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Objective: This study aimed to evaluate the relationship between fluorodeoxyglucose 
metabolism and smoking history in healthy adults by analyzing lung standardized uptake 
value (SUV).
Methods: The 18F-fluorodeoxyglucose positron emission tomography/computed tomogra
phy (18F-FDG PET/CT) studies of 347 patients who did not show signs of having malignant 
diseases or lung inflammation were retrospectively evaluated. Four circular regions of 
interest (ROI) were manually drawn on the upper and lower lung regions. The averages of 
maximum SUV (SUVmax-avr) and mean SUV (SUVmean-avr) were calculated, and the 
mean values of each parameter for non-smokers, ex-smokers, and current smokers were 
compared. The correlation between SUVmax-avr and smoking history (tobacco burden and 
the duration of smoking cessation) was assessed based on present smoking status. The ex- 
smokers and current smokers were divided into three groups according to their tobacco 
burden, and the SUVmax-avrs of the two groups were compared.
Results: Both the mean values of SUVmax-avr and SUVmean-avr increased based on smoking 
history, with non-smokers having the lowest values and current smokers the highest. Tobacco 
burden had a positive correlation with SUVmax-avr in current smokers (r = 0.474, P< 0.001). 
However, neither tobacco burden (r = 0171, P = 0.162) nor duration of smoking cessation (r = 
0.212, P = 0.082) had a significant correlation with SUVmax-avr in ex-smokers. The mean 
SUVmax-avr of current smokers was significantly higher than that of ex-smokers in patients with 
a medium or large tobacco burden (P = 0.012, P< 0.001, respectively). Although there was no 
significant difference between the mean SUVmax-avrs of ex-smokers and current smokers in 
patients with a small tobacco burden (P = 0.888), the mean SUVmax-avrs of both ex-smokers 
and current smokers with a small tobacco burden were significantly higher than that of non- 
smokers (P< 0. 001, P< 0.001, respectively).
Conclusion: The findings indicate that lung SUV increases in current heavy smokers and 
partially decreases after the cessation of smoking, which is in line with previous reports 
studied by analyzingfluorodeoxyglucose (FDG) metabolism of lung specimens.
Keywords: smoking, lung, positron emission tomography/computed tomography, 
fluorodeoxyglucose

Introduction
Cigarette smoking is known to induce lung inflammation.1–4 It is reported that 
chronic inflammation of the lung tissue may result in repeated lung injury, which 
enhances cell turnover, potential genetic error, and epithelial-to-mesenchymal tran
sition of the lung and ultimately leads to lung tumorigenesis.5 Parimon et al6 
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reported that patients with chronic obstructive pulmonary 
disease (COPD) who were treated with inhaled corticos
teroids had a reduced incidence of lung cancer and death, 
suggesting that the inhibition of inflammation can prevent 
lung tumorigenicity.

18F-fluorodeoxyglucose positron emission tomography/ 
computed tomography (18F-FDG PET/CT) is useful in 
detecting and staging malignant tumors7–9 and has been 
used to study inflammatory disease10,11 based on the 
increased glucose utilization of malignant or inflammatory 
tissue. Although there are a few studies exploring lung 
standardized uptake value (SUV) in normal tissue,12,13 

they focused on the differences in lung SUV based on 
anatomical location rather than on smoking history. As 
such, the relationship between lung SUV of FDG uptake 
and smoking history is currently unclear.

It can be theorized that lung SUV increases with the 
inflammatory reaction of the lung associated with smok
ing. Therefore, the present study assessed the differ
ences in lung SUV based on smoking status and 
tobacco burden.

Methods
Patients
The 18F-FDG PET/CT studies of 502 adult patients who 
were referred to rule out malignancy between 
January 2018 and October 2019 were retrospectively ana
lyzed. A total of 347 patients were up to the standard of 
the inclusion criteria and were included in the study.

Each patient’s smoking history, including the duration of 
smoking cessation, was assessed using a validated 
questionnaire.14 “Pack years” means the calculative years 
of smoking, and was applied to measure tobacco burden. 
The current smokers and ex-smokers were then divided into 
three groups on the basis of the median tobacco burden of 
15.0 pack years (for ex-smokers) and 25.0 pack years (for 
current smokers): (1) patients with a smaller tobacco burden 
(0 < pack years ≤ 15, n = 61); (2) patients with a medium 
tobacco burden (15 < pack years ≤ 25, n = 32); (3) patients 
with a larger tobacco burden (pack years > 25, n = 44).

Inclusion criteria: (1) 18F-FDG PET/CT imagings were 
interpreted as negative for malignancy; (2) no history of 
a cancer diagnosis in the last five years; (3) no history of 
previous chest surgery; (4) no history of exposure to 
environmental or occupational pollutants; (5) no evidence 
of inflammatory lung lesions on the unenhanced CT scan
ning of the 18F-FDG PET/CT.

18F-FDG PET/CT Imaging
Whole-body 18F-FDG scans were acquired using a PET/CT 
system (Discovery STE, GE Healthcare, Milwaukee, USA) 
with the protocol used at our institution. All patients fasted 
for at least six hours before the intravenous (IV) adminis
tration of 18F-FDG by 7.4 MBq/kg of body weight. Blood 
glucose levels of the patients were all below 7.2 mmol/L. 
No IV iodinated contrast was used in the last 7 days.

CT images were acquired a range from the skull base to 
the upper thigh using the following parameters: 120 kV of 
peak voltage; 10 to 130 mAs of automated tube current; 0.8 
seconds of rotation time; 50 cm of field of view; 40 to 50 
seconds of length of scan; 3.75 mm of slice thickness. PET 
data were obtained from the same anatomic locations imme
diately after CT acquisition, with an axial view field of 
157cm in the 3D mode at 150 s/bed position. The CT data 
were used for the PET attenuation correction, and all the data 
of PET/CT imaging were reconstructed using a conventional 
iterative algorithm (ordered-subsets expectation maximiza
tion). A workstation (AW Volume ShareTM, GE Healthcare, 
USA) with multiplanar reformatted images was used for the 
displaying and analyzing PET/CT imagings.

Image Analysis
Circular regions of interest (ROI) about 2 cm in diameter 
on four lateral peripheral regions were manually indicated 
on the axial PET images simultaneously placed on both 
PET and CT images. Each ROI was on a single 2D axial 
slice: the right upper lung (RUL), right lower lung (RLL), 
left upper lung (LUL), and left lower lung (LLL). The 
ROIs of the RUL and LUL were drawn at the level of the 
carina, while the ROIs of the RLL and LLL were drawn at 
the level of the bifurcation of the intermediate bronchus 
(Figure 1). The maximum and mean SUVs of each ROI 
were obtained and defined as SUVmax-RUL, SUVmax- 
RLL, SUVmax-LUL, SUVmax-LLL, SUVmean-RUL, 
SUVmean-RLL, SUVmean-LUL, and SUVmean-LLL. 
The averages of SUVmax-RUL, -RLL, -LUL, and -LLL 
were then calculated and defined as SUVmax-avr, and the 
averages of SUVmean- RUL, -RLL, -LUL, and -LLL were 
calculated and defined as SUVmean-avr.

Body weight–normalized SUV computation was 
employed for the SUV algorithm. For each patient, the 
SUVmax (g/mL), SUVmean (g/mL), metabolic lung volume 
(cm3) of ROI, and total lung glycolysis (g⋅cm3/mL) of the 
ROI were measured using a standard 42% SUVmax thresh
old volume of interest embedding the whole ROI.
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Statistical Analysis
To explore the influence of smoking status on lung SUV, 
non-smokers, ex-smokers, and current smokers were sta
tistically analyzed using one-way analysis of variance 
(ANOVA) and an unpaired t-test. The relationship between 
SUVmax-avr of FDG uptake and smoking history 
(tobacco burden and the duration of smoking cessation) 
according to present smoking status was assessed using 
linear regression analysis. Multivariate linear regression 
analysis was applied in order to adjust for age. SPSS 
19.0 for Windows (SPSS Inc, an IBM Company, 
Chicago, USA) was used for all the statistical analysis. 
All P values were derived from two-sided tests, and P< 0. 
05 was considered statistically significant.

Results
Patient Characteristics
Table 1 shows the characteristics of the 347 patients enrolled 
in our study. The distribution of age ranged from 24 to 77 years 
(median 53.0 years). There were no significant differences in 
the ages among non-smokers, ex-smokers, and current 

smokers. While all 148 female patients were non-smokers, 
the 199 male patients were evenly distributed among non- 
smokers (n = 62), ex-smokers (n = 68), and current smokers 
(n = 69). The median duration of smokers was higher (25.0 
years) than ex-smokers (17.5 years); consequently, the median 
tobacco burden was higher in current smokers (25.0 pack 
years) than in ex-smokers (15.0 pack years).

The Relationship Between Lung SUV and 
Smoking Status
The differences in the lung SUVs of non-smokers, ex- 
smokers, and current smokers are shown in Table 2 and 
Figure 2. There were significant differences in SUVmax- 
avr, SUVmean-avr, SUVmax-RUL, -RLL -LUL, and -LLL, 
and SUVmean-RLL and -LLL between non-smokers, ex- 
smokers, and current smokers (P< 0.001). However, there 
were no significant differences in SUVmean-RUL and -LUL 
between non-smokers, ex-smokers, and current smokers (P = 
0.520, P = 0.455, respectively) (Table 2). SUVmax-RLL and 
-LLL and SUVmean-RLLand -LLL were significantly 
higher than SUVmax-RUL -LUL (P< 0. 001, t-test).

Figure 1 Representative ROIs of the lung on the 18F-FDG PET/CT. Circular ROIs were drawn on the lateral peripheral regions of the RUL, RLL, LUL, and LLL.
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The mean SUVmax-avr and the mean SUVmean-avr of 
FDG uptake progressively increased from non-smokers to 
ex-smokers and then to current smokers (Figure 2). The 
mean SUVmax-avr and the mean SUVmean-avr of current 
smokers were both significantly higher than those of non- 
smokers (P< 0.001, P< 0.001, respectively) and ex-smokers 
(P < 0.001, P = 0.001, respectively). The mean SUVmax-avr 
and the mean SUVmean-avr of ex-smokers were signifi
cantly higher than those of non-smokers (P < 0.001, P = 
0.035, respectively). In non-smokers, neither the SUVmax- 
avr nor the SUVmean-avr showed significant differences 
based on sex (P = 0.892, P = 0.423, respectively).

Differences in SUVmax-avr According to 
Smoking Status and Tobacco Burden
The correlations between SUVmax-avr and smoking his
tory (tobacco burden and duration of smoking cessation) in 
ex-smokers and current smokers are shown in Figure 3. 
Tobacco burden took on a positive correlation with 
SUVmax-avr in current smokers (r = 0.474, P< 0.001). 
These differences still existed after adjustment for 

differences in age (P< 0.001). However, neither tobacco 
burden (r = 0.171, P = 0.162) nor duration of smoking 
cessation (r = 0.212, P = 0.082) had significant correla
tions with SUVmax-avr of FDG uptake in ex-smokers.

Contrasted with that of the ex-smokers, the mean 
SUVmax-avr of current smokers was significantly higher 
than that of ex-smokers in patients with a medium (1.03 ± 
0.14 vs 0.88 ± 0.16) or larger tobacco burden (1.08 ± 0.15 
vs 0.89 ± 0.11) (P = 0.012, P< 0.001, respectively). 
However, there were no significant differences between 
the mean SUVmax-avr of ex-smokers (0.91 ± 0.13) and 
current smokers (0.91 ± 0.16) with a smaller tobacco 
burden (P = 0.888) (Figure 4). The mean SUVmax-avrs 
of ex-smokers and current smokers with less tobacco bur
den were both significantly higher than that of non- 
smokers (0.78 ± 0.13) (P< 0.001, P< 0.001, respectively).

Discussion
Our findings of this study show that lung SUV of FDG 
uptake increases from non-smokers to ex-smokers and 
then to current smokers and is associated with tobacco 

Table 2 Differences in the Lung SUV According to Smoking Status

Parameters Non-Smokers (n=210) Ex-Smokers (n=68) Current Smokers (n=69) F value P value

SUVmax, mean (SD)
SUVmax-avr 0.77 (0.11) 0.86 (0.12) 1.01 (0.12) 114.520 <0.001

SUVmax-RUL 0.69 (0.12) 0.74 (0.13) 0.82 (0.13) 31.707 <0.001

SUVmax-RLL 0.85 (0.13) 0.98 (0.12) 1.24 (0.12) 261.068 <0.001
SUVmax-LUL 0.69 (0.12) 0.74 (0.13) 0.82 (0.13) 32.147 <0.001

SUVmax-LLL 0.85 (0.13) 0.99 (0.11) 1.16 (0.11) 169.543 <0.001

SUVmean, mean (SD)
SUVmean-avr 0.52 (0.08) 0.53 (0.13) 0.59 (0.12) 16.016 <0.001

SUVmean-RUL 0.48 (0.09) 0.48 (0.13) 0.49 (0.13) 0.655 0.520
SUVmean-RLL 0.55 (0.09) 0.60 (0.13) 0.71 (0.12) 60.569 <0.001

SUVmean-LUL 0.48 (0.09) 0.47 (0.13) 0.49 (0.13) 0.790 0.455

SUVmean-LLL 0.56 (0.09) 0.58 (0.13) 0.68 (0.11) 35.774 <0.001

Table 1 Demographic Data of Non-Smokers, Ex-Smokers and Current Smokers

Parameters Non-Smokers (n=210) Ex-Smokers (n=68) Current Smokers (n=69)

Age, years, median (range) 53.0 (24–77) 54.0 (36–77) 51.0 (38–73)

Male/Female 62/148 68/0 69/0

Smoking history
Packs smoked per day, median (range) 1.0 (0.5–3.0) 1.0 (0.2–2.5)
Smoking duration,years, median (range) 17.5 (3.0–45.0) 25.0 (2–45)

Pack years, years, median (range) 15.0 (3.0–60.0) 25.0 (0.4–60)

Duration of smoking cessation, years, median (range) 10.0 (0.5–40.0)
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Figure 3 (A) The correlation between tobacco burden (pack years) and SUVmax-avr in ex-smokers (r = 0.171, P = 0.162). (B) The correlation between duration of smoking 
cessation (years) and SUVmax-avr in ex-smokers (r = 0.212, P = 0.082). (C) The correlation between tobacco burden (pack years) and SUVmax-avr in current smokers (r = 
0.474, P< 0.001).

Figure 2 Differences in SUVmax-avr (A) and SUVmean-avr (B) between non-smokers, ex-smokers, and current smokers. The data are presented as box plots (median, 
interquartile range, range). *P< 0. 05 (two-tailed unpaired t-test). SUVmax-avr, the average of maximum SUVs, and SUVmean-avr, the average of mean SUVs, were measured 
in the RUL, RLL, LUL, and LLL.

Figure 4 Differences in SUVmax-avr between ex-smokers and current smokers with a smaller tobacco burden (0 < pack years ≤ 15, (A) medium tobacco burden (15 < 
pack years ≤ 25, (B) and larger tobacco burden (pack years >25, (C)). Data are presented as box plots (median, interquartile range, range). *P< 0. 05 (two-tailed unpaired 
t-test).
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burden only in current smokers. No significant difference 
was acquired between the mean SUVmax-avrs of ex- 
smokers and current smokers with less tobacco burden 
(pack years ≤ 15), although they were higher than that of 
non-smokers.

Of the 502 patients initially studied, 49 (9.7%) with 
inflammatory lung lesions on the unenhanced CT imaging 
of the 18F-FDG PET/CTs were excluded to remove the 
possibility of increased lung SUV resulting from inflamma
tory causes other than smoking. All ROIs were drawn on 
PET images corresponding to the visually normal-appearing 
lung regions on CT. The average of the four different areas of 
ROI was calculated as a representative lung SUV. It was 
found that the lung SUV of FDG uptake of the lower lungs 
was significantly higher than that of the upper lungs— 
increased perfusion and vasculature of the lower lungs com
pared to the upper lungs may contribute to this result.12,13

Efforts were made to uniformly lace the four ROIs at 
the level of the carina and the bifurcation of the intermedi
ate bronchus using a linked cursor program on 18F-FDG 
PET/CT. These two anatomical landmarks were selected 
because they are easily localized on CT images.

Parimon et al6 reported that inflammation of respiratory 
bronchioles was identified in the surgical lung biopsy speci
mens of 2/24 non-smokers (8.3%), 24/49 ex-smokers 
(49%), and 83/83 current smokers (100%). These results 
are in good agreement with the findings of the present 
study, in which it was identified that lung SUV increased 
step-by-step from the non-smokers to the ex-smokers and 
then to the current smokers. The characteristic histopatho
logic appearance of respiratory bronchiolitis is that the 
pigmented macrophages accumulated within the respiratory 
bronchioles and the surrounding airspaces, with minimal 
associated mural inflammation.3 Previous studies have sug
gested that macrophages contribute to fluorodeoxyglucose 
(FDG) accumulation in inflammatory disease.15 The accu
mulation of macrophages and associated inflammatory 
changes may be the cause of the increased lung SUV of 
smokers in the present study.

Although mean SUVmean-RUL and-LUL tended to 
increase from the non-smokers to the ex-smokers and 
then to the current smokers, this increase was not statisti
cally significant. Armstrong et al16 reported that the den
sity of normal-lung total pulmonary tissue volume (blood, 
extravascular water, and dry tissue volume) per total pul
monary tissue volume and gas was 0.19 ± 0.03. In the 
present study, all the ROIs were drawn on normal- 
appearing lung regions containing gas, which may have 

caused the underestimation of the mean SUV of pulmonary 
tissue. Thus, this study demonstrated the relationship 
between SUVmax-avr of FDG uptake and smoking history 
according to present smoking status.

The smoking prevalence of the non-smokers, the ex- 
smokers, and the current smokers in male and female 
patients in the present study was 31.1% (62/199)/100.0% 
(148/148), 34.2% (68/199)/0 (0/148), and 34.7% (69/199)/ 
0 (0/148), respectively. In a prospective cohort study on 
1,212,906 Korean adults, the smoking prevalence of the 
non-smokers, the ex-smokers, and the current smokers in 
male and female patients was 20.1%/92.1%, 23.0%/02.5%, 
and 57.0%/5.4%, respectively.17 The relatively smaller 
portion of smokers in the present study may be due to 
the inclusion criteria: it is expected that patients included 
in this study paid more attention to their health and 
smoked less than general subjects.

Kawabata et al18 reviewed patients who had received 
a lobectomy for lung cancer and reported that the incidence 
of respiratory bronchiolitis was higher in moderate smokers 
(< 25– ≤ 50 pack years) or heavy smokers (>50 pack years) 
than in mild smokers (≤25 pack years) (33% and 34% 
respectively vs 9%). These findings suggest that the positive 
correlation between tobacco burden and SUVmax-avr in 
current smokers included in the present study can be attrib
uted to lung inflammation related to smoking.

In ex-smokers, neither tobacco burden nor duration of 
smoking cessation were found to be related to SUVmax-avr. 
Although the mean SUVmax-avr of FDG uptake of the ex- 
smokers was significantly higher than that of the non-smokers, 
it was significantly lower than that of the current smokers with 
a medium or larger tobacco burden. This suggests that cessa
tion of smoking, regardless of the duration, may decrease 
SUVmax-avr to some extent but not completely, indicating 
a partial recovery of the lung after inflammation. Several 
studies have demonstrated that airway inflammation persists 
in ex-smokers with or without COPD.1,2,19 Braber et al3 ana
lyzed inflammatory cells and chemokine and cytokine profiles 
in the bronchoalveolar lavage fluid (BALF) and lung tissue of 
mice exposed to cigarette smoking for 20 weeks and 8 weeks 
after smoking cessation. Although the neutrophilic inflamma
tion in the BALF of mice exposed to cigarette smoking was cut 
down after smoking cessation, inflammations of the lung tissue 
persisted. The elevated levels of inflammatory cytokines, such 
as TNF-a and IL-la, recovered to base levels after smoking 
cessation, but the increased IL-12 levels did not. Moreover, the 
levels of IL-10—a cytokine down-regulating Th1-driven 
immune response—were decreased in the BALF of mice 
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with exposure to cigarette smoking, and these levels were still 
reduced after smoking cessation in contrast to those of the 
control animals. The study concluded that the inflammatory 
changes in the lung caused by the exposure to cigarette smok
ing were only partially recovered after smoking cessation. The 
findings of the present study support this conclusion.

One of the limitations of the present study is its patient 
population. All the smokers included were male patients, 
so it was not possible to study the relationship between 
lung SUV and tobacco burden or smoking status in female 
smokers. All female patients in this study were non- 
smokers, and the bias of sex may impact the significance 
and generalizability when conducting statistical analysis 
with ex-smokers and current smokers. In addition, clinical 
information about the history of previous airway inflam
mation was not available because of the study’s retrospec
tive design.

Conclusion
This study represents the first evaluation of the relation
ship between FDG metabolism of lung and smoking status 
and tobacco burden using lung SUV of FDG uptake. The 
data indicate that lung SUV of FDG uptake increases in the 
current heavy smokers and partially decreases after the 
cessation of cigarette smoking. These findings are in 
good line with previous reports analyzing FDG metabo
lism of lung specimens, suggesting the usefulness of 
18F-FDG PET/CT for monitoring lung inflammation.
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