p = 0.041] (Table S2). No 
other significant variables were observed.

Figure 1. Flow chart of the study.
PE, pectus excavatum; PSM, propensity score matching.

https://journals.sagepub.com/home/tar
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Table 1. Demographic and preoperative clinical characteristics.

Variable Surgery
(n = 421)

Nonsurgery
(n = 59)

p value Standardized 
differences

Gender Male/Female (340/81) Male/Female (48/11) 0.91 0.02a

Age 10.0(7.0–11.0) 10.0(8.0–11.0) 0.21 0.17

Haller index 3.6(3.18–4.17) 3.28(2.84–3.87) <0.001* 0.56

Pulmonary function Normal/Abnormal
(302/119)

Normal/Abnormal
(47/12)

0.20 0.18

Cardiac function Normal/Abnormal
(293/128)

Normal/Abnormal
(45/14)

0.29 0.16

Baseline performance (%) 57.6 ± 16.4 58.3 ± 16.7 0.743 0.04a

Endpoint performance (%) 59.2 ± 17.0 52.1 ± 17.1 0.003* 0.41

Abnormal lung function is defined as (FEV1) less than 80% predicted value or FVC less than 80% predicted value or FEV1/
FVC less than 92% predicted value.
Abnormal cardiac function is defined as mitral valve prolapse or arrhythmia.
The academic performance is reported as what percentage of the students in his or her class did his or her score exceed.
aStandardized differences less than 0.10 indicated absolute balance.
*p < 0.05.

Table 2. Generalized linear regression model of baseline performance.

Variables R 95% CI low 95% CI up p value

Age 0.001 −0.006 0.007 0.841

Haller index −0.033 −0.046 −0.02 <0.001*

Gender (male) 0.001 −0.035 0.038 0.938

Cardiac function
(Normal)

−0.005 −0.05 0.04 0.835

Pulmonary function
(Normal)

0.054 0.009 0.1 0.02*

CI, confidence interval.
Abnormal lung function is defined as (FEV1) less than 80% predicted value or FVC less than 80% predicted value or FEV1/
FVC less than 92% predicted value.
Abnormal cardiac function is defined as mitral valve prolapse or arrhythmia.
*p < 0.05.

We performed PSM to reduce the potential for 
confounding by baseline factors to analyse the 
impact of surgery on academic performance more 
scientifically. Fifty-six patients in the surgery 
group and 59 patients in the nonsurgery group 
were included in the analysis after PSM. The 
imbalance of variables was obviously reduced, 
but the variables of age were not well balanced 
(Figure S2). The academic performance at the 

endpoint in the surgery group was better than that 
in the nonsurgery group after PSM (60.7%±17.7% 
versus 52.1%±17.1%, p = 0.008) (Table 3).

Discussion
The damage caused by PE in children may be 
beyond conventional imagination.24 Traditionally, 
the damage caused by PE is mainly concentrated 

https://journals.sagepub.com/home/tar
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Figure 2. Trend analysis between HI and academic performance at baseline.
HI, Haller index.
*p < 0.05.

Figure 3. RCS between HI and academic performance at baseline.
The reference point (HR/OR = 1) was 3.5. HI, Haller index.

https://journals.sagepub.com/home/tar
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Figure 5. Comparisons of performance ranking at baseline and endpoint in surgery and nonsurgery group.

Figure 4. Subgroup analysis between age at baseline and academic performance at baseline in PE and 
healthy group.
PE, pectus excavatum.

in the compression of the heart and lung.25 Previous 
studies have confirmed that because of the depres-
sion of the sternum, the lungs, especially the small 
airways, will be widely affected, and the heart 

movement will be limited.10 The above results will 
lead to a decline in resting and exercise lung func-
tion and abnormal exercise cardiac function in 
children.9,10 This may make children more prone 

https://journals.sagepub.com/home/tar
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to fatigue during high-intensity mental and physi-
cal activities. In addition, long-term cardiopulmo-
nary compression may be closely related to the 
occurrence and progression of other diseases, such 
as sleep-related breathing disorder (SRBD).13,14 
The occurrence of PE and scoliosis seems to have 
a similar genetic background, and the progression 
of PE may also aggravate scoliosis.26

Moreover, the appearance of the deformity of PE 
is very obvious. With the development of social 
media, children, parents and their peers are more 
likely to recognize this deformity than in the past. 
A previous study indicated that the majority of 
patients first perceived their chest wall deformity 
between the ages of 6 years.12 This makes chil-
dren have obstacles in psychological and behav-
ioural development. Children may feel inferior 
because of this appearance and be discriminated 
against by their peers. Finally, they are afflicted 
by social withdrawal, depression and aggressive 
behaviour. Their behavioural disorders may not 
readily resolve after surgery once they occur.6 
The fear of abnormal psychological behaviour has 
been the most important factor for deciding to 
undergo surgery for more than half of the parents 
of the children.27

Due to the comprehensive impact of PE on chil-
dren as described above, some researchers 

speculated that the quality of life of children with 
PE would decline and conducted questionnaire 
surveys. Most of the questionnaire results con-
firmed that the quality of life of children with PE 
will decline.28 However, these questionnaires are 
rather subjective. More objective criteria are 
needed to evaluate the impact of PE on children 
in society. We look forward to selecting an appro-
priate outcome to analyse whether PE will cause a 
decline in children’s social competitiveness. It is 
difficult to evaluate the social competitiveness of 
children, and academic performance is a rela-
tively objective indicator. Academic performance 
seems to be the most important social evaluation 
index of minors for parents and students in our 
country. In clinical work, many parents will 
choose to complete PE surgery in winter and 
summer vacation because of the worry about sur-
gery affecting their children’s studies. The chil-
dren in our country place great pressure on their 
academic performance, which provides us with an 
opportunity to observe their competitiveness 
under high intensity. Therefore, we conducted 
this research with academic performance as the 
primary outcome.

There are many factors affecting academic per-
formance. To minimize potential bias, we have 
made attempts in three aspects. First, we stand-
ardized the academic performance of children by 

Table 3. Demographic and preoperative clinical characteristics after PSM.

Variable Surgery
(n = 56)

Nonsurgery
(n = 59)

p value Standardized 
differences

Gender Male/Female (45/11) Male/Female (48/11) 0.89 0.02a

Age 10.0(8.0–11.0) 10.0(8.0–11.0) 0.27 0.13

Haller index 3.26(3.01–3.60) 3.28(2.84–3.87) 0.79 0.07a

Pulmonary Function Normal/Abnormal
(46/10)

Normal/Abnormal
(47/12)

0.73 0.06a

Cardiac Abnormality Normal/Abnormal
(45/11)

Normal/Abnormal
(45/14)

0.60 0.09a

Baseline Performance (%) 57.7.±16.5 58.3 ± 16.7 0.741 0.04a

Endpoint Performance (%) 60.7 ± 17.7 52.1 ± 17.1 0.008* 0.48

Abnormal lung function is defined as (FEV1) less than 80% predicted value or FVC less than 80% predicted value or FEV1/
FVC less than 92% predicted value; Abnormal cardiac function is defined as mitral valve prolapse or arrhythmia; The 
academic performance is reported as what percentage of the students in his/her class did his or her score exceed.
aStandardized differences less than 0.10 indicated absolute balance.
*p < 0.05
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the rank of class to avoid the potential bias caused 
by direct score comparison. Second, we have 
avoided some factors that may affect the perfor-
mance of children, such as diversity of patients, 
death of relatives, leaving the city, or diagnosed 
with major diseases where children need to have 
their school interrupted. Finally, we matched the 
baseline academic performance of the PE chil-
dren with healthy children so that we can better 
observe whether their academic performance of 
PE is abnormal. This study found that the aver-
age baseline academic performance of the chil-
dren with PE was lower than that of the healthy 
children, but the difference did not reach statisti-
cal significance. At the same time, we found that 
HI was a risk factor for the baseline academic per-
formance of the children with PE; the reference 
point was 3.5. HI is the most important index to 
measure the severity of PE at present, and an HI 
greater than 3.5 is considered severe PE. The 
above results confirm that the aggravation of PE 
deformities may affect the academic performance 
of children.

Another key issue in the treatment of PE is the 
time of surgery. Although young age is not a deci-
sive contraindication for the treatment of PE, 
finding a more appropriate age for surgery can 
improve the quality of life of children after sur-
gery. The median age for repair has shifted from 
6 years in the first decade to 15 years in the third 
decade according to the experience of Doctor 
Nuss.29 Some surgeons consider the optimal tim-
ing for PE repair to be 10–14 years of age based 
upon the presence of chest wall malleability and 
the relatively low risk of recurrent PE with subse-
quent growth.30 The Chinese Association of 
Thoracic Surgeons recommends that the appro-
priate age for conducting PE surgery is between 6 
and 12 years old.27 The recommended age for 
surgery is 3 to 12 years old according to the 
Chinese Paediatric Surgery Association.31 
Adolescent surgery is mainly expected to reduce 
the recurrence rate of surgery, while early surgery 
(under the age of 6) is mainly expected to reduce 
the potential disorders of PE.

This study also attempted to explore the impact of 
age on the academic performance of children with 
PE. We found that age is not a risk factor for the 
academic performance of PE children with defi-
nite surgical indications. There was no stable 
trend in the change in baseline academic perfor-
mance of children with PE in the different age 

groups. No significant difference in academic 
performance was observed between the healthy 
and PE groups. However, at the end point of the 
study 6 years after baseline, the academic perfor-
mance of the children in the nonsurgical group 
decreased significantly compared with their aca-
demic performance at baseline. The academic 
performance at the endpoint in the surgery group 
was significantly better than that in the nonsurgery 
group. This suggests that for children with surgi-
cal indications, timely surgery rather than obser-
vation is more conducive to reducing the adverse 
impact of PE on their academic performance.

There are still some limitations in the study. The 
first is the universality of the population. Although 
our institution has carried out nearly 3000 Nuss 
procedures in the past 20 years, the vast majority 
of children are from the western region in China 
(a relatively underdeveloped region), so they 
cannot represent the overall population of Nuss 
patients. The results of this study may not be 
generalizable to the population areas with high 
economic development levels especially outside 
China. Second, although we tried to reduce the 
relevant bias, in the real world, there are many 
factors that affect academic performance, so 
there may be potential unknown factors that 
affect the main conclusions of the study. Third, 
all patients included in the study were conformed 
to definite surgical indications. The conclusions 
of the study may not be suitable for patients with 
mild PE

However, to the best of our knowledge, this is the 
first article to study the impact of PE on academic 
performance. Through this study, we successfully 
demonstrated the potential impairment of PE to 
children on academic performance. This study 
provides evidence to help clinicians and families 
of children decide to actively choose surgery 
rather than observation. We hope that this article 
can attract more clinicians’ attention to the field 
of PE to better help children with PE make clini-
cal decisions and reduce potential damage. Are 
we focusing too much on the physical manifesta-
tions of the disease only? A condition such as PE 
can have far deeper consequences for patients 
than surgeons realize.

Conclusion
For PE children with definite surgical indications, 
their academic performance will significantly 
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decline under 6-year nonsurgical observation. 
The academic performance in the surgery group 
was better than that in the nonsurgery group after 
a follow-up of 6 years. A higher HI was a risk fac-
tor for academic performance.
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