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ABSTRACT
Background:  Owing to the widespread opportunistic LDCT screening leading to increased 
overdiagnosis in Asian countries, such as South Korea, mainland China, and Taiwan, this study 
seeks to analyze the divergence in SSN prevalence between Eastern and Western nations, focusing 
on the influence of SSN on the growing overdiagnosis trend, notably among females.
Methods:  This retrospective study collected data from 4166 participants who underwent baseline 
LDCT in a hospital-based cohort between January 2014 and August 2021. Clinical parameters, 
including age, sex, lung imaging reporting and data system (Lung-RADS) categories, smoking 
history, pack-year dose, and SSN characteristics, were extracted from electronic medical records. 
Additionally, a narrative review and pooled analysis integrated relevant published studies on the 
prevalence of subsolid nodules and sex disparities.
Results:  The study encompassed 4166 participants, with females accounting for 49.3% and males 
for 50.7%, with a mean age of 53.38 ± 10.89. The prevalence of SSNs was significantly higher in 
females (20.1%) than in males (12.6%). Pooled analysis across seven studies revealed a significantly 
higher prevalence of SSN in Eastern countries (12.6%) compared to the prevalence in Western 
countries (3.6%) (test for subgroup differences: p < 0.01; I2 = 100%). Additionally, a notable sex 
difference was observed in the prevalence of SSNs (risk ratio = 0.489, 95% CI: 0.301–0.796, p < 0.01; 
reference group: male group).
Conclusions:  Apart from differences in clinical management and health literacy regarding SSNs 
between Eastern and Western countries, the high prevalence of SSNs in Asian nations, particularly 
among females, significantly contributes to the issue of overdiagnosis in opportunistic lung 
cancer screening in Asian countries. Tailored sex-specific strategies and risk prediction models are 
essential for effective screening optimization.

Abbreviations:  LDCT: Low-Dose computed tomography; Lung-RADS: Lung Imaging Reporting 
and Data System; GGNs: Ground-glass nodules; SSN: Subsolid nodule; CIs: Confidence intervals; 
IPD: Individual participant data

Introduction

With the widespread global application of low-dose 
computed tomography (LDCT) for lung cancer screen-
ing, numerous studies in Western countries have 
demonstrated reduced lung cancer mortality among 
high-risk smokers [1,2]. In recent years, several Eastern 
countries, including mainland China, South Korea, and 
Taiwan, have adopted similar LDCT lung cancer 

screening policies as those in Western countries of 
employing LDCT for lung cancer screening, primarily 
targeting high-risk smokers [3–5]. However, owing to 
the high prevalence of non-smoking-related lung can-
cer in Asia and the often-advanced stage at which the 
cancer is usually detected, Taiwan implemented the 
first national lung cancer screening policy in 2022, 
simultaneously targeting both high-risk smokers and 
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familial lung cancer patients [6]. Moreover, due to the 
fear of lung cancer mortality among Asian popula-
tions, many individuals are willing to undergo LDCT 
lung cancer screening at their own expense [7]. 
Interestingly, the aforementioned countries have 
observed apparent instances of overdiagnosis, particu-
larly in the female group [3–5]. However, a limited 
level of overdiagnosis is observed based on real-world 
data from the United States [8]. Due to the predomi-
nant source of overdiagnosis in Asian countries stem-
ming from the non-smoking-related lung 
adenocarcinoma spectrum, particularly at stages IA 
and 0, the primary rationale of this study was to 
assume varying levels of overdiagnosis due to differ-
ences in the prevalence of Subsolid Nodules (SSNs) 
between Eastern and Western screening populations. 
Previous literature suggests that Western countries 
typically recommend an active surveillance approach, 
especially for pure ground-glass nodules, when man-
aging subsolid nodules [9]. However, in Asian coun-
tries, there is a collective concern regarding lung 
cancer among nonsmokers [10]. According to relevant 
literature in Asia, among patients undergoing lung 
cancer screening, the proportion of those with 
ground-glass nodules undergoing surgery is 6%, while 
for some part-solid nodules, the rate of undergoing 
surgery is as high as 26% [11]. These findings highlight 
substantial disparities in clinical decision-making 
regarding subsolid nodules between Eastern and 
Western medical practices. The reason for potential 
overdiagnosis in Asian population comes from 
over-management. The reasons for over-management 
in lung cancer screening in Asia are quite complex. 
The complexity of overdiagnosis in lung cancer screen-
ing in Asia arises from a variety of factors, including 
distinctions in ethnic biological traits, diverse medical 
decision-making processes, and influences from health 
literacy and cultural aspects. This study specifically 
seeks to shed light on unique biological differences 
that might be driving overdiagnosis. Persistent SSNs in 
Asian populations often belong to the adenocarci-
noma spectrum, especially those with ground-glass 
opacities, indicating indolent in situ or early-stage lung 
cancer lesions [12,13]. Therefore, if the prevalence of 
SSNs is higher in Asian countries than in Western 
countries, and a widespread concern is present about 
non-smoking-related lung cancer mortality in this area, 
excessive management of ground-glass nodules may 
lead to increased overdiagnosis.

Previous studies have not directly examined differ-
ences in the prevalence rates of SSNs between Eastern 
and Western populations, leading to scattered data 
across low-dose computed tomography LDCT lung 

cancer screening studies worldwide [14–18]. The hypoth-
esis of this study is that if Asian populations indeed 
have a higher prevalence of subsolid nodules (SSNs), it 
would result in more frequent surgical interventions, 
further amplifying the likelihood of overdiagnosis. This 
study aims to fill this gap by investigating SSN preva-
lence in an Asian lung cancer screening population and 
comparing it with Western countries. Additionally, it 
seeks to explore any sex disparities in SSN prevalence 
within the Asian population, potentially shedding light 
on biological differences contributing to SSN prevalence 
between Eastern and Western nations and informing 
the understanding of potential overdiagnosis in Asian 
lung cancer screening programs. Thus, our study is 
designed to conduct a comprehensive pooled analysis 
of the literature to assess SSN prevalence in the base-
line LDCT screening and compare rates between Eastern 
and Western populations. Moreover, we plan to inte-
grate findings from a hospital-based cohort to validate 
the heightened prevalence of SSNs among Asian popu-
lations, particularly focusing on female cohorts.

Methods

Study population cohort

We collected data from the imaging database of our 
hospital, encompassing 4166 participants who under-
went baseline LDCT between January 2014 and August 
2021 shown in Table 1. This study was approved by 
the Ethics Committee of Kaohsiung Veterans General 
Hospital (IRB number: KSVGH23-CT12-11). Given the 
retrospective nature of this study, the requirement for 
written informed consent was waived by the Ethics 
Committee. The specific eligibility criteria for LDCT 
lung cancer screening in this study include: individuals 
with high-risk smoking histories, or heightened 
self-awareness of lung cancer risk due to the preva-
lence of non-smoking-related lung cancer in the Asian 
population. We documented the clinical profiles to cat-
egorize the LDCT screening participants into different 
risk-type groups. Using the electronic medical record 
system of the hospital, we documented various clinical 
characteristics such as age, sex, lung imaging report-
ing and data system (Lung-RADS 1.1 version) catego-
ries, smoking habits, pack-year dose, prevalence of 
SSNs, prevalence of pure ground-glass nodules, and 
the percentage of pure ground-glass nodules (GGNs) 
exceeding 3 cm at the individual level at the baseline 
LDCT. The "Smoking" definition, reflects smoking sta-
tus, defined as ever-smokers with <15 years since quit-
ting or current smokers. The "Smoking" definition 
indicates smoking status, classifying individuals as 
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current smokers or those who quit smoking within the 
past 15 years. If the SSN remains unchanged or does 
not show significant resolution within this timeframe, 
it is classified as a persistent SSN. Conversely, if the 
SSN resolves or disappears within three months, it is 
considered a transient SSN, indicating that the nodule 
did not persist and likely does not pose a long-term 
risk. During the heightened international pandemic 
period from 2020 to 2021, stringent isolation measures 
required all patients undergoing LDCT scans to 
undergo a COVID nucleic acid test, ensuring a nega-
tive result before entering our hospital. We also con-
firmed through the hospital’s electronic medical record 
system that all cases had no diagnosis of COVID pneu-
monia three months before receiving LDCT examina-
tion. Therefore, covid-related GGN infiltration or 
nodular-like opacities could be ignored in this study.

Narrative evidence reviews and pooled data 
analysis

Regarding the literature review, we first searched for 
previously published studies that aimed to report SSN 
prevalence in the baseline lung cancer screening study 
cohorts from Western or Eastern countries. This 
meta-analysis adhered to the PRISMA guidelines (2009). 
A comprehensive literature search was conducted to 
identify studies published in English, British English, 
French, or Latin available in PubMed and the Cochrane 
Library. Duplicate entries were removed, and the 
remaining articles, along with their cited references, 
were thoroughly reviewed. Two independent authors 
(F.Z.W and Y.J.W.) carried out the search using the 
terms: “lung cancer screening,” “subsolid nodules,” and 
“LDCT.”. Ultimately, seven studies were included in the 
analysis shown in supplement Figure 1. Additionally, 
reviews addressing the SSN percentage between 
female and male cohorts were also included in the 

analysis. Finally, we included the aforementioned data 
in our study and relevant data derived from narrative 
reviews for pooled analysis. The following information 
was extracted from each study according to a 
pre-specified protocol addressing SSN prevalence: first 
author, publication year, research country, study popu-
lation size, mean age distribution, number of SSNs 
(prevalence), and transient SSN number at the individ-
ual level (transient SSN prevalence). All data were 
independently extracted from the eligible studies by 
the authors (FZW). Regarding SSN prevalence between 
the female and male groups, the following information 
was extracted from each study according to a 
pre-specified protocol: first author, publication year, 
research country, study population size, male/female 
group number, and number of SSNs in each group. In 
this pooled analysis, we assessed the pooled preva-
lence of SSNs in six selected studies [15–19]. A 
random-effects model was used to calculate the 
pooled prevalence estimates of the SSNs in each study. 
Pooled prevalence estimates are expressed as mean 
estimates and 95% confidence intervals (CIs). We used 
an I2 statistic estimate of ≥50% as an indicator of large 
statistical heterogeneity. To explore the potential 
sources of heterogeneity, a subgroup analysis was con-
ducted based on Western or Eastern countries. To ana-
lyze the proportion of SSNs between female and male 
cohorts, we examined the incidence of SSNs in the 
selected studies, stratified by male and female groups, 
to compare the prevalence of SSNs across gen-
ders[15,19]. The study’s flowchart, including the exist-
ing cohort population and the pooled analysis derived 
from a narrative review are represented in Figure 1.

Statistical analysis

SPSS for Windows (version 22.0; SPSS Inc., Armonk, NY, 
USA) was used for the comprehensive statistical 

Table 1. C linical and demographic characteristics of the study population by gender.
All cohort (N = 4166) Male group (N = 2111) Female group (N = 2055) P-value

Age (years), mean ± SD 53.38 ± 10.89 53.27 ± 17.54 53.74 ± 10.74 0.016
Sex

–  Male 2111 (50.7%) – –
 F emale 2055 (49.3%) – –
Lung-RADS 0.139
  0 1 (0.02%) 1 (0.05%) 0 (0%)
  1 2756 (66.2%) 1466 (69.4%) 1290 (62.8%)
  2 1230 (29.5%) 557 (26.4%) 673 (32.7%)
  3 68 (1.6%) 37 (1.8%) 31 (1.5%)
  4 95 (2.3%) 41 (1.9%) 54 (2.6%)
GGN (%) 562 (13.5%) 205 (9.7%) 357 (17.4%) <0.001
SSN (%) 679 (16.3%) 265 (12.6%) 414 (20.1%) <0.001
GGN > = 3 cm (%) 2 (0.05%) 1 (0.1%) 1 (0.1%) 0.926
Smoking 1134 (27.2%) 1004 (47.6%) 130 (6.3%) <0.001
Pack-years (dose) 19.18 ± 14.33 20.03 ± 14.52 12.74 ± 10.90 <0.001

Abbreviations: Lung-RADS: Lung imaging reporting and data system; GGN: Ground-glass nodule; SSN: Subsolid nodule.

https://doi.org/10.1080/07853890.2025.2478321
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analysis. The chi-square test was used for categorical 
variables, whereas Fisher’s exact test was used when 
the expected count reached below five. Furthermore, 
independent Student’s t-tests were used to evaluate 
continuous variables. For the for-pooled analysis, we 
used Onlinemeta v1.0, to determine the overall pooled 
prevalence of SSNs according to Eastern/Western 
country groups [20]. In addition, sex differences were 
observed in SSN prevalence in Asian populations. 
Moreover, the differences were also investigated 
through pooled analysis. GLMM stands for Generalized 
Linear Mixed Models, a statistical framework that 
extends generalized linear models by incorporating 
both fixed and random effects.

Results

Study population

The study enrolled 4166 participants who underwent 
the baseline LDCT. The cohort consisted of 2111 males 
(50.7%) and 2055 females (49.3%), with a mean age of 
53.38 ± 10.89. Of these, 1134 participants (27.2%) had a 
history of smoking, with an average dose of 
19.18 ± 14.33 pack-years.

The Lung-RADS classification across the entire 
study cohort was distributed as follows: one individ-
ual was classified as Lung-RADS 0 (0.02%), 2756 indi-
viduals were categorized as Lung-RADS 1 (66.2%), 
1230 individuals were classification as Lung-RADS 2 
(29.5%), 68 individuals were classified as Lung-RADS 
3 (1.6%), and 95 individuals were categorized as 
Lung-RADS 4 (2.3%). Of these, 562 (13.5%) had GGNs, 
meanwhile, a total of 679 patients (16.3%) had SSN 
lesions. For GGN ≥ 3 cm, only two participants were 
identified with the lesions. A comparison of the clin-
ical characteristics of the male and female groups is 
displayed in Table 1. Lung-RADS distribution and the 
percentage of GGN ≥ 3 cm were not statistically 

different between the two groups. However, signifi-
cant differences were identified in age, GGN preva-
lence, SSN prevalence, smoking habits, and pack-year 
dose. In contrast to 12.6% of males with SSNs, the 
percentage of females with SSNs was notably higher 
(20.1%). We further stratified the 4,166 participants in 
this study by smoking status, revealing a subsolid 
nodule prevalence of 11.2% in the smoking group 
and 18.2% in the non-smoking group. These rates 
appear higher compared to the prevalence in Western 
smoking populations, as shown in Supplementary 
Table 1. In our study cohort (N = 4166), SSN preva-
lence was 18.2% in non-smokers and significantly 
lower at 11.2% in smokers (p < 0.001). Supplementary 
Table 2 presents the SSN prevalence according to 
smoking status. The general trend shows that the 
prevalence rate is slightly higher among non-smokers 
compared to smokers. However, as only two studies 
are available, the data are primarily displayed in 
tables without further meta-analysis.

The demographics of the studies included in the 
investigation of the prevalence of SSNs are summa-
rized in Table 2. The results of the forest plot based on 
the pooled analysis, including the seven studies, are 
presented in Figure 2. The overall pooled prevalence 
of SSN in the screened cohort population was 7.4% 
(95% CI = 4.1–12.8%) in a random-effect pooled anal-
ysis of these studies. Cochran’s Q was significant 
(Q = 1979.04, df = 6, I2=100), suggesting heterogeneity 
across the prevalence estimates, and the I2 statistic 
was 100%, indicating very high heterogeneity. 
Furthermore, we conducted a subgroup analysis by 
country, dividing them into Eastern and Western coun-
tries. Prevalence estimates from three studies per-
formed in Western countries (3.6%, 95% CI: 3.0–4.2%) 
were lower than those performed in Eastern countries 
shown in Figure 3 (12.6%, 95% CI: 7.5–20.5%).

In the subgroup analysis, SSN prevalence was sig-
nificantly higher in the Eastern country group than in 
the Western country group (test for subgroup differ-
ence: p < 0.01; I2 = 100%).

The effect of sex on SSN prevalence in Asians was 
divided into male and female groups to analyze the 
pooled prevalence of SSN between the two groups. 
The results of the pooled analysis, including three 
studies (summarized in Table 3), are presented in 
Figure 4. A significant difference was observed in the 
prevalence of SSNs between the male and female 
groups (risk ratio = 0.489, 95% CI: 0.301–0.796, p < 0.01; 
reference group: male) in a random-effects pooled 
analysis of the three studies. Statistically different het-
erogeneity was observed in the study results (p < 0.01; 
I2 = 93%).

Figure 1. F lowchart depicting cohort study design and narra-
tive review for pooled analysis on the prevalence of SSNs.

https://doi.org/10.1080/07853890.2025.2478321
https://doi.org/10.1080/07853890.2025.2478321
https://doi.org/10.1080/07853890.2025.2478321
https://doi.org/10.1080/07853890.2025.2478321
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Discussion

Recent studies have elucidated a significant increase in 
apparent overdiagnosis in Asian countries such as 
South Korea, Taiwan, and mainland China, where LDCT 
lung cancer screening has been implemented in the 
real world, particularly through opportunistic self-paid 
means [3–6]. Overdiagnosis is an inevitable conse-
quence of real-world lung cancer screening [21]. 
Literature comparing the extent of overdiagnosis in 
lung cancer screening between Western and Eastern 
countries suggests a more significant issue in Eastern 
countries compared to their Western counterparts [3–
5,8]. In Western countries, lung cancer screening pri-
marily targets high-risk populations of heavy smokers 
[22–24]. However, in several Asian countries such as 
mainland China, South Korea, and Taiwan, due to the 
high prevalence of lung cancer among non-smokers, 
particularly females, healthcare institutions generally 
offer self-paid LDCT for opportunistic lung cancer 
screening [3,14].

Moreover, in Taiwan, the first national lung cancer 
screening policy has been implemented since July 
2022, targeting heavy smokers at risk and individuals 
with a family history of lung cancer, with screenings 
scheduled every 2 years [6]. Therefore, we assumed a 

high prevalence of SSNs in Asian populations, particu-
larly in females. Given the high probability of per-
sistent SSNs being associated with lung adenocarcinoma 
spectrum lesions, the promotion of lung cancer screen-
ing in Asian countries will uncover a substantial popu-
lation of asymptomatic individuals with indolent 
growth trends. This particular population of individuals 
may harbor early-stage or pre-invasive lesions of lung 
adenocarcinoma or its precursors, lurking beneath the 
tip of the iceberg that has not been previously 
explored through opportunistic screening [12].

In essence, prior research has not specifically inves-
tigated variations in the occurrence of SSNs between 
Eastern and Western populations. This lack of focus 
has resulted in fragmented information dispersed 
throughout LDCT lung cancer screening studies con-
ducted worldwide [14–18]. Therefore, this study 
focused on assessing the prevalence of SSNs and 
sex-based discrepancies in a hospital-based cohort of 
4,166 participants. Furthermore, the study undertakes 
a combined pooled analysis of existing narratives to 
explore the discrepancies in SSN prevalence across 
Eastern and Western countries, as well as among dif-
ferent sexes. This study has two major findings. First, 
based on the results of the pooled analysis, the 

Table 2. D emographics of included studies in investigation of the prevalence of subsolid nodules in seven studies.

No First Author Year No of patients Age (year) Nationality
SSN number 
(prevalence)

Transient SSN 
number 

(percentage)

1 Silva Mario11 2012 1866 57.6 ± 4.8 Italy 56 (3.00%) 18 (32.14%)
2 Ernst T. Scholten12 2014 7135 62 Netherlands 234 (3.27%) 126 (53.84%)
3 David F. Yankelevitz13 2015 57496 59 USA 2392 (4.16%) 628 (26.25%)
4 Fu Zong, Wu14 2017 1975 56.56 ± 9.01 Taiwan 159 (8.05%) 19 (11.95%)
5 Bihan Ouyang15 2021 1582 Adult China 392 (24.78%) N.A
6 Yeon Wook Kim 2021 3608 49.5 ± 11.3 South Korea 259 (7.18%) N.A
7 Current study 2023 4166 53.38 ± 10.89 Taiwan 679 (16.30%) N.A

Abbreviations: SSN: Subsolid nodule.
N.A = not available.

Figure 2. F orest plot demonstrating pooled prevalence of SSNs in seven studies.
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prevalence of SSNs in Eastern countries was notably 
higher than that in Western countries, with figures of 
12.6% and 3.6%, respectively. Second, the risk ratio for 
the prevalence of SSNs in the female group relative to 
the male group (reference) was 0.489 (CI = 0.301–
0.796), highlighting a significant distinction in the 
Asian population. This study is the first to use primary 

cohort data and narrative reviews to explore the differ-
ences in SSN prevalence between Eastern and Western 
countries. According to a pooled analysis of seven 
studies, the prevalence of SSNs was 12.6% in Eastern 
countries, markedly surpassing the rate of 3.6% 
observed in Western countries. However, the pooled 
results demonstrated significant heterogeneity among 

Table 3. D emographics of included studies in investigation of SSN prevalence according to male and female groups.

No First Author Year
No of 

patients Male Female Age (year) Nationality
Total SSN 
number

SSN number, 
Male 

(prevalence)

SSN number, 
Female 

(prevalence)

1 Bihan Ouyang15 2021 1582 512 1070 Adult China 392 102 (19.92%) 290 (27.10%)
2 Fu Zong, Wu14 2017 1975 1083 891 56.56 ± 9.01 Taiwan 159 35 (3.23%) 124 (13.92%)
3 Current study 2023 4166 2111 2055 53.38 ± 10.89 Taiwan 679 265 (12.55%) 414 (20.15%)

Abbreviations: SSN: Subsolid nodule.

Figure 4. F orest plot demonstrating the impact of gender effect on pooled prevalence of SSNs in three studies.

Figure 3. F orest plot demonstrating pooled prevalence of SSNs stratified by Western and Eastern countries.
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studies. Our findings were consistent with the hypoth-
eses of this study. Simultaneously, a pooled analysis 
confirmed that the prevalence of SSNs in Asian popu-
lations is higher in females than in males. In line with 
this, it is noteworthy that Asian populations generally 
harbor concerns about collective lung cancer mortal-
ity, leading them to prioritize non-smoking lung can-
cer screening [3,7]. However, current evidence 
regarding lung cancer screening for non-smokers 
remains unclear, and the development and validation 
of lung cancer risk prediction models for the 
non-smoking population are still ongoing [25,26]. 
Therefore, we infer that lung cancer screening in Asia 
is likely to result in a more pronounced overdiagnosis, 
primarily stemming from a high proportion of SSNs 
among Asian populations, particularly among females. 
This is further compounded by the prevalent culture 
of security-oriented practices in Asian communities 
and the collective lung cancer anxiety that arises from 
instances where family members, despite not smoking, 
succumb to the disease [27]. The aforementioned fac-
tors make it more likely that individuals opt for 
lung-sparing surgical treatments and are less inclined 
to adhere to the active surveillance strategies outlined 
in Western guidelines [17,28–30]. Although overdiag-
nosis is an inevitable byproduct of screening imple-
mentation, we observed a progressively evident 
overdiagnosis phenomenon from the pragmatic execu-
tion of opportunistic lung cancer screening in Asian 
countries. From an individual perspective, discerning 
whether one has been overdiagnosed is challenging; 
most people believe they have been fortunate to have 
their cancer detected early and successfully treated 
[31–33]. From the viewpoint of healthcare institutions 
and professionals, in the current era of volume-based 
reimbursement healthcare policies, the early diagnosis 
of lung cancer and timely surgical intervention often 
serve as crucial performance metrics for 
performance-based systems [34]. However, from the 
standpoint of public health epidemiology, the original 
intent of screening was to detect late-stage lung can-
cer early and alter the prognosis of the disease. 
Nevertheless, the high sensitivity of screening tools 
and the indolent growth characteristics of 
non-smoking-related lung cancer in Asia can lead to 
significant overdiagnosis and overtreatment, thereby 
affecting the quality and benefits of lung cancer 
screening [35]. However, adequate healthcare policies 
and strategies can help mitigate the adverse effects of 
LDCT screening such as overdiagnosis and 
over-management [7,12,36,37]. First, due to sociocul-
tural practices in Asian countries that often involve 
self-payment or opportunistic screening, establishing 

an optimized lung cancer screening and prediction 
model segregating smokers and non-smokers to 
enhance screening efficiency and reduce overdiagnosis 
is crucial [3]. The current binary screening threshold 
system is inadequate for the identification of high-risk 
populations [38]. Recent studies have indicated the 
use of lung cancer risk prediction models for screen-
ing, which can further balance the pros and cons of 
screening [39]. Second, sex-specific strategies have 
been implemented to enhance the quality of lung 
cancer screening. Previous qualitative studies have 
revealed that compared to females certain male heavy 
smokers might have a lower socioeconomic status, 
leading to reduced willingness or probability of partic-
ipating in screenings [7,40]. Consequently, it is import-
ant to develop policies that encourage smokers to 
undergo screening and improve the accessibility of 
screening, thereby increasing the screening rate and 
effectiveness among heavy smokers.

Concerning the non-smoking high-risk population, 
especially females, it has been observed that Asian 
females have a higher prevalence of SSNs or GGNs 
compared to males. Such lesions often exhibit an 
indolent growth trend, leading to concerns regarding 
overdiagnosis from premature interventions [41]. 
Hence, a multidisciplinary team suggests the adoption 
of an active surveillance strategy for SSNs and a shared 
decision-making health education policy to reduce 
public anxiety and avoid unnecessary surgeries with-
out urgency [12]. This study provides the first direct 
evidence of variances in the prevalence of subsolid 
nodules between Eastern and Western populations. It 
marks the initial demonstration of a head-to-head 
comparison, confirming distinct prevalence rates in 
these two demographic regions, offering a direct com-
parison rather than relying on scattered data from var-
ious individual papers. Future research could investigate 
2nd or 3rd generation immigrants either to or from 
Asia to explore the interactive effects of genetics and 
environment on the prevalence changes of subsolid 
nodules between Eastern and Western countries. 
Additionally, the construction of a prediction model by 
integrating delta-radiomic features with clinical risk 
factors has been proposed to identify high-risk SSNs/
GGNs that may grow rapidly and affect prognosis 
[7,42]. This is a crucial direction for future research.

This study has four main limitations. First, the study 
primarily focused on a single hospital-based cohort 
and conducted a pooled analysis through narrative 
reviews. However, the current literature review reveals 
a lack of relevant studies on the prevalence of SSNs in 
different populations. Additionally, we recognize that 
while most Western research primarily focuses on 
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smokers, Eastern research includes both smokers and 
non-smokers, which presents challenges for conduct-
ing subgroup analyses. To effectively examine sub-
group factors, it would be necessary to utilize an 
individual population meta-analysis approach or design 
future studies to explore the relationship between 
smoking behaviors and the prevalence of subsolid 
nodules (SSNs). Gathering and consolidating inconsis-
tent research data from various countries or conduct-
ing individual participant data meta-analyses for a 
comprehensive analysis, which poses considerable 
challenges is essential [43]. Therefore, future multina-
tional studies investigating the prevalence of SSNs in 
different countries are critical. Second, the pooled anal-
ysis in this study demonstrated substantial heterogene-
ity in the prevalence rates of SSNs between Eastern 
and Western countries, as well as between sexes. This 
heterogeneity may arise from variations in study 
design, different screening reporting interpretation 
methods (centralized or local interpretation) due to 
interobserver variability, and differences in the criteria 
for case inclusion [44]. There is a need for further dis-
cussion regarding the definition of subsolid nodules 
(SSNs) and the variability among radiologists in identi-
fying and classifying these nodules. Consequently, 
future multicenter studies are necessary to gain a more 

precise understanding of the prevalence rates of SSNs/
GGNs in the general populations of different countries. 
Third, this study specifically investigates the baseline 
examination prevalence of SSNs in lung cancer screen-
ing in Eastern and Western countries. Due to the study 
design, there may be potential influence from transient 
GGN associated with inflammation or COVID-19-related 
GGN opacities. However, since this study’s design rigor-
ously excludes individuals with possible positive 
COVID-19 cases from screening during the pandemic, 
and past research indicates that the proportion of tran-
sient GGNs in Asian lung cancer screening baseline 
examinations is approximately 11.95%, this could miti-
gate the impact of potential study errors caused by 
these factors. Furthermore, medical record reviews 
confirmed no diagnoses of COVID pneumonia during 
the study period. The presence of GGNs alone, espe-
cially in the context of a single baseline examination, 
does not inherently lead to overdiagnosis. Comparing 
overdiagnosis rates between Eastern and Western 
countries is essential. However, the selected five stud-
ies lack specific data for direct comparison, revealing a 
significant research gap. This study did not explore the 
frequency of lung cancer adenocarcinoma spectrum or 
the proportion of overdiagnosis. Future studies should 
systematically assess overdiagnosis across diverse 

Figure 5.  (A) A 42-year-old female presented with a 0.6 cm ground-glass opacity in the right upper lung, confirmed to be ade-
nocarcinoma in situ upon thoracoscopic surgery. (B) Similarly, a 48-year-old female had a 0.65 cm nodule in the right lower lung, 
also confirmed to be adenocarcinoma in situ via thoracoscopic surgery. These cases suggest a high likelihood of overdiagnosis 
with nodules exhibiting ground-glass appearance.
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populations and healthcare systems to better under-
stand regional variations and their underlying contrib-
uting factors. Overdiagnosis primarily stems from 
overtreatment. Overdiagnosis typically occurs when 
there is an excessively sensitive diagnostic approach 
that identifies indolent or non-progressing conditions, 
subsequently prompting unnecessary interventions 
(shown in Figure 5). The disparity in the prevalence of 
SSNs between Western and Eastern populations may 
heighten concerns among Eastern populations about 
the familial predisposition to lung adenocarcinoma 
spectrum lesions, particularly given the higher preva-
lence in female population. The fundamental principle 
is that in regions with a higher SSN prevalence, the 
association of persistent SSNs with familial predisposi-
tion to lung adenocarcinoma and the heightened anx-
iety about non-smoking-related lung cancer in Asian 
populations may lead to unnecessary treatments due 
to the unpredictability of the condition. Therefore, 
understanding the East-West differences in SSN preva-
lence is crucial for future adjustments in health policies 
to mitigate the risk of overdiagnosis. Fourth, the study’s 
limitation lies in its inability to directly measure the 
impact of SSNs on lung cancer overdiagnosis or to 
establish a clear link between SSN prevalence and 
overdiagnosis rates. This indirect effect, where the 
higher prevalence of SSNs may influence the likelihood 
of detecting early-stage cancers that would not have 
progressed, remains unaddressed. A key limitation is 
that the study does not examine how these SSNs con-
tribute to overdiagnosis or the impact of such diagno-
ses on long-term outcomes. While the results of this 
study do not directly analyze differences in overdiag-
nosis rates between Eastern and Western regions, the 
significant variation in overdiagnosis rates observed in 
lung cancer screening studies from these regions indi-
rectly supports the hypothesis. One potential explana-
tion proposed is the biological differences in the 
prevalence of subsolid nodules between Asian and 
Western populations. In addition, three studies failed 
to provide results on transient SSNs, highlighting a 
notable limitation. Future research should focus on 
exploring these indirect effects more robustly, consid-
ering factors like the malignancy rate, stage 0 lung 
cancer prevalence, and the potential for overdiagnosis, 
to better understand the clinical implications of SSNs 
in different populations.

Conclusion

In summary, besides the differences in clinical man-
agement and health literacy regarding SSNs between 
Eastern and Western countries, the significant high 

prevalence of SSNs in Asian nations, particularly among 
females, could contribute to overdiagnosis through 
opportunistic lung cancer screening practices. It is 
essential to enhance screening quality and mitigate 
overdiagnosis by refining differential lung cancer risk 
prediction models and customizing sex-specific screen-
ing strategies.
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