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Abstract: 
Objective: To investigate clinical determinants of mediastinal lymph node attenuation (MLNA) on non-contrast 
chest computed tomography (CT), focusing on smoking history and cardiometabolic factors.  
Methods: In this retrospective single-center study, individuals undergoing non-contrast chest CT without 
known cardiopulmonary disease were included. MLNA was measured in Hounsfield units (HU) from the largest 
visible mediastinal lymph node. Smoking status (ever vs never), age, sex, hypertension, diabetes mellitus, and 
body mass index were recorded. Multivariable linear regression identified independent predictors of MLNA. 
Receiver operating characteristic (ROC) analysis evaluated attenuation for discriminating smoking history.  
Results: A total of 138 individuals were analyzed (82 ever smokers, 56 never smokers). MLNA was higher in 
ever smokers than never smokers (median 39.5 vs 35 HU, P=0.001). In multivariable analysis, smoking history 
remained independently associated with increased attenuation (B=5.48 HU, 95% confidence interval [CI]: 
1.72–9.23, P=0.005). Age (B=0.33 HU/year, P<0.001), hypertension (B=6.55 HU, P=0.009), and diabetes 
mellitus (B=5.93 HU, P=0.043) were also independent predictors, whereas sex and BMI were not significant. 
The model explained 41% of attenuation variance (R²=0.41). ROC analysis demonstrated moderate 
discrimination for smoking history (area under curve [AUC] = 0.66; optimal cut-off 46 HU, specificity of 
89.3%). Attenuation values were highest among current smokers in exploratory analyses.  
Conclusion: Smoking history, age, hypertension, and diabetes mellitus are independently associated with 
increased mediastinal lymph node attenuation on non-contrast CT. Elevated attenuation may reflect chronic 
inflammatory activation, fibrotic remodeling, and cumulative cardiometabolic tissue injury rather than overt 
pathology, supporting its role as a contextual imaging marker in risk-aware radiologic interpretation.  
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M ediastinal lymph nodes are routinely 
evaluated on chest computed tomography 
(CT) for a wide spectrum of clinical 

indications, including cancer staging, infection, and 
incidental findings. Beyond nodal size, morphological 
characteristics and attenuation values on CT may 
provide additional information regarding underlying 
pathological processes such as inflammation, fibrosis, 
necrosis, or calcification. CT attenuation 
measurements have therefore been increasingly 
investigated as potential imaging biomarkers for 
mediastinal lymph node characterization [1].  
      High-attenuation lymph nodes on CT are 
frequently associated with chronic inflammatory 
conditions, prior granulomatous disease, or 
occupational exposures such as pneumoconiosis and 
silicosis, in which calcified mediastinal nodes may 
develop over time [2]. Chronic inflammatory lung 
diseases and environmental exposures have also been 
linked to mediastinal and hilar lymphadenopathy, 
supporting the concept that nodal structural changes 
may reflect long-term inflammatory burden [3].  
      Smoking is a major source of chronic airway 
inflammation and particulate exposure and has been 
associated with mediastinal lymph node enlargement 
and anthracotic nodal changes. Environmental and 
occupational exposures, including cigarette smoke, 
have been identified as important contributors to 
anthracosis and nodal structural alterations on imaging 
[4]. Previous imaging studies have also demonstrated 
that mediastinal lymph node changes may be observed 
in smokers and patients with chronic pulmonary 
conditions, suggesting a potential relationship between 
smoking-related inflammatory burden and nodal 
imaging characteristics.  
      Despite these observations, the role of CT 
attenuation in mediastinal lymph nodes remains 
incompletely understood. Most previous studies have 
focused on malignant nodal involvement or 
granulomatous diseases, and attenuation thresholds 
have not been standardized. CT attenuation has been 
reported as a potentially useful parameter in 
differentiating benign from pathological lymph nodes; 
however, its clinical interpretation remains 
challenging, particularly in patients without known 
cardiopulmonary disease.  
      Furthermore, mediastinal lymph node changes 
may not be solely related to pulmonary pathology. 

Systemic factors such as aging, vascular disease, and 
cardiometabolic conditions may influence tissue 
remodeling, chronic inflammation, and calcification 
processes, which could be reflected in nodal 
attenuation values on CT. However, data evaluating 
these associations in otherwise healthy individuals 
undergoing chest CT for non-pulmonary indications 
are limited. Recent data indicate that incidental 
mediastinal lymph nodes are frequently encountered 
in routine chest CT examinations, and their attenuation 
characteristics may vary according to underlying 
systemic or environmental factors [5]. Moreover, 
imaging-based classification systems emphasize that 
attenuation patterns should be interpreted in 
conjunction with clinical background, particularly in 
patients without known malignancy or granulomatous 
disease [6, 7].  
      Therefore, the present study aimed to investigate 
the association between smoking history and 
mediastinal lymph node attenuation on non-contrast 
chest CT in individuals without known 
cardiopulmonary disease. In addition, we sought to 
evaluate the independent effects of demographic and 
cardiometabolic factors on nodal attenuation values 
and to explore the potential discriminative ability of 
CT attenuation for identifying smoking exposure. 
 
 
METHODS 
Study Design and Population  
      This retrospective, single-center observational 
study included randomly selected individuals who 
underwent non-contrast chest CT for various clinical 
indications between April 2021 and February 2026. 
Patients with radiologically evident sequelae of prior 
tuberculosis, lung malignancy, pneumonia, interstitial 
lung disease, or established heart failure were 
excluded. CT examinations acquired at a tube voltage 
other than 120 kVp were also excluded. In addition, 
scans with poor image quality were not included in the 
analysis (Figure 1).  
      Demographic and clinical data, including age, sex, 
smoking history, hypertension, diabetes mellitus, and 
body mass index (BMI), were obtained from 
electronic medical records. Smoking status was 
categorized as ever smoker (current or former smoker 
combined) or never smoker for the primary analyses.  
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      The study was conducted in accordance with the 
Declaration of Helsinki and was approved by the 
Local Ethics Committee on Human Research 
(approval number 2026.114.IRB2.051; February 26, 
2026). The requirement for informed consent was 
waived due to the retrospective design of the study.  
 
CT Acquisition Protocol  
      All examinations were obtained using 
multidetector CT systems (Siemens Somatom 
Definition Flash and Somatom Definition AS; 
Siemens Healthineers, Forchheim, Germany) without 
administration of intravenous contrast material. Scans 
were performed with patients in the supine position 
during end-inspiratory breath-hold and with both arms 
elevated above the head to minimize beam-hardening 
artifacts. To ensure attenuation consistency, only 
studies acquired at a tube voltage of 120 kVp were 
included in the analysis. All attenuation measurements 
were obtained using standardized mediastinal window 
settings. 
      The scan coverage extended from the thoracic 
inlet to the costophrenic recesses. Image datasets were 
reconstructed from raw projection data using a 
medium soft-tissue convolution kernel (e.g., B30f) 
with thin-section reconstructions (slice thickness and 
increment 1–1.5 mm) to allow accurate mediastinal 

lymph node evaluation.  
      Mediastinal lymph node attenuation (MLNA) 
values were quantified in Hounsfield unit (HU) by 
means of circular regions of interest (ROIs) positioned 
within the nodal parenchyma.  
 
Image Analysis and Attenuation Measurements  
      Mediastinal lymph nodes were considered eligible 
for measurement if the short-axis diameter exceeded 
5 mm. Among eligible nodes, the largest mediastinal 
lymph node per patient was selected for quantitative 
assessment. In the malignancy cohort, only lymph 
nodes that had undergone surgical dissection or 
histopathological sampling were included. Short-axis 
diameter measurements were recorded for all study 
groups. 
      Attenuation measurements were performed by a 
thoracic radiologist with more than ten years of 
dedicated experience. Circular ROIs were carefully 
positioned within the solid component of the lymph 
node, deliberately excluding fatty hila, calcified foci, 
and partial-volume artifacts. The ROI diameter was 
adjusted to encompass at least two-thirds of the nodal 
short-axis dimension in order to obtain representative 
mean attenuation values. Representative examples of 
MLNA measurement in smoker and non-smoker 
individuals are illustrated in Figure 2. All 
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FIGURE 1. Flowchart of the study population.
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measurements were done by the same senior 
radiologist (ZA) blinded to the history of smoking and 
cardiometabolic status.  
 
Outcome Measures  
      The primary outcome of the study was MLNA 
(HU). The main independent variable of interest was 
smoking history (ever vs never smoker). Secondary 
variables included age, sex, hypertension, diabetes 
mellitus, and BMI.  
 
Statistical Analysis  
      Continuous variables were tested for normality 
using the Shapiro–Wilk test and visual inspection of 
histograms. As attenuation values were not normally 
distributed, data were expressed as median and 
interquartile range (IQR), and group comparisons 
(ever smokers vs never smokers) were performed 
using the Mann–Whitney U test. Subgroup analysis 
comparing current smokers, former smokers, and 
never smokers were performed using the Kruskal–
Wallis test followed by post-hoc pairwise comparisons 
with Bonferroni correction. Multivariable linear 
regression analysis was conducted to identify 
independent predictors of mediastinal lymph node 
attenuation. Variables included in the model were age, 

sex, hypertension, diabetes mellitus, BMI, and 
smoking history. Regression coefficients (B), 95% 
confidence intervals (CI), and P-values were reported. 
Receiver operating characteristic (ROC) curve 
analysis was performed to evaluate the discriminative 
ability of attenuation values for identifying smoking 
history, and the optimal cut-off value was determined 
using the Youden index. A two-tailed P-value <0.05 
was considered statistically significant. All statistical 
analyses were performed using SPSS (version 28.0; 
IBM Corp., Armonk, NY, USA). 
 
 
RESULTS 
 
A total of 138 individuals were included in the study, 
comprising 82 ever smokers and 56 never smokers. 
The mean age of the study population was 51.1±13.1 
years, and 42.8% were female. Baseline demographic 
and clinical characteristics of the study population are 
summarized in Table 1. Ever smokers were older and 
had a higher prevalence of hypertension and diabetes 
compared with never smokers. MLNA values were not 
normally distributed. Ever smokers had significantly 
higher attenuation values compared with never 
smokers (median 39.5 HU [IQR: 34–61.3] vs 35 HU 
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FIGURE 2. Representative examples of mediastinal lymph node attenuation (MLNA) measurements on non-contrast chest 
CT. Circular regions of interest (ROIs) were positioned within the solid portion of the lymph node while avoiding calcification, 
fatty hilum, and adjacent structures. (A) Example from a 67-year-old active smoker with diabetes mellitus demonstrating 
increased attenuation in the 4R lymph node station (90 HU). (B) Example from a never-smoker demonstrating lower atten-
uation in the 4L lymph node station (36 HU).
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[IQR: 32–40], P=0.001) (Table 1).  
      As shown in Table 2, smoking history remained 
independently associated with increased MLNA after 
adjustment for age, sex, hypertension, diabetes 
mellitus, and body mass index (B = 5.48 HU, 95% CI: 
1.72–9.23, P=0.005). Age was also an independent 
predictor, with an increase of 0.33 HU per year (95% 
CI: 0.16–0.49, P<0.001). Hypertension (B = 6.55 HU, 
95% CI: 1.69–11.42, P=0.009) and diabetes mellitus 
(B = 5.93 HU, 95% CI: 0.18–11.67, P=0.043) were 
independently associated with higher attenuation 
values. Sex and BMI were not significant predictors. 
The regression model explained approximately 41% 
of the variance in attenuation values (R² = 0.41).  

      ROC analysis demonstrated moderate 
discriminative ability of mediastinal lymph node 
attenuation for identifying smoking history (ever vs 
never), with an area under the curve (AUC) of 0.66 
(Figure 3). An optimal cut-off value of 46 HU yielded 
a sensitivity of 42.7% and specificity of 89.3%.  
      In exploratory analyses comparing current 
smokers, former smokers, and never smokers, 
attenuation values were highest among current 
smokers, followed by former smokers and never 
smokers (P<0.01). However, pairwise comparisons 
showed that the primary difference was between 
current and never smokers, while differences 
involving former smokers were not statistically 
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significant after correction for multiple comparisons 
(data not shown).  
 
 
DISCUSSION 
 
In this study, we demonstrated that smoking history 
was independently associated with increased 
mediastinal lymph node attenuation on non-contrast 
chest CT in individuals without known 
cardiopulmonary disease. Even after adjustment for 
age, sex, hypertension, diabetes mellitus, and body 
mass index, smoking history remained a significant 
predictor of nodal attenuation. These findings suggest 
that CT attenuation may reflect smoking-related 
chronic inflammatory or fibrotic nodal alterations.  
      To our knowledge, this is among the first studies 
to evaluate mediastinal lymph node attenuation in a 
non-malignant population while incorporating both 
environmental exposure and cardiometabolic risk 
factors in a multivariable framework. Mediastinal 
lymph node evaluation on CT has traditionally focused 
on nodal size rather than attenuation characteristics. 
However, attenuation values may provide additional 
information regarding underlying tissue composition, 
including fibrosis, calcification, and inflammatory 
infiltration. Prior imaging studies have suggested that 

CT attenuation may assist in lymph node 
characterization, although no universally accepted 
threshold has been established [1]. Our findings 
extend this concept by demonstrating that smoking 
exposure itself may influence nodal attenuation 
values, even in the absence of overt pulmonary 
disease. While several studies have evaluated 
mediastinal lymph nodes primarily in the context of 
lung cancer staging using CT and PET/CT, attenuation 
values alone have not shown sufficient specificity for 
malignancy discrimination [8-11]. These findings 
reinforce the need to interpret increased attenuation 
cautiously, especially in populations with chronic 
inflammatory exposures such as smoking.  
      Chronic exposure to cigarette smoke is known to 
induce persistent airway inflammation, macrophage 
activation, and deposition of carbonaceous particles 
within lymphatic tissue. Anthracotic changes in 
mediastinal lymph nodes have been described in 
smokers and individuals exposed to environmental 
pollutants [4]. These structural alterations may 
increase tissue density and contribute to higher 
attenuation values on non-contrast CT. In addition, 
chronic inflammatory stimulation may promote 
fibrotic remodeling within lymph nodes, further 
increasing CT attenuation. Radiologic descriptions of 
high-attenuation thoracic lesions have previously 
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FIGURE 3. Receiver operating characteristic (ROC) curve of mediastinal lymph node attenuation for discriminating ever 
smokers from never smokers. The area under the curve was 0.66, indicating moderate discriminative performance. A cut-off 
value of 46 HU provided a sensitivity of 42.7% and specificity of 89.3%.
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emphasized the role of calcification and chronic 
inflammatory processes [2], which may represent a 
similar pathophysiologic pathway. In addition to 
qualitative descriptions, comparative CT studies have 
demonstrated that anthracotic lymph nodes may show 
higher attenuation values compared with non-
anthracotic nodes, although significant overlap exists 
with malignant nodes [12]. FDG-PET/CT studies 
further support the concept that benign anthracotic 
lymphadenitis may present with increased metabolic 
activity and imaging features mimicking malignancy, 
underscoring the importance of careful radiologic 
interpretation [13, 14]. Occupational particulate 
exposure has also been associated with high-attenuation 
mediastinal lymph nodes due to mineral deposition and 
chronic inflammatory remodeling [2, 15].  
      In the present study, age, hypertension, and 
diabetes mellitus were independently associated with 
higher mediastinal lymph node attenuation values, 
suggesting that nodal density may reflect not only 
smoking-related changes but also broader systemic 
processes. Aging is known to be accompanied by 
cumulative inflammatory burden, progressive tissue 
remodeling, and alterations in lymphatic and vascular 
structures, which may contribute to increased 
attenuation over time [16]. Hypertension and diabetes, 
both components of cardiometabolic disease, are 
characterized by chronic low-grade inflammation, 
endothelial dysfunction, and fibrotic remodeling 
affecting multiple organ systems. These systemic 
changes may extend to lymphatic tissue and mediastinal 
nodes, potentially explaining the observed association 
with increased CT attenuation. Although direct 
evidence linking these conditions specifically to lymph 
node attenuation is limited, shared mechanisms such as 
microvascular alterations and extracellular matrix 
deposition provide a plausible biological framework for 
our findings. Microvascular dysfunction and 
extracellular matrix remodeling in diabetes mellitus 
have been well documented and may theoretically 
contribute to increased tissue density in lymphatic 
structures [16]. Similarly, cardiometabolic 
inflammation has been proposed as a systemic imaging-
relevant phenotype that may manifest across multiple 
organ systems, including thoracic structures [17].  
      Importantly, these associations should be 
interpreted cautiously. Diabetes and hypertension 
frequently coexist with aging and smoking exposure, 

and their effects may overlap through common 
inflammatory and fibrotic pathways. Therefore, 
increased nodal attenuation in these patients may 
represent a composite cardiometabolic phenotype 
rather than disease-specific structural change. Larger 
studies incorporating metabolic control parameters 
and longitudinal follow-up are needed to clarify the 
relative contributions of these factors to mediastinal 
lymph node attenuation [17].  
      The ROC analysis demonstrated moderate 
discriminative ability of mediastinal lymph node 
attenuation for identifying smoking history (AUC = 
0.66). While attenuation alone does not provide 
sufficient sensitivity to serve as a diagnostic marker 
of smoking exposure, higher HU thresholds showed 
relatively high specificity. Therefore, increased nodal 
attenuation should not be interpreted as a diagnostic 
test for smoking status; rather, it may represent a 
supportive imaging feature reflecting chronic 
exposure-related tissue changes.  
      From a clinical perspective, incidental mediastinal 
lymph nodes with relatively high attenuation values 
on non-contrast CT are commonly encountered in 
daily radiology practice [18]. Our findings suggest that 
smoking history should be considered when 
interpreting such findings, particularly in patients 
without known malignancy or granulomatous disease. 
Awareness of this association may reduce unnecessary 
additional imaging or invasive investigations in 
selected cases.  
      Radiographic assessment of mediastinal and hilar 
lymph nodes in sarcoidosis has demonstrated that 
nodal morphology and density may vary according to 
disease stage and fibrotic burden [19].  
      Case reports have further illustrated that 
anthracosis may present with mediastinal 
lymphadenopathy mimicking tuberculosis or 
malignancy, highlighting the importance of integrating 
imaging findings with clinical exposure history [20].  
 
Strengths and Limitations  
      This study has several strengths. First, it provides 
novel evidence that smoking history is independently 
associated with mediastinal lymph node attenuation 
on non-contrast CT in individuals without known 
cardiopulmonary disease. Second, the study 
population was carefully selected by excluding 
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patients with overt cardiopulmonary disorders, 
malignancy, active infection, interstitial lung disease, 
and other major conditions that could potentially affect 
mediastinal lymph node morphology or attenuation. 
Third, the use of non-contrast CT and quantitative 
attenuation measurements offers a practical and 
reproducible imaging-based approach that can be 
easily applied in routine thoracic imaging. In addition, 
the evaluation of mediastinal lymph nodes in an 
otherwise clinically selected population may 
contribute to a better understanding of smoking-
related subclinical nodal changes.  
      However, this study also has several limitations. 
First, its retrospective and single-center design may 
limit generalizability. Second, quantitative smoking 
exposure, such as pack-years, and duration since 
smoking cessation were not available, preventing 
dose–response analysis. Third, histopathologic 
correlation was not performed, and attenuation values 
were used as a surrogate imaging biomarker of 
structural nodal change. In addition, incidental 
subclinical granulomatous exposure or occult 
anthracotic changes may still have contributed to 
mediastinal lymph node attenuation despite the 
exclusion of overt cardiopulmonary disease. Finally, 
interobserver variability was not assessed, which may 
influence measurement reproducibility. Future 
prospective studies incorporating quantitative smoking 
exposure, longitudinal follow-up, and histopathologic 
correlation are warranted to further clarify the 
biological basis of these imaging findings. 
 
 
CONCLUSION 
 
Smoking history is independently associated with 
increased mediastinal lymph node attenuation on non-
contrast chest CT in individuals without known 
cardiopulmonary disease. Age, hypertension, and 
diabetes mellitus were also identified as independent 
contributors to higher nodal attenuation values, 
suggesting that mediastinal lymph node density may 
reflect cumulative inflammatory and cardiometabolic 
remodeling rather than solely overt pathological 
processes. These findings indicate that elevated nodal 
attenuation—particularly in patients with a history of 
smoking or cardiometabolic risk factors—may 
represent chronic exposure-related inflammatory and 

fibrotic changes rather than malignancy or 
granulomatous disease. In routine radiologic practice, 
incidental mediastinal lymph nodes with increased 
attenuation should therefore be interpreted within the 
clinical context. Incorporating patient history into 
image assessment may enhance diagnostic confidence, 
reduce unnecessary additional imaging or invasive 
procedures, and support more individualized, context-
based decision-making. Accordingly, CT attenuation 
should be considered a complementary imaging 
marker of chronic exposure and systemic 
inflammatory burden rather than a standalone 
indicator of disease.  
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