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A B S T R A C T   

Objective: To investigate the effect of smoking index (calculated as number of cigarettes per day ×
smoking years) and chronic obstructive pulmonary disease (COPD) duration on osteoporosis (OP) 
evaluated by opportunistic chest CT in patients with non-small cell lung cancer (NSCLC). 
Methods: A total of 101 patients diagnosed with NSCLC were included in our cohort study. Among 
them, 50 patients with a history of smoking and COPD were assigned to the experimental group, 
while 51 patients without a history of smoking and COPD were assigned to the control group. 
Hounsfield unit (HU) value was measured by conventional chest CT to investigate the bone 
mineral density; and the mean values of axial HU value in the upper, middle and lower parts of 
T4, T7, T10 and L1 vertebral bodies were measured as the study variables. 
Results: There were no significant differences in gender, age, body mass index, type of lung 
cancer, clinical stage of lung cancer and comorbidities between the two groups (P = 0.938，P =
0.158，P = 0.722,P = 0.596,P = 0.813,P = 0.655). The overall mean HU values of T4, T7, T10, 
L1 in the experimental group were 116.60 ± 30.67, 110.56 ± 30.03, 109.18 (96.85–122.95), 
94.63 (85.20–104.12) and 106.86 ± 22.26, respectively, which were significantly lower than 
those in the control group (189.55 ± 34.57, 174.54 ± 35.30, 172.73 (156.33–199.50), 158.20 
(141.60–179.40) and 177.50 ± 33.49) (P ＜0.05). And in the experimental group, smoking index 
and COPD duration were significantly and negatively correlated with HU values (r = − 0.627, 
− 0.542, P ＜0.05, respectively). 
Conclusion: Patients with NSCLC who have a history of smoking and COPD exhibit a notably lower 
HU value compared to the control groups. Additionally, it has been observed that the smoking 
index and duration of COPD may be influential factors affecting bone mineral density in NSCLC 
patients.  
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1. Introduction 

Osteoporosis (OP) is a systemic skeletal disorder distinguished by diminished bone mass and compromised bone microarchitecture, 
leading to heightened susceptibility to bone fractures. Its prevalence has escalated considerably, imposing substantial burdens on 
healthcare expenditure, morbidity rates, and mortality rates. Given the escalating aging population, advancements in medical services, 
and prolonged human lifespan, OP has emerged as a critical public health concern jeopardizing human well-being [1]. Lung cancer, 
with a prevalence of 11.6 % among all cancer cases, stands as the foremost cause of cancer-related mortality, claiming over 1.7 million 
lives globally in 2018. A significant proportion of individuals affected by this disease receive a diagnosis during advanced stages, which 
frequently entails severe systemic complications. For instance, certain lung cancers may exhibit calmodulin secretion, leading to 
diminished serum calcium levels and subsequent development of OP. Elevated serum levels of calmodulin, accompanied by hypo-
calcemia, bony pain, fractures, and other manifestations, can be observed in these patients. Therefore, it is imperative to consider the 
bone mass of lung cancer patients, as it can significantly impact the 5-year survival rate of patients [2,3]. A large number of scientific 
studies have also demonstrated that smoking plays an important role in the development of OP. One of the seven primary fracture risk 
factors endorsed by the World Health Organization Fracture Risk Assessment Tool (FRAX) encompasses age, sex, personal fracture 
history, family history of fracture, smoking, exercise, and mental factors, with smoking being among them (Fig. 1). [4–6]. Simulta-
neously, OP can significantly impact patients with COPD, leading to diminished activity levels and a decline in quality of life. The 
confluence of compromised pulmonary function, reduced physical activity, and the presence of OP substantially heightens the sus-
ceptibility to falls and fractures [4,7]. Therefore, patients with both a history of smoking and COPD should be followed up for bone 
mineral density to prevent OP-related complications in advance. Bone mineral density can be measured by a variety of current ex-
amination techniques, dual energy X-ray absorptiometry (DXA) and quantitative computed tomography (QCT) are more commonly 
used in clinical practice. Furthermore, DXA is recommended by the World Health Organization as the gold standard for the diagnosis of 
OP [8,9]; however, the above two devices have a narrow scope of application and only exist in large tertiary general hospitals or 
physical examination centers, also it is difficult to be popularized in general primary hospitals. Therefore, how to simply and accurately 
understand bone mineral density, timely prevent and treat osteoporosis, and prevent serious complications caused by OP (such as 
osteoporotic fractures) is essential; at present, a large number of studies have recommended HU value as an important tool for 
screening OP [10–13]. Groch et al. [14], for example, identified the HU values at L4, L5, and S1 by lumber vertebrate CT of 50 patients, 

Fig. 1. The potential mechanisms of smoking and COPD on osteoporosis.  
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demonstrating that identified the HU values at L4, L5, and S1 by lumber vertebrate CT of 50 patients, demonstrating that the HU value 
is a rapid and cost-effective method that does not involve additional radiation exposure, allowing for the acquisition of supplementary 
information regarding bone health; Kim et al. [15], conducted measurements of HU values on chest CT scans of 232 patients, spe-
cifically focusing on the T4, T7, T10, and L1 vertebral bodies. These measurements were then subjected to quantitative analysis using 
dual-energy X-ray absorptiometry. The researchers determined that the optimal threshold for detecting the mean bone mineral density 
associated with OP in men was 136.2 HU, with a sensitivity of 95.0. specificity 77.6, while in women was 137.9 HU. with a sensitivity 
of 96.0, specificity 64.4. The above studies showed that, HU value obtained by opportunistic CT scans has been shown to be a feasible 
tool with good sensitivity to additionally assess patients’ bone quality compared with the gold standard DXA. Therefore, the aim of this 
paper is to observe the correlation between smoking index, COPD duration (interval between the patient’s initial diagnosis of COPD 
and their subsequent enrollment in the study.) and HU values in patients with NSCLC, so as to determine the effect of smoking index 
and COPD duration on bone mineral density and provide a reliable basis for early prevention and treatment of OP in this population. 

2. Materials and methods 

2.1. General data 

A retrospective, non-randomized collection was conducted on a cohort of 101 patients diagnosed with non-metastatic NSCLC in the 
Department of Respiratory Medicine at Guizhou Provincial People’s Hospital between October 2021 and October 2022, who had not 
received chemoradiotherapy prior to the study. The inclusion of these patients in the study was subject to review and approval by the 
Ethics Committee of Guizhou Provincial People’s Hospital (NO.KY 2022-133); among them, 50 lung cancer patients with history of 
smoking and COPD were included in the experimental group, with an average age of (63.46 ± 7.05) years, while 51 lung cancer 
patients without smoking history and COPD at this time period were selected and included in the control group, with an average age of 
(62.10 ± 7.76) years. The lung cancer types in the two groups were compiled based on the pathological biopsy results, in accordance 
with the 8th edition of the International Society for the Study of Lung Cancer TNM staging criteria for lung cancer [16]，The clinical 
staging of lung cancer was assessed in both the experimental and control groups of this study, and the comorbidities between these 
groups were subjected to statistical analysis. 

2.2. Research methods 

2.2.1. Medical history collection 
A unified inquiry process was used, and the inquiry doctors were composed of attending doctors who had been specially trained, 

information including general data, past history (COPD history), medication history, family history, and living habits (smoking and 
drinking) were obtained. 

2.2.2. Physical examination 
The height and weight of the subjects were recorded, and the body mass index (BMI) was calculated. BMI = weight (kg)/height 

(m2). 

2.2.3. HU value measurement 
The chest CT utilized in this study refers to the CT image acquired during the patient’s initial diagnosis of lung cancer at our 

hospital. Additionally, the HU value was measured based on the chest CT obtained during the patient’s initial lung cancer diagnosis. 
The HU value of chest CT (Siemens, dual-source computed tomography, defined tube voltage 120 kV) was measured by two profes-
sional doctors including T4, T7, T10, and L1 vertebral bodies of the patients, (Fig. 2). Finally, the mean values of each vertebra between 
the two groups were compared. Measurement method: first, the above four targeted vertebral bodies were located from the sagittal and 
axial chest position (Fig. 2A and B), and then 3 axial planes of targeted locations were selected from the sagittal view of each vertebral 
body (Fig. 2C–a): was located below the upper endplate (Fig. 2C–b), was located in the middle of the vertebral body, and (Fig. 2C–c) 
was located above the lower endplate. Finally, the average HU value of each vertebra was calculated by marked ellipses of the above 
three axial planes (Fig. 2D–G). The overall total mean HU values were then calculated from the mean HU values of the four vertebral 
bodies. 

2.2.4. Calculation of smoking amount 
This study utilized multiple measures, such as the smoking index, cumulative smoking index, and other indicators, to quantitatively 

assess the prevalence of smoking among the patients. The smoking index was determined by multiplying the number of cigarettes 
smoked per day by the number of years of smoking, and it was categorized into three levels: mild smoking (smoking index ≤200), 
moderate smoking (200 < smoking index <400), and severe smoking (smoking index ≤400). According to a study, there was a notable 
elevation in the likelihood of developing cancer when the smoking index reached or surpassed a value of 400 [17]; Based on the 
prevailing consensus among experts, it can be considered a substantial risk factor for the onset of lung cancer when an individual’s 
cumulative smoking index reaches or surpasses 20 packs. This index is determined by multiplying the number of packs smoked per day 
(20 cigarettes per pack) by the total number of years of smoking [18]. The mean cumulative smoking index among the smoking 
patients in this study was 50.20 pack years, indicating a high risk for lung cancer (Fig. 3). Notably, all smoking patients in the 
experimental group exclusively smoked cigarettes, which contains 20 cigarettes per pack. Due to potential exposure to secondhand 

Y. Zhou et al.                                                                                                                                                                                                           



Heliyon 9 (2023) e20885

4

smoke in both the experimental and control groups, the precise identification of secondhand smoke exposure was not feasible. 
Therefore, we solely recorded the smoking status of patients, considering those in the control group as nonsmokers and nonexposed to 
secondhand smoke. 

2.2.5. Diagnostic criteria and measurement indicators of COPD 
According to 2021 edition of Guidelines for the Diagnosis and Treatment of Chronic Obstructive Pulmonary Disease [19], the 

diagnostic criteria and measurement indicators of COPD diagnosis primarily relies on clinical data encompassing the assessment of risk 

Fig. 3. Smoking status and COPD severity in the experimental group. Note: Cumulative smoking index: number of packs smoked per day (20 
cigarettes/pack) * total years of smoking; FEV1: forced expiratory volume in the first second; FVC: forced vital capacity; FEV1/FVC%: FEV1/FVC. 

Fig. 2. Measurement of HU value by CT. A. sagittal CT view of the chest CT; B. axial CT view of the chest CT. C locations of the assessment (a. 
located below the upper endplate, b. located in the middle of the vertebral body, and c. located above the lower endplate.); D-G. axial locations of 
the assessment on T4,7,10 and L1. 
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factor exposure history, symptoms, signs, pulmonary function tests, and the exclusion of other diseases that may present similar 
symptoms and persistent airflow limitation. Pulmonary function tests showing persistent airflow limitation are necessary for the 
diagnosis of COPD, and FEV1/FVC <70 % after inhalation of bronchodilators identifies the presence of persistent airflow limitation. 
Global initiative for chronic obstructive lung disease (GOLD) was graded according to the severity of irreversible airflow limitation in 
COPD according to the percentage of predicted FEV1 after diastole, which was divided into 4 grades: grade I (mild): FEVl/FVC <70 % 
but FEVl ≥80 % predicted; grade II (moderate): 50 % ≤ FEV1 < 80 % predicted; grade III (severe): 30 % ≤ FEV1 < 50 % predicted; and 
grade IV (very severe): FEV1 < 30 % predicted. In this study, all patients diagnosed with COPD were determined by FEV1 to FVC ratio 
(FEV1/FVC <70 %) measured by our spirometer (model: Master Screen SeS) after inhalation of bronchodilators, and FEV1% of 
predicted value was graded. The etiology of COPD may be related to factors such as smoking, air pollution, occupational exposure 
(occupational exposure to vapors, gases, dusts, and fumes), etc [20]. Siddharthan et al. [21] pooled data from five population-based 
studies in six countries and 13 regions of sub-Saharan Latin America and found that smoking accounted for approximately 20 % of the 
causes of COPD; According to Mehta et al. [22], air pollution accounts for approximately 56 % of the causes of COPD in a multicenter, 
population-based prospective cohort study of 9561 people randomly recruited in eight districts of Switzerland; In a Danish 
population-based cohort, occupational exposure to vapour, gas, dust, and fumes (predominantly organic dust) was associated with a 
more than threefold increased risk (LLN OR = 3.69 (95 % CI 1.36 to 10.04), with a population attributable fraction of 48 % (95 % CI 30 
%–65 %) among never-smokers [23]. In our study, a total of 38 people in the experimental group had COPD, 16 patients in grade I, 18 
patients in grade II, 4 patients in grade III, and no patients in grade IV (Fig. 3). 24 (63 %) of whom had a clear history of smoking, 5 (13 
%) had a long history of polluted air exposure, and 9 (24 %) had a clear history of occupational exposure. 

2.3. Inclusion and exclusion criteria 

2.3.1. Inclusion criteria 
(1) Patients who were initially diagnosed with non-metastatic NSCLC and had not yet undergone chemoradiotherapy; (2) All 

patients were over 45 years of age; (3) All patients in the experimental group met the diagnostic criteria for COPD in the Guidelines for 
the Diagnosis and Treatment of Chronic Obstructive Pulmonary Disease established in 2021; (4) Patients in the experimental group 
had no acute exacerbation of chronic obstructive pulmonary disease; (5) Patients who also had a history of smoking and had not quit 
smoking; (6) There were no other interfering factors that had an effect on bone mineral density recently. 

2.3.2. Exclusion criteria 
(1) Patients with liver and kidney dysfunction; (2) Patients with systemic immune diseases; (3) Patients with hyperparathyroidism 

or hypercortisolism; (4) Patients with primary or metastatic bone tumors in the spine and patients with foreign bodies caused by 
previous spinal surgery; (5) Patients with compression fractures; (6) Patients with small cell lung cancer; (7) Patients using anti- 
osteoporosis drugs, such as bisphosphonates, calcium or vitamin D, estrogen and estrogen receptor modulators. 

2.3.3. Control factors 
Due to the multitude of interconnected factors contributing to OP, the primary objective of this study is to investigate the impact of 

smoking index and COPD duration on HU values. To ensure the validity of our findings, we meticulously screened our patient cohort 
and eliminated any confounding variables that could potentially influence bone mineral density. Consequently, the participants 
included in this research were exclusively individuals who were initially diagnosed with non-metastatic NSCLC at our hospital and had 
not yet undergone chemoradiotherapy. The advantage of including such patients lies in the recent avoidance of high-dose hormone 
therapy, effectively eliminating the potential interference of glucocorticoids in this study. Additionally, given that age is an inde-
pendent determinant of bone mineral density, we meticulously regulated the age of both patient groups to minimize any substantial 
age disparity. 

2.4. Statistical analysis 

SPSS 26 software was applied for statistical analysis. Measurement data conforming to normal distribution (body mass index, T4, 
T7 and overall total mean HU values) were expressed as x ± s, the t-test was used for comparison between groups; measurement data 
not conforming to normal distribution (T10, L1 mean HU values) were expressed as median (interquartile spacing), and the Wilcoxon 
was used for comparison between groups. the categorical data (gender) were compared using χ2 test. Pearson linear correlation test 
was used to analyze the correlation between smoking index, COPD duration and overall total mean HU values. P < 0.05 was considered 
statistically significant. 

3. Results 

3.1. General information 

A total of 101 patients were investigated in this study, including 50 patients in the experimental group, 31 males (62 %) and 19 
females (38 %); 51 patients in the control group, 32 males (63 %) and 19 females (37 %); there was no significant difference in gender 
between these two groups (P = 0.938). The age was ranged from 48 to 80 years, with an average age of (63.46 ± 7.05) years in the 
experimental group and (62.10 ± 7.76) years in the control group, there was no significant difference in the age between the two 
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groups (P = 0.158). BMI was ranged from 15.62 to 30.48 kg/m2 with a mean BMI of (22.57 ± 3.33) in the experimental group and from 
14.69 to 30.82 kg/m2 with a mean BMI of (22.33 ± 3.47) in the control group, there was no significant difference in BMI between the 
two groups (P = 0.722). In experimental group, the smoking index was 900 (600–1200)，pack-years was 45 (30–60). Lung cancer 
types and clinical stages of lung cancer in the two groups: 33 cases of adenocarcinoma, 17 cases of squamous cell carcinoma and 0 case 
of other types of tumors in the experimental group, including 2 cases of stage IA, 1 case of stage IB, 1 case of stage IIA, 5 cases of stage 
IIB, 8 cases of stage IIIA, 21 cases of stage IVA and 12 cases of stage IVB; 34 cases of adenocarcinoma, 16 cases of squamous cell 
carcinoma and 1 case of other types of tumors (which is adenosquamous carcinoma) in the control group, including 4 cases of stage IA, 
1 case of stage IB, 0 case of stage IIA, 6 cases of stage IIB, 5 cases of stage IIIA, 25 cases of stage IVA and 10 cases of stage IVB; there was 
no significant difference of lung cancer types and clinical stages between the two groups (P = 0.813, P = 0.655); There was also no 
statistical difference in comorbidities between the two groups (P = 0.655). The general information of the study subjects is shown in 
(Table 1). 

3.2. The comparisons of T4, T7, T10, L1 and total mean HU values between these two groups 

After data processing of vertebral HU values in both group, the mean and standard deviation (or median and quartile) of T4, T7, 
T10, L1 and total mean HU values in the experimental group were 116.60 ± 30.67, 110.56 ± 30.03, 109.18 (96.85–122.95), 94.63 
(85.20–104.12), and 106.86 ± 22.26, respectively; while in the control group, they were 189.55 ± 34.57, 174.54 ± 35.30, 172.73 
(156.33–99.50), 158.20 (141.60–79.40), and 177.50 ± 33.49, respectively; it is showed that the mean HU values of each vertebral 
body in the experimental group were significantly lower than the control group (P ＜0.05). The comparisons of T4, T7, T10, L1 and 
total mean HU values between these two groups are shown in (Table 2). 

Table 1 
Comparison of demographic information between these two groups.  

General information Experimental group Control group P 

no. 50 51 0.938 
Male 31 (62 %） 32 (63 %)  
Female 19 (38 %) 19 (37 %) 
Age 63.46 ± 7.05 62.10 ± 7.76 0.158 
BMI 22.57 ± 3.33 22.33 ± 3.47 0.722 
Smoking index 900 (600–1200) – – 
Pack-years 45 (30–60) – – 
Type（n）   0.596 
Adenocarcinoma 33 (66 %) 34 (67 %)  
Squamous cell carcinoma 17 (34 %) 16 (31 %)  
others 0 (0 %) 1 (2 %)  
Clinical staging(n)   0.813 
IA 2 (4 %) 4 (8 %)  
IB 1 (2 %) 1 (2 %)  
IIA 1 (2 %) 0 (0 %)  
IIB 5 (10 %) 6 (12 %)  
IIIA 8 (16 %) 5 (10 %)  
IVA 21 (42 %) 25 (49 %)  
IVB 12 (24 %) 10 (20 %)  
Comorbidity   0.655 
Diabetes mellitus 15 (30 %) 17 (33 %)  
Hypertension 18 (36 %) 20 (39 %)  
Hyperthyroidism 4 (8 %) 2 (4 %)  

Note: measures are expressed as number of patients (%) and mean ± standard deviation (x ± s). 

Table 2 
Comparisons of average HU values between these two groups.  

Groups Average T4 HU 
value 

Average T7 HU 
value 

Average T10 HU 
value 

Average L1 HU 
value 

Total average HU 
value of (T4,7,10) 

Total average HU value 
(T4,7,10 and L1) 

Experimental 
group 

116.60 ±
30.67 

110.56 ±
30.03 

109.18 
(96.85–122.95) 

94.63 
(85.20–104.12) 

110.98 ± 24.34 106.86 ± 22.26 

Control group 189.55 ±
34.57 

174.54 ±
35.30 

172.73 
(156.33–199.50) 

158.20 
(141.60–179.40) 

181.90 ± 34.34 177.50 ± 33.49 

P ＜0.05* ＜0.05* ＜0.05* ＜0.05* ＜0.05* ＜0.05* 

Note: measures are expressed as mean ± standard deviation (x ± s); median (interquartile spacing) * with statistical significance. 

Y. Zhou et al.                                                                                                                                                                                                           



Heliyon 9 (2023) e20885

7

3.3. Linear correlation analysis between smoking index, COPD index and HU value 

It is showed that the overall mean HU values of the vertebral body in the experimental group was (106.86 ± 22.26), which showed 
a significant negative linear correlation with smoking index (Fig. 4A) (r = − 0.627, P ＜0.05); and a significant negative linear cor-
relation with COPD duration (Fig. 4B) (r = − 0.542, P ＜0.05). Our study revealed a significant and inverse correlation between 
smoking index and COPD duration with HU value. Moreover, a higher smoking index and longer COPD duration were associated with 
lower HU values, thereby increasing the likelihood of OP. The correlations between smoking index, COPD duration and overall mean 
HU values are shown in (Table 3). 

4. Discussion 

OP is a prevalent age-related degenerative ailment, impacting a substantial population of around 200 million individuals globally. 
A considerable proportion of OP patients are prone to developing osteoporotic fractures, which significantly contribute to disability 
and mortality rates among the elderly. Moreover, these fractures impose a substantial economic burden on society, families, and 
individuals. However, early detection of OP patients, effective management of risk factors, timely implementation of intervention 
treatment, and subsequent delay in bone mineral density decline can collectively contribute to a reduction in the incidence of 

Fig. 4. Correlations of smoking index, COPD index and HU value. A. correlation between smoking index and total average HU value; B. correlation 
between COPD duration and total average HU value. 
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osteoporotic fractures [24,25]. At present, there are many known factors affecting OP, such as race, age, gender, weight, exercise, 
living habits and drugs abuse, which will have an impact on the bone mineral density [26,27]. Currently, many studies have confirmed 
that smoking index and COPD duration are related factors of OP, but mostly, based on the patient ’s DXA bone mineral density ex-
amination [28,29]. Although DXA has been recommended by the World Health Organization as the gold standard for the diagnosis of 
OP, due to the need to produce additional rays and costs, only a considerable number of people in China have received bone mineral 
density examination, which is not easy to promote in clinical practice; on the contrary, chest CT, as a common imaging examination is 
more commonly used in general population, so the use of HU value measured by chest CT can simply and quickly understand the bone 
mineral density of patients, and it has been confirmed 

by a number of studies [30–32]; It is widely recognized that OP is a prevalent complication among individuals with COPD, leading 
to a direct impact on patient mobility and a decline in their overall quality of life, particularly when spontaneous osteoporotic fractures 
occur. Conversely, COPD patients already experience compromised pulmonary function and reduced mobility, and when combined 
with OP, the risk of falls and fractures is significantly amplified [33]. Therefore, patients receiving chemoradiotherapy should prevent 
OP in advance. By measuring HU values from existing chest CT data of patients, we reminded respiratory physicians to pay attention to 
the bone mineral density of NSCLC patients, and it is especially important to prevent osteoporosis-related complications during late 
chemoradiotherapy in patients with both smoking history and COPD. 

Mechanism of smoking-induced OP: 1.Smoking can inhibit intestinal absorption of calcium and vitamin D, which may be an 
important factor in bone loss; the main site of intestinal absorption of calcium ions is usually in the upper small intestine, particularly 
the upper duodenum and jejunum as the most effective absorption site; and the main site of intestinal absorption of vitamin D is also 
located in the jejunum and ileum; some components of cigarette smoking have been demonstrated in animal studies to directly harm 
the intestinal villi, while nicotine has the effect of compressing the intestinal microvessels, resulting in a decrease in the intestinal 
absorption rate of calcium and vitamin D [34,35]. 2.Nicotine in tobacco enhances osteoclast activity and raises blood and urine 
calcium concentrations, resulting in OP [36,37]. 3.Marinucci et al. [38] discovered that nicotine produces significant intracellular 
H2O2 buildup, which stimulates MG-H1 accumulation/release by inhibiting Glo1. MG-H1 then causes additional H2O2 overproduction 
via RAGE and, in parallel, an apoptotic mitochondrial pathway by inducing TG2 downregulation-dependent NF-kB desensitization, 
introducing the antiglycation enzyme defense Glo1 and MG-H1 as molecular events involved in osteoblast apoptosis, a critical event in 
smoker-related osteoporosis. 4.Nicotine reduces estrogen synthesis, promotes estrogen dissociation and metabolism, and dysregulates 
calcium-regulated hormones, thereby affecting bone mineral density [39]. 5.Smoking can inhibit ovarian function, lead to premature 
menopause in female patients, reduce estrogen secretion, leading to OP [40,41]. 6.Ernster et al. [42] found that smoking is an 
important factor leading to skin aging; and skin synthesis is the main source of vitamin D in the human body, so the synthesis of vitamin 
D will be affected by skin aging, smoking will accelerate skin aging and affect the synthesis of vitamin D in the human body, thus 
affecting the transport of calcium in the human body, leading to reduced calcium deposition in the bones, thereby reducing bone mass. 
7.Smoking has been shown to influence the expression of cytokines and inflammatory mediators. In the study by Tsutakawa et al., 
nicotine (0.3 mg kg-1 day-1) significantly increased the protein expression of cyclooxygenase-2 (COX-2) and inducible nitric oxide 
synthase (iNOS), increased the release of pro–inflammatory mediators, hampered or prevented the healing of skin and blood vessels, 
disrupted the body’s ability to make vitamin D and calcium, and therefore decreased bone mass [43]. 8.Smokers have higher serum 
levels of ionized calcium, and small changes in ionized calcium levels cause rapid changes in parathyroid hormone secretion and 
synthesis, demonstrating that smoking can affect parathyroid hormone secretion and synthesis, which leads to increased osteolysis and 
causes osteoporosis [44,45]. 9.Vitamin D3 produced by the skin and vitamin D2 taken from food circulating in the body are hy-
droxylated in the liver before being hydroxylated in the kidneys by the 1 hy-droxylase CYP27B1 to make active vitamin D, 1,25(OH) 
2D3. Tobacco plants contain heavy metals such as lead and cadmium, and long-term smoking can lead to heavy metal accumulation in 
the body, with the kidneys being the primary site of accumulation. Indeed, an increase in lead and cadmium in the body can harm 
tubular and glomerular function, interfering with the proper biotransformation of vitamin D in the body and resulting in calcium 
absorption issues and decreased bone mass [46–49]. 

Mechanism of OP caused by COPD: 1.systemic inflammatory response caused by COPD can lead to osteoclast proliferation and 
differentiation, resulting in bone loss; 2.COPD patients frequently experience long-term hypoxemia, which primarily results in reduced 
patient activity and an increased risk of osteoporosis. Additionally, hypoxemia directly stimulates osteoclastogenesis; 3.Long-term 
COPD patients can lead to cachexia, leading to malnutrition, thus affecting the absorption of calcium; 4.COPD patients with long- 
term malnutrition, leading to hypogonadism, causing decreased estrogen and androgen production, and further weakening osteo-
genic activity. 5.A significant proportion of individuals diagnosed with COPD require prolonged corticosteroid therapy for the suc-
cessful management and alleviation of symptoms, consequently establishing a direct correlation with bone demineralization [50–53]. 

Smoking, including secondhand smoking or passive smoking, is the first important cause of COPD. And the longer the duration of 
smoking, the greater the amount of smoking, the higher the prevalence; the pathogenesis of COPD caused by smoking is as follows: 1. 
Zhou et al. [17] concluded that smoking activates MMP-12, degrades elastin into elastin peptides, and activates immune cells to release 

Table 3 
Correlations between smoking index, COPD duration and total average HU value.  

Relevance Smoking index & total average HU value COPD duration & total average HU value 

Pearson correlation − 0.627 − 0.542 
P ＜0.05* ＜0.05* 

* with statistical significance. 
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inflammatory factors, resulting in the occurrence of airway inflammation, and the excessive production of airway mucus, will causes 
long-term lung damage and eventually leads to the onset and progression of COPD. 2.Amatngalim et al. [54] found that smoking can 
harm the respiratory tract and epithelial cells, resulting in epithelial barrier disruption and cell death which further cause the onset or 
worsening of COPD. 3.Barnes et al. [55] found that chronic exposure to cigarette smoking activates reactive oxygen species (ROS), 
inflammation-oxidative stress, and apoptosis, resulting in enlarged alveolar spaces and causing the development of COPD. 4.Mar-
emanda et al. [56] found that cigarette smoking has also been shown to alter the structure and function of mitochondria, and mito-
chondrial dysfunction is a key event in the pathogenesis of chronic lung diseases such as COPD and idiopathic pulmonary fibrosis (IPF). 
5.Barnes et al. [57] found that cigarette smoking can activate alveolar macrophages to release elastase, which can lead to emphysema 
in combination with cytotoxic T cells, while promoting small airway fibrosis, resulting in COPD. It has also been shown that smoking 
cessation is essential in reducing COPD incidence and improving clinical symptoms. By observing 181 patients, Pezzuto et al. [58] 
found that smoking cessation and was effective in improving symptoms and respiratory function after 3 months of smoking abstinence. 
Pezzuto et al. [59] also retrospectively analyzed 45 patients with severe COPD in 2016 and found that lung function decline was closely 
related to smoking, which resulted in deterioration of symptoms, while smoking cessation was effective in increasing FEV1 and 
improving their symptoms. Second, exhaled carbon monoxide in quitters can return to normal within a few hours. Smoking cessation 
also relieves symptoms of chronic cough and sputum in the short term and reduces other symptoms such as shortness of breath and 
wheezing [60]. 

There is a large number of clinical literatures have demonstrated that HU value can be used as an important tool for the diagnosis of 
OP; for example, Kim et al. [15] evaluated the application of low-dose chest computed tomography (LDCT) in detecting OP and 
demonstrated that LDCT has a good correlation with bone mineral density measured based on dual-energy X-ray. The results of this 
study demonstrate that low-dose chest computed tomography can provide comprehensive information on the bone status without the 
need of additional examinations or exposure to radiation or contrast agents. Marinova et al. [61] also proved that Hu values from 
abdominal and particularly thoracic CT scans can sensibly be applied toward determining BMD, detecting OP and identifying persons 
at high fracture risk. It is showed that Hu value is superiorly to DXA, fragility fractures can be easily detected by it without additional 
imaging or radiation exposure, which can initiate early adequate treatment. It is therefore feasible to use HU values from chest CT to 
assess bone mineral density in patients. Furthermore, there is a considerable body of literature that provides thresholds for HU values 
corresponding to T scores from DXA, for example, Zaidi et al. [62] identified that L1 HU threshold for detecting OP is 110 HU and 135 
HU for detecting osteopenia, with a specificity of 90 %. Zou et al. [63] recommended the following criteria for the diagnosis of OP: L1 
≤ 110 HU or L2 ≤ 100 HU or L3 ≤ 85 HU or L4 ≤ 80 HU. Based on previous research, it has been determined that patients diagnosed 
with NSCLC and exhibiting HU values below 110 in the L1 vertebral body or T4, T7, T10, L1 vertebral bodies, along with an overall 
mean HU value below 138, should undergo additional Dual-energy X-ray Absorptiometry (DXA) testing to validate the presence of OP 
and enable early intervention. 

5. Limitations 

First, only 101 patients are included in this study, so it is still necessary to verify the accuracy of the conclusions with larger 
prospective randomized trials; second, this paper only included NSCLC patients, so that the study results may have selective deviation; 
third, due to potential exposure to secondhand smoke in control group, the precise identification of secondhand smoke exposure was 
not feasible, which might cause biased results; fourth, the paper did not verify the correlation and accuracy between HU values and 
DXA, making it impossible to use HU values to determine whether patients have OP; lastly, in this experiment, the correlations between 
smoking, COPD and Hu value were investigated using univariate analysis, for further confirmation, a larger sample size and multi-
center study are needed to control for potential confounding factors. 

6. Conclusions 

The study found that NSCLC patients with a smoking history and COPD had significantly lower HU values compared to those 
without such histories, suggesting a potential impact of smoking and COPD on bone mineral density. The use of HU values obtained 
from chest CT scans was found to be a simple and efficient method for predicting OP in NSCLC patients. Therefore, clinicians should 
consider utilizing HU values measured by chest CT scans to assess bone mineral density, particularly in patients with a history of 
smoking and COPD, as this approach may help reduce the occurrence of complications related to OP. 
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