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Abstract

Introduction: The chest wall can exhibit a wide range of abnormalities, from
pectus carinatum (PC), which is a protrusion defect, to pectus excavatum (PE),
a depression defect. This meta-analysis aimed to evaluate the prevalence and
incidence of chest wall deformities (CWDs) in children aged below 18.
Material and methods: The databases of Cochrane Library, PubMed, Scopus,
and Web of Science were searched until March 23, 2024, with an age lim-
itation. The CMA version 3.0 software was used to calculate the effect sizes,
presenting the event rate (ER). A subgroup analysis was conducted based
on continents.

Results: Out of 1,510 initial records, 34 articles were entered into the anal-
ysis. The pooled ER of PE, PC, pectus deformities (PDs), and rib anomaly is
0.5%, 0.6%, 1.2%, and 0.05%, respectively. The pooled ER is 11.4% for the
Marfan’s syndrome incidence in PDs, 19.7% for the mitral valve prolapse
incidence in PDs, 6.2% for the incidence of CWD in cancers, 2.6% for the
incidence of PDs in congenital heart disease, 16% for the incidence of scoli-
osisin PE, 11.1% for the incidence of cardiac anomalies in PDs, 13.4% for the
incidence of abnormal electrocardiogram in PDs, 12.6% for the incidence of
aortic root dilation in PDs, 6.3% for the tricuspid valve prolapse incidence in
PDs, and 2% for the congenital heart disease incidence in PE.

Conclusions: The higher incidence of certain conditions in individuals with
PDs underscores the importance of regular monitoring and comprehensive
care for these patients.

Key words: chest wall deformities, prevalence, incidence, cardiac
anomalies, meta-analysis.

Introduction

The chest wall can display a variety of abnormalities. These range
from pectus carinatum (PC), the second most common deformity, char-
acterized by a protruding chest [1], to pectus excavatum (PE) or “funnel
chest”, which is the most prevalent anterior chest wall deformity (CWD),
where the chest appears sunken in [2, 3]. In certain instances, such as
Poland syndrome, there may be a total absence of ribs and pectoral mus-
cles [2]. PE can be readily corrected using minimally invasive methods,
and PC can be rectified using safe, established traditional techniques [4].
Approximately 1% of the population is affected by pectus deformities
(PDs) [4].
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Indexes of cardiac deformity, like the cardiac com-
pression and cardiac asymmetry indexes that focus
on cardiac deformity, are potentially valuable tools
for preoperative evaluation of PE and for predicting
the outcome of repair using the chest wall com-
pression index [5]. Surgical intervention for Poland
syndrome is typically reserved for patients with se-
vere rib aplasia and significant depression deformi-
ty. Various types of ectopia cordis, including sternal
defects, are also discussed [6, 7]. Notably, even after
surgical correction, there is a significant decrease in
the total lung and inspiratory vital capacities, likely
due to reduced chest wall compliance [8].

Over 5% of patients who present with a primary
complaint of PD will be diagnosed with Marfan’s
syndrome, a figure that stands in contrast to the
0.3% prevalence in the general population [9]. It
seems that only around 4% to 5% of individuals
with severe anterior CWDs exhibit scoliosis [10].
Patients suffering from PE deformity exhibit vary-
ing degrees of right ventricular distortion, which is
linked to a 6% decrease in resting right ventricular
ejection fraction compared to healthy individuals
[11]. For children needing an extracardiac conduit
to rectify their congenital heart defect, it is advised
to first repair the PE, followed by cardiac lesion re-
pair 6 weeks or later, to prevent potential external
compression of the conduit by the indented ster-
num [12]. Research has uncovered multiple harm-
ful functional and structural heart changes in PE,
which include indications of irregular diastolic and
systolic function in the right ventricle and constric-
tion of the atrioventricular groove, which intensify
under stress and are correlated with the severity of
the malformation [13-15].

For many years, an abundance of research has
been performed to enhance the quality of care
through a deeper comprehension of the etiopatho-
genesis, epidemiology, occurrence, and clinical
characteristics of these deformities. Herein, a sys-
tematic review and meta-analysis was designed to
assess, for the first time, the frequency and inci-
dence of CWDs in children under the age of 18.

Material and methods
Research design

The meta-analysis was managed following the
protocols of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
[16]. CoCoPop (condition, context, population)
framework: What is the prevalence and incidence
of CWDs in children in the world? The study has
not been registered in any database.

Determination of articles

A comprehensive investigation was conducted by
a single author (Y.P.) in the databases of Cochrane

Library, PubMed, Scopus, and Web of Science up
until March 23, 2024, with an age limitation. The
titles and abstracts of the papers were evaluated.
Following that, the complete texts of the papers that
satisfied the selection criteria were retrieved. The
search strategy incorporated: (“pectus anomal*” or
“chest anomal*” or “chest wall deformit*” or “pec-
tus excavatum” or “pectus carinatum” or “Poland
syndrome” or “sternal cleft” or “ectopia cordis” or
“Jeune syndrome” or “Jarcho Levin syndrome” or
“keeled chest” or “funnel chest”) and (“prevalen*” or
“incidenc*” or “occur*” or “Frequency”) and (“child*”
or “pediatric*” or “teenager*” or “adolescent™ or
“juvenile” or “infant*”). The bibliographies of the
obtained articles were scrutinized to ensure no rel-
evant research was missed. Another author (YJ.)
reconfirmed the search and selection procedure.
Any disagreements between the two authors were
settled by a third author (W.H.). Since this study is
a meta-analysis, it does not require ethical approval.

Eligibility criteria

The criteria for inclusion were as follows:
1) Case-control, cross-sectional, and cohort stud-
jes that reported on CWDs. 2) Patients who had
not received any treatment or were undergoing
surgery. 3) Studies that included cases of individu-
als under 18 years old. Conversely, review articles,
articles with incomplete or no data, animal stud-
ies, articles lacking a control group, book chapters,
and duplicate studies were omitted.

Data summary

Two authors (Y.P. and Z.Y.) independently gath-
ered the data from the studies that were incorpo-
rated into the meta-analysis. The collected data
encompassed the first author’s name, the year of
publication, the study’s country, the continents
where the cases were located, the patient count,
and the quality score.

Quality evaluation

One author (LL) conducted the quality assess-
ment using the Newcastle-Ottawa Scale (NOS)
tool [17]. This tool evaluates a study from three
broad perspectives (modified for cross-sectional
studies): the selection process of the study groups
(5 points), the comparability of the groups (1 point),
and the outcome of interest (3 points) for case-con-
trol studies. A study with a score of 7 or more is
considered high-quality (https://cdn-links.lww.
com/permalink/ejgh/a/ejgh_31_9 2019_07_18_
nguyen_15743 sdc1.pdf).

Statistical analysis

The Comprehensive Meta-Analysis version 3.0
(CMA 3.0) software was used to compute the
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effect size, presenting the event rate (ER). In the
event that the P terogencity WaS under 0.1 (> > 50%),
signifying substantial heterogeneity, a random-ef-
fects model [18] was applied. Conversely, if the
heterogeneity was not significant, a fixed-effect
model [19] was put into use.

A subgroup analysis was conducted based on
continents. Subgroup analysis is a method that
enables deeper investigation to understand how
specific variables influence the result of secondary
data analysis. The potential for publication bias
was assessed using Begg’s test [20], and the asym-
metry level was evaluated using Egger’s test [21].
The p-values were derived from both tests and
a two-sided p-value of less than 0.10 suggested
the existence of publication bias. In terms of sensi-
tivity analysis, analyses were used to evaluate the
robustness and reliability of the combined ER.

Results
Study selection

The total number of identified records was
1,510, comprising 1,508 records identified through
main databases and an additional 2 records from
other electronic sources (Figure 1). After removing
duplicates, 856 records remained for further assess-
ment. Out of the 856 screened records, 49 full-text
articles were assessed for eligibility. The flowchart
shows that 807 records were excluded during this
step, along with 15 full-text articles with the rea-
sons. Finally, 34 articles [9, 12, 22-53] were includ-
ed in the systematic review and the meta-analysis.

Characteristics of the articles

Table | lists articles included in the meta-anal-
ysis. The articles are characterized by the first au-
thor and publication year, the country of the study,
the number of cases studied, and a quality score
for each study. The studies were conducted in var-
ious countries, with a significant number from the
USA and Turkey. Other countries include Spain,
Germany, Brazil, Iran, Korea, China, Thailand, It-
aly, Denmark, and Poland. The number of cas-
es in these studies varies widely, from as few as
15 cases to as many as 25,117 cases. Some stud-
ies specify the type of cases, such as those with
PE, PDs, congenital heart disease (CHD), or can-
cers. The quality score ranges from 6 to 8. Most
of the studies have a quality score of > 7, indi-
cating relatively high-quality research. The studies
have been published from 1985 to 2023, showing
a long-term interest in this research area.

Pooled ERs

Figure 2 shows the prevalence of PE, a condi-
tion where the sternum sinks into the chest. The

Records identified Records identified
< through database
kel . through other
=] searching (n = 1508) databases or
S PubMed: 537 electronic sources
g Web of Science: 275 searchin
= Scopus: 694 (n= Z)g
Cochrane Library: 2 -
\ A4
Records after duplicates removed
00 (n =856)
f=
'c
[}
g )\
A
Records screened | Records excluded
(n = 856) g (n = 807)
Y
g‘ Full-text articles Full-text articles
a assessed for eligibility > excluded, with
oo *
= (n=49) reasons* (n = 15)
Y
Articles included in
systematic review
(n=34)
o
(9]
o
=
=] Y
=
Articles included in
meta-analysis
(n=34)

Figure 1. Flowchart of the study selection

*7 reviews. 4 mixed child and adult individuals. 1 had no
data. 3 included individuals under treatment/surgery.

pooled ER is 0.5% (5% Cl: 0.3-0.9%). A high /2 value
(91.41%) may suggest substantial heterogeneity.

Figure 3 shows the prevalence of PC, a condi-
tion where the sternum protrudes. The pooled ER
i50.6% (5% Cl: 0.5-0.8%). A high 2 value (85.93%)
may suggest substantial heterogeneity.

Figure 4 shows the prevalence of PDs. The
pooled ER is 1.2% (5% Cl: 0.9-1.5%). A high /2 value
(92.26%) may suggest substantial heterogeneity.

Figure 5 shows the prevalence of rib anoma-
ly. The pooled ER is 0.05% (5% Cl: 0.01-0.16%).
A high 2 value (78.02%) may suggest substantial
heterogeneity.

Figure 6 shows the Marfan’s syndrome inci-
dence in PDs (2 = 91.21%) and the mitral valve
prolapse (MVP) incidence in PDs. The pooled ER
is 11.4% (5% Cl: 3.5-31.4%) for the Marfan’s syn-
drome incidence in PDs and 19.7% (5% Cl: 10.2—
34.7%) for the MVP incidence in PDs.

Figure 7 shows the incidence of CWDs in can-
cers (I = 82.50%), the incidence of PDs in CHD
(I =99.40%, and the scoliosis incidence in PE (2 =
91.41%). The pooled ER is 6.2% (5% Cl: 2.8-14.1%)
for the incidence of CWDs in cancers, 2.6% (5% Cl:
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Table 1. Characteristics of the articles included in the meta-analysis

First author, publication year Country Number of cases Quality score
Golladay, 1985 [31] USA 42 with pectus excavatum 6
Shamberger, 1988 [12] USA 20860 7
Cascos, 1989 [25] Spain 2000 with congenital heart disease 7
Park, 1990 [38] USA 87 with pectus deformities 7
Seliem, 1992 [43] USA 31 with pectus excavatum 7
Yiicesan, 1993 [52] Turkey 19750 8
Donnelly, 1999 [29] USA 200 7
Mandhan, 1999 [37] USA 129 with pectus deformities 7
Soysal, 1999 [45] Turkey 2500 8
Trobs, 2001 [48] Germany 45 with cancers 7
Berktafl, 2001 [24] Turkey 3183 7
Esme, 2006 [30] Turkey 3779 8
Rhee, 2008 [42] USA 37 with pectus excavatum 7
Westphal, 2009 [51] Brazil 1332 7
Rajabi-Mashhadi, 2010 [41] Iran 13586 8
Coskun, 2010 [28] Turkey 1342 7
Hong, 2011 [32] Korea 248 with pectus excavatum 7
Shu, 2011 [44] China 406 with pectus excavatum 7
Venkatramani, 2013 [49] USA 109 with cancers 7
Tokur, 2016 [46] Turkey 25117 8
Jantarawan, 2017 [34] Thailand 52 with congenital heart disease 7
Park, 2017 [39] USA 468 with pectus deformities 7
Zhong, 2017 [53] China 15 with pectus excavatum 7
Tomaszewski, 2017 [47] Poland 54 with pectus excavatum 7
Akkas, 2018 [23] Turkey 14108 8
Behr, 2019 [9] USA 241 with pectus deformities 7
Port, 2020 [40] USA 155 with pectus carinatum 7
Chelleri, 2021 [26] Italy 693 with cancers 7
Christensen, 2021 [27] Denmark 1046 with pectus excavatum 7
Wang, 2022 [50] China 256 with pectus excavatum 7
Acipayam, 2023 [22] Turkey 36 with pectus excavatum 8
Katrancioglu. 2023 [36] Turkey 15862 8
Karabulut, 2023 [35] Turkey 109 with pectus deformities 8
Hou, 2023 [33] China 575 with pectus excavatum 6

0.1-32.9%) for the incidence of PDs in CHD, and
16% (5% Cl: 9.5-25.7%) for the incidence of sco-
liosis in PE.

Figure 8 shows the incidence of cardiac anom-
alies in PDs (/> = 98.19%), the incidence of ab-
normal electrocardiogram in PDs, the incidence of
aortic root dilation in PDs (1> = 76.30%), the tri-
cuspid valve prolapse (TVP) incidence in PDs, and
the CHD incidence in PE (2 = 00.00%). The pooled
ER is 11.1% (5% Cl: 3.0-33.3%) for the incidence
of cardiac anomalies in PDs, 13.4% (5% Cl: 6.2—
26.9%) for the incidence of abnormal electrocar-
diogram in PDs, 12.6% (5% Cl: 6.8-22.2%) for
the incidence of aortic root dilation in PDs, 6.3%

(5% Cl: 0.3-62.3%) for the incidence of TVP in
PDs, and 2% (5% Cl: 1.2-3.4%) for the incidence
of CHD in PE.

Subgroup analysis

A subgroup analysis was done based on conti-
nent (Table Il). The result showed that the preva-
lence of PE, the prevalence of PC, and the preva-
lence of PDs in Asian individuals were higher than
in American individuals. In addition, the MVP inci-
dence in PDs and the incidence of scoliosis in PE
in American individuals were higher than in Asian
individuals.
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Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Z-value  P-value
rate limit limit
Donnelly, 1999 0.020 0.008 0052  -7.705  <0.001 ——
Katrancioglu, 2023 0.006 0.005 0.007 -49.674 < 0.001 .
Rajabi-Mashhadi, 2010  0.005 0.004 0.007 -44.672 < 0.001 -
Westphal, 2009 0.010 0.006 0.017 -16.575 < 0.001 .—
Coskun, 2010 0.026 0.019 0.036 -21.136 < 0.001 —.—
Akkas, 2018 0.005 0.004 0.007 -45370 < 0.001 .
Esme, 2006 0.005 0.003 0.008 -22.991 < 0.001 .
Soysal, 1999 0.003 0.001 0.006 -15.523 < 0.001
Berktafl, 2001 0.003 0.001 0.005 -17.572 < 0.001
Tokur, 2016 0.001 0.000 0.001 -28.024 < 0.001
0.005 0.003 0.009 -20.238 < 0.001 ‘
-0.05  -0.03 0 0.03 0.05
Figure 2. Prevalence of pectus excavatum (/2 = 91.41%)
Study name Statistics for each study Event rate and 95% ClI
Event Lower Upper Z-value  P-value
rate limit limit
Donnelly, 1999 0.020 0.008 0.052 -7.705 < 0.001 —.
Katrancioglu, 2023 0.007 0.006 0.008 -52.023 < 0.001 -
Rajabi-Mashhadi, 2010  0.004 0.003 0.006 -41.433 < 0.001 .
Westphal, 2009 0.007 0.004 0.013 -14.921 < 0.001 -—
Coskun, 2010 0.006 0.003 0.012 -14.428 < 0.001 -—
Akkas, 2018 0.009 0.007 0.010 -52.026 < 0.001 -
Esme, 2006 0.002 0.001 0.004 -15.772 < 0.001
Soysal, 1999 0.010 0.006 0.014 -22.604 < 0.001 -'
Berktafl, 2001 0.001 0.000 0.003 -12.060 < 0.001
Tokur, 2016 0.009 0.008 0.010 -70.797 < 0.001 .
0.006 0.005 0.008 -36.065 < 0.001 ‘
-0.05 -0.03 0 0.03 0.05
Figure 3. Prevalence of pectus carinatum (/> = 85.93%)
Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Z-value  P-value
rate limit limit
Donnelly, 1999 0.040 0.020 0078  -8.807  <0.001 ——-
Katrancioglu, 2023 0.013 0.011 0.015 -61.753 < 0.001 -
Rajabi-Mashhadi, 2010  0.010 0.008 0.012 -52.870 < 0.001 .
Westphal, 2009 0.017 0.011 0.025 -19.010 < 0.001 -.—
Coskun, 2010 0.032 0.024 0.043 -21.988 < 0.001 —.—
Akkas, 2018 0.014 0.012 0.016 -59.334 < 0.001 .
Esme, 2006 0.007 0.004 0.010 -24.975 < 0.001 .
Soysal, 1999 0.012 0.009 0.018  -24.222  <0.001 B
Berktafl, 2001 0.004 0.002 0.007 -19.282 < 0.001 .
Tokur, 2016 0.010 0.009 0.011 -71.965 < 0.001 -
Yucesan, 1993 0.008 0.007 0.009 -59.679 < 0.001 -
0.012 0.009 0.015 -36.333 < 0.001 .
-0.05 -0.03 0 0.03 0.05

Figure 4. Prevalence of pectus excavatum + pectus carinatum (1 = 92.26%)

Sensitivity analysis

Both “cumulative” and “one-study-removed”
analyses recommended the stability of the pooled

results.

Publication bias

Neither Egger’s nor Begg’s tests indicated any
publication bias among the studies (p > 0.10). The
Supplementary Figures S1-S12 present the funnel
plots for the analyses that included at least three
studies.
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Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Z-value  P-value
rate limit limit
Katrancioglu, 2023 0.0004 0.0002 0.0009  -20.4348 < 0.0001
Akkas, 2018 0.0001 0.0000 0.0005 -9.5541 < 0.0001
Esme, 2006 0.0019 0.0009 0.0039  -16.6249 < 0.0001
Soysal, 1999 0.0004 0.0001 0.0028 -7.8221 < 0.0001
0.0005 0.0001 0.0016  -12.2418 < 0.0001
-1.0 -0.5 0 0.5 1.0
Figure 5. Prevalence of rib anomaly (? = 78.02%)
A
Study name Statistics for each study Event rate and 95% Cl
Event Lower Upper Z-value  P-value
rate limit limit
Golladay, 1985 0.095 0.036 0.228 -4.283 < 0.001
Karabulut, 2023 0.256 0.173 0.361 -4.215 < 0.001 -
Behr, 2019 0.054 0.032 0.091 -10.045 < 0.001
0.114 0.035 0.314 -3.171 0.002 ’
-1.0 -0.5 0 0.5 1.0
B
Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Z-value  P-value
rate limit limit
Karabulut, 2023 0.275 0.200 0.366 —4.515 < 0.001 .
Park, 1990 0.230 0.153 0.330 —4.745 < 0.001 -
Seliem, 1992 0.548 0.374 0.711 0.538 0.591
Acipayam, 2023 0.556 0.393 0.707 0.665 0.506 1
Behr, 2019 0.191 0.146 0.245 -8.812 < 0.001 .
Port, 2020 0.032 0.013 0.075 —7.482 < 0.001
Mandhan, 1999 0.016 0.004 0.060 -5.825 < 0.001
0.197 0.102 0.347 -3.566 < 0.001 ’
-1.0 -0.5 0 0.5 1.0

Figure 6. A — Incidence of Marfan’s syndrome in pectus deformities (/> = 91.21%). B — Incidence of mitral valve

prolapse in pectus deformities (* = 92.19%)

Discussion

The study discovered that a significant propor-
tion (44%) of patients who underwent surgical
correction for PE had a history of comorbidities
and previous medical conditions. There was a no-
ticeable prevalence of conditions such as hernias,
allergies, asthma, psychiatric disorders, and past
polyp-/tonsillectomies (27), as well as cardiac ab-
normalities, Marfan’s syndrome (9), scoliosis, can-
cers (27), obstructive sleep apnea, and pulmonary
blebs [54, 55]. Children with a family history of
CWDs tend to have a higher awareness of the de-
formity, especially in more insular societies. This is
because the knowledge of the disease is already
present within the family [23].

This present systematic review and meta-anal-
ysis presents various figures showing the preva-
lence and incidence of different CWDs and related
conditions. PE and PC have a prevalence of 0.5%

and 0.6%, respectively, while PDs overall have
a prevalence of 1.2%. Rib anomalies are less com-
mon with a prevalence of 0.05%. The incidence
of Marfan’s syndrome and MVP in PDs is 11.4%
and 19.7% respectively. The study also shows the
incidence of CWDs in cancers (6.2%), PDs in CHD
(2.6%), and scoliosis in PE (16%). Cardiac anoma-
lies, abnormal electrocardiograms, aortic root dila-
tion, TVP and CHD in PE have incidences of 11.1%,
13.4%, 12.6%, 6.3%, and 2% respectively. A sub-
group analysis showed a higher prevalence of PDs
in Asian individuals compared to American indi-
viduals, but a higher incidence of MVP and scolio-
sis in American individuals. The results were found
to be stable and no publication bias was detected.

In younger patients, the thoracic wall’s flexibil-
ity allows the heart to shift to the left, reducing
heart compression somewhat [22]. However, as
individuals age, the thoracic wall loses its flex-
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A
Study name Statistics for each study Event rate and 95% C|
Event Lower Upper Z-value  P-value
rate limit limit
Trobs, 2001 0.067 0.022 0.187 -4.416 < 0.001
Chelleri, 2021 0.035 0.023 0.051 -16.018 < 0.001
Venkatramani, 2013 0.110 0.064 0.184 -6.829 < 0.001 .
0.062 0.026 0.141 -5.850 < 0.001 ’
-1.0 -0.5 0 0.5 1.0
B
Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Z-value  P-value
rate limit limit
Jantarawan, 2017 0.288 0.182 0.425 -2.950 0.003 -.—
Sanchez Cascos, 1989 0.045 0.037 0.055 -28.323 < 0.001
Shamberger, 1988 0.001 0.001 0.002 -32.129 < 0.001
0.026 0.001 0.329 —2.441 0.015
-1.0 -0.5 0 0.5 1.0
C
Study name Statistics for each study Event rate and 95% Cl
Event Lower Upper Z-value  P-value
rate limit limit
Hong, 2011 0.226 0.178 0.282 -8.113 < 0.001
Zhong, 2017 0.533 0.293 0.759 0.258 0.796
Tomaszewski, 2017 0.148 0.076 0.269 -4.566 < 0.001
Tokur, 2016 0.071 0.010 0.370 -2.472 0.013
Hou, 2023 0.256 0.222 0.293 -11.179 < 0.001
Park, 2017 0.094 0.071 0.124 -14304 < 0.001
Mandhan, 1999 0.023 0.008 0.070 -6.398 < 0.001
0.160 0.095 0.257 -5.440 < 0.001
-1.0 -0.5 0 0.5 1.0

Figure 7. A — Incidence of chest wall deformities in cancers (> = 82.50%). B — Incidence of pectus deformities in
congenital heart disease (1? = 99.40%). C — Incidence of scoliosis in pectus excavatum (? = 91.41%)

ibility, becomes stiffer, and the heart’s leftward
shift decreases, leading to increased heart com-
pression and symptoms [56]. A considerable num-
ber of PE patients show one or more functional
and/or morphological changes in the heart [15].
Moreover, the extent of these changes correlates
with chest deformation indexes and the cardiac
compression classification, which pinpoints the
maximum compression location on the right heart
chambers [15]. Numerous studies in the literature
have reported that CWDs impact cardiopulmonary
functions. It has been reported that cardiopulmo-
nary functions improve after surgery [57, 58].

A study conducted on a large Turkish popula-
tion revealed that CWDs were more prevalent in
boys (0.96%), with PC being the most common
deformity [23]. It is well known that CWDs and
scoliosis often occur together. Westphal et al. re-
ported a 15% co-occurrence rate among Brazil-
ian students, but this study found a lower rate of
5.03% [51]. Despite this, no link was discovered

between the severity of the deformity and scoli-
osis, a conclusion also drawn by Frick in their re-
view [10]. This discrepancy could be due to the ab-
sence of simultaneous inspection and radiological
assessment in the studies.

In a comprehensive, single-center review span-
ning from 1987 to 2010, Kelly et al. found that
2.8% of patients who underwent surgical correc-
tion for PE were genetically diagnosed with Mar-
fan’s syndrome, and an additional 17% exhibited
clinical signs indicative of Marfan’s syndrome [59].
Numerous studies that explore the connections
between PE, Marfan’s syndrome, and cardiovascu-
lar defects primarily focus on patients who have
undergone surgical repair for excavatum [9]. Car-
diovascular defects linked to Marfan’s syndrome
are the primary contributors to morbidity and
mortality in these patients [60, 61]. Furthermore,
75% of patients with Marfan’s syndrome experi-
ence MVPR which can lead to complications such
as mitral valve regurgitation [60, 61].
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Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Z-value  P-value
rate limit limit
Christensen, 2021 0.020 0.013 0.031 -17.637 < 0.001
Behr, 2019 0.349 0.291 0411  -4627  <0.001 [ ]
Wang, 2022 0.105 0.073 0.149 -10.507 < 0.001 -
Port, 2020 0.155 0.106 0.221 -7.644  <0.001 B
0.111 0.030 0.333 -2.937 0.003 ’
-0.5 0 0.5 1.0
Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Z-value  P-value
rate limit limit
Wang, 2022 0.090 0.060 0.132 -10.594 < 0.001
Tokur, 2016 0.192 0.148 0.245 -9.035  <0.001 -
0134 0062 0269  -4238 <0001 &
-0.5 0 0.5 1.0
Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Z-value  P-value
rate limit limit
Port, 2020 0.071 0.040 0.124 -8.222 < 0.001
Rhee, 2008 0.243 0.132 0405  -2962  0.003 B
Behr, 2019 0120  0.085 0168  -10047 <0.001 B
0.126 0.068 0.222 -5.574 < 0.001 ‘
-0.5 0 0.5 1.0
Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Z-value  P-value
rate limit limit
Acipayam, 2023 0.250 0.136 0.415 -2.854  0.004 B
Behr, 2019 0.012 0.004 0.038 -7.528 < 0.001
0.063 0.003 0.623 -1.653 0.098
-0.5 0 0.5 1.0
Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Z-value  P-value
rate limit limit
Shu, 2011 0.022 0.012 0.042 -11.234 < 0.001
Acipayam, 2023 0.028 0.004 0.173 -3.506 < 0.001
Wang, 2022 0.016 0.006 0.041 -8.221 < 0.001
0.020 0.012 0.034 -14.339 < 0.001 .
-0.5 0 0.5 1.0

Figure 8. A — Incidence of cardiac anomalies in pectus deformities (> = 98.19%). B — Incidence of abnormal
electrocardiogram in pectus deformities. C — Incidence of aortic root dilation in pectus deformities (1 = 76.30%).
D - Incidence of tricuspid valve prolapse in pectus deformities. E — Incidence of congenital heart disease in pectus

excavatum (/2 = 00.00%)
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Table Il. Subgroup analysis

Group Subgroup (N) ER 95% Cl I?
Prevalence of pectus Continent Asia (8) 0.4% 0.2-0.8% 95.78%
excavatum Americas (2) 1.2% 0.7-1.8% 37.18%
Prevalence of pectus carinatum Continent Asia (8) 0.6% 0.4-0.8% 88.36%
Americas (2) 1.1% 0.4-3.1% 69.59%
Prevalence of pectus Continent Asia (9) 1.1% 0.8-1.4% 92.90%
deformities Americas (2) 2.5% 1-5.8% 76.63%
Incidence of mitral valve Continent Asia (2) 40.1% 17.3-68.3% 88.83%
prolapse in pectus deformities Americas (5) 13.3% 5.2-30.1% 92.64%
Incidence of scoliosis in pectus Continent Asia (4) 26% 19.2-34.3% 64.83%
excavatum Americas (2) 5.2% 1.3-18.7% 83.09%

Limitations: 1) The small numbers of studies
published for each analysis, which meant that we
had an incomplete subgroup analysis and no me-
ta-regression analysis. 2) High heterogeneity be-
tween the studies and therefore the results should
be interpreted with caution. Strengths: 1) The sta-
bility of the pooled results. 2) Lack of publication
bias. 3) Having high quality in most studies.

In conclusion, this comprehensive meta-analy-
sis provides a detailed overview of the prevalence
and incidence of various CWDs and associated
conditions. The results indicate a substantial
heterogeneity across the studies, suggesting the
need for further research to understand the un-
derlying causes of these variations. The study also
highlights the higher prevalence of PDs in Asian
individuals compared to American individuals,
and a higher incidence of certain conditions such
as MVP and scoliosis in PE in American individuals.

The findings of this study have significant clin-
ical implications. Understanding the prevalence
and incidence of these deformities can help in ear-
ly detection and treatment, potentially improving
the quality of life for affected individuals. More-
over, the higher incidence of certain conditions in
individuals with PDs underscores the importance
of regular monitoring and comprehensive care for
these patients.

In future, it would be beneficial to conduct
more region-specific studies to understand the
factors contributing to the observed geographical
differences in the prevalence of these deformities.
Additionally, longitudinal studies could provide
insights into the long-term outcomes and effec-
tiveness of various treatment strategies for these
conditions. The stability of the pooled results, as
indicated by the “cumulative” and “one-study-re-
moved” analyses, provides a solid foundation for
future research in this area. Finally, the absence
of publication bias, as indicated by both Egger’s
and Begg’s tests, adds to the credibility of these
findings and underscores the need for continued
research in this field.
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