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Abstract: Although emphysema is typically associated with older age and the presence of airflow
limitation, it can also be detected in young adults prior to the development of obstructive impairment.
In this study, we aimed to investigate the relationship between the radiological characteristics of
emphysema, pulmonary function test results, and symptom severity in patients aged 20 to 50 years
who presented with complaints of dyspnea. In this retrospective study, patients with emphysema
detected on computed tomography (CT) but without airflow limitation on spirometry were
evaluated. Demographic characteristics, type and extent of emphysema, pulmonary function tests,
and Modified Medical Research Council (mMRC) dyspnea scores were assessed. Patients were
classified into preserved ratio impaired spirometry (PRISm) and pre-COPD groups, and these groups
were compared in terms of clinical and symptomatic features. The mean age of the patients was 44
years, and 84.6% were male. The most common type of emphysema was paraseptal (43.6%), and the
extent of emphysema was less than 5% in the majority of cases (78.4%). A negative correlation was
found between the degree of emphysema and both FEV; (Forced Expiratory Volume in 1 Second)
and FVC (Forced Vital Capacity), while a positive correlation was observed with the mMRC
(Modified Medical Research Council) dyspnea score. Dyspnea was more pronounced in the PRISm
group (p<0.001). Emphysema detected in young adults without airflow limitation may have
significant effects on symptom burden and pulmonary capacity. The PRISm phenotype, in particular,
is notable for its association with increased symptom severity and a history of smoking, highlighting
the importance of early identification of these individuals. Our findings underscore the value of early
detection; however, further studies are needed to better understand the follow-up and management
of this patient population.

Keywords: emphysema; HRCT; Pre-COPD; PRISm

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a prevalent and significant public health issue
worldwide [1]. The disease is characterized by persistent structural changes in the airways and
alveolar structures. One of the most important components of these structural changes is
emphysema. Emphysema is defined as a permanent and abnormal enlargement of airspaces distal to
the terminal bronchioles, accompanied by the destruction of their walls [2]. It represents the most
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well-defined histopathological component of COPD and is one of the primary mechanisms
contributing to airflow limitation.

With the introduction of concepts such as PRISm (Preserved Ratio Impaired Spirometry) and
pre-COPD into the literature, it has become evident that COPD is a heterogeneous disease that cannot
be solely defined by the FEV1/FVC ratio [3-5]. In individuals who have not yet developed airflow
limitation but exhibit structural lung changes, accurate assessment of symptom burden has gained
clinical importance. In this context, the extent of emphysema detected by thoracic CT and its
relationship with pulmonary function tests may serve as a valuable guide in both diagnostic and
follow-up processes.

It is well established that lung function reaches its peak around the ages of 20 to 25 and begins
to decline physiologically after the age of 45 to 50. Therefore, the 20-50 age range represents a critical
period where the peak of respiratory function intersects with the onset of early functional decline [6].
Structural abnormalities identified in this age group may provide insights into the future course of
COPD. Furthermore, this period is important for enhancing our understanding of the disease and for
the early identification of individuals at risk. In this context, our study aimed to investigate the
relationship between radiological findings, symptom severity, and pulmonary function parameters
in young adults with radiologically detected emphysema but without spirometric evidence of airflow
limitation.

2. Materials and Methods

In this study, thoracic high-resolution computed tomography (HRCT) scans of patients who
presented to our hospital with complaints of dyspnea between April 1, 2022, and June 31, 2024, were
retrospectively reviewed. Patients with radiologically detected emphysema but without airflow
limitation on pulmonary function tests were included in the study group. Demographic and clinical
characteristics of these individuals—such as clinical symptoms, radiological findings, pulmonary
function test results, comorbidities, and medications used —were thoroughly evaluated.

2.1. Evaluation of Radiological Images

In this study, the presence of emphysema was assessed using HRCT. The images were obtained
with a Philips Ingenuity 128-slice CT scanner. HRCT scans were analyzed by an experienced
radiologist according to the Global Radiological Criteria (GRCt) method to evaluate the presence and
severity of emphysema.

The assessment of emphysema was conducted based on the following criteria:

2.2. Low Attenuation Areas (LAA)

Lung regions with emphysema were defined as LAA if the density was below -950 Hounsfield
Units. The percentage of LAA was calculated in proportion to the total lung volume.
2.3. Types of Emphysema

e  Centrilobular Emphysema (CLE): Small, irregular low attenuation areas predominantly located
in the upper lobes of the lungs.
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Figure 1. Thoracic CT image demonstrates widespread, small, irregularly shaped areas of low attenuation
predominantly located in the upper lobes of both lungs. These findings are suggestive of centrilobular
emphysema. The lesions' absence of peripheral distribution and their proximity to the central bronchioles are

consistent with a typical centrilobular pattern.

e Panacinar Emphysema (PLE): Diffuse low attenuation areas observed throughout all lung
regions.
e  Paraseptal Emphysema (PSE): Large airspaces localized in the subpleural regions.

Figure 2. Thoracic CT image from one of the patients included in the study shows thin-walled, low-attenuation
air spaces predominantly located in subpleural regions, particularly in the upper lobes. These findings are

consistent with radiological characteristics typical of paraseptal emphysema.
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2.4. Severity Grading of Emphysema

e Mild: Involvement of less than 5% of the lung parenchyma.
e Moderate: Involvement of 5% to 25% of the lung parenchyma.

e Severe: Involvement of more than 25% of the lung parenchyma.

2.5. Assessment of Body Mass Index

The body mass index (BMI) of individuals included in the study was calculated by dividing
body weight in kilograms by the square of height in meters (kg/m?). The calculated BMI values were
classified according to the World Health Organization (WHO) criteria as follows: underweight (<18.5
kg/m?), normal weight (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), and obese (=30.0 kg/m?). This
classification was used to evaluate the relationship between BMI, emphysema extent, and symptom
severity.

2.6. Assessment of Dyspnea Severity

Dyspnea was assessed using the Modified Medical Research Council (mMRC) scale, which is
designed to evaluate the level of breathlessness experienced by patients during daily activities. The
scale is scored from 0 to 4, where a score of 0 indicates dyspnea only during strenuous exercise, and
a score of 4 reflects severe symptoms, such as breathlessness that prevents the patient from leaving
the house or causes difficulty even while dressing.

2.7. Assessment of Spirometry Test Acceptability

The spirometry test was considered unacceptable if any of the following criteria were present:

e Inadequate rapid start of the test,

e Incomplete execution of test maneuvers,

e Coughing during the procedure,

e Premature termination of the test,

e  Marked fluctuations in effort level,

e Transition time from end-inspiration to expiration exceeding 2 seconds,

e Time to reach peak expiratory flow from total lung capacity exceeding 1.5 seconds,

e Inability to maintain sufficient expiratory effort or to achieve an end-expiratory plateau.

2.8. Patient Selection

The study included patients aged between 20 and 50 years who presented to the pulmonology
outpatient clinic of our hospital with complaints of dyspnea and underwent thoracic CT imaging
based on clinical indications. This age range was selected because it represents the period during
which lung function physiologically reaches its peak and subsequently begins to decline, making it
suitable for evaluating early structural changes.

Patients were excluded from the study if other major pathologies that could contribute to
dyspnea—such as pulmonary embolism, pleural effusion, bronchiectasis, pulmonary malignancies,
interstitial lung diseases, heart failure, or severe anemia—were identified either radiologically or
clinically. This exclusion aimed to allow a more isolated assessment of the relationship between
emphysema and symptomes.

2.9. Inclusion Criteria

e Patients aged between 20 and 50 years
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e Patients diagnosed with emphysema by a radiologist based on HRCT findings
e Patients with acceptable spirometry test performance

e DPatients without evidence of obstruction on spirometry

2.10. Exclusion Criteria

¢ Asymptomatic patients

¢ Patients with unavailable spirometry data

e Patients with unacceptable spirometry performance

e DPatients with evidence of obstruction on spirometry

e Patients with radiological findings suggestive of interstitial lung disease

e Patients diagnosed with lung malignancy or those with suspicious masses on radiological
evaluation

e Presence of any parenchymal lung disease

e Patients under 20 years of age

e Patients over 50 years of age

Ethical approval for the study was obtained from the Clinical Research Ethics Committee of our
hospital with decision number 159, dated November 13, 2024. The study was conducted in
accordance with the ethical principles outlined in the Declaration of Helsinki.

2.11. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics version 27.0. The distribution of
continuous variables was assessed using the Kolmogorov-Smirnov test. For continuous variables that
did not show normal distribution, median values along with interquartile ranges (IQR: 25th-75th
percentile) were reported. Categorical variables were presented as frequencies and percentages (%).
Clinical, demographic, and pulmonary function test parameters were compared among emphysema
severity groups (<5%, 5-25%, >25%) using the Kruskal-Wallis test; for variables with statistically
significant differences, pairwise comparisons were conducted using the Mann-Whitney U test.
Categorical variables were analyzed using the Chi-square test. Correlations between emphysema
severity and pulmonary function test parameters (FEV,, FVC, FEV,/FVC) as well as the mMRC score
were evaluated using Spearman’s correlation analysis. Additionally, PRISm and pre-COPD
subgroups were compared in terms of clinical and symptomatic features. A p-value of less than 0.05
was considered statistically significant in all analyses.

3. Results

A total of 259 patients who met the eligibility criteria were included in the study. The mean age
of the patients was 44 years, and the majority were male (84.6%). A substantial proportion of patients
had a history of smoking; 38.6% had a smoking history of >10 pack-years. Among the participants,
69.9% were classified in the pre-COPD category, while 30.1% belonged to the PRISm group. The
clinical and demographic characteristics of the patients are presented in Table 1.

Among the patients included in the study, paraseptal emphysema was the most frequently
observed type, identified in 43.6% of cases. Regarding the extent of emphysema, the majority of
patients (78.4%) had less than 5% involvement of the lung parenchyma. Evaluation of pulmonary
function tests revealed a median FEV; of 3.15 L and a percent predicted FEV; of 86%. The results are
presented in Table 1.
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Table 1. Clinical, Demographic, Radiological, and Functional Characteristics of the Patients Included in the

Study (N = 259).

Characteristic Value (Median, IQR 25-75) n (%)
Age, years 44 (38-48)

Male sex 219 (84.6%)

Smoking History

— Never smoked 74 (28.6%)

— Ex-smoker 37 (14.3%)

— 210 pack-years 100 (38.6%)

—10-20 pack-years 24 (9.3%)

— 220 pack-years 24 (9.3%)

Pre-COPD 181 (69.9%)
PRISm 78 (30.1%)
Comorbidities 69 (26.6%)
— Cardiovascular disease 17 (6.6%)

— Hypertension 13 (5.0%)

— Diabetes mellitus 11 (4.2%)

— Obstructive sleep apnea syndrome (OSAS) 4 (1.5%)

--History of pneumothorax

30 (11.6%)

Type of Emphysema

— Centrilobular emphysema 106 (40.9%)
— Paraseptal emphysema 113 (43.6%)
— Panacinar emphysema 8 (3.1%)

— Centrilobular + Paraseptal emphysema 29 (11.2%)
— Bullous lung disease 3 (1.2%)

Pulmonary Function Test Parameters

—-FEV, (L)

3.15 (2.95-3.77)

— FEV1 (% predicted)

86 (77-97)

-FVC (L) 3.93 (3.59-4.46)
—FVC (% predicted) 85 (78-95)

— FEV,/FVC ratio 82 (77-87)

— MEEF 25-75 (% predicted) 81 (67-106)

Among the 30 patients with a history of pneumothorax, paraseptal emphysema was the most

frequently observed type (n=17, 56.7%), followed by centrilobular emphysema (n=10, 33.3%).

Patients were categorized into three groups based on the extent of emphysema observed on

imaging: <5% (n=203), 5-25% (n=39), and >25% (n=17). In the subgroup analysis according to

emphysema severity, there were no significant differences in age, smoking history, sex, or BMIL.

However, the level of dyspnea increased significantly with greater emphysema extent (p=0.005).

Regarding pulmonary function, both FEV; (p=0.011) and FVC (p=0.039) values were significantly

lower in patients with more extensive emphysema. The FEV,/FVC ratio did not differ significantly

between the groups (Table 2).
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Table 2. Subgroup Comparisons According to Emphysema Severity.
Variable Emphysema Emphysema Emphysema p-
<5% (n=203) 5-25% (n=39) >25% (n=17) value
Median Median Median
(IQR 25-75) (IQR 25-75) (IQR 25-75)
Age (years) 43 (37-48) 46 (42-48) 43 (37.5-48.5) 0.069
Smoking History 0.230
Never smoked 60 (29.6%) 8 (20.5%) 6 (35.3%)
Ex-smoker 33 (16.3%) 4 (10.3%) 0 (0%)
>10 pack-years 75 (36.9%) 17 (43.6%) 8 (47.1%)
10-20 pack-years 17 (8.4%) 5 (12.8%) 2 (11.8%)
220 pack-years 18 (8.9%) 5 (12.8%) 1(5.9%)
Male sex 167 (82.3%) 36 (92.3%) 16 (94.1%) 0.151
Body Mass Index 0.388
Underweight 53 (26.1%) 13 (33.3%) 5(29.4%)
Normal weight 130 (64%) 24 (61.5%) 12 (70.6%)
Overweight 15 (7.4%) 2(5.1%) 0 (0%)
Obese 5 (2.5%) 0 (0%) 0 (0%)
mMRC Score 0.005
0 86 (42.4%) 5 (12.8%) 0 (0%)
1 91 (44.8%) 32 (82.1%) 16 (94.1%)
2 26 (12.8%) 2 (5.1%) 1(5.9%)
Presence of Comorbidity 57 (28.1%) 8 (20.5%) 4 (23.5%) 0.593
FEV: (L) 3.33 (2.95-3.86) 3.15 (2.86-3.25) 3.02 (2.93-3.12) 0.011
FEV: (% predicted) 87 (77-97) 85 (79-97) 80 (72.5-92.5) 0.206
FVC (L) 3.93 (3.59-4.52) 3.94 (3.46-4.32) 3.60 (3.40-3.93) 0.039
FVC (% predicted) 85 (78-96) 88 (82-95) 77 (69-92.5) 0.054
FEV./FVC 82 (77-87) 81 (78-87) 82 (78-88) 0.557

In the correlation analysis between emphysema severity and pulmonary function tests, a weak

but statistically significant negative correlation was found between emphysema severity and FEV;
(L) (r=-0.174, p = 0.005) as well as FVC (L) (r = -0.136, p = 0.029). No significant associations were
observed between emphysema severity and other spirometric parameters. Additionally, a significant

relationship was identified between emphysema severity and dyspnea level; a weak positive

correlation was found between the mMRC score and emphysema severity (r=0.202, p =0.001) (Table

3).
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Table 3. Correlation Analysis Between Emphysema Severity and Pulmonary Function Test Results in Study

Participants.
FEV, FEV: (% | FVC(L) | FVC (% | FEVY/ MEF mMRC
(L) predicted) predicted) | FVC 25-75 (%
predicted)

Severity of |[r = -|r=-008 |r = -|r=-0.061 r=-0.044 | r=-0.015 | r=0.202

emphysema | 0.174 p=0.166 0.136 p=0.330 p=0.482 | p=0.807 p=0.001
p = p =
0.005 0.029

Patients were divided into two groups based on spirometry results: PRISm and pre-COPD.

There were no significant differences between the groups in terms of age, sex, smoking history, body

mass index, or presence of comorbidities. However, when dyspnea severity was assessed using

mMRC scores, significantly higher levels of dyspnea were reported in the PRISm group (p<0.001).

While 29.5% of patients in the PRISm group had an mMRC score of 2, this proportion was only 3.3%
in the pre-COPD group (Table 4).

Table 4. Comparison of Clinical Characteristics Between PRISm and Pre-COPD Groups.

Variable PRISm Pre-COPD p-value
(n=78, 30.1%) (n=181, 69.9%)
Age (years), Median (IQR 25-75) 44 (38-48) 43 (37.5-48) 0.553
Smoking History 0.499
Never smoked 27 (34.6%) 47 (26%)
Ex-smoker 10 (12.8%) 27 (14.9%)
>10 pack-years 26 (33.3%) 74 (40.9%)
10-20 pack-years 3 (3.8%) 21 (11.6%)
>20 pack-years 12 (15.4%) 12 (6.6%)
Male sex 63 (80.8%) 156 (86.2%) 0.269
Body Mass Index 0.793
Underweight 23 (29.5%) 48 (26.5%)
Normal weight 45 (57.7%) 121 (66.9%)
Overweight 8 (10.3%) 9 (5%)
Obese 2 (2.6%) 3(1.7%)
mMRC Score <0.001
0 2 (2.6%) 89 (49.2%)
1 53 (67.9%) 86 (47.5%)
2 23 (29.5%) 6 (3.3%)
Presence of Comorbidity 21 (26.9%) 48 (26.5%) 0.946
Emphysema Severity 0.583
<5% 60 (76.9%) 143 (79%)
5-25% 10 (12.8%) 29 (16%)
>25% 8 (10.3%) 9 (5%)
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4. Discussion

In this study, the clinical and functional implications of radiologically detected emphysema were
investigated in individuals aged 20 to 50 years who presented with dyspnea but did not exhibit
airflow limitation on pulmonary function tests. The findings suggest that the presence of emphysema
in the pre-obstructive phase may have a significant impact on symptom burden and pulmonary
capacity. Notably, the significant association between dyspnea severity and emphysema extent,
along with the observed decrease in FEV; with increasing emphysema severity, highlights the clinical
relevance of these structural changes. Furthermore, the presence of more severe dyspnea in patients
with PRISm (Preserved Ratio Impaired Spirometry) supports the importance of recognizing this
phenotype. The fact that paraseptal emphysema was the most frequently observed subtype on
imaging —and the predominant form among patients with a history of pneumothorax—suggests that
this emphysema type may be more prominent in younger individuals.

In our study, a notable frequency of systemic comorbidities was observed among younger
individuals who had not yet developed airflow limitation. At least one comorbidity was identified in
26.6% of the patients, with the most common accompanying conditions being cardiovascular diseases
(6.6%), hypertension (5%), and diabetes mellitus. The literature also indicates that the presence of
emphysema is not limited to respiratory effects alone but may be associated with metabolic and
systemic disorders such as hypertension, cardiovascular disease, and diabetes [7,8]. These findings
suggest that comorbidities may also be present in early-stage cases without airflow limitation.
Therefore, it is important to monitor patients in both the PRISm and pre-COPD groups not only for
respiratory symptoms but also for systemic risks. A multidisciplinary approach may be valuable in
preventing potential future complications in this population.

The PRISm phenotype has been associated with reduced pulmonary function, increased
symptom burden, and adverse long-term clinical outcomes [9]. In the literature, the prevalence of this
phenotype varies between 7% and 20% depending on the population studied. It has been frequently
linked to male sex, smoking, and metabolic comorbidities [10]. In our study, the prevalence of PRISm
was found to be relatively high at 30.1%. This may be attributed to the fact that the study sample
consisted solely of symptomatic individuals presenting with dyspnea. The prevalence of
comorbidities and male sex distribution were similar between the PRISm and pre-COPD groups.
However, the proportion of patients with a smoking history of >20 pack-years was higher in the
PRISm group compared to the pre-COPD group. This finding suggests that the PRISm phenotype
may reflect a clinical profile more susceptible to smoking-related structural lung damage.

Patients in the PRISm group have been shown in the literature to exhibit symptom levels
comparable to, or even exceeding, those observed in individuals with COPD [11]. In a study by Evans
et al., 57% of PRISm patients had an mMRC score of >2, indicating a notably high symptom burden
[12]. Similarly, in our study, dyspnea levels were significantly higher in the PRISm group. The
proportion of patients with an mMRC score of 2 was 29.5% in the PRISm group, compared to only
3.3% in the pre-COPD group. This finding suggests that the PRISm phenotype should be
differentiated not only by spirometric classification but also by symptom severity. Monitoring this
level of symptom burden -even in younger individuals- is critically important for early intervention
and preserving quality of life.

Radiological assessment of emphysema extent is gaining increasing importance in predicting
the clinical course and functional impact of the disease. In our study, weak but statistically significant
negative correlations were found between emphysema severity and key spirometric parameters such
as FEV; and FVC. These findings suggest that the extent of emphysema identified by CT may affect
pulmonary function even in the absence of airflow limitation. In a study conducted by Senel et al. in
patients with COPD, emphysema severity was significantly associated with FEV, levels; however, no
significant relationship was found with mMRC dyspnea scores [13]. In contrast, our study identified
a significant positive correlation between mMRC scores and emphysema severity. This reflects the
impact of structural lung damage in symptomatic pre-COPD or PRISm phenotypes. Similarly, a large
cohort study by Kahnert et al. demonstrated significant associations between emphysema scores and
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parameters such as FEV,/FVC [14]. Collectively, these findings indicate that emphysema can
influence both respiratory symptoms and functional capacity not only in advanced-stage COPD but
also during the pre-obstructive phase of the disease.

Additionally, in terms of emphysema subtypes, one of the noteworthy findings of our study is
that paraseptal emphysema was the most frequently observed subtype in the young adult
population. In the literature, paraseptal emphysema has commonly been associated with
spontaneous pneumothorax and is more likely to be seen in young, thin males due to its subpleural
distribution [15]. In this context, the finding that more than half (56.7%) of the patients with a history
of pneumothorax in our study had paraseptal emphysema provides clinical support for this
association. This suggests that paraseptal emphysema may represent a silent yet potentially
complication-prone pathology in young adults.

This study has several limitations. First, the extent and severity of emphysema were assessed
qualitatively by a radiology specialist based on HRCT images. The absence of quantitative CT
analysis limited the ability to measure structural changes with greater precision and objectivity.
Additionally, due to the retrospective design of the study, follow-up data and longitudinal clinical
outcomes of the patients were not available. Therefore, it was not possible to draw conclusions
regarding the long-term prognostic impact of emphysema or the risk of COPD development in these
individuals. No significant difference was found in the extent of emphysema between the PRISm and
pre-COPD groups, which may be related to the young age of the study population and the fact that
emphysema was limited to <5% in the majority of patients. The single-center design of the study is
another factor that may limit the generalizability of the findings. Despite these limitations, our study
contributes meaningfully to the literature as one of the few investigations exploring the clinical
implications of radiologically detected emphysema in a young adult population.

5. Conclusion

This study demonstrated that radiologically detected emphysema in young adults without
airflow limitation may have clinically significant effects. The observed associations between
emphysema extent, reduced FEV, levels, and increased dyspnea severity suggest that structural lung
changes can impact symptoms and functional capacity even at an early stage. Our findings highlight
the importance of not overlooking emphysema identified before the development of airflow
limitation and underscore the need for close monitoring of this patient population. To enhance the
generalizability of these results and better guide clinical management, multicenter prospective
studies are warranted.
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